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A tech lological breakthrough in control of Lepidopteran pests in cotton, such as the 
Boilwo m complex, was achieved in the early 1990’s by the Monsanto Company. This 
techno ogy involved the incorporation of an expressed gene from Bacillus fhuringiensis 

(Bt) fat the prodtiction of CrylAc protein in cotton plants. Maharashtra Hybrid Seeds 
Camp: ny, Ltd. (Mahyco) perceived the importance of this technology for control of 
iepidc3teran (Bolltiorm) pests and its clear value to the Indian farmer through 
reducti In in use of environmentally damaging pesticides, and associated costs, as well 
as thrl )ugh increased yield potentials. It was therefore decided to undertake a 
breeding program to incorporate the Bt gene into elite Indian cotton lines, for 
develo3ment of value-added hybrid cotton seeds. The following is a chronological 
narrati /e of research activities related to development of Bt cotton hybrids, and the 
corresponding regulatory process. At all stages of these activities, the duly constituted 
InsGtut onal Bio-Safety Committee (IBSC) of Mahyco, which had 25 meetings since its 
incepti In, and the Department of Biotechnology (OBT) were kept updated on progress 
throug,? dociJment&ion and discussion. 

1mpo1-1 of Bt Cotton Seeds: As per Government of India regulations, an application 
was made by the Mahyco IBSC to the OBT, for permission to import Bt cotton seeds 
from ‘donsant Co., USA. OBT then granted permission, vide Permit No. 
BTIBS ‘01/004/91-Vol II dated March IO, 1995, for the import of. 1 OOg of Bt cotton 
seeds These seeds were received for plant quarantine on January 23, 1996 and 
were r ?leased from quarantine on March 30, 1996. 

Green House Operations: Upon receipt of the aforementioned seeds, the Research 
and D ?velopment division of Mahyco took up a fully green-house contained breeding 
progrs.n, as per OBT guidelines. The objective of this program was to incorporate the 
St ger 3 into Mahyco’s elite cotton inbred lines. The corresponding breeding work was 
accele-ated by adopting embryo culture from immature bolls, thus it became possible 
to COI lplete three plus generations per year. The trait has been successfully 
transfc rred into 40 plus elite Indian cotton lines. More than ~46000 Bioassays and 
198,Or 3 El-ISA tests were conducted to track the gene. A sm$lI quantity of hybrid were 
made my the Kharif 1997 crop season. At the beginning of the 1998 Kharif season, 
sufficif nt amount of experimental hybrid seeds had been generated to take up larger 
area jnd multi-location trials. With the intention to ascertain the risk (or the lack of 
risk) c ’ Bt gene transfer into related Gossypium species, inter-specific crosses were 

,I attemr ted. However these consistently failed to set seed. As per DBT guidelines, the 
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staff involved in these experiments were regularly medically checked by specialists 
and their health status was shown to be normal. 

Field Studies to Assess Pollen Escape: In July 1996, permission was received from 
DBT to conduct a limited field trial, on 25 sq.meters., in Jalna (MS) to assess the 
extent of out-crossing from Bt cotton to a non-transgenic pollen trap at distances 
starting from 5 meters to 50 meters ( Permit No. BT/BSIO1/004/91-Vol.111, dated July 
16, 1996). The result of this study was submitted to DBT on 18-3-l 997 and it was 
shown that there was no detectable out crossing even as close as 5 meters, i.e., the 
nearest distance tested. A more detailed and multi-location testing of the probability of 
out-crossing from Bt cotton was then undertaken. An application was made to RCGM 
for permission to conduct elaborate pollen trap studies in four additional locations. The 
permission was received in November 1997 (Permit No. BT/l7/02/94- 
PID/MSG/IBMAliYCO, dated November 10, 1997). In these studies, the first five 
pollen trap rings were kept between 1 and 5 meters from the Bt pollen source, and 
another nine rings at 5 meter intervals, up to a distance of 50 meters. The results of 
these experiments, which involved detailed sampling and Polymerase Chain Reaction 
(PCR) amplification of DNA related to the Bt gene, were submitted to DBT for the first 
location on April 27, 1998, for the second and third locations on May 24, 1998, and for 
the fourth location on August 31. The proposed fifth location experiment was not 
conducted due to seasonal limitations. The results were as per expectations based on 
cotton floral part development and pollen characteristics, i.e., the effective distance of 
out crossing from Bt cotton is only up to 2 meters, at a frequency ranging from only 1% 
to 6%. As bees are considered to be the predominant agents of crosslpollination in 
cotton, honey bee hives were provided at all corners of these trials and in three 
geographical locations (Karnataka, Andhra Pradesh and Tamil Nadu). Normal bee 
activity, development of the colonies and honey production in the hives were noted at 
all the locations. 

Bt Cotton Aawessiveness and Persistence: Natural shed of Bt cotton seeds were 
compared with the non-transgenic counterparts for potential weediness properties. A 
study of the difference of germination rate between these two types was also done. It 
was shown that there is no difference in these attributes beween Bt cotton and 
conventional, non-transgenic cotton. These experiments cleBrly indicated that Bt 
cotton crops do not pose as an aggressor on the natural flora/habitat. 

Biochemical and Toxicolonibal Studies: In 1998, comparative chemical analysis, 
such as protein, oil, ash, carbohydrate and total gossypol content were done. No 
d,jfference was found between Bt and non-Bt cottonseed, from elite Indian germplasm, 
which is used for oil extraction and as animal feed. Detailed studies were undertaken 
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on the toxicity and allergenicity of Bt cottonseed derived from elite Indian germplasm. 
The toxicological study was conducted by Indian Toxicological Research Center, 
Lucknow, in the year 1998 and the final report, which indicates that Bt cotton is not 
toxic to goats (model for ruminant mammals), has been submitted on 2gth Jan. 1999. 
This further supports earlier studies on avian and mammalian models, which have 
been reported in the literature. Allergenicity studies were also conducted on Brown 
Norway Rats, exposed to Bt and non Bt Indian cotton germplasm, and shown to pose 
no threat in this regard. The guinea pig model was not compatible with cottonseed- 
based feeding and therefore had to be substituted with the above Brown Norway Rat 
model. These reports were submitted on 1 8th Dec. 1998. 

Multi-Location Field Trials: On the basis of the aforementioned studies, application 
was made and permission received from RCGM and DBT for conducting extensive 
multi-location trials in the Kharif season of 1998. Permission wasgranted vide Permit 
No. BT/l7/02/94-PID/MSG/IBMAHYCO dated 27.07.1998 and 5.8.1998. These 
experiments consisted of replicated research trials in small plot size at 15 locations 
and trials of largqplot size at 25 locations grown under typical farm conditions. The 
results of these trials are reviewed in the attached documents. Results from the 
replicated research trials at 15 locations are referred to as Protocol-l Report, and 
results from the larg@$)lot trials at 25 locations are referred to as Protocol-2 Report. 

These reports are now being submitted for consideration by the Revieti Committee on 
Genetic Manipulation. (RCGM) 
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Protocol -2 Report 

EXECUTIVE SUMMARY 

Under the guidance of the Department of Biotechnology, Government of India, 
research trials of Bt cotton hybrids were conducted at 25 farm locations 
representing nine states of India in Kharif 1998-I 999. Objectives of these trials 
were as follows:’ 

1) To evaluate and monitor Lepidopteran insect load (Bollworm Complex) 
among Bt and non-Bt hybrids in regional on-farm research trials. 

2) To compare Bollworm damage (shedding/retention of squares and bolls), 
yield and fibre quality in the above hybrids. 

At each on-farm trial location, three cotton hybrid entries were planted; one 
containing the Bt (Bacillus thuringiensis) gene, the same cotton hybrid in non-Bt 
version, and a third cotton hybrid appropriate as a check depending on its regional 
adaptation, Each of the three hybrid cotton entries was planted in three replications 
of large plot size (7.5m x 18m = 135 sq. m). 

Standard cotton cultivation and management practices were, used. at each location. 
However, suitable pesticide applications for Lepidopteran pests (Bollworm 
Complex: American Bollworm, Spotted Bollworm, Pink Bollworm) were given only 
in cases where individual plots exceeded economic threstiold levels (ETLs), as per 
advisory guidelines provided by State Agricultural Universities and Research 
Institutions. 

Measurements were made for degree of infestation of major cotton pests and for 
percentage fruiting body damage at weekly intervals on randomly selected plants in 
each large plot. Notations were taken of absolute population of B&worm larvae 
and resulting percentage damage to fruiting bodies (flowerrs’, squares, green bolls). 
Sucking pests of cotton (Aphids, Jassids, Whitefly) and their beneficial predators 
(Lady Bird Beetle, Green Lacewing Bug, Spiders) were also noted. Due to 
damaging rains resulting in inconsistent collection of data, four trials in three States 
had to be discontinued. In addition, seven trials in two other States were destroyed 
by human activity before final boll picking; however, most data at these sites were 
successfully collected prior to that time. 

Results from this study indicate that Bt cotton hybrids provided effective control of 
Bollworm Complex at each location. Substantial reduction in Bollworm larvae count 
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and percent fruiting body damage in Bt cotton hybrids as compared to non-Bt 
hybrids was found at each location. At a few locations, ETLs were surpassed in 7 
to 11 monitoring sessions for non-Bt hybrids. However, at these same locations 
ETLs were surpassed only on one to two occasions for Bt cotton hybrids. Overall, 
pesticide Applications targeted towards Bollworm Complex were reduced by 70% to 
100% in Bt cotton hybrids as compared to conventional non-Bt hybrids. 

For data averaged over all locations, Bollworm count and fruiting body damage 
were substantially reduced in Bt hybrids as compared to their non-Bt counterparts. 
The average Bollworm count (per IO-plant sample) over all Bt hybrids was 1 .O, 
while that of all non-Bt hybrids was 7.9. The average fruiting body damage per 
plant was I .7% for Bt hybrids, and 9:0% for non-Bt hybrids (Table 1). 

Bt hybrids also provided higher yields than their non-Bt counterparts, as well as 
compared to other hybrid checks. Averaged over all trial locations the mean yield 
advantage of Bt hybrids over non-Bt hybrids ranged from .I 4% to 59%. The mean 
yield for all Bt hybrids was 37% higher than the mean yield of all non-Bt versions, 
and 36% higher that the mean yield of all conventional cotton hybrids taken as a 
group (non-Bt version & regional checks) Overall pesticide application requirements 
targeted for Bollworm Complex, based ‘on ETL monitoring, was reduced three-fold 
for Bt hybrids as compared to non-Bt hybrids (Table 1). 

No change in the activity of either cotton sucking pests or benefici,al insects was 
observed as a result of the presence of Bt hybrids. The population.of sucking pests 
was found to be similar- among Bt and non-Bt hybrids, thus confirming the high 
specificity of Bt to target Bollworm Complex. Also, no change was noted in fibre 
quality measurements between Bt and non-Bt cotton hybrids. 

Results from these research trials indicate that utilization of the Bt gene in Indian 
hybrid cotton germplasm will provide an effective tool for control of Bollworm 
Complex in cotton production. A powerful use of this technology could be as a 
major component of an overall integrated pest management (IPM) strategy at the 
farm level. Large reductions in pesticide spray requirements for control of 
bollworm, as well as substantial increases in yield, should provide enhanced benefit 
to farmers. Also, substantial environmental benefits would- be obtained through 
cultivation of Bt cotton hybrids, as a result of large reductions in pesticide 
requirement. 
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TABLE 1. Summary of Pooled Data for Yield and Bollworm Complex Reaction from On-Farm 
Research Trials ofBt and Non-Bt Cotton Hybrids in India, 1998-1999. 

mm 
MECH-1 Bt . 
MECH- 1 Non-Bt 
Other Hybrid Checks 

MECH-3 Bt 
MXH-3 Non-Bt 
Other Hybrid Checks 

MECH-12 Bt 
MECH- 12 Non-Bt 
Other Hybrid Checks 

MECH- 160 Bt 
MECH-160 Non-Bt 
Other Hybrid Checks 

MECH-162 Bt 
MECH-162 Bt 
Other Hybrid Checks 

Number of 
Trial 

Locations ’ 
Yield 

(Bollworm 
Reaction) 

1 (1) 

% Increase 
Yield iu Yield 

(Bt vem4s 
Non-BI) 

Number of 
Pesticide 

Applications 
for Bollworm 
Complex: ETL 

Based ’ 

1210 58% 
765 
840 

4 (4) 

3 (4) 

3 (3) 

7 (7) 

1 (2) 

1569 14% 
1377 
1335 

1405 17% 
1203 
989 

2256 51% 
1491 
1892 

2140 59% 
1349 
1534 

Bollworm Larvae % Fruiting Body 
Count/ 10 PlaIlts~ Damage * 

(Seasonal (Seasonal 
Average) Average) 

0.0 0.4 
13.2 8.3 
16.4 7.4 

1 .5 2.2 
5.5 9.4 
6.0 9.9. 

1.2 2.5 
8.6 13.5 
9.9 14.3 

0.6 0.3, 
3.3 3.3 
3.4 ,3.1 

1.2 1.2 
7.6 7.3 
7.1 7.1 

1.3 3.7 
8.9 12.1 
8.8 13.2 

1.0 1.7 
7.9 9.0 

* 1.0 1.7 
8.2 9.1 

I’- 

MECH-915 Bt 1583 27% 
MECH-9 15 Non-Bt 1242 
Other Hybrid Checks 1906 

Mean: Bt Hyb. 19 (21) 1694 37% 
Mean: Non-Bt Hyb. 1238 

Mean: Bt Hyb. 19 (21) 1694 36% 
Mean: Non-Bt & 1244 
Other Hybrid Checks 

’ Data averaged over 19 locations for yield, and averaged over 2 1 locations for Bollworm reaction. 

Yield Measurement Bollworm Complex Reaction 

2 Damage to fruiting bodies involved either flower parts, squares or bolls. 

3 Pesticide applications for Bollworm Complex based on Economic Threshold Levels (ETL), as per 
advisory guidelines of State Agricultural Universities and Research Institutions. Values represent 

, range of application number among locations, and average of locations for each hybrid. 

“,,Average number of Bollworm pesticide’ applications per hybrid per trial location. 

Range (Ave.) 

0 (0) 
7 (7) 
7 ( 7) 

0 (0) 
1 - 3 (2.3) 
2 - 3 (2.3) 

0 -2 (0.5) 
1 - 7 (3.3) 
1 - 7 (3.3) 

0 (0) 
2 -4 (3.0) 
2 -4 (3.0) 

1 - 3 (0.6) 
1 - 11 (5.1) 
1- 11 (5.1) 

- 0 (0) 
1 - 4 (2.5) 
1 - 4 (2.5) 

0.2 5 
3.2 s 

0.2 g 
3.2# 
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Protocol-2 ‘Repoti 

- 

Evahation of Bt Cotton Hybrids for Control of Bollworm Complex and 
.- Agronomic Performance During On-Farm Triais 

in Kharif 19984999 

OBJECTIVES 
- 

I. To evaluate and monitor Lepidopteran insect load (Bollworm Complex) 
among Bt and non-Bt hybrids in regional on-farm research trials. 

2. To compare Bollworm damage (shedding/retention of squares and bolls), 
yield and fibre quality in the above hybrids. 

MATERIAL AND METHODS 

On-farm research trials were conducted at 25 locations, as approved by the 
Department of Biotechnology, distributed in nine States of India. Of these trials 
7 were in Andhra Pradesh (AP), 6 in Maharashtra (MS), 3 in Karnataka (KTK), 
2 each in Gujarat(GJ) , Madhya Pradesh.(MP), and Tamilnadu (TN), and one 
trial each in Haryana (HR), Punjab (PJ) and Rajasthan (RJ). The details of the 
locations and sowing plans are given in Table 2. 

A. Description of Field Plots 

Treatments : Three 
1. Bt cotton hybrid 
2. Corresponding non-Bt hybrid 
3. non-Bt hybrid check 

Replications : Three 

Crop Spacing : 0.9m x 0.9m (rows x plants) 

Plot Size : l8m x 7.5m = 135 sq.m. 

Isolation : 5m surrounding the plot 
2m between replications 

Total field Area : 26.5m x 64 m = 1696 sq.m 



TABLE2: DETAILS OF MULTI LOCATIONAL BT-COTTON TRIALS ORGANISED DURING KHARIF 1998-l 999 

State Sr.No. District TehsiUMandal Village Survey No. Farmer Name of the Variety Trial Date 

GJ 14 Vadodara Karjan Pingarwada 455 Mr. Kishore Bhai T. Shah MECH-3 NON Bt 06.08.98 
MECH-3 I31 
NHH-44 1 

GJ 15 Rajkot Gondal Bhuvna 66 Mr. Naganbhai Tejabhal MECH-162 NON Br 04.08.98 
MECH-162 Bt. 
NHH-44 

KTK 16 Raichur Sindhanur Maladagudda 238JA Mr. Basanna J. Kunsale MECH3 NON Bt 05.08.98 
MECH-3 Bt. 
NHH-44 

KTK 17 Bellary Hagari Bommanhalli Ranikkal 291/B Mr. B.V. Nanjundappa MECH-12 NON Bt 05.08.98 
MECH-12 Bt. 
NHH-44 

KTK 18 Haveri Hangal Adur 141 Mr. Mahalingappa S. S. MECH-162 NON Bt 05.08.98 
MECH-162 Bt. 
.NHH44 

MP 19 Khargone Barwah Keeduh 250 Mr. Bansi Lal MECH-1 NON Bt 30.07.98 
MECH-1 Bt. 
NHH-44 

MP 20 Khandwa Burhanpur Mohammadpura 204 Mr. Chaganlal C. Mahajan MECH-162 NON Bt 31.07.98 
MECH-162 Bt. 
NHH-44 

HR 21 Hisar Hisar Mayar 82116 Mr. Lehari Singh MECH-915 NON Bt 03.08.98 
MECH-915 Bt.NHH- 
44 

FJ 22 Bhatinda Talwandi Maisar Khana 124 Mr. Sher Singh MECH-915 NON Bt 11.08.98 
MECH-915 Bt.NHH- 
44 

PJ 23 ~Sjganganagar KesriSinghpur ChakI22F 54 Mr. Ramdas Jain MECH-915 NON Bt 04.08.98 
MECH-915 Bt.NHH- 
44 

RJ 24 Theni Theni Veerapandi 102/1F Mr. Narayanswamy MECH-3 NON Bt 22.08.98 
MECH-3 Bt. 
NHH-44 

TN 25 Dharmapuri Uthangaral Kannanoor - 10/l Mr. A. Jayachandran MECH-162 NON Bt 14.08.98 
MECH-162 Bt. 
NHH-44 



TABLE 2: DETAILS OF MULTI LOCATIONAL BT-COTTON TRIALS ORGANISED DURING KHARIF 1998 -1999 -~~~-l 
State Sr.No. District Tehsil/Mandal Village Survey No. Farmer Name of the Variety Trial Date 

4P 1 GUIllUr Rentachlntala Aentachintala 44 Mr Thumma Fatima Reddl MECH- 162 NON RI 09 08 98 
MECH- 162 BI 
NHH-44 

4.P. 2 Mahboobnagar Bijnepally Manganur 268 Mr. India Mallikarjun Rao ME6H-1 XNON BI 09.08 98 

4.P. 

4.P. 

4.P. 

4.P. 

4.P. 

AS 

AS 

AS 

6 

IS 

IS 

3 Khammam Madira Dendukur 

4 Kurnool Pagadiala Nagatur 

5 Warangal Atmakur Vururgonda 

6 Ranga Reddy Vikarabad Kothagadi 

7 Adilabad Adtlabad Ponnari 

a Yavatmal Kelapur Both 

9 .3alna Bhokardan Viregaon 

10 Parbhanl Sailu Kolha 

11 Nanded Nanded Barad 

12 Buldhana Malkapur Lonwadi 

13 Jalgaon Chalisgaon Umberkhed 

MECH-12 Bt. 
NHH-44 

581 & 582 Mr. K. Ranga Rao MECH-3 NON Bt 08.08.98 
MECH-3 Bt. 
NHH-44 

228 Mr. 0. Tirupallaiah MECH-162 NON Et 07.08.98 
MECH-162 Bt. 
NHH-44 

121 Mr. Bollu Sami Reddy MECH-12 NON Bt 09.08.98 
MECH-12 Bt. 
NHH-44 

130 Mr. Karella Bakka Reddy MECH-3 NON Bt 07.08.98 
MECH-3 Bt. 
NHH-44 

12i43 Mr. Meghraj Sharma MECH-1 NON Bt 08.08.98 
MECH-1 Bt. 
NHH-44 

32 Mr. Arunbhau S. Thakre MECH-160 NON Bt 05.08.98 
MECH-160 Bt. 
NHH-44 

5 Mr. Baburao T. Pise Patil MECH-162 NON Bt 04 08.98 
MECH-162 Bt. 
NHH-44 

45 Mr. Ganpatrao 8. Bhise MECH-12 NON Bt 04.08.98 
MECH-12 Bt. 
NHH-44 

33811 Mr. Kerbaji P. Bhimewar MECH-162 NON Bi 06.08.98 
MECH-162 Bt. 
NHH-44 

7 Mr. Narhari G. Patil MECH-160 NON BI 04.08.98 
MECH-160 Bt 
NHH-44 

63-l-A Mr Dhanra] A. Patrl MECH-3 NON Bt 05.08.98 
MECH-3 Bt 
NHH-44 

I ! I J I I 7 
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B. Field Layout of Trials: 

‘T 
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C. Data Recording: 

To achieve the objectives of these trials, data were coliected on the fotlowing 
parameters. 

1. Number of Lepidopteran insects larvae. 
2. Number and species of sucking insect pests. 
3. Percent damaged terminals. 
4. Percent damaged intact fruiting bodies 
5. Percent damaged shedding fruiting bodies. 
6. Plant stand/plot. 

.7. Flowering and Maturity (boll bursting) dates. 
8. Yield and fibre quality. 

c 
b i 

i 
L 

f  

b 
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D. Experimental Methodoloqv : 

The observations were recorded on infestation of major insect pests of cotton and 
percent fruiting body damage at weekly intervals on ten randomly selected plants in 
each plot. For recording of non-Lepidopteran (sucking) pests, three leaves were 
selected on the top, middle and lower canopy of the randomly selected plants. An 
absolute population of Lepidopteran insects (Bollworm Complex Larvae/IO plants in 
each plot} and percent fruiting body damage was recorded. Plant stand count, days 
to picking, and yield were also recorded. 

Suitable insecticide applications were made on an as needed basis to control both 
sucking and Lepidopteran pests for all plots based on Economic Threshold Levels 
(ETL), as suggested in guidelines given by State Agricultural Universities and 
Research institutions. 

E. Data Analvsis: 

The average population of sucking insect pests/30 leaves and Bollworm Complex 
larval count/l0 plants, percent fruiting body damage and percent fruiting bodies shed 
was compiled. The insect data recorded up to 60 days after sowing (DAS), 61-90 
DAS, and 91-120 DAS is reported as an average for the respective period for quick 
reference. 

Tables shown in subsequent pages represent performance of Bt cotton over non-Bt 
cotton and check hybrids at each location, These tables include average number of 
Bollworm Complex, aphids, jassids and whitefly, average percent fruiting body 
damage and plant stand/plot, yield and number of sprays. 

Figures shown in subsequent pages represents summation of pooled yield and 
pesticide spraying data, on a State basis. Other figures also show population 
dynamics of Bollworm Complex and percent fruiting body damage over the cropping 
season for each trial location. Annexure-1 presents tables of detailed data for all 
required parameters, recorded 30 days after sowing at weekly intervals for each trial 
location. 

RESULTS 
’ 

I$‘ 

Data was obtained from 21 of these locations. Trials at four locations, Khargaon 
(MP), Khandwa (MP), Bhatinda (PJ), and Theni (TN) were damaged due to 
excessive rains and reliable data could not be collected. In addition, seven trials in 
two other states (AP, KTK) were destroyed by human activity before final boll picking. 
However, at most sites, initial yield data and insect reaction data were recorded and 
are presented in these results. 

- 

- 

- 

- 

- 

-. 

- 

- 
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Observations were recorded on a complex of major Bollworms pests, namely 
American Boliworm (Helicoverpa armigera), Spotted Boliworm (Earias Mel/a and 
Earias insulana) and Pink Bollworm (Pectinophora gossypiella). Other 
Lepidopteran caterpillars also infested the crop at various locations, including 
Tobacco Caterpillar (Spodoptera /ittura), Cotton Semi-looper (Tarache notablis), 
and Leaf-folder (Sylepta derogata). Major sucking insects were Jassids (Empoasca 
devastens), Whitefly (Bemesia taba@ and Aphids (Aphis gossypi). At some 
locations, beneficial insects were also recorded, including Lady Bird Beetle, Green 
Lacewing Bug, and Spiders. 

State-wise summation of results from all 21 trial locations is as follows: 

A. Andhra Pradesh (AP) 

1. Location- Rentachintala, Guntur: Table AP-1 

Plant stand in all the three plots were at par. MECH-162 Bt recorded 21% 
higher yield over the non-Bt MECH-162 and check NHH-44. High rainfall 
caused stunted growth of plants in all plots. Average Bollworm Complex count 
up to 60 DAS, 90 DAS, 120 DAS was lower in Bt hybrid than in the counterpart 
non-Bt and regional check hybrids. Fruiting ‘body damage (%) was also lower 
in Bt hybrid than the non-Bt and check. The sucking pest infestation in Bt, non- 
Bt and NHH-44 hybrids were at par. 

2. Location- Manganur, Mehboobnagar: Table AP-2 

Yield could not be recorded due to site damage. However, Bollworm Complex 
counts and other data were recorded. The Bollworm Complex count at GODAS 
and SODAS showed lower Boilworm Complex and low % fruiting body damage 
at GODAS, SODAS and 120DAS on MECH-12 Bt in comparison to non-Bt 
MECH-12, and NHH-44. Sucking pest infestation was similar for ail hybrids. 

3. Location- Dendukur, Khammam: Table AP-3 

.Yieid of only two boll picking were obtained due to damage at later stages, 
Yield of MECH3 Bt was higher than the non-Bt MECH3 and NHH-44 by 11% 
and 25%, respectively. Plant population was highest in NHH-44. Bollworm 
Complex count and fruiting body damage (%) at all the three stages, 60 DAS, 
90 DAS and 120 DAS, were lower in MECH-3 Bt than-in the other two hybrids. 
Sucking pest infestations was similar for ail hybrids. 
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4. Location- Nagatur; Kurnool: Table AP-4 

Yield of only two boll pickings were obtained due to damage at late stages. 
Three hybrids, MECH-162, MECH-162 Bt and NHH-44 were tested. MECH- 
162 Bt was superior in yield than the other two hybrids by 26%. The Boltworm 
Complex count and % fruiting body damage was less in the Bt hybrid Sucking 
pest infestation was similar for all hybrids. 

5. Location - Vurugonda, Warangal: Table AP-5 . 

Yield of MECH-12 Bt (1480 kg/ha) was higher than non-Bt and the check 
NHH-44 by a margin of 15% and 62% respectively. All hybrids had good plant 
stand. Bollworm Complex population recorded at GODAS, 90 DAS, and 120 
DAS was least in the Bt hybrid compared to non-Bt and NHH-44. Sucking pest 
infestation was similar for all hybrids. This field was also destroyed prior to 
final picking of bolls. 

6. Location- Kothagadi, Ranga’ Reddy: Table AP-6 

All the three hybrids had uniformly good plant stand. MECH-3 Bt yielded 26% 
more than the non-Bt version and 42% more than other NHH-44 check. 
Bollworm Complex population recorded at GODAS, 90 DAS, and 120 DAS was 
least in the BT hybrid compared to non-Bt and NHH-44. Sucking pest 
infestation was similar for all hybrids. 

7. Location- Ponnari, Adilabad: Table AP-7 

MECH-1 Bt recorded 58% higher yield over the non-Bt hybrid and 44% over 
NHH-44. Bollworm Complex count on the Bt hybrid was almost zero at all the 
stages compared to non-Bt hybrid which ranged from 9.0 to 18.97 and 13.88 
to 24.25 in NHH-44. This plot was destroyed after the third picking. Sucking 
pest infestation was similar for all hybrids. 

B. MAHARASHTRA (MS) 

1. Location-Seth, Yeotmal: Table MS-1 I( 

Hybrid MECH-160 Bt, non-Bt and NHH-44 were grown at this location. 
MECH-160 Bt recorded highest yield (2720kg/ha), 4% more than NHH-44 and 
72% more than non-Bt. Bollworm Complex count and % fruiting body damage 
was low in this trial. The Bt hybrid had very low Bollworm Complex count (0.16 
to 0.66) compared to non-Bt and NHH-44 (0.7 to 5.91). Fruiting body damage 
(Oh) was also very low in Bt. Sucking pest infestation varied over the duration 
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of the crop, but overall there was no difference observed between Bt and non- 
Bt and check hybrids. 

2. Location- Viregoan, Jalna: Table MS-2 

Yield of MECH-162 Bt (2049 kg/ha) was 30% to 77% higher than the non-Bt 
and NHH-44. The Bt hybrid had very low Boliworm Complex count and fruiting 
bodies damage (%). Sucking pest reaction was at par in all hybrids at 60 DAS, 
90 DAS and 120 DAS. Both non-Bt hybrids exceeded ETL seven times, 
requiring 7 .applications of pesticides for Bollworm Complex. In contrast the Bt 
plot exceeded ETL only once, requiring 1 application. 

3. Location- Kolha, Parbhani: Table MS-3 

MECH -12 Bt recorded highest yield in this trial. It was.8% higher than the 
non-Bt counterpart and 18% higher than NHH-44. Bollworm Complex count 
ranged from 0.31 to 3.57 in Bt as compared to non-Bt (2.5 to 9.47). NHH-44 
had Bollworm count higher than other hybrids. Percent fruiting bodies damage 
was also lower in Bt than in the other hybrids. Both non-Bt hybrids exceeded 
ETL for Bollworm on seven occasions, requiring 7 applications of pesticides 
for Bollworm Complex. In contrast the Bt hybrid exceeded ETL only twice, 
requiring 2 applications. Sucking pest infestation was similar for all hybrids. 

4. Location - Barad, Nanded: Table MS-4 

MECH-162 Bt recorded 18% higher yield over non-Bt counterparts and 23% 
over NHH-44. Bollworm Complex count on Bt hybrid was ‘below 0.9, while it 
ranged between 1.55 and 3.75 on the non-Bt counterpart and I. 17 to 3.58 on 
NHH-44. Average fruiting body damage (%) was also iower in MECH-162 Bt 
than in the other hybrids. The sucking pests infestation was similar in all 
hybrids. 

5. Location - Lonwadi, Buldhana: Table MS-5 

MECH-160 Bt yielded 19% higher than the NHH-44, and 71% over MECH-160 
non-Bt. The Bollworm Complex count in Bt hybrid was lower than the non-Bt. 
Fruiting bodies damaged in Bt up to 90 DAS was iesg than I%, as against 2% 
to 5% in the non-Bt version and above 5% i+:NHH-44. Sucking pests 
infestation was similar in all hybrids. Beneficial insects at 60 DAS, 90 DAS and 
120 DAS were higher in number on Bt than the other hybrids. 

6. Location- Umberkhed, Jalgaon: Table MS-6 

High yield was recorded for all the three hybrids. MECH-3Bt (3012 kg/ha) yield 
was 3% higher than NHH-44 and 6% more than non-Bt MECH-3. Negligible 
Botlworm Complex count was recorded on Bt MECH-3 (0.0 to .83) compared 
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to non-Bt version (1.99, to 4.16). Fruiting body damage was aso negligible in 
Bt hybrid. Sucking pests infestation was similar in ali hybrids 

C. GUJRAT (GJ) 

1. Location - Pingarwara, Vadodra: Table GJ-1 

The yield increase in the MECH-3 Bt hybrid over the counterpart non-Bt and 
H-6 was 27:/: and 22% respectively. tower Bollworm Comslex count and % 
fruiting body damage was recorded in MECH-3 Bt as sz-n;a:ed to the other 
hybrids. Incidence of sucking pest damage on all hybrids was similar Large 
numbers of beneficial insects were recorded on all hybrids 

, 

2. Location- Bhunava, Rajkot: Table GJ-2 

MECH-162 Bt recorded higher yield (3975 kg/ha) compared to non-Bt MECH- 
162 and H-6. Low Bollworm Complex count and % fruiting body damage were 
recorded in Bt hybrid as compared to the other two hybrids. Both non-Bt 
hybrids exceeded ETL eleven times, requiring 11 applications of pesticides for 
Bolhvonn Complex. In contrast the Bt plot exceeded ETL only once. requiring 
3 applications. Sucking pest infestation was similar for ali hybrids, Beneficial 
insects were recorded on all hybrids. 

- 

- 

4* 

- 

- 

- 

? 

- 

D. KARNATAKA (KTK) 

I. Location-Maladagudda, Raichur: Table KTK-1 

This trial had a relatively low level of yield as only one boll picking was 
completed when it was destroyed. MECH-3 Bt had higher yield than the non- 
Bt and NHH-44. Bolhvorm Complex count and % fruiting body damage was 
lower in Bt than the other hybrids. Sucking pest infestation vJas similar for all 
hybrids. Beneficial insects were recorded on all hybrids. 

2. Location- Bennikal, Bellary. Table KTK-2 , 

MECH-12 Bt out yielded non-Bt MECH-12 as well as NHH-44 in the initial boll 
picking. after which the trial was destroyed. The Bt hybrid had lower Bollworm 
Complex and ?I fruiting body damage than the non-Bt counterpart and NHH- 
44 Sucking pest infestation was similar for all hybrids. Beneficial insects 
were recorded on all hybrids. 

- 
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3. Location- Adur, Dhatwad: Table KTK-3 

MECH-?62 Bt out yielded the non-Bt counterpart with a margin of 35% and 
NHH-44 by a margin of 44%. MECH-162 Bt had much lower Bollworm 
Complex count and % fruiting body damage as compared to the non-Bt 
counterpart and NHH-44. 

Sucking pest infestation was similar for all hybrids. Beneficial insects were 
present on all the three hybrids, 

E. HARYANA (HR) 

. I. Location- Mayyer: Table HR-I 

MECH-915 Bt out yielded the counterpart non-Bt and NHH-44 by a margin of 
27% and 75%, respectively, Bollworm Complex count was lower on the Bt 
than the non-Bt versions, as well as NHH-44, And the same trend was 
observed for % fruiting body damage. Sucking pest infestation was similar for 
all hybrids. Beneficial insects were present on all hybrids. 

Fe RAJASTHAN (RJ) 

1. Location- Sriganganagar: Table RJ4 

This trial was damaged by rain, therefore no valid data could be recorded for 
yield. However, Bollworm Complex count was lower in Bt than in non-Bt and 
NHH-44 44. Sucking pest infestation was similar for all hybrids. Beneficial 
insects were present on all hybrids. 

H. TAMlLNADU (TN) 

I. Location - Dharmapuri: Table TN-l 

MECH-162 Bt out yielded non-Bt counterpart as ‘well as NHH-44. Low 
Bollworm ,Complex count was recorded on Bt ascompared to non-Bt and 
NHH-44. Sucking pest infestation was similar for all hybrids. Beneficial insects 
were noted on all hybrids. 
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OTHER RESULTS AND G~ENERAL OBSERVATIONS 

0 Fibre quality data collected at 14 locations indicated similar characteristics among 
Bt and non-Bt hybrids Annexure-1 ). 

l It was observed that the growth of Bt plants appeared to be shorter in height and 
more compact than in the non-Bt counterpart. This appears to result from a higher 
amount of fruiting bodies on Bt hybrids; therefore, greater plant energy 
partitioning to reproductive rather than vegetative growth. 

. It should also be noted that MECH-1 , MECH-3 and MECH-12 are early maturing 
hybrids as compared to the corresponding checks which tend to be longer in long 
duration hybrids and thus greater yield potential over an extended cropping 
season baseline. However, when compared for the same period of growth, the Bt 
cotton hybrids gave higher yield as compared to the checks. ’ 

l Relatively little, or no Bollworm pesticide application was required for growth of Bt 
cotton hybrids in these trials (see State-wise Tables and figures on subsequent 
paw). 

CONCLUSIONS 

l Activity of Lepidopteran insects (Bollworm Complex) were found to be 
substantially lower on Bt cotton hybrids compared to their corresponding non-Bt 
version and regional check hybrids under normal field cultivation conditions. 

l Bt hybrids had substantially lower insect damage in fruiting bodies (shedding and 
retention) than the non-Bt types. This indicates that more green matured bolls 
were retained on Bt cotton . 

0 Bt cotton does not have any impact on sucking insect pests and their natural 
enemies (beneficial insects). This reconfirms the known mode of action of Bt 
protein as working specifically against larvae within the Bollworm Complex. 

- 

- 

- 

- 

- 

- 

- 

l As reconfirmed in this study substantial Bollworm pesticide, spray reductions are 
possible through cultivation of Bt cotton hybrids; thus ptoviding opportunity for 
substantial benefit to farmers. However, Bt cotton production should be carefully 
monitored by growers to ensure effective overall pest control, and could be used 
as a major component in overall Integrated Pest Management (IPM) strategies.. 

_1 

l , The inherently high yield capacity of Bt cotton hybrid in comparison to traditional 
hybrids, as shown in these results, has potential to substantially increase cotton 

i production in India, while maintaining fibre quality and providing environmental 
benefits through large reduction in pesticide applications. 
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TABLE: AP-1 PERFORMANCE OF Bt OVER NON Bt COTTON HYBRIDS AT RENTACHINTALA,GUNTUR 
I I I I I 1 

CHECK 1 
I 

S.No. PARAMETERS NON Bt Bt 
(MECH-162) (MECH-162) (NHH-44 ) 

1 PLANT STAND / PLOT 495.0 495.0 465.0 
2 WEiGHT OF FIRS1 r PICKING(Kg) 6.8 8.4 6.8 

)ND PICKING(Kg) 20.3 24.3 20.0 
4 YIELD Kg / PLOT 27.0 32.7 26.8 
5 YIELD”Kg / Ha 667.0 807.0 670.0 
6 % YIELD INCREASE OVER NON Bt AND CHEcj 21.0 21 .o 

XANS I 1.0 0.0 1.0 

t 

I 

3 IWEIGHT 0~ SECC 

7 1 NO. OF SPRAYS FOR LEPIDOPTE. __ .- 
8 I I 1 I i 
9 AVERAGE NO. OF BOLLWORMS 

LARVAE/l 0 PLANTS 
a)O-60DAS 0.0 0.0 0.0 
b) 61 - 90 DAS 5.1 1.4 . 5.3 
c) 91 - 120 DAS 4.7 2.1 6.5 
d)>120DAS 5.0 0.7’ 4.5 

1 

10 AVERAGE %FRUITING BODY’ 
DAMAGE 
a)O-60DAS 0.0 0.0 0.0 
b) 61 - 90 DAS 7.7 2.0 6.5 
c) 91 - 120 DAS 9.5 3.1 9.1 
d)>iZODAS 5.6 1.8 5.8 

I 

11 IAVERAGE No. 0F JASSIDS/30 LEAVES 
ja)O-60DAS 0.0 0.0 0.0 
lb) 61 - 90 DAS 4.0 4.8 3.8 
lc) 91 - 120 DAS 10.4 8.8 10.0 

S 4.8 4.7 5.5 fd) > 120 DA: 
I 

40. OF WHITE FLY/30 LEAVES 12 IAVERAGE I\ 
Ia\ 0 - 60 DA, $ s bj 61 - 90 DAS 34.6 1.1 37.2 2.3 * 41.2 1.1 

c)91 -120DAS 46.3 41.8 45.8 
d) > 120 DAS 47.5 47.8 I 47.5 

13 AVERAGE NO. OF APHIDS/30 LEAVES 
a)O-60DAS 80.2 63.4 62.8 
b) 61 - 90 DAS 40.0 52.2 I 43.0 
c) 91 - 120 DAS 0.0 1 0.0 0.0 
d) > 120 DAS 0.0 I<. 0.0 I 0.0 

REMARKS: Crop was severely affected by rainfall and resulted stunted growth in all plots. 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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TABLE:AP-2 PERFORMANCE OF Bt OVEii fiJdN Bi CO-KON HYBRIDS AT MANGANUR,MEHBOOBNAGAR 

I%- L1- Inrraarrere~~ 1 Ii& Bt 1 Bt I CHECK 1 
3.IYU. l-n”ntYIL I Lr IV 

( &iH-12) ( MECH-12 ) ( NHH-44 ) 

1 PLANT STAND / PLOT 456.0 460.0 472.0 

2 WEIGHT OF FIRST PICKING(Kg) 
3 WEIGHT OF SECOND PICKING(Kg) 
4 WEIGHT OF THIRD PICKING(Kg) I 
5 WEIGHT OF FOURTH PICKING(Kg) 
6 YIELD Kg / PLOT 
7 YiELD Kg /Ha 
8 % YIELD INCREASE OVER NON B’ *Nn ~I-IF~K !, r 1, .v v, 1-w.. I 

9 NO. OF SPRAYS FOR LEPIDOPTE. .I ,a._ TIANS I I 3.0 -.- I 0.0 I 3.0 I 
I 

10 AVERAGE NO. OF BOLLWORMS 
LARVAE/l 0 PLANTS 
a)O-60DAS 9.1 1.5 16.1 
b) 61 - 90 DAS 
c\cll - 1 %-I f3A.S , “I I_” Y..W I 1.3 I 0.0 I .- 

\ .annfT*m dl> ILUU~~ 0.0 0.0 
nn 

I 
11 AVERAGE %FRUITING BODY 

DAMAGE 
a\n-Rnn*n A< A 67 35.9 

I 6.3 I,7 1 6.8 I 

“-““Y-V I . . . -. . I 
--.- 

]6i-90DAS 31.7 4.9 27.1 
lc) 91 - 120 DAS 12.0 2.5 15.0 
Id) > 120 DAS 0.0 0.0 I 0.0 

I 

1 lb 

I 
I I I I 

12 [AVERAGE NO. OF JASSIDSI2n 1 FAVF.S 

l-----k’n-600As 
s, -1 --I I. -- I 

/ 

61 
-- -_ .- 30.3 I 30.4 6.7 

lu) - 90 DAS 19.3 19.6 18.6 
c)91 -120DAS 0.0 0.0 0.0 
d)>120DAS 0.0 0.0 0.0 

13 AVERAGE NO. OF WHITE FLY/30 LEAVES 
a)O-60DAS 69.5 101.6 161.7 
b) 61 - 90 DAS 60.8 68.3 59.0 
c) 91 - 120 DAS 0.0 0.0 0.0 
d) > 120 DAS 0.0 0.0 0.0 

14 AVERAGE NO. OF APHIDS/30 LEAVES 
a)O-60DAS 17.3 25.0 23.4 
b) 61 - 90 DAS 0.0 ’ ( 0.0 0.0 
c) 91 - 120 DAS 0.0 ‘1‘1 0.0 * 0.0 
d) > 120 DAS 0.0 0.0 0.0 

z , 

F? 

REMARKS :Crop was severely affected by heavy rainfall and make it difficult to take the larval count. 
However huge fruiting body damage was recorded on non - Bt and check.This trial was 
destroyed by activists. 



TABLE: AP-3 PERFORMANCE OF Bt OVER NON Bt COlTON HYBRlDS AT DENDUKUR, KHAMMAM 

S.N E 0. - 

I 

t-2 

PARAMETERS 

PLANT STAND / PLOT 
WEIGHT OF FIRST PICKING(Kg) 
\A/i=lr,UT nF .SFCr-lNi-l PlCKINGIKn\ 

NON Bt 
( ME:H-3 ) 

I CHECK 
( MECH-3 ) (NHH-4 ) 

469.0 485.0 508.0 
30.0 34.0 28.0 
15.6 I 16.6 12.5 3 .TLIUI II VI “LVVl.Y * ‘V.....-.\..J, , 

6 YIELD Kg / PLOT 45.6 50.6 40.5 
7 YIELD-Kg / Ha 1125.0 1250.0 -I 000.0 

t i 
, ,o YIELD INCREASE OVER NON Bt AND CHEC 11.0 25.0 
INO. OF SPRAYS FOR - - ----- .- 1 ̂  

r- (1 I OL 

; LEPIDOPTERANS I .u I u.u LU 

t 
I 

10 IAVERAGE No. OF BOLLWORMS 1 
LARVAE/l 0 PLANTS 
a)O-60DAS 
b) 61 *,90. DAS 
~141 -13rJDA.S 

I 
‘- 0.0 0.0 0.0 

8.0 ! 2.0 8.9 
I 6.8 I 2.3 I 9.3 I dj ; ‘I 20 .-v DAS -* .- 

-.- -4 0.0 0.0 0.0 

11 AVERAGE OhFRUITING BODY 
DAMAGE 
a)O-60DAS 0.0 0.0 0.0 1 
b) 61 - 90 DAS 14.7 2.0 13.5 
c)9i -120DAS 24.9 7.2 24.9 
d)>120DAS 0.0 0.0 0.0 

I 

12 AVERAGE NO. OF JASSIDS/30 LEAVES 
a)O-60DAS 14.3 8.3 10.5 
b) 61 - 90 DAS 57.0 56;3 34.0 
c) 91 - 120 DAS 15.3 I 15.0 16.5 
d)>120DAS 0.0 0.0 ! 0.0 

I 
-I3 AVERAGE NO. OF WHITE FLY/30 LEAVES 

a)O-60DAS 0.0 0.0 0.0 
b) 61 - 90 DAS 43.5 36.0 57.5 
c)91 -120DAS 14.5 12.8 16.Q 
d)>120DAS 0.0 I 0.0 * 0.0 

14 AVERAGE NO. OF APHIDS/30 LEAVES 
a)O-60DAS 
b) 61 - 90 DAS 
c) 91 - 120 DAS 
d)>120DAS 

I 

347.3 206.3 344.3 
0.0 0.0 0.0 
0.0 ’ 0.0 0.0 
0.0 its 0.0 0.0 

- 

- 

- 

- 

- 

- 

REMARKS Field was destroyed by activists after second picking of the crop. 
The damage was more in check plot as compare to other plots. 
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TABLE: Al’-4 PERFORMANCE OF Bt OVkR NON Bt COTTON HYBRiDS AT NAGATUR, KURNOOI. 

SAO. 

1 2 

3 
4 
5 
6 
7 

PARAMETERS NON Bt Bt CHECK---- ! -“.. ’ 
(MECH-162) (MECH-162) (NHH-44) I --. ., 

PLANT STAND / PLOT 517.0 517.0 522.0 ‘.I. 
’ 

* 8.2 10.4 8*3 j 
I.. 

WEIGHT OF SECOND PICKING(Kg) 16 .4 1 20.5 ! 16.0 : -..-.) 
YIELD Kg / PLOT 24.6 I 30.9 24.3 j 
YIELD Kg / Ha 607.0 762.9 600.0 y-i 
% YIELD INCREASE OVER NON Bt AND C:F-IFI”J 76 II 1 27.0 
NO. OF SPRAYS FOF ’ Cn’h-nT-(-n * ‘In 

I 

8 IAVERA( 

VI .I- --.- 

I Ltrluur I tn~1~3 7.0 0.0 I.0 ---i -...-I 
-I... . 

;E NO. OF BOLLWORMS 
710 PLANTS . - ^^ I ‘I- 

_.I 
9 AVERAGE %FRUITING BODY I ^,. ; 

DAMAGE 

la) 0 - 60 DAS 
lb1 61 - 90 DAS I 1.7 I 0.1 I 3.8 ’ 

! 0.4 ! 0.2 0.0 .^ , 
- -. _- -.._ 

I 1 I 

Irj Rl - 170 ITAS I At? I ni I 5 Q “-’ . ..e. ,MVL,,V 1-w I v.- 

d)>lZODAS 9.4 02 6.3 -.’ i “___ 

AVERAGE NO. OF JASSIDS/30 LEAVES 10 - . 
a)O-60DAS 
b’l61 - 90 DAS I 5.8 i 14.2 i 5.3 

I -.- -.- 

c)91 -120DAS I 9.8 I?.0 
6-6 d1>120DAS 9.3 20.3 26.6 -I 

1 I IAVERAGE NO. 11 0~ WHITE FLY/~• LEAVES 
a)O-60DAS 10.4 30.3 

j 
9.1 

b) 61 - 90 DAS 
f 

22.7 19.7 26.3 ,( 
c)91 -120DAS 45.4 45.6 74.9 1 
Id) > 120 DAS I ’ I 132.8 I 70.4 1 106.7 “i I -. ,I 

I 
12 AVERAGE NO. OF APHIDS/SO LEAVES 

a)O-60DAS 138.2 203.1 292.5 --‘I i 
b) 61 - 90 DAS 13.3 109.5 53.9 “‘I 
c) 91 - 120 DAS 3.0 6.9 (-)n -1 

Id) > 120 DAS 
I I 

-.- 

-.- 
I 

I -.- ! 0.0 ,L’ 1 28.0 I 10.8 ! I 1 -, 
i I I I 

REMARKS: -_ , 

:Field was destroyed by AP Department of Agriculture officials after second picking-At that time Bt plot 
was on full bloom while non - Bt plots were damaged by Bollworms and bearing less number of bolls and 
flowers. The present yield based on weighted average of two pickings. 



TABLE: AP-5 PERFORMANCE OF Bt OVER NON Bt COTTON HYBRIDS AT VURUGONDA,WARANGAL 

II- LI^ Inrrmrcracrrrac 1 NONBt 1 Bt I CHECK 
1 IMECH-12) j (MECH-12) 1 (NHH-44) 

I 
I 

1 IPLANT STA 

I i 
..-.- -. 

/YIELD-Ka / PLOT 

I . 

ND / PLOT I 484 ..o 1 . 4395 1 445.0 
2 WEIGHT OF FIRST PICKING(Kg) 15.3 I 

I 
IL.- 3.2 I 

WEIGHT OF SECONC DipK’hir-‘Kn’ 
1 
t 

-. ^ 
3 24.1) I 

.-.- .-Y 
2f.f 

I 
I 

as- n 
13.5 I 

4 WEIGHT OF THIRD P,u,\,,.u\,\y, ICKlhlr,lKn\ 
1 

176 . -..- I 
17.1 
&” I 13.3 1 

52.0 I 
l4::2 

I n-9 A 3f.U i 

1 912.8 
I 

6 
; 

lYlEI D Ko /Ha ._-- ._ 1 1283.4- 
1% YIELD INI CREASE OVER NON Bt AND ( ;HECj 15.0 62.0 

I 
8 INO. OF SPRAYS FOR LEPIDOPTERANS I 1.0 0.0 1.0 

I I 

9 AVERAGE NO. OF BOLLWORMS 
LARVAE/l 0 PLANTS 
a)O-60DAS 1.6 O.Cj 2.5 
b) 61 - 90 DAS 6.3 0.4 7.5 
c) 91 - 120 DAS 11.1 0.6 I 14.5 
d)>l20DAS I 11.0 2.7 I 25.1 
I 

10 AVERAGE %FRUITlNG BODY 
DAMAGE 
a)O-60DAS 4.3 0.9 7.6 
b) 61 - 90 DAS 5.6 0.2 8.5 
c)91 -120DAS 8.8 0.7 I 15.4 
d)>l20DAS 3.4 0.2 7.3 

11 AVERAGE NO. OF JASSIDS130 LEAVES 
a)O-60DAS 41 .l 35.8 25.1 
b) 61 - 90 DAS 23.8 24.1 23.3 
c) 91 - 120 DAS 82.3 94.3 73.9 
d) > 120 DAS 120.7 I 128.0 99.0 

I 
12 AVERAGE NO. OF WHITE FLY/30 LEAVES 

a) 0 - 60 DAS 4.0 1.5 3.0 
b) 61 - 90 DAS 51.3 52.8 58.0 
c) 91 - 120 DAS 110.9 127.8 153.2 
d)>120DAS 70.6 71 .o 136.0 

13 AVERAGE NO. OF APHIDS/30 LEAVES 
a)O-60DAS 
b) 61 - 90 DAS 
c) 91 - 120 DAS 
d)>120DAS 

101.0 156.3 163.3 
85.0 t“‘ 61 .O 59.5 
205.0 209.8 53.9 
0.0 0.0 0.0 

REMARKS :Field was destroyed by activists and we could not harvest final picking.Bollworms damage 
was more in check plot as compare to other non - Bt hybrid. 

- 

- 

- 

- 

- 

14 

- 

- 

- 

- 



TABLE: AP-6. PERFORMANCE OF Bt OVER NON Bt COTTON HYBRIDS AT KOTHAGADI,RANGA REDOY 

F” 
i;: 

r? i 

S.No. PARAMETERS NON Bt Bt CHECK 
(MECH-3) (MECH-3) (NHH-44) 

1 PLANT STAND / PLOT 487.0 479.0 A81 .O 
2 WEIGHT OF FIRST PiCKlNG(Kg) 21.0 27.0 18.0 
3 WEIGHT QF SECOND PICKING(Kg) 33.0 41.0 30.0 
4 WEIGHT OF THIRD PICKlNG(Kg) I 
5 YIELD Kg I PLOT 54.0 68.0 48.0 
6 YIELD Kg I Ha 1333.0 1679.0 1185.0 
7 ?z YIELD INCREASE OVER NON Bt AND CHE 26.0 r2.0 
a h3 OF SPRAYS FOR LEPIDOPTERANS 3.Q 0.9 3.0 

i 9 AVERAGE NO. OF BOLLWORMS I 
LARVAE/10 PLANTS 
a)O-60DAS 0.6 0.0 . 1.9 
b)61 -90DAS 3.0 0.3 5.2 
c) 91 - 120 DAS 3.4 0.3 8.0 
d) > 120 DAS 0.0 0.0 0.0 

IO AVERAGE %FRUITING BODY 
DAMAGE 
a)O-60DAS i 1.6 0.6 8.7 
b) 61 - 90 DAS 5.2 1.4 ‘ 4.3 
c) 91 - 120 DAS 7.0 1.1 7.1 
d) ’ 120 DAS 0.0 0.0 0.0 

11 AVERAGE NO. OF JASSIDS130 LEAVES 
a)O-60DAS 19.6 27.5 18.9 
b) 61 - 90 DAS 22.5 23.7 49.2 
cl 91 - 120 DAS 24.1 20.7 10.7 

I df ’ 120 DAS 0.0 0.0 0.0 

12 AVERAGE NO. OF VVHfTE FLY130 LEAVES 
a)O-60DAS 8.3 6.4 7.1 
b) 61 - 90 DAS 23.5 22.0 32.5 
cl91 -120DAS 33.6 29.1 22.7 
d) 5 120 DAS, 0.0 0.0 0.0 

13 AVERAGE NO. OF APHIDS/30 LEAVES 
a)O-60DAS 1.5 6 0.0 1.3 
b) 61 - 90 DAS 21.0 22.2 20.0 
cl 91 - 120 DAS 0.0 0.0 0.0 
a,’ 120 DAS 0.0 0.0 f 0.0 

m 
REMARKS In 8t plot yield increase over check was more as compared to corresponding ing -cn-Bt hybri 
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TABLE: AP-7 PERFORlv IANCE OF Bt OVER NON Bt COTTON HYBRIDS AT PONNARI,ADILABAD ~ _. 
S.NO. ) PARAMETERS 1 NON Bt 1 Bt CHECK 

1 (MECH-1) 1 (h AECH-1) (NHH-44) 
1 PLANT STAND/PLOT 492.0 486.0 488.0 
2 WEIGHT OF FIRST PICKING(Kg) 12.0 21 .o 14.0 

I 3 IWEIGHT 0~ SECC ,ND PICKING(Kg) 11.0 15.0 * 11.0 
I 4 IWEIGHT OF THIRD PICKINGIKa’) 8.0 13.0 I 10.0 

AA n !?A t-l 
I 

5 Y IELD.Kg / PLOT 
6 YIELD Kg / I+ 
7 % YIELD IN( 

I 31 .o . I.” - ..- 

;iEASE OVER NON Bt AND CHEC’ I 765.4 58.0 
1209.8 839.5 

44.0 
8 /NO. OF SPRAYS FOR LEPIDOPTERANS 7.0 0.0 7.0 

I 
t 

I 

t 
cl lAV!=RAGF NO. OF BOLLWORMS ..-... .-- . 

I LARVAE/i 0 PLANTS 
a)O-60DAS 0.0 0.0 0.0 
b) 61 - 90 DAS 9.0 0.0 13.9 
c)91 -120DAS 12.3 0.0 15.9 
Id) > 120 DAS 
I 

I 19.0 I 0.0 I 24.3 - 
t 

IO AVERAGE %FRUITING BODY 
DAMAGE 
a) 0 - 60 DAS 0.0 0.0 0.0 
b) 61 - 90 DAS 10.6 2.1 7.5 
c) 91 - 120 DAS 9.3 0.5 7.5 
d)>120DAS 9.2 0.3 * 10.1 

I I I 

I 
I 

11 IAVERAGE h JO. OF JASSIDS/30 LEAVES 
I 

a)O-60DAS 24.4 23:6 10.4 
b) 61 - 90 DAS 46.9 43.5 16.4 
c)91 -120DAS I 55.5 51.8 18.5 

1 Id) > 120 DAS 
I 

I 76.0 I 72.6 I 52. 

JO. OF WHITE FLY/SO LEAVES 
3 0.0 0.0 0.0 
LS 0.0 0.0 0.0 

t Ic) 91 - 120 DAS 4.4 3.3 6.0 
37.0 d) > 120 DAS I 32.8 I--- 35.0 I 

13 AVERAGE NO. OF BEb I 

la)O-60DAS lb) 61 - 90 DAS 

Id) > 120 DAS 

JEFICIALS/lO PLANTS 5.1 5.6 6.7 

16.1 9.0 )’ ’ 15.9 10.9 . 10.6 8.5 
0.0 p 0.0 0.0 

I 

- 

- 

- 

- 

- 

- 

REMARKS :Field was destroyed after 3rd picking by AP Department of Agriculture officials. 
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FIG: AP-4 POPULATION OF BOLLWORMS AND % FRUlTING BODY DAMAGE AT 
MANGANUR,MEHBOOBN 
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FIG: BP-5 POPULATION OF BOLLWORMS AND % FRUITING BODY DAMAGE AT 
DENDUKUR,KHAMMAM 
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FIG: AP-6 POPULATION OF BOLLWORMS AND KFRUITING BODY DAfUlAGE AT NAGATUR 
KURNDOL 

40.0 

35.0 

5.0 

wq nQ ~3 ~4 w5 ~6 w7 w8 w9 wl0 wll w12 w13 w14 wl5 wl6 w17 wI8 

WEEKS 

45.0 

40.0 

35.0 

30.0 

25.0 

20.0 

15.0 

10.0 

5.0 

0.0 

m Larvae/IO Plants NBt 

m Lame’40 Plants Bt 

k?S!Sl Lame00 Plants Check 

-+- % Ftuitimg body damage NBt 

-a- % Fruiting bdy damage Bt 

% Fruiting body damqe Ch=eck 

I , I I I I 1 1 I I I I 





20.0 8 
I 

15-o s 

IO.0 

5-O 

0.0 

:’ 

i 

WI w2 w3 w4 w5 ,MB w7 W8 w9 WI0 Wll 
WEEKS 

I 1 .I I 



T :. 

PROTOCOL-2 REPORT 

MAHARASHTRA 

TABLES & FIGURES 



L 

s z 0 

SlNVld OC/3VAWl 

1 

- 

- 

- 



f 
, a - 

p”“” 
b‘ ’ 

b 3 
* < 

e-3 

br* 
P 
t 
Lb Id 

;‘P’:, ?,, L ..; .s * \,*;2& P’$,. ; “‘2 L _ ‘;r”‘,,- I 

TABLE: MS-l PERFORMANCE OF Bt OVER NOti Bt COTTON HYBRIDS AT BOTH,YEOTMAL 

! S.No. , PARAMETERS 

1 PLANT STAND / PLOT 

NON Bt 
(MECH-160) (MEi?160) 

CHECK 
(NHH-44) 

480.0 478.0 475.0 

1 PICKING(Kg) 9.5 ! 18.5 ! 20.3 I ; 

“YLlUl 0, “I I (1 IV I , ,“r\l,“u(l\y, I I”.” I ““.L I v ..” 
I 

WEIGHT OF SECONC 
4 WEIGHT OF THIRD PICKING(Kg) I 10.1 I 25.7 22.8 

I ; 

,vvL,w, , , vt , ,,,qTl-i PlCKINGfKn1 34.8 30.8 20.2 

IYIELD Ka / PLOT . . .- . ...‘-‘\“ J, I 

- ..- 
I I 

64.2 I 110.2 94.3 1 
t 7 IV IELD Kq / Ha 

il I --- 
I 1585.1 2720.0 2328.3 

8 % YIELD INCREASE OVER NON Bt AND CHEC/ 72.0 17.0 
9 NO. OF SPRAYS FOR LEPlDnPTFRANs --* -, . . . ..- 1 4t-l ..- 1 an -.- , 4l-l ..- 

10 PERCENT BAD COTTON I I 10.2 I 1.6 12.6 
11 PERCENT LOCULE DAMAGE 3 I 8.4 I 0.4 5.5 

12 AVERAGE NO OF BOLLWORMS 
LARVAE/10 PLANTS 
a) 0 - 60 DAS 0.7 0.3 0.8 

b) 61 - 90 DAS 2.4 0.2 1.7 
c) 91 - 120 DAS 2.9 0.2 3.0 
d)>120DAS 0.7 4.5 

I 
I 

I I 
,~ 5.g-p...---- 

I I 
13 IAVERAGE %FRUITING BODY 

1 
I I 1 

14 AVERAGE NO. OF JASSIDSI30 LEAVES 

a)O-60DAS 9.0 6.5 14.4 
b) 61 - 90 DAS 46.8 44.1 41.8 
c)91 -120DAS 27.1 36.6 * 35.0 
d) > 120 DAS 71.5 61.5 65.3 

15 AVERAGE NO. OF WHITE FLY/30 LEAVES 

a)O-60DAS 38.4 37.2 48.5 
b) 61 - 90 DAS 270.0 234.5 235.1 
c) 91 - 120 DAS 114.7 81.5 84.6 
d)>120DAS 224.7 157.9 173.0 

, 
16 AVERAGE NO. OF APHIDS/30 LEAVES s_ 

a) 0 - 60 DAS 130.9 209.1 150.2 
b) 61 - 90 DAS 55.6 48.7 46.3 
c) 91 - 120 DAS 17.2 12.2 12.0 
d)>120DAS 3.5 5.2 2.0 

REMARKS :In Bt cotton plot per cent yield increase was more over non - Bt as compare to check Overall 

field condition was excellent 



TABLE: MS-2 PERFORMANCE OF 6t OVER NON Bt COTTON HYBRIDS AT JALNA,VIREGAON 

S.No. PARAMETERS NON Bt Bt CHECK 
). (MECH-162) NHH-44 

496.0 499.0 
2 WEIGHT OF FIRST PICKING(Kg) 25.0 28.0 12.0 
3 WEIGHT OF SECOND PICKING(Kg) 17.0 20.0 13.0 
4 WEIGHT OF THIRD PICKING(Kg) 1l.Q 16.0 10.0 
5 WEIGHT OF FOURTH PICKINGtKg) 11.0 19.0 12.0 
6 YIELD Kg / PLOT 64.0 83.0 47.0 
7 YIELD Kg / Ha 1580.2 2049.5 1160.0 
8 % YIELD INCREASE OVER NON Bt AND CHEC 30.0 77.0 
9 NO. OF SPRAYS FOR LEPIDOPTERANS 7.0 1.0 7.0 
10 PERCENT LOCULE DAMAGE 12.0 2.0 9.0 

11 AVERAGE NO. OF BOLLWORMS LARVAE 
PER 10 PLANTS 
a)O-60DAS 0.0 0.0 0.0 
b) 61 - 90 DAS 10.3 0.0 8.3 
c) 91 - 120 DAS 12.5 2.9 13.8 
d)>120DAS 1.7 0.6 2.7 I 

12 AVERAGE %FRUITING BODY 4 

DAMAGE 
a)O-60DAS 0.0 0.0 0.0 
b) 61 - 90 DAS 9.0 0.3 12.0 
c) 91 - 120 DAS 6.5 0.9 4.9 
d) > 120 DAS 2.0 0.2 1.2 

13 AVERAGE NO. OF JASSIDS/30 LEAVES 
a)O-60DAS 13.6 15.1 19.3 
b) 61 - 90 DAS 15.5 24.6 7.6 
c) 91 - 120 DAS 3.2 3.1 3.5 
d)>l20DAS 0.0 0.0 0.0 

14 AVERAGE NO. OF WHITE FLY/30 LEAVES 
a)O-60DAS 38.8 35.5 37.5 
b) 61 - 90 DAS 65.5 65.6 68.2 
c) 91 - 120 DAS 93.0 95.0 100.2 
d)>120DAS 39.3 26.6 25.8 

15 AVERAGE NO. OF APHIDS/30 LEAVES 
a)O-60DAS 60.0 59.2 42.5 
b) 36.7 c ' 68.3 30.8 
c) 91 - 120 DAS 

9.9 16.7 - ---I! 9.9 
22.5 k . . 69.1 - 34.2 

Id) > 120 DAS 1 

REMARKS :tn Bt Plot boltworm larvae crossed the threshold once and thus treated by recomnlended 
I~mxticides.The yield rrwease in Bt plot ove:l chcch was more as conlpare to 110,~ [31. 

- 

- 

- 

7. 



TABLE: MS-3 PERFORMANCE OF Bt OVER NON Bt COTTON HYk3RiC3S AT KOLHA,PARBHANI 

S.No. PARAMETERS NONBt j 
(MECH-12) j (M&12) 

CHECK 
(NHH-44) 

1 PLANT STAND /PLOT 482.0 1 480.0 480.0 

2 
WE,GHT oF F,F,-.’ . ..I_ 1,1.*.-.,*, / 

15 AVERAGE NO. OF WHITE FL 

a) 0 - 60 DAS I LL. I I L1.3 
b) 61 - 90 DAS 73 4 18 A 

c) 91 - 12.” Y‘\U ! ‘tL.” JO.0 
di ‘-- -.- 

I 
> 120 UAS 23.0 20.9 16.7 

I I I t 1 
16 AVERAGE NO. OF APHIDS/30 LEAVES ’ 

a) 0 - 60 DAS 
,, 

7.3 8.2 3.2 
b) 61 - 90 DAS 5.0 6.4 5.5 
c) 91 - 120 DAS 1.7 0.7 1.7 
d) > 120 DAS 6.5 10.0 9.1 

REMARKS :ln Bt plot bollworm larvae crossed Ihe threshold twice and treated by recommended 
lnsecticides.The yield increase in Bt was more over check as compare to corresponding 
non - Bt plot 
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TABLE: MS-4 PERFORMANCE OF Bt OVER NON Bt COTTON HYBRIDS AT BARAD,NANDED 

S.No. PARAMETERS ( NON Bt 1 CHECK 1 
1 (MECH-160) 1 

(MEC%l60) 
1 (NHH-44) 

1 PL 480.0 

2 WEIGHT OF FIRST PI 
^- ^ 

3 WEIGHT OF SECOND PICKING(Kg) I 19.0 I 21.0 17.0 
THIRD PI Pl/lhlC,V.-.\ 4r A IA ll I 11.0 

65.0 
I 

i 

-ANT STAND / PLOT 
CKING(Kg) 

I 482.0 I 476.0 I 
34.0 45.0 ‘j/.u I 

4 ---7. -. - 
WEIGHT OF IU/r\ll”U\‘\Y, Ii).” I T.” 

6 YIELD Kg / PLOT 68.0 80.0 

7 YIELD Kg / Ha lG7cl r-l 1975.0 1604.0 
8 % YIELD IN( GREASE ovm NON B; 

I .-. -.- 
tANDCHEq 18.0 

I -- - 
23.0 

9 NO. OF SPRAYS FOR LEPIl?n=‘-=n”“‘C ’ QA ’ n II I 7 n : 
10 PERCENT BAD r*-Ah’ 
11 PERCENT LOC 

,“I I LI ,T\I”U L.” -.I L.V 

U”I I”,” 1.7 0.1 2.9 
ULE DAMAGE 

I 
0.9 0.4 1.5 

12 AVERAGE NO. OF BOLLWORMS 
LARVAE/i 0 PLANTS 

!r a)O-60DAS b) 61 - 90 DAS 3.8 1.7 0.3 0.2 3.6 1.2 I 

t c) 91 - 120 DAS 3.7 0.9 3.4 
d) > 120 DAS 1.6 0.3 2.3 I 

I 
I 13 AVERAGE %FRUITING BODY 

I 

t DAMAGE 

a)O-60DAS 0.0 0.0 0.0 
b) 61 - 90 DAS 3.6 0.1 2.9 ’ ’ 
c) 91 - 120 DAS 4.3 0.5 3.8 

1 d)>120DAS 1.2 0.2 1.9 I 1 

14 AVERAGE NO. OF JASSIDS/30 LEAVES 
a)O-60DAS 

i 
30.3 31.4 35.0 

b) 61 - 90 DAS 29.2 35.5 34.7 I 
c) 91 - 120 DAS 39.1 

41.6 49.3 
---I 

I 
d)>120DAS 15.9 15.8 18.0 i I _I 

I 1 I I 
1.5 AVERAGE NO. OF WHITE FI “inn ’ r *“,-- 

-..- f 

a)O-60DAS I I u.u “. 1 
b) 61 90 DAS I I - A_ a 00 0 2”4; -j 

c) 91 - 120 DAS I 35.5 I Y0.U I 40.4 --I 
I 

--.- 

d)>l20DAS 28.3 29.3 34.3 I --. 

76 AVERAGE NO. OF APHIDS/30 LEAVES J j a) 0 - 60 DAS 77.7 +I~ 59.3 

b) 61 - 90 DAS 

66.1 --/ 1 

20.7 18.9 
c)91 -120DAS 

-16.0 -‘j 
0.0 0.0 d)>120DAS 0.0 0.0 

0.0 0.0 
-.-. ---I 

i 

REMARKS :Per cent yield increase in Bt over check was more as compare to corresponding non - Bi. 
Coparatively low infestation was observed in this region. 

-/ 

z- 

- 
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TABLE: MS-5 PERFORMANCE OF iit OVER NON Bt COTTON HYBRIDS AT LONWADI,BULDHANA 

lc Nr\ ~DAK?ARrli=TCKX 1 NnN Rt 1 at CHECK I 
“.I..&. 

1 

1 b-as Ln,“IL IL, L” , I.“,. “I , 1 fMFCH-1601 1 IMFC:l$,fj0) 
I -. .--.- 

1 (NHH-44) 

PLANT STAND / PLOT , I’----‘* ---, \------ ’ - ’ I 
I 

414.0 453.0 473.0 

I 31.2 27.0 
‘I 17.1 13.9 

24.1 18.2 
11.5 11.5 
QY.9 70.6 

I 2 l~t3t24T 
1 

- ..- ._... -. 
2 IWFIGHT no 

s __- .-... -. 
YIELD Kg / P I 

l2&8 
I VU.- I . -.- 

7 YIELD Kg / Ha 1 2071.6 1 1743.2 
8 % YIELD INCREASE OVER NON Bt AND Cnru I i.u 19.0 
9 NO. OF SPRAYS FOR LFPII-IOPTERANS 3.0 0.0 Ql-3 

17.0 0.5 13.5 

JLE DAMAGE 5.3 0.5 6.0 

3.” I 

IO PERCENT BAD COTTON 
11 PERCENT LOCI 

12 AVERAGE NO. OF BOLLWORMS 
LARVAE/l 0 PLANTS 
a)O-60DAS 4.6 0.5 4.9 

b) 61 - 90 DAS 4.4 0.8 4.3 

c) 91 - 120 DAS 2.5 0.7 4.7 

d)>120DAS 4.3 1.3 4.6 

13 AVERAGE %FRUITING BODY 
DAMAGE 
a)O-60DAS 3.4 0.1 ‘ 4.4 

b) 61 - 90 DAS 5.7 0.3 5.3 

c)91 -120DAS 2.3 0.3 2.5 

d)>120DAS 4.1 1.2 4.8 

I 
14 AVERAGE NO. OF JASSIDSi30 LEAVES 

a)O-60DAS 20.9 24.3 19.4 

b) 61 - 90 DAS 9.2 13.3 23.2 

c) 91 - 120 DAS 
. 

20.7 21 .o 23.7 
d)>l20DAS 28.4 25.6 25.8 

15 AVERAGE NO. OF WHITE FLY/30 LEAVES 
a)O-60DAS 168.3 181.6 
b) 61 - 90 DAS 

168.5 
66.4 52.1 

c) 91 - 120 DAS 
51.6 

26.9 21.2 
d)>120DAS 

21.8 
36.8 34.7 43.8 

I 
16 IAVERAGE No. OF BENEFICIALS/IO PLANTS 

I ’ 
‘I + 

a)O-60DAS 5.1 7.4 3.1 
b) 61 - 90 DAS 11.5 13.1 3.6 
c)91 -120DAS 2.0 3.2 2.2 
dI>120DAS 3A 3f-l IF: 

i 

REMARKS :Per cent yield increase in Bt plots was more over corresponding non - Bt as compare to check. 



TABLE:MS-6 PERFORMANCE OF et OVER NON Bt COTTON HYBRIDS AT UMBERKHED,JALGAON 

I 
.o I 

. .-_- 
2914.0 I 

-. ,. . . I 
; I 0.0 I 0.0 I 0.0 I 

L -. . . .-.- 

a)O-60DAS 0.0 0.0 0.0 
b) 61 - 90 DAS 5.1 0.0 * 5.2 
1-t AA ‘-7 DAS 6.2 0.6 12.2 IA -a ^^ a- \ 
IC)Yl -lzu 

Id) > 120 DAS 

I I I 
14 IAVERAGE NO. OF JASSIDSI~O LEAVES I 

I 7n.5 
ii.2 

! 62.3 ! 62.1 I 
56.3 49.4 

35.9 37.9 . 26.1 
1,7.3 17.8’ 18.7 

I 

a)O-60DAS 
b) 61 - 90 DAS 
c) 91 - 120 DAS 
d) > 120 DAS‘ 

\ 
15 AVERAGE NO. OF WHITE FLY/30 LEAVES 

a)O-60DAS 8.7 7.9 80.8 
b) 61 - 90 DAS 142.0 144.0 150.5 
cj9-l -120DAS 132.9 93.1 121.0 
d) > 120 DAS 24.6 26.5 27.8 

16 AVERAGE NO. OF BENEFICIALS/lO PLANTS 
a)O-60DAS 15.8 15.0 6.6 
b) 61 - 90 DAS 20.0 ,’ 15.0 3.3 
c)Ql -120DAS 2.5 10.0 4.2 
d\>120DAS 0.8 1.7 nn 

- 

- 

- 

REMARKS :Average infestation of bollworms was low in the region.The yield increase over non - Bt was 
high as compare to check. 



Fig : lb%4 YIELD OF Bt AND MOM Bk COTTON HYBt?fDS IM MAHAf8W-K~ 
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Fig : IS-2 COMPARATIVE SPRAYING FOR BOLLWORRA COMPLEX ON Bt AND NOM Bt COTTON 
HYBRIDS IN iWAHAf?ASHTRA 
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FIG: MS4 POPULATION OF BOLLWORMS AND % FRUITING BODY DAMAGE ON COTTON AT 
WREGAON,JALNA 
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FIG: MS-5 POPULATlON OF BOLLWORMS AND % FRUIIING BODY DAMAGE QN CCkTTON AT 
KOLHA, PARBHANI 
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TABLE: GJ-1 PERFORMANCE OF Bt OVER NON Eat COTTON HYBRIDS AT PiNGARWADA,VADODARA 

IS.Nd. 1 PARAMETERS I NONBtI Bt 1 CHECK 1 
1 (MECH-3) 1 (MECH-3) W-6) -I 

1 i PI-ANT STAND / PL.OT I 482.0 I .480.0 480~0 I -. . . . -.. .._- -- . ! 
.--.- .--.- 

2 WEIGHT OF FIRST PICKING(Kg) I 33.0 52.0 31.0 1 
3 WEIGHT OF SECOND PICKINGiKa) 63.0 69.0 60.0 1 

\ “I I 
i 

4 WEIGHT.OF THIRD PICKING(Kg) 30.0 33.0 30.0 J 
5 YIELD Kg / PLOT 126.0 154.0 121.0 1 
6 YIELD Kg/Ha 2987.0 3802.0 3111.0 1 
7 % YIELD INCREASE OVER NON Bt AND CHE 27.0 22.0 .! I 
8 NO. OF SPRAYS FOR LEPIDOPTERANS 3.0 0.0 3.0 

I 
I I 

9 AVERAGE NO. OF BOLLWORMS I 
LARVAE/l 0 PLANTS 1 

a)O-60DAS 5.7 1.2 2.8 I 
b) 61 - 90 DAS 1.1 0.4 . 3.0 

c) 91 - 120 DAS 4.1 1.0 7.7 

J 

d) > 120 DAS 0.0 0.0 1 0.0 i ! 
I I 

IO AVERAGE %FRUITING BODY 1 
DAMAGE I 

I i 

a)O-60DAS 6.4 1.2 6.8 
b) 61 - 90 DAS 6.7 0.6 10.0 _i 
c) 91 - 120 DAS 6.6 3.4 7.2 i 
d) > 120 DAS 0.0 0.0 0.0 --I 

--. --I 
.-I 

11 AVERAGE NO. OF JASSIDSI30 LEAVES 
a)O-60DAS 60.8 * 47.2 93.9 i 
b) 61 - 90 DAS 28.8 16.3 19.5 1 
c) 91- 120 DAS 51.5 44.5 37.5 -1 
cl) > 120 DAS 

--vi b 

12 AVERAGE NO. OF WHITE FLY/30 LEAVES 
-; 

a)O-60DAS 12.9 16.5 6.8 --j 

b) 61 - 90 DAS 50.3 39.3 41.3 --,I 
c) 91 - 120 DAS 264.5 246.0 223.5 ‘1 
d) > 120 DAS 

II/j 
1 
f 

13 AVERAGE NO. OF BENEFlClALSllO PLANTS “7 
_-“.._! 

a)O-60DAS 34.8 51.7 27.3 : 
b) 61 - 90 DAS 19.0 23.2 23.2 ----I j 
c) 91- 120 DAS 0.0 6.7 3.3 

---j 
: 

dj B 120 DAS ---I i 

pEMARKS :Infestation of bollworms was very low on Bt plots as compare to non - Bt and check plots. 

- 



m 
a : 
6 n 

k? 

1 
f” i 
k i 

R 
L : 

TABLE: GJ-2 PERFORMANCE OF Bt OVER NON Bt COITON HYBRIDS AT BHUNANA,RAJKOT 

; .’ ,I 
S.No. PARAMETERS NON Bt Bt CHECK 

, 

(MECH-162) (MECH-162) H-6 
1 PLANT STAND / PLOT 484.0 494.0 469.0 
2 WEIGHT OF FIRST PICKlNG(Kg) 17.3 100.0 33.0 
3 WEIGHT OF SECOND PICKING(Kg) 40.0 39.8 29.0 
4 WEIGHT OF THIRD PlCKlNG(Kg) 23.5 21.2 40.0 
5 WEIGHT OF FOURTH PICKING(Kg) 

6 YIELD Kg / PLOT 80.8 161.0 102.0 
7 YIELD Kg I Ha 1995.0 3975.0 2578.0 
8 % YIELD iNCREASE OVER NON Bt AND CHE 99.0 540 
9 NO. OF SPFWYS FOR LEPIDOPTERANS 11.0 3.0 71.0 
10 PERCENT BAD COTTON 23.7 6.6 20.0 
11 PERCENT LOCULE DAMAGE 23.7 6.6 19.3 

12 AVERAGE NO. OF BOLLWORMS 
LARVAE/l 0 PLANTS 

a)O-60DAS 
b) 61 - 90 DAS 
c)91 -120DAS 
d) > 120 DAS 

2,.5 0.7’ 2.3 
7.1 1.1 3.6 

46.5 9.9 27.2 
6.3 0.0 7.0 

13 AVERAGE %FRUITING BODY 
DAMAGE 

a)O-60DAS 0.9 0.0 0.4 

b) 61 - 90 DAS 12.0 1.4 ’ 10.5 
c) 91 - 120 DAS 19.7 3.4 11.0 
d) ’ 120 DAS 1.8 0.1 2.4 

14 AVERAGE NO. OF JASSIDS/30 LEAVES 

a)O-60DAS 2.5 3.3 6.5 
b) 61 - 90 DAS 42.3 19.3 37.3 
c) 91; - 120 D,=IS 31.0 8.0 8.0 
d) > 120 DAS 10.7 9.7 11.7 

15 AVERAGE NO. OF WHITE FLY/30 L&VES 

a)O-60DAS .12.8 11.5 22.0 
b) 61 - 90 DAS 51.3 29.3 40.8 
c) 91 - 120 DAS 32.5 38.8 41.8 
d) > 120 DAS 12.0 13.0 13.0 

, 
16 AVERAGE NO OF BENEFICIALS/lO PLANTS It ( _ 

a)O-60 DAS a.7 6.8 3.2 
b) 61 - 90 DAS 6.5 5.6 6.1 
c) 91 - 120 DAS 0.9 1.2 0.2 
d) > 120 DAS 0.0 0.0 0.0 

REMARKS .The incident cf bollworms were very high in this location.Crop was also infested ky 
Spodoptem x 
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FIG: 05-3 POPULATION OF BOLLWORMS AND % FRUITING BODY DAMAGE ON CQTTON AT 
PINGARWADAsVADODRA 
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FIG: GJ-4 POPULATION OF BOLLWORMS AND % FRlJlTlNG BODY DAMAGE ON COTTON AT 

BHUNAWA,RAJCOT 
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TABLE: KTK-1 PERFORMANCE OF Bi OVER NON Bt COlTON HYBRIDS AT MALADAGUDDA,RAICHUR 

m 
b ; 
c i 

m f r- . 
$nj 

S.No. IPARAMETERS 1 NON Bt 1 Bt CHECK -i 
I I_---__ 

I IMECH-3) (MECH-3) (NHH-44) i 
1 PLANT STAND/PLOT 286.0 280.0 290.0 j 
2 WEIGHT OF FIRST PICKING(Kg) 3.6 7.1 4.5 1 

3 WEIGHT OF SECOND PICKING(Kg) 5.0 6.5 5.4 1 
4 YIELD Kg J PLOT 8.6 13.5 9.8 : 
5 YIELD Kg / Ha 212.0 333.0 242.0 1 
6 % YIELD INCREASE OVER NON Bt AND CHEd 57.0 38.0 
7 NO. OF SPRAYS FOR LEPIDOPTERANS 3.0 

I 
0.0 3.0 i 

8 PERCENT BAD CO-l-f-ON 7.9 ! 3.2 7.2 

-4 
9 AVERAGE NO. OF BOLLWORMS 

LARVAE/l 0 PLANTS 
a) 0 - 60 DAS 6.0 1.4 4.2 i 
b) 61 - 90 DAS 12.8 4.5 12.1 --. 
c) 91 - 120 DAS 4.1 3.1 * 4.4 -i 
d) > 120 DAS 0.0 I 0.0 0.0 4 1 

I I I 
10 IAVERAGE %FRUITING BODY 

DAMAGE 1 
a)O-60DAS 1.0 0.3 0.8 f 

b) 61 - 90 DAS 
t 

7.8 3.0 7.0 
c)91 -120DAS 8.4 5.7 7.4 ; 
d) > 120 DAS 0.0 0.0 0.0 -; 

REMARKS :Crop condition was very poor due to continuous heay rainfall.The field was destroyed by 
activists after second picking. 



TABLE: KTK-2 PERFORMANCE OF Bt OVER NON Bt COTTON HYBRIDS AT BENNIKAL,BELLARY 

PLANT STAND / PLOT 

13 AVERAGE NO. OF BENEFICIALWi 0 PLANTS 
a)O-60DAS 11.3 11.9 
b) 61 - 90 DAS 

9.7 
14.7 13.7 

c) 91 - 120 DAS 
11.8 

7.1 , 9.0 8.4 
d)>120DAS 0.0 ‘,(. 0.0 0.0 

REMARKS :Crop condition was very good and bollworm attack was very less on Bt plot as cotipare to 
non - Bt and check-The field was destroyed by activists after second picking. 



“.?, __ i-,i, _ .,-,./ 

TABLE: KTK-3 PERFORMANCE OF Bt OVER NON Bt COTTON HYBRIDS AT ADUR,DHARWAD 

S.No. PARAMETERS NON Bt Bt CHECK ! 
(MECH-162) (MECH-162) (NHH-44) 1 

1 PLANT STAND / PLOT 480.0 485.0 475.0 I 
2 WEIGHT OF FIRST PICKING(Kg) 17.0 41 .o 16.0 
3 WEIGHT OF SECOND Plr.KlNGlKnl 28.0 29.0 17.0 

I SW. . . . .- . - I 
--.- 

I I 

ICKINGIKa\ I 32.0 I 34.0 I 39.0 i 
4 I ~~- 

WEIGHT OF THIRD PI -. _.. --.\. -y, 
5 YIELD Kg/ PLOT I 77.0 104.0 * 72.0 
6 YIELD Kg / Ha 1901 .o 2568.0 1778.0 
7 % YIELD INCREASE OVER NON Bt AND CHEq 35.0 44.0 
8 NO. r-J= SPRAVS FnR I FPli-I0PTFRANS I 3.0 0.0 3.0 

9 
10 

11 

I. . .,*. - . -. a w-. .--. . -. . . . . _- I -.- I _.- 

T BAD CO-t-l-ON ! 7.4 i 212 ! 10.4 I PERCEN 
PERCENT LOCULE DAMAGE 

AVERAGE NO. OF BOLLWORMS 
LARVAE/l I-I PI ANTS 

a)O-60-. .- 

23.5 1.9 23.7 

J 

&is . -s....- 0.3 0.0 0.0 

0.3 0.3 2.6 3 b) 61 - 90 DAS 
c)91 -120DAS I 3.1 I 0.4 I 2.3 I 

t 
Id) > 120 DAS 
I 

I 0.0 I 0.0 I 0.0 

1 I 
12 AVERAGE %FRUITING BODY 

DAMAGE 
a)O-60DAS 0.0 0.0 0.0 

h’ 61 90 DAS - 5.2 1.2 5.0 I 
-91 - 120 DAS I 9.5 I 2.9 I 8.9 I 

dj>120DAS 
I -.- I -.- 

I 0.0 0.0 I ’ 0.0 
t 

13 AVERAGE NO. OF JASSIDS/30 LEAVES I 
a)O-60DAS 0.0 0.0 0.0 1 

b) 61 - 90 DAS 
f 

45.1 61.3 73.3 1 
c)91 -120DAS I 165.0 188.7 160.7 f 
d) > 120 DAS 0.0 0.0 0.0 

I 
1 

REMARKS :Per cent yield increase in Bt plot was more over check as compare to non - Bt of same hybrid. 
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TABLE: HR-1 PERFORMANCE OF Bt OVER NON Bt COTTON HYBRIDS AT MAYYER,HISSAR 

f7 
b , 

r! 
1: 

5 YIELD Kg/Ha 1583.0 906.0 
6 % YIELD INCREASE OVER NON Bt AND CHEd 27.0 75.0 
7 NO. OF SPRAYS FOR LEPIDOPTERANS 4.0 0.0 4.0 
8 PERCENT BAD COTTON 1.5 0.2 1.7 

9 AVERAGE NO. OF BOLLWORMS 
LARVAE/l 0 PLANTS 

a) 0 - 60 DAS 0.3 0.5 0.7 
b) 61 - 90 DAS 11.2 0.3 9.6 
c) 91 - 120 DAS 11.0 0.2 10.2 
d)>120DAS 0.0 0.0 0.0 

10 AVERAGE %FRUITING BODY 
DAMAGE 

a) 0 - 60 DAS 2.2 0.1 1.3 
b) 61 - 90 DAS 4.6 0.1 4.6 
c) 91 - 120 DAS 2.4 0.1 2.1 
d)>120DAS 0.0 0.0 0.0 

11 AVERAGE NO. OF JASSIDS/30 LEAVES 

a) 0 - 60 DAS 57.8 53.8 1 61 .O 
b) 61 - 90 DAS 30.0 33.,0 28.3 
c) 91 - 120 DAS 1.7 1’.7 1.7 
d)>120DAS 0.0 0.0 0.0 

12 AVERAGE NO: OF WHITE FLY/30 LEAVES 

a)O-60DAS 77.0 89.3 94.5 
b) 61 - 90 DAS 79.0 98.0 105.6 
c) 91 - 120 DAS 11.0 35.8 a.5 
d)>120DAS 0.0 0.0 0.0 

REMARKS :Per cent yield increase in Bt plot was very high over check hybrid as compare to 
corresponding non - Bt hybrid. 
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Fig : HR-2 COMPARATIVE SPRAYING FOR BOLLWORM COMPLEX ON Bt AND NON Bt COTTOW HYBRID8 
IN NARYANA 
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TABLE: R&I PERFORMANCE OF Bt OVER NON Bt COTTON HYBRDB AT BRIGANGANAGAR 

REMARKS :This trial was sown very late and then severely damaged by heavy rain fall and could not 
reached to picking stage. 
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Fig : R&I COMPARATIVE SPRAYING FOR 8OLtWORM COMPLEX ON IBt Aff D NON Bi COTTON HYBRIDS 
IN SRIGANGANAGAR 
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FIG: R.J-2 ~O~~~AT~G~ OF BQLLWORMAS AND % FRUBTlNG BQDY DABilAGE ON COTTON AT 
SRIGANGANAGAR 
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TABLE: TN-1 PERFORMANCE OF BL OVER NON 61 COTTON HYBRIDS AT KANNANOOH, DHAHMAPURI 

l--- 
jL.-- 
4---- l---- 

k 

S.No. 1 PARAMETERS 1 NONBt 
’ (MECH-162) (MECBHt-162) 

CHECK 
I (NHH-44) 

j PLANT STAND / PLOT 478.0 480.0 480.0 
2 WEIGHT OF FIRST PICKING(Kg) 6.0 16.0 8.0 
3 WEIGHT OF SECOND PICKING(Kg) 9.0 25.0 10.0 

4 ,WEIGHT OF THIRD PICKING(Kg) 
5 ‘YIELD Kg / PLOT 15.0 41.0 18.0 
8 YIELD Kg /Ha 370.0 1012.0 444.0 
7 % YIELD INCREASE OVER NON Bt AND CHEd 174.0 . 128.0 
,Fj NO. OF SPF?AYS FOR LEPIDOPTERANS 4.0 0.0 4.0 ! ..___ --.. - - -- -- 

I-- 
/ I I 

I ! 

9 /AVERAGE NO. OF BOLLWORMS 
I 11 /D\/A!=llTt PI AI\lTC I I ,,IYT\Ul”l LrlI”l” 

la) 0 - 60 DAS 7.1 0.6 I 5.4 
lb) 9.8 0.0 . 12.0 (-I 

61 - 90 DAS - 
I -\ ICJ 91 - 120 DAS 6.0 0.3 6.2 
Id’) > 120 DAS 0.0 0.0 0.0 

I I 
51 IAVFRAGF NO. OF JASSIDS/30 LEAVES 

s ?x 2 
1 

win I 6Q 0 

b I I 4 1 
"13 AVERAGE NO. OF BENEFICIALS/i 0 PLANTS t 

I a)O-60DAS 114.8 975.0 j "100.3 1 

b) 61 - 90 DAS 144.0 !p------ 
~ 176.0 I ?57.5 I / 1 c)91 -120 DAS 41.0 405.0 1 49.0 I I dj > 120 DAS 0.0 0.0 1 0.0 1 

- 

- 

- 

- 

- 
P.EMARKS :This trial was late sowr~ and final picking is to be done.The present yield is based up to 

second picking.Per cent yield increase in Bt plot was more as compare to non - B1 plot. 

- 



Fig : TN-1 YIELD OF Be AND NON Bt COTTON HYBRIDS IN TAMlLNA5ld 
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FIG: TN-3 PQPULATIQN OF BOLLWORIWS AN0 % FRUlTiNG BODY DAMAGE ON COTTON AT 
KANNANOQR,DHARMAPURI 
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ANNEXURE-I 

FIBER QUALITY DATA 
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ANNEXURE 1 

COMPARISON OF FIBER PARAMETERS OF Bt AND NON-Bt COTTON HYBRIDS . 

MECH-162 

AVG.B t MECH-162 4.3 28 80 AVG.NON-Bt 26.6 MECH-162 34.7 
4.3 28 80 AVG.CHECK 26.5 NHH-44 34.8 
4.3 27 79 24.6 34.1 



ANNEXURE 1 (continued) 

COMPARISON OF FIBER PARAMETERS OF Bt AND NON-Bt COTTON HYBR1DS 

AIECH-3 

r 1 CW-ATInN 1 NAME OF THE I kW.ZRO- ( FIBRE 1 UNlFORMlY 1 FIBER STRE ~..., - -~ iNGTH GINNING 7% 
._.,-. . . .-,. 

ENTRY NAIR LENGT INDIX(9c) l/8” ti CiWEX 

H 
MM 

DENDK MECH-3 BI 4.5 2! 
DIST. : KHAMMAM MECH-3 NBt 4.6 25 

- 

- 



ANNEXURE 1 (continued) 

d-3 
t ! 

i: i 

m 

i 1 
I .’ 

COMPARISON OF FIBER PARAMETERS OF Bt AND NON-Bt COTTON HYBRIDS 

MECH-160 

MECH-1 

NAME OF THE MICRO F&E UNIFORMIY 
ENTRY 

FlBER STRENGTH 
NAIR 

GINNING % 
LENGTH INDIX(%) liS% G GMfl-EX 
MM 

PANNARI MECH-1 Bt 3.9 30 80 27.1 36.7 

DIST.ADILAJ?AD MECH-1 NBT 4.1 30 84 26.7 36.5 
STATE: AP NHH-44 4A 28 78 24.5 Rd 3 

MECH-915 

NAMZ OF THE MICRO FIBRE 
ENTRY 

UNlFORhflY FIBER 
NAIR LENGTH INDIX(%) 

GINNING % 
STRENGTH 

MM IiSTH G GMflZX 

MAYYER MECH-915 Bt 4.2 31 80 DIST. : HISAR 27.9 
MECH-915NBt 

35.8 
4.3 31 STATE : 80 

HARYANA 
27.8 

DHANLAXMI 
35.8 

L 4.6 28 81 26.5 35.2 



PROTOCOL-2 REPORT 

ANNEXURE-2 ’ 
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ALL LQCATIONS 
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- 
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TABLE: A-l POPULATION DYNAMICS OF SUCKING PESTS OF COlTON AT RENTACHINTALA,GUNTUR 

WEEKS 

WI 

JASSID930 LEAVES I WHITE FLY/30 LEAVES APHIDS/30 LEAVES 
NBt 1 Bt 1 Check i NBt t Et 1 Check NBt 1 Bt [ Check 

01 n 94 

WI2 .- .- -, 0 0 0 
WI3 91 111 361 381 361 0 0 0 
w14 01 0 0 0 

TABLE: A-2 POPULATION DYNAMICS OF BOLLWORMS LARVAE AND % FRUlTlNG BODY DAMAGE AT ’ 
AT RENTACHINTALA,GUNTUR 



- 

TABLE: A-3 POPULATION DYNAMICS OF SUCKING PESTS OF COTTON AT MANGANUR,MEHBOOBNAGAR 

! WEEKS 1 JASSIDS130 LEAVES I WHlTE FLY130 LEAVES I APHIDS/30 LEAVES 
NEt 1 Bt 1 Check 1 NBt 1 Bt 1 Check 

_- -- -- -_ 

99 
a9 

Ziil a3 
67 ” 

60 
411 431 

0 0 

45 01 0 0 

“, 0 01 01 01 0 0 

122 
13 

152 
120 

92 
62 
58 

29 6Y 100 94 
98 0 0 0 

275 0 0 0 
245 0 0 0 

70 0 0 0 
60 0 n * n 

63 0 

TABLE: A-4 POPULATION DYNAMICS OF BOLLWORM LARVAE AND % FRUITING BODY DAMAGE 
AT MANGANUR,MEHBOOBNAGAR 

1 WEEKS 

WI 

‘ w2 

Larvae/l 0 Plants XFrulting body damage I % Damage in shed material 
NBt Bt Check NBt -et 1 Check 1 NBt 1 Bt 1 Check 

9.6 0.0 20.0 35.2 
17.7 3.0 RI .? -- 



TABLE: A-5 POPULATION DYNAMICS OF SUCKING PESTS OF COTTON AT DENDUKUR, KHAMMAM. 

1 WFFKS 1 .IASSlIlSl?fl I l=AVFC 
.---..v “-1-.-v”” b-v..-” ..IIIILI L-II.a”LCm”C.2 .-. . ..--,-v --...-- 

1 NBt 1 Bt 1 Check NBt 
1 181 71 

1 Bt 1 Check NBt Bt Check 
WI 9 01 01 0 800 385 963 
..*‘I Al r. 216 131 

,-I9 ,cc 
W4 

w5 1 154 
w6 35 381 771 

w7 22 201 
,uR 47 

jj 
- 
- 

; E 0 
0 

TABLE: A-6 POPULATlON DYNAMICS OF BOLLWORMS LARVAE AND % FRUITING BODY DAMAGE AT 
DENDUKUR,KHAMMAM 



TABLE: A-7 POPULATION DYNAMICS OF SUCKING PESTS OF COlTON AT NAGATUSKURNOOL 

TABLE: A-8 POPULATION DYNAMICS OF BOLLWORMS AND % FRUlTlNG BODY DAMAGE AT 
NAGATUR,KURNOOL 

WEEKS Larvaen 0 Plants 
NBt 1 

% Fruiting body dama 
Bt 1 9 1 Check %Damage in shed material NBt 1 

St 0.71 
1 

:heeck I NBt I 

1 

c Bt I Chcvrlr 
,; 

I 
WI 0.01 -- -..--,. on 

0.01 0.01 n I-II nnl 

- 

- 

- 

- 

- 

- 
26.31 0.71 41.7) 28.81 -.-, --.. , V.“, 0.01 0.01 .-.-A 

. 



Pf: 

c , 

F”1 
; : 

TABLE: A-9 POPULATION DYNAMICS OF SUCKING PESTS OF COTTON AT VURUGONDA,WARANGAL 

TABLE: A-10 POPULATION DYNAMICS OF BOLLWORMS AND % FRUITING BODY DAMAGE AT 
VURUGONDA,WARANGAL 

WEEKS Larvae/l 0 Plants 
NBt 1 

% Fruiting bodies damage 
f3t 1 Check NBt 1 

%Damage in shed material 

WI n nl n nl 
Bt 1 Check NBt 1 Check 

nn n nl 
Bt 1 

nn n nl 



TABLE: A-11 POPULATION DYNAMICS OF SUCKING PESTS AT KOTHAGADI,RANGAREDDY - 

TABLE: A-12 POPULATION DYNAMICS OF BOLLWORMS AND % FRUITING BODY DAMAGE AT 
KOTHAGADI,RANGAREDDY 

WEEKS 

WI 

Larvae/l 0 Plants 
NBt 1 Bt 1 Check 

n nl 0.01 0.0 
^^ nc 

%Fruiting body damage I %Damage in shed material 
NBt Bt Bt 1 Check I NBt I Check 

0.0 0.0 0.0 
nn 



TABLE: A-13 POPULATION DYNAMICS OF SUCKING PESTS OF COTTON AT PONNARI,ADILABAD 

WEEKS JASSIDSI30 LEAVES WHITE FLY130 LEAVES BENEFiCIALSIlO PLANTS ’ 
NBt 1 Bt 1 Check NBt I Bt 1 Check NBt 1 Bt 1 Check 

WI !?!I 01 0 II 41 8 

WI5 73 69 
w16 71 78 
WI7 81 83 

I .- 

30 ;;I 18 0 0 
65 37 44 45 0 0 0 
74 53 65 54 0 0 0 
69 68 65 63 0 0 0 -- -- _- 

1 
” 

TABLE: A-14 POPULATlON DYNAMICS OF BOLLWORMS AND % FRUlTlNG BODIES DAMAGE AT PONNARI,ADILABAD 

-.- -.- -.- . . . 
w8 8.6 0.0 13.6 8.0 
w9 9.0 0.0 11.6 8.9 

WI0 12.3 0.0 17.0 9.2 

0.8 5.5 0.0 
0.8 4.8 0.0 
0.6 6.0 0.0 

w17 I 18.01 0.01 18.31 6.11 0.01 6.61 0.01 0.01 0.01 



TABLE: A-15 POPULAn.FN DYNAMlCS OF SUCKlNG PESTS OF COlTON AT BOTH,YEOTMAL 

WEEKS Jassids/30 Leaves White Flyf30 Leaves I Aphids/30 Leaves - 
NBt 1 Bt Check NBt Bt Check 1 NBt Bt Ckk--‘i 

Wl 71 6 6 30 37 391 101 97 8% 
, w2 I 31 2 39 33 411 105 203 ?59! 

531 I x.0. 

I I “V, 

29 991 &I &I 41 01 .‘ ! 1 : 
WI, , v, r, 1 1161 
. ..4 

TABLE: A-16 POPULATION DYNAMICS OF BOLLWORMS AND % FRUITING BODY DAMAGE AT BOTH, 
Y EOTMAL 

WEEKS 1 Larvae/l0 Plants %Fruitlng body damage % Damage in shed material j 
1 NBt 1 Bt I Check I NBt 1 Bt 1 Check NBt 1 Bt Check j 

ur, n nl n nl n nl n t-11 n 1-1 0.0 0.01 0.0 C.GI 
WL , I .u, “...I, 1.0, V.“, 0.0 0.01 

-- .- 
-- 0.0 

0.0 
nn 

““I-t , 0.0, I .“, 7.31 7.81 
,*,. c 1 -fI n 71 

- 

- 



TABLE: A-17 POPULATION DYNAMICS OF SUCKING PESTS OF COl-i-ON AT VIREGAON,JALNA 

WEEKS JassidsBO Leaves I Whit& Flv/30 Lea\ _~~ fes BeneficialsIlO Plants 
NBt Bt 1 Check i ‘.d .NRt 1 Rt 1 Check NBt Bt I Check 

wl 50 Jr, 31, O", O", 58 37 471 13 

w2 3 111 21 141 121 6 27 331 13 

w3 0 6 21 42 37 
w4 0 4 3 39 33 
w5 15 27 13 07 69 

55 27 73 50 
31 150 83 93 
13 00 113 47 7 

F*: i. : 
w6 2 2 3 25 28 19 
w7 43 69 14 130 143 106 
wa 1 1 0 21 33 34 
w9 4 7 3 79 66 n. 

WI0 1 5 6 89 113 ii z-i :;; 
I 

;1, 
WI-I I 61 01 dl n7l RI I 103 13 63 17 
WIL , I 

Cl 
I 

ii 
I 

iI 
I IL, I '", 149 10 60 13 

w13 I 391 271 26 10 17 10 

TABLE: A-18 POPULATION DYNAMICS OF BOLLWORMS AND % FRUITING BODY DAMAGE AT 
VIREGAON,JALNA 

WEEKS 

WI 

w2 

Larvae/l 0 Plants %Fruiting body damage % Damage in shed material ] 
NBt Bt Check NBt Bt Cl 

0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 

I 
_._ -.- 

I 0.01 0.01 0.01 0.0 r\ nl I\ nl n nl t.n 

12.71 0.01 
-. 

I?01 Isit w6 _._ .-.- .-.. 
w7 14.3 0.0 13.31 11.0 
wa 12.7 0.0 8.01 7.51 
w9 12.0 0.7 14.0) 7.0 

WI0 11.3 9.3 IS.01 7.21 1.31 8.01 0.01 0.01 Od 

wll 15.0 0.0 13.31 5.71 0.51 0.11 0.01 0.0) 0.01 
WI2 

1.; 

Il.71 1.71 12.01 6.01 0.51 5.51 0.01 0.01 0.0' 
h nl h nl n rrl 4 -9, ,-.a, A ,.I ,. ,.I . rl -- WI3 1 V.", "."I I 

;::I 
I 

l:h1 
". I I I.", "."I "."I * "."I 

WI4 1 3.31 1.11 0.31 1.41 0.01 0.01 0.01 



- 

TASLE: A-19 POPULATION DYNAMICS OF SUCKING INSECT PESTS OF COTTON AT KOLHA, PARBHANI 

Jassid&O Leaves 
I 

White Fly/30 Leaves I Beneficials/lO Plants 
FU I Check 1 NBt Bt 

T.&BLE: A-20 POPULATION DYNAMICS OF BOLLWORMS AND % FRUITING BODY DAMAGE AT 
KOLHA,PARBHANI 

1 WEEKS [ Larva& 0 Plants I %Fruiting body damage 1 % Damage in shed material 
r Bt Check NBt Bt Check t / NBt 1 1 1 

1.31 
1 1 1 NBt 1 Bt 1 Check 

i wl nn 



TABLE: A-21 POPULATION DYNAMICS OF SUCKING INSECT PESTS OF COlTON AT BARAD, NANDED 

WEEKS 

Wl 

JASSIDMO LEAVES I WHI I t I-LYIBU LEAVE3 I UES 1 
NW 1 Bt 1 Check 1 NBt 1 Bt 1 Check 1 NBt t m Chsck 

261 26 48 70 
f% 66 

TABLE: A-22 POPULATION DYNAMICS OF BOLLWORMS LARVAE AND PER CENT FRUITING BODY 
DAMAGE AT BARAD,NANDED 

WEEKS 1 Larvae/l 0 Plants %Fruiting body damage % Damage In shed materlaf ! 
NBt 1 Bt 1 Check NBt 1 Bt 1 Check NBt Bt Chsck- i 

WI 2.31 0.01 1.3 0.01 0.01 0.0 0.0 0.0 0.0, 

w2 0.0 0.0 0.0 

w3 0.0 0.0 0.0 

1.7 0.3 2.01 0.0 0.0 0.0 
2.7 0.7 1.31 0.0 0.0 0.0 

w4 1 0.0 0.0 0.01 0.0 0.0 0.0 0.01 
..z 4-Y nn n al Asa F.e% .n A rrl 
WD 

w6 
w7 
W8 

w9 
WI0 
WI1 I 

_.- -.-, 0.0 
i.6 3.1 30.7 

Id.1 2.3 17.0 
17.0 2.3 15.6 
50.0 12.6 50.0 

3.01 0.0 
2.01 25.0 
2.31 2.0 
3.01 1.9 _ 



TABLE: A-23 POPULATION DYNAMICS OF SUCKING INSECT PESTS OF CO-i-TON AT LONAWADI, BULDANA . . 

WEEKS 1 JASSIDS.60 LEAVES I WHITE FLY/30 LEAVES I BENEFICIALS’IO PLANTS 

NBt 1 Bt -1 Check I NBt 1 Bt 1 Check 1 NBt I Bt 1 Check 
71 * 

TABLE: A-24 POPULATION DYNAMICS OF BOLLWORMS LARVAE AND PER CENT FRUITING BODY 
DAMAGE AT LONWADfBULDANA 

WEEKS 1 Larvae/i 0 Plants 
1 NBt 1 Bt 1 Check 

.A 



m 
D 1 

B 1 

P 
e; 
k J 

TABLE: A-25 POPULATlON DYNAMICS OF SUCKING PESTS OF COTTON AT UMBERKHED, JALGAON. 

WEEKS JASSIDS130 LEAVES WHITE FLY/30 LEAVES 1 BENEFICIALSilO PLANTS 

NBt Bt Check NBt Bt I Check 1 NBt \ Bt Check 
WI 107 98 98 0 01 0 01 0 0 
w2 27 26 18 0 01 0 101 0 7 
w3 1281 103 >^.. nl .lI n Ml 30 7 

,A,,4 L 9nl 33 30,-. 13, 
1zu I 

3; 
I 

13 "1-r L" 
. 

-- 13 3; 3; 
w5 54 63 54 39 48 49 IO 20 7 
W6 28 50 35 193 229 237 30 23 7 
w7 35 42 32 217 189 197 20 13 0 
W8 67 71 76 119 113 119 20 3 0 
w9 83 79 53 104 112 83. 

WI0 4 7 1 104 100 
WI1 13 25 15 147 it- _-., 
WI2 44 40 35 177 0 153 0 71 
WI3 19 24 27 25 33 20 0 3 0 
WI4 23 29 25 58 50 70 3 0 0 
WI5 17 9 131 2 12 18 0 3 0 
WI6 10 9 101 13 11 3 0 0 0 
WI7 10 11 11 13 10 18 0 01 3 

TABLE: A-26 POPULATION DYNAMICS OF BOLLWORMS LARVAE AND PER CENT-FRUITING BODY 
DAMAGE AT UMBERKHFD JALGAON 

? Larvae/l 0 Plants I %Fruiting body damage % Damage In shed matertal 
381 1 Bt Check NBt Bt Check 

0.0 0.0 0.0 0.0 0.0 
0.0 0.0 

I 4.tJ( l&U1 0.0 1Y.Z 
WI2 1 4.11 ;I:;, 5.0f 14.51 0.0 17.3 

0.0 8.7 w13 2.0 0.0 1.3 3.2 0.01 I 
-.. WI4 1.3 0.0 0.7 3.7 0.0 4.a t5.u 0.0 5.2 

WI5 2.7 0.0 1.3 6.7 0.0 3.1 12.9 0.0 6.0 
WI6 2.0 0.0 2.0 8.7 0.0 4.9 8.9 0.0 8.7 

1.3 0.0 1.3 23.8 0.0 17.6 8.9 0.0 11.1 
v‘* 



- 

TABLE: A-27 POPULATION DYNAMICS OF SUCKING PESTS OF COTTON AT PINGARWADA,VADODRA 

1 WFFKS 1 JASSlDSI30 LEAVES WHITEFLY I30 LEAVES BENEFICIALS ti0 PLANTS 
. . --.-- I 1 NBt.1 Bt ( Check 1 NBt 3t Check NBt 1 

>.A AGI 71 I 211 3 5 c) 4cl 

0”. I 40 3E 
““I , TV, -., 

w7 I 124 1281 L3 1, ,r, L”, ; 
I ‘V, 

60 107 as 
..- I 

\“A MI 771 291 271 _  ̂

=I--- 
9 20 20 17 1.” , . ,, 

w4 231 ;i ii 9 13 7 43 50 53 
w5 471 39 21 23 19 17 66 76 83 
w6 12 14 24 52 42 44 7 13 7 

WI0 8 IO’ 26' 38 4ct 42 3 131 3 
WI1 34 2 7 88 53 62 0 0 0 
w12 62 52 37 2541 228 178 0 3 7 
WI3 41 37 38 2751 264 269 0 10 0 

TABLE: A-26 POPULATION DYNAMlCS OF BOLLWORMS LARVAE AND PER CENT FRUITNG BODY 
DAMAGE AT PINGARWADA , VADODRA 

WEEKS 1 Larvae / 10 Plants I % Frultlng Body Damage I % Damage In’shed material 
1 N Bt 1 Check \ NBt \ Bt 1 Check 
I n l-II ^,. -0 

0 

IBt Bt Check NBt 
Wl 1 0.0 0.0 0.0 0.0 
w2 I 6.0 0.7 2.0 4.5 61 

I r-9 n nl A? r&T 1.61 W3 L.3 

w4 1Y.h 1.7 ;:; 1;:; 
W5 2.3 1.3 8.0 17.2 
w9 0.8 0.2 Cd e1 

WI0 ,I.0 ,0.2 : . .-, 

Wll 0.4 0.0 1.4 2.5 0.3 3.21 -i:i .,,I -i 

WI2 2.2 0.8 1.4 1.9 0.7 4.41 9.8 c._. 

,wl3. I 6.0 1.2 14.0 2.7 0.7- 9.91 13.1 0.01 . 24.1 

1.1 .-.- ._._, -.-, 
0.01 

* 
2.4 23.0 33.6 32.0 

;:;I1 i 4.4, 4.7/ 0.1 0.51 7R 5.8 20.6 94.4 16.61 IO.61 26.8 277,7 



F 
* 
i TABLE: A-29 POPULATION DYNAMICS OF SUCKING PESTS OF CO-l-l-ON AT BHUNAVA, RAJKOT. 
c. , 

WEEKS 1 JASSIDS130 LEAVES I WHITE FLY/30 LEAVES BENEFlClALSnO PLANTS 

1 I 
NBt 1 Bt 1 Check 1 NBt I Bt I Check NBt 1 Bt 1 Check 

WI nl . . al III 01 01 30 01 II 0 
5 

u.i W6 8 1 5 76 70 75 22 19 22 
w7 60 28 84 62 1 6 24 1 . 0 2 , 

p2 w8 83’ 56 

w9 18 18 27 

32 21 37 22 43 1 I 

30 

2 1 0 1 

k-2 WI0 106 14 5 82 99 95 2 3 0 
WI1 0 0 0 18 19 29 1 0 0 

!- WI2 0 0 0 0 0 0 0 01 1 
k” i WI3 0 0 0 0 0 0 .o 01 0 

DI w14 32 29 35 36 39 39 0 01 0 
, w14 0 0 0 0 0 0 0 01 0 . 

sl* 

! 

i ,’ 

i-3 

r’ 
.‘, “8: 

TABLE: A-30 POPULATION DYNAMICS OF BOLLOWORMS LARVAE AND PER CENT FRUITING BODY ’ 
DAMAGE AT BHUNAVARAJKOT 

WEEKS 

WI 

Larvae/i 0 Plants 
NBt ( Bt 1 Check 

0.71 0.61 2.6 

%Fruiting body damage 1 % Damage in shed material 
NBt 1 Bt I Check I NBt I Bt ] Check 

0.01 0.01 0.0 0.0 0.0 0.0 
w2 4.6 1.3 5.0 0.0 0.0 0.0 0.0 0.01 0.0 
w3 1.3 1.0 1.3 0.0 0.0 0.0 0.0 0.0 0.0 
w4 3.3 0.0 0.3 3.5 0.0 1.7 58.0 0.0 0.0 
w5 11 .o 0.7 0.0 20.6 3.6 5.4 96.5 13.6 89.2 
w6 0.7 0.3 2.0 5.6 0.2 5.7 97.31 16.3 71.3 



TABLE: A-31 POPULATION DYNAMICS OF SUCKING PESTS OF COTTON AT MALADAGUDDA, RAICHUR. 

WEEKS 

WI 

w2 
w3 
w4 

Jassidsl30 Leaves I White Fly/30 Leaves I BeneficlalsllO Plants 
NBt Bt Check 1 NEt l Et 1 Check I NBt 1 Bt Check 4“ 1 3 ! %I ml Q? 

26 67 
27 65 

9; ; 
” ” ..I, L” “V 

0 0 21 13 16 
43 0 0 0 0 0 . 0 

5 4 5 0 0 0 0 0 0 
W5 2 3 0 3 3 1 0 0 0 
W6 4 3 3 4 4 4 0 0 0 
w7 , 5 1 3 0 2' 0 0 0 0 
W8 1 2 5 4 1 2 4, 7 3 3 
w9 1 4 6 2 3 0 

I 
11 0 7 4 

WI0 3 6 4 1 3 3 0 
WI1 1 

II 4 
3 2 31 1 G II 0 0 0 

TABLE: A-32 POPULATION DYNAMICS OF BOLLOWORMS LARVAE AND PER CENT FRUITING BODY 
DAMAGE AT MALADAGUDDARAICHUR 

WEEKS 

WI 
\*m 

Larvae/l 0 Plants %Frultlng body damage I % Damage In shed material 
NBt Bt 1 Check NBt I Bt Check 

0.0 0.01 
I Check 1 NBt I‘ Bt I 

0.0 0.01 0.0 
d-? n Al 

0.01 O.O\ 
h-Y ,.. ,..I 

“16 I 
;:i 

“.” , u.r, I 0.01 U.Uf 0.0 0.0 
w3 0.01 0”:: 

W.Ul 
O.Ol --- 0.0 0.0 0.0 0.0 

22.31 
0.0 

w4 --_- 5.71 -.. qc-3 nl ‘--- I 4.1 1.0 3.3 0.0 0.0 
36.31 

0.0 
w5 Ii.01 35.31 14.7 1.2 ..-, 13.0 . -.-, 17 7 4.8 15.4 
W6 6.71 1.71 A.31 

. . .-* 
..- 

53 -.- 3 71 4.8 20.3 9.1 
\A17 
“1, 4.01 

18.4 
2.3 4.31 

W8 1 

5.3i 7’l 

e.sl 3.0 4.3) 5.91 3.6 5.7 8.6 8.1 7.7 6.5 
,*,A I 
""J , 

r .-.I zil I 8.6 9.0 
3." I 

..n 
.%.a, 

. ^I 
&"I 

A^ ^I 
10 111 4.71 fi9 Rr; 7.1 

I 
7.7 

win -^ _^ 
..,” , 4.01 3131 

._-, 

5.01 3il 
. . . I 

Wll ] 3.31 
5.71 %I 

I 

2.6) 4.31 7.51 
;:';I 8.3 

6.61 8.11 8.01 
I.tq 
8.11 8.4 

- 

- 

- 

- 



TABLE: A: 33 POPULATION DYNAMICS OF SUCKING PESTS OF COlTON AT BENNIKAL, BELLARY. 

WEEKS JASSIDS130 LEAVES I WHITE FLY130 LEAVES [ BENEFICIALS/10 PLAN& 
NBt 1 Bt 1 Check 1 NBt 1 Bt 1 Check 1 NBt ] Bt 1 Check 

31 ol 0 

I?- 
I; i 

P 
F:.j 

TABLE: A-34 POPULATION DYNAMICS OF BOLLOWORMS LARVAE AND PER CENT FRUITING BODY 
DAMAGE AT BENNIKAL,BELLARY 

WEEKS Larvae/l 0 Plants I %Fruitlng body darn< age I % Damdge in shed material 
NBt 1 Bt 1 Check I NBt I 

-. 
Bt 

Wl n nl 
Check 1 NBt ’ 1 

n nl I 
Bt 1 Check 

n nt 0.0 0.01 0.01 0.01 0.0 
w2 I ,O 0.0 0.0 

0.0 0.0 EilEEl 0.0 0.0 
0.0 0.0 

I 
:::I 

U.Ul 

0.01 
7 al n nl 

- 
0.0 0.0 
8.1 17.7 
6.2 8.2 



TABLE: A-35 POPULATION DYNAMICS OF SUCKING PESTS OF COTTON AT ADUR,DHARWAD 

WEEKS 1 JASSIDS/BO LEAVES APHIDS130 LEAVES I BENEFlClALS.40 PLANTS 
1 NBt 1 Bt 1 Check NBt 1 Bt 1 Check 1 NBt I Rt 1 Check 

111.4 I nl n ml 

TABLE: A-36 POPULATION DYNAMICS OF BOLLWORMS LARVAE AND % FRUITING BODY DAMAGE 
AT ADUR,DHARWAD 

WEEKS 

Wl 

Larvae/i 0 Plants 
NBt 1 Et 1 Check 

0.01 0.01 0.0 

% Fruiting body damage % Damage In shed material 
NBt 1 Bt 1 Check I NBt Bt I Check 

0.01 0.01 0.01 0.0 0.01 0.0 
0.0 0.01 0.0 

.-.- 
46.2 

55.6 5.8 21.7, 
0.0 0.0 0.0 

29.3 5.7 28.0 
.5 20.4 -?q---% 



t I 

r: 
f. ! 

TABLE : A-37 POPULATlON DYNAMICS OF SUCKING INSECT PESTS OF COTTON AT MAYYER, HISAR. 

WEEKS JASSIDSi30 LEAVES WHiTL : FI-Yl!m L-FAVFS t . _ . . __ __. . _ __ I I APHlf-Sb~ . . . . ..--.-- LEAVES 

NBt 1 Bt 1 Check NBt 1 Bt ( Check f NBt I Bt 1 Check 
WI 781 asl 77 471 291 331 01 01 -6 I .- -- I 
w2 .?(;I‘, 1 

941 
9Ql -., 38 ii 96 ii 6 0 0 

w3 851 1 13 130 153 190 0 0 . 0, 
w4 231 

-&’ 

161 
2;’ 

16 45 79 81 0 0 
W5 18 38 64 105 0 0 01 0 
w6 1 25 50 37 71 85 62 0 0 0 
w7 1 26 33 34 83 99 90 0 0, 0 
w8 22 24 24 124 144 144 0 0 0 
w9 6 6 6 38 141 34 0 0 0 

WI0 1 1 1 6 2 0 0 0 0 
WI1 0 0 0 0 0 0 0 0 0 
WI2 01 0 0 0 0; 0 0 0 01 

TABLE: A-38 P~FULATION DYNAMICS OF BOLLWORM COMPLEX AND PER CENT FRUITING BODY 
DAMAGE AT MAYYER, HlSSAR 

, 
Larvae/l 0 Plants I % Frultlng body dam ’ age 1 %J -- Damage in shed material 

.NBt Bt Check 1 NBt 1 Bt. 1 Check .I NBt ij Bt Check 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

WEEKS 

wl 
w2 



TABLE : A-39 POPULATION DYNAMICS OF SUCKING PESTS OF COTTON AT SRI GANGANAGAR. 

WEEKS JASSlDSl30 LEAVES WHlTE FLY130 LEAVES 
] Check 

I APHIDS130 LEAVES 
NBt Bt NBt Bt Check 1 NBt Bt 

WI 84 851 
1 Check 

75 0 0 01 0 
w2 591 

01 0 
..31 on AEI n nl n 

- 

- 

-^ 

. 

TABLE: A-40 POPULATION DYNAMICS OF BOLLOWORMS LARVAE AND PER CENT FRUITING BODY 
DAMAGE AT SRI GANGANAGAR. 

WEEKS 

Wl 
w2 

w3 

w4 

Larvae/l 0 Plants % Fruiting body damage 
NBt Bt Check 

% Damage in shed materlal 
NBt Bt Check NBt 0.0 Bt Check 0.0 

0.0 
1 

0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 

0.01 
0.0 0.0 0.0 0.0 

0.0 0.0 nn ?8n .TA -.. -* 

4.0 0.0 3.61 3.01 

0.0 0.0 
V.“, u.wj _~ u,v U.U u.0 0.0 0.0 

0.0 4.0 w5 1 14.01 
] 

0.01 0.0 14.31 0.0 
0.0 10.8 w6 19.31 0.71 

11.61 ::: 
20.31 0.0 25.01 0.0 

0.3 17 3 T2Rfi 
..,-P w ..I 0.0 . 48.2 - 

16.; 3.f 33.31 L”.V , 32.6 1.9 68.5 56.8 

^ ^I _ _ 

WI 

w8 
w9 WI0 

wll 

Ii:; 
3.6 0.0 

1.3 

9.9 
1.9 
0.0 

-.-, . . .- 

7 13.2’ 0.7 18.7 
5 57.0 29.2 67.5 

.3 15.3 13.3 21.9 20 
0.0 0.0 0.0 

Crop destroyed by heavy rain fall in the region 

;,.,” I 

U.V( 0.01 . 0.0 

0.01 0.01 0.0 
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TABLE: A-41 POPULATION DYNAMICS OF SUCKING PESTS OF CO?TON AT KANNANOOR, DHARMAPURI 

r WEEKS JASSIDSi30 LEAVES I WI __ HITE FLY130 LEAVES APHIDS/30 LEAVES 
NBt 1 l3t 1 Check 1 NBt Bt Check NBt Bt Check 

Wl 651 _- G5l -- AOl T’, 2 3 3 6 2 5 
w2 ll?.l , .-, 177 inn 195 152 
w3 26 

TABLE: A-42 POPULATION DYNAMICS OF BOLLOWORMS LARVAE AND PER CENT FRUITING BODY 
DAMAGE AT KANNANOOR, DHARMAPURI 

WEEKS 1 Larvae/i 0 Plants I % Fruiting 
NBt 

body damage 1 
Bt Check i NBt I 

% Damage In shed material 
61 1 Check 1 NBt. Bt 

WI 0.0 0.0 o.nl nn’ --’ 
1 Check 

-.- c 3.0 V.“, u 0.0 0.0 
w2 

V.U[ ‘4 
3.3 2.3 5.3 3.6 

w3 1 
0.51 4.91 60.0 16.0 91 .I 

6.0 0.0 6.3 1.6 
1 

0.0 94.0 
w4 19.0 0.0 10.0 7.7 

I 
0.0 

ws 
82.5 

8.0 0.0 on , A.4 0.0 69.2 
0.0 80.9 

0.0 1.1 80.0 
0.0 7.1 71.7 

. -.- .T.v 7 0.0 4.5 61.5 
w6 13.0 0.0 8.7 7.5 0.0 10.0 82.0 
w7 4.7 0.0 5.0 4.0 0.0 3.0 33.3 
w8 13.6 0.0 25.3 9.7- 0.0 9.0 7-44 ~ 

0.0 60.0 

w9 1 9.01 0.01 _ 10.31 
I 0.0 

3.7) 
62.5 

0.01 2:;) 
I 

96:dl 0.0 97.0 
0.01 6.51 96.21 0.0 98.2 I 

WI0 1 3.01 1 0.71 2.01 
I I 

7.11 
I I 

i , I I I I I I 1 
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Protocol-2 Report Supplement 

Location l3ased Differences in Results 

F-- - 
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p 
L 4 

Trail locations in Protocol-2 involved -only single Bt cotton hybrids (and non-Bt 

checks) for each site. Entry replications were not randomized, and no statistical 

inferences were attempted. However, substantial trends were observed for yield 

increases in Bt cotton hybrids, as compared to non-Bt checks, at ail research trial ,. 
locations. Supplemental Tab/e S2 summarizes differences among locations for 

yield expression from these Protocol 2 trials. Yield increases for Bt hybrids as _ 
compared to their non-Bt counterparts were present for all locations, and were 

measured as greater than 10% increase at 17 of 19 locations. Overall. increases 

j ranged from 6% to 174%, considering ail hybrids and locations. Decreases in Bt 

hybrids for Boilworm larvae count and fruiting body damage due to larvae feeding 

were also observed at the majority of locations, along with substantial decreases in 

insecticide application requirements (reference Protocol-2 Repor& ~&de 7). 
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SUPPLEMENTAL TABLE S2: Protocol 2 - Summary of Location Data for Yield Among Bt 
and Non-Bt Cotton Hybrids for Trials Conducted in India, 1998-1999. - 

Number of Locations Range of Yield 
Showing Yield Increase Among 

Difference > 10% Locations 

HYBRID 
C’OMI’AKISON 

(Bt vs. Non-Bt 
Hybrids) 

(% Increase: 
Bt vs. Non-Bt 

Hybrids) 

MECH-I Bt 

I 

I of1 58% 
MECH-1 Non-Bt 

MECH-3 Bt 3of4 6% - 57% 
MECH-3 Non-Bt 

MECH-12 Et 2of3 8% - 33% 
MECH-12 Non-Bt 

MECI I- I GO Bt 3 of3 18% - 72% 
MECH-160 Non-Bt 

MECH-162 Bt 7 of7 21% - 174% 
MECH-162 Non-Bt 

MEW-9 IS Bt I of1 27% 
MECH-915 Non-Bt 

Mean: Bt Hybrids 
Mean: Non-Bt Hyb. 

17of 19 6% - 174% 

Average Yield Among All 
Locations 

Yield % Increase 
Average in Yield 

(Kg/ha) 

1210 
765 

(Bt versus 
Non-Bt 

H:lbrids) 

58% 

I569 14% 
1377 

1405 17% 
- 

1203 

2256 5 I % - 
1491 ’ 

2140 
1349 

59% -- 

1583 27% 
1242 - 

1694 37% 
1238 V 
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PREAMBLE 

A technological breakthrough in control of Lepidopteran pests in cotton, such as the 
Bollworm complex, was achieved in the early 1990’s by the Monsanto Company. This 
technology involved the incorporation of an expressed gene from Bacillus fhuringiensis 
(Bt) for the production of the CrylAc protein in cotton plants. Maharashtra Hybrid 
Seeds Company;‘ Ltd. (Mahyco) perceived the importance of this technology for control 
of Lepidopteran (Bollworm) pests and its clear value to the lndian farmer through 
reduction in use of environmentally damaging pesticides, and associated costs, as well 
as through increased yield potentials. It was therefore decided to undertake a breeding 
program to incorporate the Bt gene into elite Indian cotton lines for development of 
value-added hybrid cotton seeds. The following is a chronological narrative of research 
activities related to development of Bt cotton hybrids in India, and the corresponding 
regulatory process. At all stages of these activities, the duly constituted Institutional 
Bio-Safety Committee (IBSC) of Mahyco and the Department of Biotechnology (DBT) 
were kept updated on progress through documentation and discussion. 

Import of Bt Cotton Seeds: As per Government of India regulations, an bpplication 
was made by the Mahyco f6SC to the DBT for permission to import Bt cotton seeds 
from Monsanto Co., USA. DBT then granted permission, vide Permit No. 
BT/BS/01/004/91 -Vol II dated March IO, 1995, for the import of 1 OOg of Bt cotton seeds. 
These seeds were received for plant quarantine on January 23, 1996 and were 
released from quarantine on March 30, 1996. 

Green House Operations: Upon receipt of the aforementioned seeds, the Research 
and Development division of Mahyco took up a fully green-house contained breeding 
program, as per DBT guidelines. The objective of this program was to incorporate the 
Bt gene into Mahyco’s elite cotton inbred lines. The corresponding breeding work was 
accelerated by adopting embryo culture from immature bolls, thus it became possible to 
complete three plus generations per year. A small quantity of hybrid seeds were made 
by the Kharif 1997 cotton crop season. At the beginning of the 1998 Kharif season, 
sufficient amount of experimental hybrid seeds had been generated to take up larger 
area and multi-location trials. With the intention to ascertain the risk (or the lack of risk) 
of Bt gene transfer into related Goss)cpium species, inter$pecific crosses were 
attempted. However these consistently failed to set seed. As per DBT guidelines, the 
staff involved in these experiments were regularly medically checked by specialists and 
their health status was shown to be normal. 

Field Sttidies to Assess Pollen Escape: In July 1996, permission was received from 
DBT to conduct a limited field trial in Jalna (MS) to assess. the extent of out-crossing 
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from Bt cotton to a non-transgenic pollen trap at distances starting from 5 meters to 50 
meters (Permit No. BT/BS/01/004/91-Vol.lll, dated July 16, 1996). The result of this 
study was submitted to.DBT on March 18, 1997, and it was shown that there was no 
detectable out-crossing even as close as 5 meters, i.e. the nearest distance tested. A 
more detailed and multi-location testing of the probability of out-crossing from Bt cotton 
was then undertaken. An application was made to RCGM for permission to conduct 
further pollen-trap studies in four additional locations. The permission was received in 
November 1997 (Permit No. BT/l7/02/94-PlD/MS6/IBMAHYCO, dated November IO, 
1997). In these studies, the first five pollen-trap rings were kept between I and 5 
meters from the Bt pollen source, and another nine rings at 5 meter intervals, up to a 
distance of 50 meters. The results of these experiments, which involved detailed 
sampling and Polymerase Chain Reaction (PCR) amplification of DNA related to the Bt 
gene, were submitted to DBT for the first location on April 27, 1998, for the second and 
third locations on May 24, 1998, and for the fourth location on August 31, 1998. The 
proposed fifth Iocation experiment was not conducted due to seasonal limitations. The 
results were as per expectations based on cotton floral part development and pollen 
characteristics, i.e. the effective ‘distance of out-crossing from Bt cotton was only up to 2 
meters, at a frequency ranging from 1% to 6% only. As bees are considered to be the 
predominant agents of cross-pollination in cotton, honey bee hives were provided at all 
corners of these trials and in three geographical locations (Karnataka, Andhra Pradesh 
and Tamil Nadu). Normal bee activity, development of colonies and’honey production 
in the hives were noted at all the locations. 

Bt Cotton Aqwessiveness and Persistence: Natural shed of 6t cotton seeds were 
compared with the non-transgenic counterparts for potential weediness properties. A 
study of the difference of germination rate between these two types was also done. It 
was shown that there is no difference in these attributes between ,Bt cotton and 
conventional, non-transgenic cotton. These experiments clearly indicated that Bt cotton 
crops do not pose as an aggressor on the natural flora/habitat. 

Biochemical and Toxicolonical Studies: In 1998, comparative chemical analysis, for 
protein, oil, ash, carbohydrate and total gossypol content were done. No difference was 
found between Bt and non-Bt cottonseed, which is used for oil extraction and as animal 
feed. Detailed studies were undertaken on‘the toxicity and altergenicity of Bt cotton. 
The toxicological study was conducted by Indian Toxicological Research Center, 
Lucknow, in the year 1998. The final report, which indicates that Bt cotton is not toxic to 
goats (as a model for ruminant mammals), has been recently submitted. This*further 
supports earlier studies on avian and mammalian models, which have been reported in 
the literature. Allergenicity studies were also conducted on Brown Norway Rats and 

” shown to pose no threat in this regard. The guinea pig- model was not compatible with 

- 

- 

- 

- 

- 

- 
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cottonseed-based feeding and therefore had to be substituted with the above Brown 
Norway Rat model. 

Multi-location Field Trials: On the basis of the aforementioned studies, application 
was made and permission received from RCGM and DBT for conducting extensive 
multi-location field trials in the Kharif season of 1998. Permission was granted vide 
Permit No. BT/l7/02/94-PID/MS6/IBMAHYCO dated 27.07.1998 and 5.8.1998. These 
experiments consisted of replicated research trials in small plot size at 15 locations, and 
trials of large plot size at 25 locations grown under typical farm conditions. The results 
of these trials are reviewed in the attached documents. Results from the replicated 
research trials at 15 locations are referred to as Protocol-l Report, and results from the 
large plot trials at 25 locations are referred to as Protocol-2 Report. 
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Protocol -1 Report 

EXECUTIVE SUMMARY 

Under the guidance of the Department of Biotechnology, Government of India, 
research trials of Bt cotton hybrids were conducted at 15 locations representing seven 
states 

9 

2) 

of India in 1998-1999.- Objectives of these trials included: 

Comparison of yield and fiber quality among Bt cotton hybrids and their non-Bt 
counterparts. 

Comparison of Lepidopteran pest load (Bollworm Complex) among Bt cotton 
hybrids and their non-Bt counterparts, as well as effects’ on adjacent non-Bt 
field plantations. 

Assessment of effects of Bt cotton hybrids on non-Lepidopteran (sucking) pests 
of cotton. 

Each location trial consisted of 10 cotton hybrid entries randomized in four replications. 
Entries consisted of four Indian cotton hybrids containing a Bt (Baci/+s fhuringiensis) 
gene, the same four cotton hybrids but without the Bt gene, and two national hybrids 
as additional non-Bt checks. 

In a separate but adjacent field block, all six non-Bt hybrids mentioned above were 
also planted in four replications. A five-meter distance was maintained around both 
field blocks in order to study possible effects of Bt cotton fields on adjacent non-Bt 
cotton plantations. Agronomic data related to yield and other morphological traits were 
taken at appropriate intervals during the crop growth cycle. Data related to Bollworm 
Complex (American Bollworm, Spotted Bollworm, Pink Bollworm) and other pests of 
cotton were taken at 15 day intervals through boll formation. Application of pesticides 
for control of Bollworm Complex was not employed at any of the trial locations in this 
study. All other standard cotton cultivation and management practices were used at 
each location. 

Data were collected and analyzed from 10 locations for yield-telated characters, and 9 
locations for insect reaction characters. Data from &me trial locations were 
unavailable due to damaging rains resulting in inconsistent collection of data. 

Results from this study indicated that cotton hybrids containing the Bt gene provided 
significantly increased yield and/or yield component as ‘compared to their non-Bt 
counterparts at each location tested. Pooled data over all locations indicated average 
yield increase of 37% to 60% when comparing individual Bt versus non-Bt 



- 
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hybrid versions, while medn yield performance of all Bt hybrids was 40% higher in 
comparison to mean performance of all hybrids which did not carry the Bt gene (Table 
1). 

Results also indicated .that Bt hybrids provided for significantly reduced Bollworm 
Complex activity as compared to their non-Bt counterpart hybrids. Significant 
decreases were measured for Bollworm larvae count and percentage fruiting body 
(flower/square/boll) damage on Bt hybrids. The percentage of fruiting body damage 
for Bt cotton hybrids averaged 2.5% for both intervals of 0 to 60 and 61 to! 90 days 
after sowing, while figures for all non-Bt hybrids averaged 8.7% a&l 11.4%, 
respectively (Table I). 

- 

- 

,c 

No significant change was noted in mean yield or Bollworm Complex activity among 
non-Bt hybrids of Block-l (plantation containing both Bt and non-Bt hybrids) and 
Block-2 (plantation containing only non-Bt hybrids) (Table 1). Other pests of cotton 
(Aphids, Jassids, Whitefly) did not significantly vary among Bt and non-Bt hybrids. 
Beneficial insects were also observed to be active on all hybrids. Fiber quality 
characters were measured for all hybrids, and were not found to significantly vary 
among Bt and non-Bt types. 

i* 

- 

This study clearly indicates that incorporation of a Bt gene into Indian hybrid cotton 
germplasm holds promise to substantially improve cotton production through control of 
Bollworm infestation, while also maintaining fiber quality. Control of Bollworm 
infestation through use of Bt cotton hybrids does not appear to influence behaviour of 
the same insects in adjacent fields, nor have any substantial effect on activity of 
sucking pests or beneficial insects of cotton. It is apparent that Bt cotton hybrids will 
have substantial value as a major component in integrated pest management (IPM) 
systems for cotton production in India. 

c 
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TABLE 1. Summary of Pooled Data for Yield and Bollworm Complex Traits from Bt and Non- 
Bt Cotton Hybrid Trials in. India, 1998-1999. 

HYBRID 

MECH-1 Bt 
MECH-1 Non-Bt 

MECH3 Bt 
MECH-3 Non-Bt 

MECH-12 Bt 
MECH-12 Non-Bt 

MECH-162 Bt 
MECH-162 Non-Bt 

NH-H-44 
H-S 

Mean: Bt Hybrids 
Mean: Non-Bt Hyb. 

LSD (0.05) 

BLOCK 1: Bt & Non-Bt Hybrids 

Yield Measurement ’ Bollworm Complex Reaction 2 

% Increase 
Yield in Yield: 

(Kg/ha) Bt versus 
Non-Bt 
Hybrids 

* 1164 46 % 
795 

* 1456 44 % 
1014 

* 1623 37 % 
1187 

* 1611 60 % 
1004 

1078 
1189 

Bollworm Larvae % Fruiting Body 
(Count per 10 Plants) Damage 3 

0 - 60 61-90 O-60 61- 90 
Days After Days After Days After Days After 

Sowing Sowing Sowing sowing 

* 0.9 * 1.5 * 1.8 * 2.5 
4.3 5.1 7.8 11.6 

* 1.0 * I.8 * 2.2 * 3.3 
5.9 5.3 8.3 12.8 

* 1.3 * 1.6 * ‘2.2 * 1.3 
5.3 6.2 7.0 10.9 

* 1.5 * 2.0 * 3.6 2.9 
6.6 6.9 8.8 9.6 

7.5 7.8 11.1 11.9 
7.0 7.2 i 8.9 11.8 

* 1464 40 % * 1.2 * 1.7’ * 2.5 .* 2.5 
1045 6.1 6.4 8.7 11.4 

214 2.5 2.4 4.5 7.2 

BLOCK 2: Non-Bt Hybrids 

MECH-1 894 5.2 6.1 7.7 
MECH-3 957 4.4 7.7 6.9 
MECH-12 1137 5.3 7.2 7.6 
MECH-162 1176 6.3 6.9 ‘6.5 
NHH-44 1111 4.8 6.9 7.1 
H-8 1118 5.1 7.0 8.8 

Mean: Non-Bt Hyb. NS 1066 I-J’ 5.2 NS 7.0 NS 7.4 1 
LSD (0.05) 178 2.0 ,\‘. 1.2 2.8 

* = Bt cotton hybrid significantly different from the non-Bt counterpart for components related to 
yield or Bollworm Complex. 

NS = Mean of non-Bt hybrids in Block 2 (non-Bt plantation) Not Sianificantlv Different from mean 
of non-Bt hybrids in Block 1 (Bt & non-Bt plantation). 

’ Yield data averaged over 10 locations, representing 5 States. 
’ Bollworm Complex data averaged over 9 locations, representing 5 States. 
3 Damage to fruiting bodies involved either flower parts, squares, or bolls. 

10.7 
11.6 
11.0 
11.7 
9.3 

12.2 

NS 11.1 

3.4 
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Protocol-l Report 

Assessment of Yield and Boilworm Complex Load among Bt .and 
Non-Bf Cotton Hybrids in Replicated Research Trials 

. ._ in India, 19984999 

OBJECTIVES 

) Comparison of Yield and fiber quality among Bt cotton hybrids and their non-Bt 
counterparts. 

) Comparison of Lepidopteran pest load (Bollworm Complex : American Bollworm, 
Spotted Bollworm, Pink Bollworm) among Bt cotton hybrids and their non-Bt 
counterparts, as well as effects on adjacent non-Bt field plantations. 

3) Assessment of effects of Bt cotton hybrids on non-Lepidoptoran pests of cotton. 

MATERIALS AND METHODS 

Protocol-l consisted of replicated trials of Bt and non-Bt cotton hybrids in two blocks 
grown at 15 locations in seven states of India. These states (locations) were Andhra 
Pradesh (4), Maharashtra (4), Karnataka (2), Gujarat (I), Haryana.(2), Punjab (1) and 
Tamil Nadu (I). In Block-l, treatments include four Bt hybrids with their corresponding 
four non-Bt version, and two non-Bt notified hybrids. Block-2 treatments included the 
same six non-Bt hybrids as in Block-l. 

These trials were conducted in rainy season (Kharif) in 1998-I 999. Normal cultural 
practices prevalent in the region were followed. However, spraying for Lepidopteran 
pests (referred to as Bollworm Complex) was not undertaken in order. to assess the 
pest resistance efficacy of Bt cotton. Data were recorded for insect, pest reaction, yield 
and morphological characters. Fiber quality properties- of length, strength, fineness 
and elongation were measured with HVI-3000 (Motion Control, Inc., USA) and HVI- 
900A (Zellweger Uster, inc., USA) machines in the Mahyco cotton fiber testing 
laboratory by using standard protocols. 

/-- 

-- 

- 

_- 

^ 
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A. Description Of Field Plots 

1. Block-l : Four Bt hybrid and their 4 corresponding non-Bt versions, along 
with two notified hybrids, were grown in a complete randomized block 
design (CRBD) with four replications. Corresponding Bt hybrids ‘and their 
non-Bt versions were randomized in pairs through out the experiment. 

2. Block- 2 : The same four non-Bt Hybrids and two non-Bt hybrid checks 
were grown in the second block, in four replications of a CRBD. The detail 
of spacing, plot size are given below: 

c 

Design-CRBD 

Treatments 

Replications 
Gross Plot (3.6m X 9m) 
Rows per plot 
Row length 
Spacing between rows 
Spacing between plants 
Gross experimental area 
Isolation between blocks 

BLOCK-1 BLOCK-Z 

10 (4 Bt hybrids f 
4 non-Bt versions + 
2 notified hybrids) 

6 (same non-Bt 
hybrids used in 
Block-l) 

Four 
32.4 Sq. Mt . 
Four 
9 m. 
90 cm 
90 cm 
(36x38.7m) = 1394 

Sq.m. 
5m 

Four 
32.4 Sq. mt 
Four 
9 m. 
90 cm 
90 cm 
(36x38.7m) = 1394 

Sq.m. , 
5m 

B. Description of Treatment Assiqnments 

Hybrid Entry 

MECH-1 (Bt)) 
MI ECH-1 (Non Bt) 
MECH-3 (Bt) 
MECH3 (Non Bt) 

Treatment Designation 
Block-l Block-2 

Tl 
T2 Tl 
-rQ I 

Ml 
iii T2 

ECH-12 (Bt) T5 
ccl-i-17 (Nnn R+\ 1 7-C l-2 ML-. . IL- \,.v,r y’, 

MECH-162 (Bt) ;; 
I IJ 

_ MECH- 162 (Non Bt) T8 T4 
NHH-44 Check T9 Tj 

1 H-8 Check TIO T6 
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C. Field havout Details 

BLOCK-l : (36m x 38.7m) 

Plot 101 102 103 104 I&- 106 107 108 109 I-IO 
Rep 1 ., T3 T4 Tl T2 T7 T8 TIO T5 T6 T9 

0.9l-n 
Plot 120 119 118 117 116 115 114 113 112 111 
Rep 2 T;Ei T6 TIO Tl T2 T3 T4 T9 T8 T7 

0.9m 
Plot 121 122 123 124 125 126 127 128 129 130 
Rep 3 T4 T3 T8 T7 T6 T5 T9 TIO T2 Tl 

0.9m 
Plot 140 139 138 137 136 -I35 134 133 232 13-I 
Rep 4 Tl T2 T9. T3 T4 T6 T5 TIO T7 T8 

Space 5m 
A 
v 

BLOCK-2: (21.6m x 38.7m) 

Plot 201 202 203 204 205 206 
Rep 1 T5 T6 Tl T2 T4 T3’ 

I 
Plot 224 I 77.1 I 77’; 

Rep 4 T3 
--- 221 220 219 
T4 7;’ T5 T6 Tl 

An isolation of 5m was maintained surrounding each Block. 

.- 
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0. Location Details 

Trials w&e organized with approval of the Department of Biotechnology 
Locations in 7 States, of India as listed below: 

Locations .qf Replicated Bt-Cotton Trials: 

at 15 

State 

Andhra 
Drarlarh I&ID\ 

District Tehsil Village Survey Farmer Name 
No. 

Prakasham Addanki Gopalpuram Yerra Hanumantha 
7411 n-- nau 

Karimnagar Vemulawada Pushpanagar 428 
Ranga 

Katakam S. Reddy 

Reddy Ranga Reddy Medchall 93RUt Kailash Charan/ 
Jedimetia 93LU -- Mahyco 

, 

E. Crop Management 

Trials were planted on ridge-and-furrow, as well as on flat beds depending on the 
resources available and prevalent cotton production practices in the region. Basal 
dose fertilizer of 30N-30P-20K was applied. The second dose in the same ratio was 
given at 40 days after sowing (DAS). At 70 DAS, 29 ,kg N was added as a top 
dressing. k‘- 

A summary of cultural practices at each location is given below in tabular form. 
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Crop Management Practices at 8t Trial Locations 

State Location Bt Trial N-P-K Irrigation 
Sowing 
Date 

AP Prakasham Aug 7, 98 100-60-60 Three 
three split 

AP Kavvag uda Aug 7, 98 100-75-40 Three 
‘Ranga Reddy 

AP Ranga Reddy Aug 8, 98 90-60-30 Three 

AP Karimnagar Aug 7,98 100-60-60 Nil 

MS Latur Aug 8,98 107-62-40 Two 

I I 
HR 

I 
Sirsa 

I 
Aug 8, 98 100-50-50 Two 

HR Gurgaon Aug 9,98 40-40-30 Two 

PJ Ferozpur Aug IO , 98 40-40-30 Two 

I 
TN Coimbatore ] Aug 17, 98 1 100-40-40 1 Five 

I I I 

Weeding Insecticides 

Six 

Six 

Six 

1 Metasvstox@ 2mVl 
1 BasaCPhorate 

Metasvstax@?lLml/l 
3 sprays conftdor @ 0.5 ml/I 
Metasvstax@,2ml/l 
Monocrotophos@l.Sml/l, 
3 sprays confider @ 0.5 ml/l 

Six 

Five 

Three sprays. Acephate and 
three spray of 
Confidor @ 0.5 ml/l. 

.Metasvstax@2mlll =2 
Confidor @ 0.5 ml/l =3 

Five Metasvstax@2ml/ =2l 
Monocrotophos@,l,5ml/l, 
Confidor @ 0.5 ml/l=2 

Five Metasvstax@2mlA 
Confidor @ 0.5 ml/l 

Five Metasvstax@2ml/l =2 
Confidor @ 0.5 ml/l =3 

( ., 

Five Metasvstax@2mlll =2 
Confidor @ 0.5 mill =3 

As Bt cotton does not provide protection against sucking insects, need based 
sprayings were recommended to control Aphids, Jassids and Whitefly. 
Minimum 4 to 5 sprayings were undertaken using Acephate @ 2g/l water, 
Metasystax @ 2ml/l water, anb Confidor @ 0.5ml/l water, i.e. 100 ml/ha. 
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In this protocol, spraying for the Bollworm complex (American Bollworm, Pink 
Bollworm, Spotted Bollworm) was not undertaken for any treatment in order to 
ensure equal opportunity for infestation throughout. 

F. Data Recordinq 

The followiiig data were recorded on IO randomly selected plants in each 
experimental plot. 

1) 

2) 

3) 

4) 

Insect count was recorded at a regular interval of 15 days on Bt hybrids and 
non-Bt hybrids in Block -1 and Block-2. 

Percent fruiting body damage (flower parts, squares and bolls) was recorded 
on the same randomly selected plants. 

Days to flowering, yield (cotton with seed in Kg/ha) and morphological 
characters. 

Fiber quality characters. 

G. Data Analysis 

Analyses of variance were conducted for each location, and, treatment means 
were compared using the least significant difference at the 2 0.05 level of ’ 
significance. Treatment means for each character were also calculated and 
compared using pooled data over all locations. 

Insect data recorded up to 60 days after sowing, and 61 to 90 days after sowing 
were reported as an average for the respective period. These are presented as 
60 DAS, and 90 DAS throughout this report. 

H. Status of Location Trials and Data 

Of the 15 locations sown, four trials were damaged by rain and reliable data was 
not obtained. These trials were Prakasham (AP), Sirsa and Gurgaon (HR) and 
Duggavati (KTK). Data from Ferozpur in Punjab *as available for insect 
resistance, but not for yield due to damaging late rains. Insect pest reaction was 
not assessed at the Jalna (MS) and Coimbatore (TN) locations. 
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RESULTS 

Summary data for each trial location are presented in.the following pages (Table 2 to 
Table 20). The summary of pooled data over all trials was previously presented in 
Table 1. ’ 

Data for yield characters were obtained for 10 of ‘I5 trial locations, as follows: 

1. Kavvagudda, Ranga Reddy (AP) 
2. Srinath Farm, Ranga Reddy (AP) 
3. Pushpanagar, Karimnagar (AP) 
4. Lohara, Latur (MS) 
5. Warud, Amrawati (MS) 
6. Jamwadi, Jalna (MS) 
7. Chittalwadi, Akola (MS) 
8. Ranebennur, Haveri (KTK) 
9. Parsa, Mehshana (GJ) 
IO. Kondayampalayam, Coimbatore (TN) 

Data for insect reaction were obtained for 9 of 15 trial locations, as follows: ‘ 

I. Kavvagudda, Ranga Reddy (AP) 
2. Srinath Farm, Ranga Reddy (AP) 
3. PushpanagarI Karimnagar (AP) 
4. Lohara, Latur (MS) 
5. Warud, Amrawati (MS) 
6. Chittalwadi, Akola (MS) 
7. Ranebennur, Haveri (KTK) 
8. Parsa, Mehshana (GJ) 
9. Rajowaii, Ferozpur (PJ) 

Laboratory analyses of fiber quality were collected using bolls from four locations. 
Data tables for fiber quality are listed in the Annexure (Tables Al?to’AS). 

Data from these trials represent hybrids with different growth duration. Hybrid entries 
MECH-1, MECH-3, and MECH-12 are typically around 150 to 160 days in duration 
with 2 to 3 boll pickings. Hybrids MECH-162, NHH-44 and H-8 are typically around 
180 to 190 days in duration with 3 or more boll pickings. These differences tend to 
provide for varying baseline yield potentials, which should be kept under consideration 
when making comparisons in resulting data. 

- 
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LOCATION : Kauvagudda, Ranga Reddy (AP) 

A. Yield and Morphological Traits ..‘ 

Block-l: Table 2 

Significant differences were noted in the yield of Bt hybrid and the non-Bt 
ranging from 60% (MECH-12 Bt) to 91% (MECH 1 Bt). Number of bolls in 
MECH-12 Bt and MECH-162 Bt were higher by 36% and 54%, respectively, 
over the check H-8. Numbers of bolls in Bt hybrids were also significantly 
higher than the non-Bt hybrid. 

Block-2: Table 2 

I” 
i i 

i=-- 

f ! 

The data for yield and other morphological characters were similar to those of 
the non-Bt hybrids in Block-l. However, MECH-12 recorded a higher yield in 
this Block. 

B. insect Reaction 

Block-l: Table 3 

The mean Bollworm Complex count up to 60 DAS ranged from 0.5 on MECH- 
12 Bt to 3.0 on MECH-162 Bt. On non-Bt hybrids including ‘checks, it ranged 
from 2.0 to 9.0. The Bollworm Complex counts at 90 DAS range from 0.0 to 1 .O 
in Bt and 2 to 5 in non-Bt hybrids. The fruiting body damage, (%) in Bt hybrids 
range from I .3 to 3.8 at 60 DAS; and 0.3 to 0.4 at 90 DAS. In non-Bt hybrids 
fruiting body damage (%) range from 7.3 to 15.2 at 60 DAS; 0.9 to 1.1 at 90 
DAS. 

Average aphids count at 60 DAS ranges from 0.0 to 19 for MECH 162 and 
MECH-12 Bt, respectively. The low aphid count was also recorded at 90 DAS. 
Jassids count was also low in this trial ranging from 0.0 to 17. Whitefly count 
was reported at 16 to 30 at 60 DAS and 21 to 41 at 90 DAS. Differences were 
not noted between Bt and non-Bt hybrids for these pests. 

Block-2: Table 3 
, 

&.‘> 

This Block had higher sucking pests, Bollworm Complex count and fruiting body 
damage (%) than Block-l at 60 DAS and 90 DAS. 
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TABLE 2. Kavvaguda, RangaReddy (AP): Summary of Yield and Morphological Data for 
Replicated Trials of Bt and Non-Bt Cotton Hybrids. 

BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID Yield Yield (Kg/Plot) Ave. Ave. Daysto 1” Days to 1” 
(Kg/ha) lst Pick 2ndPick 3’dPick Bolls/ Pl. Pl./ Plot Flower Boll Burst 

MECH-1 Bt 
MECH-1 Non-Bt 

MECH-3 Bt 
MdCH-3 Non-Bt 

MECH-12 Bt 
MECH-12 Non-Bt 

ME’;H-162 Bt 
MECH-162 Non-Bt 

N?IH-44 
H-8 

* 1152 0.81 * 2.53 0.3? * 21 
601 0,63 0.99 0.33 10 

1068 0.65 2.31 0.50 * 28 
926 0.68 1.81 0.51 18 

* 1763 * 1.36 * 3.89 0.46 * 30 
1102 0.77 2.35 0.45 18 

* 1500 1.14 * 3.18 0.54 * 34 
753 0.63 1.22 0.59 15 

867 0.56 1.62 0.63 15 
1052 0.92 1.97 0.52 22 

36 
3g 
37 
39 

35 
38 

37 . 
39 

32 
38 

45 
45 

47 
47 

45 
45 

49 
49 

50 
53 

95 
95 

95 
95 

95 
95 

95 
95 

103 
103 

I\,lean: Bt Hybrids 
Mean: Non-Bt Hy.’ --.-- 
LSI.1 (0.05) --- 

* 1371 1.00 * 2.97 0.47 * 28 36 47 95 
883 0.65 1.66 0.51 16 38 48 98 

348 0.57 0.93 0.17 9 4 4 1 1 
^ 

BLOCK 2: Non-Bt Hybrids 

MECH-1 892 1.11 1.44 0.34 19 36’ 45 95 
MECH3 1159 1.89 1.44 0.41 20 40 47 95 
MECH-12 1632 2.83 2.07 0.39 22 37 45 95 
MECH-162 1518 2.89 1.33 0.70 15 38 47 95 
NI-IH-44 1293 2.41 1.23 0.55 16 36 48 95 
H-8 1635 2.82 1.94 0.54 29 38 44 103 

Mean: Non-Bt Hy. ’ 1354 2.33 1.57 0.49 20 38 46 96 

LSD (0.05) ’ 246 1.19 0.75 0.16 11 3 3 1 

* =,bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Yield Related Components. 

i Mean Value for All Conventional Cotton Hybrids under Trial, within the Block of Interest. 
l.( 

,I 

- 

- 

h 
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TABLE 3. Kavvaguda, RangaReddy (AP): Summary of insect Reaction Data for Replicated 
Trials of Bt and Non-Bt Cotton Eybrids. 

BLOCK 1: Bt & Non-Bt Hybrids 

Bollworm Complex Sucking Pests 
. ._ 

Bollworm % Fruit Body Aphids Jassids Whitefly 
Larvae /lO Pl. Damage (30 Leaves) (30 Leaves) (3 0 Leaves) 

HYBRID 60 90 60 90 60 90 60 90 60 90 
DAS DAS . DAS DAS DAS DAS DAS DAS DAS DAS 

MECH-1 Bt 1.4 * 0.0 * 2.2 * 0.4 15 12 13 11 23 37 
MECH- 1 Non-Bt 5.3 2.3 7.5 0.9 9 18 10 13 26 35 

MECH-3 Bt 2.0 * 0.5 * 2.0 * 0.3 11 19 10 9 22 32 
MECH-3 Non-Bt 6.9 3.8 7.3 0.9 10 6 , 17 12 16 39 

MECH-12 Bt 0.5 * 1.0 * 1.3 * 0.3 19 0 7 14 16 41 
MECH-12 Non-Bt 2.0 3.5 7.8 0.9 10 14 17 11 18 25 

MECH-162 Bt 3.0 * 0.5 * 3.8 * 0.5 0 0 0 6 26 36 
MECH-162 Non-Bt 9.1 3.3 13.2 1.1 6 0 1 5 30 33 

NHH-44 8.3 5.3 15.3 1.1 6 0 1 11 22 35 
H-8 5.9 3.0 11.7 1.1 0 0 1 10 17 21 

Mean: Bt Hybrids 1.7 * 0.6 * 2.3 * 0.4 15 16 10 10 22 37 
Mean: Non-Bt Hy.’ 6.3 3.5 10.5 1.0 8 13 ~8 10 22 31 

I 

LSD (0.05) 6.3 2.2 4.0 0.4 20 16 ,12 10 13 23 

BLOCK 2: Non-Bt Hybrids 

MECH-1 9.0 4.5 2.0, 4.8 75 29 15 14 32 32 
MECH3 4.0 3.8 1.3 5.8 13 37 25 18 31 38 
MECH-12 11.0 5.0 2.2 5.3 28 32 13 16 31 36 
MECH-162 8.1 4.5 1.6 4.1 28 5 12 10 33 35 
NHH-44 6.1 4.3 2.9 2.3 32 5 10 8 31 20 
H-8 2.9 4.5 1.6 1.8 25 13 10 12 30 15 

Mean: Non-Bt Hy.’ 6.9 4.4 2.0 4.0 34 20 14 13 32 29 
I 

LSD (0.05) 8.0 2.3 1.5 4.2 1 25 22 11 6 11 11 ‘I * 

* = Bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Bollworm Reaction Traits. 

’ Mean Value for All Conventional Cotton Hybrids under Trial, within the Block of Interest. 

Note: Fruit Body Damage (%) Includes Flowers, Squares and Green Bolls. 
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LOCATION: Srinath Farm, Ranga Reddy (AP) 

A. Yield and Morphological Traits 

Block4 Table 4 

The yield increase in Bt hybrids over non-Bt hybrid ranges from 30% (MECH- 
162 Bt) to 46% (MECH-3 Bt). The Bt hybrid yields were higher than the best 
check (NHH-44) by 16% and 43% for MECH-3 Bt and MECH-12 Bt, 
respectively. The numbers of bolls per plant were significantly higher in Bt as 
compared to the non-Bt hybrids. 

Block-2: Table 4 

The yield of all hybrids was lower in Block-2 as compared to Block-l. The 
number of bolls per plant was also lower in this Block. 

B. Insect Reaction 

Block-l: Table 5 

Bollworm Complex count was low in this trial (0 to 0.6 at 60 DAS, and 0 to 0.9 
at 90 DAS). Lower fruiting body damage (%) was observed in this Block 
ranging from 0.4% to 0.9% at 60 DAS as compared to 2.0% to 3.0% of Bt and 
non-Bt hybrids, respectively. At 90 DAS fruiting body damage in Bt hybrids 
ranged from 0.3% to q .2%, as against non-Bt hybrid range of 2.0% to 5.0%. 

Aphid count at 60 DAS ranged from 17 to 56, and at 90 DAS 0.8 to 159; 
Jassids count ranged from 8 to 98 at 60 DAS; 4 to 9 at 90, DAS. Whitefly 
count ranged from 7 to 16 at 60 DAS and IO to 17 at 90 DAS. Differences 
were not noted between Bt and non-Bt hybrids for these pests. 

Block-2: Table 5 

Fruiting bodies damage in this Block was similar to that of Block-l for the non- 
Bt hybrids ranging from 2% to 5% at 60.DAS and 2% to 4% at 90 DAS. 
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TABLE 4. Srinath Farm, RaogaReddy (AP): Summary of Yield and Morphological Data for 
Replicated Trials of Bt and Non-Bt Cotton Hybrids. 

BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID Yield Yield (Kg/Plot) Ave. Ave. Days to 1” Days to 1”’ 
(Kg/ha) lst Pick 2ndPick 3rdPick Bolls/ PI. Pl./ Plot Flower Boll Burst 

MECH-1 Bt 895 2.1 0.4 0.4 * 26 29 NA NA 
MECH-1 Non-Bt 741 1.6 0.5 $3 15 36 

MECH-3 Bt * 1080 * 2.4 0.6 0.5 “31 37 
MECH-3 Non-Bt 741 1.5 0.5 0.4 14 34 

MECH-12 Bt * 1327 * 3.2 0.6 0.5 * 38 31 
MECH- 12 Non-Bt 1049 2.4 0.6 0.4 24 37 

MECH- 162 Bt * 1049 * 2.3 0.7 0.4 27 ,32 
MECH-162 Non-Bt 803 1.7 0.6 0.3 21 34 

NHH-44 926 1.8 0.8 0.4 29 36 
H-8 926 2.1 0.6 0.3 30 36 

Mean: Bt Hybrids * 1088 * 2.5 0.6 0.5 31 32 
Mean: Non-Bt Hy. ’ 864 1.9 0.6 0.4 22 36 

LSD (0.05) 204 0.6 0.3 0.2 10 7 

MECH-1 494 
MECH3 524 
MECH- 12 679 
MECH-162 771 
NHH-44 617 
H-8 679 

BLOCK 2: Non-Bt Hybrids 

1.0 0.4 0.2 7 3’8 . NA NA 
1.1 0.3 0.3 11 36 
1.6 0.3 0.3 9 40 
1.6 0.6 0.3 15 39 
1.2 0.5 0.3 13 38 
1.6 0.4 0.2 11 35 

Mean: Non-Bt Hy.’ 627 1.4 0.4 0.3 11 38 

LSD (0.05) 309 0.8 0.3 0.1 7 4 

* = Bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Yield Related Components. 

NA = Data Not Available. 
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TABLE 5. Srinath Farm, Rangakeddy (AP): Summary of Insect Reaction Data for Replicated 
Trials of Bt and Non-Bt Cotton Hybrids. 

BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID 

Bollworm Complex 

Bollworm % Fruit Body 
Larvae /lo Pl. Damage . 
.60 90 60 90 
DAS DAS DAS DAS 

MECH-I Bt 0.0 0.0 0.5 0.3 23 0 98 9 12 11 
MECH-1 Non-Bt 0.0 0.4 2.1 2.0 33 0 46 9 16 14 

MECH-3 Bt 0.0 0.4 .*0.9 * 1.0 17 8 98 8 12 12 
MECH-3 Non-Bt 0.4 0.9 3.0 5.0 47 5 18 7 13 15 

MECH-12 Bt 0.0 0.0 * 0.4 * 0.5 20 5 39 9 8 13 
MECH-12 Non-Bt 0.0 0.4 2.0 4.0 20 12 36 3: 12 10 

MECH-162 Bt * 0.0 0.4 0.4 * 1.2 38 159 13 5 13 13 
MECH- 162 Non-Bt 0.6 0.0 1.3 3.0 37 133 8 4 9 11 

NHH-44 0.3 0.0 3.0 3.4 56 117 16 4 7 13 
H-8 0.3 0.0 2.3 2.0 42 109 37 j 9 10 1’1 

Mean: Bt Hybrids 0.0 0.2 * 0.6 * 0.8 
Mean Non-Bt Hy.’ 0.3 0.3 2.3 3.2 

LSD (0.05) 0.6 0.8 1.7 1.8 

Aphids - 
(30 Leaves) 
60 90 

Sucking Pests 

Jassids 
(30 Leaves) 
60 90 

Whitefly 
(30 Leaves) 

- 60 90 
DAS DAS DAS DAS DAS DAS 

25 43 62 8 11 12 
39 63 27 7 11 13 

31 82 93 6 8 9 

MECH-1 
MECH-3 
MECH- 12 
MECH-162 
NH&44 
H-8 

BLOCK 2: Non-Bt Hybrids 
0.6 0.6 2.3 2.5 14 20 19 12 8 3-- 

0.0 0.0 3.3 2.4 16 5 20 6 12 21 
0.0 0.0 2.1 1.8 13 0 26 7 10 9 
0.0 0.0 4.9 3..0 39 5 10 4 13 11 
0.3 0.0 3.9 3.9 49 13 10 4 11 15 
1.1 0.0 5.3 3.3 18 0 8 .4 16 16 

Mean: Non-Bt Hy.’ 0.3 0.1 3.6 2.8 1 25 7 16 6 12 13 
I 

LSD (0.05) 0.9 0.6 2.1 2.1 1 29 163, 9 6 7 3- -.. ).‘ 
* = Bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Bollworm Reaction Traits. 

1 Mean Value for All Conventional Cotton Hybrids under Trial, within the Block of Interest. 

Note: Fruit Body Damage (%) Includes Flowers, Squares and Green Bolls. 

- 

- 

- 

- 

- 

- 

- 

- 
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LOCATION : Pushpntigar, Karimnagar (AP) 

A. Yield and Morpholonicai Traits 

Block-l: Table 6 

Yields of Bt hybrids were significantly higher than the non-Bt hybrids and the 
checks (H-8 and NHH-44) in all the cases. The yield advantage ranged from 
12% (MECH-162 Bt) to 22% (MECH-I Bt). The number of bolls retained on 
the Bt hybrids is higher by 26% to 19% as compared to the non-Bt 
counterparts. 

Block-2: Table 6 

In general, bolls/plant and yield in this Block for each hybrid was lower than 
Block-l. MECH-162 and MECH3 recorded significantly higher yield than 
other hybrids. Differences in yield can be due to micro-environmental 
variation. 

B. Insect Reaction 

a 
1, : 

r 
f * 

Block-l: Table 7 

In Bt hybrids, the Bollworm Complex count and fruiting body damage (%) was 
significantly lower than the non-Bt hybrid and check, both at 60 DAS and 90 
DAS. 

There was heavy attack of sucking pests on all the hybrids both at 60 DAS 
and 90 DAS, except in the case of MECH3 and MECH-12 Bt where the 
number of insects compared to their other counterparts hybrids were much 
higher. This appears to be variation not due to Bt or non-Bt material.’ 

Block-2: Table 7 

In general, Bollworm Complex count and fruiting body damage (%) was 
higher in Block-2 than in Block-l. , 
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TABLE 6. Pushpanagar, Karimnagar (AP): Summary of Yield and Morphological Data for 
Replicated Trials of Bt and Non-Bt Cotton Hybrids. 

BLOCK 1: Bt & No&t Hybrids 

HYBRID Yield Yield (Kg/Plot) Ave. Ave. Days to lSt Days to 1” 
(Kg/ha) lSt Pick 2ndPick Bolls/ Pl. PI./ Plot Flower Boll Burst 

MECH-1 Bt 
MECH- 1 Non-Bt 

MECH3 Bt 
MECH-3 Non-Bt 

MECH-12 Bt 
MECH- 12 Non-Bt 

MECH-162 Bt 
MECH-162 Non-Bt 

NHH-44 
H-8 

* 1848 * 3.51 2.48 
1515 2.73 2.18 

* 1691 * 3.32 2.16 
1466 2.59 2.16 

* 2148 * 3.78 * 3.18 
1805 3.25 2.60 

1583 * 2.98 2.15 
1416 2.38 2.21 

1320 2.43 1.85 
1361 2.53 1.88 

* 37 37 45 82 
31 38 45 81 

* 45 37 45 , 83 
37 39 45 83 

* 42 37 49 84 
36 38 48 83 

* 58 38 55 87 
46 38 55 85 

51 38 55 88 
49 39 45 80 

Mean: Bt Hybrids * 1818 * 3.39 2.49 * 45 37 49 84 
Mean: Non-Bt Hy.’ 1481 2.65 2.15‘ 42 38 49 83 

LSD (0.05) 172 0.48 0.49 2 3 3 2 

BLOCK 2: Non-Bt Hybrids 

MECH-1 1084 2.00 1.51 29 
i:: 

45 81 
MECH-3 1228 2.62 1.36 39 45 81 
MECH-12 1076 1.99 1.50 33 37 50 84 
MECH- 162 1277 2.69 1.45 45 38 55 86 
NKH-44 1038 1.84 1.52 42 36 55 87 
H-8 1089 2.21 1.32 43 37 45 80 

Mean: Non-Bt Hy.’ 1132 2.23 1.44 39 37 49 83 

LSD (0.05) 168 0.32 0.32 5 3 1 1 

* = Bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Yield Related Components, 

- 

- 

- 

- 

- 

- 

- 
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TABLE 7. Pushpanagar, Karimnagar (AP): Summary of Insect Reaction Data for Replicated 
Trials of Bt and Non-Bt Cotton Hybrids. 

BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID 

Bollworm Complex Sucking Pests 

Bollworm % Fruit Body Aphids Jassids whitefly 
Larvae /lO Pl. Damage (30 Leaves) (30 Leaves) (30 Leaves) 

60 90 60 90 60 90 60 90 60 90 
DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS 

I 

MECH-1 Bt * 0.6 1.5 * 2.0 * 0.7 114 46 40 71 47 45 
MECH-1 Non-Bt 3.3 3.2 5.0 7.5 i07 44 49 70 35 10 

MECH3 Bt * 0.3 * 0.8 * 2.3 * 0.7 112 41 46 72 36 11 
MECH3 Non-Bt 4.3 8.2 8.0 7.2 115 188 52 60 27 10 

MECH-12 Bt * 0.5 * 1.5 1.9 * 0.6 442 322 47 83 29 25 
MECH- 12 Non-Bt 4.1 9.8 4.0 7.2 89 43 72 70 29 17 

MECH-162 Bt * 1.0 * 2.0 2.2 * 1.2 133 33 43 39 48 66 
MECH-162Non-Bt 4.5 7.6 3.6 9.4 95 36 66 28 59 66 

NHH-44 3.0 10.5 4.6 13.2 191 37 38 12 68 62 
H-8 4.8 9.2 4.4 10.9 127 31 30 22 58 78 

Mean: Bt Hybrids * 0.6 * 1.4 * 2.1 * 0.8 200 110 44 ‘ 66 40 36 
Mean: Non-Bt Hy.’ 4.0 8.1 4.9 9.2 120 (3 51 43 46 40 

I 

LSD (0.05) 1.4 2.3 2.5 3.6 1 44 23 19 26 30 20 

BLOCK 2: Non-Bt Hybrids 

MECH-1 8.7 8.8 6.5 11.2 51 35 82 112 68 
MECH3 6.2 9.3 6.8 11.8 82 26 ;; 85 36 
MECH-12 5.4 11.7 14.7 10.1 78 31 84 33 
MECH-162 6.8 11.6 8.0 11.9 82 17 55 50 59 
NI-IH-44 7.2 10.7 8.1 13.2 103 19 32 48 75 
H-8 7.3 13.0 8.0 12.4 95 20 43 50 225 

Mean: Non-Bt Hy. ’ 6.8 10.8 8.7 11.7 81 24 62 71 82 
LSD (0.05) 2.3 3.7 11.4 3.2 ) 34 20 24 26 190 

* = Bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Bolhvorm Reaction Traits. 

’ Mean Value for All Conventional Cotton Hybrids under Trial, within the &ock of Interest, 

Note: Fruit Body Damage (%) Includes Flowers, Squares and Green Bolls. 

30 
37 
39 
72 
74 
82 

56 
23 
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LOCATION : Lohara, Latur (MS) 

A. Yield and Morpholoaical Traits 

Block-l.:,. Table 8 

This trial was affected due to heavy rainfall, which resulted in heavy pressure 
from suckihg pests and reduced yield. Even under these adverse 
circumstances, significant differences in yield between Bt and non-Bt hybrids 
were observed. In general Bt hybrid yields were higher than non-Bt hybrid 
counterparts in the range from 24% to 33%. Bt hybrids also recorded higher 
yield thanthe best check (H-8), varying from 25% to 46%. 

Block-2: Table 8 

This Block recorded lower yield than the Block-l. Highest yield was noticed 
in MECH -162, which was better than both all checks. No difference in other 
characters, except DAS to first boll opening, was observed. H-8, MECH3 
and NHH-44 were late in boll bursting. 

B. insect Reaction 

Block-l: Table 9 

The Bollworm Complex counts and fruiting body damage ,(%) were lower in Bt 
hybrids than the non-Bt counterparts and checks at both 60 and 90 DAS. The 
Bollworm Complex count up to 90 DAS ranged from 2 to 3 in Bt hybrids, as 
against 4 to1 1 in non-Bt hybrids. Percent fruiting body damage was lower in 
Bt hybrids than in non-Bt hybrids. 

There was low Aphid infestation up to 90 DAS in this trial. However, Jassids 
and Whitefly population was comparatively high. Bt and non-Bt hybrids were 
similar for overall sucking pest infestation. , 

Block-2: Table 9 

No significant differences were seen for sucking pests between Block-l and 
Block-2. Percent fruiting body damage was lower in Block-2 as compared to 
Block--l, 

- 

- 

- 

- 
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TABLE 8. Lohara, Ldtur (MS): Summary of Yield and Morphological Data for Replicated Trials 
of Bt and Non-Bt Cotton Eybrids. 

BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID Yield Yield (Kg/Plot) Ave. Ave. Days to 1” Days to 1” 
(Kg/ha) 1” Pick Znd Pick 31d Pick Bolls/ Pl. PI./ Plot Flower Boll Burst 

MECH-1 Bt * 561 * 0.47 * 0.67 * 0.68 NA 31 48 99 
MECH-1 Non-Bt 435 0.40 0.49 0.52 36 48 100 

MECH-3 Bt * 567 * 0.48 * 0.69 * 0.67 29 49 105 
MECH3 Non-Bt 456 0.40 0.55 0.53 36 49 106 

MECH-12 Bt * 543 * 0.44 * 0.68 * 0.64 34 49 99 
MECH-12 Non-Bt 408 0.35 0.50 0.47 35 50 100 

MECH-162 Bt * 632 * 0.55 * 0.77 * 0.73 36 49 107 
MECH-162 Non-Bt 481 0.39 0.59 0.58 ‘35 48 105 

NHH-44 435 0.34 0.52 0.55 38 49 102 
H-S 429 0.35 0.52 0.52 35 49 103 

Mean: Bt Hybrids 
Mean: Non-Bt Hy.’ 

LSD (0.05) 

MECH-1 
MECH-3 1 
MECH-12 
MECH-162 
NHH-44 
H-S 

* 576 * 0.48 * 0.70 * 0.68 33 49 103 
441 0.37 0.52 0.52 36 49 103 

76 0.03 0.03 0.02 4 3 5 

BLOCK 2: Non-Bt Hybrids 

423 0.33 0.52 0.54 NA 40 47 99 
435 0.33 0.54 0.54 38 49 104 
422 0.30 0.53 0.53 38’ 48 97 
510 0.35 0.58 0.58 34’ 47 109 
419 0.30 0.51 0.54 38 51 111 
424 0.30 0.53 0.54 37 46 101 

Mean: Non-Bt Hy.’ 439 0.31 0.54 0,55 38 48 104 

LSD (0.05) 56 0.01 0.02 0.01 5 4 5 

* = Bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Yield Related Components. 

NA = Data Not Available. 
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TABLE 9. Lohara, Latur (MS): thmmary of Insect Reaction Data for Replicated Trials of Bt 
and Non-Bt Cotton Hybrids, 

BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID 

Bollworm Complex 
. . . 

Bollworm % Fruit Body 
Larvae 00 Pl. Damage 
-60 90 60 90 
DAS DAS DAS DAS 

MECH-1 Bt 2.3 * 2.2 7.9 * 6.9 
MECH- 1 Non-Bt 5.3 6.5 7.5 12.9 

MECH-3 Bt * 2.5 * 2.8 5.9 * 3.3 
MECH-3 Non-Bt 8.5 3.8 5.2 13.4 

MECH-12 Bt * 2.0 * 2.3 * 3.9 * 3.2 
MECH- 12 Non-Bt 11.3 7.5 13.4 16.5 

MECH-162 Bt 2.5 * 2.0 1.9 * 2.7 
MECH-162Non-Bt 5.6 8.5 5.9 11.4 

NHH-44 8.9 11.3 9.3 12.9 
H-8 6.9 9.9 7.3 14.1 

Mean: Bt Hybrids 2.3 * 2.3 4.9 * 4.0 
Mean: Non-Bt Hy.’ 7.8 7.9 8.1 13.5 

LSD (0.05) 5.16 1.92 4.2 3.09 

I- 
-. 

Sucking Pests 

Aphids Jassids . Whitefly 
(3 0 Leaves) (30 Leaves) (30 Leaves) 
60 90 60 90 60 90 

DAS DAS DAS DAS DAS DAP 

9 16 57 22 41 40 
2 12 58 18 41 2:: 

15 8 45 . 17 67 34 
10 7 46 14 48 29 

3 6 63 18 38 3’) 
2 1 50 17 36 33 

8 2 50 16 45 31 
2 19 45 17 37 40 

13 28 47 19 41 42 
5 10 45 17 45 35 

9 8 54 18 48 3Cf 
6 13 49 17 41 3&i 

8 21 12 6 15 i 

BLOCK 2: Non-Bt Hybrids 

MECH-1 11.1 
--_.. 

10.3 9.7 11.1 3 2 49 19 36 31 
MECH-3 9.9 12.0 9.1 13.1 1 1 40 20 43 36 
MECH-12 11.8 10.0 10.4 14.7 4 0 40 20 38 3X 
MECH-162 15.5 11.3 8.3 13.7 1 3 39 20 38 40 
NHH-44 12.0 11.8 9.5 13.9 18 0 37 17 35 3! 
H-8 14.3 13.5 9.9 12.6 22 3 36 19 35 33 

.- 

Mean: Non-Bt Hy.’ 12.5 11.5 9.5 13.2 8 1 40 19 38 3’; 
I 

LSD (0.05) 6.3 3.4 2.8 3.7 1 31 2 *’ 9 3 10 -5 _-. 

* = Bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Bollworm Reaction Traits. 

’ Mean Value for All Conventional Cotton Hybrids under Trial, within the Block of Interest. 

Note: Fruit Body Damage (%) Includes Flowers, Squares and Green Bolls. 

- 

- 

- 

- 

- 

- 

- 
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LOCATION : Warud, dmaravati (MS) ’ ‘ 

A. Yield and Moroholoaical Traits 

Block-l: Table 10 

Bolls/plant were higher in Bt hybrids than in non-Bt hybrids. Bt hybrids were 
higher in yield over their counterpart non-Bt hybrids, ranging from 11% to 
43%. Only MECH-12 Bt and MECH-162 Bt were better than the check by 
54% and 16%, respectively. 

Block-2: Table 10 

MECH-12 and H-8 hybrids gave the highest yield in Block-21 In general, high 
yield was recorded in all hybrids of this Block. 

B. Insect Reaction 

Block-l : Table 1 I 

Hybrids MECH-3 Bt, MECH-12 Bt. and MECH-162 Bt. had very low Bollworm 
Complex population for 90 DAS as compared to their non-Bt counterparts. 
Fruiting body damage was lower in Bt hybrids than in non-Bt hybrids. 

Aphid infestation was high up to 60 DAS. At 90 DAS, moderate Jassid and 
Whitefly populations were recorded. Differences were not noted between Bt 
and non-Bt hybrids for these pests. 

Block-Z: Table 11 

Mean Bollworm Complex count in this Block up to 60 DAS was 6.3, and for 90 
DAS 6.0. The fruiting body damage was high in MECH-3 up to .60 DAS, 
similar to that observed in Block-l. 
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TABLE 10. Warud, Amravati (MS): Summary of Yield and Morphological Data for Replicated 
Trials of Bt and Non-Bt Cotton Hybrids. 

BLOCK 1: Bt & Non-Bt Hybrids - 

HYBRID Yield Yield (Kg/Plot) Ave. Ave. Days to 1”’ Days to 1”’ 
i.. (Kg/ha) lSt Pick 2”” Pick 3” Pick Bolls/ Pl. Pl./ Plot Flower Boll Burst 

MECH-1 Bt ’ * 2080 2.12 2.31 * 2.31 50 38 47 95 
MECH- 1 Non-Bt 95 . 1870 2.00 2.13 1.93 54 38 50 

MECH3 Bt * 2382 2.18 2.67 * 2.87 72 . 38 49 98 
MECH3 Non-Bt 2129 2.06 2.47 2.37 64 39 49 100 

MECH-12 Bt * 3836 * 4.18 * 4.62 * 3.63 45 39 47 95. 
MECH-12 Non-Bt 2947 3.15 3.31 3.09 31 38 48 95 

MECH-162 Bt * 2873 * 2.23 * 3.06 * 4.02 62 I 39 50 117 
MECH- 162 Non-Bt 2003 1.62 1.87 3.00 45 39 52 120 

NHH-44 1771 1.50 1.93 2.31 38 39 54 122 
H-8 2481 2.81 2.75 2.48 48 39 50 X00 

Mean: Bt Hybrids * 2793 2.67 * 3.16 * 3.20 57 39 48 101 
Mean: Non-Bt Hy.’ 2200 2.19 2.41 2.53 47 39 51 105 

LSD (0.05) 168 0.51 0.22 0.23 NA NA J 3 2 

BLOCK 2: Non-Bt Hybrids 

MECH-1 1753 1.93 1.97 1.78 55 39 50 95 
MECH-3 1972 1.95 2.33 2.11 38 38 47 101 
MECH-12 2277 2.46 2.61 2.31 50 39 51 96 
MECH-162 1848 1.68 1.8 2.51 43 38 50 120 
NW-44 1836 1.75 2.12 2.08 42 37 55 122 
H-8 2324 2.61 2.71 2.21 51 38 52 100 

LSD (0.05) 145 0.05 0.20 0.22 NA NA 3 

* = Bt Cotton Hybrid Signifuxntly Different from non-Bt Counterpart for Yield Related Components. 

NA = Data Not Available for LSD Calculation. Data for Bolls/ Plant and Plants/ Plot were Reported as 
Replic’ation Means. t.’ 4 

2 

- 

- 

- 
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TABLE 11. Warud, Amravati (MS): Summary’ of Insect Reaction Data for RepIicated Trials of 
Bt and Non-Bt Cotton Hybrids. 

BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID 

Bollworm Complex Sucking Pests 

Bollworm % Fruit Body Aphids Jassids Whitefly 
Larvae 00 Pl. Damage (3 0 Leaves) (30 Leaves) (30 Leaves) 
60 90 60 90 60 90 60 90 60 90 

DAS DAS DAS DAS DAS DAS DAS DAS. DAS DAS 

MECH-1 Bt * 2.5 * 0.1 1.4 0.5 
MECH-1 Non-Bt 8.0 3.5 2.5 0.7 

MECH3 Bt * 1.1 2.1 * 0.3 0.9 
MECH-3 Non-Bt 10.8 3.9 2.1 1.3 

MECH-12 Bt 6.3 1.5 0.8 0.1 
MECH- 12 Non-Bt 7.3 3.3 1.0 1.3 

MECH-162 Bt * 0.8 ‘* 1.1 0.1 * 0.5 
MECH-162 Non-Bt 7.8 5.5 1.3 2.0 

NHH-44 12.5 4.1 3.9 1.9 
H-8 13.3 4.5 0.2 1.7 

59 7 4 7 
63 3 10 7 

63 14 4 7 
38 7 3’ 9 

56 4 ? 6 
50 .9 5 5 

71 34 15 12 
58 3 3 9 

94 13 2 5 
59 3.5 3 6 

34 23 
50 30 

60 23 
55 24 

38 25 
43 29 

57 33 
49 35 

62 32 
56 36 

Mean: Bt Hybrids * 2.8 1.2 3.2 * 0.6 62 15 8 / 8 47 26 
Mean: Non-Bt Hy.’ 9.9 4.1 3.7 1.5 60 6 4. 7 53 31 

LSD (0.05) 4.7 3.2 1.3 0.9 38 23 13 5 21 8 

BLOCK 2: Non-W Hybrids 

MECH-1 1.7 4.8 1.1 2.7 97 10 4 12 65 21 
MECH3 12.0 8.8 4.1 2.7 57 18 4 10 52 34 
MECH- 12 4.8 8.8 11.9 1.4 49 22 3 15 38 39 
MECH-162 9.8 5.8 8.7 1.8 59 20 4 7 38 38 
NHH-44 0.9 5.5 0.1 1.8 52 15 4 5 39 27 
H-8 8.8 2.5 21.4 1.9 69 11 2 7 43 34 

Mean: Non-Bt I-Iy.’ 6.3 6.0 7.9 2.1 64 16 3.5 9 46 32 

LSD (0.05) 4.5 4.6 2.2 1.4 32 19 <I 2 9 27 12 Y 

* = Bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Bollworm Reaction Traits. 

’ Mean Value for All Conventional Cotton Hybrids under Trial, within the Block of Interest. 

Note: Fruit Body Damage (%) Includes Flowers, Squares and Green Bolls. 



LOCATION : Jamwadl, Jalna (MS) 

A. Yield and Morptiolouical Traits * I. 

Block-l: Table 12 

Yield of Bt hybrids was higher than the non-Bt hybrids and checks MECH- 
162 Bt recorded highest yield, followed by MECW-3 13t and MECH-? Bt, The 
yield difference between non-Bt and Bt hybrids was significantly higher ih the 
favour of Bt hybrids. 

Block-P: Table 12 

All ‘non-Bt hybrids and checks recorded low yield in this Block due to high 
rainfall resulting in water logging in this part of the field. 

- 

B. Insect Reaction 

Insect reaction data for this location were not available. 

- 

- 

- 

- 

- 
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TABLE 11. Warud, Amravati (MS): Summary’ of Insect Reaction Data for Replicated Trials of 
Bt and Ndn-Bt Cotton Hybrids. 

BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID 

Bollworm Complex 

Bollworm % Fruit Body 
Larvae /lO PI. Damage - 
60 90 60 90 

DAS DAS DAS DAS 

MECH-1 l3t * 2.5 * 0.1 1.4 0.5 
MECH-1 Non-Bt 8.0 3.5 2.5 0.7 

MECH3 Bt * 1.1 2.1 * 0.3 0.9 
MECH3 Non-Bt 10.8 3.9 2.1 1.3 

MECH-12 Bt 6.3 1.5 0.8 0.1 
MECH-12 Non-Bt 7.3 3.3 1.0 1.3 

MECH-162 Bt * 0.8 * 1.1 0.1 * 0.5 
MECH-162 Non-Bt 7.8 5.5 1.3 2.0 

NHH-44 12.5 4.1 3.9 1.9 
H-8 13.3 4.5 0.2 1.7 

Mean: Bt Hybrids * 2.8 1.2 3.2 * 0.6 
Mean: Non-Bt Hy.’ 9.9 4.1 3.7 1.5 

LSD (0.05) 4.7 3.2 1.3 0.9 38 23 13 5 21 8 

Aphids 

Sucking Pests 

Jassids Whitefly 
(3 0 Leaves) (3 0 Leaves) (3 0 Leaves) 
60 90 60 90 60 90 

DAS DAS DAS DAS DAS DAS 

59 7 4 7 34 23 
63 3 10 7 50 30 

63 14 4 7 60 23 
38 7 3’ 

56 4 7 
50 9 5 

71 34 15 
58 3 3 

94 13 2 
59 3.5 3 

1 

9 55 24 

6 38 25 
5 43 29 

2 57 33 
9 49 35 

5 62 32 
6 56 36 

62 15 8 I 8 47 26 
60 6 4: 7 53 31 

BLOCK 2: Non-Bt Hybrids 

MECH-1 1.7 4.8 1.1 2.7 97 10 4 12 65 
MECH-3 12.0 8.8 4.1 2.7 57 18 4 10 52 
MECH-12 4.8 8.8 11.9 1.4 49 22 3 15 38 
MECH-162 9.8 5.8 8.7 1.8 59 20 4 7 38 
NHH-44 0.9 5.5 0.1 1.8 52 15 4 5 39 
H-8 8.8 2.5 21.4 1:9 69 11 2 7 43 

Mean: Non-Bt Hy.’ 6.3 6.0 7.9 2.1 64 16 3.5 9 46 

LSD (0.‘05) 4.5 4.6 2.2 1.4 32 19 ’ <I 2 9 27 
. 

* = Bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Bollworrn Reaction Traits. 

1 Mean Value for All Conventional Cotton Hybrids under Trial, within the Block of Interest. 

Note: Fruit Body Damage (%) Includes Flowers, Squares and Green Bolls. 

21 
34 
39 
38 
27 
34 

32 

12 
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LOCATION : Jamwadl, Jalna (MS) 

A. Ylsld and Momholoalcal Trait$ s b, 

Block-l: Table 12 

Yield of Bt hybrids was higher than the non-5t hybrids and checks. MECH- 
162 Bt recorded highest yield, followed by MECH-3 Bt and MECH4 Bt, The 
yield difference between non=Bt and Bt hybrids was significantly higher in the 
favour of Bt hybrids, 

Block-Z: Table 12 
- 

All ‘non-Bt hybrids and checks recorded low yield in this Block due to high 
rainfall resulting in water logging in this part of the field, 

B. Insect Reactloq 

Insect reaction data for this location were not available, 

, ’ . . 
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TABLE 13. Chittalwadi, Akola (MS): Summary of Yield and Morphological Data for Replicated 
Trials of Bt and Non-Bt Cotton Hybrids. 

BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID Yield Yield (Kg/Plot) Ave. Ave. Days to 1” Days to 1” 
‘(Kg/ha) lst Pick 2ndPick 3rdPick Bolls/ PI. Pl./ Plot Flower Boll Burst 

MECH-1 Bt * 820 1.03 0.72 * 0.91 NA NA 45 115 
MECH-1 Non-Bt 509 0.70 0.51 0.44 45 114 

MECH3 Bt *1811 2.00 * 2.25 * 1.62 51 122 
MECH3 Non-Bt 849 1.63 0.59 0.53 51 122 

MECH-12 Bt * 1203 1.62 1.19 * 1.09 49 118 
MECH-12 Non-Bt 885 1.47 0.82 0.58 49 117 

MECH-I62 Bt * 2058 * 2.60 * 2.1’0 * 1.97 54 121 
MECH-162 Non-Bt 876 1.22 0.92 0.70 54 121 

NHH-44 1515 2.70 1.74 0.47 55 124 
H-8 1320 3.00 0.84 0.44 48 116 

Mean: Bt Hybrids * 1473 1.81 * 1.57 * 1.39 50 119 
Mean: Non-Bt Hy.’ 992 1.78 0.90 0.52 50 119 

LSD (0.05) 210 0.55 0.42 0.28 NA NA 
BLOCK 2: Non-Bt Hybrids , 

MECH-1 520 1.30 0.62 0.39 NA NA. 45 115 
MECH3 805 1.78 0.87 0.60 51 122 
MECH-12 802 1.02 1.06 0.52 49 118 
MECH-162 1062 0.90 1.98 0.56 54 122 
NHH-44 1488 2.18 1.83 0.81 . 55 124 
H-8 1392 2.32 1.23 0.39 47 117 

Mean: Non-Bt Hy.’ 881 1.58 1.26 0.54 50 120 
LSD (0.05) 164 0.67 0.21 0.10 NA NA 

* = Bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Yield Related Components. 

NA = Data Not Available. Data Taken at One Replication for Dates of Flowe,ring and Boll Burst. 

!‘” 



TABLE 14. Chittalwadi, Akola (MS): Summary of Insect Reaction Data fop Replicated T&Is uf 
Bt and Non-Bt Cotton Hybrids. 

BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID 
DAS DAS DAS DA8 

MECH-1 Bt 
MECH- 1 Non-Bt 

MECH-3 Bt 
MECH3 Non-Bt 

MECH-12 Bt 
MECH- 12 Non-Bt 

MECH-162 Bt 
MECH-162 Non-Bt 

NHK-44 
H-8 

* 0.0 2.0 * 0,o * 2,6 
3.0 2.1 4.3 10,6’ 

* 0.5 ’ 1.0 *oo,l 8.5 
2.7 2.1 5.8 11,7 

* 0.2 * 0,o 2+6 * 1s 
2.5 3.0 3.9 1188 

* 0.5 1,7 * 0.1 6,4 
3.0 2.7 348. 7,O 

4.0 5.7 4,4 9.5 
3.5 342 482 666 

134 NA 
80 

129 
96 

123 
109 

100 
100 

116 
146 

62 15 68 18 
61 5,O 50 13 

47 18 45 16 
45 12 40 9 

61 17 36 60 12 56 i: 

33 16 44 4 
37 6,O 75 5 

ii 5.0 7 55 57 1: 

Mean: Bt Hybrids 
Mean: Non-Bt Hy.’ 3.1 3,l 4,4 9, 

17 48 12 

MECH-1 3.8 
MECH3 4.3 
MECH-12 4.0 
MECH-162 3.9 
NHH-44 3.8 
H-8 4.2 

BLOCK 2: Nan-Bt Hybrids 

3,l 7.1 11.2 NA 47 9 
6.2 6,9 16.0 

;;y 
., 

:: iii 
37 9 

4.2 6,l 1346 114 42 15 33 5 
5.2 5.7 15,l 102 46 45 5 
5.2 5,O 15.7 95 24 ; 30 0 
3.5 4,9 10,l 89 34 7 26 0 

* = Bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Boll~om Rea&oi Trrrits, 

NA = Data Not Available. 

’ Mean Value for All Conventional Cotton Hybrids under Trial, within the Block of Interest, 

Note: Fruit Body Damage (%) Includes Flowers, Squares and Green Bolls, 

- 

- 
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LOCATION : Parsa, Mehsana (GJ) 

A. Yield and Morpholoaical Traits 

Block-l: Table 15 

All Bt hybrids were higher in yield as compared to non-Bt hybrids, however 
differences were not significant and data was limited due to only a single boll 
picking. The yield gain for Bt hybrids ranging from 2% to 14%. MECH-162 Bt 
was higher in yield than the best check, NHH-44. 

p 
i, .“’ Block-2: Table 15 

m 

I j i 
No significant differences were seen in all non-Bt hybrids for yield in this 
Block. MECH-162 recorded highest yield and was better than the best check, 
NHH-44. Yields in Block-l and Block-2 for all non-Bt hybrids were similar. 

a 
t : 

I7 
I. : 

Ic1 

t 

i 1 
c i 

B. Insect Reaction 

Block-l: Table 16 

Bt hybrids had lower Bollirvorm Complex count than non-Bt hybrids and 
checks. Fruiting body damage was also low in Bt hybrids as compared to that 
seen in the non-Bt hybrids and checks. Sucking pest reaction was high both 
at 60 DAS and 90 DAS in Bt as well as non-Bt hybrids. 

Block-2: Table 16 

Bollworm Complex count and fruiting body damage was variable compared to 
Block 1. The Bollworm count was similar to non-Bt hybrids in Block-l. 
However, fruiting body damage was higher at 60 DAS and lower at 90 DAS 
than was observed in Block 1. Sucking pest infestation was similar in both 
the Blocks. ) ‘ 2. 
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TABLE 15, Parsa, Mehsana (GJ): Summary of Yield and Morphological Data for Replicated 
Trials of Bt and Non-Bt Cotton Hybrids, 

BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID Yield Yield {Kg/Plot) Ave, Ave, ’ Days to 1 It Days to 1” 
I. (Kg/ha) (Cumulative) Bolls/ Pl, PI,/ Plot Flower Boll Burst 

MECH-1 Bt 1157 3.75 NA NA * 48 28 48 100 
MECH- 1 Non-Bt 1111 3,60 36 29 48 102 

MECH3 Bt 1404 455 * 52 32 48 104 
MECH-3 Non-Bt 1234 4.00 35 34 50 97 

MECH-12 Bt 1419 4860 * 49 34 50 102 
MECH-12 Non-Bt 1388 4.50 34 30 47 105 

* MBCH-162 Bt 1728 5.60 Jc 56 35 47 108 
MECH- 162 Non-Bt 1512 4.90 48 33 ‘48 104 

NHH-44 1666 5.40 ., 46 32 110 
H-8 1604 5.20 43 30 ii 110 

Mean: ,Bt Hybrids 1427 4863 * 52 32 
Mean: Non-Bt Hy.’ 

48 103 
1419 4,60 40 31 48 104 

LSD (0.05) 232 0,75 7 4 NA NA 

.’ BLOCK 2: Non-Bt Hybrids 

MECH-1 1235 4600 WA NA 42 28 48 111 
MECH3 1235. 4,OO MECHi12 39 30 47 113 1203 3,90 

29 52 117 
MECH-162 1759 5.70 :i 32 45 122 
NHH-44 1604 5820 52 32 46 116 
Hm8 1574 5.10 49 34 47 116 

Mean: Non-Bt Hy , ’ 1435 4.65 49 31 48 116 

LSD (0005) 252 0.82 6 NA NA NA 

* = Bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Yield Related Components 

NA = Data Not Available. Data for Yield (Kg/Plot) Reported as Cumulative Sum for All Piokings, 
$.’ ., 
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0 82 96 116 153 
30 101 84 114 135 

Bollworm Complex Sucking Pests 

Bollworm % Fruit Body Aphids Jassids Whitefly 
Larvae /lO Pl. Damage (30 Leaves) (30 Leaves) (3 0 Leaves) 
‘60 90 60 90 60 90 60 90 ’ HYBRID 60 90 

DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS 

MECH-1 Bt * 0.0 * 3.8 * 0.1 * 2.2 92 
MECH- 1 Non-Bt 4.9 12.5 ’ 8.5 11.4 92 
MECH3 Bt * 0.8 * 3.5 * 4.2 * 1.2 89 3 82 64 124 112 
MECH-3 Non-Bt 5.0 8.8 8.8 13.4 84 5 79 69 91 129 

MECH-12 Bt * 0.5 * 3.0 * 0.4 * 0.8 85 13 87 79 102 126 
MECH-12 Non-Bt 4.0 8.3 6.7 10.2 101 19 98 85 109 141 

MECH-162 Bt * 0.5 * 3.0 * 0.2 * 2.9 78 4 85 70 110 102 
MECH-162 Non-Bt 3.8 8.8 7.8 12.2 82 23 89 77 100 127 

H-6 5.8 7.8 9.4 7.3 89 16 87 68 115 119 
H-8 5.8 9.5 9.2 9.7 87 26 89 i 60 107 81 

Mean: Bt Hybrids * 0.4 * 3.3 * 1.2 * 1.8 86 5 84’ 77 113 123 
Mean: Non-Bt Hy.’ 4.9 9.2 8.4 10.7 89 19 .90 73. 106 122 

LSD (0.05) 1.5 4.9 3.0 3.4 27 19 22 15 31 36 

Page - 33 

TABLE 16. Parsa, Mehsana (&J): Summary of Insect Reaction Data for Replicated Trials of Bt 
and Non-Bt Cotton Hybrids. 

BLOCK 1: Bt & Non-Bt Hybrids 

BLOCK 2: Non-Bt Hybrids 

MECH-1 5.3 10.0 11.3 9.0 83 3 12 93 84 110 121 
MECH-3 5.8 10.2 12.1 9.0 81 11 77 74 114 105 
MECH-12 4.8 9.2 8.0 8.4 78 0 88 76 110 121 
MECH-162 5.0 8.5 7.1 7.6 86 16 91 90 118 110 
H-6 5.8 10.0 9.5 11.3 78 4 72 57 115 98 
H-8 4.5 9.2 8.2 8.5 86 5 83 62 118 108 

Mean: Non-Bt Hy.’ 5.2 9.5 9.3 9.0 1 82 8 , 84 73 114 110 
I 

LSD (0.05) 1.4 2.8 4.8 2.7 1 13 v‘k 16 21 18 20 

* = Bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Bollworm Reaction Traits 

’ Mean Value for All Conventional Cotton Hybrids under Trial, within the Block of Interest. . 

Note: Fruit Body Damage (%) Includes Flowers, Squares and Green Bolls. 
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LOCATION : Kunbev, Haveri (KTK) 

A. Yield and Momholoaical Traits 

Block-I:. Table 17 

All four Bt hybrids were significantly higher yielding than the non-Bt hybrids. 
Bt hybrids MECH-3 Bt, MECH-12 Bt and MECH -162 Bt were better than the 
check H-8 by 42%, 52% and 57%, respectively. 

Block-2: Table 17 

MECH 12 recorded highest yield over all other hybrids, including the best 
check H-8 by 3%. 

8. Insect Reaction 

Block-I: Table’ 18 

Bt hybrids had lower Bollworm Complex count than the non-& hybrids. 
Fruiting body damage was also low in Bt hybrids compared to non-Bt hybrids. 
The sucking pest pressure was similar in both groups. 

- 

I 

- 

- 

- 

- 

- 

Block-2: Table 18 
- 

Fruiting body damage ranged from 3.9% in MECH-12 to 7.4% in H-8. In 
general, Boilworm Complex count was negligible up to 60 DAS, and the 
damage was comparable to that seen in Block-l. - 

- 

- 

-- 

- 
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TABLE 17. Kinbev, Haveri (KTK): Summary of Yield and Morphological Data for 
Replicated Trials of Bt and Non-Bt Cotton Hybrids. 

BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID Yield Yield (Kg/Plot) Ave. Ave. Days to 1”’ Days to 1” 
(Kg/ha) 1” Pick 2nd Pick Bolls/ Pl. Pl./ Plot Flower Boll Burst 

MECH-1 Bt 1022 1.83 1.48 NA NA NA NA 
MECH-1 Non-Bt 

MECH-3 Bt "2277 * 3.17 * 4.20 
MECH-3 Non-Bt 1076 1.71 1.78 

MECH-12 Bt * 2440 * 4.14 * 3.77 
MECH- 12 Non-Bt 1374 2.53 1.92 

MECH-162 Bt * 2518 * 4.03 * 4.12 
MECH-162 Non-Bt 1140 2.09 1.50 

NJ-m-44 823 1.68 0.98 
H-S 1601 2.74 2.44 

Mean: Bt Hybrids 
Mean: Non-Bt Hy.l 

LSD (0.05) 

MECH-1 
MECH3 
MECH-12 
MECH-162 
NH&44 
H-8 

* 2064 3.29 * 3.39 
1072 1.93 1.52 

712 1.44 1.12 

BLOCK 2: Non-Bt Hybrids 
740 1.22 1.17 NA NA NA NA 
845 1.52 1.23 

1522 2.68 2.11 
1066 1.34 2.10 
955 1.93 1.16 

1473 2.38 2.40 

Mean: Non-Bt Hy.’ 1.85 1.70 

LSD (0.05) 245 0.68 0.45 

* = Bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Yield Related Components 

NA = Data Not Available. 
, 

,.t + 
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TABLE 18. Kuubev, Haveri (KTK): Summary of ‘insect Reaction Data for Replicated Trials of 
Bt and Non-Bt Cotton Hybrids. ’ 

BLOCK 1: Bt & Non-Bt Hybrids 

I-IYBRID 

Bollworm Contplex 

Bollworm o/o Fruit Body 
Larvae /lo Pl. Damage 

60 90 60 90 

Aphids 
(3 0 Leaves) 
60 90 

Sucking Pests 

Jassids 
(30 Leaves) 
60 90 

Whitefly 
(3 0 Leaves) 
60 90 

DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS 
-. --- 

MECH-1 Bt NA 0.3 NA 3.8 120 1 48 2 7 0 
MECH- 1 Non-Bt 1.8 4.8 102 0 18 2 13 2 

MECH-3 Bt 1.0 3.0 146 2 12 0 , 10 1 
MECH-3 Non-Bt 2.9 3.8 139 0 12 0 11 0 

MECH-12 Bt 0.8 3.4 83 0 16 2 6 0 
MECH- 12 Non-Bt 2.9 3.7 141 0 16 2 7 1 

MECH-162 Bt 1.5 4.9 152 3 9 2 19 2 
MECH-162 Non-Bt 4.5 4.8 101 0 9 1 13 2 

NHH-44 2.8 4.6 113 0 6 0 15 1 
H-U 2.3 4.0 75 3 7 I 10 1 

Mean: Bt Hybrids 0.9 3.8 125 2 21 1 11 1 
Mean: Non-Bt Hy.’ 2.8 4.3 112 0.5 11. 1 12 1 

LSD (0.05) 4.0 3.1 1 9 7 6 8 3 

BLOCK 2: Non-Bt Hybrids 

MECH- 1 NA 1.0 NA 5.8 1 6 9 2 8 1- 
MECH-3 3.8 4.3 29 5 6 2 12 5 
MECH-I2 2.1 3.9 41 12 8 5 6 0 
MEW-1 62 2.9 4.8 79 11 3 4 10 2 
NHH-44 3.3 5.2 121 5 2 2 9 1 
H-8 1.1 7.4 72 6 4 1 6 4 

.._ - 
Mean: Non-Bt Hy.’ 2.4 5.2 57 8 5 3 9 2 

I 

LSD (0.05) 4.0 3.1 j 1 9 ,) ‘7 6 8 3 ‘i .’ 

* = Bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Bollworm Reaction Traits 

NA = Data Not Available. 

1 Mean Value for All Conventional Cotton Hybrids under Trial, within the Block of Interest. 

Note: Fruit Body Damage (%) Includes Flowers, Squares and Green Bolls, 

- 

- 

- 

- 
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- 
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LOCATION : Rajowali, Ferozpur (PJ) 

c A. 

F :. . B. 
i.d 

m 
. 

I 1 II I 

Yield and Morphological Traits 

Block-.? & Block-2 

Yield data could not be recorded due heavy crop damage by the rain. 
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Insect Reaction 

Block-l: Table 19 

Bollworm Complex count and fruiting body damage (%) were significantly 
lower in Bt hybrids than their non-Bt counterparts. High population of sucking 
pests were recorded on both Bt and non-Bt hybrids. / 

Block-P Table 19 

High pressure of sucking pest was recorded in this Block. Bollworm count 
and fruiting body damage was similar for all the hybrids. , 
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TABLE 19. Rajowali, Ferozpur (PB): Summary of Insect Reaction Data for Replicated Trials of Bt 
and Non-Bt Cotton Hybrids. 

- 

BLOCK 1: Bt & Non-Bt Hybrids 

Bollworm Complex Sucking Pests 

Bollworm % Fruit Body Aphids Jassids Whitefly - 
Larvae 00 Pl. Damage (30 Leaves) (30 Leaves) (3 0 Leaves) 

HYBRID ‘60 90 60 90 60 90 60 90 60 90 
DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS _ 

MECH-1 Bt 1.2 * 3.9 * 5.4 * 5.1 NA 17 76 26 220 283 
MECH- 1 Non-Bt 4.9 

MECH-3 Bt * 0.6 
MECH-3 Non-Bt 7.6 

MECH-12 Bt * 1.3 
MECH- 12 Non-Bt 11.9 

MECH-162 Bt * 3.3 
MECH- 162 Non-Bt 18.1 

NHH44 16.9 
H-8 16.4 

12.6 24.2 53.6 22 77 32 257 324 

* 4.3 *33.2 * 11.1 8 75 32 205 428 
13,3 25.7 59.2 5 85’ 32 226 495 

* 5.1 * 5.8 * 2.1 38 78 35 252 355 
16.6 17.9 42.5 29 86 34 236 335 

* 5.8 * 908 * 5.7 13 71 26 213 203 
21.9 33.3 35.5 8 85 33 232 514 

22.5 38.9 54.4 4 71 33 225 251 
23.1 32.1 57.9 5 79 26 237 400 

Mean: Bt Hybrids ‘1.6 * 4.8 * 6.1 * 6.0 19 75 30 222 317 
Mean: Non-Bt Hy.’ 12.6 18.3 28.7 50.5 12 81’ 32 236 387 

I 

LSD (0.05) 4.3 5.9 10.5 9.7 1 23 15 10 46 104 

BLOCK 2: Non-Bt Hybrids 
I 

MECH-1 6.5 11.1 26.6 34.2 NA 3 80 37 234 368 
MECH-3 6.7 15.1 19.3 39.1 1 70 34 248 485 
MECH-12 5.6 15.0 22.5 39,9 5 88 33 220 358 
MECH-162 6.7 12.1 15.3 43.2 3 76 35 257 451 
NHH-44 8.0 12.6 23.4 165 1 68 33 237 254 
H-8 6.3 13.7 35.4 41.8 1 89 31 227 448 

Mean: Non-Bt Hy.’ 6.6 13.3 23.7 35.8 2 79 34 237 394 
LSD (0.05) 1.7 3.6 10.6 17.3 6 ’ , 19 ,6 18 170 

$.‘ s 

* = Bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Bollworm Reaction Traits 

NA = Data Not Available. 

’ Mean Value for All Conventional Cotton Hybrids under Trial, within the Block of Interest. 

Note) Fruit Body Damage (%) Includes Flowers, Squares and Green Bolls 
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LOCATION : Coimbatore (TN) 

*““*1 
i‘j 

A. Yield and Morpholoiaical Traits 

Block-l :,- Table 20 

P , i 
. 1 

m 
1 ! ’ ! 

Bt hybrids MECH-1 Bt, MECH3 Bt, and MECH-162 Bt were significantly 
higher in yield than their non-Bt counterpart. Bt hybrids were superior as 
compared to their non-Bt counterparts by 39% for MECH -12 Bt and 84% for 
MECH -1 Bt. Overall yield performance for most Bt hybrids was higher than 
the better check, NHH-44. 

Block-2: Table 20 

8. 

This Block had better plant stand and yield level than the non-Bt hybrids in 
the Block-l. The check hybrid NHH-44 recorded the highest yield. 

Insect Reaction 

Insect data for this location were not available. 
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TABLE 20. Kondayampalayam, Coimbatore (TN): Summary of Yield and Morphological Data 
for Replicated Trials of Bt and Non-Bt Cotton Hybrids. 

- 

BLOCK 1: Bt & Non-Bt Hybrids t. p- 

HYBRID ,_ Yield Yield (Kg/Plot) Ave. Ave. Days to 1” Days to 1” I’ 
Wdha) 1” Pick 2”dPick 3rdPick Bolls/ Pl. Pl./ Plot Flower Boll Burst 

- ‘MECH-1 Bt * 1152 * 2.08 * 1.66 NA NA NA 49 105 
MECH- 1 Non-Bt 626 1.08 0.95 52 101 

MECH3 Bt * 1336 * 2.69 * 1.64 48 100 - 
MECH3 Non-Bt 972 1.91 1.24 47 96 

MECH-12 Bt 892 2.15 * 0.74 48 96 
MECH- 12 Non-Bt 641 1.83 0.25 48 102 

MECH-162 Bt * 1170 * 2.27 * 1.52 48 101 
MECH-162 Non-Bt 790 1.38 1.18 52 104 

NHH-44 1083 1.87 1.64 51 97 
H-8 889 2.08 0.80 47 104 

- 

Mean: Bt Hybrids + 1137 2.29 1.39 48 100 
Mean: Non-Bt Hy.’ 833 1.69 1.01 49 101 

LSD (0.05) 276 0.78 0.39 3 11 

MECH-1 953 
MECH3 880 
MECH-12 1075 
MECH-162 1216 
NHH-44 1333 
H-8 1123 

BLOCK 2: Non-Bt Hybrids 

2.04 1.05 NA NA NA NA NA 
1.83 1.02 
2.39 1.09 
2.28 1.66 
2.18 2.14 
2.38 1.26 

Mean: Non-Bt Hy.’ 1096 2.18 1.37 

LSD (0.05) 233 0.36 0.39 

* = Bt Cotton Hybrid Significantly Different from non-Bt Counterpart for Yield Related Components 

NA = Data Not Available. 
c. 
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SUMMARY OF RESULTS AND OBSERVATIONS 
F” 
Ei 

i”“i 
I j 

P 

1, 

R 

: : 
L 1 

Relative to yield and Bollworm Complex reaction of Bt cotton hybrids, the 
results of this $udy can be summarized as follows: 

l Cotton hybrids containing the Bt gene provided significant increase in yield 
and/or yield. component as compared to their non-Bt counterpart hybrids at 
each location tested. Pooled data averaged over all locations indicated yield 
increases from 37% to 60% when comparing individual Bt versus non-Bt hybrid 
versions; while mean yield performance of all Bt hybrids was 40% higher in 
comparison to mean performance of all non-Bt hybrids (including notified hybrid 
checks). 

l Cotton hybrids containing the Bt gene provided significantly reduced Bollworm 
Complex activity as compared to their non-Bt counterpart hybrids. Significant 

‘decrease was measured for Bollworm count and percentage fruiting body 
damage on Bt hybrids. Bollworm counts (per 10 plants) on Bt hybr/ds averaged 
1.2 and I .7 at 60 DAS and 90 DAS, respectively. Bollworm counts on non-Bt 
hybrids averaged 6.1 and 6.4 at 60 DAS and 90 DAS, respectively. Percentage 
fruiting body damage for Bt cotton hybrids averaged 2.5% for both 60 DAS and 
90 DAS, while figures for non-Bt hybrids averaged 8.7% and 11.4%, 
respectively. 

l No significant change was noted between Block-l (plantation containing both 
Bt and non-Bt hybrids) and Block-2 (plantation containing only non-Bt hybrids) 
in mean yield of non-Bt hybrids averaged over all locations. No significant 
differences were detected between Block-l and Block-2 plantations for . 
Bollworm count and percentage fruiting body damage, averaged over all 
locations. 

Summary of results of other data and general observations are as follows: 

l Fiber quality characters did not significantly vary among Bt and non-et hybrids 
jsee Annexure Tables). 

l Sucking pest reaction (Aphids, Jassids, Whitefly) did not significantly vary 
among Bt and non-Bt hybrids. 

F ” Beneficial insects (Lady Bird Beetle, Green Lacewing Bug, Spiders) were also 
observed to be active on both Bt and non-Bt hybrids. 
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l In general, Bollworm Complex infestation and resulting damage was observed 
to be less than normal in most cotton growing areas in the 199811999 cotton 
cropping season. Despite this fact, Btootton hybrids showed substantial yield )I 
advantage over non-Bt hybrids under, conditions of no pesticide application 
targetedfor Bollworm Complex. 

l Non-Bt hybrids are observed to be taller than Bt hybrids after first flush of boll 
formation. This appears to be the result of 8t hybrids having greater retention 
of bolls, and thus greater partitioning of energy toward reproductive rather than 
vegetative growth. Non-St hybrids, with greater loss’of bolts, have a longer 
phase of vegetative growth as a reaction to Boliworm induced pru.ning. 

* Later than normal sowing and non-seasonal heavy rain affected over&II yield of 
the trials. 

l Experiment treatments were a mixture of long and shorter duration hybrids. As 
a result, those with a tendency for longer duration (MECH-162, NHH-44, H-8) 
may show cumulative higher yield over the entire season. Therefore, this trend 
should be taken into consideration when making baseline comparisons of 
seasonal yield potential among these hybrids. 

- 

- 

- 

- 

CONCLUSIONS 

Based on results of this study, incorporation of the Bt gene into Indian 
hybrid cotton germplasm holds promise to significantly improve cotton 
production through control of bollworm infestation, white also maintaining 
fiber quality. . 

Control of boljworm infestation through Bt cotton hybrids does not 
influence behavior of the same insects in adjacent non-# fields. 

Bt cotton hybrids appear to have no substantial effect on activity of 
sucking pests of cotton, nor on other insects which may be beneficial in 
nature. 

Bt cotton hybrids also can be useful as a major component of an overall 
integrated pest management (IPM) approach to cotton production in 
India. 
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Fiber Quality Characteristics of Bt and non-Bt Cotton 
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ANNEXURE TMLE Al, Summary of Pooled Data for Fiber Quality from Eight Locations 
of Bt and Non-Bt Cotton Hybrid Trials in India, 1998-1999, 

BLOCK 1: Bt & Non-Bt Hybrids - 

HYBRID ‘. Fiber Fiber Uniformity Fiber Ginning 
Fineness Length Index Strength Out Turn 

(Micronaire) (mm> cm (l/S’ G. g/tex) (%) 

MECH-1 Bt 4.1 30 80 27.0 35.4 
MECH-1 Non-Bt 4.2 30 81 l26.9 35.4 

MECH3 Bt 4.2 29 81 26.8 35.5 , 
MECH-3 Non-Bt 4.2 30 81 26.5 35.5 - 

MECH-12 Bt 3.9 30 80 26.9 35.7 
MECH- 12 Non-Bt 4.1 30 80 26,8 35.6 - 
MECH-162 Bt 4.0 29 81 26.5 34.9 
MECH-162 Non-Bt 4.0 28 81 26.5 34.9 
NHH-44 4.2 27 78 24.6 34.2 - 

H-8 3.9 28 80 25.0 34.5 

Mean: Bt Hybrids 4,l 30 80 26.8 ) 35.4 
Mean: Non-Bt Hy.’ 4.1 30 81 26.7 35.3 

LSD (0.05) 0.3 1 2 0.6 0.6 ,- 

BLOCK 2: Non-Bt Hybrids 
- 

MECH-1 4.2 30 81 26.9 35s 
MECH3 402 30 81 26.2 35.4 
MECH-12 4.1 30 80 27.0 35.4 
MECH-162 4.1 28 80 26.3 35.2 
NHH-44 4.4 27 79 25.0 34.2 
H-8 4.0 28 80 25.5 34.6 - 

Mean: Non-Bt Hy.!,, 4,2 30 81 27 35.4 

LSD (0.05) 0.3 1 2 .I ’ 1,2 - 

’ Mean Value for Non-Bt Versions of Bt Hybrids, within each Block. - 

- 
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ANNEXURE TABLE A2. Katiaguda, RangaRedty (AP): Summary of Fiber Qwlity Data 
for Replicated Trials of Bt and No&Bt~Cottdn’Hy~rids. ‘I . 

BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID _ ,_ Fiber Fiber Uniformity Fiber Giuning 
Fineness Length Index Strength Out Turn 

(Micromire) (mm) (“/I (l/8* G. g/tex) P4 

MECH-1 Bt 4.0 30 78 28.0 36 
MECH- 1 Non-Bt 4.2 30 82 28.2 35 

MECH3 Bt 4.3 29 83 26.9 36 
MECH3 Non-Bt 4.1 30 80 27.0 36 

MECH-12 Bt 3.1 31 82 28.1 36 
MECH-12.Non-Bt 3.5 31 81 28.0 36 

MECH-162 Bt 3.4 30 81 27.7 35 
MECH-162 Non-Bt 3.6 29 81 26.8 35 

NHH-44 4.0 28 78 25.8 35 
H-8 3.0 28 82 24.8 35 

Mean: Bt Hybrids 3.7 30 81 27.6 , 36 
Mean: Non-Bt Hy. ’ 3.8 30 81 27.5, 36 

BLOCK 2: Non-Bt Hybrids 

MECH-1 3.1 30 80 27.1 __, 35 
MECH-3 3.3 30 81 26.8 36 
MECH-12 3.0 29 81 26.8 36 
MECH-162 4.0 28 77 25.7 35 
NHH-44 3.7 28 82 26.9 35 
H-8 3.3 28 81 26.3 35 

Mean: Non& Hy.“. 3.4 29 80 26.6 36 

’ Mean Value for Non-Bt Versions of Bt Hybrids, within each Block. 

Note: Fiber Quality Sampling was Performed on One Replication per Block 
).L. 
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ANNEXURE TABLE A3. Srinath Farm, Ranga Reddy ( AP): Summary ‘of Fiber Quality 
Data for Replicated Trials of Bt and Non-Bt Cotton Hybrids. 

- 
BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID .._ Fiber Fiber Uniformity Fiber Ginning 
Fineness Length Index Strength Out Turn 

(Micronaire) (mm> (%) (l/8’ G. gitex) WI 

MECH-1 Bt 3.4 29 80 25.9 35 
MECH- 1 Non-Bt 3.2 29 80 26.5 36 

MECH-3 Bt 3,5 29 81 26.7 35 
MECH-3 Non-Bt 3.6 29 81 26.2 35 , 

MECH-12 Bt 3.6 28 80 26.5 36 
MECH- 12 Non-Bt 4.0 29 82 26.1 36 

MECH-162 Bt 3.5 27 83 26.5 34 
MECH-162 Non-Bt 3.2 26 80 27.0 35 

NHH-44 .’ 4.3 27 79 24.6 34 
H-8 3.6 28 80 25.8 35 

b Mean: Bt Hybrids 3.5 28 81 26.4 35 
Mean: Non-Bt Hy.’ 3#5 28 81 26.4 35 

BLOCK 2: Non-Bt Hybrids 

MECH-1 3.0 29 80 27.7 36 
MECH-3 3.5 29 81 26.7 35 
MECH-12 3.0 29 80 26.5 36 
MECH-162 3.8 28 79 26.9 35 
mm-44 4.2 28 78 24.3 34 
H-8 2.7 28 81 25.1 35 

Mean: Non-Bt Hy.‘. 3.3 29 80 27.0 36 

’ Mean Value for Non-Bt Versions of Bt Hybrids, witbin each Block. , 
Note: Fiber Quality Sampling was Performed on One Replication per Block. 1”” 

- 

- 

- 

v  
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ANNEXURE TABLE A4 Pushpanagar, Karimnagar (AP): Summary of Fiber Quality 
Data for Replicated Trials of Bt and’Non-Bt Cbtton Hybrids. 

BLOCK 1: Bt & Non-Bt H&rids 

HYBRID Fiber Fiber Uniformity Fiber Ginning 
Fineness Length Index Strength Out Turn 

(Microuaire) (mm> (“/I (l/@ G. g/tex) (“/I 

MECH-1 Bt 4.4 30 80 27.5 36 
MECH-1 Non% 4.4 30 80 27 35 

MECH3 Bt 4.3 30 81 26.7 35 
MECH3 Non-Bt 4.4 30 81 26.2 36 

MECH-12 Bt 3.8 30 81 26.5 35 
MECH-12 Non-Bt 4.2 30 82 26.1 35 

MECH-162 Bt 4.3 29 83 26.5 35 
MECH-162 Non-Bt 4.2 29 82 27.0 35 

NHH-44 4.5 26 79 24.6 34 
H-8 4.1 27 80 25.8 34 

Mean: Bt Hybrids 4.2 30 81 26.8 35 
Mean: Non-Bt Hy.’ 4.3 30 81 26.5 ’ 35 

BLOCK 2: Non-Bt Hybrids 

MECH-1 4.3 30 81 27.0 35 
MECH3 4.5 30 80 26.5 35 
MECH-12 4.4 30 80 26.1 35 
MECH-162 4.2 29 81 26.4 35 
NHH-44 4.4 27 78 24.5 34 
H-8 4.2 27 79 25.6 35 

Mean: Non-Bt Hy.’ 4.4 30 81 26.5 35 

1 Mean Value for Non-Bt Versions of Bt Hybrids, within each Block. 

Note: Fiber Quality Sampling was Performed on One Replication per Block. , 

v’* 
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ANNEXURE TABLE A5 Jamwadi,.Jalna (MS): Summary of Fiber Quality Data for 
Replicated Trials of Bt and Non-Bt Cotton Hybrids. 

BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID Fiber Fiber 
‘., Fineness Length 

(Micromire) (mm> 

Uniformity 
Index 

(%I 

Fiber Ginning 
SbORgth out Turn 

(l/S’ G. #tex) {%) 

MECH-1 Bt 4.1 31 81 
MECH- 1 Non-Bt 4.4 31 82 

MECH-3 Bt 4.2 30 80 
MECH3 Non-Bt 4s 30 80 

MECH-12 Bt 4.1 31 79 
MECH- 12 Non-Bt 4.1 31 82 

MECH-162 Bt 4.2 28 81 
MECH- 162 Non-Bt 4.1 28 82 

NHH-44 4.4 27 78 
H-8 4.0 28 80 

27,; 36 
268 36 

26S 36 
26.1 36 

27.1 ’ 36 
27.2 36 

26.8 35 
27.0 35 

24.4 34 
24.6 34 

Mean: Bt Hybrids 4.1 30 80 26.8 1 36 
Mean: Non-Bt Hy.’ 4.2 30 81 26.7 36 

BLOCK 2: Non-Bt Hybrids ,. 

MECH-1 4.5 30 80 27.0 36 
MECH-3 4.2 30 82 26.0 36 
MECH- 12 4.2 31 81 27.0 36 
MECH-162 4.2 30 80 28-O 36 
NHH-44 4.5 27 78 24.1 34 
H-8 4.2 27 81 24.9 34 

Mean: Non-Bt Hy.‘. 4.3 30 81 2’7.0 36 

‘; - 

1 
3 - 

- 

’ Mean Value for Non-Bt Versions of Bt Hybrids, w&in each Block. 

Note: Fiber Quality Sampling Gas Performed on One Replication per Block. 

- 
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ANNEXURE TABLE A6. Chittalwadi, Akola (MS): Summary of Fiber Quality Data for 
Replicated Trials of Bt ‘a&d Non-Bt Cotton Hybrids. 

ii.; 
BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID Fiber Fiber Uniformity Fiber Ginning 
. Fineness IJength Index Strength Out Turn 

(Micronaire) (mm) WI (l/S’ G. ghex) (W 

MECH-1 Bt 4.5 30 80 26.9 36 
MECH-1 Non-Bt 4.5 31 80 26.7 36 

MECH-3 Bt 4.4 30 80 26.8 35 
MECH3 Non-Bt 4.5 30 81 25.8 35 

MECH-12 Bt 4.1 30 80 27.6 36 
MECH-12 Non-Bt 4.4 30 79 26.7 36 

MECH-162 Bt 4.1 31 79 27.1 35 
MECH- 162 Non-Bt 4.1 29 80 27.1 35 

NHH-44 4.4 26 76 24.5 34 
H-8 4.0 28 80 24.8 34 

Mean: Bt Hybrids 4.3 30 80 27.1 35 
Mean: Non-Bt Hy.’ 4.4 30 80 26.5 , 35 

BLOCK 2: Non-Bt Hybrids 

F i : 
1 k “i 

MECH-1 4.4 30 81 26.5 36 
MECH-3 4.5 30 82 26.0 36 
MECH-12 4.1 30 80 27.6 35 
MECH-162 3.2 28 79 25.9 36 
NHI-I-44 4.6 26 79 24.9 34 
H-8 3.5 27 79 25.0 35 

Mean: Non-Bt Hy.‘. 4.1 29 80 26.5 . 36 

’ Mean Value for Non-Bt Versions of Bt Hybrids, within each Block. 

Note: Fiber Quality Sampling was Performed on One Replication per Block. 
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ANNEXURE TABLE A7. Parsa, Mkhsana. (GJ): Summary of Fiber Quality Data for 
Replicated Trials of Bt and Non-Bt Cotton Hybrids. 

BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID Fiber Fiber Uniformity Fiber Ginning 
Fineness Length Index Strength Out Turn 

(Micron&e) (mm> WI (l/S* G. g/tex) WI 

MECH-1 Bt 4.2 
MECH- 1 Non-Bt 4.3 

MECH-3 Bt 4.4 
MECH3 Non-Bt 4.4 

MECH-12 Bt 4.3 
MECH-12 Non-Bt 4.4 

MECH-162 Bt 4.4 
MECH- 162 Non-Bt 4.4 

NHH-44 4.5 
H-8 4.2 

30 
30 

30 
30 

31 
31 

28 
28 

27 
28 

82 27.5 . 
81 27.3 

81 26.9 
82 27.1 

80 26.5 
79 26.8 

80 25.9 
81 26.0 

79 24.9 
81 24.6 

35 
35 

36 
35 

36 
35 

35 
35 

34 
35 

Mean: Bt Hybrids 4.3 30 81 26.9 ‘ 35 
Mean: Non-Bt Hy.’ 4.4 30 81 26.8 35 

BLOCK 2: Non-Bt Hybrids ’ 

MECH-1 4.4 30 82 26.9 35 
MECH-3 4.2 30 81 26.8 35 
MECH-12 4.2 31 80 26.5 35 
MECH-162 4.4 28 80 25.8 35 
NHH-44 4.5 27 78 24.5 34 
H-8 4.1 28 81 24.5 35 

Mean: Non-Bt Hy.‘. 4.3 30 81 26.5 35 

’ Mean Value for Non-Bt Versions of Bt Hybrids, within each Block. 

Note: Fiber Quality Sampling was Performed on One Rephcation per Block. I ’ 
i’. 

- 

- 

- 

- 

- 

- 

- 

-- 

- 
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ANJYEXURET~LE AS. ‘Kutibev, Haveri ( KTK): Summary of Fiber Quality Data for 
Replicated Trials of Bt and Non-Bt Cotton Hybrids. 

BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID .._ Fiber Fiber Uniformity Fiber Ginning 
Fineness Length Index Strength Out Turn 

(Micronaire) (mm) (%I (l/8” G. g/tex) VW 

MECH-1 Bt 4.1 31 80 27.0 35 
MECH-1 Non-Bt 4.4 31 79 26.5 36 

MECH3 Bt 4.3 30 81 26.8 36 
MECH3 Non-Bt 4.4 30 81 26.5 36 

MECH-12 Bt 4.2 30 80 26.3 36 
MECH- 12 Non-Bt 4.3 30 78 26.9 36 

MECH-162 Bt 4.2 28 82 25.8 36 
MECH- 162 Non-Bt 4.4 28 80 25.7 35 

NHH-44 4.5 27 78 24.1 34 
H-8 4.2 28 81 25.1 . 34 

Mean: Bt Hybrids 4.2 
Mean: Non-Bt Hy.’ 4.3 

30 81 
30 80 

BLOCK 2: Non-Bt Hybrids 

26.4 , 36 
26.4, 36 

MECH-1 4.5 31 81 26.9 37 
MECH3 4.3 30 82 26.0 35 
MECH-12 4.4 30 80 26.8 35 
MECH-162 4.2 28 80 25.5 35 
NHH-44 4.6 27 78 24.1 34 
H-8 4.1 28 81 25.9 35 

Mean: Non-Bt Hy.‘. 4.3 30 81 26.3 35 

1 Mean Value for Non-Bt Versions of Bt Hybrids, within each Block. 

Note: Fiber Quality Sampling was Performed on One Replication per Bly$. 
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ANNEXURE TABLE A9. Kondayampalam, Ccimbatore (TN): Summary of Fiber Quality 
Data for Replicated Trials of Bt and Non-Bt Cotton Hybrids. 

BLOCK 1: Bt & Non-Bt Hybrids 

HYBRID Fiber Fiber Uniformity Fiber Ginning 
Fineness Length Index Strength Out Turn . ,. 

(Micronaire) (mm) (%j (1/8ti G. g/tex) m 

MECH-1 Bt 3.9 30 80 26.9 35 
MECH-1 Non-Bt 4.2 30 81 26.2 35 

MEZH-3 Bt 4.3 30 81 27.1 35 
MECH-3 Non-Bt 4.3 30 82 27.3 ’ 35 

MECH-12 Bt 4.2 30 81 26.5 . 35 
MECH-12 Non-Bt 4.3 30 80 26.8 35 

MECH-162 Bt 4.4 28 80 25.7 35 
MECH- 162 Non-Bt 4.4 28 79 25.6 35 

NHH-44 4.4 27 79 24.2 35 
H-8 4.1 28 80 24.6 34 

Mean: Bt Hybrids I 4.2 29 80 26.5 35 
Mean: Non-Bt Hy.’ 4.3 29 80 25.4 ’ 35 

BLOCK 2: Non-Bt Hybrids 

MECH-1 4.3 30 80 26.1 35 
MECH3 4.4 30 81 27.0 35 
MECH-12 4.2 31 81 27.1 35 
MECH-162 4.5 29 80 26.6 35 
NHH-44 4.5 27 79 25.5 35 
H-8 4.2 28 81 24.4 34 I 

Mean: Non-Bt NY.‘. 4.3 30 80 26.7 35 

’ Mean Value for Non-Bt Versions of Bt Hybrids, within each Block. 

Note: Fiber Quality Sampling was Performed on One Replication per Block. , 

- 
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Location Based Differences in Results 
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Protocol-l involved a replicated randomized design for analysis of differences 

among Bt hybrids and their non-Bt counterparts, for multi-location trials grown in 

India during 1998-I 999. Supplemental Table SI. 7 summarizes differences among 

locations for yield expression from these Protocol I trials. All Bt cotton hybrids 

expressed statistically significant and higher yield as compared to their non-Bt 

versions at the majority of locations tested. When contrasting the mean yield of the 

two groups of hybrids (EH vs. Non-Bt), nine out of ten locations showed significantly 

higher yield for Bt cotton hybrids. For the single location (Gujrat) where significantly 

higher yield was not measured in Bt hybrids, environmental conditions prevented 

more than one boll picking and therefore limited data availability. , The range of 

significant yield increase for Bt cotton hybrids over their non-Bt counterparts was 

11% to 273’S, considering all hybrids and locations. Yield increases on a per hybrid 

basis averaged over those locations showing significant yield differences ranged 

from 41% to 78%, with the mean yield of all Bt hybrids showing a 46% increase over 

non-Bt versions for such locations. Yield increases on a per hybrid basis averaged 

over all locations ranged from 37% to 60%, with the mean of all 5t hybrids showing 

40% yield increase over the mean of non-Bt hybrids (reference also Protocol-? 

Report, Tab/e 1). 

For measurements involving bollworm larvae count and fru$ing body damage due to 

larvae feeding, statistically significant decreases were noted at a majority of locations 

tested (Supplemental Table 3.2). For those locations showing significant 

differences, decreases in mean Bollworm larvae count on Bt hybrids ranged from 4- 

fold to 6-fold, while decreases in fruiting body damage also ranged from 4-fold to 6- 

fold for Bt hybrids as compared to their non-Bt counterparts. 
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SUPPLEMENTAL TABLE Sl .I : Protocol 1 - Summary of Location Data for Yield Among Bt and Non-Bt Cotton Hybrids for Trials 
Conducted in India, 1998-1999. 

1 HYBRID 
COMPARISON 

MECH-1 Bt 
MECH-1 Non-Bt 

MECH-3 Bt 
MECH-3 Non-Bt 

MECH-12 Bt 
MECH-12 Non-Bt 

MECH- 162 Bt 
MECH-162 Non-Bt 

NHH-44 
H-8 

Mean: Bt Hybrids 
Mean: Non-Bt Hyb. 

Average Yield 
Among All Locations 

Average Yield Among Locations 
Showing Significant Yield 

Difference 
Number of Locations Range of Yield Increase 
Showing Significant Among Locations Yield % Increase Yield % Increase 
Yield Difference a Showing Significant Average in Yield Average in Yield 

Yield Difference 

(Bt vs. Non-Bt Hybrids) (% Increase: (Kg/ha) (Bt versus Non-Bt (Kg/ha) (Bt versus Non-Bt 
Bt vs. Non-Bt Hybrids) Hybrids) Hybrids) 

7oflO 11% - 273% 1214 47% 1164 46% 
828 795 

8oflO 12% - 191% 1510 51% 1456 44% 
1001 1014 

8of 10 19% - 133% 1738 41% 1623 37% 

*. 1231 1187 
, - 

8-of 10 31% - 200% 1600 78% 1161 60% 
897 . 1004 

Both Non-Bt Both Non-Bt - 1078 b Both Non-Bt 1078 Both Non-Bt 
Checks Checks l189b Checks 1189 Checks 

9of 10 23% - 234% 1466 ’ 46% 1464 40% 
1003 c 1045 

a Number of locations out of 10 total. 
b Average of Non-Bt check hybrids NNH-44 and H-8 calculated over all 10 trial locations. 
’ Mean yield of Bt and Non-Bt hybrids (including Non-Bt hybrids NNH-44 and H-8) calculated over the 9 trial locations which showed 

Sigit‘irnqt mfxn -0 
1 1 1 

ield ~if+jrenc~ r ! bveet7 those t\vn my-)~~ps 
1 I I 1 1 I 1 I 1 I 1 I i I I 
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SUPPLEMENTAL TABLE S1.2: Protocol 1 - Summary of Location Data for Bollworm Complex Reaction and Fruiting Body Damage 
Among Bt and Non-Bt Cotton Hybrids for Trials Conducted in India, 1998-1999. 

HYBRID 
COMPARISON 

Number of Locations Average Value Over Locations 
Showing Significant Differences Showing Significant Differences 
Between Bt & Non-Bt Hybrids Between Bt & Non-Bt Hybrids 

O-60 61-90 O-60 61-90 
Days After Sowing Days After Sowing Days After Sowing Days After Sowing 

Average Value 
Over All Locations 

BOLLWORM LARVAE COUNT (PER IO PLANTS) 

Mean: Bt Hybrids 1 5of8 5 of9 1.1 ._ 2.5 1.2 1.7 
Mean: Non-Bt Hyb. 6.9 9.4 6.1 6.4 

FRUITINGBODYDAMAGE(%) 

Mean: Bt Hybrids 6of8 7of9 2.2 2.1 I 2.5 2.5 
Mean: Non-Bt Hyb. 9.9 12.8 8.7 11.4 . 
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