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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

’
Khandwa Poputation Jaina Population
100 100
a0 T S S
80 - <7 T S
70 - o T T
260 %50 oo
£
S 50 - 5 GO bovmcacacacccanan
20 A0 fe e
30 - ® A v cacnnnann
20 - 20 e
10 - 1W0hecean--
0 L] L} T 0 T T T
0.01 0.1 ! 10 100 0.01 0.1 1 10 100
Log concentralion {micro gram / ml) Log concentration {micro gram / mi)
Vadodara Population - ' Haveri Population
100 100
a0 -
80 -
70 1
=
= 60 -
550
;; 40
30 -
20 -
10 .
0.01 0-1 1 12 W oo 0.4 ot 10 100"

Log concentration (micro gram / mi) ' Log concentrationt (micro grai'n f'r'hl)

S Coi'mb'::léré.i’dpﬂiation e

©- ... Rangareddy Population ... -

s
micrd gran / mt

SO0 0L S R R T

Lpg concentratron{ Log 'c'on'c'cnirz.lt'if;ri {micro gram/ 'ml}:_ IR




~ . Contract research Project
Sponsored by MAHYCO- ‘Monsanto India,.
~ under the directions of the.
GEAC, Government of India.

Final Report 2004-2005

orm, Hehcaverpa arm:ﬂem (Hubner)
n from Bac:!fus thummens:s

Baseline susccptlblllty of the cotton bolhw
(chldoptc: a: Noctu;dqe) to CryZAbZ toxi

Pa rt -—II

Efficacy OfBollg'n‘d -Ifon CrylAc rcs:shnt II armwem. S
Pari-111

s A’ndiysis of Bollgard-II Cotton Seed Oil for cry24b Gcn'e. :

TDEK R Kranthi’

'Prmc:pal Inveshgfltor

Central lnst;tute for:Cotton Research
ouncnl of Agricultural Research}-.

2 Shankamagar PO, Nagpur 440 010~ . :
’ -275529 e mail mcmqpﬂmdlf‘r’matl éom - __:'_: o




a Central Institute for Cotton Research
{indian Counct of Agricultural Research)
Post Bag 0. 2, Shankarnagar PO, Nagpur 440 010

e Phone: 07103-275549, 36. Fax: 07103-275528; e-mail: cicmapn@rediffmail.com
ICAR -

e —

We hereby certify that the work being reported in the following final report was carried
directly under our supervision and that we take full responsibility for the authenticity of
the results being reported herein.

Parti. Baseline susceptibility of the cotton bollworm, Helicoverpa armigera =
(Hubner) (Lepidoptera: Noctuidae) to Cry2Ab2 toxin from Bacillus thuringiensis.
Part-IL: Efficacy of Bollgard-1 en Cryl Ac resistant H. armigera and Part-Iih
Analysis of Bollgard-II Cotton Seed Qil for cry246 Gene. 2004-2005

18" August 2005 - | .
Nagpur. R

Dr K. R. Kranthi
Sentor Scientist
B Princ_?pa} Investigator

Certified that the work was camcdun r the contraci research pro;ect sponsored by
Mahyco- Monsanto Blotech{__under _the d:rectlons_-'qf thc GEAC Mmlsu)r of Environment,

- 13'“ Auoust 2005

Nagpur




Contract Rescarch Project

Final Report 2004-2005

‘Sponsored by MAHYCO-Monsanto India, under the directions ofthe -
' GEAC, Government of India.. _

 PrK. R. Kranthi B
_ " Principal Investigator

. Central Institute for Cotton Research, =~ = = 50

. PBNo 2, Shankarnagar PO, Nagpur, 440010, "
. . - Phone: Office: 07103-275549(ext 302) o _
| S0 Fax:Offiee: 07103275529

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




S.K. Jalali et al I Crop Protection 23 (20{M) 51-59.

'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.':- -
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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.
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Porurvnon EcoLocy

Relative Abundance of Hélfcov’érpa armigera (Lepidoptera: Noctuidae)
on Difterent Host Crops in India and the Role of These Crops as
Natural Refuge' fdi‘}'Bacillus thurin"tfiéii.'sis” Cotton

K.C RAVLIK S Moulw"r M. xl,\\}uv,\m ) ¢ HEADZ BV PAT{L‘
D, P ANCELINE CREBA,' K. Pnnmmm,\ ]. PETERF \\n\!CV R:\O"‘

' \(ulmnto I'ie,fc,uch Ccnter. B:mg.tforc Kurnatuk )b(]'m"‘ Ir:du e '::

 Environ. Entomol 34(1}: 39-50 {2003)

ABSTRACT  Helicoverpa amugcm {Hibner) infests many ceonoinicully umpurhnt crops in India,
including, eotton, pigeonpea, chickpea;: sunflowar, corn, chili, tomatp, and okra. These crops are
cultivated in proximity to each other in central and southern Inclia. The current study examined the
relative abundance of . arnigera on différent hiost crops within a erop mesaic. Field studies canducted
over two growing seasons (20002001 and 2001-2002) indicated differences in egg and kurval densities *
among the host plant species. All of the host crops supported epgs und barvac of £ annigera, but the
populations on pigeonpen and chickpeawvere significantly greater than on cotton and ather host crops. -
Egg numbers also were significantly higher on sunflower, okra, und tomata than on cotton, but larval -
numbers were not significantly different from cottonat comparable times, Both eggg and larvad numbers -
on corn and chili were not signiﬁmntly different from those on cotton. This study demonstrates that
anumber of host crops ef . annigera support large populations at the same time that cotton is infested.
Thus, these creps smay act as important sources of rcfubc for Bacilles thurinpicnsis cotton phmmgs in
Ccntr.ﬂ .md smll!\cn: Imh b .

: I\E'( WORDS cotlon bol[\vorm a[tcnntnc }msts smallholdcrc um:ct rcmst:mce'm'zmgcmcnt

. Th(: lwctul{l Hchcol..t.wmﬂm:r;_:am {Hubm.r) isa major '
. pest of many, economically importint crops in India, . trolof £ armigera ind other bolkvarms such s Eariny .
ineluding cotton, pigeonpes, chickpes, sunflower, to-. . vittella (F.) and pink bollw: oty Pccfmophom £oss, _,f,-;-
. mato; sorghum, mitlet, okra; and corn {(Manjunath et iella (Smmdcrs} Bt
- ak 1989, Sharmix 2001 §: Inparticular: £, arigeraisthe. . registered. for o s
. predomingat bothworm on luditi cotion; cadsing 14~ - Australia; Mevico. Colambia; Argentma. Chum. I::d:m-
- 36% damsage (Kaushik' et ol 1969, Manjunathc ct al
"1 1989, Faivaj: 1980}, Fifty- four pcrccnt of the'total §
o scchc:dcs nscd o qll crops in Iudn 'm'.- uscd o1

- Bt cotton is to ensure that it is vscd approprately and -
udiciousty. Onic element of this product slcw.tr{!sh:p__
is. the. implementation of manspemont: stea '
low the rate:at. wfuch lnrgct insoct sp

: pcst “his cvoh'cd rcs:s!ancc to many’ insce
: Indn (hr'mcs ctwi 19965, Kmnthx 199?) '

resistance: mariageniont strategy. for. Bt'cotton. -
uc:xt!y ‘depends: upon t wision: of teluges: of
non-Bt plants where popnlatmn £ susecptible tarjget

in thc form of cotton gcnctlt:‘ll!ycngmccrcd loexpress,
. uninsecticidal protein, CrylAc, derived from the bac-
. teriuny Bacifliss, thuringiosis {Becliner) (B). These
: colton Is Frown um,nswc]y on hrgc.

Monirnto Research Cénter, #-HI2AL Yacunth's Busineas Park
- Heltary Ruby NH-T; Heobbal, Bivgatore $60007; Indic

conventional cottor. However; whore farmisizes are’ -

); Raichiur 534107, Ind
‘Ta_mﬁ! .'\m.!u Agrn:u!lur.\!

ety of these: alternative: host: plantispecies; aml .

[XHG— & ”"(IGJJDO.J"} mm&o: DOFO Iy "OOJ Enlo::m!o;;awl Socwty cF Amchi _:_

a"andSoulh.—\fnca.;\cnhc:::]p:lrtufthclnlroduchcnol" S

nscets, may. build to mate with any rare resistant ins ©.

seety th'xt cm(.ry. ‘from Bt cotton; I’ countries where' - -
relatively homo-: - - 7
rereons firme (sicki as in the United Statesy: farmers. 0 7
planting Bt ¢otton also are required to plant refugesef & . -

 simaller and cropping systems'are move diverseiasin™ - ¢
mich of “Asin and ‘Africa, several other: crop {other . . -
hait cottan) speeics that ea support the target pests: -

£ 8t cotten may: besan: important: source ol refugge’. .
“inhcrént to'these systems: I the target pestsarésing.. - L

&y .m:' no': bcm t contm][cd mmg Bt on thcsc' m!xcr o
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. ‘Stuch. Loml:ons . R
A~PR. University t:um T
B Wani Rambapur =
C —Rangapur
D= Muttojipet "

E - Ekalashpur
F-Hosur -+ "

G - T. N. University farns
H - Madnmpnlti

G Fig B Study loeabions in mojor colton-growing :lf‘ﬁt‘i“i‘l“.ld(.‘(l area) in‘eenteal and southern Tndia,

hosts, then structured refuges for Bt crops may notbe 3. The t!lstnbuhon of t!lcsc d:ffercnt host pl-mt spe-

necessary wnder these conditions, In these eases, both - . - cies must overlap at a sufficiently fine seale and

cropping practices and the degree of polyphugy of the' co:mstcnt!y enough to act as a functional refupre in

barget insect species are imporlant. alt relevant cotton-growing regions,

~ The case of £, armigera in Indiz seems to be par- . The pest inscets must move belween the different
*tidubirly amicnnble to resistance managemcnt through' - - host plint species und individuals produced on one

an agiprosch liased around .1ln.nulwe hosts. This in- -
Useet cin be found on =180 plant species othier than
“colton, mcludmg miny of the nisjor pulee erops; masny

ek both (!ncotylcdunous and’ monocoty

- hiost must be capuble of matin \nth :ndwtdu.d\:
E-
produiced’ on o!hcr hosts, ST

T thig ';mdy. we éxamined “ helhcr lhc Best lwo of
thase comdlitions hold for H. drnigera in the cotton
belts of central and southcrn fndl':. We quantified the
- populition sizes of M armigera on adjoining Felds of
. different. host: crops,: mcludmf colton, pigeonpe,
: chnclpm eor, sunllower, tomato, and okra, at loca-’
. tionis throughont the catton belts of central and sowth -
. Indin over the dourse of 2 yri In 4 separate study, we.
_' have ised satellite mapping to examing Ihclht"dofthc .
conditians (K.C.R. et ak, unpublished data): :

ular, pulse ¢rops such s ch:clcpm
rxajor hosts of Ho armigera “and iz pl.mlt.d ot Lu';,u
.:rc.Ls !h i counn {D:rcctomtc ol'Economtcs mu! St

hndsmpc is !nghly fngmcnt _
crop; hosts "o K. armigera a:c__cuihv.:!cd .1Ion;,sndc*

Materials and Methods o
" Study Locations. Sclected areas had to contain eot- -
tl:m fckls along: with  any two- alternative hosts of
i anmigera in adjoining felds: Each crop occupledan
aren of at Tenst 0.4 hin {1 sere) at'each lodition: All the. .
loeations were within intensive cotton-growing arcas
‘here the pest incidence typically is high duritig the
» L rowing season. The g,cucml cropping pattor was the
.. same each:year. in . given Iocation: Six of the eight -
© locations: were: in farmers” Belds, whereus ti:c olhcr :
by Toeations. belonged: to universities”
: pnchces \»crc s pcr foc 1! fm:mr pr'lCd

he target pest specics mm_t use mulhplc host plant |
peeies t!nt ovcrlap i bmh sp:mc :md time: 'I'h_:_s h g

!tcrmt:ve hosts to; pm(!ucc sufficient,
At the right: time: to. ml_crbr:.ed
: remstant_msccls cmcrgmy frcm hs: Bt: cottos,
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Colten, pigennpea, snflower
Cottots, pigeonpes, chili .
Conton, chili, vorn

Cotton, ¢hili, Totn,

Calton, pigeanpea, chivkpe,
senflower, sorphum

Ceolton. pigconped, .,
sunflovwer, soeghoum .

Colton. pigeonpen clm-kpu o

Caolton, pl"t‘{)npt“l chncl.pe,.,
) mnﬂow:r sargfum.
Colton, pl;.,cOnpr‘\ chickpea,
. {{}fnlluﬂl s

Caltan, pigeonpes, clnckpc:
O Conten; ok, onats

The study was carried out during the main cotton-
growing sexsen {Khanl) in both years. In general, afl
of the crops at a given location are planted at a similar
time, taking advantige of prevailing soil moisture:
farmers, in general, prepare the Tand with the st
showers foilowed by sowing with sccond mins. Even
in arcas under irrigation, crops are sewn at a similar
time to use the minwater. Specifically, pigeonpen,
okra, ek tomato are typically planted with cottos,
Most of the study locations are rnin-fr:ci. anch the only
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¢rops grrown uncer ensured irmgation are rice, wheat,

and certain vepetables, none of which are focal erops
[or this study. ..

The following :';'\bncfdf.'scnphon of the nature and
planting details at the individua! Tocations, moving
[rom the most northem locution to thie most southern '
location {Fig. 1; Table 1) ~ .

PunjabRao Deshnudd Krishi Vignan Peeth. Thls uni. -
versity farm is located within a region where cotton
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(in thoususls per hdetare) W Rangapur in Andhia Pradush
duriigg 2001-2002 .

commanfy i :m::rcruppc:! w:th pig,cunpm .md ulso is
~ cultivited ng o sole erop? Pigednpen, sunflower, chili,

- and corn alse are cultivatsd as sole crops: The crops
v P2 tivated on deep black, rain-fed soil. Cotton and pi-

selected for the study {cotton, sunflower, and pigeon-

pea) were sown during the seconed week of]uly aned -

cultn ated on black, min-fed soil.

e Wani Ramtbapur. Thissite is Iomtuf:iﬂkn‘.lfrom!hc
collabonhng institution. The cropping puttem is $im~ -
% jlar to that at the Punjab Reo University farmy. Cotton, -
T p:g,eunpc:&.:md chili were grown on black, raii-fed soil. .

=" and'were saivi during the fotrth week of May, lourth:

‘week of June,; iud second week of fuly, respeetively.

. Rongapur aid Mrdtofipet.: Both locations arc 160 km’ -

. From: the: collaborting: fustitution: Cotton: is growiy -

“extensively: in’ both: locations.: nlong with’ chili and

> eorm. Thie eropsineluded for the study were cultivated

Sonreédsoil: Bolhco!lon1nclclnlnvcrcun:!cr:rng::twn'-.': s
- [iroy contains many’ types of crops, including many

'\'cgct'\b!cs._. cotton;:and cereals.. The selected erops
were cudtivated on red soil. Cotton was growe under:

: 'md \s;,u

D(ﬂfmhpur Th:s site is loc.ltctl 5 km fmm thc to!
: aborating institution: This region is characterized by
coutan: nucrcroppmi w:lh 1!:1..conpm ts.

larvaciin (Thnuunds)": -

" erops of ngccr:pca.'-

w sown tlunn;, thc sr.'c:ond \\eck of July 'md-

well ‘15 soic_'-_-
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Fip.5. . Abundanccof F1. annfgrm {a) cps and (h) Iu'\ we
{it thowsands per heetare) at \Im:o;:pc: in r\mihm Pmdcsh
llurlng 200¢ - _DD’

mnﬂowcr c}uc!.pm sorgimm
and corn. The crops selected for the study were cul-

greonpea were sown durng the second week of July,
sorghum during the fourth week of October, and
chickpew during the second week of November,

. Housur. This site is located 15 km [rom the collab-

‘orating institution. General cropping pattemn and soil
" type are'similar to those at Ekabishpur. OF the eraps.
- selected for the study, cotton was eultivited under

irrigation’ whéréas pigeonpes, chickpes, nnd soighum -
were eultivated under rain-led conditions. Cotton and

- pigeonpeaiwere sown during mid-July, whereas sor--
“ghum and ehickpes were sown at the cncl of Oetober - -

and in mid-November, fespectively.: N .
Tamil Nadu A;mcﬂﬂuml University: T}m urmemt) :

irrigation and was sown during the second week of -
August; whcrms pigeonpea “anch cluckpm WOrg Tikin-
fedand were sown during the fourth week ofjunc and. |
qccand -.\cck of. Nuvcmbcr rc_ﬁ[mct:w!\,
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(o} Barvae dusing 20012002 at Exslahpur in Kuenataka

" Madampaiti. This site is focnted in & réd soif ares

+ sowirduring the first weck of September: whereas the
7 second crop was sowsi in the last week of November.

of Augrist and the: st “cck of \iovcrnbcr‘- respcc'

= Sanplings Counting, ef imimatere” stages: was re:

_o_uld n_c-t be caried out because of practica] ploblems

fant 'mcl thc number ofltrvm onthe entieé p]:ln
were riogrded or 20 r.mdomf}* seleeted plaats in each
*field. Plants sumipled onice were tagged und not sams

Thie two'crops of okris werd sown during the last week

stricted to et iind hirvite of L armigera; Pupal counts.

th.rccovcry-. of: pup.s{‘: I'rom ‘the sml
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:\lmndtncc oFH’ rmmg; ot ( 1) c“,s mtl {k} !.mnc {m lhous.mc[s perhcc! e} dunng"DOO 2001 .m:I (c) t:g,g'f. amd

L - the plant’ density: of exch efop. Epgs and larvae ako -
= 23km fram the collaborating institution. Cetton is one’ -

2 of the prc’dumimnt crops, aloag with vegetubles and. -
. com.: The crops chosen for the study were: grown - .
“inderirrigated coiidition, Cotton was sowriduring the:. .
5 fast wéek of A\:g‘ust. Two successive crops of tom'ﬂq
“and okra were included. The Lirst erop of tomuto wast:.

were: observed: on the weed: Lagasera niollis Cavas
nilles {Compositac), found growing afound the ex-
perimental plots. However;. the: populations on this-
weedd could not be qs;nnhf'ed on o per heetare basis -
beeaiise of diﬂ‘nuhy it cshm-mug lhc wccd papuh- )
Hon stze.- -

particular Jocation: ut the same time: For « given pair.

of crops; this analysis was pcrformed across all loca- .
tions: where both : crops: were! present.: Wilcoxans -~ -
sigiied rank testins used beeause of the irregular data.

: distributions {Sigmastat 2.0; Jandel Corporation 1995}

Ouly:sampling times: when: insects were present on -

one or both of the crops were inchuded: Sorgthurm was™ .
not: analyzed: beeause: insect: populatlons were only -
prcscnl Fcr ﬂ'sbort time on th:s crop

H.armigira c;,g and l.m :l popul‘mom on dlffcrcnt -

The mlmhcr of: i cggs 'md ]:lmc on cotton were -
- compared with the numbers on other erop hosts in a’

- prosented for the cight: sites:in-Figs: 2-9:. The: mean”.
numbier of Hi armigera epgs and: brvae: recorded on

host:crops over the course of the prowing senson are
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- Fip
<k lanae during 2001-2002 at Hosur in Kornataka,

vitiots host crops at different study loestions for

. - 2000 -200L and 2001-2002 are presented in. Tables 2.
“tand 3. Comparisons of the abundunce of eggs and - .
larvae on cottan- refative to thc olhcr hoct crorn are -

- presented in Table 4. :
Lpe Numbers. Egg numbcrs mnc:! L,re

- in both years: (Figs: 2-9}. However, oviposition coin

Ciposition was essentially continuous on cottan an

position wis moré; spom{l:e ort: tamatos At Rasigapis
and \hs!loypch[umq, 200122002 {Figs: 4 anict 3}, con

it was more sporsdic on toim At Ekalashpir andt Hosa

thie: highest: nusiber: of ogiee at a’ single: time: for any!
crop; but the oviposition period was very! short Sim

.ltly .mwng_, :
-+ the crops dind across locations and large Huctuations.
. ulso were seen pver the growing season with afl erops -

cided - mostly. with: the Bloom perod: in: exch crop.:

pigeonped: during: the - comparable: time: points - at.
the Punjab: Rao: University, fumy, Wani- Rambapur,
Ekalashper Hesur: atid: the - Tamil: Nads. University -
farm in both years (Figs. 2.3, and 628), with increased
nitmbiers: of épps during the bloom perod. At Mad-.
'\mp'\m (l"l;_,. 9}; continuous owpasnhon was observed .
ot goltoir aid: okt diring: both! years! whereas ovi-0

tinuous oviposition oceurted on ' cottaiy abd chili, but:

diring 2000-2001 (Figs: 6 and 7} sorghuini recorded®

ilarly, eviposition wag relatively highi on sunfloswer at:

Vol 3L o |
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Abundance of # tmlu"t'm () q.:m and (k) btrvae (i thounml's pt.r hcctart.) dudng *mmt and (e} epgs and

the Pllﬂj.lb Rug Usuvcmty fmn but onlv for u short
pcmx! {Fig. 2},

 Over ull: - sites;” cgg numbcrs were: 'ng,mrc.lntly
;.rc-tte:_' on pigeonpes, ehickpex, and okra than oir

- cotton at eemparable times {Table 4} Indeed, at all
- locations wheee chickpea and okra ccctrred with cot-
. tori; the average number of eggs was higher on these

crops than on cotten. The same was true of pigeonpen,
except at the Tamil Nudu University furm where num-
bers were comparable, Chickpes recorded the highest
aversge numbers; lollowed by sunfllower and pigeon- -
pea: Egg:numbers: on: sunflower; tomato, chili, and -

" eormn were not stans!:mi!y dlﬂ'orent from thosc on

cotlon.:: L : :
| Lary: '1! \umben L:uv-tl popu!ntmm 1Iso [luctmtcd .
across. the: cropping period ‘onall erops ditring both.
seusons {Figs: 2-9) Larval populutions on cotton und-
pigeonpea were. present almost. throughout the sea.”

son:with: peaks: coinciding: with bloons: periods at .

the: Punjab: Bao: University. farm,, Wani. Rambapur,
Ekalashpur.: Hosurand the Famil: ’\I.\dll Usmcmly.'
farm. (Figs: 2 and 3. and 6-8).: e )
“The larval population per hcct.\r(, was ;,rmlcst on

“chickpea followed by pigeonpea and was significantly g

greater, thaii. that o cotton in. bath cases, (Table 4},
Osfcmli hw.ll mlmbers an;’ sunﬂu\s er,: okm lom ey,
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ho!d;ngc i thise regions are small; with an average -

on pigeonpea :inci cottos, but when populalwns
“were present. they tended to bé higher on sunflower, - pest movement amang creps téinds to bé hipht
) ld lonnlo :h-m on cnttcm {F‘gs LT nnd gy In o Relative Abandance of H. arinigera on Vmom!!ust

I corn (R.mgqpur and: Muttonpct"
tcndcd to bc cornp'lrnb!c of hig,hcr

smdy.--
ences. Chickpea had the’ h:;,hc'

: Muno;:pnt F'gs. 3:3): Ovemll Tarval humbers’ were

's:gmf‘mnt!y Iowcr on é:h:!: than’ oii'éd!tdn (Table 4 also had higher e densities, than. cotton, whereas:

. densities of H. armigera Wlnnprmlou:compar*lble;
- studly, more epgrs were recorded on tomito, sorghiim,
eorir, dnd beans than of cotten { Pirsens 1940} St~
larly, studics; condiictéd st Lam: Farm; Guntue: (fn=

dian cruppmy wslt:m andd compl(.t(,s "-lﬂ ;,cnl.rnhom:
p(':r._ ycnr' nmung: tht‘:' r:rop*; it_"ult':icks.-;'mc_ 'm"nin_' uim

- 1ost (F‘rcmpong 1nd Z.:luci.: 19‘}0 I.ll]uw .md Zulxtckn

eit'of cachi erop of =1 hi =2-J'derés por firan The: - - .
108t crops are grovn in pmxzmnty to one snothicr 'md-._ R

. Crops.'As in’other published studies; differences ia = . - .
" the density of egges on various Hosts wergseenin this . - o
< possibly - reflecting adult pviposition: prefer-
density of egys of

Bl arnigers; followed By pigeonpét. Tomate dnd okra .

‘chili had lower egg deisities than. cottoin, Sorghum: 70
Iso had miteh higher egg desisities thini cottan when -

g were present, but the erop durition wasshortand: - -
it was riot present throbghaut the cottan-growing seas ~. -
- S0, Thcabund:mtwccdL"moﬂu'xisosupportcd high' '

dn) mlzmmd hc.wy.awpusmon o cottor; ;n;,cou-'{_'_

H: annigera have shown cotion to bc a fesy prcfcrrcd-.'.'-.' -
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' i.:'j.,..'ﬂ :\bmu adice nf i .rmmnrm ) cgu md (b} larvae {m thousands per h::chr:,} during 2000-200[ and (e} et andd

-~ {d} lmm. tlunng 2001 ’002 at \hdunmttl in T

loww et al; 1999, Maezler arid Zalucki 1958),

the current study. Both chickpea and pigeonpea sup

Tom:sto and okra also had higher tarval numbers thin

nil \l.:tlu .

1995} In 'uhhhon Abrekar et al. {!99‘.}) .nlw rcmrdcd
large numbers of egus of M, annigera on L. mollis. 1n
genenal, ovipositional prefe*ences have becn’ attrib-
uied to the differential effects of microelimate. host
plant vokutiles; and sther lagtors: (Anenymous 1994,
Jallow and Zabueki 1698; Cunninghim et al, 199‘? ]1!- -

L thou;,h sorghum, sunﬂm\ or -m(! corn supporicd con-
"All minjor host creps supported larval popul.mons i

© Simtlarly, i Australia, chickpea had tie highe:

ported s:&,ml"canlly larger popilations. thin, cotton,’

" cofton, in agreement with studies conducted st Gun-

tur on vegetable and field crops {Anonymous 199:).

bcrs of H annigera larvae commrcd w:th othe

siderable larval populations, they also were rch!wcly :

small compared with cotton and pigeonpeow In i pre-.
'vnoussludy i India. corn wits fmmdto be: an 1tlr1c:we- :
s “aniger. : '

8 lu'll'lbivr:r_-"- > Sorghum -

: : x07
P*:nnts 133 6%




February 2005

Ravt er als Bearovk Asesoaxcr o Borwons ox Divrgnest Hosy Crors . BT

Tabie 3. Abumlance al B armigeon Jarvee foean 2 SEM, G thaunamds per heetareh on various czegmn at cipht sites vver 2 ye
Sile Yr Cotion | Igeonpes Chichpea Sunllower  Serghuan [ Torhate Chili Corn
14 Farm 2000-2001 67 =21 W6 LD 2 BRG
Wani Namboapure 2000-2001 288 2 IGF W3 z20 - G3 =26
. Bangagrar 2000-2002 1L Lap ) 150 566 137 = t0
Muttojipet | 20062002 6Bz 0 25010 Sk Ll
Ealashper 2000-2000 128 %314 GG =100 R11= 2314 L=l a B
ST npalatned 1GE= A3 560 =010 3057 KL L .
DM - 202001 1152 4F. FTS5 S O 2= EoN A £ N+ A .
el 200E-2002 233 35T 185z 286 575 % 414 .
CTN e 20002001 TSEZLGA 2 Cetzzps T N S
e 200F-2002° 03 % 52 RN L B3 FLY A s s
C Mabapalt - 20002000 742300 o : REZI02 9B 5T-
e 0012000 250235 P57 MIRTS

~ off-scason (Rajendran 2000).

'. ton {Fitt and Tann 1996, Sequeira and Playford 2001}
“Studies condueted in South Africi revealed that both

- silks, but few larvae survived because of heavy oy
* pamsitism by Trichogramma species {Manjunath et al.
1970}, A fow observations on L. mollix showed sub.”
stantial numbers of ksevae, confirening its potentinl s
“an altérnative hast. This weed has been recorded as 3
"“prominent host for F. anigera. aspecinlly :Iunngt!w a

All of these hosts play nn :mport-mt rolz in sustain-

o ll’li{ H. annigera populations. I Austealia, studies huve

" demonstrated that hosts such as sorghim, sunflower,
“and small areas of com prodiee « large popidation of -
the pest thut moves to cotton throughout the season
(Wardhaugh et al. 1930}, Furthermore, in Australia,
pigeonper, sorghum, and corn produce more than
twice the population of H. armigera observed on cot-*
" geonpea usially starts 4-5 wk after cotton and eon-

. weedstnd indigenous plants supportad significant ac-
val numbers of H. annigera. compared with cotton,”
thise acting ax refuge for Bt cotton in small-seale farm-"
ing areas (Green et al. 2003). Wu et al {2002} have .
shown that, i China, natieral rcﬁtg,c exists in terms of -

- erops such a8 corn; soybean: and peanut that support.

- greater larvin} populations thun: cotton. In the United:
. States.” other: keliothing: pests: of - cotton,: including

Hchwumm zéd (Bcddlc} and Hclm:h:s urwcens {F ).':

mix to a'very haepe clegree.

hiivé boen found to extensively itse many alteraative
crop and weedy hosts {Schneider and Cross 1999).
Pheaalogy of FL armigera on Various Hast Crops.

" Thebloom period of cotton and pigconpeaoverfapped

at all of the loeations tested in the current study. The
Lloom period lasted 5-7 wk and was marked by higher
exg densities and kirval infestation on both crops. Itis
well known that H. armigera oviposition is particularly
keavy during the lowering stages of its hosts {Parsons
1940, Roome 1975, Broadley 1978, Wardhaugh et al.
1950, Topper 1987, Myambo 1988}. In India, pigeonpea:
is grown throuphout the country and often is grown

. along with cottor: in miany places, it is cultivated as an

intererap. Plinting of both crops ocecurs at asimilar.
time, dictated by minfall patterns. Flowering in pi- -
tinues beyend the bloom period of cotton, Given the

“sysichrony in bloom périods; I annigera adult popu. -
tations émerging frony cotton and plgconpm shou[d' '

- Fa'contrast; chickpes is cu!lwnled s 7t mnter crap
oward the ek of the eotton and pigeonpen cropping.

tor. fri chickpeh, the infestation by . armigera starts
‘on the foliage before ﬂowenng_ Once the reproduc- -
'tw:: struclurcs shrt occumng “the larvde v ove -

1652 = 1680
1961 & 256,
2832 63L-
=26l
0o¥ =561
723 060
;595 = EBA
556% 223
CEATE LA

P
N aorsipnificant af

T FMUUI 'i'd(}ﬂr

periods and has ittle' phenologieal overlap with cot- . '
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these partx. I Australia chickpea is being used ws a0
spring crop. whereas pigeonpen is used as an autamn
crop {Fitt 1959} and For numaging sesistance o in-
sceticides {Miles and Ferguson 2001},

The other crop hosts of #L. arnigera also overlap in
phenclogy with cotlon to varying devrees, andk in
combination. several alternative brosts alw: ws cin be

found supporting populations at the sime time as.

catton. Sitmikarly, in Australia, Fitt {1950) voted that

H. aruigera popubstions may develop simeltancously
o5t o nmber of hosts witlin o region and exploit x.

succession of cultivated and  ancultivated  hosts
through the season.

Published studics indicate that ! nrnigera popu-
Iations comiug fram different bost crops at the sume

time are eapable of intermating andd  producing

-, viable progeny. Kvedarns et al. (2000} showed that
.. the larval host plant docs 1ot significuntly influence
. the chanee of a female moth Leing mated, despite
*substantial variation in moth abunchince” amony
erops. Trap eatch studies in Chinx also have demon-

.. stratedl the potentint of moths emerging from different
.. crops to interbreed (Wa et al. 2002). However, the
. ability of meths from different hosts to interbreed will

_depend on several additional factors, including the |
.- distanice between the crops ancl extent of moth meve.
Kheali cl al, ("003)

" ment. F. anmigesa adults are eapable of moving long

- olngy. .

. Ceambination with Bt crop Belds. These refuges are

- pest inscets, which can mate with any redistant indée

" - countrics such ns the United States, where Bt cattow

cmwcnhon.ﬂ couan v-mchcs ------- S

gom, peanut, $6yb
i matimd refige o

Bt eotton |
: TG Ures
- whire Bt cotion

wirious’ wiced: spoeies.

- distances {Riley ot al 1992). Overall, the probability . |
of moths Irom different hosts mating with each other. - | °
. will be very high in Indin becaise of the diverse erop-

: ping systems, small hndlmldmg, and . anm;,cm bi- .

InSCClICIdL Rcsmhnce \l.un[,cmcnt- chcral strate
. egies have been developed {or the mianagement of |
“resistance in target insects to transgenic Bt erops. One

... commouly used resistance nmnagenent. stiategy is |
*.to require Faomers 16 plant noti-Bt crop refuges it

expected to’ produee Jarge. sumbers of susccptiblc__'

. - vidduals developing on Bt crops. This significantly de-.
. Hiys the cvolistion of resistanée in thé fiseet pest. b’

...occounts for s considerable, proportion of the mml_'__
. ares under cotton, these stmc!urcd I'Lr'lil,(.S cum:st of; s

small, dwersc fa.rms rcsultq i Altermative host cmps"_"
“of H: nonigera- being rautinely growsn: .ﬁonf,s::!c Bt -
cotton fickls, srd these hosts provide i "ruturab ref=
, 2002} Fickk stiidies curried ‘ont by.
it Chinn, have demonstrated lh.\l';_
Jand conumsen cotton o serve:
tertain regions of
=i South: Afrien
cultiviitéd, indigénous pliats and -
rve as alternative: hosts for
“pests of Bt eatton’ (Green et ul, 2003} The absenceof - |
:my énses of instet resistasice to B crogs in :iny couns -,
ey after upito’ 9 yr of intensive: commercialization -
prebubly reflects; Jin plrt l!'.t: mlt‘ p! n‘cd b}' 1|tt:rn‘:-.

Vol 31 ne, |

tive host erops and weedy spegies, particularly inoa
country stich us Ghina where adoption fevels of Bt
eotion are very high in some provinces, sl no stroe-
turcd reluges are phnted by Farmers (Tabashnik etal,
2003).

As i Chim tlw Tuclian l;,ri(:ultur.-.l Lanetses pe is
highly [rngzmented and dilferent host erops of . ar-
migera are cultivated alongside cotton, Satcllite map-
ping studies of cotton growing regions in contral and
southern Indin indieate that these altermative host
crops (prrticulasly pigeanpea) of . armigera muke up
a substantial portion of the land area {(K.CR. et al,
unpublished data). Nevertheless, the Indian Governs
ment, in approving Bt cottan for commercial cultiva-
tion in 2002, stipulnicd the phlnting of & struetured
refuge of 20% non-Bt cotten srountd the perimeter of

~the crop chiefly as an insecticide resistance manage-

ment strategy. The pest distribution data presented
hete, together with the satellite mapping data on erop-
ping patterns, indieate that strugtured refuges for Bt
eotton inay 1ot Le secessury in the cotion belt of

‘eentral and southem [udin: o wiiricty of alternative

hosts seem to support kuge . armigera populntions
throvghout the cotton.growing scason. Thus, Iudia
miay be able to Follow China in allowing satural reluye
Lo substitute for “structured rafut,u, :\51{1;,5:051(::1 by

v .»\annwlcdgmcnts
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INSECT RESISTANCE MANAGEMENT PLAN FOR
BOLLGARD II ® COTTON IN INDIA®

Executive Summary

The approval of Bt Cotton (Bollgard® cotton) in India came with a condition of planting at least

five rows of non-Bt cotton or 20 % of the total sown area as a refuge to easure maintenance of -

susceptible populations of bollworms- (Helicoverpa armigera) s  a resistance management .

strategy.

__ Boligard cotton (known as Ingard® cotton_.in_ Australia) has been grown in the U.S. and Australia

since 1996 and 1997, respectively, on an ever-increasing number of acres without any evolution
of insect resistance o the Bt pro[éin. in .these products. At the time thcsc products were
commercialized, it was bcl:cvcd {hat the large farms and rc]atwely homooenous cropping system . .
found in the U.S. and Austmha would reqmre farmers to plant structured refuge areas with -

convcntlomi cotton to maintain susceptible insects. . This rcs:stancc managcmcnt approach was -

. based on l:mltcd data on, thc conlr:but:on of a!termtwc host piantq Reccnt rcwewe. by E.PA_' o

.(US) 'md TIMS (Auslraln) ot' data on lhc comnbutlon of 'tlternat:vc hostq have brought a.

rccognmon that thc naturai rcﬁwc provadcd by. akem'mvc hosts plays a prommcnt role m_ :

dc!aymg resistance cvoluhon to Bt pm!exm S 2

n Chlm whcre Bt cotton also has been grown smcc 199? and whcre Iand holdlnw; 'm:. smal! and';_
fragmemed farmcrt; h*we. ncver bccn requ:red to plant cot(on rcfugc areas N.['l_}Ol‘ aitcrnatwc_: S

host crops of H armrgera :,uc.h ds corn th’l[ 'md some vegetable crops prowd{, a naturdl L

}'reE‘Ugc in CO“O" growmg ﬂfc’“ (W“ f’f al.; 2001} In Ind:a cropplng paltcrns are av. dwersc and e

fragmcmed 'IS Clnm and mmlar obscn*auons h'wc bccn made on altematw hoql c.ontnbuuon R

Datd were gencr'ucd on targct pcst blolo‘ry 'md thc avronorn:cs of cotton dcmonstmlmc that 's'-.f



and the opinions of the scicntific community, we strongly recommend that no structured refuge
be required for Bb!lgard I cotton in India. The important reasons 1o nol require structured
refuge for Bollgard II cotton arc:

1. The superior insecticidal properties of Bollgard il cotton — expression of two Bt proteins
{Cry 1Ac and Cry 2Ab2) at high levels produces excellent bioactivity égainst bsc.)liworms
and hence tow survival of these pests. The {wo Bt proteins are complementary to each

... other, cach with high levels of insecticidal activity against all of the mgjor lepidopteran
pests of cotton in India. Furthermore, these two proteins have different modes of action
and thus the chance of target insect species developing resistance to both proteins is
remate.

2. Presence of alternative host crops in substantial proportions in the cotton belts of Central
and South India provide susceptible pest populations that are large enough to ensurc the

~durability of a highly effective, two gene product like Bollgard II cotton. - In addition,

non-Bt varietal and hybrid cotton itself will serve as refuge. -

Ini view of the two- modes of dction and the effective dose of Bollgard 11 cotton against the key
target pests and the miXed ceopping Systems on fragmented Jand-holdings in India, there should -
be no fequirement of structured refuge for_Bollgard I cotton in India. This will hielp needy.
Indian cotton farmers reap the economical benefit of an additional 20% area’ of Bollgard 11

cotton.

: Thc preqem doaument provldcs the dua:!s undcrlymg ih:s IR\J ‘itl"l[cgy. :m:im.inwr summ'mcs of_

- thc sc:cnttt”c mformatlon wa:ldble on culnmtron of Boi!g’xrd II cot{on in qmall land hold:ngs :n-_ B

1




INSECT RESISTANCE MANAGEMENT PLAN FOR BOLLG ARD II COI‘TON IN
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1 . I.n.trc.ndu.cl.ionu
27+ | Proposed Resistance Managemcnt Plan for Boilgard If cotton
3 | bumnnry rcsul!.s 0!’ IRM rc!ated studles 'md other m:mtwes

3. _Eshbhshmt,nt of seamsitivity of Bollworm to CrylAc and Cr}ZAbz
proteins

3.2 | Establishment of baseline-susceptibility levels for CrylAc and Cry2Ab2
proteins across populations of Helicoverpa armigera
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% glternative host crops” - e ' : e
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Central and South India "
3.5 i Boligard cotton as component of IPM Package
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LLINTRODUCTION

H. armigera is the primary focus of integrated pest management programs (IPM) in India
because it is a major pest on several crops and has developed resistance to currently used
insecticides (Armes ef al.. 1996; Kranthi, 1997). H. armigera is susceptible to the CrylAc
protein and, in this context, Bt cotton technology offers much improved contro! ofH...'a'rmfgcm.
Field studies conducted w:{h Bo!lgard couon in Indm pnor o commercialization havc shown
effective control of bo!!worm's viz., H. anmgem onllcd bo!!worm Earias wrfeh'a, spiny
bollworm, E. insulana; and the pink bollworm; Pecnnophora go.ssw:elicr (Barwale et a, 1999;

Mohan and Manjunath, 2002).

Baqed on pnt;t experrencc, wnh msccnc;dcs, the qucsnon uppermos{ m thc mmd% of acadcm:cs
researchers and regulators is whether H. armigera will gain résistance to the m-pianra expressed
proteins once Bollgard and Bollgard lI cotton. are commcrc:al!y grown over large areas.
However, Bollgard cotton was co:nmcrcnhzcd in the U. S.in 1996 and h'ls been grown on more:
than f"vc million acres cvery year since then without the evoiunon of resmlanca among-
bollworms to in phmm produced Bt protein. The main strategy for rcs:‘;t'mcc mamgemcm in
the U.S. has been to require farmers to plant non-Bt cotton ‘refuge’ areas. However, recent data
cotlected in the U.S. has demonstrated a significant contribution of alternative hosts and changcsi_"-'
to current refuge requirements are being considered by the U.S. EPA. In China, where land-
holdings are small and fragmented, a structured refuge has never been reﬁ}uircci. Thc'crOpping-..
pattern in Chinaatlows other major alternative host crops of H. armigera, particularly corn and-
some éegetab!e'c}éps. to be grown alongside cotton and serve as natural refuge (Wu of al.,”
2000 -

T A numbcr.of tr‘msg_,cmc Bt cotton (Bol!cdrd cozton) h) bnds devdopcd by ‘vhhardshtra Hybnd. :

B Sced Company (M'zhyco) undcrwm[ mult: Iocatmn f'c!d tmh dur‘mcr thc I\hdnf seasons of';__"i

.'of Enwmnmem and forcs!ry‘ Govt of Ind:a) hcld on’ \fhrch 26 2002, the agronomic and bio~

" ‘commcrcml cu!uvat:on m Indm.__'

:refuge of 2{}% conventtonal (..0[{(][1 dl’(‘JUI'ld cach Boltgdrd cotton Fctd to enm: ‘maintenance of -

populalions ot bollworms ds a rchst‘mcc m’macrumnt strategy. The same was.

; ."E 999 2{}{}{} and 20{}1 Al {h:, mecmw Uf the Genetic Enmnc:.n ng: Approval Commlttec (M!mstr)

's'lfcty datq ior thesc, h} brlds wcu, rev:ewed and. Bo!ln’;rd cot[on was: ochmlly 1pprovccl for- .
Bolivdrd cotton !s {hc, f"r%t tr’mwcnm c,rop to bc approvcd by :

thc Govcrnment of-'Indm tor commuc;czhzatmn Thc appro }l came with’ a ‘-.tlpll[d!!Ol’l to p!ant ‘1"-- s




followed while approving several Boligard cotton hybrids of other seed companies viz. Rasi,
s

Ankur and Nuziveedu during 2004 and 2005.

Pyram:dmo of mscutuda! g,uu,% is an :mpo: tant IRM slm{(:ﬂy “and mvo]vcs mimduuno mon,'
'__th'm onc chcucadal 0cnc :mo thc same met From th earliest dcvc]opmcnt of Bol!vard cotton,
| _1t \\’dS annmpatcd th.lt combmmg a st.u:md Bt ﬂcne such as Cry2Ab2 Wllh CryIAc would proudc'_ E

mcre'ich '1c{mty "md an cxpandcd qpcctmm of irisect conlroi “The prcqcnce of two :nscctlc:dal_ _'

- protems wnh dtff‘crcnt modca of action wou!d further dc]‘ly {hc devc[opmcnt of reqlstancc by

largct pcqts (Per!ak et a! 2{}01) “With this b'lckground Bo!!gard 1I cotion was mtroduced in thc: s

U.S. and Australia and its efficacy has been remarkably inghcr thati Bollgard cotton, Commcrcsal'_" -_
mtroducnon of two -gene’ Bt cotton (Bollgard II cotton) in Indm at the earlicst opponumty is an'_'_ .

cssennal pdrt of thc IRM stm:cgy for Bt co(ton lcchno!og:es

. Thls report dCSCFIbC‘; a proposed IRM plan for Boi! rd II cotton m Ind:a dwc!oped from ‘1

'comprehcnswe set of rcsmtance mandgcment re!ated smdles c'lmcd out s.mce 1999 Thcqc o

' -.:'Sludle*; were dcs:gned to coIiect Iocal d'lta on the :nsocnc:dal pcrformance of Bollgard II cotton ERS

' and the Bt protcms cxpressed m Bollgard Ii cotton and tarOe[ pest b:o!ogy and the dgronomrcs of ._:

.' cotton—growmg in Indn thereby def“nmo IRM stratcgzcs that arc sunabic for Bollgard II cotton R

B grown under Indnn condmons In pamcuidr stud:cs werc camcd out 10 (I) lest thc sens:tmty [

levels: of hrget pesls to thc lwo pro(emq CryiAc 'md CryEAb2 (2) df_tcrmme lhe baqehnc-'-,'-."-”'- SR

L --t;usccpnbll:ty of Ind:an popu!auons of H arm:gem ro CryIAc and CryzAbZ (3}5’19505'»: lhc:_- :'_




2.1. Establishment of Seusitivity of Bollworms to CrylAc and C:"}*2AbZ proteins:

Bzmic information on the ‘;cnﬂ:ilivily levels of major cotton bollworms (H. armigera, E. vittella

'md E. msuiana) and thc tob'ic.co dt.folntor .Spodoprem litura, to the B proteins CrylAc and

Cry2Ab2 was gcncmtod dunnﬂ 1999 AII ot the boltworm ‘;pcc:cq were shiown (o be susccpnb]c
to; both pro(ems Furthcrmoru CryIAc and Cry2Ab2 hdvo becn shown to have different

fmecucxda! modcs of act;on mcludmo bmdznv o dlf&:rcnt rcccptors and formmﬂ different sorts

.of porcs in thc gut of susccpnb!o msccls., makmg !he combmauon of 1hesc two protcms a hwh!y

_ offcctwc rcswtancc managemcnt strate y

22, Establishment of baseline susceptioi'ii'ty fevels for Cryl}i_c_ and Cr'y; 2Ab2 pro_tcin:__ : _
Several Taboratorics including the Project Directorate of Biological Control, an ICAR institute,
have i.'iidéi')'éndomlly evaluated the Suqce'P'iibi'lity levels of H. armigera populations from different -
 parts of Indid to the CrylA¢) protcm used in ‘Bollgard and Bollgard I cotton. Stmliarly ‘Central .
' Co{ton Research Insmutc (CICR) an ICAR institute; has evaluated the susceptibility levels ofH
:' armigera popu!atlons from different parts of Tridia to the Cry 2Ab2 protein in Bollgard I cotton. :
" These stucies will serve as reference’ for momtormfr populat:ons of H. anmgem for signs- of._._.': :

"toh,rance 1o enher the CryIAc or Cry”Ab2 protcm T T

:_23 Optmmmdosestmtegy..___'_; | L T

Bollgard coiton produces CryiAc protcm ihrouchout thc season Furrcnlly lhc lcohnolot'}’.:"_:_'-_:_-.

prov:dcr cnsurcs that aEI of the hybnd‘: '1rc ontcr mto lhc reguldtor} system cxprc«;q am opumum: S

dose of CrylAc throughout tho crmc S| part ot the cotton gr_ vma qmqon S:m'lariy, ddoqmto-'

measures. have been taken to ensure that Bo!lgard II cotzon expn,sset; opumum doqes of both lhc.:

Bt protems. (CrylAc and Cry2Ab2) throughout thc cntlcal p’li‘t ot thc grow:ng r.cas.on

24
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over catton and support substantial populations of H. armigera (Ravi et al., 2004).. Satellite
imagery studics clearly showed that considerable proportions of alternative host crops (up to
50% of the cropped area) are grown along with cotten during the kharif in Central and South
India. Bused on the population turn-over and cropping patterns observed, these alternative host
crops will act as ‘Natural Refuges’ for H. armigera, hence structured refuge for Bollgard 11
cotton should not be. necessary in the cotton belt- of Central and South India.:. Currently
comparablé studies on vegetative mapping patterns” are llI‘IdC!‘W’ly in North India and similar
results as Central and Southérn India are éxpected in Northern India. Furthermore; non-hybrid
varicties of cotton which constitute about 4.3 million hectares of the total 9.0 million hectares of
cotton provide an additional and substantial source of refuge for bollworms. The varietal cottons
are hkt,!y to be a continuous source of refuge as the mlroduchon of blotechnoiogy is currcntly-.

limited to hybrids only.

For lheqe reasons, and the cost that ‘;tructured rcfuocs pldcc on hrmcrb in {hc form of ylcld
losses, it is recommended that lherc bc o structurcd refuoe rcqmrement for Bollvard II colton m_'
d.a. Momtormg, und Remednl 'lctmn P%an. Ll wo

Momtormg of Bol!uard I[ cotton uuimtzon by fdrmcrq and qulvcxlhncc t'; a vual p'lrt of an IRM"_-‘_

phn bec,auqc i prowdcs carly dem" of pcst .ld'spt'mon. __ It is: etpectcd that dreas wnh the'.'-_ S

oreatest uuhzaimn of lhc :cchno!oay w1il cncounter moru 1ntensc sc[ecnon prcssurc and shouldi_-i_l_':_ '

' be thc'nmm arc'zs of focur; for momtormﬂ posmbtc rcmsmncc dcvelopmcnt Onc of thc most':

e 'cffecuvc wayx to mom(or for rcsrsi'mcc dcvelopment 15 to scout f'eid pcrformance. : For this to

P wdcr f‘or detccuon of s pccted H mngera ru;istancc prob!ems

b cffectwc, actwe orowcr paruc:pmon 15 :mportant m pmwdmg feedb'lck to lhc tcchno!ogy._".;‘ :



insect tolerance or unreluted factors, including plants not expressing Bt protein; larval
movement from non-Bt plants or weeds; ¢or extremely heavy pest pressure. Confirmed

occurrence of rare resistant H. armigera will be analyzed.

By examining the level of susceptibility of the pest or its progeny in any of the above mentioned
tests, adaptation can be assessed through comparisons with previously established baseline
susceptibility values determinced prior to the introeduction of Bo.l'l'gard I cotton. This will provide
a basis for early detection of resistance so that IRM strategies can be medified, if necessary, and

mitigation measures implemented.

2.6. Encouragement of Integrated Pest Management (IPM) practices:

In the present cotton scenario in India where insect resistance has reduced the efficacy of many
currently registered chemical insecticides, Bollgard cotton has become a major component of
integrated pest management (IPM) where the major emphasis is on environmentally friendly
approach. Boll gard IT cotton produces the CrylAc and Cry2Ab2 proteins throughout the plant at
a level high enough to control most bollworms; this is not possible with other currently avatlable
microbial, chemical or physical control methods. In addition, populations of predaceous and. .

p'll'd‘i!I!C insects are known to increase in Bollgard cotton fields due to the reduced application of'._
Ibrmd qpectrum chemical insecticides dgainst bollworms.: These biological control agents then
aid in {hc control of bollworims as well 4§ other pests of cotton.” ‘Bollgard [T cotton will decrease

'brmd qpcclrum :mecuc:de uqt. even furthcr resulting in additional b:oIomcrﬁ control benefits.
The comblmt:on of Bollgard 1 cotton “and bt,nef'cml fnsects: will provide a- safe and

..':"cnv:ronm{.nta!!y wmpaub!c found*ztton for the unp!emcnmuon of various: control meastires for.

R 'othcr cotton pesm ':

-.'.'Itshould bcremembercd that Bo!lﬂard [I.j_-"cdtidli offcrs protccuon only ag’nnst ccrt'ﬁin_"

Iepldoptcran Iar\)a- Othcr pc,sts"' llk_ : phtds lhrlpq wht{eﬂtcc and other quckmﬁ m‘;ecra {hat are: e

not: suscepubie' 'to erflAc or Cry 2Ab wlll not be '1!Fected by Bo!igard li colton 'md should bc_:

controlléd by

'\.hould not be v:cwcd ’ib and a!onc medsure for '111 the pcf.ls ot colion‘ e

8-

' M’pract:ccs mcludmz lht, use: of :mecuc:dcq i neccqmry Bo!lm.rd II cotton™ - -




The technology provider is continwously working with key institutes in all cotton growing areas -
to develop and promote appropriate IPM packages with ‘Bollgard 11 cotton hybrids as a key -

canmponent.

2527, Educational and trainihg'progmméz" _ _ S
‘Some of the resistance management strategies, including development of baseline su_scéptibiiity -
‘data, "pest monitoring, optimum dose and development of multiple gene products, will be
implemented by’ the: technology provider, while others - including IPM practices will be -

implemented by growers: - Therefore it is- critical that. growers. understand: the. 'val'ue_-o.f

tmplémenting appropriate IPM tactics, especially-proper scouting techniques: and, E’I‘L-b'lscd: '_

- sp"ra'yirig decisions.:- Providing growers: with all the: information on what they. nccd to, do 0

maximise the longevity and value of Bollgard H:cotton will be an important part’ of lhe IRM" . |

s(ratcgy

'To cffcctwc]y commumca!c appropnate IPM and rcsrstance management pmcuceq, a mu!t; Icvc! B

'1pproach 1S bemcr '1dopted mc!udmg a) pmwdmg cducattonal shide, scts on resmmncc'.;_-';_

"managcment 'md Bol!g'lrd II pcrformance to academic and extension personnel b) tours 'md.'j' -

'mcctmas for ﬂrowers__ 'md cxtcnswn pcrsonncl c) symposmfworl\shops to discuss and'.:i :
'dlsscmmatc the mfor _"mon, and d) coopcratwc research w:{h '1c1dcm|c 'md'cxtcm:on_" ;

specml:sls Thesc effortv. ' 11! help to cnt:urc lhat th(. bcnef:s accruma from BolIgmi 1 cot{on_"_:-

cumvaf:on dnd_ {he durablhty of thc technolooy, 31’{: m'lxmmccl Tht,sc provmmq w:ll al':o"-_-_' L |

""iddress lhe 1s‘;ue of n:punoug ancl 1llcga! _ olton sceci bemg 90](1 as Bt couon ;

3. Sumimary of Results of Insect Re'sismnce‘mﬁaﬁefﬁéﬁ{(IRM}?&@E& studies

e CryZAb2 wnh Lng(].lJml) mtuu, of 3 6

1297 ancl 3. 6E1: L



ppm for H. armigera, E. vittella and S. litura, respectively. Thercfore these two pFOECiHS are
complementary (o each other in their specteum of activity and combining these two prdteins can
provide increased bioactivity aguainst bollworms with positive implications for resistance
management (Perfak et al., 2001). Studies in the United States have clearly indicated that the
combination of these two proteins provides superior control of lepidopteran pests leading to

. further reductions in insecticidal sprays and higher cotton production (Ridge et al., 2000).

" Furthermore, the CrylAc and Cry2Ab2 proteins have been demons{rdted 1o have distinctly
different insecticidal modes of action, as reflected in the ability of Cry2Ab2 to control CrylAc-
resistant strains of H. armigera and P. gossypiella (sce Table 1).. This means that bollworms will
© be significantly less likely to develop resistance to Bollgard II cotton, cxpfcssing both. of these

- proteins, than to Bt cotton products representing only a single mode of action. .

Table 1. Lines of evidence demonstrating that CrylAc and Cry2Ab2 have cl:ffcrcnl modes of

 action ( (from the attached report by Head and Rcdmg, 2001)

me of cv1dcncc _ L Results obscrved for Cry 1Ac and CryZAb2

Protem slruc(urc Ammo acid sequence and tertiary structure of

R _ L _ CrylAc and Cry2Ab2 are very ci:fff,rcnt
Characterisation of binding receptors .EDlSlll'lCl classes of receptora observcd t‘or s

Cry}Ac and Cry2Ab2 m all spccms tcstcd

'Charaucrlsatlon of bmdmrJr kmctlcs and pon,z' ."S:zc of | pores and the kinetlcs of bmdma dlffcr

"formdll(m . _. S et bctwccn CrylAc wad Cry’?Ab2

Control of CrylAé-i*esi's_cﬁm_ insects Cry2Ab2 protcm or Bollgard I cat{on controi

CryIAc rcsust'mt cotton bollworm tobacco

budworm and p:nk bo!lworm

IAc..and Cry 2Ab : rotcms

,'stabhshment of baseline susceptxb:llt) Iev e!q for the C'

scientists at thc Pro;cct-D:rectoratc oF Bmlomcﬂ Control (ICAR) Bangalorc (thl: et ai ”(}{14}

U




The mean susceptibitity (LCsg) of the ten M. armigera populations studicd in 1999 study was
0.44 pg/ml of dict, with a five-fold range (0.14-.0.71) across the populations. The 2001 study
produced a mean of 0.24 pw‘ml with & five to six-fold range (0 11-0.60) across thc populations.

These two slud:cx served to bcnchmdr[\ the b‘lachm_ %ll\CLpllblhty 01 H arm:gera prlor 10 lhc-

' commcrc:a]lzauon of Bollglrd cotton in lnd:a

[t is now. powblc lo momtor t'or thc powblc cvo!ullon of rcs:s(;mcc to thc Cry!Ac protcm m'_'
popuianons of H. arm:gem w:th mferencc to thc';c baschne da{a If t'eld rcms.tancc wcrc to'
occur LCso v'slucs should Jump at Icast SO fold and up !0 I(J 000 fo[d, as accn n Iabora{ory"_' -
sclecuon cxpcrtment‘; (l“errc and Van Rle. 2002) Thcqc valucs are momlor&.d cvery year at-
CICR ' | | |

Baseline data also has been generated for the spotted bollworm against Cryl Ac (Kranthi et al.,

| Sumhrly, CICR has cstdbl:shed bnsehne suscept:blhty valuct; for Cry2Ab2 protem w:lh H

L anmger a popuhnonq collected from various iocauons F:eld stramq of Hl arm:gera wcrc

Ky coitcctcd durmg Octobt,r Decembcr 2{}04 from couon f'etdf»: ’1{ 25 satcs in (ht, thrcc cotion zone\ s

- ':'oflnd:a (North 8 dlstncts. Ccntral - II dlstrlcts and 'Sou(h 6 drqtncts) Thc Iarvac wcrc

S 'tcstcd m a dlct 111corpordt10n b:mssay w:th CryZAb protem (m lhc form of Bt com icaf powder g Iy - '

a ""-'.','wcogr’lphml van.lblllly in H amugera suxcep:iblhlv !cvels {0 Cr)"’f\b was Lompdr'lblc l0 Ehat :

.--":obscrved wlth Cryl Ac'_'__.The Lng values ranged from 6_0 to 98 6 prr Cry2Abme_0f diet With




post-monsoon kharif season (May/June to Oct/Nov). Chickpea, being & winter crop, has an

overfap with the boll-bursting phase of cotton.

[n order to compute the relative population sizes of ;‘-[..'d'rn'z.f';g;éra'Eon' all of these crops, a number
of field studies were conducted in the kharif of 2000-01 and 2001-02. The objective of the
studies was to determine the relative population levels of H. armigera on cotton and alternative
host crops grown in the same areas in the same season. Concurrently, a laboratory study was
conducted to examine whc't'ﬁéf"mbtfh of H. armigera, reared from larvae collected from the
.I‘CprCllVC host ptantq could ¢ross mate and produce viable progeny. The study was carried out

for two Seasons (khar:f of 2{}00 01 and 2001 02) durmcr the efitire growing pcnod of the Lrops at:

I.'D"r. Punjab Rao Deshmukh Krishi Vidyapcélh, Akola, Maharashtra (2000—0!)
2. College of Agriculture, University of Agricultural Sciences, Raichur, Karnamkﬁ (ZOOO-OI .zi'nc.i_ _
2001-02) |
3. Tamil Nadu Agncuituml Unwcrsnty, Coimbatore, Tamil Nadu (’JOO{J 01 and 2001-02) _
4. Nagarjuna Agricultural Research Development Institute, Warangal, Andhra Pradesh (200] -02)

The conclusions drawn from the studies 'we'ré: B e R PP B S PRSP

Cmton is cu!lwatcd in Ccmral and Soulh Indm dlonosm!e scvcrai hOa[ crops of H amugera. Thb. '_;

ato okra, corn chs!r_'_-_i._

ma_;or altcrnatwe host crops arc p:gconpm clnckpe'l sunﬁowcr, ch1i1 {o_' '
and. sorﬂhum A!i of 1hcsc crops wm. ochrvcd to altmct moths for owposmon and support"_f:'-"

- 'substanual !arval popu]atmns of H arm:ger

- '-._"'-"Chlckpca’ plcconpca lormto and"okm supponcd hlghcr populatton‘; of H arm:gera th'm co{ton._




H. armigera, chickpea is the only winter crop. Because chickpea is a highly preferred host, moth
. . . L r" . )
populations of H. armigera from other crops can be expected to migrate to chickpea to complete

a generation,

" Laboratory studies showed that H. armigera collécted from a large stand of a pure crop and
““reared in'the laboratory can suctessfully cross mate with moths reared on other crops; producing
~viable progeny. Indirect evidence from the investigation and published literature indicates that -

“substantial cross-flow of . armigera populations occurs between crops (Ravi et al., 2005).

_ ."3 4 Vegetatwe mappmg of altcrname host crops in the cotton be!t of C‘entral .md South-
..Indm. . . . . . | :

Havmg studlcd the refative * pcst turn- -over’ ofeach crop |t was 1mp0rtant to cst:matc Ihc relatwe'
areas of the alternative host crops versus cotton in the cotton belt of Central and South India.

'I'his indicates :hc extent of *natural refuge’ present along with cotton during the growing season.

In a sludy coordmatcd by Monsanto sc:cnmts m Indla durmg thc }rmr 2000 'md conducted by .
Mfs Agnnct Soluuons L;mlted Hydembad (a non- govemmental orgamzauon sp..cral:zmg in
.": rcmote sensmg 'md Gcogmphtca! Informauon Scrv:cc soluttons m '1gnct.!ture) crop usc paltems- -_

werc surve}ed and re!atwc propomons of cottOn and othcr a!temauve host crops of the -
. :'_:_;'_. boltworm. H anmgera wcrc ccrmputcd m sclcctcd Ioml:ons m Gu;arat M':har'lshtm Andhra:._'_'-_

Pmdcsh_and Kamamka throunh rcmotc scnqmg - : .

"~ The conclusions drawn from the studies were

Cropping patterns varid from Iocation o location, including the proportion of altemative host




The satellite imagery studies clearly showed that considerable proportions of alternative host
crdps (up to 50%) are grown a[o:'t'g'.\".'ilh cotton during the kharif in Central and South India.
Based on the population turn-over and cropping patterns observed, these alternative host crops
. will act as “Natural Refuges’ for f. armigera, hence structured refuges will not be necessary for

.. the highly effective, two-gene product Bollgard I cotton in the cotton belt of Central and South

- India. .

Furthermore, non-hybrid varicties of cotton, which constitute about 4.3 million hectares of the
total 9.0 m:!hon hectares of colton prowdc an addmonal and substant:al source of refuge for
bollworms The var:cmi cottons are Ilkcly to bc a connnuous source of refuge bccmsc the

introduction of biotechnology is currently limited to hybrids only.

For these reasons, and because of the cost that structured refuges place on farmers in the form of

yicld losses, it is recommended that no structured refuge be required for Botlgard H cotton.

.' 3 S Bollgard as a component ol‘ an Integmted Pest M'm'lgement (iPM) package 'E:"::_." |
| In the prcsem cotton sccmrzo. m Indla wherc msact rcsmtancc has rcduccd the effi C'IC)’ of-'
:currcmiy rcgts{ercd chemlcai msectmdcs transgcmc Bt cotton wui! bc a cnucal component of
_' :'.:mcorated pest m’magemcnt (IPM) Bollgard 1w colton expresses the CryIAc and Cry2Ab2__-
.'.protems 1hr0ughout the pIant at 'ldequatc Ievcls to control boilworms Such cons;stently;.

-stistained control of bollworm catcrp:!lars is not poss:ble w;th mhcr avalhblc control methods

' In add:tton bccausc of lhe spcmf"c;ty of thc protems populauons of predaceous ancl p'mtsmc_-'-_- :

-mhropods C'm mcrcase m Bo!!gard II cotton fields due” to thc rcduccd nurnbcr or dbscnce of o

"':"-"appl:c'mons of broad spcctmm chcmlcai msecnc:des 'mamst boilworms 'I'hese " btoloozm!fﬁ”

" control 'wents 'ud in supp!emcntary controi of bo]!worms and suckmg pes{s of cotton. The'j._'

combmatton of_ Bt'cotton dﬂd. bcncf‘cral msccts prov:des a s*tfe and enwronmenla!ly (.omp'lt:b]c'-_'.' _




was @ significant reduction in bollworm incidence, particularly H. armigera and pink bollworm
{Pectinophara gossypiella), and a reduction in the damage caused by bollworm to fruiting
bodies, in Bt MECH-162. Maximum damage was observed in conventional cotton, where 7
sprays of pesticides were made compared to only three in Bt MECH-162.  Populations of
- sucking pests were also lower on the Bt hybrid compared to conventional cotton. Seed cotton
yield (.12.4([!11:1)3 'md net returns (Rs. 16231/ha) were. highest: with Bt MECH-162. . The

conventional cotton under IPM recorded a yield of 7.1 g/ha and returns of Rs 10507/ha. The

results clearly show that IPM in cotton was most effective with Bt MECH-162; and that this
(.ombm'tllon provlded the hlghcst net retiins (Bambdw(x!c et ab., 2004)
With ﬁbilgard' Il cotton, the benefits wilk b’c-c’ve'n.'greatcr in terms of reductions in chemical =

insecticides and increases in natural enemy populations, resulting in further increased yields.

In India, the IPM inputs currently recommended and used against bollworms include: . .~ " -
'.o Sex phecromone traps to monitor or mass trap the moths- . -
o Egg- p'lr'mto;d Trichogramma chilonis, released 1o dcslroy the eggs
o] P!‘Cd’lCCOUS green Iaccwmg, Chrysoperla carnea, rcleach o prcy ‘on c s 'md tresh!y

" hatehed larvae, As we!l as on sucking pC'ilS hkc whltcfllc.s. thnp? d"d aph:d‘; . :":' B

."o.:”'.Nuc!car polyhcdrosu v:rus (NPV) SRR

o Neem-based pcenc:dcs

o Sc!cctwc ETL ba.scd fige of chem:cai mc;ect1cxde<; only whcn qbsolutcty ncccssary




The spread of spurious and illcgal Bt cotton is being perceived as one of greatest risks to the
fopgevity (from a resistance management standpoint} und. continued performance of this
technology. To address this issue, in - collaboration with Central and State luw enforcement /
- Administrative agencies. the technelogy provider has taken varicus initiatives at different
- stakeholder levels to disseminate knowledge about potential hazards of cultivating and aiding

-sales of spurious and illegal Bt cotton seeds. The key initiatives are listed as follows:

AL {'armcrLeve! _ e _ _
Education campaigns by way of mcdm messages. ﬁlrmu‘ mcetmgs. (rammg programs direct
mailers, information brochures and direct one-to-one cont'u:::,. w:th thc focuq bcmw on

“explaining potential crop failure risks, resistance risks and legal rigks.

At Trade Level:
Educational and awarcness campaigns though media, information brochures, training on seed

acts and EPA-related rules to highlight potential crop failure risks and other legal risks.

. At Local Ag Admmlstratlon Leve!

| Awareness campa:gn m mv.ocnnon wuh Dlstr:ct 'md St'uc Admmmlrdnon machmcry to clarify
legal validity and FISI\‘i associated w:th such pmcllces Dcm:led tr’nnmg qcxbmns were alqof
organized by District Administration to create awareness of 1he Enwronmenn! Protecnon Act'_

'md its prov;snon&; to comro! such actm{y

7 Other Imtmnvcs

Conunuous '1nd constdnt tmc.kmg of product pcrtormancu to cmurc suqm:mb:hty of lhe product-

1<. d: kt.y fows:‘_of tllc technolocy provadcrs Hencc. re!evant studms \wll bc conducted m'-_'-

o coilabomnon wuh l\cy acadcm:c mqmutcs lo delay lhe dcvciopmcnt of rcs:stdnce by bo!lworms

e Bollgard II cotton:

R‘éf@teﬁnc‘és.jcitéd

i resiszzm'cc_' in .

'c'd(iOn sand.

.”..blO!CChnO!()“!Cd[ apprmchc<: in’ cotton’ tmprove,mcn{ rmc’irch i Handbaok
';’ndm._fnd;au Soucrv for Crron [mprovemenr (ccts) V Sund'mm. A I\ Bdhll K R Kr:‘;?md.

.”E’ec[mo!ogy) pp 746 25‘3 .
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The Genetic Englucering Approval Commitlee (GEACY of the Ministey of Envirodmnt and Forests, Gove. of Indiz; on 26 March:
2002, approved three of MAHYCO's (Mabarashtra Nybeid Seed Co L) Be colton {Bollgard™) hybrids - MECH 12, MECH 162" .
and MECEH 184 - for commercial cultivation in India. Thix is'a landwark decision as JAf totlon is the Fivst leansgenic erop 1o reecive
such an approval and, with it, India hus made its tong-awaited enlry into commercial agricultural biatechnology, MAIRYCO s Bl
cotton hybrids contain Monsante's ‘Bollgard™ B gene, crpfdc. The Jt protein targets ihe cotton boliworm conplex which inctuifes .
the false Afutrican ballworin (Helicaverpa armiperal, pink bollworm (Peciinophara possypicllz), spotted bollworm (Earias vittella)
and spiny ballworm (£. ingnlana). This appraval was preceded by a number of vopulatory-puided labaratory studies and about $00. .-
fietd 1rinls were cacricd out from 1998 o 2005, These stidies huve demanstrated the bodlworm-conirol cfftcacy and the hcnign: L
characteristics, from an environmental amd feedvsalely perspective, of this technology., The primary benefit to the prower is '
thraugh 2 redection in insecticlde usage an ¢oiten as well as Incrcased yield owing to cffective bollworm ¢ontrol. Besides -
MAHYCO, the !ndlan Council of Agricullural Rescarch, Agr:cullural Universities hnd several othier public institutions wege ™
invelved in these repulatory studics. The development of Bollgard cation, its ccological snd economic bencfits; safety, insect resiss
tance nmnagemem strntcglcs and its cuerent glnbn! status arc discussed [n this review,

hryword:  Baitlns :.fmrmgrcmu tr:msgcruc "Bt coiton, Bnllgard’ mscct prmcctcd cmps agrlcuimml bwuchnc!w‘)‘ colon bollwosms.g L
insect I:Slslancc maﬂag\:mcm mtcgmlcd pcst mnn:gcmcnl :

{ntroductwn T S mc[ud g'lhc sy thcnc pyrclhronds. in mnny pockct :

. Y S o of the ¢otion belt in India (Armcs et aly {992, 1996;
Cotton: bol!\vcrms are’ rcsponuble.. for [u..wy yu,ldf - Kran(hz._wg?} Thus.ct‘fcct:vc cantrol of bollwarms
tass: in* cotton: in: India:. Ameng: the: bollworets, the - has beeomeé a cha!!cngc to. Indian l”armcrs"-smcnusts’-
false: Ameriean: bollworm: (Hcf:cm-crprx armigera).is.. .. and 'pohcy mnkcrs alike.: i’n_ such a c!nl!cngmg ice

- the: most-“domminant and. destructive:! Chemical: iasec: nano‘ it IS hOde based on 'wdcsprcad ndopucn and.

o ticides are: used cxtcnswcly for the ‘contral of. botl T . boilwor
~wormsiand olher: pcsls The: number: of Sprays may:.
“range from'S 07§15 or. more! Neith tn all-India dverage
-+ of seves sprays per cotton croppinyg season: It is esti
' mated that insecticides wortl: R5-3000 crores (Rs-30:
- biitidn. e ‘USS:600: "mi[!i'ch)'a:'aré" ustd'-':innualiy.-'. in.
-~ bidian agricaktuce; of which:about'Rs:1600 crores ar
spent: for! the' control "of; cotton: pests and: of this: Rs.;
1’300 crorcs agamst" bollworms alone‘ in tcrms ol’

Co rcs:stant'_Br 'cottcm wh:ch h.\s bccn approvcc! by th _
Gcncuc Engmccrmg Approvai Commtucc_:. _Qovl_ oF

§ a; produa o[‘ lrnnsgcmc lcchno!Ogy :n_
"ptanls. Its dcvciopmcm (.an bb traccd to thc chcnt!cs :
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now been reatized by signilicant technical successes
in plant genetie modificuion feading to the introdue-
tion of the first products of agricultural bintechnol-

agy imo markets arcund the world. Some examples. - .

of the commercialized products are  herbicide.
tolerant corn, celton, soybean and cznola; viros.
resistant papaya and squash: inscct-tolerant corn,
cotton and potato, to name a few. The ¢stimated
global area of transgenic craps in 2001 wag §2.6 mil-
lion ha (30 m acres). The increase in aren between
2000 and 2001 was 19% cquivalent to 3.4 m ha,

which is: twice the corresponding increase in area . . .
between. 1999 and 2000 (James, 2001). The: global. |

status’ of transgenic crops. in general,’ in 2001 is:
dcptctcd in F:gurc 2 and that of only’ Br cm:on n
Table [, S :

T h1s review prlrmnly lonks at :hc dt..w..]ﬂpmcnl and - -
::xpcncncc of Br cotton technology - in countries
where it ‘was commercialized first and its vnlnc ln""'-"

uddrcssmg the cotton bo!!worm problcm in Indaa '

The progcmlor oE‘ Bt tcchnology (Bac:lfns '
thuringiensis) .

B. thuringiensis' (Bt} is a soil-inhabiting gram-
positive . bacterium wnh gbiquitous  distribution.
Many insecticidal prolcms (5- Lndnmxms} arg’ syn-__'_
thesized by 81 durmg the sporuintmn ph‘]S{: The in-,
seci-conirol value of lhcsc proteins has long been.
rccogmzcd {for review see Hccg[c and. Yamamol
1992) “and. Bt: spray formuhnons {a’ mixiure ‘of ¢t

- dospores - and insecticidat, Crystais) have: ‘beenin

: ctlcnsw u'sc. smu.: 1960 cspcc:aily on horncullurc o

" Fipare 2.
’ Jam:s (20{}11

I Meawgteith

4472

299

o |
200 . 1.0
100 | v

1995 7 b 1952 20 20

[x
f=1
(=1
el

Motz vomlbaen & S ingreane

Yoar

(‘!o‘nl ares ol’ lr:nsgcnlc :rops 1996-7001 Sourcc

- Table 1. Globat satus of Bafigard coon 2001 < .

:"Arc:l planted {in million)’

Couniry ~ Year of approval = ©
oo Usa - 1995 - - : 35ha B4 acces |
CAustrafiz U AB9GETT T gSs . b2
C Mexigs 1987 it 0T 0 B2
© Chigat el 1998 = L . I.G:_'- 3B T
South Africa -7 1998 -0 -0 0 QS e U L2
Argenlina 1998 . 05 1.2
Indogesia - 2L : DDS Codh l"'
Tenad B 7. lS 1n h‘l{i? tm 1(.'1

Pravalc compzmcq cand publ:c- Fundt.d
- intefested: iivageicultural bisiechnology-quickly: real-
© izéd the techinalogical valuc of Bt gencs in the deve-
Iupmcn: of :nsccl :o[crnnt crop% l}us spurrcd c{fur!';ﬁ'- '

culty in getting uniform coverage on the crop; tan be'
casily washed: away by rain: or: Br. proteins. on the
plant. surface; miy:-get degraded: by solar radiation, -
thus requiring repeated applications; need: for fabour
and: equipment ete. While 1he use: of Bras a speay.
formulation: rémains: significantly” bchmd chermital
pesticides® in: agricultuce, the. long: and; cavironmen-
tully: benign: use: of: Br. products- has: iweighed in: -

.+ favour of: B transgcmc crops: from-d: safc:y stand-. ..
.- point: ‘Currently: the nember of - characterized Cry -
© (acronym: for: ‘crystitl ™ pro:cm dince inthe: b1ctcrsurnj S

the: :nscclmdal proteins: aggrcgalc o form: insolable

s crysln!s} proteins ideloded in: ‘the: Br toxin nomencli= =
- ture 15248 {Crickmore et ‘al o
" from fiore than:§0: subspecicsiof B This reflects' the - [
* existing rich gfmc-pcol ‘of:: B insecticidal  genes © RS
whtch eun. bc po!cntmlly cxp!oncd in agr:cul!urc.._._- Dl

1998+ 2002} sourced

mst:luttons'-._' o
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towards cotfecting B isolates worldwide and screen-
ing them for novel itosecticidal geres. Simultane-
ously, knowa cry pencs- and. theis producis were
subjected to molecular dissection in an atiempr to
improve the efficacy of spray formulations and has-
ten  the drive iowar(k Bt ir.mx;_,cmc lt.chnoloi,}'
{Schncpfcf al., [998) O e

Dc\'clupment of Bt collon

An Amertcan cotton v-mcly Cokcr 3l was teins-
formed with a gene canstruct conlammg a2 modified
crylAc gene under the control of cauliflower mosaie
virus 358 promoter containing a duplicated enhancer
regions The development of - Br- colton progresscd
hand-in-hand with certain fundamental discoveries in
gene expression in plants (reviewed by Perlak et al.,
2001); The levels of CrylAc in cotton flower buds:
{square}- and green bolls (fruiting structures) were
found 1o confer substantial- protection from insect

damage snder conditions simulated: for heavy inseet
infestation in the grccnhousc (W:Ison et al.; 1992;_'

Pcrlak er m’ 00! )

In Chma. a bmmchnology program for dcvc!opmcnt:._
of Br cotton was started in 1991 at the Biotechnology:
Research Center of the Chinese Academy of Agriculs
tural Scicnces (CAAS) and the (rst genctically engi-
tieered colton plant was: producad m 1993 (Pray ,_.f; _

{:f.. 2001)¢

: Comme'rcml Vcnturcs wnth msect—tolcmnt B

. I‘hc ycar [996 was & turnmg pomt in :l:r. annals ‘of -
“crop protection. Thiree pest-resistant Irinsgenic’ crops - . -

Lowere: commerciatized’ in: the, US® with: the. due’ aps -
p 'proval of -the” rcgulmory authorities:: Al three: were:
mscc: prﬂtcctcd by m-p!anm” cxprctscd Br prmcm"

: cacy scrccnmgs and ficld: lrm!s progrcsscd L
< transformation: event: (Monsanto: 531) was: tdcm:ﬁcd. AR
©asiatgood sourée’ line: for B cotton  AlL Bol[gard“’f PR

- - {fegistercd produict of B cotton it USAY varieties in' *
bt US are: descendents of the 53 Levent: (Perkak e - -
: '-Z'm'.. 200!) 'I‘hc scopa of cf!"cncy trsa[s cxp'mdt_d as -

value;, mechanismi{s) to caplure value for the tech-
nology. gravity of pest-resistance to chemicals and
for-. solving. inscct pmblcm: unmel by chemical
msecticides (Roush 199?) .

Dcmnns!ratton of hlgh Icvcl of insect to]t.r'mcc in 8: _

cotton: in glasshouse experiments: paved the way for

pre-commercial: testing of the product. The earlicsy
field trials were conducted with the transformed cot-
ion: plants “expressing ‘3. truncated CrylAc: protein.
Such efficacy trials (muiti-locational} indicated ef-
fective control- of H. virescens, P. gossypiella ancl:

H: zea (Rummict ef al,, 1994; Jenkins er af.; 1997).
The mean tissue damage in Br cotton. was observed
te be 2.3% in fowers and. £.1% in green bofls as:

against 23 and 12% respectively, in noo-Bt control.

plants (Benedict et al,, 1996). In addition to insect -

tolerance, the cffect of introgréssion’ of ‘a foreign -
gene on agronomic traits as plant morphology, yield - - -

and- Jint quality was also: studied. in all” of these -
cases, it was’ detcrmined: that. Bollgard® ‘cotton was.
identical to the non-iransgenic parental varicties. In -
matters refating to transgenic products in the US, the
US: Department of Agricalture (USDA): the Bavis
ronmental: Protection Agency: {(EPA)Y and the Food.

- and Drug. Administration (FDA), rcgu!atc the proc--.

- ¢ss bepinning: from’ rcglslral:on -rclated testing in the
laboratory:‘and: field: o the commicrcial.‘relcase ‘of . -
| . transgenic: ‘products:’ In" addition™ (o' thege: repulitory
. bodies,: researchers at universities and mhcr public-.
- funded. institutions’ were: invelved in the!vi nous effi-
- cacyitrials” of 8¢ cotion inthe: US:-This! promoted .
frinsparency™ in: the: rcgulntory proccdurcs for the - - .
- assessmentof chcacy of Bt: cotion againgt the botl-;_"-..
“: worms:and its: s1fcty to t'ood fccd and’ the cnv:ron-.f_'

. over'a number- of seasons: rcconf‘rmcd ns cxcclicntif L
- comrol ‘of H. viresceny (sobaged budwcrm) and gcod_'_'.:
.'._"comrol of H zm (cmton bol!worm). cspccmlly m :hc.‘_-'
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the 531 cvent  was backerossed imo. several, US
varicties. Botlgard™. conton received the approval
from the regulatory authorities for commercial culti-
vation in the US in 1996. Following commercializa-
tion i the LS. Bo!lgard{” was also introduced into
Argentine. (1997), Mexico- (1997). Ausiratia (1998},
South- Africa (1998).. China (1998). and : Indonesia
£2001). In each country, it has undergene the preseribed
regulatory. Ials for commercial approval. [n China,
prior o the introduttion of Bollgard®, the Chinese Bio-
safety Commitiee approved four CAAS Bt cotion varie-
tics for commercial use in nine provinces. Amang. the
developing countrics, China had the highest annual
growth raie of transgenic crops with a ripling of its Bt
cotton area from 0.3 to 1.5 m ha in 2001, -

The | cxpcncncc with B ‘cotton in the US at’ commcr-

c:ahzanon can be qummanzcd as I'ollOws

. B.lscd on scn:cnmu of hundrcds of transformams
.. for bollworm efficacy, a cotion transformattonal
. event 531 was selected as the progenitor of Boll-

gard® products in the US. This cvent could: be

. backerossed: into a number of - varieties. without
- deteripration. in insect: control: valuc.. Expression

.of erylAe was s:nb[c_ ina wide' vnncly af gcncltc
backgrounds

“» Ballgard® prowd'cd vcry cl’fcclwe conlrol uf to-
© bacco budworm and pink bollworm across the dis

. verse: cottort: varieties and ficld locations in: the
- US: which also had: diverse insect: pressure. How-

"+ ever, conisol of i zeq: was not complele, ¢spe-
Cicially in'.the’ post-bloem period and: when! insect.
.+ pressurc: was. highow A: few . sprays: of inseericide
L1 were neeessary at highier: economic. threshold leve.
el {(BTLY Incomplete control: of H.: rea wag! prc--
- dicted earlicr {Periak ¢t al., 1990: Jenkins eraly,:
. 1997) based on the susceptibility Tevel of f zea @
“-and the season-long: concentration of crylAc pros: ©

rein in the: rcpmductwc tissues..

fallt _:lr_m)fwo_rm_ (s fmg:pcr_da} _

. ol globi
_{9 8 m hay l9‘“_

' Econanuc beueffs

Bol]gard& pmducls had littie: acumy agnms ]1r--_. o
vae of: beel: 1rmyworm (Spodoptera éxigha). and. |

sa} and” lmnsgcmc cano!n occuplcd__'-'.
27mh :accoummg {61 5% drea: From & trait; wcw-_:_ o
'pomz_ herbicide: tulcrancc (dcploycd in soybc;m cum.:-._ -

cotten) has been the dominant s (77% ar 40.6 m ha
of the global ransgenic 52.6 m ha) tallowed by insect
tolerance (15% or 7.8 mha) and stacked penes for
kerbicide 2nd insect tolerance in cotton and corn oc-
cupying 8% or 4.2 m ha {James. 2001).

Benefits from Bf cotton in the US and ofltcr_ :
countrics

Reduction in insecticide applivation

In the US, conventional cotion requires heavy: appli-
cation of insecticides for the coptrot of the tobacco
budwarm/bollworm complex, more frequently during
heavy bollwerm pressure. The cffectiveness depends
on factors like timing, application mcthod and on the
susceptibility Of inscets (o insceticides. As against
this, Bollgard® was found to provide cffective pro-
tection against the bollworm complex {complete con-
wol of tobacco budwerm and pink bollworm at all
times and that of A. zea at. moderaie infestation),
thus ‘gencrally requiring no inseclicidal applications,
for their control. There was a sharp decline in insec-
ticide usage on Bollgard®, as revealed by the fact
that in 1998 alone the reduction was sbout two mil-
lion. pounds of aclive mgrcd:cm {Benedict and Al
man; 2000). Data on reduction in pesticidé usagc and:

cconomic benefit due to growing Bollgard® in the

US have been reviewed: extensively. (Gidnessi: and
Chrpenter, 1999: 2001 Agnew and Baker,) 2001;

Falck-Zapeda ef al., 1999, 2000). Similar reduction’
in' insecticide: use. has: been: reported  from: China, -
Mexico, South Africa, Indonesia and’’ Austrnlm_'
(ISAM\ 2002). SR

E As is typlcal of economic rc:umq m cotmn. the fma- s
- nctak benefit 1o 2 Boilgard farmer is also dcpcndcnt_ . :
on (£ ) region- spcc:f’c agronomic practices; (2 boll- "
WOIm : pressure: in; the. season, {3} quality’ of. crop -

- management,: “and: (43 mnrkct “price’ of cotton:: Boll-___
g1rd€' h1s been: adop!cd avcr /3 of the comm '1crc-_ S
- agewin: the: US: wuh e s.lc.:dy annsal:: inicrease.
- Economic: compar:sons between: 801!;,1rc1 “and; con-
7 ventiohal cotton,: across | the: varied:. ‘agro-climatic”
- '-'growmg areas: in;the; US:: have: been: well: studied |
U (Bryant e al 19997 Mullins and: Mills, 1999; Cooke - -
et ali-2000; Karner: el; m‘ ._ZODU Rccd c: a! 20(}(} o

Scward er nL. 2000)
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Primarily, a Bolgurd® farmer benefits through o
reduction in insect control costs (determined by bolt-
warm pressure in e season) and an ingrease in yield
(a minimum of [0%) owing to effective bollworm
controf. Monsanto studies tracked economic benefit
since” 1995 in 485 farms covering a variety of
growing couditions (P‘crlnk el al., 2001}, These siud-
ies indicuted thin Bul!gard colion exceeded the eco-
nomic reluri of conventional colion even under low
pest infestation fevel. This is beeause Bctloard pro-
vided godd contml of bollworms, and since the in-
festation fevel ‘was below treatmient thrasholds in
conventional cotton or could not be detected in
scouting, absence of .insecticide spray led to crop
damage 10 various degrees. This is termed as “sub-
theeshold® protection by Bollgard®. Perlak er al.
(2001} reviewed the average cconomic benefit of
Bollgard®, based on independent studies from’ 1995
1o 1999. The benefit worked out to be $49.80/acre
which included the value of a EO % yicld increase.
‘Monsanto-sponsored trials gave “an dverage’ Boll-
gacd® advantage of 544 70, which mc!udcd 1% yicld
increase. In gencral: ihe Boilgard® advnntagc in the

vilriotis trials dcpcndcd upon’ t!xc icvc! of bo]!worm_

infestation in'the gruw:ng season.

3om!ly conduclcd hy the Ccntcr for 'Chmcsc 4 g

mrai Po]u:y chmg nnd Dcpartmcn_: nf Agrnculmrnl .

» Use of 8r cotton had substantially reduced the
usage of insecticides and also reduced exposure
ol {arm labourers to pesticides. -
» The study also looked into the benefit distribi-
* tion ~ between the: growers and the seed compa-
nies. The benefits of growing 8t cotton primarily
went to the farmers. About 82.5% of the 8t cotion
" benefits in 1999 from the adoption the CAAS Br
cotton varicties and 875 of the bencfits by adopt-
ing: Monsanto—Dclln P:nc Br cotion went 1o the._
o farmcrs - : :

Cotton and bollworms in Iud:a

Colton is an im’po’rmnl‘ 'c:tsh'i:r'op in India and plays a.
sighificant role in the national economy. As a com-
mercial crop, it supperts miltions of Indians through -
cultivation, processing and- trade and contributes to
the export income by Rs 36,000 crores. India hag the
largest area under cotton {representing 20 to 25% of -
the global cotton area), which has fluctuated between:
8'to 9 million ha in the kst five years. OF this, about
80% of thic area is' planted with American. cotton

'{Go.rsypxmn hirsitm ond G barbndeﬂ:) -of ‘which -
‘iybrid and varicty cotton ‘shirre’ equal area Wwhile the
" teiaining 209 is octupicd by ‘Desi’ ¢otton (G. her-
*baciton” and” G. ¥ drboriiny. Maharashtes,” Gujaral,
- Andhra’ Pradesh.’ Karnataka, Madhya' Pradesh, Pun.:
o Jab Haryan'x. Ranslhan wnd Tamil Nadu' are ‘the im-
-, portant’ cottonigrowing states: Dc,spu{c India. havmg,’_ '
- the” largest‘area “under ¢olton in'the world, it ranks -
o on!y third in global ¢otton’ productmn affer USA and ©
© China: Thc national ‘dverage’ is-300 Kg/ha' against the
. world ; avcragc of 580 kgfhn. Many factors have been: -
- identified as responsible” for: low: yield and. among. - -
- them' insécts: and distases” are’ the’ most” importany.
. More thai 160" specics of insect pcsts-'whmh inctude
- sap-sucking’ insects, tissuc’ borers’ andi;‘dcfo!mtors
- have been rcpor(cd to infést colton at various’ smgcs'_: o
-t its growth, causing losses. up 10 60%: Among the -
S mscct pcs{s botiworms (ussut. borcrs) are the mast’ -
L common :md dcvaslaung ; rcqmrmg major cff’orts to :_ :

o bollworm comp!cx in + fadia incltides

OId “world’ bo!lworm or" “false; Amcncan bolfworm! :':-

- {{Pectinophara’ go:syp:c!'la) ‘(Saunders)},spotled: .
".-_bollworm__'-' {(Earias vitellay (Fabricius)]- 'md spiny
. Bollworm' [ Earias msu!am"(Bmsduva[}} Ml thcsc;___'_'_
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are lepidopterans. The tobacco caterpilfar [Spodop-
tera Hoera (Fab), also o lepidopteran, is 2 sporadic
pest on colton. Ahbough predominantly a defoliator
in certain years, il can also damage cotton bolls and
squnrcs when there is an cutbreak.

Amon;, thc bo[[worms, . amm;em is lhc mst
dominant- and. difficult w- ct}nlr()l chu.ﬂy duc 1o
widespread insccticide resistance, prolific and multi-
voltine pattern of breeding and its polyphagous
habit. This pest is a destructive feeder in the sense
that a single larva can damaye many squares and bolls
in colton or tomato fruits or pigeonpea pods. These
atribules cnable this pest to maimtain yeas-round
population snd cause damage. H. armigera is ubiqui-
tous in its distribution but fimited to the old world, i.c.
Europe, Asia. Russia, Africa, Awustralasia and  the
Pacific Islands. This specics docs not occur in the
Amcricas.. The species occurring in the Americas arc
H. zea (Boddic) and f. virescens (Fab.). Henee, refer-
ence to H. armigera as ‘American. bollworm® is mis-
teading. To avoid sich confusion, it is beteer 1o call 4.
arntigera as ‘old world bollwarm® or ‘false American
bollworm': More than- §80 pf:mt species {crops and
weeds) h:wc been recorded as hosts of . armigera
in India: Kelj lhcsc. besides cotton,. about & dozen
Crops. mcludmg chickpea, pigeonpea, tomato, okra,
sunﬂowcr and chilics are the major, host-crops (M-m—
junath et al., 1989): Some of these major alternative
host-crops. are grown ‘along with® cotton in. tentral
- and south India as a normal’ cropping pr-u:ucc Stu-
- ies’ have. shawn that the: relative” popu!atmn levels
“of H. amugem eggs larvae and pupac an lhcsc aller-

j_'natwc crop*:. cspccm[ly chrckpca and’ plﬂct}np(..!. arc__
- higher than that on colton.. underlm:ng the impartant: .
) .':rolc these: crops can’ plny as. ‘natural: rcfuvc frcm_
- Bt resistance man’:gcmcm wcwpmnl H amugem-
was_?. not cans:dcrcd a’ major. pest. of' cotton: prior ..
' e y i the late 19?05. w:lh_-_-

kaown 10 be devastating. The larvae enter green
botts and complete their life cycle within the boll,

Since dependable alternstive control methods are not
available for the control of K. armigera. Farmers
cantinue 1o spray insccticides repeatedly  without
commensurate . benefif, - thereby  incurring  heavy
losses. In this kind of scenario, Bollgard®, on the
basis of cncouraging results oblained in other coun-
trics. has the potential to provide the much-needed
eelief to farmers from cotton bollworms. -

Bollgard® breeding progrﬁm.'in Indm o

Realizing the economic importanée of cotton boll-
worms,_ and the advantages Bt cotion offers,
MAHYCO (\fiahnrnshtra Hybrid Séed Co. Mahara-
shira} ok the initiative in introducing this technol-
ogy into India. The chronclogy of cvents lcading to
the development of Indian 8¢ cotton by MAHYCO
has been described by Barwale ef al. (1999) and
‘Vhruumth and Mohan ("001} ’I‘hcsc -m: Summa-
rized i in Table 2; :

MAHYCO isa [r;jndihg seed compﬁny in India. which
has - developed “several” cotton hybrids suitable “for

différent agro-climatic regions. Some of thése prom-

nsmg hybrids. ‘have been converted into. Bollg-:rd"
using the convcrtcd pnrcnta! lifies; obtained by €ross-
ing with he Be pene ‘dotior parent’ rc::cwc:! in (996

from Monsanto,: USA. Bc![gard“’ I:ybnds were field -
tcs:z.d in the kharif seasons’ of 2000 and 200( “for -
region-wise pcrfcrmancc i tcrmq of ylctd Bt protein’.

{CrylAc) levels in various ussucs. imipact' on boil-

_worms and. non- targct b:.nchnaI nrg'mlsms’ agro-
NOmIc, traits, ctel These s{ud:cs were conducted: as |

per guldclancs faid oul by the’ Dcpnrlmcnz ‘of Bio-

tcchno]ogy (DBT) The tevels of CrylAc in terminal

leaves of the various MAHYCO hybrlds tested, con-

" [ained. much more. tban thc conceniration "ccdcd for

cffccnvc conlrol'of neor "t't':'sj.'of-"H.'."'cmmgérd;_'_'Thc

rm:gem in’ .Rhc éarly phaqc of growth. Exprcsscd.:- -

levels of CiylAg in. Bo!!gwrd issues declined with
* the: age of thed plast (Ghosh, 2001). an’ observation

‘similar 10 the cxpcrlencc wuh Bollg1rd® var:cucs in’
- lhc US (Gn.cnpi:uc. [999} R
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Table 2. Development of Boligard® cotton in fndia by MAHYCO.

1993 (March_}

MAHYCO apphied 10 DBT (Depariment of Bin.
. techuolopy, Govi of India) for permission (o e
S pont Bollgard® [Bf cutwn} seeds l'mm \«Innsnnto

- Enmp:ny US:\ o C

W:lh lhc apptovaf nf DBT 1 nuclcus srtx.i. of
.. abew 100 g of Dotlgard? scods was received by._

CMAHYCO from Muarsanio, USA. :
" MARYCO initisled cioksikg with Ind::ut ccllnn'
" breeding lines [o intiogiess crylde gene. -
. Forty elite fadian parcnul lincs corncrh.d I'nr ar
.. Seaik. : : :

309G {(\'hrch}

19061998 Risk-assessment stidics conduciod usmg Hr
T " cotlen seeds feom’ vonverted Indisn hncs"'
996-[997 Pollen escape studies :

Lo ‘Aggressiveness and pcrs:stcnc:
studies : :
Blochcmical am!ysns
To:ncoiogscal slndlcs un pimi
" nints (goats)’ B
"Allcrgcmclly smdy on nbbsls

.Conduclcd mul:n localmn fcld Il’l:li"’ .‘nt 40 Iuc.': :.'
“tions in nine states, Dala submitted 15 RCGM_:

199821999

.Fir.ld traals’ were rcpcalcd af: IO lm::nans

- 1909-2000 . |
: : states. Data subm;ucd 10 RCGM. = AR

: 'R(TM 5 r:commcndalwn :o GEAC

R

duction fir.150 ha

Khanif 2001 -

rdinated Cotton Improvement Prnjcc{ of the fa.!
‘dlian Councitof ﬁgncultunl Research!

_thrcc Bul[»:rd1i hybrids. iz Mechi’ I'_’. Mech l62
":md Medh - IB4" for - commcrmal cu[uvalmn'-m

'(Rcv:ew Cm_'nmllic: for Gcm:!sr: \(anspulmon),._'_
: aulhnntics ir
- buly 2000~ GEAC gave'approval (o: MAHYCO. -
for kxrge seale field trials § in 85 ha and sedd pro: .

: Large scale field "wrials” covering A
00"]1:1' :ili':!"':'e'mc' teials umder A Tadia .C(‘lv'..'__ . .

cotton ficlds or grow by the side to an extent of 20%
of Bt cotton arda, ‘whickever is greater. The ided is
that the non-8¢ cotton will sérve as a ‘refuge’ for the.
bolhworms and’is % stratcgy (o prevent or delay the

dcvclopmcnl of rc%nsmn::c by bollworms o in p!ama L

produr_cd Br prolcm

'v:cw 'U!"'(hc'

sfac.mry control of bollwcrms‘:
seen in'the various field trials in India, it is felt that |
this technology will bencfit the Indian cotton farmer

o a et amount Rs 5000 per acre by way of savings..
on insecticides and the producuvny w1ll doublc to':-

'?(]0 !\g pcr ‘ha (Jayaramnn 002)

Thc major :ssucs rc[1lcd 10 transgenic’ crops’ are bi

safety-related. “These have becn addressed by co:-n‘_"'--.'
panies interested in commcrcmhzmg lrnnsgcnsc crop

p[ants and by govcrnmcntal agencies chargcd with

regulating the. tcchnolooy :md producls These ia- . ..

clude potential for lcmc:ly food atlcrgcmcxty. cross- -
pollination. and. c{_l‘cct on: non- “target: organisms in~ - ¢

cluding . blologucal_' conlroi : agcnts. The " regulatory
_ ry. country’ ensore: safc{y in these
: arcas bcforc gwmg approva! for comm*rma! cultwa- PR
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differénce between the soils obtained from Br and
“non-Br plants. The mfm;mtmn generated on polien
dispersal has esiablished that aicborne pallen teans-
mission is fimited foa u..oupic of meters and the risk
of “undesirable intragressive  hybridization ‘with
related sprcies is minimal. This is becituse 8t cotton’
hybrids. ase tetraploid. im . genetic. composition,
‘whereas the nearest relative, being the local “desi’.

cottos, is diploid and hcncc t'cnctlcally mmmmt:b!c:

I'or hybrldtzaunn

Forty ﬁc:Id Iri:ﬂs cunductcd'during the . 1998-99 cot-
ton season and 10 trials during 1999-2000 clearly
indicated that Br cotton hybrids provided effective
control of the bollworm complex in all the tocations.
Overall, insecticide applications targeted ngainst the
bollworm complex” werd feduced by 70 1o 100% in

Br cotien’ hybrids® when compared 1o conventional
non-8r hybrids. Bf hybrids also provided 14 1o 60%
higher yields compared 1o their non-£t° counurparts-

and olhcr hybrsds (Barwnlc cr al !999)

'An mpor!anl'fcalurc of lhc comrncrcmhmuon of Br'-

the  prodetive steps” iken in- the: dcvclopmcnt “and”
implementation ol nppronchcs lo prcvcnt or delaythe
dcvelopmcn: of ‘pest résistance 1o the: irplunia pro+
diiced: 8r protein. This:is in contrast to raditional
practice for chemical insecticides. fn” addition,” the:
o comp:mn.s involved in the commercial dcvcltmpmcnl_" :
. of 8¢ cotion have been the leaders in'developmént of -
.. 1hese: resistance” m'maﬂcmcnl upproachcs A nbimber

: ' beens developed: based on:
'cxpcnmcmaucn :md mathcmanmi modcihng "_-'[Scc'g

-, of: sueh’ Sll’ﬂ!!:!,l s have’

EX Mohan and T, A8 .'l..'nﬂjmmr-’r

susceptible inscets will feed and profiferate on non-
Bt plants and will remain susceptible o B protein.

When they mate with the scant few that have become
resistant lrom surviving on the 81 crop, their suscep-
tible pencs will dilute any resistant genes in the
vverail gene pool: This hag proved to be 3 very efs
Fective’ way of supprcssmg or delaying the deve-
lopmeat of a registant race of inscels. For the refuge’
strategy. to be. effective,, the’ insects’ must emerge
from the rcfugc at the same time as the resistant ones
and be close enough to mate with resistant insects so
that homoz.ygou% resistant forms are not produced. '
8¢ cotton farmers in the. ‘US: and’ Australia’ have
adopted this method:, The rcfu;__r.-. craps can also be
altesnative hosts. of the: boltwarms. In [ndia, espe--
cially in the cotton belts of Central and South India,
the farmers’ grow’ cottan a!nng with pigeonpca, sun-

flower, fomato in the same season and chickpea. -

towards mc.cnd.o_f’ cotton: crop. All these crops are
alternative hosts for H. arnigera and support substan-

tial populatmn of this pest; particularly pigeonpea and ™
chickpea. fn short, a ‘natural téfuge’ is in' place even -
if rnarLcl pcnctmuon by Br cotlon happcns ina big: o
wiiy. fn the first few years. not’ alt farmers are expe-

cied (o adopt Bnl!gard cotion and substantial area ut_ :-
non-8r cotton w:ll bc w.ntahlc 15 rcfugc i

Smclmg (pymmuhm:) ofgcne: Thcrc are chcr'!l L
advantages int introducing a: second Br: pene {whose -
protein: Has &’ different modc of action i the. insect -
midwit} into CrylAc-cotton.” ananly the- additive .-
- ¢ffect. of. both: the 8. protclns ‘with ensure: grcatcrﬁ."_"_;'-
Iuhahly to bollworms:. Secondly; the prcduct mlght’ B
Have an’ énlarged: host range:. Thirdly. the product is. |

" cxpeeted: io cheek: the spread of resistant.’ inseets,
- .. because, cvcn :f the insect bcccmcs rcm[am o’ lhc_'

md'Grccnphlc. 7001}" {n v[cw of :hc lmproved con- : - .

: II in: which; lhc sec--
- ond* B¢ -'gcnc is-érpZAbI:: ic host-activity of Boli- ..
- gard® 14 {stacked; with crylde and eryZAb2) in'the. |
s indicated that it had an “additive offect on boll- .
“worms - and  al$o : could: control other lcpldoptcran_‘-_ e



tral of bolbworms by Bollgard® (1, a lurther reduc-
tion in insccticide usage can be expected once Boll-

gird® 1L is commercialized in the US and other
countries (Ridge er al., 2000). Boligard® 1 is await.
_ing approval for comntercialization; data have been
submitted 10 the regulators in the USA on food, feed
- ang. eavironmental safety and . is cxpected, 1o be
_____cnmmcrcmhud in 2003. MAHYCO hag rcccntly
initiated Boligard® i breeding program in India with
the coltlaboration of Monsanto and approval of DBT.

i’rom a resistance mamagement. perspeclive,. Boll-

gard 1L is an improved product becausc the chances
of bo!lworms gaining rcsistance 1o both the profeing
are extremely smalk. Insceticidal sprays an Bo!lgfxrd@
~ may be necessary if. the bollworm load crosses: the
~economic thréshold level for damage (the tevel is 20
larvac i 20 plants in ndia). This kind of situation is
not anticipated in Bollgard®™ 11 becausé of higher

cumulative levels of bolh insecticidal: proteins. . The

second gene in cotlon can’also be fram non-B7 sources
as p!:mr.—bnsed "rypsin inhibitor® or ‘amylase inhibi-
tor’, if such proteins® with sufficient msccnmdal activ-
ny :tg:uns! lhc :arnct pcsts c:m bc 1dcnnf'cd SR

!nregmrer! Pcsf Mmmgcmen{

fmcgmwd Pcsl Managcmcnt ([PM} is strong]y rcc-':-

ommcndcd m “India: a5 in ‘other countncs I
agement. - of - boliwarms ‘and: olher co\lcm
Howcvcr, as ¢fl fccu ! c_.
: ncu!cs is ‘stiil hot

hcaw!y'on insecticides without gcnmg satisfactory ~
. tesuliss: Be cotton: should: be- nblc to  fulfill this;need. - -

bt it should aot [0 be viewed 184 stand-alone techs

., nology. to manaie all cotton: pests.: While: B cotton. -
. ean’ largely: control. the: bollworm: complex;. sucking .

. pests; and: other” non-lepidopieran: pests- will: haveito,
"'bc tnck!cd by combmmg b;olog:cai and: otht,' stra(c-_a

He veuson = fndia’s fireh trasgonic oeap

'.t[lcrmtwc to: chn:mlca in o

Rcal:zmg the: :mporlancc of ‘Bt col'mn _
MAHYCO (!cchno}og,y pqrmcr of l\.1ons1nto) :mu«-.f-_ '

abiout thc Indmn _
" dressed; in” this? [ast: thi : :
- regulatory- supu[&lcd studies: on’ environmental and-
“animal feed-safety, many of them conducted by pub- i
“lic funded: laboratories.: All thesé: studies’ established .~
“that Brcolton’ was substantially. cquivalent to cons - L
i vmhon‘xi couorn Af(cr serutiny. of researeh; d:xh. the.
- "Genetic: Engincering. Approval. Commitiee; Govt’ of -
[nd:'t, :ipprovcd comm'..rcml cullwaudn of Bt.cmmn_f-'

Tut
Td
d

Discussion and conclusions

With the approval of At colton for commercial culti--
vation, India has signalled her commitment toward s
seeking biotechnological - solutions for addressing
agricultural problems. Contrel of bollworms on cot-
ton has been 3 long-standing problem with no effec: -
tive solwtion in' [adia and other cotton-growing aréas:
of the world: The development of transgenic insects
tolerant ‘crops.”expressing insceticidal protein(s) of -
B thuringiensis; was seenas a- bidtechnological
approach to- combaling ' important- inséct pests.: Fn:
view of the'economic importance of colton and the'
seriousness of bollworm problem; Ménsinto in'the -
US devetoped Br cotton for bollworm management’

which were' approved for commercial cultivation in =
1996 as *Bollgard®” in the US. This technology was ™

readily acceépted by the US growers as évidenced by .

the steady pgrowth of Bt cottan-acreage from. .

0 Fmha in 1997 10 3.5 mha in 200}. The subge:

quent years $aw commercialization of Br cotton' in .
several countries in quick sutcession in'view of the
economic and etivironmental benefits resident in this

technology: The global acreage of Bt ¢otton has been ..
gtowing and in 2001 it'was 6.8 m ha cquwalcnt to.

13% of the area with transgenic crops. It is af this "
;uncturc o!‘global ar:t:cptam:c lh-lt l'n(hu has 1pprovcd
B: colton. 2

in- [ndig,
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in March 2002 - India’s first transgenic crop, empower-
ing the Indian farmers o participate in the biotech-
nolugical progress in ndia.

An_[ndian Bt colton (armer is cxpected to benefit
Trom. savings on reduced usage of inseciicides, cone
servation of biolegical control ageats leading to sup-
plementary, pest controt and by increased yield due
to reduced crop damage. The environmental benefits
which 8t catton is likely 1o bring, cannot be costed
in. purcly. monetary terms, but they are clearly
substantial, An average indian farmer is likely to
have a net benefit of at least Rs 5000 per acre by
growing Br cotten. Cotton agricubture in China,
dominated hy smatl farmers, is. very similar to the
siiation, in. India. The benefits. cxpcncnccd by
Chinese colton farmers from 1998 onwards can be
rcasonab!y_cxtrapolatcd to the Indian situation.

Management of potential resistance 10 the Br protein.

among  bollwerms  in  the post-commercialization
period is an issuc to bc addressed. on & long-term
basis and: scveral strategics are bclng evolved. The
suggcst:on ot' GEAC to maintain a refuge coiton crop
along with Bt cotton is a step in this dircction. Stud-
ies have, shown that lhc colten belt of Central and
South. Indm has’ substantial "natural’ rcfugc for. H.

armigera in the form of many alternative host cmps':
fike pigeonpea, chickpea, sunflower, maize, chili and
tomato.. Some of these crops are. grown alongside,
cotton and occupy a sul}smmm! aréa: It is nolcworlhy.
« that Bt cotton has been grown on’ millions of acres m'_.
" the US: since’ 1996. and ‘also in severat other coun-.
e lncs. and so !'ar lhcrt: has’ bccn ne cwdcncc c{ bo]lm_'

\\.orms gam:ng r!:SI.S[CIﬂCG

o Sr cotion enters thc hlSlOl‘y of plnn: protection at:a. .
"crmcat }unclurc whcn mc pnmd:gm ofchcm:cai con—=-_ o
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