2. Aggressiveness and Weediness

Al thmough the field trials, be ginning 2003, cloze monitonng of the transgenic
BtCoton line= and hybridzs in respect of wvariou= morphologiml and
agromomic chamcteristics was carded ouh. Mo differences lawe been found
either for germination or the seedling wigowr of Bt hybrids in compad=on to
their coumter-part nonBt hybride and the chedks. Therefors, no differences
have been obserwved between Bt and nonBt lwbode for weediness or
aggressivweness of any of the Bt cotton hybrids, either at owr Rezearch Faomes at
Mairangabad or at ary of the 19 locations (multi-locations trials) conducted
during 2004 and 2005,

3. Effect of Bt on Non-Target Organisms

In view of it= mode of adion highly spediic to lepidopteran inzect pests, one
of the major a dvartages of Bt techrology i= the zafetyto nontaget insects, as
well a= birde fizh, mammals eto Thi= has been amply dmonstrated diring
the lazt 10 yearz of Bt-cotton and Bt com rultivation globally.

A dvantages to insect pest mame gemert, soil health and to human health in
pattimilar, due to the intmdudion of Btcotton in China and, thershy,
substantial e duction of the use of booa depectium chemim] Insectiddes, Heve

been emumerated in some detail by Huang et al (2002).
We Imve camied out 3ll the mandatory studics inresped of the effed of Bt

ootton on =01l micooflaa, including an inwestigation petaining to the
presence of Bt gene and proteinin otton zoil thizosphere:
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Effect on Earthioorms

Two typezs of studies were undertalken for eatthworm= i) Compad=on of
eaxthwoon population, in soils under Bt-cotton and monrBt ocotton Such
studies were initially camde d out diring the Multi-Location Trials (2004) at the
Izarwa di famn. Between two rowes of Bt-cotton plantz, and =similarly between
two ows of non-Bt plantz, holes were dug out andthe zoil was cxamine d for
earthwoomns and other inzect=. Eachhole measure d about a meter in depthand
30-35 om in dia Three zuch holes were dug out for cach of the test Bt cotton
hybrid= and counter-pact non-Bt hywbdd. Thi= eaercize was @rded ot at the
begirming (just before plarting the mop) and epeated at 60, 120, 150 and at
225 daye after zowing. However, eartlwworme were almost non-existert at the
Izarwa di trial. Theretfore, similar study was taken up at our Research Farm at
Anrangabad The =oil at thiz farm i= heavier, comparatively richer in organic
oortent and, therefore, expe dedto be richer in =oil biota. Howewer, even here

the munbe = were very low [pleaze zee Table 11

Tabke 1. Populalion of Earthworms in B t-Cotton Trial Plots at Nath
Seeds” Research Farm at Aurangabad

Test Nurnber of Eathworms (+5E) at Daye after sowing
Hybdd:
0 60 120 150 225
NCEH-6 | Bt 0.0c 0.6 | 0L0+0.0 | L0+0.0 | 0.0400 | L0210
NCEH-6 | NEBt 0.0+ 0.0 | G0+0.0 | L0=0.0 | 0.0+ 00 | 0.0+0.0
NCEH-ZR | Bt 0.0+ 0.0 | L0+0.0 | LO+0.0 | 0.0+ 00 | 0.0+ 0.0
NCEH-2R | NEt 0.0+ 0.0 | Q0+0.0 | L0+1.0 | 0.0+ 00 | 0.0+0.0
NCEH-ZIR | Bt 0.0+ 0.0 0L5+0.5 | L0+0.0 | 2.0+ L0 | 0.0+ 0.0
NCEH-3R | NEt 0.0+ 0.0 | L0+0.0 | LO+0.0 | 0.5+ 05 | 0.0+6.0
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if) Since the mumnber of earthworms was =mall even here, another experime it
was Initiated. Mucleus culture of catthworme, Peromygr grcavatus, was
obtaine d from Coimbatore (Tamilnado). Thiz & a woracious surface fee ding
prolific zpecies and cormmonly found in zouth India Eartlwworm:s were
mairtaine d in a dark, cool, moist place and food was supplemerdte dwith farm
marure and plant blomass. For conducting bioazsay, medium =ized

eart hworomes with well developed clite lum were wrilized.

Soil fomthe oot zone of Bt cotton plarts (NCEH-6 and NCEH-2R), az well a=
from the cowmter- part nont Bt plants, was colle cte d from the field trial plot= of
Math Seeds= Arrangabad Rezearch Farm Ueing theze =oil zamples, potting
mixtires were prepared 1eing 1: 1 and 1: 3 cotton root zone =0il (1 part) and
nornal potting mix (1 or 3 pars), such that two kinds of =o0il mixhirez were
prepars ¢ one laving 50% and the other leving 25% ocotton root zone zoil. The
normnal potting mix cordains about one ftourth cortent of farm yard marmire

Large-zize (12 inch dia) potz were filled with the two potiing mistires (~12 kg
=0il). In each of these pots, 2ix catthworoms wee releazed. Before doing =o,
water was sprirkled on the pot mix =0 az to moisten the soil. Fve pots were
uze d for each replicationof atreatment. The average body weight of the earth
worms was determined before releaze and at the end of 30 days pedod (Table
2h
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Tabk 2:

Effect of Bl cotton RBool-Zome Soil on Gwowlth of P

exrad iR ng.

Treatrne Inttial weight (g) | Weaght after 30 days
1. NCEH-ZR Bt (100%) 1010 20,67 10.20 £0.55
2. NCEH-ZR Bt (20%:) 10.00 0,71 10.45 +0.64
3. NCEH-ZR NBEt (100%) B.50 £ 054 8.80+034
4. NCEH-ZENEt 20 %) 8,30 + 03z 8.80+026
5. NCEH-3R Bt (100%) 11.05 +0.85 11.30 +0.75
6. NCEH-3R Bt [20%) 10530 20,52 8.20+054
7. NCEH-3RENEBt [100%:) 840 + 174 8.40+ 080
8. NCEH-3ENEt [20%) 1040 +0.69 10.40 +1.03
9. NCEH-6 Bt (100%) 11.00 £ 0,53 11.75 0,68
10 NCEH-6 Bt 20 %) 1025 +0.85 10.70 £0.55
11 NCEH-6 NBt (100%) 1070 0,91 11.35 0,94
12 NCEH-6 NBt [20%:) 1280 +0.95 1310 =101
13 Cortool (mormal potting misdure, | 11.0 + 084 12.2+084
unarmmended with cotton =oil)

The rezults hase shown that there was o differerce between =oil v=ed foom
Bt cotton thizosphere to that uzed from non- Bt plarts.

To date, two studies (AhlGoy o al 1998: Saxena & Stotzlky, 2007a) considere d
the e et of tranz genic Bt cornon eartthwormes. In a 14 day towi oty study, Al
Goy o al (1995) did not find amy =ignificart effects of transgemic Bt on
expres=ing the CrylA btoxinon mortalityor weight gain of the epigeicspecies
Eizeria doetida (Savigny). Similarly, in a bboatory experiment, Saxera &
Stotzley (2000 a) did not find any significart difference in peroeria ge mortality
and weight of carthworms after 40 dayz in =o0il planted or not planted either
with Bt @ nonBt com o after 45 daywe in zoil amended or unamended with

biomas== of Bt or nor-Bt oIn
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i) Using pitfall traps for assessment of Soil Insects

Fiiall trapping has been esenzively used a= a reliable method of zampling
inzect populations becaiwee of itz s=implicity and caze of operation & i= an
effe ctive and cheap way of qualitatively surveying the grounds and =zurface
adive arthropod= in differert habitats.

In our sudies conducted at the Imawadi farm, pitfall trape were made of
plastic jar= of about 40 oms, =imk deep near the oot mone of Bt-coton test
hybrid= az well a= the ounterpart ronBt hybrids. Opagque plastic cowvers,
raize d about an inch off the gmund over the trap, positiorne d appropriately
such that trap works az aneffecive captire of inzed =, whereas, the cowver keep
out debds and such other undezirable enty of animals eto A =dution of 10%
formalin wa:z placed in the trape Three zuch pitfall tmps were placed in
between two rowes of Btcotton test hwhbrids a= well az coumter- part non-Bt
hybrids, andthe testz were conducte d at 60, 100,150 and 225 DAL

Theze traps werne examined 4 daye after installation andthe contents e xamine d
care fully for the mumbe= and kind= of trappe d inze o=, Beetles, bugs, thdps,
aphids, spiderz and mhckets were the predominart spedces, whereas,
Collembola were very few inmumbers inallthe traps, imespective of the stage
of crop growth or the test hybrid, Bt or non-Bt. The relative abundance of
these ttapped insectz did not not show any differences between Bt or non-Bt
hybrids Table3).

A paticular survey was done at the Aumngabad Reseach faom for
oormparative evalstion of the relative abundance of Collanbola, given itz
senzibivity to pesticida] pesidues in=oil. Howeser, even here, the number of

Collembola collecte d in the traps was very few and no differerces were =cen
between Bt and non-Bt hybrides.
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Tabke 3 Comparative assessment of the relative abundance of soil
insects bapped at Aurangabadand IsarwadiB tcotton Geld.

Insect Sampli, Joil Insect Population (Mean no.
(Days af ter Test Hybeid of insects/ keatment]
Jowing) Auwrangabad Isarwadi
E0DA S NCEH-2T BLE 1.50 Q.00
NCEH-3R BE Q.00 .50
NCEH-E Bt 1.00 2.00
NCEH-2R NEL Q.50 Q.50
NUCEH-3R NEBE Q.00 2.00
NHH-44 NEE 1.00 1.00
+3E 055 Q.76
100 DAS NUCEH-2IL BE Q.00 Q.00
NCUCEH-3IL BE Q.00 Q.00
NUEH-E BE Q.50 Q.00
NCEH-2IR WNBL Q.50 050
NCEH-IR WEBL Q.00 Q.00
NHH-31 Bt Q.00 Q.00
+3E 023 .18
150DAS NCEH-2T BLE Q.00 .50
NCEH-IR BL 1.00 Q.00
NCEH-E Bt Q.50 L.00
NUCEH-2IX NEBE Q.00 Q50
NUCEH-3R NEBE 050 Q50
NHH-44 NEL 1.00 Q.00
+3E 040 034
225 DA NUCEH-2IL BE Q.50 Q.00
Post harvest) NCEH-3R BE Q.50 050
NCEH-E Bt 2.00 1.00
NCEH-2IR NEBE 1.00 Q.00
NCEH-3R WEBL Q.00 .50
NHH-31 Bt 2.00 .50
+3E Q.76 0,33
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iv) Effect of Bt cotton on Nematodes

Foet-Tarvest, at 225 daye after zowing of the Bt cottontrial plot, =o0il zample=
oolleded from in between rows of Bt otton and none Bt cotton test plots, were
azzayed for nematode communities Mo differerces were observed in the total
nematod popul ations

Tabke 4: Post Harwest Nemalode Populalions at Awangabad and
Izarwadi in Bl Cotibn Fields.

Tre atroe ot Mematode Population/ 100 g Soil.
Arrangabad Izamwadi
MNCEH-?R Bt 361 Z16
MNCEH-3R Bt 336 235
MNCEH-6 Bt 323 198
MNCEH- ‘T NBt 311 224
MNCEH-3RNEt 352 206
MNHH-44 N Bt 328 244
Sucking Pests

Till 30 days after sowing (DAS), no significart presence of sucking pests was
noticed in amy of the materials tested, Bt or noneBt. Beyond thet, the ind denece
of such inzectz was found to increaze rapidly. At abot 45 DAL, the sucking
pest messume deweloped to a stage of crossing the economic threzhold lewel
In partimular, the damage inflicted by zerpertine leat minor was the most
sewvere At thi= point, it was coreidere d appropriate to appl ¥ Confidor @ 0.5 ml
per liten. Th= single sucking pest-specific application e ffectisely checke d any
tirther damage and thizs was the only pesticidal spray veed. Table 3 prezents
the relative population pressure of different sucking pests at 30, 45 and 60

days of @op growth. Though in most @=es, the Incidence of suding pests
had reduced =ignificartly by 90 DAS, howewer, in the caze of MAHYOD =
MBECH-12, the sudeing pest prezsure, espedally that of aphids and faz=ids,
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oortirmed and was recorde d highest at 60 DAL, However, thi= may be due to
the genotypic suscephibility of thi= hybrid rather than die tothe presence of
Bt tranzgene In the two other MAHYCO Bt hybdds, no such difference in
sieceptibility between Bt hybrids and nonBt courterpart= wa: observed
Ower all o signifimnt differences were observed among differert test
matedals, whether Bt or non-Bt.

White fly are found mostly on the ventral leaf

surface. Observations recorded include counting
all the nymphs and adults per randomly selected
leaf; one from the upper region of the plant
canopy, the other from the middle region and the

third from the lower area.

Adults and nymphs of Aphids, as well as Jassids and Thrips are found
mostly on the ventral leaf surface. Observations included counting all the
nymphs and adults per randomly selected leaf; one from the upper plant

area, the other from the middle region and the third fromthe lower area.
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Multiple-Location Field Trial (2004) Central Zone

Population of Sucking Pests on Bt, Non-Bt and Check Hybrids
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Multip le-Location Field Trial (2004) South Zone

Population of Sucking Pests on Bt, Non-Bt and Check Hybrids
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Multip le-Location Field Trial (2004) North Zone

Population of Sucking Pests on Bt and Non-Bt Hybrids
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i) Presence 0 fBt gene and Bl pro kin in soil and roots:

Uszing forward and reverse primers specific o the structural Bt-gene
sequences, PCR techriques were employed to detect any evidence of Bt gene

inthe =oil.

Bt Cotton Crop:
225-Day Old

e
[

One Month Affer |-
the Last Picking &

Eoil zamples [~100 g) were collected foom differert depths (20-450n) of Bt
ootton (test hybrid=) mot zone (=ce photo), at differert stages= of growth (60,
120, 160 and 2256 day= atter zeed zowingl. Such =oil zample: were oollected
from Bt-mtton hybrid= tdal plotz at Izarwadi [~ 35kmes from Awrangabad and
alzo from Aurangabad Rezearch Farm Soil samples were al=o m@llected from
GreenHouse raized plants (Bt protein exprezzion = relatively higher in zuch
plants=).
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Soil zamplez were sieved and then10 greprezentative zample, from each lewvel
of root-zone oollection, thoroughly mixed with 90 ml distilled watern
Svpematants were used for PO btazed Bt-gene detedion and alzo amalwed
immimologizally for mezenoe of CrylA oA b Bt pootein using DeziGen (Jalna,
Maharazhtra) 96 wellQuant-T ELISA itz for detection az well a= quarntitative
estirnation of the Bt protein Mo larviddal studies werne imdertaken with any
ofthe zoil zamples since all soil zamples tested me gativwe foc Bt pootein

Mo svidence of Bt gene presence or any detectable lewelz of Bt pootein was
oteerved in amy of the large mumber of zo0il zamples teste d However, zome
izolated cases of very lbow lewvel Bt protein was detected in soil =amples
oolleded from wery close to the main motz 0f Bt cotton plant= at 20-120 daywe of
age. Howewer, it would be diffimilt to conclude whether thi= was due to
nornal root exndation or possibly some candation doe to infury or due to

inclusionof =ome dead ooot surface cells.

Onthe other hand, Bt pmtein was dete cte d in all the zample: of roots tested
whether from Bt cotton of 60 DAS o az old a= 228 daye. Inthe latter mze,
whereas the plante had all dried except for zome tiny green leawes here or
there, the ooots teste d positive but the tiry leawves dd not =how any dete ctable
presence of Bt protein

In rezpect of the ladse of detectable lewelzs of Bt pootein in Bt-ocotton zod

samples, our results are In condormityto those of Saaena et al (2004). In theic
study, z0il and hydroporic zolution in which Bt com, rice, or potato had been

grown were both immunologically positive for the presence of the Cry
proteine and toaic to the larva of M srta (cornand rice) and L. decemilimeata
[potato). Mo Cry prooteine weme detected immunologically or by lamdddal
azzayin any soil or hydropori c solution in which Bt canola, cotton, or obaceo,
az well a= all rearizogeric nonBt plant counterparts or no plants, had been
grown. However, the Cry protein: wene detected inthe tizsnes of all Bt plant=
There were apparert differences in exudation of the pootein: (az evaluated
immimologizally and by maortality and weight of sundving lamae] between

plant =pecie=.
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Inthe caze of Bt-corn where oot exudates of Bt proteinare known to oocur all
ttrough the duration of mop, a wery extensive and irtensive study was
oonducted recertly by the Buropean Uhndon G dHfithe et al. 20058). Field tdal=
were establizhed and monitored at three Biropean zites (Denmade, Bastern
Franoe and SouthWest France). The concluding statement of thi= French
Botizh-Danmizh mulf-Instihtional project wa=z “The ete ot 0f the Bt maize
was small and within the nommal variation eaxpected in these agrimltural

swtems".

5. Base Line Susceptibility of Helicoverpa arnmigera

Procedure:
Labomtay cultures were eztablished by collecting abowt 300 late iretar lamvae
of Heliceve rpa armigera foomthe ootton field inthe following locations inthe

ootton belt of Morth, South and Certral India Abohar (Punhjab), Gurix
(AP), Raleot and Vadodara (G wiarat), Isamwadi, Jalgaon and Yeotmal (M.E5.).

The larwvas were reare don a semi synthetic diet, which cortaine chickpea as its
main camponert. Larvas were inspected regularly to ensiuwe that they
remaine d pathogen frze. The colory was mairtained in a culture room with a
mean temperature of 28%C, 0% FH and with a photoperiod of 14:10 (LD
Abowut 200 moth reprezenting each lomtion were obtained Each mating mge
cortained about 5] mothe and eggs were mllected daily. These egg= were
sicface stedlized in L05% zodium hypochlorite solution and incubated for
hatching The Fl generation neonste larwae weme 1ecd for bio-azzays. The Bt
protein was assayed by diet-incorporation method Sewen differert
concertrations ranging from .02 to8 pgiml of det weme 12 d Newly hatche d
adive larvae were transferred onto the =olidified diet in the 24-cell insect
rearing tmy with a fine hait brush (1 larvae / welll. After larwal tmnafer, insect
rearing traye were covered with semi permeable wrap and lead was closed
Each treatment wa:z replicated three time and at least 20 larvae formed one
expedmertal urit. M ortality of larvae wasz sored every 24 h= for seven day=
The larvas were marked dead when they did not mowve when prodded The
suviving larvae were severely inhibite d and were weighte d on the final day
of expedment. Bach bio-azzay was repeated two times. Inm sach experimert,
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