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PART-1

Baseline susceptibility of Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae) to Cry1Ac 

Introduction


Transgenic Bt-cotton was cultivated in an estimated area of 5.3 lakh ha. However, the illegal version of Bt-cotton varieties were also cultivated in some parts of the country, the area of which is unknown. Changes in baseline susceptibility of the three cotton bollworms, H. armigera, E. vittella and P. gossypiella will be influenced largely by the intensity of selection pressure of the cry toxin deployed in transgenic cotton. The intensity of selection pressure depends on the area under Bt-cotton and the amount of non-Bt refuges present in the immediate ecosystem. However, the overall impact of Cry toxins on the target pests is a function of several genetic and ecological variables. This report examines the changes in the baseline susceptibility of H. armigera to Cry1Ac in 20 field populations collected during 2004.
Materials and methods

The toxins preparation, diet and bioassay conditions were described in the previous reports (2002-03 and 2003-04). MVP-II (Pseudomonas encapsulated Cry1Ac 19.7% from Dow chemicals, USA obtained as a kind gift from Monsanto, India, Bangalore) was used for the bioassays. H. armigera larvae were collected on non-Bt fields from Punjab (Abohar, Bhatinda, Dabwali, Mansa), Rajasthan (Hanumangarh, Sriganganagar) and Haryana (Sirsa) of north India; Maharashtra (Aurangabad, Hingoli, Nagpur, Parbhani), Madhya Pradesh (Chindwara) and Gujarat (Bharuch, Amreli, Surendranagar, Surat, Vadodara) of central India and Andhra Pradesh (Warangal, Guntur, Prakasam and Khammam) of south India. The larvae were collected in September from north, October to November from central and south India.

Results & Discussion

The median lethal concentration (LC50) and the median effective concentration (ED50) values of Cry1Ac on the filed populations of H. armigera were determined through log dose probit assays. The LC50 values ranged from 0.063 to 0.73 (g Cry1Ac/mL of diet. The IC50 values ranged from 0.005 to 0.08. The variability in LC50 values from north Indian populations was less at 0.12 to 0.23 (g Cry1Ac/mL of diet, except in the case of Sriganganagar, where it was 0.063 (g Cry1Ac/mL of diet. The IC50 values were also within a narrow range of 0.02 to 0.056 (g Cry1Ac/mL of diet. The LC50 values from central and south Indian populations ranged between 0.065 to 0.732 and 0.33 to 0.56 (g Cry1Ac/mL of diet respectively. Similarly the IC50 values for the populations from central and south India were within the baseline limits at 0.005 to 0.10 (g Cry1Ac/mL of diet. 

Thus the current data suggest that the baseline susceptibility values still confirm to the limits that were established prior to the introduction of Bt-cotton in India. The slightly higher lethal concentration (LC50) and the median effective concentration (ED50) values of 0.732 and 0.10 (g Cry1Ac/mL of diet, respectively, in populations collected from Vadodara may point out incipient levels of tolerance that may have been influenced by the extensive cultivation of Bt-cotton in the areas where the insects were collected. However, the values still fall within the normal baseline range of 0.01 to 0.71 (g Cry1Ac/mL of diet that were reported previously in India (Kranthi et al., 2001 & Jalali et al. 2004).  The only major area of concern currently is the indiscriminate use of unscrupulous Bt-cotton transgenic material all over the country, especially in Gujarat with scant regard for either the use of refugia or other IRM strategies.

Table 1. Baseline susceptibility: Lethal concentration (LC50) of Cry1Ac to the cotton bollworm Helicoverpa armigera. Data of strains collected from twenty one field populations of India.

NORTH

	District
	Collection Date
	n
	LC50 (95 % FL)
	LC90 (95 % FL)
	Slope + SE

	Abohar
	September 04
	132
	0.138 (0.0965-0.199)
	0.756 (0.470-1.571)
	1.74 + 0.23

	Bhatinda
	September 04
	120
	0.121 (0.0599-0.249)
	0.657 (0.303-4.629)
	1.74 + 0.26

	Dabwali
	September 04
	112
	0.232 (0.160-0.348)
	1.150 (0.691-2.595)
	1.87 + 0.26

	Hanumangarh
	September 04
	112
	0.121 (0.081-0.182)
	0.698 (0.409-1.680)
	1.68 + 0.25

	Mansa
	September 04
	112
	0.166 (0.114-0.245)
	0.828 (0.504-1.822)
	1.83 + 0.26

	Sirsa
	September 04
	104
	0.149 (0.069-0.387)
	0.653 (0.282-7.467)
	2.00 + 0.30

	Sriganganagar
	September 04
	96
	0.063 (0.011-0.154)
	0.652 (0.238-30.226)
	1.26 + 0.26


CENTRAL

	District
	Collection Date
	n
	LC50 (95 % FL)
	LC90 (95 % FL)
	Slope + SE

	Aurangabad
	October 04
	120
	0.152 (0.100-0.238
	1.196 (0.063-3.677)
	1.43 + 0.23

	Hingoli
	October 04
	120
	0.120 (0.066-0.209)
	1.989 (0.811-13.607)
	1.05 + 0.21

	Nagpur
	October 04
	87
	0.182 (0.093-0.360)
	2.789 (1.043-27.731)
	1.08 + 0.24

	Parbhani
	October 04
	120
	0.091 (0.058-0.137)
	0.662 (0.373-1.820)
	1.49 + 0.24

	Chindwara
	November 04
	120
	0.132 (0.050-0.361)
	1.080 (0.387-37.965)
	1.40 + 0.23

	Bharuch
	October 04
	144
	0.096 (0.62-1.421)
	0.652 (0.384-1.554)
	1.54 + 0.23

	Amreli
	October 04
	120
	0.065 (0.025-0.133)
	1.344 (0.473-29.495)
	0.97 + 0.21

	Surendranagar
	October 04
	144
	0.138 (0.0769-0.234)
	2.491 (1.133-10.134)
	1.02 + 0.16

	Surat
	October 04
	144
	0.156 (0.092-0.257)
	2.236 (1.081-7.780)
	1.11 + 0.17

	Vadodara
	October 04
	144
	0.732 (0.451 – 1.362)
	11.34 (4.98 – 32.18)
	1.24 + 0.17


SOUTH

	District
	Collection Date
	n
	LC50 (95 % FL)
	LC90 (95 % FL)
	Slope + SE

	Guntur
	November 04
	168
	0.58 (0.41 –0.83)
	2.46 (1.62 – 4.86)
	2.05 + 0.29

	Khammam
	November 04
	172
	0.33 (0.23 –0.46)
	1.21 (0.81 –2.33)
	2.28 + 0.33

	Warangal
	November 04
	168
	0.080 (0.050 –0.16)
	0.35 (0.23 –0.69)
	2.20 + 0.28

	Prakasam
	November 04
	168
	0.34 (0.22 – 0.50)
	2.15 (1.37 –4.74)
	1.60 + 0.22


Table 2. Baseline susceptibility: Growth inhibitory concentration (IC50) of the Cry1Ac to cotton bollworm Helicoverpa armigera. Data of strains collected from twenty cotton growing districts of India.

NORTH

	District
	Collection Date
	n
	IC50 (95 % FL)
	IC90 (95 % FL)
	Slope + SE

	Abohar                                          
	September 04
	132
	0.0428 (0 .030-0.059)
	0.178 (0.121-0.441)
	2.07 + 0.43

	Bhatinda
	September 04
	120
	0.031 (0.022-0.038)
	0.660 (0.519- 0.112)
	3.85 + 0.88

	Dabwali   
	September 04
	112
	0.044 (0.029-0.062)
	0.169 (0.106 –0.473
	2.21 + 0.49

	Mansa       
	September 04
	112
	0.056 (0.043- 0.079)
	0.159 (0.104 –0.412)
	2.85 + 0.63

	Sirsa
	September 04
	104
	0.046  (0.027- 0.068)
	0.252 (0.147-0.768)
	1.73 + 0.36

	Sriganganagar
	September 04
	96
	0.023 (0.012-0.029)
	0.043 (0.034- 0.109)
	4.83 + 1.70


CENTRAL

	District
	Collection Date
	n
	IC50 (95 % FL)
	IC90 (95 % FL)
	Slope + SE

	Aurangabad
	October 04
	120
	0.025 (0.010-0.373)
	0.115 (.0749-0.349)
	1.93 + 0.52

	Hingoli
	October 04
	120
	0.019 (0.004- 0.029)
	0.071 (0.048-0.220)
	2.24 + 0.73

	Nagpur
	October 04
	87
	0.036 ( 0.020 -0.050)
	0.102 (0.068-0.35)
	2.82 + 0.84

	Parbhani
	October 04
	120
	0.028 ( 0.014 -0.039)
	0.107 (0.072-0.297)
	2.21 + 0.58

	Chindwara
	November 04
	120
	0.036 (0.021-0.052)
	0.169 (0.107-0.457)
	1.93 + 0.43

	Bharuch
	October 04
	144
	0.020 (0.006-0.028)
	0.066  (0.047-0.128)
	2.54 + 0.79

	Amreli  
	October 04
	120
	0.016 (0.002-0.027)
	0.070 (0.047-0.245)
	2.05 + 0.70

	Surendranagar
	October 04
	144
	0.014 (0.001-0.26)
	0.076 (0.049-0.277)
	1.78 + 0.60

	Surat
	October 04
	144
	0.005
	0.879
	0.57 + 0.18

	Vadodara
	October 04
	144
	0.104 (0.069 –0.144)
	0.331 (0.201 –0.693)
	2.57 + 0.32


 SOUTH

	District
	Collection Date
	n
	IC50 (95 % FL)
	IC90 (95 % FL)
	Slope + SE

	Guntur
	November 04
	168
	0.07 (0.04 –0.10)
	0.27 (0.17 –0.72)
	2.28 + 0.05

	Khammam
	November 04
	172
	0.06 (0.03 –0.08)
	0.23 (0.15 –0.63)
	2.21 + 0.52

	Warangal
	November 04
	168
	0.01 (0.006 –0.018)
	0.08 (0.050 –0.21)
	1.47 + 0.25

	Prakasam
	November 04
	168
	0.08 (0.05 –0.11)
	0.31 (0.2 –0.54)
	2.16 + 0.43
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PART-II

Baseline toxicity of Cry 1 Ac toxin against spotted bollworms, Earias
vittella (Fab) and Earias insulana using diet based bioassay –2003

Earias vittella and Earias insulana were collected on cotton from North India this season.  Samples were collected from 6 locations of North India- from Hanumangarh & Sriganganagar of Rajasthan; Sirsa and Fatehbad of Haryana, Abohar and Dabwali of Punjab. More than 50 larvae were collected from each site and were reared on artificial diet till the F1 generation. Neonate larvae were reared on tender terminal leaves of LRA 5166 for the first 48h after which larvae were transferred onto semisynthetic diet. The semi-synthetic diet (Kranthi et al., Current Science, 2005) published for E. vittella was also found to be suitable for rearing E.insulana over a number of generations. Bioassays were conducted using 5-6 toxin concentrations ranging from 0.05  per ml of diet to 2ug ug per ml of diet using the protocols described earlier.

 The LD50s of Cry1Ac to Earias insulana ranged from 0.010 ug/ml of diet in Sriganganagar populations to 0.074 ug/ml of diet in Abohar populations.  The LD50s of Cry1Ac to E. vittella ranged from 0.022 ug/ml of diet with Sriganganagar populations to a high value of 0.269ug/ml of diet with Delhi populations collected on Okra. 

Baseline susceptibility of spotted bollworm, Earias vittella to Cry 1Ac

	Strain
	n
	Date of collection
	LD 50
	Fiducial limits (95%)
	LD 90 
	Slope + SE

	Sirsa
	216
	August 04
	0.054
	0.035-0.07
	0.133
	3.261 +0.61

	Dabwali
	124
	August 04
	0.039
	0.009-0.06
	0.150
	1.874 +0.52

	Abohar
	150
	August 04
	0.074
	0.033-0.105
	0.356
	1.874 +0.52

	Hanumangarh
	174
	August 04
	0.058
	0.022-0.167
	0.347
	1.270 + 0.34

	Sriganganagar
	720
	August 04
	0.010
	0.005-0.038
	0.478
	0.763 +0.18


LD 50 and LD 90 are in terms of ug Cry 1Ac per ml of diet

Baseline susceptibility of spotted bollworm, Earias insulana to Cry 1Ac

	Strain
	n
	Date of collection
	LD 50
	Fiducial limits (95%)
	LD 90 
	Slope + SE

	Sirsa
	637
	August 04
	0.046
	0.030-0.060
	0.460
	1.284 + 0.20

	Fatehabad
	171
	August 04
	0.025
	0.007-0.040
	0.095
	2.223 + 0.75

	Delhi site1
	120
	December 04
	0.183
	0.776-0.411
	2.030
	1.226 + 0.19

	Delhi site 2
	120
	August 04
	0.269
	0.197-0.362
	1.556
	1.686 + 0.31

	Sriganganagar
	180
	August 04
	0.022
	0.005-0.038
	0.312
	1.112 + 0.34


LD 50 and LD 90 are in terms of ug Cry 1Ac per ml of diet
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