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Executive Summary 

Cotton is considered to be an important cash crop in the agrarian economy of India. The Indian sub-

continent has a long history of cultivating Traditional varieties of Cotton. It is believed that cotton 

was first cultivated in Indus-Delta with the first evidence of cotton use found in India dating back to 

6000 BC. The work on varietal improvement of cotton initiated way back in 1904, and further 

strengthened with constitution of Indian Central Cotton Committee (ICCC) in 1923. With the 

inception of All India Coordinated Cotton Improvement Project (AICCIP) in April 1967, the varietal 

improvement work got momentum. World’s first cotton hybrid “H 4” was released from Cotton 

Research Station, Surat of Gujarat Agricultural University in 1970 and soon become extremely 

popular among farmers because of its high yielding potential and wide adaptability. Subsequently 

large numbers of hybrids were released. Still cotton continued to be a highly vulnerable crop due to 

its high susceptibility to disease and insect-pest like Boll-worm, White fly, Aphids, Jassids, etc., 

which used to cause severe yield loss in the crop. This resulted in indiscriminate use of highly toxic 

insecticide/ pesticide (In India about 45 percent of total crop pesticide application, used to be on 

cotton) which gradually developed resistance in Bollworms and Whitefly.  

Genetically modified (GM) cotton was developed to reduce the heavy reliance on pesticides. Bt 

cotton was created through the addition of genes encoding toxin crystals in the Cry group of 

Endotoxin, inserted into cotton, causing cotton, to produce this natural insecticide in its tissues. The 

strains of the bacterium Bacillus thuringiensis (Bt) naturally produces over 200 different Bt toxins, 

each harmful to different insects, most notably, insecticidal to the larvae of Moths, Butterflies, 

Beetles, Cotton Bollworms and Flies but are harmless to other forms of life.  

Seeing the scenario and considering the positive report on the field trials of Bt cotton by Indian 

Council of Agricultural Research (ICAR) submitted to the Ministry of Environment, the Genetic 

Engineering Appraisal Committee (GEAC), approved the commercial cultivation of three Bt-cotton 

hybrids in India on March 26, 2002.  

Despite widespread adoption of genetically modified crops, heated controversies about their 

advantages and disadvantages continue. Even though the performance of Bt cotton has been 

estimated to be satisfactory by Government, great discontent and strong views both for and against 

Bt technology have surfaced in different regions regarding Bt cotton.  

https://en.wikipedia.org/wiki/Bacillus_thuringiensis
https://en.wikipedia.org/wiki/Lepidoptera
https://en.wikipedia.org/wiki/Coleoptera
https://en.wikipedia.org/wiki/Helicoverpa_armigera
https://en.wikipedia.org/wiki/Diptera
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The major advantages claimed by Bt cotton include:  

 Reduction in the use of insecticides by almost 50%,  

 Reduction in the harmful effect on the environment,  

 Good quality of cotton fiber at par with non Bt-cotton,  

 Better yield per unit of input use.  

However the voices against Bt cotton raise various issues like:  

 Concern over spreading of the gene/ toxin,  

 The unforeseen long term impact on the ecosystem,  

 Farmer need to purchase expensive seeds from private companies every year. 

 Monopoly of the private companies on Bt seed market,  

 Bt seed cake might cause harm to animals,  

 Loss in biodiversity in the country and  

 Resistant development in insects leading to tedious task to control pests 

In view of above mentioned diverse views on Bt cotton and considering the importance of cotton 

on Indian agriculture, it seemed important to undertake a comprehensive and systematic review to 

study the economic returns and other related aspects of the cultivation of Bt cotton as opposed to 

non Bt cotton in nine major cotton producing states in the country. 

The Assignment 

Ministry of Agriculture, Department of Agriculture and Cooperation (Crop Division), Krishi Bhawan, 

New Delhi, has commissioned “Impact Evaluation and socio-economic study of Bt cotton” to assess 

the impact of this Scheme on increase in farmers’ income through adoption of Bt cotton.  

 
The approach adopted for this Evaluation study was to analyze both the secondary data as well as 

primary data collected through interviewing various stakeholders, to arrive at the conclusion for 

assessment of Impact of adopting Bt-cotton. As per the objective of the study mentioned in the 

Terms of Reference (ToR), particularly the usefulness to the farmers, nine cotton growing states 

namely Maharashtra, Gujarat, Andhra Pradesh, Madhya Pradesh, Punjab, Haryana, Karnataka, Tamil 

Nadu and Rajasthan were selected for the evaluation study. Main emphasis in the survey was to 

find out: 
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 The growth trend in Bt-cotton 

 Main drivers (motivation) for adoption or rejection of Bt. Cotton 

 Current pest scenario after adoption of Bt-cotton 

 Cost benefit analysis 

 Technologies adopted - Bt. Vis-à-vis non Bt. cotton 

 Bollworms survival 

 Increase in secondary pests 

 Bio safety & animal health concerns 

 Authenticity or otherwise of the concerns raised by NGOs 

 Future traits and thrust areas for Bt-cotton research. 

Major Findings 

I. Growth Rate of Bt. Cotton 

Cotton sector has made rapid stride since the inception of Bt cotton in India during 2002-03. 

Area under Bt cotton has increased from 76.7 lakh hectares in 2002-03 to 121.78 lakh hectares 

in 2011-12, whereas production has increased from mere 86.24 lakh bales in 2002-03 to 352 

lakh bales in 2011-12 and so is the yield which has increased to 491.38 kg lint/ha in 2011-12 

from 191.14 kg lint/ha in 2002-03.  

In North India Punjab, Haryana & Rajasthan are the major Bt cotton growing states. In Haryana, 

growth rate of all the surveyed districts have increased. In Haryana growth rate of adoption is 

quite encouraging varying between 77% in Fatehabad to 87% in Jind. In the state of Rajasthan 

CAGR for Bt Cotton in all the districts is also very encouraging. The study reveals that Compound 

Annual Growth Rate (CAGR) of Bt cotton in Rajasthan varied from 116% (Ganganagar) to 144% in 

Nagaur. Area under Bt Cotton has increased year on year in all the districts of Punjab. CAGR of 

Bt cotton in sampled districts varied between 30% (Fazilka) to 51% in Bhatinda.  

Central India comprising of Madhya Pradesh, Gujarat & Maharashtra, growth rate of Bt cotton 

adoption has increased in most of the districts of surveyed states. In Madhya Pradesh CAGR Bt 

cotton growth in sampled districts varied between 21% (Burhanpur) to 27% in Khargone. In 

Gujarat, area under Bt cotton has increased in all the sampled districts. Study reveals that CAGR 
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varied between 60 % in Bharuch to 91% in Amreli (91%).  In Maharashtra growth rate of Bt 

cotton adoption ranged between 52% (Amravati) to 76% (Aurangabad). 

In Southern part of India, Growth rate of Bt cotton adoption has increased in almost all the 

sampled districts of the region. Andhra Pradesh has emerged as the leading cotton growing 

state in the region with spectacular growth in all the sampled districts. CAGR for Bt cotton in the 

sampled districts of Andhra Pradesh was found to be 78% (Warangal) to 94% (Adilabad). 

Analysis of data reveals that cotton in sampled districts of Tamil Nadu has shown increasing 

growth rate. The study reveals that Bt cotton in sampled districts grew between 57% (Salem) 

and 83% (Perambalur). In Karnataka growth rate of Bt cotton has been observed to be gradually 

increasing since adoption. Dharwad has observed maximum growth in Bt cotton cultivation 

(88.65%) and minimum of 8.17% in Belgaum. 

 
II. Present scenario of Bollworm 

 
The study reveals that the bollworm population has not increased significantly after adotion of 

Bt cotton in the sampled states.  During field survey, about 56% of farmers reported that 

severity is light where as 35 % of sampled farmers reported moderate infestation. Only 9 % of 

farmers reported about heavy infestation in Bt cotton crops. Severity of incidence of Pink 

Bollworm was more in Gujarat as compared to other states.  

 
III. Utilization of Pesticide 

Bt cotton has been successful in achieving its prime objective of insecticide reduction, which in 

turn has resulted in positive environmental impact of less pesticide residue in the environment. 

During survey in 9 states, farmers were asked about the use of insecticide and number of spray 

during cropping season. 92 percent of the total sampled farmers reported to be spraying 1 to 4 

sprays of pesticides and only 8 percent of the farmers reported to be spraying more than 5 

sprays in the cropping season. This is entirely different from the past where farmers resorted to 

number of sprays to control insects.  

 

The study of available data reveals that insecticide usage has reduced significantly between 

2002-03 to 2011-12. Total usage of insecticide for bollworm control in cotton during 2002-03 
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was Rs 415.6 crores which came down to Rs 96.3 crores during 2011-12. Introduction of Bt 

cotton could be one of the reason for decline of insecticide used to control bolloworm. 

However, at the same time usage of other insecticides used to control sucking pests has 

registered an increase over 2002-03. Various reasons are cited by Central Institute for Cotton 

Research (CICR) for increase usage of insecticide for controlling sucking pests such as approval 

of large number of Bt-hybrids across the country by 2012, many of these hybrids are susceptible 

to sucking pests, increase in the area under sucking pest-susceptible hybrids and increase in 

resistance levels of jassids to Imidacloprid and many other recommended insecticides. 

 
IV. Relative Contribution of Bt Hybrid in Yield 

The results of decomposition analysis for cotton present the relative contribution of factors and 

may be seen that most of the increase in output in the period (base period & current period) 

was brought about by the growth in crop yield and in few states it is because of increase in area. 

The study reveals that yield growth was the main factor in output growth in the Andhra 

Pradesh, Gujarat, Maharashtra and Karnataka. 

 
The decomposition anaylsis also reveals that yield effect has more effect in output (interaction 

effect). The study further reveals that increase in production of cotton in Andhra Pradesh is 

more because of increase in yield which contributed more whereas the effect of area is lower 

compared to other states. In Gujarat effect of area on the increased output of cotton is very 

high, the other factors i.e. yield and interaction of yield and area also contributed positively 

respectively. In Maharashtra the relative contribution of yield is high among all surveyed states 

whereas contribution of area is lower than other states. In Punjab area of cotton contributed 

0.91% to the increased production of cotton in the state, which is highest compared to other 

cotton growing states. Area effect is second highest in Madhya Pradesh (0.55%) followed by 

Gujarat (0.52%) and Rajasthan (0.52%). 

 
V. Emerging Pest Scenario 

The study reveals that after Bt cotton adoption against non Bt cotton, sucking pests have 

emerged as a major challenge. During interaction with sampled farmers, it was reported that 

incidence of sucking pest like aphid, jassids, thrips, white fly, mealy bug, mirid bug etc has 

increased and farmers are unable to control these pests. Square drop, sucking of leaf sap, 
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reducing photosynthetic areas is the major concerns of the pests. Farmers in the sampled states 

reported to be spraying various insecticides to control these pests but are unable to do so as the 

infestation level has crossed the Economic Threshold Level. 

 
VI. Effect & Extent of Refugia Adoption 

The main purpose of refugia area is to prevent insects from developing resistance to Bt cotton 

and therefore farmers who plant Bt cotton seed must also plant non Bt cotton seed. The refugia 

area supplies a source of wild type (non mutant) insects to mate with possible resistant insects 

to produce non resistant insects. The study reveals that only 3% of the sampled farmers 

reported using refugia. Tamil Nadu has highest percentage (7%) of farmers who sow refugia 

followed by Andhra Pradesh (4.80%), M.P (3.25%), Karnataka (3.20%), Gujarat (3%), 

Maharashtra (2.63%), Rajasthan (2.33%), Haryana (1.75%) and Punjab (1.67%). 

 
The main reasons reported by surveyed farmers for non-adoption of refugia are yield loss, loss 

in acreage, increase in input cost and more pest infestation. Most of the surveyed farmers in 

surveyed states do not sow refugia seed; they generally throw the seeds given to them. They 

reported that increase in input cost and increase in pest incidence are the main reason followed 

by loss in acreage and yield loss for non adoption of refugia seed. 

 
VII. Cost of Production and Benefit-Cost Ratio 

 
The cost of cultivation per hectare was studied in 9 sampled States. The study reveals that in 

Northern States, the cost of cultivation during 2002-03 varied between Rs 18877 to Rs 27633.5 

However, during 2011-12 the Cost of Cultivation (CoC) per hectare has increased subsequently 

and varied between Rs 56097 to Rs. 66697 per hectare. In Central India, comprising of M.P., 

Gujarat & Maharashtra the cost of cultivation during 2002-03 varied between Rs 15475 to Rs 

20860 per hectare. This increased to 42289 to 61907 per hectare during 2011-12.  

 
In Southern India, cost of cultivation in 2002-03 was Rs. 28562 in Andhra Pradesh, Rs. 31062 in 

Tamil Nadu and Rs. 11914 in Karnataka which increased to Rs. 49401 in A.P, Rs. 56747 in Tamil 

Nadu and Rs. 36216 in Karnataka.  
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The study reveals that cost of chemicals including fertilizers constitute around 45 percent of the 

total cost of cultivation and increase in prices of these chemicals has resulted in overall cost of 

cultivation. Similarly, increase in wages of labour, which accounts for 21 percent, has lead to 

overall increase in cultivation cost. Higher benefit-cost ratio was observed among the farmers of 

Gujarat followed by Maharashtra whereas the lowest was observed in case of Madhya Pradesh 

Bt cotton growers. 

 
VIII. Status of Bollworm Resistance 

The study reveals that Bt cotton is still effective against bollworm. Around 91 percent of the 

surveyed farmers reported that severity of bollworm infestation was light to medium. Only 9 

percent of farmers reported about heavy effect in Bt cotton crops.  

 
IX. Popular Hybrids Preferred by Farmers 

The characteristics preferred by farmers are sucking pest resistance, big boll size, high yielding 

etc. Hybrids are categorized by type of irrigation, duration of crop, soil type which they can 

thrive on. Some hybrids thrive well in rainfed condition like ACH 155 whereas some need well 

irrigated condition with heavy management i.e. heavy feeders like Uttam, RCH 2, RCH 659 etc. 

Incidence of sucking pest has increased substantially in recent years; attack of Jassid, Aphid, 

Thrips, Whitefly, etc. is very problematic. Insecticides available in the market are not able to 

control infestation of White Fly in Northern Part of India. Therefore farmers all over India prefer 

hybrids which are tolerant to these sucking pests for example ACH 155 of Ajeet Seeds is first 

choice of farmers in certain states like Maharashtra due to its tolerance to sucking pest. 

 
Cotton hybrids such as “6488” and “6588” of bioseeds have been well received in the Punjab-

Haryana-Rajasthan belt mainly because of their early maturity (155-160 days), against the 165-

170 days of maturity of other hybrids. In Madhya Pradesh, the most preferred hybrids are Ajeet 

155, RCH 659, RCH 2, Jackpot, Jai and Dr Brent. In Maharashtra most preferred hybrids are 

ACH155, Ankur 3028, Mallika, ATM and Ankur Jai. ACH 155 is preferred mainly for its 

characteristics of less sucking pest attack as its leaves has bristles which refrains sucking pest 

attack on the cotton plant. In Gujarat the most preferred hybrid is Ajeet 155 as it is less 
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susceptible to sucking pest and is an early maturity hybrid which thrives well in rainfed 

condition. 

 
In Andhra Pradesh most preferred hybrids are Jadoo, Bhakti, Yuva, First Class, Mallika and ACH 

155. Yuva thrives well in all conditions, boll size is big, has more sympodia than monopodia, boll 

weight is also high and yield is also good. In Tamil Nadu the most preferred hybrid of farmers 

are RCH 2, RCH 20 (Ravi), Bahubali, Jadoo and Jackpot. Characteristic of the hybrids are 

mentioned earlier. In Karnataka, the most preferred hybrids are Kanak, Bahubali (MRC 7918) 

and Yuva. Bahubali has an extra-long staple length of about 36.0 to 36.5 mm with high strength. 

This tall spreading plant type is recommended for wider odd spacing planting geometry and for 

irrigated as well as protective irrigation conditions. The boll bearings have short internodes 

along with a larger number of sympodia. Not only it is high yielding but it is also management 

responsive.  

 
X. Major technologies adopted by the farmers for Bt hybrids 

With adoption of Bt cotton, there was a change in package of practices of cotton as Bt cotton 

required more crop management than non Bt cotton. Usage of micro nutrient like Sulphur, Zinc 

and Boron has started after Bt cotton adoption. Foliar sprays at 45 Days after Sowing (DAS) with 

mixed fertilizers like 19:19:19 to enhance vegetative growth of the plant and at 60 Day with 

0:52:34 is common practice to enhance reproductive growth and increase boll size so as to get 

better yield. Farmers have adopted use of Plant Growth Regulators or nipping operations to 

increase sympodial growth of cotton and to restrict vegetative growth.  

 
During field visit in the sampled districts, it was observed that adoption of better cultivation 

practices and technologies are very limited. Cotton is very sensitive to moisture stress at one or 

the other stage; however, it is still being cultivated mostly under rainfed condition. Cotton is 

generally cultivated in black soil or black and red in mixture soil where flood irrigation is not 

suitable & economical, therefore, not recommended. Still farmers are not adopting Micro 

irrigation systems. Drip irrigation has been installed in the states of Maharashtra (17.64%), 

followed by Madhya Pradesh (14.53%) and Gujarat (2.45%). In the rest of the 6 sampled states, 

area under drip for cotton field was found to be negligible amongst the sampled farmers. 
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The farmers by and large are following wider spacing in their cotton fields which results in lesser 

yield because of lesser plant population. Currently Government and seed companies are taking 

initiatives to promote High Density Planting for attaining optimum plant population. Several 

seed companies have developed hybrids more suitable to high density planting of cotton. 

Farm Mechanization is also not being adopted by the cotton farmers. Sowing and other 

intercultural operations are carried manually in Cotton. Land Preparation is either by tractor or 

bullock driven country plough. Thus there is requirement of greater farm mechanization in 

cotton so as to ease the agricultural operations. The implements/machines developed at 

various research institutes and Universities, need to be popularized and commercialized. New 

implements to be developed based on gap analysis and evaluated, refined and demonstrated 

on farmer's fields. Awareness creation for the same is also a prime requirement.  

XI. Future Research in cotton 

India permitted Bt cotton seeds for commercial cultivation in 2002. So far three Bt genes have 

been approved: Cry1Ac, Cry2Ab and Cry1C so far. Currently, these combinations are offered by 

four companies including Nath Seeds, JK Seeds and Metahelix of the Tata Group and Monsanto.   

The genetic resistance is the cheapest and the most efficient method of protecting crop plants 

from pests. With widespread cultivation of Bt transgenic cotton, there is an increased risk of 

developing resistance in insects against Bt toxin. Hence, multiple sources of resistance should 

be identified and used in Bt transgenic cottons to develop resistance against maximum 

insect/pest possible and tolerance to herbicides used. 

Cotton crop also suffers from abiotic stresses such as drought and salinity. There is need to 

develop Bt transgenic cottons with resistance to drought and salinity conditions. 

Therefore Molecular markers shall be isolated for resistant traits and pooled together in a 

pyramid through marker assisted breeding programmes, so as to enhance yield, improve fibre 

quality, high oil and protein content, resistance to biotic or abiotic stresses. 

There is a need to take a re-look at the entire germplasm collections to identify the markers and 

genes for economically important traits to convert them into elite cultivars. 
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Punjab Agriculture University, Ludhiana is coming out with a new generation seed of Bt cotton 

which can be reused. Scientists in the university are using cry1Ac gene sequence which is 

faithful to the one published by Western scientists 20 years ago. This gene is different from 

gene incorporated by Monsanto in the Bt cotton. Therefore, Punjab Agricultural University 

might become the first in India to develop genetically-modified open pollinating varieties of 

cotton whose seeds can be reused, thereby saving the farmers of recurring cost. 

 
XII. Farmers’ Perception 

Cotton farmers have reaped the benefit of Bt cotton in India. Before the adoption of Bt-cotton, 

Infestation of bollworm in non Bt cotton was the major problem faced by cotton growers in all 

parts of India. Farmers were shifting from cotton to other crops. After the adoption of Bt-

cotton, the financial condition of the farmers- improved remarkably. When contacted, farmers 

expressed their views in the following manner:  

 Number of pesticide spray for bollworm has decreased drastically. This resulted in lower 

cultivation cost. 

 Productivity improved and farmers get higher yield per acre (almost double in many 

places from 2002-03), which helped them to earn more, build pucca house, buying 

agriculture land, buy motor cycle, provide good education to the children from the farm 

income.  

 Demand of Bt cotton has increased because of the good quality lint 

Few farmers also shared their concerns regarding: 

 Increase in diseases / pest attack in Bt cotton crop in recent days. So immediate steps 

should be taken to control the disease by introducing new improved, more resistant 

variety of Bt. cotton seeds.  

 
XIII. Sale of Bt-cotton Hybrids, (Brand wise) 

Bt cotton has dominated the Rs 9,000 to Rs 10,000 crore cotton seed market (which is one of 

the biggest in the world) of India’s with almost 40 per cent share. Approximate number of 

packet sold in India amounts to 4 crores.  
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During the field survey, it was observed that the preference of Farmers regarding Bt-seeds vary 

from state to state, like any other crop. In Punjab the most preferred hybrids are Bioseeds 6588, 

Bioseeds 6488, Rasi Seeds RCH 773, RCH 653. Incidence of Whitefly and Cotton Leaf Curl Virus is 

the major problem in the state, so farmers prefer to grow hybrids which are tolerant to these. 

Bioseed's cotton hybrids such as “6488” and “6588” have been well received in the Punjab-

Haryana-Rajasthan belt mainly because of their 155-160 days maturity, against the 165-170 

days of maturity of other hybrids. 

In Haryana, farmers grow mostly Rasi seeds RCH 134 (because of specific characteristics like 

vigorous growth, high boll bearing, wider adaptability and high yield.), Bioseeds 6588, Bioseeds 

& 6488. 

In Gujarat the most preferred hybrid is Ajeet 155 (less susceptible to sucking pest and early 

maturity), Ankur Jai, RCH 2 and Mallika. Rasi seeds RCH 2 is a late maturity hybrid with big boll 

size. 

In Rajasthan the most preferred hybrids are Bioseeds 6488, (due to its high yield and tolerance 

level to various sucking pest Bioseeds 6588. In Madhya Pradesh, the most preferred hybrids are 

Ajeet 155, RCH. 659, RCH 2, Jackpot and Jai.  

In Maharashtra the most preferred hybrids are ACH155, Ankur 3028, Mallika, ATM and Ankur 

Jai. Nuziveedu Seed’s Mallika thrives well in irrigated condition, gives good yield due to big boll 

size. Kavery Seeds ATM ACH 155 is preferred mainly for its characteristics of less sucking pest 

attack. 

In Tamil Nadu, the most preferred hybrids are RCH 2, RCH 20 (Ravi), Bahubali, Jadoo and 

Jackpot. In Karnataka the most preferred hybrids are Kanak, Bahubali (MRC 7918) and Yuva. 

Bahubali has an extra-long staple length of about 36.0 to 36.5 mm with high strength.  

In Andhra Pradesh most preferred hybrids are Jadoo, Bhakti, Yuva, First Class, Mallika and ACH 

155. Shriram Bioseeds has established itself as one of the top players in hybrid Cotton segment 

due to Yuva’s wider adaptability across Andhra Pradesh. 
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XIV. Fertilizer usage on Cotton 

While analyzing per hectare usage of fertilizer in Bt-cotton, the trend is observed to be 

increasing with every passing year. Fertilizer consumption in cotton is found to be highest in 

Andhra Pradesh and Tamil Nadu and In Madhya Pradesh the fertilizer usage per hectare is 

found to be quite low and no significant increase observed. In Haryana and Rajasthan also the 

fertilizer dosage is lower than other states. In Maharashtra, the fertilizer consumption has been 

increased significantly with the passing years. However, it is also found that the 

recommendation on fertilizer usage in Cotton given by CICR, Nagpur, is not being followed by 

farmers due to lack of awareness.   

XV. Acceptability of Bt-cotton  

The survey reveals that the Bt cotton has established acceptability amongst the farmers. Most 

of the sampled farmers were found to be early adopter of Bt cotton. Around 52.39 percent 

farmers were the earliest and oldest adopter of Bt cotton. Because of the advantages of the Bt-

cotton, they continued the cultivation. This seems to have motivated other farmers also as 

remaining cotton growing farmers also undertook cultivation of Bt cotton. Around 8.16 percent 

farmers undertook cultivation in recent times. Interestingly, around 16.13 percent of the 

sampled farmers reported to have been cultivating Bt cotton even before its official launch in 

the country. 

XVI. Bio-safety related issues 

Scientific evidence indicates that Cry toxins are not toxic to higher animals such as goats, sheep, 

cattle and human beings etc in any part of the world as the Cry toxins do not get activated 

under the acidic conditions of these non targeted animals. Biosafety tests indicated absolute 

safety to goats, cows, buffaloes, fish, poultry and human. Feed-safety studies with Bt 

cottonseed meal were carried out with goats, buffalos, cows, rabbits, birds and fish. The results 

revealed that the animals fed with Bt-cotton seed meal were comparable to the control animals 

in various tests and showed no toxicity symptoms that could lead towards extreme toxicity 

symptoms or mortality. These studies were carried out by the National Dairy Research Institute, 

Karnal; Central Avian Research Institute, Bareilly; Industrial Toxicological Research Centre, 
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Lucknow; National Institute of Nutrition, Hyderabad; Central Institute of Fisheries Education, 

Mumbai and GB Pant University for Agriculture and Technology, Pantnagar, etc. 

On the other hand, Bt cotton cultivars exhibited excellent control of Helicoverpa armigera and 

reduced impact of insecticides to create eco-friendly environment without compromising yield.  

However when contacted, 8% of Bt-cotton farmers in Haryana reported to have faced problem 

such as itching, respiratory problem & decline in immunity. 3 farmers in Punjab reported to 

have faced respiratory problem after coming into contact of Bt cotton. None of the farmers in 

the 9 sampled states reported loss of any human life.       

Around 43 farmers across the 9 surveyed states reported ill effect of Bt cotton on animal health 

like reduced intake of food, suffocation, allergy and combination of these effects etc. 31 farmers 

in Haryana, 6 farmers in Punjab followed by 2 in Rajasthan and 1 in Gujarat reported ill effect on 

animal health after consuming Bt cotton products. None of the farmers in the 9 sampled states 

reported loss of animal lives.    

In India apprehensions of NGOs on sheep mortality at Warangal and Adilabad district of Andhra 

Pradesh due to grazing in Bt cotton fields, was examined by the State Government and reports 

received from the Directorate of Animal Husbandry, Hyderabad and the Indian Veterinary 

Research Institute, Izatnagar, U.P. revealed that the sheep deaths might be due to high content 

of Nitrates/ Nitrites, residues of hydrocyanide (HCN) and organophosphates which are common 

constituents of pesticides used during cotton cultivation and not due to Bt toxin.    

Though several NGO organizations raised bio-safety issues from time to time, these were found 

to have in-sufficient credence, especially in the light of extremely high hazards posed by 

insecticides when used as an alternative to the GM based pest-control technology.   

XVII. The traits farmers would prefer most 

It is found that adoption of Bt-cotton against non Bt cotton helped farmers in many ways, both 

direct and indirect, still there are few areas which need to be addressed in the future from the 

farmers’ perspective. They are: 
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 Farmers now need genetically-modified insect- pest resistant open pollinating varieties 

of cotton, whose seeds they can reuse for 3- 4 years and save the recurring seed cost of 

Bt-hybrids. 

 Farmers need to apply several herbicides to control weeds as cost of manual weeding 

become very high and timely weeding is necessary to get optimum yield and good 

quality cotton fibre. So herbicide-tolerant Bt cotton (transgenic crops) is one of their 

primary requirement.  

 After successful control of Bollworms, Farmers now want solution for sucking pest 

incidence on cotton crop, therefore when asked about the trait of their first preference; 

they replied Sucking Pest resistant Bt-cotton. For this they are ready to pay a maximum 

price of Rs. 2000 per 450 gm packet of seed.  
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Major Recommendations 

Given the vast potential benefits of Bt Cotton production, a number of technical and policy 

interventions are required to be introduced so as to increase its adoption in India. The needed 

recommendations and interventions are presented below: 

i. The wide spread myths about the harmful effects of Bt Cotton should be removed from 

farmers and consumers' mind by educating them through concise scientific lectures and 

mass communications methods. 

ii. Most of GM crops like Bt Cotton are generated and controlled by large private-sector 

companies, which have so far mainly targeted the commercial farmers who can afford their 

products. Nevertheless, there is some public-sector work directed towards the needs of 

resource-poor farmers. In addition, most of the technologies and intermediate products 

developed through private-sector research could be adapted to solve priority problems. 

There is a need to increase research efforts in Universities and public sector organizations 

and make the fruits of the research accessible to resource poor farmers.  

iii. In the case of Bt Cotton, most of the commercial applications developed so far are directed 

towards reducing production costs, not towards meeting the needs expressed by 

consumers. Greater and better targeted investments in Bt Cotton research will be needed 

to ensure that the farmers have access to the resulting new crop varieties. The focus should 

shift from pesticide-tolerant crops towards the characteristics that matter to resource poor 

farmers: 

• Improved resistance or tolerance to drought, 

• Water logging, 

• Salinity and extreme temperatures; 

• Improved resistance to pests and diseases; 

• Higher yields. 

 

Such a shift could be based on new private-public partnerships, exploiting the greater efficiency 

of private-sector research but under the guidance of public-sector donors. Research funds could 

be made available to public as well private sector R&D organizations by evaluating research 

proposals on merit in a transparent manner.  
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iv. All the Public and Private Sector Bt Cotton Seed producing companies and Government 

Research Units must be directed to maintain the germplasm of traditional cotton varieties 

at some alternate locations for future use of the germplasm. The extensive use of Bt cotton 

would replace the traditional seeds from the country hence need to have small traditional 

cotton seed centers spread over a wider area. 

v. Insurance schemes:  The farmers' are vulnerable to risk in reduction of yield as well as price 

shocks which result in heavy indebtedness and sometime force them to take extreme steps. 

It is suggested to devise or strengthen the ongoing Insurance schemes to mitigate these.  

vi. Spurious Bt Cotton: The high demand for Bt cotton has create a parallel industry for 

spurious Bt cotton seed which is of dubious origin and inferior quality. It was also noticed 

that seed is available in black market at very high price due to scarcity. It is recommended to 

develop monitoring mechanism to check such malpractices.  

vii. Awareness Campaign to Promote Refugia: It has been reported that due to low level of 

genetic literacy among farmers to grow refugia and do not use the recommended practices 

for distance isolation needed to prevent cross pollination between Bt cotton and non Bt 

cotton strains so as to reduce chances of breakdown of resistance of bollworm to Bt cotton 

varieties. It is suggested to drive a special awareness campaign to promote refugia 

cultivation along with Bt cotton crop in print and electronic media.  

viii. While recommending refugia adoption, practicability needs to be considered as 

recommendation of 20 percent refugia is very high for small farmers and fearing the yield 

loss they are not following the recommendations. For this, 5 percent Refugia bag (same 

non-Bt hybrid) + 5 percent pigeon-pea plants as a patch may be recommended.  Otherwise 

alternative processes and procedures need to be identified. 

ix. Awareness among farmers needs to be created to adopt farm mechanization/ implements 

for sowing, intercultural operations and various other activities carried out at the farm level. 

There is requirement of technological advancements in cotton so as to ease the agricultural 

operations. New implements to be developed based on gap analysis and evaluated, refined 

and demonstrated in the farmers’ field for better adoption. 

x. During survey it was found that Bt-cotton is being cultivated mostly in rainfed condition 

whereas Cotton suffers due to moisture stress at one or the other stage. Therefore it is 

recommended to make available irrigation facilities for the cotton farmers. As flood 
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irrigation is not advisable looking at the soil quality in cotton growing areas, Drip irrigation 

system should be installed in the cotton crop for better yield and improved quality.  

xi. High Density plantation should be encouraged and implemented as recommended by CICR 

to obtain optimum yield of cotton crop.  
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1 Introduction 

Cotton is the most cultivated commercial crop of India. It has great economic importance in the 

agrarian and industrial activities of our country. Cotton popularly known as “White Gold” is grown 

mainly for fiber. India has been a traditional home of cottons and cotton textiles. The domestication 

of the cotton cultivation for clothing of humanity was considered to begin in Asian sub-continent 

using diploid cottons. India is the only country where all the four cultivated species of cotton are 

grown. Our economy is consistently influenced by cotton through its production and processing 

sectors and by generating direct and indirect employment to more than sixty million people.  

 
Cotton is mainly used for fibre purpose, but it is also an oil and protein yielding crop of global 

significance. But the whole plant has different usage with a very minimal wastage. The use of cotton 

is very beautifully described by Dr. Roy G Cantrell: The World of Cotton, Pflanzenschutz-Nachrichten 

Bayer 58/2005, It describes that 35 % of cotton is lint used for textile purpose and Rag making and 

within 65%, 46% is used for feed for animal and fertilizer or compost purpose, 16 % is used in oil 

making, 27% is hull, 8% are linters used for furniture, paper, cosmetics etc and 3 % are waste.  

 
Figure 1: Diagrammatic representation of Usage of Cotton 
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Cotton is a member of Genus- Gossypium and belongs to Family- Malvaceae, more than 95% of the 

cotton is upland cotton, Gossypium hirsutum, while long staple cotton Gossypium barbadense, 

occupies a small area of about 5%. Both cultivated species are often cross pollinated, are 

incompatible with the diploid wild species of cotton. Two species of Asiatic cotton, G. arboreum and 

G. herbaceum are grown in restricted area of Asia and Africa. These two species are diploid and 

incompatible with upland and long staple cotton. 

 
With the establishment of Agricultural Departments in various states as early as in 1904, the 

varietal improvement work in cotton started. It was further strengthened in 1923 when Indian 

Central Cotton Committee (ICCC) was constituted. The varietal improvement work got momentum 

with the inception of All India Coordinated Cotton Improvement Project (AICCIP) in April, 1967. 

After inception of AICCIP, 90 varieties of upland cotton, 3 of Egyptian cotton, 39 of diploid cottons 

and 43 hybrids were released for commercial cultivation in different states of India. 

 
The hybrid cotton era started since 1970 in India with the release of world’s first cotton hybrid “H 

4” from Cotton Research Station, Surat of Gujarat Agricultural University. This hybrid was developed 

by Late Dr. C.T. Patel who is rightly called as father of hybrid cotton. By virtue of its high yielding 

potential and wide adaptability, this hybrid became very much popular among the farmers. 

 
However the susceptibility to insects and disease made cotton crop the most vulnerable 

commercial crop for Indian farmers. Infestation of bollworms was causing significant yield loss in 

cotton. Indiscriminate use of pesticides resulted in development of resistance in bollworms and 

whitefly. In India about 45 percent of total crop pesticide application, is applied on cotton. In spite 

of usage of huge amount of pesticides, the control of insects in cotton used to cause Psycho –Socio- 

Economic tension in farmers of India. Seeing the scenario Genetic Engineering Appraisal Committee 

approved Bt cotton in India. 

 
Genetically modified (GM) cotton was developed to reduce the heavy reliance on pesticides. The 

Strains of the bacterium Bacillus thuringiensis (Bt) naturally produces over 200 different Bt toxins, 

each harmful to different insects. Most notably, Bt toxins are insecticidal to the larvae of moths and 

butterflies, beetles, cotton bollworms and flies but are harmless to other forms of life. In many 

regions, the main pests in commercial cotton are lepidopteron larvae, which are killed by the Bt 
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protein in the transgenic cotton they eat. This eliminates the need to use large amounts of broad-

spectrum insecticides to kill lepidopteron pests.  

 
Bt cotton was created through the addition of genes encoding toxin crystals in the Cry group of 

endotoxin. When insects attack and eat the cotton plant the Cry toxins are dissolved due to the high 

pH level of the insect’s stomach. The dissolved and activated Cry molecules bond to cadherin-like 

proteins on cells comprising the brush border molecules. The gene coding for Bt toxin has been 

inserted into cotton, causing cotton, to produce this natural insecticide in its tissues.  

 
Even though the performance of Bt cotton has been estimated to be satisfactory by Government, 

there is great discontent in different regions with Bt cotton. Strong views both for and against Bt 

technology has surfaced. The major advantages claimed by Bt cotton include reduction in the use of 

insecticides by almost 50%, reduction in the harmful effect on the environment, good quality cotton 

fiber at par with non Bt cotton, better yield per unit of input use. However the voices against Bt 

cotton raise various issues like: concern over spreading of the gene/ toxin, its unforeseen long term 

impact on the ecosystem, the seeds from private companies are becoming very expensive for 

farmer, which they need to purchase, monopoly of the private companies on Bt seed market, Bt 

seed cake might cause harm to animals, loss in biodiversity in the country and resistant 

development in insects leading to tedious task to control pest etc.. 

In  view of above mentioned diverse views on Bt cotton and considering the importance of cotton in 

Indian agriculture, it seemed important to undertake a comprehensive and systematic review to 

study the economic returns and other related aspects of the cultivation of Bt cotton as opposed to 

non Bt cotton in 9 major cotton producing states in the country. 

 

The Assignment: 

Ministry of Agriculture, Department of Agriculture and Cooperation (Crop Division), Krishi Bhawan, 

New Delhi has awarded the “Impact Evaluation and socio-economic study of Bt cotton” to Global 

AgriSystem on 2nd May, 2014. 

Despite widespread adoption of genetically modified crops against non Bt cotton, heated 

controversies about their advantages and disadvantages continue. There are concerns that 
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genetically modified crops fail to benefit smallholder farmers and contribute to socio economic 

development. Many economic studies contradict this view, but most of them look at short term 

impacts only. So uncertainty about long term effects prevails. This study addresses this shortcoming 

by analyzing economic impacts and impact dynamics of Bt cotton in India. Building on unique panel 

data collected since 2002, this study will focus on whether Bt cotton has created large and 

sustainable benefits, which contribute to positive economic and social development in India. 

1.1  Objective of the Study  

Main emphasis in the survey shall be to find out: 

i. Main drivers (motivation) for adoption or rejection of Bt Cotton 

ii. Reduction in pesticide consumption 

iii. Cost benefit analysis 

iv. Technology adoption in Bt Vis-à-vis non Bt cotton 

v. Suitability in rainfed areas 

vi. Enhanced sucking pest damage 

vii. Increase in secondary pests 

viii. Bollworm survival 

ix. Wilt & low yields 

x. Bio safety & animal health concerns  

xi. Authenticity of the concerns raised by NGOs or otherwise. 

xii. High vulnerability of farmers in case of crop failure 

 

1.2  Terms of Reference  
 

i. Growth rate of Bt cotton adoption-District-wise analysis. 

ii. Present scenario of Bollworm( Helicoverpa armigera) 

iii. Utilization of pesticides (District-wise on cotton) 

iv. Relative contribution of Bt hybrid in yield enhancement. 

v. Emerging pest scenario after Bt Cotton. 

vi. Effect & extent of refugia adoption, elucidation of reasons for non-adoption, if any 

vii. Cost of production and cost benefit ratio over past 10 years. 
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viii. Status of Bollworm resistance development of Bt cotton. 

ix. Popular Bt hybrids preferred by the farmers and area occupied. 

x. Major technologies adopted by the farmers for Bt hybrids. 

xi. Future, research under public & private sector 

xii. Farmer’s perception and views on Bt hybrids. 

xiii. Packets of Bt cotton hybrids (Brand-wise)sales data district-wise from 2002-until date. 

xiv. Fertilizer usage on cotton year wise from 1999 until date. 

xv. Acceptability of Bt cotton. 

xvi. Bio Safety related reports (if any) on animal health and environment effects 

(positive/negative/neutral) before Bt cotton 2002 and between 2002 and to date. Farmer 

perceptions and issues(if any with Bt cotton) 

xvii. Which traits would they prefer most (bollworm resistant, sucking pest resistant, herbicide 

resistant, drought resistant, and disease resistant or any other). How much would they be 

prepared to pay for each of the traits if GM crops for the traits are made available? 
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2 Approach and Methodology 

Current 'Impact evaluation and socio- economic study' required a wholesome approach, for proper 

assessment of the Impact of adopting Bt cotton on cultivation practices, disease- pest infestation, 

usage of pesticide, yield, farmers' perception and other parameters as per the ToR, in the major 

cotton growing states selected. Keeping in view the scope of work in the given ToR and 

understanding the objectives, the approach and methodologies adopted for this program are 

summarized in the following paragraphs. 

2.1  Overall Approach  

The approach adopted for this evaluation study was to analyze both the secondary data as well as 

primary data collected through interviewing various stakeholders, to arrive at the conclusion for 

assessment of Impact of adopting Bt cotton as per the study objectives, particularly the usefulness 

to the farmers. 9 major cotton growing states were selected for the evaluation study. 

For this study the following steps were primarily adopted: 

 Collection and review of Secondary data like State level database, reports, documents, 

government policies. 

 Study of literatures and reviews on the impact of Bt Cotton, various research papers on 

varietal improvement of cotton, status of disease-pest, scope for future research on Bt 

cotton etc.  

 Development of questionnaires and checklists for primary data collection. 

 Mobilization of the study team.  

 Interaction and interview with policy makers, planners, development workers, traders etc  

 Continuous contact and consultations with the various concerned agencies and the Client. 

Sharing of information throughout the study period with the Client and flexibility to respond 

to desired changes and directions.  

 Field survey in the selected areas to arrive at a conclusive analysis of the emerging scenario.  

 Analysis of secondary and primary data using analytical tools 

 
The survey instrument, including draft questionnaire, was reviewed for comments before 

embarking on pre and actual survey.  Survey was completed, data entry and data quality checks 
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undertaken and a detailed analysis of the collected data was reported to the client. Survey findings 

were disaggregated based on various parameters as per the ToR within the proposed sample size.  

2.1.1 Designing the study 

To achieve the desired results, Global AgriSystem has developed a unique five step approach to 

arrive at the best solution. Each consultant working with Global Agrisystem is mandated to strictly 

follow this methodology. The components of the approach are discussed as under. 

 

Step – I: Diagnosis – This phase involves initial discussions with client, review of the historical data 

and learning’s from similar exercises carried out earlier are incorporated. The objective is to 

understand client’s requirements, expectations and specific objectives for carrying out the study 

and to ensure that the client and the project team are on the same platform. 

 
Step – II: Discussion and Designing – This phase involves initial workings on study design. Based on 

the outcomes of the step I, the consultant prepares a study design which is further discussed with 

the client to get his feedback and incorporate suggestion, if there is any. The consultant used a 

participative and consultative approach to develop the study design.  

 
Step – III: Implementation – This phase involves the actual study. Once the final study design is 

developed, the study is carried out in the field by the team. 

 
Step – IV: Detailing – At this stage preliminary analysis is carried out and the recommendations are 

presented to the client in form of a draft report. 

 
Step – V: Delivery – Submission of the Draft Study report and discussions on final 

recommendations. 
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2.2 Methodology  
 

The methodology adopted for this study was focused on certain parameters and variety of 

indicators which have significant importance in collecting reliable and adequately detailed 

information about the impact of adopting Bt cotton on Farmers and farming system. This will play 

the most important role in evaluating the impact and potential of the Bt cotton. The following 

methodological framework was followed for the present study: 

 
Task 1: Desk Research through analysis of Secondary Data 

Task 2: Developing the Sampling Plan and the Associated Fieldwork Schedules  

Task 3: Field Research and Primary Data 

 

2.2.1 Desk Research through analysis of Secondary data 

 

The Desk Research was initiated with the collection of secondary data. The nodal agencies of the 

concerned State Governments for cotton were identified. The research organizations studying Bt 

cotton since the years of approval of Bt cotton i.e. Central Institute for cotton Research (CICR), 

Cotton Corporation of India (CCI), Genetic Engineering Appraisal Committee (GEAC), Directorate of 

Cotton Development, etc were identified. 

 
Detailed study of State wise data base on Bt cotton was done to identify districts and blocks in the 

selected states for field survey of the study. 

 
Crop management information of Bt cotton was collected from the website of CICR Nagpur and 

State Agriculture Universities on regional basis viz. North, Central, South. Literature review was 

done to study the impact of Bt Cotton, the latest developments in research on varietal 

improvement of cotton, status of bollworm, future of research on genetically modified cotton. 

 

Private companies across India which are involved in the sale of Bt cotton hybrid seeds were 

contacted to discuss the status, list of Bt hybrids which are being sold across the country. Specific 

characteristics of top selling hybrids of the seed company were discussed to assess the packets sold 

in the past years, of Bt cotton. 
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Time series data on rainfall from IMD (Indian Meteorological Department) were collected to analyze 

the adoption and scope of Bt cotton in rainfed areas. Research papers and literatures on Bt cotton 

were studied to get an overall scenario of Bt cotton in India. This gave extensive information on 

topics like Socio-economic impact of Bt cotton, Pesticide usage pattern, Refugia adoption, Resistant 

development, Rate of adoption of Bt cotton, Bio-safety related issues. Team visited Indian 

Agricultural Research Institute (IARI) for studying the research papers published on Bt Cotton. 

Monsanto India Limited was also contacted for research papers on Bt Cotton published in India, 

across the states and worldwide. They had also sent several research papers pertaining to the topic. 

Research Papers studied has been enumerated in the annexure. 

 

2.2.2 Developing the Sampling Plan and the Associated Fieldwork Schedules 

The Sample Design: 

Multi-stage - Stratified - Purposive –Random Sampling Method has been adopted in the study.  

The samples have been collected from all the identified villages. The sample is representative and 

has been covering all categories of farmers. The sampling has been done with the existing Bt cotton 

growers taking into account the condition of the farming community in the selected areas of the 

respective States. 

 
Sample Selection: 

Selection of States: 9 states were selected on the basis of cotton acreages (area coverage). These 9 

leading Bt cotton growing states are Maharashtra, Gujarat, Andhra Pradesh, Madhya Pradesh, 

Punjab, Haryana, Karnataka, Tamil Nadu and Rajasthan.  

 

Selection of districts and blocks: Selection of districts and blocks was done in a manner so that a 

representative data emerges from that particular State. Districts were identified from each selected 

states according to the acreage of cotton crop. Total of 40 districts from 9 states were to be 

selected. The selection of the districts was done heterogeneously on the basis of acreage of cotton 

in the state. Maharashtra being leading cotton producing state, 8 sample districts were selected 

from the state for the study purpose. From Gujarat 7 districts, Andhra Pradesh 5 districts, Haryana 4 

districts, Punjab 3 districts, Madhya Pradesh 4, Rajasthan 3 districts, Karnataka 4, Tamil Nadu 2 

districts were selected. 
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Blocks have been selected subsequently, on the basis of area under cotton cultivation and prior 

discussion with district level agriculture department officials. From each of the selected districts 2 

blocks were identified. Thus a total of 80 blocks were selected to be surveyed. From each block 2 

villages1 were selected purposively, on the basis of cotton production. Thus in total, 160 villages 

were selected from the identified blocks. 

 
Selection of Farmers: The selection of farmer was made randomly.  A complete list of farmers has 

been drawn and divided into various size classes. The desired numbers of samples were randomly 

drawn in probability proportion to the actual numbers. In each selected village 25 farmers were 

selected on the basis of Bt cotton cultivation to assess the impact evaluation and socio economic 

evaluation. 

 

Figure 2: Sampling Plan 

Sampling method:  

The samples were collected from all the identified villages of the selected major cotton growing 

states as described in The ToR. The consultants used Systematic Random Sampling Method from 

the detailed list (wherever available) provided by the authorities at district/ block level. Non 

adopters were selected keeping in view the eligibility criteria for the project. Where such list was 

                                                           
1 List of villages given in annexure no vi.  
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not available, the sampling was done following the usual method of "starting from the centre of the 

village and covering the randomly selected Bt cotton farmers from four directions till the desired 

numbers of Bt farmers were covered". Where the selected directions did not give the desired 

number of respondents, then selection continued by moving right of the selected directions i.e. by 

following the principle of right hand thumb rule. 
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Table below enumerates the list of districts and blocks covered during the survey; 

Table 1: State, Districts and Blocks covered in Survey 
State Area in 

Lakh 
Hectare 
of 2014-
15 (3rd 

Est)  

No. of 
Districts 

District No. of 
blocks 

Blocks covered No. of 
villages* 

No. of 
farmers 

Maharashtr
a 

41.92 8 Yavatmal 16 Kalamb, Ralegaon  32 800 

Jalna Ambad, Bhokardan 

Aurangabad Viajapur, Paithan 

Jalgaon Dharangaon, Jamner 

Nanded Aradhapur, Nanded 

Buldana Malka Pur, Motola 

Parbhani Purna, Parbhani 

Amravati Daryapur, Chandur Bazar 

Gujarat 30.10 7 Surendranaga
r 

14 Wadhwan, Limda  28 700 

Rajkot Vakaner, Tankara 

Bhavnagar Sihor, Valbhipur 

Amreli Lathi, Babra 

Bharuch Amod, Vagra 

Vadodara Karjan, Sinor 

Ahmedabad Dhandhuka, Barwala 

Andhra 
Pradesh 

25.40 5 Adilabad 10 Ichoda, Bhainsa  20 500 

Karimnagar Siricillar, Vemulawada 

Warangal Narsampet, Jangama 

Guntur Macharla, Sattenpalli 

Khammam Kothagodem, Yellandu 

Karnataka 7.50 4 Dharwad 8 Hubli, Dharwad  16 400 

Haveri Ranebennur, Haveri 

Mysore Nanjura Gawdu , H D Kote 

Belgum Savadatta, Bailhongal 

Haryana 6.47 4 Sirsa 8 Sirsa, Dabwali  16 400 

Fatehabad Fatehabad, Bhuna 

Hissar Barwala, Adampur 

Jind Uchana, Narwana 

Madhya 
Pradesh 

5.74 4 Dhar 8 Sardarpur, Manawar   16 400 

Khargone Maheswar, Barwah 

Khandwa Khandwa, Punsa 

Bhurhanpur Khakhar, Bhurhanpur 

Rajasthan 4.87 3 Hanumangarh 6 Pilli Banga ,Sangaria    12 300 

Ganganagar Sadhul Sahar, Ganganagar 

Nagaur Merta,  

Punjab 4.50 3 Bhatinda 6 Sangat, Talmandi Sebo  12 300 

Fazilka Khuiya Sarovar, Abohar 

Mukatsar Gidharbha, Lambi 

Tamil Nadu 1.86 2 Perambalur 4 Veppanthattai , Kunnam   8 200 

Salem Gangavalli, Athur 

Total 12.99 40   80    160 4000 

Source: Department of Agriculture & Cooperation 
* State wise list of sampled villages is given at Annexure-VI  
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2.2.3 Source of data collection   

 

The primary data was collected by using both quantitative and qualitative research methods. The 

quantitative methods enabled us to assess the type and quantum of benefits received by Bt cotton 

from the view point of the farmers.  

 
Data from secondary sources included all relevant and available published and unpublished 

documents which were scanned to get insights into domain research target groups and related 

details about Bt cotton. 

 
The target groups/units of evaluation were: 

Farmers: Bt cotton farmers were taken under the survey. From them the insights on the actual facts 

and figures were obtained along with the advantages and disadvantages of adopting Bt cotton. 

Private sector companies involved in Bt cotton seed production were also consulted. 

 

2.2.4 Field Research and Primary Data 

The Data collection plan has been designed for maximum efficacy and optimal economics, keeping 

in view the dispersal of beneficiaries across the selected states and significance of sampling needs; 

with a clear objective of collecting data as per region / state basis, to consider efficiency or impact 

of adoption of Bt cotton against non Bt cotton and any observations to that extent.  

 
Sampling methodology and system was developed as per ISO 2500 standard, with a view to depict 

data accuracy and to reflect neutrality and accuracy of the program on the ground. The sample plan 

was discussed later on, based on the data provided. The field study was conducted by a dedicated 

team allocated in the selected blocks of the identified states for site visits, meetings and data 

collection. The team was managed by senior experts designated in the team. 

 
The data was thereafter collated, tabulated and presented in utility manner for further analysis and 

working. The timeline estimated for this assignment was followed. 
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Stages of study: The study was conducted in the following stages: 

i. Preparation for Survey  

ii. Design and Questionnaires and client side approval  

iii. Validation of Sampling Plan and Questionnaires 

iv. Piloting / Pre-Testing of Data Collection Instruments 

v. Constitution of the Survey Teams and Briefing Meeting and Training of the Survey team 

vi. Field Survey 

vii. Database creation, Data Entry & Data Cleaning 

viii. Analysis of the Data received from the Field 

Preparation/ Planning Meeting with Client: The Terms of Reference (ToR) has broadly explained 

the scope of work, however before starting work on the afore-said tasks mentioned in ToR as well 

as planning, meetings with the District level officials were held. In the meeting the consultants 

shared their planning methodology followed by a discussion among the experts and the officials. It 

helped both the parties to get a better understanding of the assignment.  

 
Designing a questionnaire form:  The survey questionnaire was designed keeping in view the 

objectives of the study so as to extract the desired relevant information through the correct 

answers needed for the planning of the project implementation strategy and to avoid any possible 

biases.  

 
Validation of Sampling Plan and Questionnaires: Field research was carried out on the predefined 

and approved questionnaires in active consultations with the Department of Agriculture & Cooperation 

(DAC) officials as well as the State and District offices of the agriculture department. The final 

sampling plan, questionnaires and field survey plans was also validated and approved by DAC. 

 
Pilot Testing & Survey Preparation: In order to validate the questionnaire and to ensure the 

collection of information as per the points designed and to train the supervisors of the survey team, 

a pilot survey was undertaken in the selected districts of Punjab, Haryana and Maharashtra. The 

main purpose of pilot testing of the survey program was to check the validity of the questionnaire 

by finding questions or words that might be misinterpreted, misread or misunderstood as well as to 

check the functionality of the questionnaire in the field.  
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Constituting Field Work Teams and Briefing Meeting with Field Supervisors and Field 

Investigators: After the approval of the final questionnaires and the sample plan, the field team was 

constituted. The team was gathered in Delhi office of the consulting organization and a briefing 

meeting and training session was held for the field research teams. Training of the interviewers and 

supervisors is one of the most important stages prior to the field survey which was done to 

familiarize the interviewers with the survey instruments. The project manager of GAPL provided the 

field team with a broad overview of the scheme and purpose, objective and importance of the field 

survey. Thereafter an extensive discussion was held to respond to the queries of the field 

investigators. The survey teams were briefed on the tasks, which they need to carry out during the 

primary survey exercise. 

 
Error detection: Questionnaires were manually edited initially and outliers detected as they are 

received during collection. A series of edit rules were developed and invalid or inconsistent entries 

were corrected using these rules. 

 

2.2.5 Field Survey to Collect Primary Data 

In depth field study was designed for maximum efficacy and optimal economics, keeping in view the 

Bt cotton cultivation across 9 states of the country. Primary data collection included field visits for 

physical verification, data available with agencies, qualitative interviews, structured questionnaires, 

and PRA’s with various stakeholders (farmers, traders, government officials etc). 

 
After the briefing meeting, the field research was carried out guided by the predesigned, approved, 

and structured questionnaires (prepared in active consultations with DAC). The primary data was 

collected from various sources. The field study was conducted by the survey team, comprised of 12 

people, allocated for site visits, data collection through face to face interviews and meetings. The 

team was managed by two expert coordinators. Data collection methods included site visits for 

structured questionnaires and interactions with stakeholders.  

 
During the fieldwork direct meetings were held with various categories of respondents including 

State Agriculture University scientists, government officials from whom information pertaining to 
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targets & achievements, success stories, were collected. The various categories of stake-holders 

contacted are: 

i. Farmers were surveyed extensively through a structured,  predefined, designed and 

approved questionnaire and PRA techniques 

ii. Distributors/ Dealers/Retailers were interviewed in person to know the scenario and status 

of pesticide and fertilizer usage on Bt Cotton, highest selling hybrids, cost of seed packets 

sold, cost of fertilizers sold and to discuss any bio-safety related issue in the area. 

iii. Government officials were contacted to assess the impact of Bt in the area specific, district 

wise and block wise information. Questionnaire for State level Government officials and 

District level Government official was made. Questionnaire was sent vide mail to concerned 

government officers of each state. Response was received only from Gujarat and Karnataka.  

In person interview of district level agriculture officer was done. In Andhra Pradesh officials 

didn't cooperate to furnish data as the authority letter was issued by Central Government. 

iv. Institutions – An interaction with officials of Agriculture Universities was done to 

understand current technologies in Bt cotton, future researches on Bt cotton, refugia 

plantation status, farmers' income related data, their adaptability to Indian agriculture and 

sustainability in the long run.  

v. Experts – Personal discussion with Mr. Ashok Gulati, was done to take his views regarding Bt 

cotton in India. 

vi. Non-Government Organizations- Organizations like Green Peace India, Navdanya and others 

were contacted for sharing their views and experiences on Bt Cotton. No response was 

received from Navdanya and Green Peace India refused to share their views on Bt cotton. 

 

2.2.6 Data Entry and Verification of Primary Data 

Dealing with large amount of data requires a systematic approach for data coding, tabulating and 

entry. It is to be noted that, before data entry, the collected data was verified. Such verification was 

carried out for all collected data or for the random sample of the data depending upon the quality 

and procedures of data collection. The data thereafter was collated, tabulated and presented in 

utility manner for further use. 
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Data analysis: Data Analysis involved standard statistical analysis of the data and information 

collected. The analysis was based upon the criteria developed before. These inputs helped in 

providing critical steering direction to frame and incorporate amendments or structural changes to 

the proposed system. 

 
The raw data and information collected from the fields of all selected villages were tabulated and 

analyzed in order to find out the real-time scenario. On the basis of collected data (secondary) and 

field survey (visit), the Expert Team analyzed, diagnosed and provided the feedback for, 

 Profiling of Bt cotton adopting. 

 Scope, nature and type of advantages of the adoption of Bt cotton. 

 Socio economic impact on beneficiaries  

 Farmer’s perceptions, views and preferences.  

 Farmers’ capabilities and needs. 

 Need for further research and improvements. 

 
Stakeholder Discussion & Focused Group Discussions: Participatory discussion arranged with 

various stake holders at various levels are as follows: 

Stage I: At inception stage to discuss and finalize work plan, questionnaire and methodology 

Stage II: After completion of field survey to discuss preliminary finding 

Case Studies: Various case studies were undertaken on bio-safety, resistance development, 

outbreak of secondary pests and diseases after Bt cotton adoption. 

Data Entry, Analysis of Secondary and Primary Data and Report Writing: Both primary and 

secondary data were collected, compiled, tabulated and analyzed using statistical tools such as 

regression analysis, software application package SPSS and other quantitative and qualitative 

analytical tools and techniques to arrive at appropriate conclusions. 

 
Various statistical tools used for the data analysis are regression, correlation, descriptive statistics, 

Analysis of Variance (ANOVA), cross table, etc.  
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2.2.7 Assessment Report 

On the basis of collected data and field survey (visit), our Team analyzed, diagnosed and provided 

the feedback for; 

 Impact on Bt cotton in reducing pesticide consumption and cost of cultivation 

 Net income of cotton farmers 

 Current pest scenario due to Bt area 

 Need of future research on Bt hybrids 

 Opinion of farmers or NGOs on Bt cotton 

 Effect of Bt seed on similar environment insurance 

 The future thrust area of Bt hybrids 

 

2.3    Limitations of the Study 

During the Impact Evaluation Study, the study team faced various issues, due to some anticipated 

and few un-foreseen reasons. Those are: 

1. As Bt cotton penetration in India is about 98%, finding out 500 non Bt farmers for survey in 

9 states was a tough task. In the surveyed districts, surveyors were able to locate Bt cotton 

(Gossypium hirsutum) growing farmers or Desi / Varietal Cotton (Gossypium arboretum) 

growing farmers.  But American cotton without bollworm resistant trait was rarely found. 

2. Collection of a decade old data from the farmers end was difficult and couldn't provide data 

beyond last 2-3 crop season. So extracting data was very time consuming and tedious. 

3. District wise data collection on various aspects of Bt adoption was difficult as State 

Departments don't have segregated Data for Bt-cotton. So they provided the consolidated 

data for the Cotton crop as a whole.  

4. Government officials were also non responsive. We had sent mails and letters to all state 

headquarters along with questionnaires of district & state level government officials but 

only Gujarat, Maharashtra and Karnataka responded to our requests. Though, Ministry sent 

communication to the States/ CICR regarding this Impact Evaluation Study, still the State 

Departments didn't respond positively.  
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5. Surveyors visited all District Headquarters but all data/information was not furnished by the 

government officials. In Andhra Pradesh, district officials refused to furnish data as the 

letter was from Central Government and not from State Government. 

6. Brand wise Bt-cotton Hybrid packet selling data for a period of 2002-03 to 2011-12 is not 

available with government officials. Department of Biotechnology, Government of India has 

data related to hybrid wise packet till season 2004-05. As this is the first phase of 

commercialization of Bt cotton, state wise Bt cotton packets were distributed. Mahyco, 

Monsanto and Biotech which keeps the data for sale of hybrids of Bt Cotton came into 

existence after 2006. There are more than 1000 hybrids of Bt cotton sold in the market. So 

collecting data for 1000 odd hybrids, for a period of 10 years, for 40 districts is impossible. 

State wise and company wise sale of Bt cotton is given in the report for the season 2013-14. 

7. All the major seed companies were also contacted to obtain the District level Bt-cotton 

packet sold, but none of them disclosed/ shared the information.  

8. All the major NGOs working on GM crops were contacted to share their views on the 

impact/ advantage/ disadvantages/ concerns over Bt-cotton, but none was ready to give 

appointment for the same. 

 

In spite of these limitations, efforts were made by the Study team to extract authenticated data as 

much as possible and complete the study in time. 
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3 An Overview of Cotton in India 
 

3.1 Cotton Cultivation in India 

India is the largest producer of cotton in the world accounting for about 25% of the world cotton 

production and having the largest area under cotton cultivation, around 25% of the total world area 

under cotton. If we observe year wise area, production and productivity of cotton in India, Area has 

increased from 85.35 lakh hectares in 2000-01 to 129.94 lakh hectares in 2014-15 (as per third 

estimates by Directorate of Economics & Statistics, Department of Agriculture, Cooperation and 

Farmers Welfare). 

 

With the steep increase in adoption of Bt cotton against non Bt cotton in India between 2002 and 

2014, the average yield of cotton which used to have one of the lowest yields in the world, 

increased from 189.62 kg lint per hectare in 2000-01 to 462.00 kg lint per hectare in 2014-15. 

However, in 2013-14, the national cotton yield reached the highest level of 510.00 kg lint per 

hectare. The production of cotton also increased from 95.20 lakh bales in 2000-01 to 353.28 lakh 

bales in 2014-15, which was a record cotton crop for India. Major shift in area, production and 

productivity started from the year 2003-04 onwards. This was primarily due to adoption of Bt 

Cotton in India. Bt Cotton was introduced in India in the year 2002 for commercial production, 

though in certain parts of India like Gujarat spurious seeds of Bt cotton came before Bt cotton 

launch in India. 

 
Study reveals that the yield of Bt Cotton in the states of Haryana (766 Kg lint /Ha), Punjab (757 Kg 

lint /Ha), and Gujarat (692 Kg lint /Ha) are higher than other Bt cotton growing states in the 

country. Similarly, other States that predominantly grow cotton in rainfed conditions have also 

shown remarkable increase in cotton yield in 2013-14, 374 kg lint per hectare in Maharashtra and 

534 kg lint per hectare in Andhra Pradesh in 2013-14 (Department of Agriculture & Cooperation).  

 
The phenomenal rise in cotton production is attributed to the wide scale adoption of Bt cotton, 

single gene Bt cotton from 2002 to 2006 and dual gene Bt cotton from 2006 onward, by smallholder 

cotton farmers across the nine cotton growing States. In 2014, 7.7 million cotton farmers adopted 

Bt cotton representing 95% of estimated 12.25 million cotton farmers in India (Biotech Cotton in 
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India, 2002-2014, ISAAA). In recent years, farmers increased the density of cotton planting 

particularly in irrigated and semi-irrigated conditions that led to substantial increase in cotton 

productivity per hectare across the country.  

Table 2: Area and production of cotton in India (2002 to 2015) 

Year Area in 
Lakh 

Hectare 

Production 
in Lakh Bales 

Yield 
Kg/Ha 

2000-01 85.35 95.20 189.62 

2001-02 91.32 99.97 186.10 

2002-03 76.7 86.24 191.14 

2003-04 75.98 137.29 307.18 

2004-05 87.87 164.29 317.85 

2005-06 86.77 184.99 362.43 

2006-07 91.44 226.32 420.76 

2007-08 94.14 258.84 467.42 

2008-09 90.07 222.76 403.00 

2009-10 101.32 240.22 403.00 

2010-11 111.23 330.00 499.00 

2011-12 121.78 352.00 491.38 

2012-13  119.77 342.20 485.71 

2013-14* 119.60 359.02 510.00 

2014-15** 129.94 353.28 462.00 

                                                  Source: Department of Agriculture & Cooperation 

                                                 *Final Estimate, ** 3rd Estimate 

 

 

Figure 3: Area, Production & Yield in Pre and Post Bt Cotton Phase in India (2000-01 to 2014-15) 

               Source: Department of Agriculture & Cooperation 
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3.2 Cotton Cultivation Practices and Patterns across the States 

Cotton is cultivated in three agro ecological regions of India namely North, Central and South zones. 

The northern zone is completely irrigated whereas the percentage of irrigated area is much lower in 

central and southern zones. Northern zone comprises of Punjab, Haryana and parts of Rajasthan, 

which contributes 15.95% to national production. Central Zone comprises of States of Maharashtra, 

Gujarat and Madhya Pradesh. This region accounts for maximum area and production of Cotton in 

the country and contributes 58.14% to national production. Third zone is Southern Zone which 

comprises of Andhra Pradesh, Karnataka and Tamil Nadu which accounts for 24.64% to national 

production. 

3.2.1 Area under Cotton 

Northern zone comprising of Punjab, Haryana and parts of Rajasthan where cotton is grown under 

irrigated conditions on alluvial and sandy soils. The region is known for growing Gossypium 

hirsutum and Gossypium arboreum type of cottons. After the introduction of Bt cotton, Intra-

hirsutum are being extensively cultivated. This zone has 11.67 % of total area under Bt cotton in 

India. Cotton-Wheat is the predominant cropping system. Main competitive crop coming up in 

Punjab is Basmati Rice. Many farmers have shifted from Cotton to Basmati Rice in districts of 

Mukatsar and Bhatinda owing to higher commodity prices of Basmati. 

 
Central zone comprises primarily of rainfed area of M.P, Maharashtra and Gujarat. This zone has 

highest area under Bt cotton in the country whuch is 61.02 % of total area under Bt cotton. 

Predominant area is under black soil, which is subjected to runoff, soil erosion, and nutrient losses. 

Cotton productivity is the lowest due to uncertainty and vagaries of monsoon. This Central zone is 

known to grow 3 varieties of cotton i.e. Gossypium hirsutum, Gossypium arboreum, Gossypium 

herbaceum and hybrid. Moisture stress, salinity, soil degradation problems are often encountered. 

Cultivation is done traditionally with bullock drawn implements and by manual labour. There are 

more weeds, pests and diseases due to uncontrollable rain and soil problems. The area is more 

suitable for diploid cottons. Cotton is grown as a mono-crop or as an intercropping system. Main 

competitive crop for cotton is Groundnut and Soybean in the central zone.  Groundnut is a major 

competitive crop to cotton in Saurashtra, Gujarat; owing to heavy black soil conducive for 
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Groundnut cultivation. Whereas in North Gujarat i.e. Himatnagar, Idhar, Mansa area of Gujarat, 

Castor is one of the major crops grown in Kharif season. The choice of sowing a particular crop in 

Kharif season depends on two factors: onset of monsoon and price of the commodity. For example 

in the year 2014, the market price per quintal of cotton varied from Rs. 3800 to 4200 whereas price 

of groundnut ranged from Rs. 2800 to Rs. 3300 per quintal. In case of Groundnut farmer can go for 

subsequent crop like Coriander which fetched good prices last year. In the state of Gujarat spacing 

is wider compared to other cotton growing states as the soil is predominantly black soil. In 

Maharashtra spacing is closer as compared to Gujarat.  

 
Southern zone comprising of Andhra Pradesh, Karnataka, and Tamil Nadu is a zone for growing 

Gossypium hirsutum, Gossypium arboretum, Gossypium herbaceum, Gossypium barbadense, and 

Hybrid cottons. This zone has 25.51 % total area under cotton in India. Soils of this zone are both 

black and red soil with poor fertility. Cotton cultivation is done under both irrigated and rain fed 

conditions. The area is well known for growing long and extra long staple H×B hybrid and 

Gossypium barbadense cottons. Pest and disease problems are more. Due to conducive climate, 

cotton can be grown throughout the year. In southern zone, Cotton is grown as sole crop or in 

intercropping system with Onion, Chili, Cowpea, Maize etc. Cotton-Rice rotation is also followed in 

this area. In Andhra Pradesh, Cotton, Maize, Chili and Paddy are grown primarily in Kharif season. In 

Guntur district, Chili is cultivated in major area after cotton. While in Warangal district, Paddy and 

cotton are the major kharif season crops grown. In Khammam, Cotton and Maize are major kharif 

crops grown. 

Table 3: Cropping Pattern of different cotton growing states 
Region State Kharif Rabi 

North 

Punjab Cotton/Paddy/Guar/Vegetables Wheat/Mustard 

Haryana Cotton/Guar/Paddy/Jowar Wheat/Mustard/Fodder 

Rajasthan Cotton/Guar/Bajra/Green Gram Wheat/Mustard/Cumin 

Central 

M.P. Cotton/Soybean/Banana/Chili/Maize Wheat/Gram/Maize/Sugarcane/Gram 

Gujarat Cotton/Groundnut/Castor/Vegetables Wheat/Sugarcane/Gram 

Maharashtra Cotton/ Wheat/Jowar/Sugarcane/Gram 

Southern 

Andhra Pradesh Cotton/Chili/Maize/Paddy Paddy/Maize/Bengal 
Gram/Tobacco/Groundnut 

Karnataka Cotton/Maize Wheat/Barley/Mustard/sesame 

Tamil Nadu Cotton/Paddy/Maize Jowar/Bajra/Ragi/Cotton/Groundnut 

Source: Primary Survey 
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4 Adoption and Growth of Bt Cotton over non Bt Cotton in India 

Bt cotton was approved by the Government of India for commercial cultivation in India in 2002 

considering the positive report by Indian Council of Agricultural Research (ICAR) on trial of Bt-

cotton. In March 2002, the Genetic Engineering Appraisal Committee (GEAC), the regulatory body 

of the Government of India for transgenic crops approved the commercial cultivation of three Bt 

cotton hybrids: Bt MECH 12, Bt MECH 162 and MECH 184. These hybrids were developed by 

Monsanto in collaboration with its Indian partner Maharashtra Hybrids Seeds Company (MAHYCO). 

4.1 Chronology of Bt Cotton in India 

March 10, 1995: Department of Biotechnology (DBT) of the Government of India permits import of 

100 gm of transgenic Cocker-312 variety of cottonseed cultivated in the United States by Mahyco. 

This variety contained the Cry 1 Ac gene from the bacterium Bacillus thuringiensis. 

April 1998: Monsanto-Mahyco tie up. Monsanto was given permission for small trials of Bt cotton 

100 g per trial by Department of Biotechnology (DBT). 

January 8, 1999: Review Committee for Genetic Manipulation (RCGM) expresses satisfaction over 

the trial results at 40 locations and on April 12th directs MAHYCO to submit applications for trials at 

10 locations before Monitoring and Evaluation Committee (MEC). 

2000-2002: ICAR trials were conducted at different All India Coordinated Cotton Improvement 

Project (AICCIP) centres of Central and South Zone locations. 

February 20, 2002: The Indian Council of Agricultural Research (ICAR) submitted a positive report 

to the Ministry of Environment on the field trials of Bt cotton. With this, it was expected that the 

Genetic Engineering and Approval Committee (GEAC) of the environment ministry will approve 

commercial use of Bt cotton soon. 

March 25, 2002: Approval given for commercial cultivation to three Bt Cotton hybrids of M/s. 

MAHYCO by GEAC. In India, the area under Bt cotton hybrid has increased from a mere 0.294 lakhs 

ha during 2002 to 10.148 lakhs ha in 2005.  It was observed that in the year 2006-07, the area under 
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Bt cotton has increased to 34.61 lakhs ha which was more than 3 times. Nearly 92.12 per cent of 

the country’s cotton area is now covered by Bt hybrids. Bt technology has helped India to treble its 

cotton output from 13 million bales in 2002 (when it was introduced) to about 40 million bales in 

2014. Accumulatively, 45 million small farmers in India have benefited from planting Bt cotton 

repeatedly year-after year during the 12-year period 2002 to 2014.  

4.2  Adoption of Bt Cotton 
 

To understand the trend of adoption of Bt cotton, the number of years was categorized into 5 class 

intervals as can be seen in the table given below. The survey reveals that around 16.13% of the 

sampled farmers’ were cultivating Bt-cotton even before the formal approval in 2002. The farmers 

of Andhra Pradesh took a lead where 47% of the respondent reported to have cultivated Bt-cotton 

before 2002. This was followed by farmers of Gujarat and Punjab where 30% & 21% respondent 

reported to be cultivating Bt-cotton prior to 2002. This happened as spurious seeds is believed to 

got introduced in India even before approval of Bt cotton for commercial production by GEAC. 

 

The survey also reveals that 52.39% of the farmers reported to be cultivating Bt-cotton by more 

than 7 years. Under this category around 74% respondent farmers in M.P. reported cultivation of Bt 

cotton by more than 7 years. This was followed by the farmers of Punjab, Haryana, Maharashtra 

and Rajasthan.  

Table 4: Duration for cultivation of Bt Cotton by Surveyed farmers (%) 
State Percentage of Farmers cultivating Bt Cotton 

7 to 12 
Years 

5 to 7 
Years 

2 to 5 
Years 

0 to 2 
Years 

Before 
2002 

Total 

A.P. 28.80 16.60 6.20 1.00 47.40 100.00 

Gujarat 53.61 12.81 3.53 0.00 30.04 100.00 

Haryana 60.35 17.71 2.00 0.25 19.70 100.00 

Karnataka 38.30 30.85 22.87 3.72 4.26 100.00 

M.P. 74.25 23.75 2.00 0.00 0.00 100.00 

Maharashtra 56.91 33.75 5.11 0.00 4.23 100.00 

Punjab 69.67 8.67 0.33 0.33 21.00 100.00 

Rajasthan 55.96 28.15 14.90 0.00 0.99 100.00 

Tamil Nadu 24.50 45.00 26.50 2.50 1.50 100.00 

Total 52.39 23.33 7.50 0.66 16.13 100.00 

                            Source: GAPL Analysis 

 

During the survey, farmers were also queried on various reasons for adoption of Bt-cotton. The 

finding reveals that around 69.76% of the respondent farmers opted for Bt-cotton due to high yield. 
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Good quality was second popular reason amongst the farmers for adoption of Bt-cotton. 

Interestingly 41% of the respondent said that they adopted Bt cotton because of low pest 

incidence.   The other reasons, for adoption of Bt-cotton, were early flowering and more boll 

bearing.  

Table 5: Surveyed Farmers Response (%) about reason of growing Bt Cotton 
State Reason of growing Bt Cotton By Surveyed Farmers (%) 

Low pest incidence 
 / pesticide usage 

High  
Yield 

Good quality 
produce 

Early  
flowering 

More boll 
bearing 

Others 

A.P. 6.80 94.60 86.20 19.80 0.40 0.00 

Gujarat  19.15 44.48 63.33 15.17 7.51 0.29 

Haryana 85.54 65.59 60.35 6.73 4.49 0.00 

Karnataka  22.87 69.41 56.91 61.44 23.40 0.53 

M.P. 42.50 97.25 59.50 2.25 0.00 0.00 

Maharashtra 26.40 61.77 50.68 27.27 30.76 0.25 

Punjab 83.67 69.00 69.67 9.67 0.67 0.00 

Rajasthan  75.17 65.89 82.78 9.60 0.33 0.00 

Tamil Nadu  85.00 86.50 19.00 16.50 0.50 0.00 

Total 40.97 69.76 62.08 19.67 10.35 0.15 

Source: GAPL Analysis 

 

To understand the source of information on Bt cotton amongst the farmers, sampled farmers were 

queried on various sources of information. The analysis of data reveals that seed companies/ 

dealers were the major source of information on Bt-cotton as 75% of the respondent reported to 

get information from them. Fellow farmers were the other major source of information on Bt-

cotton as 45% respondent confirmed fellow farmers as source of information. Krishi Vigyan Kendra 

(KVK) & State Agricultural Universities and newspaper/ magazines were the other source of 

information for the farmers. 

Table 6: Source of awareness among sampled farmers abut Bt cotton 

State Source of awareness among surveyed farmers (%) 

Extension  
worker 

Fellow  
farmer 

KVK/  
SAU 

Leaflet/ 
magazine  

/Newspaper 

Seed 
companies/ 

Dealers 

A.P. 0.20 99.20 4.80 1.40 82.00 

Gujarat  2.80 35.64 1.91 0.44 66.30 

Haryana 5.49 11.47 7.98 1.25 81.50 

Karnataka  9.31 63.30 28.46 30.85 67.80 

M.P. 0.50 3.50 0.25 0.25 96.50 

Maharashtra 1.00 66.50 5.85 0.75 64.00 

Punjab 0.67 3.67 3.67 0.00 92.70 

Rajasthan  0.99 0.99 3.97 0.33 96.70 

Tamil Nadu  4.00 96.00 0.50 0.00 29.50 

Total 2.52 44.84 6.26 3.51 75.00 

         Source: GAPL Analysis  
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4.3 Acceptability of Bt cotton 
 

The survey reveals that the Bt cotton is finding acceptability amongst the farmers. During field 

survey, it was found that most of the sampled farmers were early adopter of Bt cotton as can be 

seen from the below given table. Around 52.39% farmers were the earliest and oldest adopter of Bt 

cotton and were cultivating Bt crop since official launch of Bt cotton. This seems to have motivated 

other farmers also as remaining cotton growing farmers also undertook cultivation of Bt cotton and 

have been growing cotton for last 7 years.  Around 8.16% farmers undertook cultivation in recent 

times. Interestingly, around 16.13 % of the sampled farmers reported to have been cultivating Bt 

cotton even before its official launch in the country. Farmers of Andhra Pradesh were the earliest 

adopter of Bt cotton as 47.40% of sampled farmers in the state have reported to be undertaking 

cotton before 2002.This was followed by the farmers of Gujarat and Punjab where 30.04% & 21.0% 

farmers undertook Bt cultivation respectively. 

Table 7: Duration for cultivation of Bt Cotton by Surveyed farmers (%) 
State Percentage of Farmers cultivating Bt Cotton 

7 to 12 
Years 

5 to 7 
Years 

2 to 5 
Years 

0 to 2 
Years 

Before 
2002 

Total  

A.P. 28.80 16.60 6.20 1.00 47.40 100.00 

Gujarat  53.61 12.81 3.53 0.00 30.04 100.00 

Haryana 60.35 17.71 2.00 0.25 19.70 100.00 

Karnataka  38.30 30.85 22.87 3.72 4.26 100.00 

M.P. 74.25 23.75 2.00 0.00 0.00 100.00 

Maharashtra 56.91 33.75 5.11 0.00 4.23 100.00 

Punjab 69.67 8.67 0.33 0.33 21.00 100.00 

Rajasthan  55.96 28.15 14.90 0.00 0.99 100.00 

Tamil Nadu  24.50 45.00 26.50 2.50 1.50 100.00 

Total 52.39 23.33 7.50 0.66 16.13 100.00 

                         Source: GAPL Analysis 
 

4.4 Commercialization of Cotton 
 

Commercialization of Bt cotton increased 220-fold in 2013 at 11 million hectares from 50,000 

hectares in 2002. The use of Bt-Cotton in India has grown exponentially since its introduction. 

Recently India has become the number two global exporter of cotton and the second largest cotton 

producer in the world.  

 
The table number 8 illustrates state wise and year wise area under cotton, Bt cotton and depending 

upon the area under Bt cotton in the state, number of Bt cotton packet sold in the state has been 
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calculated. Assumption in the calculation is that the seed rate has been constant throughout the 

years. Depending upon the primary survey conducted in 9 states, seed rate per acre in terms of 

packets per acre has been taken. Total area under Bt cotton has been multiplied with seed rate to 

calculate the number of packets of Bt cotton sold in the state in a particular year. Area under cotton 

in a particular state has been taken from the State Department of Agriculture.  

 
Area under cotton in India has increased exponentially from 76.7 lakh hectares in 2002-03 to 129.94 

lakh hectares 2014-15. Total area under Bt cotton in India has increased from 0.29 lakh hectares in 

2002-03 to 118.35 lakh hectare in 2014-15. If we analyze the percentage share of Bt cotton in total 

cotton grown, penetration of Bt cotton increased from 0.38% in 2002-03 to 91.08% in 2014-15. 
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Table 8: State wise acreage under cotton, Bt cotton and no. of packet sold (2002 to 2014) 

State  Particulars 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Maharashtra Cotton Area in lakh Ha 28.00 27.62 28.4 28.75 31.07 31.95 31.42 35.03 39.42 41.25 41.46 38.72 40.29 

Bt Cotton Area in Lakh Ha 0.12 0.22 1.62 5.09 16.55 25.62 25.72 30.48 35.43 38.95 38.15 36.87 40.10 

Bt cotton Area in Lakh Acre 0.30 0.54 3.99 12.57 40.88 63.28 63.53 75.29 87.51 96.21 94.23 91.07 99.05 

No. of Packet Sale in '000 0.44 0.81 5.98 18.85 61.32 94.92 95.29 112.93 131.27 144.31 141.35 136.60 148.57 

% Share of Bt cotton 0.43 0.79 5.69 17.70 53.27 80.19 81.86 87.01 89.88 94.42 92.02 95.22 99.53 

Andhra Pradesh Cotton Area in lakh Ha 8.03 8.37 11.78 10.33 9.72 11.33 13.98 14.83 18.79 18.79 24.00 22.69 26.29 

Bt Cotton Area in Lakh Ha 0.04 0.05 0.71 0.90 6.57 10.00 11.43 12.53 17.01 18.26 22.35 22.49 22.29 

Bt cotton Area in Lakh Acre 0.09 0.13 1.76 2.23 16.23 24.70 28.23 30.95 42.01 45.10 55.20 55.55 55.06 

No. of Packet Sale in '000 0.16 0.23 2.99 3.80 27.59 41.99 47.99 52.61 71.42 76.67 93.85 94.44 93.60 

% Share of Bt cotton 0.47 0.65 6.04 8.75 67.59 88.26 81.76 84.49 90.53 97.18 93.13 99.12 354.37 

Gujarat Cotton Area in lakh Ha 16.35 16.41 19.06 19.06 23.90 24.22 7616 26.25 26.33 29.62 24.97 26.91 29.81 

Bt Cotton Area in Lakh Ha 0.09 0.42 1.26 1.49 4.07 13.00 14.50 15.39 20.88 26.78 21.85 25.68 27.13 

Bt cotton Area in Lakh Acre 0.22 1.03 3.11 3.69 10.05 32.11 35.82 38.01 51.57 66.15 53.97 63.43 67.01 

No. of Packet Sale in '000 0.29 1.34 4.04 4.79 13.07 41.74 46.56 49.42 67.05 85.99 70.16 82.46 87.11 

% Share of Bt cotton 0.56 2.54 6.61 7.83 17.03 53.67 0.19 58.63 79.30 90.41 87.51 95.43 91.01 

Madhya Pradesh Cotton Area in lakh Ha 5.64 5.76 6.20 6.39 6.30 6.18 6.04 6.11 6.50 7.06 6.08 6.21 5.74 

Bt Cotton Area in Lakh Ha 0.01 0.13 0.86 1.36 3.02 4.71 5.14 6.06 6.00 6.35 5.38 5.69 5.50 

Bt cotton Area in Lakh Acre 0.03 0.33 2.13 3.36 7.46 11.63 12.70 14.97 14.82 15.68 13.29 14.05 13.59 

No. of Packet Sale in '000 0.05 0.46 3.00 4.74 10.52 16.40 17.90 21.11 20.90 22.12 18.74 19.82 19.15 

% Share of Bt cotton 0.25 2.31 13.89 21.31 47.94 76.21 85.10 93.23 84.99 104.44 86.63 99.13 95.82 

Rajasthan Cotton Area in lakh Ha 3.44 4.38 4.72 3.5 3.69 3.02 4.44 4.44 3.35 4.70 4.50 3.03 4.16 

Bt Cotton Area in Lakh Ha 0.00 0.00 0.00 0.02 0.05 0.38 1.48 2.80 2.60 4.00 3.15 2.38 3.95 

Bt cotton Area in Lakh Acre 0.00 0.00 0.00 0.06 0.12 0.94 3.66 6.92 6.42 9.88 7.78 5.88 9.76 

No. of Packet Sale in '000 0.00 0.00 0.00 0.11 0.23 1.78 6.95 13.14 12.20 18.77 14.78 11.17 18.54 

% Share of Bt cotton 0.00 0.00 0.00 0.66 1.36 12.58 33.33 63.06 77.61 85.11 70.00 78.55 94.95 

Karnataka Cotton Area in lakh Ha 3.93 3.17 5.21 4.13 3.75 4.03 4.06 4.27 5.45 5.54 4.85 5.94 8.10 

Bt Cotton Area in Lakh Ha 0.02 0.03 0.34 0.29 0.80 1.46 1.57 3.16 3.73 4.60 3.88 5.76 7.70 

Bt cotton Area in Lakh Acre 0.05 0.07 0.85 0.72 1.98 3.61 3.88 7.81 9.21 11.36 9.58 14.23 19.02 

No. of Packet Sale in '000 0.08 0.12 1.36 1.16 3.16 5.77 6.20 12.49 14.74 18.18 15.33 22.76 30.43 

% Share of Bt cotton 0.53 0.95 6.58 7.09 21.33 36.23 38.67 74.00 68.44 83.03 80.00 96.97 95.06 

Tamil Nadu Cotton Area in lakh Ha 0.76 0.98 1.29 1.41 1.00 0.99 1.10 1.15 1.22 1.33 1.28 1.39 1.25 

Bt Cotton Area in Lakh Ha 0.00 0.08 0.12 0.17 0.32 0.60 0.12 0.09 0.62 1.06 0.87 1.13 1.07 

Bt cotton Area in Lakh Acre 0.01 0.19 0.30 0.42 0.79 1.48 0.30 0.22 1.53 2.62 2.15 2.79 2.64 

No. of Packet Sale in '000 0.01 0.32 0.50 0.71 1.34 2.52 0.50 0.38 2.60 4.45 3.65 4.74 4.49 
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% Share of Bt cotton 0.39 7.76 9.30 12.06 32.00 60.61 10.91 7.83 50.82 79.70 67.97 81.29 85.60 

Punjab Cotton Area in lakh Ha 4.49 4.52 5.09 5.57 6.07 6.04 5.27 5.36 5.30 5.60 4.80 5.05 4.50 

Bt Cotton Area in Lakh Ha 0.00 0.00 0.00 0.70 2.81 5.57 4.76 5.14 5.10 5.46 4.07 4.97 4.30 

Bt cotton Area in Lakh Acre 0.00 0.00 0.00 1.74 6.94 13.76 11.76 12.70 12.60 13.49 10.05 12.28 10.62 

No. of Packet Sale in '000 0.00 0.00 0.00 2.90 11.59 22.98 19.63 21.20 21.04 22.52 16.79 20.50 17.74 

% Share of Bt cotton 0.00 0.00 0.00 12.64 46.29 92.22 90.32 95.90 96.23 97.50 84.79 98.42 95.56 

Haryana Cotton Area in lakh Ha 5.19 5.26 6.21 5.83 5.3 4.83 4.55 4.55 4.92 6.41 6.14 5.66 6.39 

Bt Cotton Area in Lakh Ha 0.00 0.00 0.00 0.11 0.42 2.79 3.46 4.90 4.18 5.88 5.73 5.38 6.31 

Bt cotton Area in Lakh Acre 0.00 0.00 0.00 0.26 1.04 6.89 8.55 12.10 10.32 14.52 14.15 13.29 15.59 

No. of Packet Sale in '000 0.00 0.00 0.00 0.41 1.61 10.68 13.25 18.76 16.00 22.51 21.94 20.60 24.16 

% Share of Bt cotton 0.00 0.00 0.00 1.84 7.92 57.76 76.04 107.69 84.96 91.73 93.32 95.05 98.75 

All India Cotton Area in lakh Ha 78.70 75.98 87.87 86.77 91.45 94.14 94.07 101.32 112.35 121.78 119.78 117.51 128.48 

Bt Cotton Area in Lakh Ha 0.29 0.93 4.99 10.15 34.61 63.34 68.81 80.55 95.50 111.39 105.43 110.35 118.35 

Bt cotton Area in Lakh Acre 0.73 2.30 12.31 25.07 85.49 156.45 169.96 198.96 235.89 275.13 260.41 272.56 292.32 

No. of Packet Sale in '000 1.05 3.33 17.85 36.35 123.96 226.85 246.44 288.49 342.03 398.94 377.60 395.22 423.87 

% Share of Bt cotton 0.37 1.23 5.67 11.70 37.85 67.28 73.15 79.50 85.00 91.47 88.02 93.91 92.12 

Source: Department of Agriculture & Cooperation 
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The study reveals that Northern region were laggards in adoption of Bt cotton, cultivation of Bt 

cotton started in 2005 which is three years after Bt cotton getting into commercial production in 

India. Maharashtra, Gujarat and Andhra Pradesh were early adopters of Bt Cotton.  

 
In 2002, Maharashtra had 0.12 lakh hectares under Bt cotton followed by Gujarat of 0.09 lakh 

hectares, Andhra Pradesh with 0.04 lakh hectares and Karnataka with 0.02 lakh hectares. In 2014, 

Maharashtra had 40.10 lakh hectare under Bt Cotton followed by Gujarat with 27.13 lakh hectares, 

in third position is Andhra Pradesh having 22.29 lakh hectares area under Bt Cotton. 

 

Figure 4: Growth in Area under Bt Cotton in India from2002-03 to 2014-15 

Source: Department of Agriculture & Cooperation *Area in the graph is in ‘Lakhs Ha 

 

From the table below, it is clear that from 2002-03 after the formal approval, the area under Bt-

cotton increased during subsequent years. In the first year only Mahyco got license to produce 

seeds of Bt cotton and in the year 2005-06, 2 more companies entered into Bt cotton hybrid seed 

production. The other companies interested in producing Bt cotton hybrid seeds, took license from 

Mahyco- Monsanto Biotech, and also from GEAC and produced cotton hybrids. In the year 2002-03 

only 3 hybrids were approved and in 2013-14, 1097 hybrids are being sold in the market from 

different seed companies. 
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4.5 District wise Growth Rate of Bt Cotton 

North India: Major states in this region are Punjab, Haryana & Rajasthan. In these states Bt cotton was adopted later in comparison to 

other regions. In Haryana, growth rate of all the surveyed districts have increased. In the state of Rajasthan, Compund Annual Growth 

Rate (CAGR) for Bt Cotton in all the districts is more than 100%, in Hanumangarh it is 121%, Ganganagar is 116% and in Nagaur it is highest 

(144%).  In Haryana growth rate of adoption is quite encouraging at 81% in Sirsa, 77% in Fatehabad, 80% in Hisar and arround 88% in Jind. 

Area under Bt Cotton has increased year on year in all the district of Punjab. From the table it can be observed that CAGR of Bhatinda is 

51.37%, Fazilka is 30.49% and Mukatsar is 31%.  

Table 9: District wise growth rate in North India (Punjab, Rajasthan & Haryana) 

State Districts 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12 CAGR 

Rajasthan Hanumangarh 2669  18944 31564 103249 75563 694672 121.34% 

Ganganagar 2168   19715 42720 110242 122037 474793 115.95% 

Nagaur 240   999 3919 11409 15894 123643 143.99% 

Punjab Bhatinda 7909 71287 147552 13457680 138096 141458 144000 51.37% 

Fazilka 17696 69898 128186 108384 120834 111150 114000 30.49% 

Mukatsar 14157 58788 114353 94836 91105 90456 94000 31.05% 

Haryana Sirsa 2926 12751 92994 119383 153720 152928 188047 81.26% 

Fatehabad 1454 6098 43898 57790 67200 66269 79805 77.22% 

Hisar 2282 9029 61803 79842 107520 102802 139430 79.95% 

Jind 681 2851 21949 30416 35280 37382 55955 87.74% 

                         Source: State Agriculture Departments, GAPL Analysis, CAGR for Haryana, Rajasthan and Punjab has been calculated between 2005-06 & 2011-12 

 

Central India: The region comprises of Madhya Pradesh, Gujarat & Maharashtra. In Central India, growth rate of Bt cotton adoption has 

increased in most of the districts of surveyed states. In Madhya Pradesh CAGR for Dhar is 21.13%, Khargone is 26.90%, Khandwa is 21.57% 

and Burhanpur is 20.81%. In Gujarat area under Bt cotton has increased in all the sampled districts viz. Surendernagar (66.59%), Rajkot 
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(77.76%), Bhavnagar (68.27%), Amreli (90.66%), Bharuch (60.37%), Vadodara (68.10%) & Ahmedabad (69.50%). In Maharashtra growth 

rate of Bt cotton adoption ranged between 52.48% (Amravati) to 76.45% (Aurangabad). 

Table 10: District wise growth rate in Central India (MP. Maharashtra & Gujarat)  
State Districts 2002-03 2003-04 2004-05 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12 CAGR 

Madhya 
Pradesh 

Dhar       22972 55371 88900 93950 104045 90429 87892 21.13% 
Khargone       38465 91400 150134 173093 199885 169385 203820 26.90% 
Khandwa       15365 36386 56776 62408 71041 58813 60286 21.57% 
Burhanpur       9930 22900 34980 39250 41954 38585 37296 20.81% 

Gujarat Surendranagar 2899 384500 407100 422600 434100 448200 448700 455800 499100 477200 66.59% 
Rajkot 1229 168100 202800 221000 310000 281800 245000 287200 356900 387100 77.76% 
Bhavnagar 1677 190100 198700 224600 274600 304400 306200 309700 301000 305200 68.27% 
Amreli 613 104000 116400 148100 194300 235600 227100 245500 269400 388900 90.66% 
Bharuch 1112 132900 129700 148000 153100 129400 133600 107000 118400 125100 60.37% 
Vadodara 1093 158100 172800 178100 185200 173400 166500 162100 166300 196900 68.10% 
Ahmedabad 1134 168000 189500 170300 174800 185200 193900 220000 209200 221900 69.50% 

Maharashtra Yavatmal 3589 4061 23429 68396 244875 416500 379400 392100 479800 432990 61.49% 
Jalna 1290 1695 12250 45619 138160 267500 285900 290700 303300 276210 71.03% 

Aurangabad 1206 1814 14749 52796 167060 306100 251700 281400 332900 352749 76.45% 
Jalgaon 3418 4143 27885 83047 249020 416000 434600 413600 509700 493740 64.43% 
Naded 1910 2327 16417 48089 127738 207800 269300 257400 302100 293940 65.47% 
Buldana 1498 1977 13988 41692 138812 249200 247600 239400 251500 222750 64.91% 
Parbhani 1722 1995 13939 185000 115301 198100 204400 217700 232400 216450 62.15% 
Amravati 2483 2879 18881 54126 143194 175400 116100 179400 204300 168660 52.48% 

Source: State Agriculture Departments, GAPL Analysis *CAGR for M.P has been calculated from 2005-06 to 2011-12 & for Gujarat & Maharashtra CAGR has 

been calculated between 2002-03 & 2011-12 

 

South India: The region consists of Tamil Nadu, Andhra Pradesh and Karnataka. In Southern part of India, Growth rate of Bt cotton 

adoption has increased in all the sampled districts in the region. Andhra Pradesh has emerged as a leader in the region with sampled 

districts recording spectacular growth. CAGR for Bt cotton in the districts of Andhra Pradesh ranges from 78.36% (Warrangal) to 93.63% 

(Adilabad). Analysis of data reveals that cotton in sampled districts of Tamil Nadu has shown increasing growth rate. The study reveals that 

Bt cotton growth in sampled districts of Tamilnadu varied from 57.14% (Salem) and 82.51% in Perambalur. In Karnataka growth rate of Bt 
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cotton has been observed to be gradually increasing since adoption in the year 2005-06. Bt cotton growth in sampled districts of 

Karnataka varied between 8.17% (Belgaum) to 88.65% in Dharwad.  

Table 11: District wise growth rate in South India (Tamil Nadu, AP & Karnataka) 
State Districts 2002-03 2003-04 2004-05 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12 CAGR 

Tamil nadu Perambalur 56 398 1248 6224 12903 11327 24000 23100 29300 22960 82.51% 

Salem 150 850 3481 5567 10818 9738 9000 9000 12350 13770 57.14% 
Andhra 
Pradesh 

Adilabad 577 0 0 40789 149620 248440 264469 386607 321731 427575 93.63% 

Karimnagar 454 0 0 20614 72645 100800 133773 275233 233042 201272 83.94% 

Warrangal 630 17 20 66158 152892 174000 185494 228568 225693 205275 78.36% 

Guntur 512 888 7176 31662 108472 206745 147870 9948 168385 283414 88.07% 

Khammam 589 0 0 25170 84577 107146 145830 162755 147123 216142 80.49% 

Karnataka Dharwad     430  910 9290 9210 28180 55490 58790 68969 88.65% 

Haveri  2220  3900  3270 10740 49580 40080 89480 99610 100000 106141 47.22% 

Mysore        10630 25820 57040 99090 99200 44335 26.87% 

Belgum    18749  37659 28359 28247 21050 20041 30046 38331 38012 8.17% 

Source: State Agriculture Departments, GAPL Analysis; CAGR for Tamil Nadu and AP has been calculated between 2002-03 & 2011-12 and CAGR 
for  Karnatak, it is calculated between 2002-03 & 2011-12 in Haveri, 2003-11 in Belgum, 2004-11 in Dharwad and 2006-11 in Mysore as per data 
given by state Govt.  

 

.
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5 Relative contribution of Bt hybrid in yield enhancement 
 
Bt Cotton is resistant to bollworms and spodoptera litura. Bt cotton technology do not assure or 

guarantees yield enhancement, though as in non Bt cotton infestation of bollworms were very high 

and it damaged mainly fruiting bodies like squares, flowers and bolls. Therefore due to less 

bollworm infestation, the Bt cotton yield increased. This was an additional benefit of Bt cotton 

which farmers got or observed.  

 
The decomposition reveals that most of the increase in output is brought by the effect of change in 

area and change in yield and the interaction of the both. Thus, the total change in production can 

be decomposed into three effects viz. yield effect, area effect and the interaction effect due to 

change in yield and area2. 

Table 12: Change in Area, Production and Productivity of Bt Cotton 

State 

Average of initial 3 years 
Average of current 3 years (2012 to 

2014) 
% Change 

Area 
(Lakh Ha) 

Production 
(Lakh Bales) 

Yield 
(Kg/Ha) 

Area               
(Lakh Ha) 

Production 
(Lakh Bales) 

Yield                  
( Kg/Ha) 

Area Production Yield 

Punjab 3.03 10.83 554 4.45 21 721 46.86 93.91 30.14 

Haryana 1.11 10.38 486 5.81 23 714 423.42 121.58 46.91 

Rajasthan 0.15 2.52 389 3.16 14 512 2006.67 455.56 31.62 

Gujarat 0.59 16.85 338 24.89 116 638 4118.64 588.43 88.76 

Maharashtra 0.65 25.96 184 38.37 81 292 5803.08 212.02 58.70 

MP 0.34 3.9 194 5.52 19 509 1523.53 387.18 162.37 

AP 0.27 10.86 310 22.38 72 514 8188.89 562.98 65.81 

Karnataka 0.13 3.31 198 5.78 18 398 4346.15 443.81 101.01 

Tamil Nadu 0.07 0.84 242 1.02 5 594 1357.14 495.24 145.45 

Source: Department of Agriculture & Cooperation, *Initial 3 yrs for Punjab, Haryana & Rajasthan is of 2005,2006 & 
2007 & for rest other states are 2002,2003 & 2004   
 

The above table shows the percentage change in area, yield and production of Bt cotton during the 

period from 2002-03 to 2014-15. For calculating the percentage change we have taken initial 3 

years average data after Bt Cotton adoption in each state like in northern states namely Punjab, 

Haryana and Rajasthan adoption of Bt cotton started in the year 2005-06, so base year data is taken 

from 2005-06 to 2007-08 and for other states base year is taken as an average of 2002-03 to 2004-

05. It is observed from the table above that the change in area is observed maximum in Andhra 

Pradesh, Maharashtra, Karnataka and Gujarat as gradual increase in area was observed in these 

                                                           
2 Minhas, B.S. and A. Vidhyanathan (1965), Growth of Crop Output in India, 1951-54 to 1958-61, Analysis by Component Elements, Journal of Indian Society of 

Agricultural Statistics, 28 (2), pp. 230-252 and  Sikka, B.K. and C.S. Vaidya (1985), Growth Rates and Cropping Pattern Changes in Agriculture in Himachal Pradesh, 
Agricultural Situation in India, 39 (11), pp. 843-846. 
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states as adoption of Bt cotton was in the year 2002 when Bt cotton was commercialized. 

Percentage change in yield was maximum in Madhya Pradesh (162.37%) followed by Tamil Nadu 

(145.45%) and Karnataka (101%).  

Table 13: Effect of Output Growth of Cotton (from 2002-03 to 2014-15) 

Relative Contribution  

State Yield effect Area effect Interaction effect 

Punjab 259.63 0.91 14.12 

Haryana 2057.84 0.52 199.46 

Rajasthan 7805.93 0.05 630.09 

Gujarat 13921.02 0.52 3661.46 

Maharashtra 10677.66 0.38 3401.13 

Madhya Pradesh 2955.65 0.55 2506.77 

Andhra Pradesh 25385.56 0.18 5428.70 

Karnataka 8605.38 0.13 4344.46 

Tamil Nadu 3284.29 0.10 2098.49 

 

The results of decomposition analysis for cotton present the relative contribution of factors and 

may be seen that most of the increase in output in the period (base period & current period) was 

brought about by the growth in crop yield and in few states it is because of increase in area. It could 

be observed from the table above that the yield growth was the main factor in output growth in the 

Andhra Pradesh, Gujarat, Maharashtra and Karnataka. 

 
It can be observed that yield effect has more effect in output (interaction effect). It could be 

observed that increase in production of cotton in Andhra Pradesh is more because of increase in 

yield which contributed more whereas the effect of area is lower compared to other states as can 

be seen in the above table.  In Gujarat effect of area on the increased output of cotton is very high, 

the other factors i.e. yield and interaction of yield and area also contributed positively respectively. 

In Maharashtra the relative contribution of yield is high among all surveyed states whereas 

contribution of area is lower than other states. 

 
The above table also shows that in Punjab area of cotton contributed 0.91% to the increased 

production of cotton in the state, which is highest compared to other cotton growing states. Area 

effect is second highest in Madhya Pradesh (0.55%) followed by Gujarat (0.52%) and Rajasthan 

(0.52%). 
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States like Punjab, Madhya Pradesh, Gujarat and Rajasthan have the area effect much higher than 

the average, whereas states like Andhra Pradesh, Gujarat and Maharashtra have more than average 

yield effect. It may be concluded from the table above that relative contribution of yield has been 

largely responsible for the growth in total crop output in the states during the period. Despite 

variations in relative contribution of various components, the fact remains that a large portion of 

output growth in the states is brought about by increased yield. 
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6 Popular Bt hybrids Preferred by the Farmers  

Monsanto India Limited gives license to cotton companies to sell hybrids which contain specified 

gene (cry 1AC, cry1 AC and cry2AB) and in turn these sub licensee companies sell its hybrids 

through its different marketing channels. Several Sub licensees have co marketers which sell the 

hybrids of Sub licensee with different brand name.  Every company which sells Bt Cotton hybrid 

pays trait fee to Monsanto for the use of technology.  

 
Adoption of Bt cotton across India has brought boom to the Indian Seed industry. There are many 

companies in the market which sell more than 1097 hybrids. GEAC has been bestowed with the 

responsibility to approve hybrids under BG /BG II.   

 
 The Indian Seed Industry is the sixth largest in the world in value terms accounting for about 4.5% 

of global industry preceded by US (27%), China (22%), France (6%), Brazil (6%) and Canada (4.8%). 

The domestic seeds industry, currently valued at USD 3.2 billion, has grown at a CAGR of 8.4% in 

volume terms over FY09 to FY15 (P) to reach 3.5 million tonnes (consumption)3. Of the USD 3.2 

billion or Rs. 21466 Crores market, almost 40 per cent (Rs. 8586.55 Crores) is dominated by Bt 

cotton. If we consider average price of Bt cotton seed packet of 450 gm Bt seeds and 120 gram non 

Bt seeds to be Rs. 1000 then approximate number of packet sold in India amounts to 8.6 Crores . 

Before 2002, cotton seeds comprised just around 10 to 15 per cent of the Indian seed market, 

which now stands at almost 40 per cent. Bt cotton seed industry is dominated by 7 to 8 big 

companies like Nuziveedu Seeds, Kaveri Seeds, Bioseeds, Rasi Seeds, Ajeet Seeds, Ankur Seeds, 

Mahyco Seeds which contributes 70 to 80 % of entire Bt cotton seed market. All these companies 

have grown their businesses manifold ever since Bt technology was introduced in India.  

 
As technology is same for all the hybrids sold in the market, keeping a competitive edge over other 

hybrids available in the market is essential. Sound research and development is required to produce 

unique hybrids with innovative characteristics like hairy lamina of Ajeet 155 which makes it less 

susceptible to sucking pest. 

 

                                                           
3 SEEDS INDUSTRY Improving SSR along with adoption of hybrid varieties to drive growth of the Indian Seed 
Industry; though investments in R&D and working capital necessitate funding support August 2015, ICRA Limited 
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In Maharashtra approximate sale of Bt cotton packets is 1.5 Crores and Andhra Pradesh also 

contributes same amount of packets in Seed Company’s portfolio. Punjab, Haryana and Rajasthan 

sum up to 0.65 crore packets of sale of Bt cotton seed. Gujarat contributes 0.55 crore packets and 

M.P contributes 0.15 crore packets of Bt Cotton, Tamil Nadu and Karnataka contributes 0.5 crore 

packet and 0.2 crores respectively.  

The table below shows the state wise sale of Bt cotton hybrid packets sold by different companies 

in the year 2013-14. Data for the states of Gujarat, Karnataka and Maharashtra have been provided 

by the respective Department of Agriculture of the state. In absence of any response from the state 

government of other 6 states, we collected this information from different seed company’s officials 

at district and state level and discussions with dealers and distributors during survey. Other than 

the list of companies mentioned in the table which are sub licensee of Monsanto and authorized to 

sell Bt cotton seeds on commercial scale, there is a practice of selling spurious American cotton 

seeds in all cotton growing states. Market of spurious seed is also very big and has great market 

share in certain states like Gujarat.  
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Table 14: State wise sale of Bt Cotton hybrid packets sold by different companies (2013-14) 

Company Maharashtra Karnataka Gujarat Andhra Pradesh Tamil Nadu Punjab Haryana Rajasthan Madhya Pradesh 

Ajeet   1887011 20472 791261 345218 18472 15000 12000 16000 560000 

Monsanto    939069 62200 41498 125467 22200 34000 32000 18000 20567 

Xylem   73982   27764 46000         23456 

Nuziveedu   2435507 194796 441776 3556781 144796 104796 100796 100700 256450 

Prabhat    496050 11772 81420 568766 10772 12000 8000 7000 12000 

Pravardhan   104034 14992 71569 125644 13400 23000 23476 13400 13423 

Fortune Hybrid Seeds 35023   103456           11897 

Yaganti Seeds 36721   62000           1235 

Rasi   600000 56522 400758 65000 58000 153800 100000 120456 530000 

Seedworks   52436 38247 54561 32000 32453 32453 32453 32453 8766 

Solar     670 331741 1000 670 670 670 670 4326 

Tulsi   425573 14025 94968 24500 12034 10000 13000 12322 10567 

Amar Biotech   14988     16857         1238 

Vibha   296204 22935 11618 30000 12945 12945 12945 12945 26000 

Vikram    60376   161671 65000         5500 

Ankur   1533110 17158 373448 36000 13451 12000 14900 15000 45634 

Bayer    100045 88151 15764 14456 66000 60000 56000 45000 4365 

Bioseed   129228   28000 34000   90000 96000 100000 38765 

Shri Ram Bioseeds 13404 224603 14714 34560 123422 100422 123500 103420 2340 

GK    50230 38380 27644 32412 28280 28280 28280 28280 8764 

Kaveri   1005431 374617 174768 3564310 274610 40000 32000 23000 9754 

Krishidhan   267286 63590 196001 50000 53580 32000 22000 12000 14589 

Mahyco   1346567 990175 142559 1245678 56000 23000 22000 12000 55000 

Namdhari     5000 6028 4300 3244         

JK Seeds   118428 54375 25588 120000 12342 2300 5000 1000 23000 

Super Seeds   35025 5921 2604 35000 2900       22000 

Yashoda Hybrid seeds 78860     23000           

Satya Seeds    74333   20011 75600         1200 

Shri Ram Agri Genetics Seeds   202669   18000 64000         24000 

Kirtiman Seeds   41133   91512 1245         33000 

Basant Agritech   6548     5000         7600 

Dhanya Seeds   21085 252 2037   321 500 432 333 4000 

Zuari   81995 24018 1082 78450 20342 10342 12000 8000 5600 

R J Biotech                     



41 
 

Kohinoor       14100 4500         10000 

Green Gold   134167   20108 54678         13000 

Nath Biogen 55896 15976 63000 45000 67890 3400 24000 32000 3000 

Kalash Seeds 58370   96000           33000 

Asian Agri Genetics 42985                 

Daftari Agro seeds 28232                 

palmoor Seeds 20154                 

Centromere Biosolutions 13150               2400 

Nandini Agri Sciences 11000                 

Mahabeej 8822                 

Genesis Crop Sciences 7681     600           

Atash Seeds 7000 650   23000 650         

Eco Agriseeds 5780                 

Asia Biogenetics 3286                 

Anjani Agrotech 3112                 

Navkar  2522   4034           2344 

Geo Biotechnologies 2294 5312   6300 5312         

RK Seeds 701                 

Spriha Biosciences   950   1000 950         

Amareshwara Agri Tech   5615   4500           

Vikkys Agrisciences   5084   6000 5084         

UPL   914   1200 914         

Total 12967503 2357410 4013000 10567022 1061034 800908 771452 713979 1848780 
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Major players are Nuziveedu Seeds, Kaveri Seeds, Ajeet Seeds, Rasi Seeds, Ankur Seeds, Shriram 

Bioseeds and Mahyco Seeds. Nuziveedu Seeds with its popular hybrids like Mallika, Uttam, Bunny, 

Sunny, Suraksha stands first with an approximate sale of 10 million packets, Kaveri Seeds has a sale 

of 8 million packets and its most popular hybrids are ATM, Jadoo, Jackpot, Bullet and Singha. 

Maharashtra based Ajeet seeds have emerged as a major competitor in the last few years with a 

sale of 8 million packets. Major sale of Ajeet seeds are in the states of Gujarat, Maharashtra, 

Madhya Pradesh. Ajeet 155 hybrid has gained popularity due to its characteristics of being less 

susceptible to sucking pests. Rasi seeds stand fourth in the list with a sale of 4 million packets. Rasi 

seeds hybrids like RCH 2 is popular in Gujarat, M.P and Maharashtra whereas RCH 668, RCH 608 is 

market leaders in North India. 

 

Figure 5: Bt Cotton Seed Market 

The table below describes the deployment of approved Bt cotton event/hybrids/varieties by region 

in the year 2014. In 2014 Department of Biotechnology has approved a total of 1097 hybrids for 

commercial production which includes 215 hybrids of north India, 242 hybrids of Central India, 212 

hybrids of Southern India, 29 hybrids for North/Central India, 12 for North/South India, 312 for 

central/south India and 75 for North/Central or South India. If maximum releases are for BG II 

hybrids of Mahyco.  
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Table 15: Deployment of Approved Bt cotton event/hybrids/variety by Region in India in 2014 

Event North Central South North/Central North/South Central/South N/C/S Total Hybrids 

BG I of Mahyco 42 52 42 14 1 53 13 13 

BG II of Mahyco 142 154 146 11 11 211 59 734 

Event - I of JK Seeds 9 8   0 0 17 1 42 

GFM Event of Nath 
Biogene 

22 28 17 4 0 28 1 100 

BNLA 601 of CICR 
(ICAR) 

0 0 0 0 0 1 1 2 

MLS-9124 0 0 0 0 0 312 0 2 

Total 215 242 212 29 12 312 75 1097 

Source: Department of Biotechnology 

During our field survey farmers were asked about the most preferred Bt cotton hybrid and the 

characteristics mostly liked by them. The characteristics preferred by farmers are less sucking pest 

resistance, big boll size, high yielding etc. Hybrids are categorized by type of irrigation, duration of 

crop, soil type which they can thrive on. Some hybrids thrive well in rainfed condition like ACH 155 

whereas some need well irrigated condition with heavy management i.e. heavy feeders like Uttam, 

RCH 2, RCH 659 etc. Incidence of sucking pest has increased substantially in recent years; attack of 

Jassid, Aphid, Thrips, Whitefly, etc. is very problematic. Insecticides available in the market are not 

able to control infestation of White Fly in Northern Part of India. Therefore farmers all over India 

prefer hybrids which are tolerant to these sucking pests. For example: ACH 155 of Ajeet Seeds is 

first choice of farmers in certain states like Maharashtra due to its tolerance to sucking pest. 

 
Bioseed's cotton hybrids such as “6488” and “6588” have been well received in the Punjab-

Haryana-Rajasthan belt mainly because of their 155-160 days maturity, against the 165-170 days of 

maturity of other hybrids. The earlier maturity gives farmers more leeway to plant a subsequent 

wheat crop. According to Bioseeds official the hybrids are more tolerant to Cotton Leaf Curl Virus 

CLCV and have open foliage which helps in easy spray of pesticides. 

 
In Punjab, the most preferred hybrids are Bioseeds 6588, Bioseeds 6488, Rasi Seeds RCH 773, RCH 

653. Incidence of Whitefly and Cotton Leaf Curl Virus is the major problem in the state, so farmers 

prefer to grow hybrids which are tolerant to these.  

 
In Haryana, farmers grow mostly Rasi seeds RCH 134, Bioseeds 6588, Bioseeds 6488. RCH 134 has 

specific characteristics of vigorous growth, high boll bearing, wider adaptability and high yield.  
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In Rajasthan, the most preferred hybrids are Bioseeds 6488, Bioseeds 6588. Bioseeds 6488 is mostly 

preferred by farmers due to its high yield and tolerance level to various sucking pest. Bioseeds 6588 

is another hybrid which has high sales in the state due to its high yield characteristics. 

 
In Madhya Pradesh, the most preferred hybrids are Ajeet 155, RCH 659, RCH 2, Jackpot and Jai 

(Ankur Seeds). Characteristic of each hybrid is given in the table below: 

Table 16: Characteristics of Top hybrids in India 
Company Hybrid Characteristics 

Ankur Seeds Jai Jai BG-II is suitable for monsoon irrigated and rainfed condition. 

It is ideal for Pre-monsoon in heavy soil, monsoon irrigated & rainfed condition 
in other soil type. 

Plant type is tall, semi- spreading and more sympodia. 

Good tolerance against sucking pest. 

Big Bolls in size, weighing around 5-5.5gm and easy for picking. 

Good quality long fiber (29-30mm). 

3028 3028 BG-II is suitable for monsoon irrigated and rainfed condition. 

Plant growth erect type and prolific boll bearing. 

Bolls are closely spaced, uniform in size, bolls having good weight and easy for 
picking. 

Plant with stay green character. 

Adaptable to close space planting. 

Good tolerance against sucking pest and bacterial blight. 

Excellent rejuvenation potential 

Second crop is possible on time 

Good quality long fiber (29-30mm). 

Rasi Seeds RCH 668 Early boll setting 

Open type/erect 

Long sympodia & long chain bearing 

RCH 2 Very less inter-nodal distance 

Wide adaptability 

Excellent rejuvenation 

Highest yield potential Hybrid 

RCH 659 Big bolls & good boll bursting 

Medium duration 

More kapas weight 

Good & quick rejuvenation 

Ajeet Seeds ACH 155 BG II Duration 155-160 days 

Boll weight 5.0 to 5.5 g. 

Staple length 29 to 30 mm. 

Tolerance to sucking pests 

Tolerance to stress conditions 

Good rejuvenation capability. 

Duration 150-160 days 

Normal leaves 

ACH 199 BG II Boll weight 6.5 to 6.5 g. 

Staple length 29.5 to 30.0 mm. 

Tolerance to sucking pests 
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Tolerance to stress conditions 

Good rejuvenation capability. 

Nuziveedu 
seeds 

Mallika Open, Big light green leaves, 2 – 3 Monopodia, 18 – 20 sympodia 

Tolerant to sucking pests, Jassids and Whitefly 

Ovate & Very Large bolls 

Ginning 35 – 36%, Staple Length: > 32.5 mm, Strength: 21 – 24, Mica: 3.0-3.9 

Suitable to varied agro-climatic conditions 

Wider adaptability and long staple fibre 

Source: Website of respective companies and primary survey 

In Maharashtra, the most preferred hybrids are ACH 155, Ankur 3028, Mallika, ATM (Kavery Seeds) 

and Ankur Jai. ACH 155 is preferred mainly for its characteristics of less sucking pest attack as its 

leaves has bristles which refrains sucking pest attack on the cotton plant. Nuziveedu Seeds Mallika 

thrives well in irrigated condition, gives good yield due to big boll size. Kavery Seeds ATM hybrid is a 

straight growing cotton plant with more Monopodia than sympodia, boll bearing capacity of the 

hybrid is very good and thus its yield is high comparatively. Ankur Seeds 3028 thrives well in rainfed 

condition and Ankur Jai has high boll bearing capacity and boll size of the hybrid is also big. 

 

In Gujarat, the most preferred hybrid is Ajeet 155, Ankur Jai, RCH 2 and Mallika. Farmers’ first 

preference is Ajeet 155 as it is less susceptible to sucking pest and early maturity hybrid which 

thrives well in rainfed condition also. Rasi seeds RCH 2 is a late maturity hybrid with big boll size 

which gives higher yield than other hybrids. Nuziveedu Seeds Mallika is preferred by farmers for 

characteristics of higher yields, less susceptible to some sucking pest. 

 

In Andhra Pradesh, the most preferred hybrids are Jadoo (Kaveri Seeds), Mallika & Bhakti 

(Nuziveedu Seeds), Yuva (Bio Seeds), First Class (Bayer) and ACH 155 of Ajeet Seeds. Shriram 

Bioseeds has established itself as one of the top players in hybrid Cotton segment due to Yuva’s 

wider adaptability across Andhra Pradesh. Yuva thrives well in all conditions, boll size is big, has 

more sympodia than monopodia, boll weight is also high and yield is also good. 
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In Tamil Nadu the most preferred hybrid of farmers are RCH 2, RCH 20 (Rashi), Bahubali, Jadoo and 

Jackpot. Characteristic of the hybrids are mentioned earlier. In Karnataka the most preferred 

hybrids are Kanak, Bahubali (MRC 7918) and Yuva. Bahubali has an extra-long staple length of about 

36.0 to 36.5 mm with high strength. This tall spreading plant type is recommended for wider odd 

spacing planting geometry and for irrigated as well as protective irrigation conditions. The boll 

bearings have short internodes along with a larger number of sympodia. Not only it is high yielding 

but it is also management responsive.  Nuziveedu Seeds Kanak is highly preferred by farmers in 

Karnataka. It is a medium maturity hybrid with tolerance to Jassid and whitefly; moreover it has 

good potential to rejuvenate. 

 

Figure 6:Popular Hybrid verities of Bt Cotton 
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In the initial years of introduction of Bt cotton in India, hybrids like MECH-12 Bt, MECH 162 Bt and MECH 

184 Bt were cultivated in 2002-03 to 2004-05 in the states of M.P, Gujarat, Maharashtra, A.P, Karnataka 

and Tamil Nadu. The table below shows state wise area under different crop: 

 

Table 17: State wise area (Acres) under different Bt cotton hybrids in 2002-03 to 2004-05 
State MECH-12 Bt MECH-162 Bt MECH-184 Bt Total 

  2002-03 2003-04 2004-05 2002-03 2003-04 2004-05 2002-03 2003-04 2004-05 2002-03 2003-04 2004-05 

Madhya 
Pradesh 

139 8831 74998 486 9286 35059 3051 14044 77741 3676 32161 187798 

Gujarat 193 60237 192553 10607 40006 16366 11777 4158 2238 22577 104401 211157 

Maharashtra 257 18396 236000 20879 15275 60000 9563 12733 77000 30699 46404 374000 

Andhra 
Pradesh 

90 11924 96800 9314 970 700 0 0 3500 9404 12894 101000 

Karnataka 0 454 8968 5379 7950 23494 22 393 3062 5401 8797 34764 

Tamil Nadu 0 473 516 745 4947 1052 180 3021 3072 925 8441 4640 

Total 679 100315 609835 47410 78434 136671 24593 34349 166613 72682 213098 913119 
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7 Importance and Adoption of Refugia  

7.1 Refugia Adoption in Bt Cotton 

The Genetic Engineering Approval Committee (GEAC), in India has recommended in-refugia 

adoption of non-Bt along with Bt-cotton.  According to GEAC guidelines, every field where Bt cotton 

is cultivated shall be fully surrounded by a belt of land called ‘refugia’ in which the same non-Bt 

cotton variety shall be sown. The size of the refuge belt should be at least five border rows of non-

Bt cotton all around the field or 20% of total sown area whichever is more.  

 
The importance of refugia in delaying resistance build-up cannot be overstated. Refugia are a 

portion of the farming landscape that do not contain specific Bt genes and generate an abundance 

of susceptible target pests. These susceptible insects will mate with rare resistant insects that 

survive on the Bt crop, producing offspring that are killed by the Bt crop. This provides a mechanism 

to delay the rate at which resistance to Bt cotton increases in target pest populations, therein 

promoting the long-term effectiveness of the technology. 

 
The main purpose of refugia area is to prevent insects from developing resistance to Bt cotton and 

therefore farmers who plant Bt cotton seed must also plant non Bt cotton seed. The refugia area 

supplies a source of wild type (non mutant) insects to mate with possible resistant insects to 

produce non-resistant insects. Pattern of planting non Bt seeds differs from area to area and farmer 

to farmer, though the most preferred and suggested pattern is planting non Bt on borders. Different 

pattern of refugia planting is given in the figure below: 

 

 

Figure 7: Pattern of refugia planting 
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The insects that have developed resistance to Bt have more chances of mating with an insect that 

has not developed resistance to Bt. By the laws of genetics, the progenies produced will be insects 

that are not resistant to Bt.  

 
Following the guidelines of GEAC each approved  Bt cotton seeds variety available in the market in 

India has two separate packets  of 450 gms BG /BG II seeds + 120 gms non Bt seeds of the same 

hybrid or 120 gms of pigeon pea seeds. However, modeling studies showed that maintenance of 

20% refugia may not confer significant advantage in delaying resistance development. This is mainly 

due to the natural availability of non structured refugia in the form of alternate host crops in the 

cotton eco-system.  

 
This recommended strategy however has not become popular with farmers. The general feeling is 

that cultivating non-Bt cotton in 20.0% of the area would make the crop vulnerable to bollworms, 

thus warranting pesticide usage and possible lowered productivity. The farmers suffered heavy loss 

due to the bollworms infestation in the non- BT era, are not willing to allow their crop to be 

exposed to the possibility of bollworm damage and crop losses. In general, the refugia strategy was 

not followed in the country. Moreover, in small farms of 1 to 2 acres, use of insecticide on the small 

refugia-patch of 0.2 to 0.4 acres is not viable economically. 

 

7.1.1 Extent of Refugia Adoption  

During field survey farmers were asked about use of refugia. The study reveals that only 3% of the 

sampled farmers reported using refugia. Tamil Nadu has highest percentage (7%) of farmers who 

sow refugia followed by Andhra Pradesh (4.80%), M.P (3.25%), Karnataka (3.20%), Gujarat (3%), 

Maharashtra (2.63%), Rajasthan (2.33%), Haryana (1.75%) and Punjab (1.67%). District wise 

adoption of refugia can be seen in below given table.  

Table 18: Percent of surveyed farmers using refugia seeds 
State District No. of farmers No. of farmers 

sowing refuge 
% of Farmers sowing 

refuge 

Gujarat  Surendranagar 100 2 2.00 

Rajkot 100 5 5.00 

Bhavnagar 100 6 6.00 

Amreli 100 3 3.00 

Bharuch 100 2 2.00 

Vadodara 100 2 2.00 

Ahmedabad 100 1 1.00 

Maharashtra  Yavatmal 100 2 2.00 

Jalna 100 2 2.00 
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Aurangabad 100 2 2.00 

Jalgaon 100 3 3.00 

Naded 100 5 5.00 

Buldana 100 2 2.00 

Parbhani 100 2 2.00 

Amravati 100 3 3.00 

Andhra Pradesh  Adilabad 100 5 5.00 

Karimnagar 100 6 6.00 

Warrangal 100 3 3.00 

Guntur 100 2 2.00 

Khammam 100 8 8.00 

Haryana  Sirsa 100 1 1.00 

Fatehabad 100 2 2.00 

Hissar 100 1 1.00 

Jind 100 3 3.00 

Punjab  Bhatinda 100 2 2.00 

Fazilka 100 1 1.00 

Mukatsar 100 2 2.00 

Madhya Pradesh  Dhar 100 4 4.00 

Khargone 100 3 3.00 

Khandwa 100 2 2.00 

Bhuranpur 100 4 4.00 

Rajasthan  Hanumangarh 100 2 2.00 

Ganganagar 100 3 3.00 

Nagaur 100 2 2.00 

Karnataka  Dharwad 100 1 1.00 

Haveri 100 2 2.00 

Mysore 100 2 2.00 

Belgum 100 5 5.00 

Tamil Nadu  Perambalur 100 6 6.00 

Salem 100 8 8.00 

All India   4000  3.05 

               Source: GAPL Analysis 

7.1.2 Reason for Non-Adoption 

The main reasons reported by surveyed farmers for non-adoption of refugia are yield loss, loss in 

acreage, increase in input cost and more pest infestation. Most of the surveyed farmers in surveyed 

states do not sow refugia seed; they generally throw the seeds given to them. They reported that 

increase in input cost and increase in pest incidence are the main reason followed by loss in acreage 

and yield loss for non adoption of refugia seed which is mentioned in table below. 

Table 19: Reason for non adoption of BT Cotton (Farmers Response in %) 

Reason Rank wise % of farmers response 
(1-Least Important, 4- Most Important) 

1 2 3 4 No Response 

Yield Loss 26.91 27.80 12.35 6.87 26.08 

Loss in Acreage 27.64 18.71 12.55 15.02 26.08 

Increase in input Cost 10.15 10.86 30.47 22.27 26.26 

Pest incidence increase 9.32 16.56 18.20 29.31 26.61 

                 Source: GAPL Analysis 
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This is an alarming situation as it leads to development of resistance among the bollworms very 

soon and therefore Department of Agriculture of each state should take stringent steps to create 

awareness among the farmers about importance of refugia sowing. State Agriculture Universities, 

KVKs and other research institutes should come up with posters, leaflets, training programmes to 

create awareness among farmers. 

 
According to GEAC guideline 20% area should be refugia but the 20% non Bt plant yield is negligible 

which de-motivates the farmers to go for refugia plantation. Farmers feel that if they sow Bt cotton 

in this 20% area also they will get substantial amount of yield. Thus, yield loss is the major reason 

for not sowing refugia.  

 
Some of the farmers informed that in early years of Bt cotton they used to sow refugia but due to 

yield loss they stopped sowing refugia. 

 
Insect Resistance Management (IRM) for Bt Cotton 

IRM strategies for India should focus more on the deployment of gene stacks such as the one 

(Cry1Ac+Cry2Ab) present in Bollgard II, which has toxin combinations with different modes of action 

and different mechanisms of resistance and therefore very small likelihood of cross-resistance. 

Other strategies such as non-Bt cotton or pigeonpea as refugia and control of residual larvae on Bt 

cotton using bio-pesticides are useful options to delay the onset of resistance and ensure that the 

benefits of the technology are harnessed for the longest possible time.   

 
 IRM strategies suggested for India    

i. Cotton varieties or hybrids of matching fiber quality and phenotype can be used as 5-20% 

refugia  

ii. Staggered planting of 1% area under intermittent rows of okra that can act as refugia for all 

the three bollworms.  

iii. One bio-insecticide or insecticide spray at 100-150 days after sowing for bollworm control in 

Bt cotton to minimize survival of Bt resistant larvae  

iv. Gene stacks with extremely small likelihood of cross resistance. New GM products must be 

based on two or more independently acting genes in a stack   
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v. Hand-picking of surviving larvae from Bt-cotton fields during September in North, October in 

Central & November in South India.  

vi. Destroy residual pupae by deep ploughing in Bt-cotton fields immediately after final harvest  

vii. Timely crop termination  

viii. Phase out single gene products as soon as possible  

ix. To enhance practicability, 5% Refuge in bag (same non-Bt hybrid) may be recommended + 

5% pigeon-pea plants as a patch.    
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8 Fertilizer Usage in Cotton  

The use of nutrients in agricultural production has important global consequences both on the 

availability of food, feed, and fuels, and on the environment. First, crop yields are highly dependent 

on the amount of fertilizer used during the growing season, and as a result, a driver of the supply of 

agricultural products. Second, the use of certain fertilizer products (especially nitrogenous and 

phosphate fertilizers) are a source of pollutants emitted from agricultural fields to the air and 

waterways. While there is an increasing interest in analyzing these topics from various angles, there 

exists very limited statistical information on historical fertilizer consumption by crop, by nutrient, 

and at the country level. Except for a few exceptions which cover a limited number of years 

(International Fertilizer Association (IFA) 2009; Food and Agriculture Organization (FAO) 2006; 2002; 

Rosas 2011), or a single country (United States Department of Agriculture- 2012), this type of data is 

not readily available.  

 
According to a FAO study in 2003-04, Cotton occupied an area of 8.5 million ha and accounted for 

6.0 percent (1.01 million tonnes) of total fertilizer consumption. Fertilizer use on irrigated cotton 

(153.5 kg/ha) was higher than on rainfed cotton (97.7 kg/ha). The shares of irrigated and rainfed 

cotton in total fertilizer consumption were 2.7 and 3.3 percent respectively. The average per-

hectare use of fertilizer on cotton was 116.8 kg (89.5 kg/ha N, 22.6 kg/ha P2O5 and 4.8 kg/ha K2O). 

Recommended fertilizer usage in Cotton given by CICR, Nagpur is given in table below: 

Table 20: Recommended fertilizer usage in Cotton 
  Northern cotton zone Central cotton zone Southern cotton zone 

Fertilizers N - 60 - 100 kg / ha.   N : P : K 40 - 20 - 20, 50 - 25 - 
25, 80 - 40 - 40 for varieties 

  N : P : K 40 - 20 - 20,60 - 30 - 30, 90 - 45 - 45 for 
varieties 

P and K dose as per soil test.   100 - 50 - 50, 160 - 80 - 80, 240 
- 120 - 120, for hybrids 

  100 - 50 - 50, 120 - 60 - 60, 150 - 60 - 60 for 
hybrids 

No P need be applied if previous 
wheat received / recommended P 
does 5.5 kg. Zn / ha. as ZnSo4 once 
in two cotton - wheat cycles 

    

Method of 
fertilizer 
application 

i) Half N at thinning and remaining 
at first flowering; 

N in three splits at sowing, 
squaring and peak flowering 
stages.  
(P& K according to soil test). 
Application of 2 % urea or DAP 
at flowering and early boll 
development. 

N at squaring and peak flowering, P & K at 
sowing. In Karnataka entire NPK at planting 
(rainfed cotton), Half N and entire P & K 
planting, remaining N at flowering (irrigated 
cotton) N in 4 splits in irrigated hybrid cotton. 

ii) Half N at sowing time in late 
sown crop; 

iii) Foliar application of N if needed; 

P to be drilled at sowing. 

Bio – fertilizer   Seed treatment with 
azotobacter is beneficial. 

Seed and soil treatment with Azospirillium in 
Tamil Nadu. 

Source: CICR, Nagpur 
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If we observe per hectare usage of fertilizer on cotton, it is revealed that there has been year on 

year growth in usage of fertilizer. Fertilizer consumption in cotton is highest in Andhra Pradesh and 

Tamil Nadu among all 9 cotton growing states.  

 
In Andhra Pradesh in the year 1999-00 fertilizer consumption per hectare was 121.81 Kg and it 

increased to 237.17 Kg per hectare in 2011-12. In Gujarat fertilizer usage per hectare was 81.42 Kg 

in 1999-00 which increased to 215.07 Kg in 2011-12. In Haryana fertilizer usage per hectare is found 

to be quite low compared to other states which were 66.58 Kg in 1999-00 and 134.35 Kg in 2011-

12. Fertilizer usage is Karnataka per hectare was calculated to be 79.37 Kg per hectare in 1999-00 

and 164.23 Kg per hectare in 2011-12. Fertilizer consumption per hectare in M.P was 91.21 Kg in 

1999-00 and 92.22 Kg in 2011-12. In Maharashtra fertilizer consumption per hectare is 102.59 Kg in 

1999-00 and 273.15 Kg in 2011-12. In Punjab in the year 1999-00, 59.21 Kg per hectare fertilizer was 

consumed and in 2011-12 230.98 Kg per ha. In Rajasthan fertilizer consumption per hectare was 

found to be 134.81 Kg in 1999-00 and 119.19 Kg in 2011-12. In Tamil Nadu fertilizer consumption 

per hectare was 194.04 Kg and 276.42 Kg in 1999-00 and 2011-12 respectively. Fertilizer usage by 

farmers in different cotton growing states is given in the table below: 

Table 21: Year wise & State wise fertilizer usage on cotton Kg per hectare (1999-00 to 2011-12) 
 Year Andhra 

Pradesh 
Gujarat Haryana Karnataka Madhya 

Pradesh 
Maharashtra Punjab Rajasthan Tamil 

Nadu 

1999-00 121.81 81.42 66.58 79.37 91.21 102.59 59.21 134.81 194.04 

2000-01 135.68 59.19 58.93 71.59 27.78 113.88 76.03 109.59 145.47 

2001-02 139.68 80.97 59.50 59.85 93.69 76.29 103.26 65.77 129.73 

2002-03 195.99 66.03 39.93 54.13 108.76 80.30 99.27 70.44 156.18 

2003-04 182.00 94.85 67.52 37.37 99.63 91.40 85.15 130.86 203.72 

2004-05 224.08 102.86 76.12 74.21 70.11 93.46 129.33 79.95 197.34 

2005-06 143.50 142.46 101.20 82.90 143.11 89.70 159.74 73.00 194.81 

2006-07 226.35 124.93 106.86 92.09 173.08 106.03 145.70 78.69 209.83 

2007-08 191.06 149.48 108.23 97.93 157.48 123.43 152.66 91.06 154.30 

2008-09 240.28 177.44 127.47 130.94 102.09 135.19 185.07 141.76 308.46 

2009-10 245.03 187.58 155.58 92.27 73.40 155.32 191.90 118.13 331.36 

2010-11 261.98 203.50 152.80 151.98 80.36 218.17 211.60 132.78 361.11 

2011-12 237.17 215.07 134.35 164.23 92.22 273.15 230.98 119.19 276.42 

Source: Directorate of Economics & Statistics 
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Figure 8: State wise fertilizer usage on cotton (1999-00 to 2011-12) 
                          Source: Directorate of Economics & Statistics 
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9 Utilization of Pesticides  

Traditionally, cotton consumed more insecticides than any other crop in India and was a significant 

proportion of the total pesticide (insecticides, fungicides and herbicides) market for all crops. For 

example, of the total pesticide market in India in 1998 valued at US$770 million, 30% was for cotton 

insecticides only, which were equal to 42% of the total insecticide market for all crops in India 

(Chemical Industry, 2007). Subsequent to the introduction of Bt cotton, cotton consumed only 18% 

of the total pesticide market, in 2006, valued at US$900 million as compared to a much higher 30% 

in 1998. Similarly, the market share for cotton insecticides as a percentage of total insecticides 

declined from 42% in 1998 to 28% in 2006. This saving in insecticides between 1998 and 2006 

coincided with the introduction of Bt cotton which occupied 3.8 million hectares equivalent to 42% 

of the hectare of the cotton crop in 2006. More specifically, the sharpest decline in insecticides 

occurred in the bollworm market in cotton, which declined from US$147 million in 1998 to US$65 

million in 2006 – 56% decrease, equivalent to a saving of US$82 million in the use of insecticides to 

control cotton bollworm in 2006. Thus, insecticide use for control of bollworm dropped by half at 

the same time when approximately half the cotton area (3.8 million hectares) was benefiting from 

controlling bollworm with Bt cotton. 

 
The fig-9 shows the insecticide market in India during 2002 to 2010, the use of cotton bollworm 

insecticides decreased substantially from Rs. 4156 Million to Rs. 1228 Million. In 2002 the usage for 

bollworm insecticide accounted for 70% of total insecticide used in cotton which has been reduced 

to 14% in 2010. 
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Figure 9: Year wise uses of insecticides in India 
Source: Chemical industry 

 

During the course of this study various agencies were contacted for information on pesticide, 

however, data on crop specific pesticides were hardly available with them. However, study on 

pesticide usage in cotton by CICR gives an insight into usage of pesticide into cotton.  The data 

reveals that insecticide usage has reduced significantly between 2002-03 to 2011-12. As can be 

seen, total usage of insecticide used for bollworm control in cotton during 2002-03 was Rs 415.6 

crores which came down to Rs 96.3 crores during 2011-12. Introduction of Bt cotton could be one 

of the reasons for decline of insecticide used to control bolloworm. However, at the same time 

usage of other insecticides used to control sucking pests has registered an increase over 2002-03. 

Various reasons are cited by CICR for increased usage of insecticide for sucking pests such as 

approval of large number of Bt-hybrids across the country by 2012, many of these hybrids are 

susceptible to sucking pests, increase in the area under sucking pest-susceptible hybrids and 

increase in resistance levels of jassids to Imidacloprid and many other recommended insecticides.  

 

Similarly, usage of fungicide and herbicide in cotton has also shown increasing trend since 2002-03 

and one of the reason for this increase may be due to area expansion under Bt Cotton.  
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Table 22: Usage of Insecticide in Cotton 
Value of insecticides/pesticide  in Rs crores Quantity of insecticides in Metric tonnes 

Year Insecticide 
used for 

Bollworms 

Insecticide 
used for 
sucking 
pests 

Total 
Insecticides 
on cotton 

Total 
Insecticides 

Fungicide 
in Cotton 

Herbicide 
in Cotton 

Sucking 
Pests 

Bollworm Other 
pests 

Total 
Insecticide 
in cotton 

Total 
Insecticide 

2002-03 415.6 181 597 1683 3 1 2110 4470 283 6863 25962 

2003-04 680.5 245 925 2146 8 3 2909 6599 537 10045 32571 

2004-05 718.1 314 1032 2455 6 4 2735 6454 178 9367 35432 

2005-06 385.7 263 649 2086 8 8 2688 2923 302 5914 32750 

2006-07 307.4 272 579 2223 11 12 2374 1874 375 4623 31363 

2007-08 287.8 445 733 2880 25 22 3805 1201 536 5543 35807 

2008-09 236.7 554 791 3282 31 26 3877 652 528 5057 26624 

2009-10 140.1 694 834 3909 52 45 5816 500 410 6726 35404 

2010-11 122.8 758 880 4283 67 87 7270 249 366 7885 36761 

2011-12 96.3 894 991 4103   6372 222 234 6828 34469 

Source: Kranthi & Reddy (2012), CICR 

Punjab spending on cotton insecticides is highest; in 2000-01 cost incurred per hectare was Rs. 4770 

which was reduced to Rs. 2016 in 2005-06. So it clearly indicates that after adoption of Bt cotton 

usage of insecticides per unit area has decreased and so has increased the ease of cotton cultivation 

and profitability of the farmer.  

 

Figure 10: State wise expenditure per hectare on insecticides from 2000-01 to 2011-12 

In Tamil Nadu in 2000-01 the average cost incurred per hectare was Rs. 558 which increased to 

Rs.1261.81 in 2002-03. This was an era before Bt cotton adoption in the state when usage of 

insecticides for Bollworms were at its peak and farmers had only option to either pray or spray. 

After adoption of Bt cotton, cost per hectare for insecticides decreased from Rs. 1261 in 2002-03 to 

Rs. 925 in 2005-06. From the table number 22, it can be observed that after 2005-06 cost incurred 
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per ha on insecticide started increasing year on year. This is basically due to increase area and 

infestation of sucking pest in Bt cotton. 

 
In the state of Andhra Pradesh whichwas among the early adoption of Bt cotton, cost incurred per 

hectare in 2000-01 was Rs. 1910 which was increasing per year due to heavy infestation of 

Bollworm in the cotton field. From the year 2004-05 decrease in cost for insecticide can be 

observed in the state which was a benefit of early adoption of Bt cotton. But in the year 2011-12, 

steep increase in cost per hectares on insecticide spray can be observed.  

 
Gujarat is the state with second highest area under Bt cotton and it has been a state where farmers 

are early adopters of technologies. Same was the case with Bt cotton, adoption of Bt cotton in the 

state of Gujarat was very high. But if we observe cost incurred per hectare for insecticides there 

have not been a steep or remarkable reduction in pesticide cost per unit area. Reason for the same 

may be the presence of spurious seeds in the state even before the start of commercial production 

of Bt cotton in 2002-03.  

 

In 2008-09, the problem of infestation of some of the bollworm in the state started in Bt cotton 

which earmarked the introduction and approval of BG II in India. 

 

In the state of Karnataka benefits of early adoption of Bt cotton can be observed clearly. In the year 

2000-01 cost incurred per hectare for insecticide was Rs. 693 which was reduced to Rs. 385 in 2005-

06 which was 44% reduction in cost for pesticides. In the year 2006-07, remarkable increase of cost 

per hectares (Rs 712) and in 2011-12 it was increased to Rs. 903.   

 
Similar benefits of Bt cotton can be observed in other cotton growing states. As insecticide spray for 

bollworm decrease after Bt cotton adoption whereas there was a remarkable increase in number 

spray of insecticide for sucking pest. Thus, Bt cotton has been successful in achieving its prime 

objective of insecticide reduction, which in turn has resulted in positive environmental impact of 

less pesticide residue in the environment.  
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Table 23: State wise cost incurred per hectare on insecticide from 2000-01 to 2011-12 (Rs/Ha) 
 States 2000-01 2001-02 2002-03 2003-

04 
2004-

05 
2005-06 2006-

07 
2007-08 2008-

09 
2009-10 2010-11 2011-

12 

Tamil Nadu 558.42 934.14 1261.81 1030.99 964.29 925.52 1034.39 672.97 1382.76 1139.78 1356.59 1622.27 

Gujarat 473.47 1196.8 492.95 963.04 981.86 1424.54 1304.03 1505.26 2468.12 1893.37 3069.38 2458.25 

Andhra Pradesh 1910.25 2156.3 3098.81 4068.56 3194.54 2029.73 2987.69 2294.45 1402.91 1548.17 1791.00 2738.21 

Haryana 1332.95 1719.76 1055.49 2467.33 2793.97 1667.25 2027.27 1444.90 2324.75 1673.01 1500.96 1992.39 

Madhya Pradesh 51.36 372.08 1262.94 976.72 1898.24 2098.43 1783.09 1092.45 1154.19 1265.41 1070.00 1943.07 

Karnataka 693.6 629.31 590.22 325.53 349.46 385.58 712.40 392.23 931.87 753.95 749.77 902.87 

Maharashtra 573.02 619.29 667.4 727.53 692.48 382.40 312.13 587.64 955.56 1089.14 1449.27 2198.44 

Punjab 4770.08 7171.6 6812.38 8470.45 4725.12 2016.33 1691.33 2003.56 2861.34 2449.38 4101.78 5655.54 

Rajasthan 916.83 1286.06 1273.98 865.78 985.40 1078.93 1867.42 1736.26 1509.94 1273.39 1735.15 2460.13 

Source: Directorate of Economics and Statistics 

During survey in 9 states farmers were asked about use of insecticide and number of spray during 

cropping season. The study reveals that around 92% of the total sampled farmers reported to be 

spraying 4 sprays of insecticide and only 8% of the farmers reported to be spraying more than 4 

sprays in the cropping season. This is entirely different from the past where farmers resorted to 

number of sprays to control insects.  

 
Table 24: District wise no of spray adopted by surveyed farmers (in Nos.) on Bt Cotton 

Districts 1 to 4 Spray More than 4 Sprays 

Responses % Responses % 

Adilabad 103 100 0 0 

Ahamdabad 70 70 30 30 

Amravati 97 97 3 3 

Amreli  64 64 36 36 

Aurangabad 100 100 0 0 

Belgum 95 95 5 5 

Bharuch 59 59 41 41 

Bhatinda  99 99 1 1 

Bhav Nagar  62 62 36 36 

Buldnana 95 96 5 5 

Burhan Pur 100 100 0 0 

Dhar 100 100 0 0 

Dharwad 91 91 0 0 

Fatehabad 99 99 1 1 

Fazilka 108 100 3 3 

Ganga Nagar  99 99 1 1 

Guntur 100 100 0 0 

Hanuman Garh  96 100 4 4 

Haveri  100 100 0 0 

Hisar  97 97 3 3 

Jalgaon 100 100 0 0 

Jalna 100 100 1 1 

Jind 97 97 3 3 

Karimnagar 97 97 0 0 

Khammam 100 100 0 0 

Khandwa 100 100 0 0 

Khargone 100 100 0 0 

Muktsar 97 97 3 3 

Mysore  98 98 0 0 
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Nagaur  102 102 0 0 

Nanded 98 98 2 2 

Parbhani 103 100 0 0 

Perambalur  100 100 0 0 

Rajkot  54 54 46 46 

Salem 99 99 1 1 

Sirsa 96 96 4 4 

Surendra Nagar 52 52 48 48 

Vadodra 54 54 46 46 

Warngal 100 100 0 0 

Yavatmal 99 99 0 0 

Grand Total 3680 92 323 8 

                                           Source; GAPL Analysis 



62 
 

10 Cost of Production and  Benefit Cost Ratio 
 

The cost of cultivation have been studied for all 9 selected states from 2002-03 to 2010-11. With 

the introduction of Bt cotton, usage of pesticides for bollworm has reduced but with emergence of 

sucking pest like Jassids, Thrips, White fly, Mealy bug, etc number of sprays has increased for these 

pests. White fly infestation is very devastating in Northern states and is becoming uncontrollable in 

the years. Thus cost of pesticide is substantial in the total cost of cultivation of cotton. 

 

 

 

 

 

 

 

 

 

 

Figure 11: Pesticide spray by farmers 

With increase in wages of labour in recent past cost of human labour accounts for 21% of cost of 

cultivation. In cultivation of cotton labour is required at different stages like land preparation, 

intercultural operations, weeding, pesticide spray, picking of cotton. During our survey many 

farmers informed that the labour is scarce at the time of picking of cotton and farmers are forced to 

leave the open bolls for few days till labour is available. This reduces the quality of fibre and thus 

makes it less remunerative to the farmers. 

 
Cost of fertilizer and manures accounts for 20% of total cost of cultivation of cotton. Cotton crop 

being a heavy feeder requires optimum amount of nutrient at growth stage and boll formation 

stage. Major fertilizers applied by farmers are Urea, DAP, MOP and mixed fertilizers like 19:19:19, 

0:52:34. Urea and DAP is applied as basal dose and second application of fertilizers is at earthing up 

stage when urea is applied. After 45 days spray of 19:19:19 starts as the canopy of the cotton crop 

grows. Only few farmers apply micro nutrient to cotton. 
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Figure 12: Percentage share of each component in cost of cultivation 

The graph below depicts the cost of cultivation per hectare incurred by farmers of Southern India. 

Cost of cultivation per hectare in 2002-03 in Andhra Pradesh was Rs. 28562, in Tamil Nadu it was Rs. 

31062, in Karnataka it was Rs. 11914. In 2010-11 cost of cultivation was Rs. 49401 in A.P, Rs. 56747 

in Tamil Nadu and Rs. 36216 in Karnataka. 

 

Figure 13: Cost of cultivation per hectare of cotton in Southern region 
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Figure 14: Cost of cultivation per hectare in Western and Central Region (2002-03 to 2011-12) 

In Gujarat cost of cultivation of cotton was Rs. 15474 in 2002-03, Rs. 23395 in 2003-04, Rs. 23586 in 

2004-05. In Maharashtra cost of calculation was Rs. 20859.66 in 2002-03, Rs. 20989.96 in 2003-04 

and Rs. 61907.49 in 2011-12. 

 

Figure 15: Year wise cost of cultivation per acre of cotton in Northern Region (2002-03 to 2011-12) 

From the graph it is clear that in 2002-03 cost of cultivation per hectare was Rs. 18877 for Haryana, 

Rs. 27633.5 in Punjab and Rs. 14808 in Rajasthan. This has increased in subsequent years. In 2011-

12 cost of cultivation (CoC) per hectare was Rs. 62329, Rs. 66697 and Rs. 56097 of Haryana, Punjab 

and Rajasthan respectively. 
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From the table it is clear that Punjab incurs highest cost of cultivation per hectare for cotton. In the 

year 2011-12 CoC was Rs. 66697.56 in Punjab whereas it was Rs. 58387.77 in Gujarat, Rs. 61907.49 

in Maharashtra. 

Table 25: State wise cost of cultivation of cotton per hectare (2002-03 to 2011-12) 
 

Year 

Andhra 

Pradesh 

Tamil 

Nadu 

Karnataka Gujarat Madhya 

Pradesh 

Maharashtra Haryana Punjab Rajasthan 

2002-03 28562.63 31062.32 11914.64 15474.92 19967.52 20859.66 18877.88 27683.5 14808.03 

2003-04 36202.37 34385.73 9520.06 23395.87 18663.88 20989.96 24168.98 33233.46 17410.10 

2004-05 32735.15 27559.95 11631.02 23586.30 20714.67 21179.58 27288.54 34070.90 17686.72 

2005-06 28413.66 28917.95 13538.81 31437.07 34866.08 20913.32 26738.08 33983.47 17594.12 

2006-07 34998.8 29421.67 15801.88 27184.11 28744.82 21669.23 29779.09 36865.64 21381.19 

2007-08 40307.67 26881.47 18624.08 29107.74 28321.56 24398.91 34877.09 40490.82 24481.97 

2008-09 44756.72 42145.21 22239.46 42106.84 29570.49 33116.82 44018.18 50828.83 25375.16 

2009-10 42919.36 47959.62 24811.57 44333.49 27374.83 35822.07 48920.33 53071.62 36416.60 

2010-11 49401.41 56747.52 36216.84 54089.07 35786.99 52748.59 46815.11 59282.06 44005.58 

2011-12 61659.49 61318.90 45076.61 58387.77 42289.34 61907.49 62329.97 66697.56 56097.36 

Source: Directorate of Economics and Statistics 

In our primary survey we have collected data of cost of cultivation of all 4000 farmers in 9 states. 

We have taken components like cost of seeds, fertilizer/manures, pesticides, human labour, bullock 

labour, hiring machinery cost, cost of irrigation and cost of transportation.  

 

The cost of seed per hectare varies from state to state due to difference in seed rate which is due to 

variations in spacing of cotton. For instance, in Gujarat the seed rate is 1.3 packets per acre where 

as in northern India it is more than 2 as cotton is sown with closer spacing in this region owing to 

light soil in the region. 

 
Cost of human labour varies from Rs. 8978.45 in Gujarat to Rs. 8929 in Andhra Pradesh, Rs. 11824 in 

Haryana and it is highest in Maharashtra at Rs. 15566 per hectare.  Different operations of cotton 

requires labour at stages like sowing, weeding, intercultural operations, earthing up, spray of 

pesticides, application of fertilizers and manures and picking. 
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Table 26: State wise cost of cultivation per ha and benefit cost ratio of Bt cotton in 2013 – 14 
Items Bt Cotton Non Bt All 

India 
Average 

Gujarat A.P Maharashtra M.P Haryana Punjab Rajasthan Tamil Nadu Karnataka 

Cost of seeds 2470 4693 3987 3804 5073 5698 5152 4594 4446 411 

Cost of human Labour 8978 8929 15566 12807 11824 13899 14309 13662 13022 6345 

Cost of bullock labour 
/tractor 

4199 4594 3409 4278 4611 3994 3129 4656 3330 5044 

 Cost of manures & Fertilizers 8778 6052 5540 8358 4611 4873 4841 8361 7479 4688 

Cost of Pesticides 11115 11041 9510 8191 8028 8368 6768 9225 10233 3886 

Cost of  irrigation 3162 2223 4340 2761 1606 1482 3080 741 2416 0 

Cost of hiring machinery & 
including seeds drill ,pumps, 
sprayer 

2964 2421 2470 1403 3458 2781 2156 1608 1383 1630 

Cost of transportation  1929 1828 1697 1275 1549 1773 2008 1783 1499 1608 

Total Cost 43596 41780 46518 42733 44576 43978 42336 44630 43808 23612 

Kapas Yield (qtl/ha) 23 21 22 18 18 19 19 20 19 12 

Selling Price (Rs./Q) 9633 9386 9633 9633 10127 9880 9880 9756.5 9880 2677 

Revenue per ha. 91514 79781 87082 69358 73421 74100 74396 80003 74693 31518 

Return 47918 38001 40565 26623 28845 30122 32061 35373 30885 7906 

Benefit Cost Ratio 2.10 1.91 1.87 1.62 1.65 1.68 1.76 1.79 1.71 1.33 

Source: GAPL Analysis 

 

Cost of transportation ranges from Rs. 1275 in M.P per hectare to Rs. 1929 per hectare in Gujarat. Average yield per acre in Gujarat is 

23.47 quintals per hectare, in Andhra Pradesh it was 21 quintals per hectare, 22.33 quintals per hectare in Maharashtra, 12.78 quintals per 

hectare in M.P. 

Total cost of cultivation in Gujarat is Rs. 43596 per hectare whereas it is Rs. 41780 per hectare in Andhra Pradesh, Rs. 46518 per hectare in 

Maharashtra, Rs. 42733 per hectare in M.P, Rs. 44576 per hectare in Haryana, Rs. 44630 per hectare in Tamil Nadu, Rs. 43808 per hectare 

in Karnataka, Rs. 42336 per hectare is Rajasthan and Rs. 43978 per hectare in Punjab. 
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Cost of seeds per hectare for non Bt cotton is Rs.411 which is nominal as compared to Bt cotton 

seed cost per hectare which ranged from Rs. 2470 to 5073. Cost of human labour per hectare in non 

Bt cotton is Rs.6345, cost of bullock labour or tractor is Rs. 5044 per hectare. Cost incurred for 

fertilizers and cost of pesticides per hectare is Rs. 4688 and Rs.3886 respectively. Non Bt cotton 

being grown mainly in rainfed area, cost of irrigation is nil. Cost incurred for hiring machinery is 

Rs.1608 per hectare in case of non Bt cotton. Yield in non Bt cotton is 11.77 quintal kapas per 

hectare which is very low compared to Bt cotton. Benefit cost ratio for non Bt cotton is 1.33 which 

is comparatively lower to Bt cotton. 
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11 Major technologies adopted by the farmers for Bt hybrids 

With the passage of time, new production technologies were introduced in Indian agriculture. 

These technologies help farmers to achieve higher production and productivity of the crop. 

Package of Practices: With adoption of Bt cotton there was a change in package of practices of 

cotton as Bt cotton required more crop management than non Bt cotton. Usage of micro nutrient 

like Sulphur, Zinc and Boron has started after Bt cotton adoption. Foliar sprays at 45 Days after 

Sowing (DAS) with mixed fertilizers like 19:19:19 to enhance vegetative growth of the plant and at 

60 DAS with 0:52:34 is common practice to enhance reproductive growth and increase boll size so 

as to get better yield. Farmers have adopted use of Plant Growth Regulators or nipping operations 

to increase sympodial growth of cotton and to restrict vegetative growth.  

 
Micro irrigation: Cotton suffers due to moisture stress at one or the other stage. Moisture stress in 

cotton also depends on the soil type. It is more severe in very shallow (90 cm deep) Vertisol. The 

total climatic water requirement of cotton is about 700-1000 mm, which depends on time of sowing 

and varies from genotype to genotype, region to region, soil to soil and scientific management to 

farmer’s management.  

 
In Maharashtra, maximum cotton area (97.3%) is under rainfed situation. Irrigation water 

availability is also scanty in Madhya Pradesh, Andhra Pradesh, Tamil Nadu, Karnataka and Gujarat. 

Majority of the soils in these states are black, black and red in mixture which create problem in 

irrigation due to development of deep and wide cracks. As a result, flood irrigation is not advisable 

and economical also. Undulating topography of these soils are creating hindrance in proper 

distribution of irrigation water through flood irrigation method. Besides the soil problems, irrigation 

water are also precious and limited due to poor recharge capacity of irrigation wells. Hence, micro 

(drip and sprinkler) irrigation is the only alternative for irrigation of cotton crop in this region. The 

efficiency of other irrigation systems is lesser than 30% and about 50% water of the total release is 

lost in transmission. Considerable amount of irrigation water is also lost due to length and duration 

of the system and hence irrigation efficiency in the country is rather low. Under micro-irrigation 

system, more than 90% irrigation efficiency is recorded with improved yield and quality of the 

produce.  
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Figure 16: Drip Irrigation in Cotton 

Drip irrigation is a boon to cotton farmers, early maturity and high yield are major benefits obtained 

by farmers. In the primary survey, it has been observed that drip irrigation has been installed in the 

states of Gujarat, Maharashtra and Madhya Pradesh. Percentage area under drip irrigation of the 

total cotton area surveyed is maximum in Maharashtra (17.64%) followed by Madhya Pradesh 

(14.53%) and Gujarat (2.45%). In rest of the 6 sampled states, area under drip for cotton field was 

found to be negligible amongst the sampled farmers. 

Table 27: Status of drip irrigation in the surveyed area 

S.No State Area of cotton 
surveyed(Ha) 

Area (Ha) under drip 
irrigation of surveyed 

farmers 

% area 
under 
drip 

No. of 
farmers 

No. of 
farmers 
having 

irrigation 

1 Gujarat 16461.32 402.61 2.45 700 32 

2 Maharashtra 8344.89 1472.12 17.64 800 147 

3 Madhya Pradesh 5132.04 745.94 14.53 400 164 

  Source: GAPL Analysis 

High Density Planting:  

In India cotton is grown in varied agro climatic and soil regimes under irrigated and rainfed 

conditions. The production and productivity remained low until recent years. With the introduction 

of Bt cotton in cultivation, the productivity has gone upto 462 Kg lint/ha (2014 – 15) compared to 

around 300 Kg lint /ha (2001-02) resulting in quantum jump in production. Further improvement in 

cotton yields is possible only through changes in agronomic management and cropping systems 

with Bt cotton. Cotton productivity of India is far below the world average, steps are being taken to 

enhance productivity of cotton. Among various factors influencing yield, plant population play a 

critical role in ensuring precise and good harvestable yield.  
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Spacing for Bt Cotton depends on soil type, irrigation condition, type of hybrid sown and desired 

plant population. Recommended plant population for North India is 8500 to 10000 plants per 

hectare and for Central and South Zone is 5500 to 8000 plants/hectare. Cotton is cultivated in India 

by growing at wider spacing at 120 x 120 cm to 90 x 90 cm with only 6944 to 12356 plants per ha, 

limiting yields.  State wise spacing of Bt Cotton has been given in the table below: 

Table 28: State wise spacing of Bt Cotton 
State Spacing (cm) Spacing (ft) Plant Population per Ha 

Punjab, Haryana, Rajasthan 105X105 3.5X3.5 8961 

105X90 3.5X3 10456 

105X75 3.5X2.5 12545 

105X60 3.5X2 15682 

105X45 3.5X1.5 20911 

105X30 3.5X1 31364 

67.5X75 2.25X2.5 19515 

67.5X45 2.25X1.5 32527 

Gujarat 150x60 5x2 10977 

150x45 5x1.5 14637 

180x60 6x2 9149 

180x45 6x1.5 12197 

135x60 4.5x2 12197 

127.5x60 4.25x2 12916 

120x60 4x2 13723 

120x45 4x1.5 18295 

M.P, Maharashtra, A.P, Karnataka, Tamil Nadu 120x120 4x4 6862 

120x60 4x2 13723 

120x45 4x1.5 18295 

120x30 4x1.5 27444 

105x105 3.5x3.5 8961 

90x90 3x3 12197 

90x75 3x2.5 14637 

90x60 3x2 18295 

90x45 3x1.5 24396 

90x30 3x1 36593 

      Source: GAPL Analysis 

Bt cotton by virtue of built in resistance to bollworms, retains higher number of bolls from early 

stages of crop growth. Due to mobilization of nutrients to the developing bolls the vegetative 

growth is restricted and the canopy size reduced, offering scope for planting cotton at higher 

planting densities in India with some genotypes. Thus the recent advances in Biotechnology helps in 

cultivating Bt cotton at higher panting densities, since pest management is critical under high 

density planting. Cotton hybrids with tall, erect and open plant type having with shorter sympodia 

appears suitable for planting at higher densities.  
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Recently farmers in few states have started undertaking high density cultivation of Bt cotton due to 

initiatives taken by respective state governments and seed companies (Table-29). Several seed 

companies have developed hybrids more suitable to high density planting of cotton. 

 
High density planting concept is being developed on field with the help of farmers. Cotton plant 

bears boll proportionately, plant is made dwarf either by nipping or by the use of Plant Growth 

Regulator. Vegetative growth of the plant is reduced to enhance the reproductive growth of the 

plant.  

 
Studies on Bt cotton at higher planting densities viz., 35879 plants/ha (90 x 30 cm), 23919 plants/ha 

(90 x 45 cm), 18000 plants/ha (90 x 60 cm) against 12345 plants/ha (90 x 90 cm) were conducted 

both at the Agricultural Research Stations and in farmers fields during 2005-06 and 2006-07 with 

NCS 145 Bt, NCS 207 Bt, NCS 913 Bt and NCS 138 Bt hybrids. The results obtained from the 

experiments conducted at 12 State Agricultural Universities representing the three cotton growing 

zones of India and from hundreds of on farm trials across the country indicated that Bt cotton 

offers, an opportunity for high density planting and gives more than 40% additional yields without 

affecting the boll size and fibre quality parameters. Closer planting of Bt cotton utilizes the land and 

nutrients effectively, covers up early with better sun light interception. The Bt cotton crop at higher 

density grew more upright and have higher harvest index. The increase in yields was more 

pronounced especially on poor soils and when sowings were delayed in the semi arid tropics of 

India. 

 
Mahyco Monsanto Biotech India has also conducted trials in the North central and southern zones 

in the year 2013 and 2014 using some 60 different hybrids and the results have been encouraging. 

Monsanto has however reported a 13-65 per cent rise in yields in Gujarat, while the yields were up 

44 per cent in Maharashtra. In Andhra, the yields were up by about 48 per cent. 
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Figure 17: HDP plot 

Main problem in High Density Planting of Cotton is farm machinery. Intercultural operations are 

performed by farm machinery which is customized to the spacing of cotton in the field and to 

change the size of the machinery is a difficult task. To boost HDP in cotton and to solve problem of 

farm mechanization, Punjab Government has done a tie up with John Deere and Bayer Crop 

Sciences. State Government is providing subsidy to the grower @ Rs. 4000 per acre. John Deere has 

also brought 6 cotton picking machines to ease out harvesting of cotton. This trial has achieved 

desirable results and the yield has been increased from 30% to 70% more than average yield. The 

article on the Punjab Government initiative is mentioned in the news published by Hindustan Times 

below; 
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Table 29: Case: 1 (State Govt. Initiatives for High Density Planting of Bt. Cotton 

 
 

State Government Initiative for High Density Planting of Bt. Cotton 
Hindustan Times, 5th May, 2014 

Punjab government said it has given nod to go for high density cotton cultivation at a bigger scale 
under cotton mechanization programme in the state. 
  
An official spokesperson said here that under this ambitious programme, farm implement and farm 
chemicals makers including John Deere, Bayer India have been roped in which would help the state 
carrying out high density cotton cultivation at an area of 1,500 acres at Malout in which seven 
packets of cotton seeds were sown instead of existing two packets in one acre of land. 
  
John Deere would sow the cotton crop with the pneumatic planters whereas Bayer India would 
import growth regulator and defoliant chemical which would supplied free of cost to the farmers for 
ensuring one time picking of the cotton yield, he said. 
  
"The project primarily aims at maximizing the profit of the cotton cultivators, reducing input cost by 
overcoming problem of expensive labour and reducing the process of cotton cultivation," he said. 
  
In order to encourage farmers to opt for high density cotton cultivation, the state government will 
provide a subsidy of Rs 4,000 per acre to growers. 
  
John Deere would also provide six cotton picking machines to ensure smooth picking of cotton in the 
fields. Likewise, the state government would also set up a Cotton Cleaner at Malout Grain Market at a 
cost of Rs 1 crore. 
  
A Memorandum of Understanding (MoU) with the Monsanto for establishing a 'Centre of Excellence' 
of Cotton at Bathinda would also be signed, which would help in developing new varieties of cotton 
and focus on inventing new techniques of cotton cultivation. 
  
Similarly, for ensuring better agronomic practices to benefit farmers, Bayer India would fund research 
project of the PAU spread over 20 acres of land, which would emphasis on the development of new 
cotton seeds best suited for the state. 
  
Punjab government had already conducted the trial of this programme last year in which trials of 
cotton picking and cleaning were conducted over 50 acres of land in villages near Abohar. 
  
The trial had produced desirable results as the yield of cotton had witnessed an increase ranging from 
30 to 70 per cent. Likewise, after plucking cotton the farms were ready for sowing wheat crop in the 
month of November, which resulted in enhanced yield of the food grain. 
  
Overwhelmed by the success of this trial, the farmers were now ready to replicate this model over an 
enlarged area, he said.  
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Farm Mechanization: 

Sowing and other intercultural operations are carried manually in Cotton. Land Preparation is either 

by tractor or bullock driven country plough. Thus there is requirement of technological 

advancements in farm mechanization in cotton so as to ease the agricultural operations. The 

implements/ machines developed at various research institutes and Universities are: 

Pneumatic cotton planter, Tractor operated belt type seed metering planter for cotton, tractor 

operated inclined plate planter, tractor-operated air-assisted sprayer, self-propelled cotton weeder, 

power tiller operated gaseous energy sprayer, power-tiller operated boom sprayer, tractor-

operated cotton stalk puller, Tractor drawn weeding cum earthing-up equipment etc. which need to 

be popularized and commercialized. Many cotton implements are in the development or 

refinement prototyping stages, which need to be refined and brought for use by cotton farmers. 

New implements to be developed based on gap analysis and evaluated, refined and demonstrated 

on farmer's fields. Awareness creation for the same is also a prime requirement.  

Cultivation practices followed in the sampled states is given in Annexure –VIII. 
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12 Packets of Bt cotton hybrids (Brand-wise) sales data district-wise  
 

During survey, the team contacted district level officials and Private Sector companies for details on 

packets sold, however, this was not provided. Based on the surveyed farmers’ interaction, number 

of Bt cotton seed packet used per hectare was calculated. The finding reveals that number of packet 

per hectare was 4.20 in Tamil Nadu, Andhra Pradesh and Maharashtra, 3.21 in Gujarat, 3.46 in 

Madhya Pradesh, 3.95 in Karnataka and 4.69 in North part (Punjab, Haryana and Rajasthan) of India. 

Comparative analysis reveals that farmers in North India use more seed per hectare as compared to 

the farmers in Central, North and South part of India. District wise total no of packet used by Bt 

cotton growers in India in surveyed districts is given in table below: 
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Table 30: District wise no of packet used by Bt Growers in Surveyed districts in 2002-03 to 2012-13 
State Districts 2002-03 2003-04 2004-05 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12 2012-13 

Tamil Nadu Perambalur 630 3569 14617 23376 45425 40890 37791 37791 51858 57820 52080 

Salem 235 1671 5240 26135 54180 47562 100776 96997 123031 96409 87272 

Madhya Pradesh Dhar NA NA NA 372772 399399 403549 381763 385913 367931 353408 340267 

Khargone NA NA NA 624169 659095 681226 703357 741395 689179 819546 784620 

Khandwa NA NA NA 249322 262462 257621 253471 263500 239294 242406 225462 

Burhanpur NA NA NA 161143 164947 158722 159414 155610 156993 153535 149731 

Rajasthan Hanumangarh 831999 666542 NA 920931 NA 706719 444436 768394 456920 NA NA 

Ganganagar 554722 549363 NA 748182 NA 735459 601516 820435 737946 NA NA 

Nagaur 36366 43279 NA 82883 NA 37281 55185 84910 96108 NA NA 

Andhra Pradesh Adilabad 2423 0NA NA 171273 628254 1043200 1110505 1623363 1350948 1795387 2000021 

Karimnagar 1906 NA NA 86558 305036 423259 561713 1155703 978543 845141 1280183 

Warrangal 2645 71 84 277797 641994 730626 778889 959757 947685 861950 1321148 

Guntur 2150 3729 30132 132949 455474 868122 620906 41772 707049 1190055 933434 

Khammam 2473 NA NA 105689 355139 449906 612340 683408 617769 907580 730819 

Gujarat Surendranagar 1348941 1234630 1307198 1356969 1393895 1439170 1440776 1463574 1602610 1532289 NA 

Rajkot 571879 539769 651191 709631 995410 904860 786695 922199 1146006 1242978 NA 

Bhavnagar 604952 610411 638026 721191 881741 977428 983208 994447 966511 979997 NA 

Amreli 285137 333944 373760 475549 623897 756512 729218 788301 865043 1248758 NA 

Bharuch 517292 426742 416467 475228 491604 415503 428990 343577 380182 401696 NA 

Vadodara 508622 507659 554861 571879 594677 556787 534632 520503 533989 632246 NA 

Ahmedabad 527567 539448 608485 546833 561283 594677 622613 706420 671741 712521 NA 

Karnataka Dharwad NA NA NA 304280 292531 286963 281465 329838 349120 272565 161676 

Haveri NA NA NA 236215 302166 311813 363323 431681 413893 419469 259484 

Mysore NA NA NA 184187 217637 207239 172422 163040 154247 175212 175828 

Belgum NA NA NA 112075 111632 83190 79202 118742 151484 150223 89612 

Punjab  Bhatinda NA NA NA 666406 722722 750880 699257 675792 689871 NA NA 

Fazilka NA NA NA 657020 708643 652327 563160 591318 535002 NA NA 

Mukatsar NA NA NA 525616 596011 581932 492765 445835 441142 NA NA 

Haryana Sirsa NA NA NA 746187 755573 755573 736801 858819 844740 962065 NA 

Fatehabad NA NA NA 370747 361361 356668 356668 375440 366054 408291 NA 

Hisar NA NA NA 581932 535002 502151 492765 600704 567853 713336 NA 

Jind NA NA NA 173641 168948 178334 187720 197106 206492 286273 NA 

Maharashtra Yavatmal 1693457 1578824 1397427 1360476 1736287 17489 1593101 1646428 2014680 NA NA 

Jalna 608435 658823 730626 907404 979627 11232 1200494 1220649 1273557 NA NA 

Aurangabad 568965 705432 879691 1050170 1184538 12853 1056888 1181599 1397847 NA NA 

Jalgaon 1612416 1610736 1663224 1651887 1765680 17468 1824885 1736706 2140230 NA NA 

Naded 901105 904885 979207 956532 905724 8726 1130791 1080823 1268518 NA NA 

Buldana 706692 768837 834341 829303 984246 10464 1039672 1005241 1056049 NA NA 

Parbhani 812507 775555 831402 776815 817545 8318 858276 914122 975848 NA NA 

Amravati 1171521 1119453 1126172 1076624 1015318 7365 487504 753301 857856 NA NA 
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13 Present scenario & Status of Bollworm (Helicoverpa armigera) 

In India, Bt cotton crop is largely infested by three types of bollworms i.e. American bollworm 

(Helicoverpa armigera), Pink bollworm (Pectinophora gossypiella) and spotted bollworm (Earias 

vittella). Bt-cotton has been highly effective in controlling the bollworms, providing at least 70-80% 

protection. In the initial season, up to 80-85 days old crop, it gives almost 100% protections 

whereas in the later stages of the crop about 10-20% incidents might occur. 

 

H. armigera is a highly polyphagous species. The most important crop hosts of which H. armigera is 

a major pest are tomato, cotton, pigeon pea, chickpea, sorghum and cowpea. Other hosts include 

dianthus, rosa, pelargonium, chrysanthemum, groundnut, okra, peas, field beans, soybeans, 

lucerne, Phaseolus spp., other Leguminosae, tobacco, potatoes, maize, flax, a number of fruits 

(Prunus, Citrus), forest trees and a range of vegetable crops (CAB, 2006; Multani and Sohi, 2002; 

Chandra and Rai, 1974; Gahukar, 2002; Kakimoto et al, 2003)4. 

 

American bollworm (Helicoverpa armigera) larvae prefer to feed on reproductive parts of hosts 

(squares, flowers and bolls) and sometimes also feed on leaves. Larvae damage the reproductive 

part by creating holes into reproductive structures and feeding within the plant. It may be 

necessary to cut open the plant organs to detect the pest. Secondary pathogens (fungi, bacteria) 

may develop due to the wounding of the plant. Helicoverpa is primary pest of cotton it damages 

cotton. 

13.1 Bollworm Population 
 

During field survey, sampled farmers in the selected states were asked about the severity of 

bollworm and Spodoptera litura infestation. In response to our query, 56% of farmers reported that 

severity is light and 35 % reported moderate. Only 9 % of farmers reported about heavy infestation 

in Bt cotton crops. Severity of incidence of Pink Bollworm was more in Gujarat as compared to 

other states. In Maharashtra infestation of bollworm was reported to be light (66%) to moderate 

(34%). Infestation of bollworms in Southern states was found less. In Andhra Pradesh 78% of the 

                                                           
4 Plant Protection Service (NL) and Central Science Laboratory (UK) joint Report on Pest Risk Analysis for 
Helicoverpa armigera 
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farmers reported that there was light infestation of bollworms. Likewise in Karnataka more than 

50% of the farmers reported that bollworm infestation was light. Severity of infestation of bollworm 

in Haryana was light (55%) to moderate (38%). Farmers of Punjab reported the level of severity of 

bollworm infestation from light (52%) to moderate (43%). 

Table 31: Farmers responses (%) about Bollworm infestation in Bt cotton 

State Farmers Responses (%) about Bollworm Infestation 

Light  % Moderate % Heavy  % Total % 

A.P. 78 22 0 100 

Gujarat  2 36 62 100 

Haryana 55 38 7 100 

Karnataka  56 42 2 100 

M.P. 75 18 7 100 

Maharashtra 66 34 0 100 

Punjab 52 43 5 100 

Rajasthan  64 34 2 100 

Tamil Nadu  54 46 0 100 

Average 56 35 9 100 

        Source: GAPL Analysis 

 

In our survey, more than 90 % of farmers reported that they use insecticide to control Bollworm 

and Spodoptera litura. To control the bollworm and Spodoptera litura, about 92 % of surveyed 

farmers reported that they use one to four sprays. Only 8 % of farmers reported that they use more 

than four sprays of insecticides to control bollworm and Spodoptera litura.  

Table 32: No of spray adopted by Farmers (%)    

State No. of spray adopted by farmers (%) 

  One Spray Two Spray Three Spray Four Spray Five Spray Six Spray 

A.P. 38 35 22 5 0 0 

Gujarat  8 7 18 16 33 18 

Haryana 15 38 26 10 8 3 

Karnataka  30 25 27 18 0 0 

M.P. 26 47 9 18 0 0 

Maharashtra 26 42 23 8 1 0 

Punjab 17 42 19 20 1 1 

Rajasthan  29 28 18 24 1 0 

Tamil Nadu  30 26 27 16 1 0 

Average 24 32 21 15 5 3 

Source: GAPL Analysis 

The study reveals that maximum number of sprays to control bollworm is being done by the 

farmers of Gujarat. 51 % of the farmers reported to spray more five sprays to control bollworm 

population.  Further, study reveals that around 56 % farmers in the sampled states undertake 1-2 

sprays whereas 36 % farmers 3 to 4 times to control bollworm population. 
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To control the bollworm population in Bt cotton, most of the surveyed farmers reported that they 

used insecticide. Only one percent of farmers reported to have adopted IPM as can be seen from 

the below given table. These farmers reported to use trap crops, pheromone, bird perching and 

neem seed kernel extract.  

Table 33: Percentage of farmers adopting IPM to control Bollworm 
State Yes % No % 

A.P. 0 0 500 100 

Gujarat  0 0 679 100 

Haryana 4 2 227 98 

Karnataka  0 0 376 100 

M.P. 18 5 382 95 

Maharashtra 25 3 778 97 

Punjab 1 0 299 100 

Rajasthan  0 0 302 100 

Tamil Nadu  5 3 195 97 

 Total 54 1 3907 99 

                                 Source: GAPL Analysis 

 
During field visit in the sampled districts, farmers were asked about bollworm population in other 

crops. The data reveals that most of the surveyed farmers reported that after adoption of Bt cotton, 

bollworm population has not increased. However, around 7.56% of the surveyed farmers reported 

that bollworm population in other crops, except Bt cotton, has increased.  In Gujarat 25.48% 

farmers reported increase in bollworm population in other crops followed by M.P., where around 

20% farmers have reported increase in bollworm population.  
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Table 34: Bollworm Infestation in Crop other than Cotton (Farmers Response in %) 

State District Yes No 
No 

Response 

AP 

Adilabad 0 100 0 

Guntur 0 100 0 

Karimnagar 0 100 0 

Khamman 0 100 0 

Warngal 0 100 0 

Total 0 100 0 

Gujarat Ahmadabad 15 85 0 

Amreli 42 58 0 

Bharuch 18 82 0 

Bhavnagar 35 65 0 

Rajkot 31 69 0 

Surendranagar 15 85 0 

Vadodara 20 80 0 

Total 25 75 0 

Haryana Fatehabad 1 97 2 

Hisar 10 88 2 

Jind 21 79 0 

Sirsa 5 95 0 

 Total 9 90 1 

Karnataka Belgum 0 100 0 

Dharwad 0 100 0 

Haveri 0 100 0 

Mysore 0 100 0 

Total 0 100 0 

M.P. Burhanpur 12 88 0 

Dhar 17 83 0 

Khandwa 21 79 0 

Khargone 30 70 0 

 Total 20 80 0 

Maharashtra Amravati 0 100 0 

Aurangabad 5 95 0 

Buldnana 2 98 0 

Jalgaon 0 100 0 

Jalna 0 100 0 

Nanded 4 96 0 

Parbhani 0 100 0 

Yavatmal 5 95 0 

Total 2 98 0 

Punjab Bhatinda 1 96 3 

Fazilka 4 93 4 

Muktsar 2 94 3 

 Total 2 94 4 

Rajasthan Ganga Nagar 12 88 0 

Hanumangarh 9 78 13 

Nagaur 5 83 12 

 Total 9 83 8 

Tamil Nadu Perambalur 0 100 0 

Salem 0 100 0 

                                               Source: GAPL Analysis 

 

Further analysis of the data reveals that highest increase in bollworm population in crops, other 

than Bt cotton, was reported in Gujarat. 37 farmers in Gujarat reported that bollworm population in 

Jowar has increased after adoption of Bt cotton, followed by 39 in bajra, 38 in pigeon pea, 30 
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farmers also reported increase of bollworm population in castor followed by green gram. In 

Haryana most of the farmers reported increase in bollworm population in bajra & jowar. In M.P. 80 

farmers reported increase in bollworm population in soybean crop. Farmers in Maharashtra 

reported bollworm infestation in crops such as soybean & jowar.   

Table 35: Crop wise bollworm infestation in different crops    
Crops A.P. Gujarat  Haryana Karnataka  M.P. Maharashtra Punjab Rajasthan  Tamil Nadu  

Castor  - 30  -  -  -  -  -  -  - 

Bajra   39 2         14   

Groundnut   - 8  -  -  -  -  -    - 

Jowar  - 37 5  -  - 3  -  -  - 

Okra  - 3  -  -  -  -  -  -  - 

Green Gram  - 15  -  -  -  - 7 12  - 

Soybean  -  -  -  - 80 4  -  -  - 

Sesame  - 3  -  -  -  -  -  -  - 

Pigeon Pea  - 38  -  -  -  -  -  -  - 

 Source: GAPL Analysis 

 

13.2 Status of Bollworm resistance development of Bt cotton 

During recent past, pink bollworm has emerged as a threat to cotton cultivation in southern and 

central part of India.  Pink bollworm control on cotton was thought to be tough because the larval 

stage of the pest was spent within the cotton bolls and Cry1Ac expression was found to be less in 

bolls and flowers. Monsanto issued a press release in the first week of March 2010 stating that 

during field monitoring of the 2009 cotton crop in the state of Gujarat in western India, Monsanto 

and Mahyco scientists detected unusual survival of pink bollworm to first-generation single-protein 

Bollgard cotton. Testing was conducted to assess for resistance to Cry1Ac, the Bt protein in Bollgard 

cotton, and pink bollworm resistance to Cry1Ac was confirmed in four districts in Gujarat – Amreli, 

Bhavnagar, Junagarh and Rajkot. Gujarat is one of nine states in India where cotton is grown. To 

date, no insect resistance to Cry1Ac has been confirmed outside the four districts in Gujarat. The 

detection of pink bollworm resistance to Bollgard I in 2009 posed a significant threat to the nearly 5 

million farmers who were planting the product in India. No insect resistance to Bollgard I has been 

confirmed outside these districts, and extensive monitoring throughout all of India continues to find 

that the resistance has been contained successfully. 

 
Bt-cotton has been developed for the specific purpose of controlling bollworms. Therefore, it can be 

rightfully blamed only if it has failed to provide protection against bollworms and in such cases the 
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reasons should be investigated. However, in some parts of Andhra Pradesh, Karnataka, etc., the 

cotton crops, both Bt and non-Bt, have sometimes suffered due to drought, heavy rains, para-wilt 

or some other biotic or abiotic stresses and also due to wrong choice of hybrids for planting. Such 

failures have often been attributed to Bt-cotton which is not justified. 
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14 Emerging pest scenario after Bt Cotton 

Cotton is susceptible to infestation of insects. Since commercialization of Bt transgenic genotypes in 

2002 there has been significant increase in area and production of cotton in India. The contribution 

from Bt cultivars is more than 90 %.  

Bt-cotton is non toxic to any of the sucking pests of cotton. Since the donor parent Coker 312 is 

known to be highly susceptible to sucking pests such as jassids and thrips, the hybrids showed 

slightly enhanced susceptibility to these pests, especially if the recurrent parent did not possess 

inherent resistance. 

After commercialization of Bollgard-II (2006) cottons expressing Cry1 Ac and Cry 2 Ab together 

paved way for dominance of emerging pests in cotton. By 2010 six different Bt transgenic events 

have been approved for commercial cultivation in India. Hence there is mosaic of different hybrids 

and Bt genes offering varied level of resistance /susceptibility to bollworms and sucking pests. As a 

predicted phenomenon problem newly emerged pests has become significant issue in sustainability 

of Bt cottons in many countries. The incidence, spread, and chemical control exercised over mealy 

bugs Phenacoccus solenopsis Tinsley recently in India stands as land mark example for altered insect 

pest scenario. In South India and Maharashtra state the mirid bugs (often referred as true bugs) are 

now creating havoc. Since its first appearance in 2005 (Patil et al., 2005) the incidence of 

Creontiades biseratense (Distant) is rampant.  

 

According to Nagpur-based Central Institute of Cotton Research (CICR), insecticide usage for 

bollworm control decreased after 2004, while the usage for sucking pest control increased after 

2006. 

After Bt cotton adoption the major problem which emerged is of sucking pest. Farmers are facing 

problem of high infestation of these pest since early stage of cotton. Square drop, sucking of leaf 

sap, reducing photosynthetic areas is the major concerns of the pests. Farmers all over the country 

is spraying various insecticides to control these pests but are unable to do so as the infestation level 

has crossed the Economic Threshold Level. 
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Major pests emerged after Bt Cotton are: 

Thrips Bemisia tabaci (Aleyrodidae – Homoptera): 

Thrips are generally one of the main early season cotton pests. They initially damage the cotyledons 

and then several other parts including the bolls and the types of damage vary according to the parts 

of the plant attacked. Most damage occurs during early vegetative stage of the crop, when 

nutritional quality of tissues is ideal for these insects. Both adult and nymphs usually remain on the 

under surface of laves, lacerate the tissues and suck the cell sap. The affected leaves become 

thickened, blistered, and bronzed due to continuous feeding. Feeding on developing bolls, makes 

them turn brown due to development of necrotic patches. Thickening of boll rind can also be 

noticed when bolls are attacked, boll opening is affected. 

 
After adoption of Bt cotton in India minor pests such as thrips has become major pest of Bt Cotton. 

The pest survives winters in ploughed soil, plant debris, and weeds. It has slowly become a 

perennial pest of cotton and reduces yield significantly. 

 
Figure 18: Thrips infestation in cotton 

Cotton leafhoppers/ Jassids: Amrasca devastans is the Indian cotton jassid, previously referred to 

as A. biguttula or Empoasca devastans. Though, eight species of jassids has been reported to feed 

on cotton A. devastans is the most dominant and distributed in all the cotton growing regions of 

India. 
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Figure 19: Jassid infestation in cotton 

Cotton Aphids - Aphis gossypii (Aphididae – Hemiptera): Aphis gossypii is a cosmopolitan species 

widely distributed in all the cotton growing regions of India. Earlier, it was considered as an early 

season minor pest, but now causes serious damage particularly in cotton fields after the use of 

synthetic pyrethroids which include resurgence of this pest (Natarajan et al., 1986). The degree of 

damage depends on the period of attack, insecticides previously used, and the weather conditions. 

A dry weather with prolonged drought favours the fast build up of this pest. Aphid’s remains in 

colonies on the undersurface of leaves and terminal shoots and suck the plant sap and this affect 

the general vigour of the plant. Shedding of fruiting bodies and quality of the fibre are also affected. 

In addition to the direct damage the ‘Honeydew’ excreted by aphids deposited the upper surface of 

lower leaves, over which sooty mould develops which interfere with photosynthesis of the plant. 

Honeydew may also drip on to the open bolls causing ‘stickiness’ of lint (fibre). 

 

Cotton whitefly – Bemisia tabaci (Aleyrodidae – Hemiptera): The cotton whitefly, an occasional pest 

of cotton in India has emerged as a major pest of cotton. Severe outbreak was first observed in 

Guntur region of Andhra Pradesh during 1984 – 85 seasons and now continuous to be in all the 

cotton growing regions of India (Natarajan et al., 1987) In addition to direct pest it also acts as a 

vector of cotton leaf curl virus in north zone. The nymphs and adults remain in colonies on the 

under surface of leaves and suck the plant sap. Due to continuous feeding chloratic spots develop 

on the leaves which later coalesce and the leaves become reddish, brittle and finally drop 

prematurely. This results in reduced nutrition to the plant leading to stunting, shedding of fruiting 

bodies and reduction in boll size. The bolls are also forced to burst prematurely loading to poor 

quality lint. The ‘honeydew’ excreted by whitefly drops on the upper surface of lower leaves and 
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bolls which favour the development of black sooty mould on the leaves, which in turn reduces 

photosynthesis and physiology of leaves. Heavy fungal growth on honeydew leads to premature 

leaf drop. Honeydew on open bolls causes stickiness of cotton which interferes with picking, ginning 

and spinning thus the lint value is reduced. In addition to B. tabaci the spiraling whitefly, 

Aleurodichus disperses also attack cotton and cause similar damage as cotton whitefly. A.dispersus 

is more common in summer cotton rather than winter cotton. 

 
Whitefly incidences are very high in northern states of India namely; Punjab, Haryana and 

Rajasthan. Farmers are facing problems from the growing menace of white fly that cripples the 

growth of cotton plant. This has resulted in the yield of Bt cotton on his farm dropping. Farmers are 

facing the twin challenge of a rebound in rising insecticide and pesticide costs and increase in labour 

charges, attributed mainly to labour shortage during the cotton plucking season. 

 
In our primary survey, farmers of Northern states complained about white fly infestation and 

despite of 5-6 sprays also they are unable to control the white fly population. Severity of pest 

infestation reported by farmers was quite high in Punjab, Haryana, and Rajasthan. Incidences of 

white fly are followed by Cotton Leaf Curl Virus infestation which reduces the yield of cotton.  

 
ICAR and State Agricultural Universities have carried out researches to develop disease resistant 

varieties. Disease can be controlled by control of its vector White fly and eradication of weeds 

harboring cotton leaf curl virus disease.  Different varieties/hybrids released by SAUs and CICR are 

mentioned in the table below: 

Table 36: CLCV tolerant varieties/ hybrids released by different research institutes 

Name of Variety/hybrid Source 

H-1117, H-1226, H-1236 Chaudhary Charan Singh Haryana Agricultural 
University Hissar, Haryana 

F-1861, LH-2076 Punjab Agricultural University, Ludhiana , Punjab 

LHH-144 Punjab Agricultural University, Ludhiana , Punjab 

RS-875, RS-810, RS-2013 Rajasthan Agricultural University, Sriganganagar, 
Rajasthan 

CSSH 198, CSHH-238, CSHH-243 (Hybrids) Central Institute for Cotton Research, Regional Station, 
Sirsa, Haryana 
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Figure 20: White fly incidence in cotton 

 

 

Figure 21: Cotton leaf curl infestation in cotton 

Red Cotton bugs - Dysdercus cungulatus, D. koenigi and D. similis (Pyrhocoridae – Hemiptera): Red 

cotton bugs also called as cotton stainers occur on cotton during peak boll formation stages of 

cotton. They are generally gregarious, bright red coloured. They are not serious pests but at time 

cause considerable damage to developing seeds impairing seed viability as well as staining the 

kapas. 

 

Figure 22: Red cotton bug infestation in cotton 
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Mirid bug: Ragmus spp (Miridae – Hemiptera): Nymphs and adults are yellowish green. They suck 

the sap and due to the feeding on squares and bolls flare up. Due to the feeding squares and young 

bolls drops. These mirid bugs are observed to be serious pest on Bt cotton. 

 
According to a research carried out by Agricultural Research Station Dharwad on ‘Mirid Menace-A 

Potential Emerging Sucking Pest Problem in Cotton’ reported that the incidence was severe in 

Haveri district with mean value of 43.85 bugs/ 25 squares. Acephate 70SP and Acetamiprid 20SP 

found to have higher bio-efficacy against mirid bugs. The avoidable yield loss was about 290 kg 

lint/ha or 11.69 per cent over unprotected check. 

 
Infestation of Mirid bug was reported by farmers in Southern states of India namely; Karnataka, 

Tamil Nadu and Andhra Pradesh.  

 
Dusky cotton bugs - Oxycarenus laetus o.hyalinipennis (Lygaedae: Hemiptera): The Lygaeds also 

called as cotton seed bugs occur on cotton during the bursting stage of the crop and they suck the 

sap from the seeds. Both nymphs and adults can be seen in the burst bolls. They are gregarious 

small, slender’ and sluggish insects with black or brown coloured membranous wings. When the 

population is large, the seed weight is reduced and the seed germination is also impaired. 

Management of the above sucking pest is becoming difficult. Spray of different insecticide has no 

effect on the pest population farmers says.  

 
Figure 23: Infestation of Dusky cotton bug in cotton 

Mealy Bug - Phenacoccus solenopsis: Plants infested during vegetative phase exhibit symptoms of 

distorted and bushy shoots, crinkled and/or twisted and bunchy leaves, and stunted plants that dry 

completely in severe cases. Late season infestations during reproductive crop stage result in 
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reduced plant vigour and early crop senescence. The bugs possess a waxy coating on the dorsal side 

that protects them from insecticides and natural mortality factors.  

 
Mealy bug infestation in large scale was observed in Punjab, Haryana, Rajasthan and Maharashtra 

in the year 2007-08 and 2008-09. Several steps were taken to control the mealy bug infestation by 

research institutes and several awareness campaigns were carried out to create awareness among 

farmers about its management. 

 

Figure 24: Mealy Bug infestation in cotton 

Farmers were asked about number of sprays for sucking pest, all farmers in Andhra Pradesh 

reported that they sprayed less than 4 times. In Gujarat 7.07% farmers told that they sprayed less 

than four times, 23.86% farmers told that they sprayed four times, 24.60% farmers sprayed 5 times, 

34.17% sprayed 6 times and 10.31% farmers sprayed more than 6 times. 

 
In Haryana, 50.12% farmers informed that they sprayed less than 4 times for sucking pest, 29.43% 

of farmers sprayed 4 times, 12.20% farmers sprayed 5 times, 6.23% farmers sprayed 6 times and 2 

% farmers sprayed more than 6 times. In Karnataka majority of farmers (74.20%) farmers sprayed 

less than 4 times for sucking pest, 35.27% farmers sprayed 4 times. 

 
In M.P, farmers spraying between 4-6 times maximum 4 times (28.75%), 5 times (31.50%), 6 times 

(28%). In Maharashtra farmers spraying less than 4 times is 44.96%, 4 times is 46.95%, 5 times is 

5.90%, 6 times is 1.87%. In Punjab majority of the farmers (44%) sprays less than 4 times against 

sucking pest infestation.  
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Table 37: Frequency of spray for Sucking Pest 

States Districts No. of Spray to Control sucking Pest Total 

Less than Four Four Five Six More than Six 

Nos. % Nos. % Nos. % Nos. % Nos. % 

A.P. Adilabad 103 100.00 0 0.00 0 0.00 0 0.00 0 0.00 103 

Guntur 100 100.00 0 0.00 0 0.00 0 0.00 0 0.00 100 

Karimnagar 97 100.00 0 0.00 0 0.00 0 0.00 0 0.00 97 

Khamman 100 100.00 0 0.00 0 0.00 0 0.00 0 0.00 100 

Warngal 99 99.00 1 1.00 0 0.0 0 0.00 0 0.00 100 

Gujarat Ahamdabad 24 24.00 41 41.00 5 5.00 18 18.00 12 12.00 100 

Amreli 6 6.00 21 21.00 24 24.00 41 41.00 8 8.00 100 

Bharuch 0 0.00 26 26.00 36 36.00 36 36.00 2 2.00 100 

Bhavnagar 9 9.00 19 19.00 10 10.00 34 34.00 28 28.00 100 

Rajkot 1 1.03 23 23.71 38 39.20 26 26.80 9 9.28 97 

Surendra Nagar 6 7.59 20 25.32 20 25.30 26 32.91 7 8.86 79 

Vadodra 2 1.94 12 11.65 34 33.00 51 49.51 4 3.88 103 

Haryana Fatehabad 48 47.52 32 31.68 9 8.90 9 8.91 3 2.97 101 

Hisar 71 71.00 17 17.00 7 7.00 3 3.00 2 2.00 100 

Jind 50 50.00 24 24.00 16 16.00 9 9.00 1 1.00 100 

Sirsa 32 32.00 45 45.00 17 17.00 4 4.00 2 2.00 100 

Karnataka Belgum 21 24.14 66 75.86 0 0.00 0 0.00 0 0.00 87 

Dharwad 88 96.70 3 3.30 0 0.00 0 0.00 0 0.00 91 

Haveri 86 86.00 14 14.00 0 0.00 0 0.00 0 0.00 100 

Mysore 84 85.71 12 12.24 2 2.00 0 0.00 0 0.00 98 

M.P. Burhan Pur 3 3.00 18 18.00 34 34.00 38 38.00 7 7.00 100 

Dhar 6 6.00 59 59.00 25 25.00 7 7.00 3 3.00 100 

Khandwa 1 1.00 14 14.00 38 38.00 37 37.00 10 10.00 100 

Khargone 4 4.00 24 24.00 29 29.00 30 30.00 13 13.00 100 

Maharastra Amravati 50 50.00 38 38.00 6 6.00 6 6.00 0 0.00 100 

Aurangabad 42 42.00 36 36.00 21 21.00 1 1.00 0 0.00 100 

Buldnana 40 40.00 50 50.00 5 5.00 2 2.00 3 3.00 100 

Jalgaon 63 63.00 33 33.00 3 3.00 1 1.00 0 0.00 100 

Jalna 50 49.50 51 50.50 0 0.00 0 0.00 0 0.00 101 

Nanded 37 37.00 57 57.00 4 4.00 2 2.00 0 0.00 100 

Parbhani 35 33.98 58 56.31 8 7.80 2 1.94 0 0.00 103 

Yavatmal 44 44.44 54 54.55 0 0.00 1 1.01 0 0.00 99 

Punjab Bhatinda 32 32.00 47 47.00 8 8.00 6 6.00 7 7.00 100 

Fazilka 21 18.92 55 49.55 30 27.00 5 4.50 0 0.00 111 

Muktsar 52 58.43 30 33.71 6 6.70 1 1.12 0 0.00 89 

Rajasthan Ganga Nagar 28 28.00 37 37.00 15 15.00 19 19.00 1 1.00 100 

Hanuman Garh 26 26.00 22 22.00 26 26.00 17 17.00 9 9.00 100 

Nagaur 75 73.53 25 24.51 1 1.00 1 0.98 0 0.00 102 

Tamil Nadu Perambalur 48 48.00 40 40.00 10 10.0 2 2.00 0 0.00 100 

Salem 39 39.00 40 40.00 15 15.0 6 6.00 0 0.00 100 

Source: GAPL Analysis 

In the state of Rajasthan, 42.72% of the farmers sprayed less than 4 times to control sucking pest 

infestation, 27.81% farmers sprayed 4 times, 13.90% farmers sprayed 5 times. In Tamil Nadu 

43.50% of farmers sprays less than 4 times, 40% of farmers sprays 4 times, 12.50% of farmers 

sprays 5 times, 4 % of farmers’ sprays 6 times.  
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15 Bio Safety 

Scientific evidence indicates that Cry toxins are not toxic to higher animals such as goats, sheep and 

cattle etc in any part of the world as the Cry toxins do not get activated under the acidic conditions 

of non-target animals such as goat, sheep and cattle. Feeding studies did not show any toxicity 

symptoms that could lead towards extreme toxicity symptoms or mortality.   

Bt cotton cultivars exhibited excellent control of Helicoverpa armigera and reduced impact of 

insecticides to create eco-friendly environment without compromising yield.  Since the Bt gene is 

effective during the early phase of crop growth, the bolls produced in the bottom most branches of 

the plant are retained fully.  The lint obtained from the bottom 1/3rd part of the plant is reported 

to be of highest quality leading to the production of more quality fibres.  Because of the retention 

of early formed bolls in the plant, the crop enters into senescence early and matures early 

compared to non-Bt counterparts.  This ultimately helps in harvesting of seed cotton in two 

pickings.  

The major emphasis was given to the control of boll worms in Bt hybrids as against their non-Bt 

counterparts by considering the number of times the Economic Threshold Level (ETL) crossed, total 

number of sprays given for the control of various insect pests under protected and unprotected 

conditions etc.  In all these aspect, the released Bt cotton hybrids were found to be more efficient 

as compared to their non-Bt counterparts.  As compared to insecticide control of bollworms, Bt 

cotton technology will not harm non-target beneficial insects, reduction in production cost, 

increased profit, reduced farming risk and improved economic outlook for cotton.  Use of this 

technology is also helpful in improving wild life population, reduced run off insecticides, reduced air 

pollution and improved safety to farm workers and neighborhood. 

Biosafety tests indicated absolute safety to goats, cows, buffaloes, fish and poultry. Feed-safety 

studies with Bt cottonseed meal were carried out with goats, buffalos, cows, rabbits, birds and fish. 

The results revealed that the animals fed with Bt-cotton seed meal were comparable to the control 

animals in various tests and showed no ill-effects. These studies were carried out by the National 

Dairy Research Institute, Karnal; Central Avian Research Institute, Bareilly; Industrial Toxicological 
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Research Centre, Lucknow; National Institute of Nutrition, Hyderabad; Central Institute of Fisheries 

Education, Mumbai and GB Pant University for Agriculture and Technology, Pantnagar. 

The Cry1Ac is mainly toxic to the bollworms (cotton bollworm, pink bollworm and spotted 

bollworm), semi loopers and hairy caterpillars. Bt-cotton expressing Cry1Ac is absolutely non-toxic 

to all other non-target organisms such as beneficial insects, birds, fish, animals and human beings. 

Laboratory and field studies carried out in India showed that the Cry1Ac protein deployed in Bt-

cotton did not have any direct effect on any of the non-target beneficial insects. Work carried out 

elsewhere in the world also showed similar results. There was some evidence of a reduction in 

numbers of predators and parasitoids which specialize on the Bt controlled bollworms, but also of 

increases in numbers and diversity of generalist predators such as spiders. Generally the decrease in 

the parasitoid and predator populations was associated with decrease in the densities of the pest 

populations on account of Bt-cotton. Due to these changes in pest complex, farmers had to spray 3-

5 times on bollgard as compared to 6-8 times on non-Bt cottons. Any effects could be assigned to 

the decrease in prey quality – for example with stunted Spodoptera litura caterpillars which had fed 

on Bt cotton. In the field situation, partial life studies broadly confirmed this finding. There was no 

increase in green vegetable bug numbers, aphid or whitefly numbers on Bt cotton. In general, such 

adverse effects as have been measured are very small when compared with the side effects of the 

spraying of conventional insecticides. 

During the survey in 9 States farmers were asked about any incidence on human or animal health 

after coming in contact of Bt cotton or after consumption of cotton seed or oil cake.  Most of the 

sampled farmers (around 98. 79 %) reported that they never faced any ill effect on their health after 

coming into contact of Bt cotton. However, around 1.21% farmers reported to have faced ill health 

after coming into contact of Bt crop.   

In Haryana around 8.48% farmers reported to have faced ill health after coming into contact of Bt 

cotton crop. This was followed by Punjab where 2% farmers reported to have faced ill health of Bt 

cotton. In Rajasthan 0.99% farmers reported to have ill health of Bt cotton. Below table give state 

wise responses on ill health, including human & animal, after coming into contact of Bt cotton crop.    
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Table 38: Ill effect of Bt cotton faced by Surveyed farmers 

State Yes % No % Grand Total 

A.P. 2 0.40 498 99.60 500 

Gujarat  1 0.15 678 99.85 679 

Haryana 34 8.48 367 91.52 231 

Karnataka  1 0.27 375 99.73 376 

M.P. 1 0.25 399 99.75 400 

Maharashtra   0.00 803 100.00 803 

Punjab 6 2.00 294 98.00 300 

Rajasthan  3 0.99 299 99.01 302 

Tamil Nadu  0 0.00 200 100.00 200 

 Total 48 1.21 3913 98.79 3961 

               Source: GAPL Analysis 
 

Further, sampled farmers were asked as to what kind of ill health they faced after coming in contact 

of Bt crop. Farmers of only two states i.e. Haryana & Punjab reported to have faced issues 

pertaining to health. Farmers in Haryana reported to have faced problem such as itching, 

respiratory problem & decline in immunity. 3 farmers in Punjab reported to have faced respiratory 

problem after coming into contact of Bt cotton. None of the farmers in the 9 sampled states 

reported loss of any human life.     

Table 39: Ill effect on human health after coming in contact of Bt-cotton crop  
State Itching Respiratory 

Problem 
Fever Decline in 

Immunity 
Itching & 

Respiratory 
Problem 

Itching & 
Decline in 
Immunity 

Respiratory 
Problem & 
Decline in 
Immunity 

A.P. -  -  -  -  -  -  -  

Gujarat  -  -  -  -  -  -  -  

Haryana 10 6 -  2 2 1 2 

Karnataka  -  -  -  -   - -  -  

M.P. -  -  -  -   - -  -  

Maharashtra -  -  -  -   - -  -  

Punjab -  3 -  -   - -  -  

Rajasthan  -  -  -  -   - -  -  

Tamil Nadu  -  -  -  -   - -  -  

Grand Total 10 9 -  2 2 1 2 

Source: GAPL Analysis 

Farmers were also asked about ill effect of Bt cotton on animal health. Around 43 farmers across 

the 9 surveyed states reported ill effect of Bt cotton on animal health. The ill effects reported by the 

farmers were reduced intake of food, suffocation, allergy and combination of these effects. 31 

farmers in Haryana reported ill effect on animal health after consuming Bt cotton products. 6 

farmers in Punjab reported ill effect on animal, followed by 2 in Rajasthan and 1 in Gujarat.  None of 

the farmers in the 9 sampled states reported loss of animal lives.    
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Table 40: Ill effect on animal health after coming in contact of Bt-cotton crop  

State Untimely 
Death 

Reduce 
Intake of 

Food 

Suffocation Allergy Reduce Intake of 
Food, Suffocation 

& Allergy 

Reduce 
Intake of 
Food & 
Allergy 

Suffocation 
& Allergy 

A.P.  -  -  -  -  -  -   

Gujarat   -  - 1  -  -  -  - 

Haryana  - 5 5 15 1 3 3 

Karnataka   - 1  - -   -  -  - 

M.P.  -  -  - -   -  -  - 

Maharashtra  -    - -   -  -  - 

Punjab  - 1 4 1  -  -  - 

Rajasthan   -  --  - 2  -  - 1 

Tamil Nadu   -  -  - -   -  -  - 

Grand Total  - 7 10 18 1 3 4 

Source: GAPL Analysis 

Comprehensive Bio safety studies were carried out by Indian Council of Agricultural Research 

(ICAR) institutions with Bt cotton Cry protein on lab animals such as rabbit, rat and guinea pigs etc. 

Various studies such as primary skin irritation test on rabbit, irritation to mucous membrane in 

rabbits, acute oral toxicity study in rats and skin sensitization study on guinea pigs were conducted. 

The results showed that Bt protein and Bt-Cotton seed powder were non-irritant to the skin of 

rabbits and vaginal mucus membrane. In case of acute oral toxicity study in rats, Bt cotton seed 

material did not induce any treatment related observable toxic effects when compared with Non-Bt 

cottonseeds. Studies on skin sensitization revealed that the repeated application of Bt cottonseed 

extract did not induce dermal sensitization (allergies) to the skin of any of the guinea pigs when 

compared with animals applied with extract of non-Bt cottonseeds. 

 
At Central Institute of Fisheries Education (CIFE), Mumbai, a systematic study was conducted with 

Bt cotton seed meal as a feed for Common Carp Fish and the side effects if any were tested in the 

fish food chain. A 60-day feeding trial was conducted on common carp fry. Bt cotton seed cake was 

included in the diet of common carp at 3 – level (10, 20, 30%) and compared with its non-Bt 

counterpart along with control group comprising of no cotton seed cake. Growth rate of Bt cotton 

seed cake fed group was comparable (P< 0.05) with that of control group and which and non-Bt 

counterpart as well. No mortality was found after feeding the Bt cotton cake, suggesting no adverse 

effect of Bt cotton seed cake. 
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A study conducted at ICAR’s Central Avian Research Institute, Izatnagar, by feeding of Bt cotton 

seed meal to broiler chickens. Methodical studies were conducted with broiler chickens and tested 

for the effect of Bt protein. Birds were weighed at weekly intervals to observe weight loss or gain. 

After the 7th week of study, 8 birds per treatment were sacrificed to study the effect of feeding 

CSM types on different carcass traits and development of digestive and immune organs. The results 

of the study revealed that the body weight gain and feed conversion efficiency did not differ 

statistically over all phases of study. The protein and energy efficiencies of experimental diets fed to 

broiler chicken also remained statistically similar. The carcass traits (% of live weight) of broilers 

(blood loss, feather loss, dressed yield, eviscerated  giblet, ready to cook yield and abdominal fat), 

cut up parts (breast, drum stick, thigh, back, neck, wings) and digestive and immune organs weights 

(heart, liver, gizzard, spleen, bursa) also remained statistically (P<0.05) similar to control. It was 

concluded that the solvent extracted Bt cottonseed meal can be included safely with maize or 

soybean meal based broiler diet up to 0-7 weeks of age.   

 
A trial was conducted at Central Sheep & Wool Research Institute (ICAR), Avikanagar for 120 days 

by continuous feeding Studies, on large animals such as Cow and Sheep to assess the bio-safety of 

Bt cottonseed on Weaner lambs at a higher plane of nutrition. Nutrient (OM, CP and fiber fractions) 

and mineral (Ca, P. Mn, Co and Zn) contents were identical in Bt-cotton and non-Bt cotton seeds. 

The growth performance of lambs was similar on control, non- Bt cotton seed and Bt cotton seed 

included diets. The growing lambs consumed 168 g Bt-cotton seed per day and did not have 

apparent adverse effect on dry matter intake, nutrient utilization and nitrogen balance.  

 
Similarly Bt-cotton seed intake of 0.681 % of body weight or 19.5 % of dry matter intake did not 

produce deleterious effect on performance and dry matter intake, thus palatability and growth 

performance was not a problem for Bt cotton seed feeding in lambs even under high plane of 

nutrition. Rumen fermentation characteristics viz, pH, Total Volatile Fatty Acids (TVFA) and NH3-N 

concentrations was not influenced by feeding of GNC, non- Bt cotton seed or Bt-cotton seed in lamb 

diets.  

 
Hematological observations did not change due to Bt-cotton seed feeding compared to non-BT 

cottonseed or GNC feeding. Interestingly feeding of Bt-cotton seed increased RBC and decreased 

WBC in blood. Serum level Immunoglobulin G (IgG) did not change due to Bt and non-Bt cotton 

http://www.mayomedicallaboratories.com/test-catalog/Clinical+and+Interpretive/8160
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seed feeding. Thus feeding of BT cottonseed to lambs did not alter immunity and allergen status. 

Internal organs weights as g per kg Empty Live Weight (ELW) indicated precise effect of Bt- 

cottonseed feeding on internal organ changes. The weights of kidney, spleen, pancreas, heart, lung, 

penis, kidney fat, cole fat, GI tract, ingest and empty GI tract were not different among Bt cotton 

seed and non-Bt cotton seed fed lambs. However, Bt cotton seed feeding increased liver weight, 

testicle weight and testicle fat g/kg empty live weight. The results were considered to indicate no 

detrimental effects.   

   
At National Dairy Research Institute (NDRI), Karnal, a comprehensive study was conducted for four 

weeks with Bt cotton seed meal on milking cows. Sixteen crossbred (KS and KF) multiparous cows 

were adapted to test by feeding Bt cottonseed based diet. Mainly the Bt Cry protein side effect and 

absorption in the milk was tested. Milk yield and voluntary feed intake were recorded daily while 

milk samples were collected at the start of experimental feeding and thereafter at weekly intervals 

during the four week experimental period for the analysis of milk composition and to test for the 

presence of Bt protein. At the end, a blood sample from each cow was collected and plasma was 

separated to test for the presence of Cry 1Ac protein. Cry 1Ac protein in cottonseed, milk and blood 

samples was measured by ELISA method.  

 
The amount of Cry 1Ac protein in Bt cotton seed was 195.04 ng/g on fresh basis. Corresponding 

value in Bt concentrate mixture was 78 ng/g on fresh basis. Cows in both the groups improved their 

body weight during the study period and body weight gain in both groups was similar.  Average milk 

yield during 28 days of experimental period in Non Bt (13.53 kg/day) and Bt (13.12 kg/day) groups 

did not vary significantly.  During the experimental period the milk composition in terms of fat, 

protein, lactose, SNF and total solids content in Bt and Non-Bt were similar. Cry 1Ac protein was not 

detected in milk samples, drawn at 0, 7, 14, 21 and 28 day of feeding the experimental diet, as well 

as in plasma samples drawn on day 28 from the cows fed the Bt cottonseed based ration. Lactating 

dairy cows of both the groups did not show symptoms of any disease, maintained their health and 

performed in a similar fashion when fed with Non Bt and Bt cottonseed as a source of energy and 

protein supplement during the four week long experimental period. The present study results 

revealed that the Cry1Ac proteins were neither detected in the milk nor in blood of cows that were 

fed with Bt cottonseed during the four week trial. Further, there was no effect of Bt cottonseed 



97 
 

containing Cry protein on milking cows. Hence, feeding of Bt cottonseed as a source of protein and 

energy in the ration of crossbred cows was considered to be safe and as nutritious as Non Bt 

cottonseed.   

 
A field study was carried out at CICR, Nagpur by a team of scientists led by a Senior Scientist of the 

Krishi Vigyan Kendra, for two years (2007-2009) by tethering six goats in one hectare of Bt cotton 

and one hectare of conventional cotton. The goats were fed on the crop continuously for four 

months and there were no differences in any biological aspects of the two sets of animals. The 

biochemical and health results clearly showed that Bt cotton was safe to goats.   

 
The Cry toxins Cry1Ac, Cry1Ab, Cry2Ab, Cry1F and Cry1C are considered to be safe to human beings. 

The stomach of humans being is acidic and contains proteases like pepsin which degrade the Bt 

protein. Thus the alkaline conditions needed for pro-toxin solubilization and protease action 

required for toxin activation are absent in the stomach. More importantly the human intestine lacks 

the specific receptors to which the activated Bt protein binds and initiates the physiological effect. 

Bt-cotton is being cultivated in at least 12 countries and was cultivated in at least five major 

countries for more than a decade. Cotton seed oil is a by-product of Bt-cotton and is used in all the 

cotton growing countries. But, Bt-toxins or Bt-DNA were not detected in refined oil.   

 
The two main concerns debated have been on possible “allergic” of GM food and “gene transfer” of 

the transgenic into human cells. The Food and Agriculture Organization of the United Nations (FAO) 

and the World Health Organization (WHO) evaluated protocols for tests for GM foods. No allergic 

effects were found in GM foods currently on the market.  

   
The WHO states that “Gene transfer from GM foods to cells of the body or to bacteria in the 

gastrointestinal tract would cause concern if the transferred genetic material adversely affects 

human health. This would be particularly relevant if antibiotic resistance genes, used in creating 

GMOs, were to be transferred. Although the probability of transfer is low, the use of technology 

without antibiotic resistance genes has been encouraged by a recent FAO/WHO expert panel”. 

Netherwood et al., (2004) conducted experiments by feeding GM soybean to human volunteers and 

found that the transgene did not survive passage through the gastrointestinal tract.   

 



98 
 

Aris et. al., (2011) reported that 93 per cent of blood samples taken from pregnant women and 80 

per cent from umbilical cords tested positive for the presence of Cry1Ab from Bt-corn in both non-

pregnant women and pregnant women and their fetuses. The paper questioned the assumption 

that Cry toxins do not enter human blood stream. Subsequently several authors (De Wech, Marcel 

Kuntz and organizations such as Food Standard Australia New Zealand) (FSANZ) found the paper 

unconvincing and were critical of the validity of ELISA technique to detect Cry1Ab in human blood 

and that too at concentration that was less than detection limits of ELISA of 1 ng/ml. 

 
However, in India NGOs have expressed apprehensions by regarding sheep mortality at Warangal 

and Adilabad district of Andhra Pradesh due to grazing in Bt cotton fields. The issue was examined 

by the State Government and reports received from the Directorate of Animal Husbandry, 

Hyderabad and the Indian Veterinary Research Institute, Izatnagar, U.P. revealed that the sheep 

deaths might be due to high content of Nitrates/Nitrites, residues of hydrocyanide (HCN) and 

organophosphates which are common constituents of pesticides used during cotton cultivation and 

not due to Bt toxin.    

 
Though several NGO organizations raised bio-safety issues from time to time, these were found to 

have in-sufficient credence, especially in light of the extremely high hazards posed by insecticides 

when used as an alternative to the GM based pest-control technology.   
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16 Farmer’s perception and views on Bt hybrids 

Cotton farmers have reaped the benefit of Bt cotton in India. Infestation of bollworm in cotton was 

the major problem faced by cotton growers in all parts of India. Farmers were shifting from cotton 

to other crops. Some farmers in Gujarat told before Bt era they used to spray even in night to 

control bollworm but were unable to control bollworm incidences in cotton. Yield was decreasing 

year on year and cost of cultivation was rising.  

1. Gujarat 
 

 

 

 

 

 

 

 

 

 

 

 

2. Rajasthan 

 

 

 

 

 

 

 

 

 

 

Farmer: Manshukhbhai Savjibhai 

Village: Damrala 

Block: Gariyadhar 

District: Bhavnagar 

State: Gujarat 

Manshukbhai cultivates Bt Cotton in 6 

acres. 

Higher yield per acre of Bt cotton (12.5 

quintal with Bt compared to only 5 quintals 

with non Bt Cotton seeds). This helped him 

to earn more, build pucca house, provide 

good education for his children.  

One of his child is in BSc (Ag) from AAU, 

Gujarat and Daughter is studying 

Graduation from Bhavnagar.  

 

 

“  

 

 
Farmer: Mewa Ram 

Block: Merta 

District: Nagaur 

State: Rajasthan 

 

Mewa Ram cultivates Bt Cotton in 12 

acres of land and yield he receives is 10 

quintal per acre compared to 5 quintal 

per acre when he used to grow non Bt 

cotton. Number of pesticide spray for 

bollworm has decreased drastically. He 

has bought motorcycle from his farm 

income and sends his children to school. 
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3. Haryana 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Farmer Name: Ratan Singh  

Village: Uchanakhurda 

Block: Uchana 

District: Jind 

State: Haryana 

Ratan Singh is cultivating cotton since 

last three decades. He cultivates cotton 

in 6 acres. Bt Cotton has helped him in a 

great way to control Bollworms. 

Whereas infestation of bollworm was 

very high in non Bt Cotton. Yield received 

by Bt cotton is 8 qtls per acre compared 

to 4 qtls per acre in non Bt cotton. But he 

points out problem of sucking pest and 

diseases in Bt cotton in recent times. 

Farmer Name: Sukhdev Singh  

Village: Bakhtawali 

Block: Ganganagar 

District: Ganganagar 

State: Rajasthan 

Sukhdev Singh is a progressive farmer 

and has been cultivating cotton for a long 

time. He cultivates cotton in 5 acre of 

land. He says yield of BT cotton is 8 

qtls/acre almost double than Desi cotton 

and due to this his financial condition has 

improved remarkably. He has built a 

toilet and renovated his house by the 

increased income.  
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4. Madhya Pradesh: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Farmer Name: Dilip Singh  

Village: Lahariya 

Block: Bhuna  

District: Fatehabad 

State: Haryana 

Dilip Singh cultivates BT cotton in 10 acre 

of land and gets 9 quintal/acre yield. When 

he compares the yield with non Bt Cotton 

he says Bt is a much better option for him. 

But he also points out of sucking pest and 

diseases in Bt cotton. As far as income is 

concerned he is very much satisfied. He 

has bought a new motorcycle with 

increased income.  

 

Farmer Name: Narayan Patidar 

Village: Itawadi 

Block: Maheswar 

District: Khargon 

State: Madhya Pradesh 

Narayan Patidar is a progressive farmer 

and has been cultivating cotton for a 

decade. He cultivates cotton in 5 acre of 

land. Earlier he wanted to leave the cotton 

farming but when he adopted BT cotton he 

found good result. He says yield is quite 

good comparatively to non Bt cotton. So 

due to increased yield his agriculture 

income has increased. And he has bought 

some agriculture land with the increased 

income. He also points out that some new 

diseases are affecting the crop so seeds 

must be improved and more resistant.    
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5. Tamil Nadu: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Farmer Name: Golu Patel 

Village: Mundi 

Block: Puna 

District: Khandwa 

State: Madhya Pradesh 

Golu Patel is a progressive farmer and his 

family is fully depending on agriculture. He 

cultivates Bt cotton in 18 acre of land. If he 

compares Bt cotton with non Bt cotton he says 

Bt cotton is far better and it has improved his 

agriculture income. Currently he gets 9 quintal 

of yield from one acre of land. He also says that 

demand of Bt cotton has increased because of 

quality. He has built a new house recently with 

the increased income. And he is living happily 

with his family.  

Farmer Name: V. Manikkam 

Village: Manjini 

Block: Athur 

District: Salem 

State: Tamil Nadu 

V. Manikkam is a small farmer but very 

progressive. He has been cultivating cotton for 

last 2 decades. He cultivates Bt cotton in 4 acre 

of land and gets around 8 quintal yield per acre. 

He has long experience of cotton farming. When 

he compares Bt cotton with non Bt cotton he 

says that yield of Bt cotton is quite better and 

quality as well. Although, he is a small farmer 

but due to Bt cotton his income has increased 

remarkably and living standard of the household 

has improved. He spends most of the income on 

children’s education. He is a satisfied and happy 

farmer.  
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6. Maharashtra: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Farmer Name: Amunda 

Village: Veraganur 

Block: Gangavalli 

District: Salem 

State: Tamil Nadu 

 

Amunda is a young farmer cultivates Bt cotton 

in 8 acre of land and receives 10 quintal of yield 

per acre. He is not aware about the yield of non 

Bt cotton but he is satisfied with current yield of 

Bt cotton. His family income has increased due 

to farming of Bt cotton. He has purchased a new 

motorcycle recently with this agriculture 

income. He is very energetic and eager to 

introduce new crops and new variety. He wants 

some more varieties of Bt cotton having disease 

resistant.  

Farmer Name: Udhav Ganpat Rao 

Village: Narsapur 

Block: Kalamb 

District: Yavatmal 

State: Maharashtra 

Udhav Ganpat Rao is a progressive farmer of the 

village. He cultivates Bt cotton in 5 acre of land 

and gets 8 quintal/ acre of yield. He is satisfied 

with Bt cotton as he has seen the yield of non Bt 

cotton earlier. He says the yield and quality of Bt 

cotton is more better. Price realization is also 

good of Bt cotton and it has increased his family 

income. He has bought some agriculture land with 

the increased income. But he also complains that 

in recent days diseases has increased in Bt cotton. 

So immediate steps should be taken to control 

the disease by introducing new improved, more 

resistant variety of Bt. cotton seeds.  
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7. Punjab: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Farmer Name: Tukaram Garderkar 

Village: Lalwadi 

Block: Ambad 

District: Jalna 

State: Maharashtra 

Tukaram Garderkar cultivates Bt cotton in 12 acre 

of land and he is also one of the progressive 

farmers in the area.  He gets 8 quintal of yield per 

acre. He says that yield of Bt cotton is certainly 

better than non Bt cotton. Quality is also better 

than non Bt cotton. He earns good money by 

producing of Bt cotton. And the additional income 

has improved financial condition of the household.  

 He also points out that the disease/ pest are also 

increasing simultaneously. So it is the need to 

introduce improved and pest resistant seeds.  

Farmer Name: Sukhvindar Singh  

Village: Daula 

Block: Gidharbha  

District: Muktsar 

State: Punjab 

Sukhvindar Singh cultivates Bt cotton in 8 acre of 

land. He has been cultivating cotton for a long 

time. When he compares Bt cotton with Non Bt 

cotton he says Bt cotton is far better. Yield of Bt 

cotton is good and require less pesticides. He gets 

8 qntl./acre yield which is almost double than non 

Bt cotton. He says that due to Bt cotton his 

agriculture income has increased and he usages 

the increased income to betterment of life style of 

the family.  
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Farmer Name: C.Raju Reddy  

Village: Mallaram 

Block: Vemulawada 

District: Karimnagar 

State: Andhra Pradesh 

C.Raju Reddy cultivates Bt cotton in 10 acre of land. 

He is a progressive farmers and he has set an 

example for others in farming. He has been 

cultivating cotton for a long time. When he compares 

Bt cotton with Non Bt cotton he says Bt cotton is far 

better. Yield of Bt cotton is better and require less 

pesticides. He gets 7 qtl./acre yield of kapas which he 

finds far than non Bt cotton. He says that due to Bt 

cotton his agriculture income has increased.  

 

Farmer Name: Shivgoude Patil 

Village: Nulvi 

Block: Hubli 

District: Dharwad 

State: Karnataka 

Shivgoude Patil cultivates Bt cotton in 8 acre of land. 

He is a progressive farmer in his village. He has been 

cultivating cotton since 5 years. He says that once he 

had tried non Bt cotton and got a big loss and then 

he used Bt cotton and found better result and since 

then he has been cultivating Bt cotton only. Yield of 

Bt cotton is better and cultivation cost also reduced. 

He gets 8 qtl./acre yield which is almost double than 

non Bt cotton. His income has increased and due to 

this he is leading a happy family life. Financial 

condition of the family has improved. 

 

8. Andhra Pradesh: 

 

9. Karnataka 
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17 Preferred Traits in Cotton 

Bt cotton available in the market is resistant to bollworms, problem of American bollworm, Pink 

Bollworm, Spotted Bollworm and Spodoptera litura has been solved by Bt cotton. But incidence of 

sucking pest like aphid, jassids, thrips, white fly, mealy bug, mired bug etc has increased and 

farmers are unable to control these pests. Five new cotton events are under biosafety assessment, 

contained field trial and open field testing for new and stacked traits which will be considered for 

commercial approval in India between 2013 and 2015. Other traits include drought and salinity 

tolerance, disease resistance, sucking insect resistance, leaf curl virus resistance and other traits 

related to cotton fiber quality. 

 
Farmers now want solution for sucking pest incidence on cotton plant, therefore when asked that 

which trait is their first preference they replied Sucking Pest resistant Bt Cotton seed and for this 

they are ready to pay a maximum price of Rs. 2000 per 450 gm packet of seed.  

 
Farmers in 9 sampled states were asked about traits they would prefer to see in future Bt cotton 

seeds and also how much they would spend to buy the seeds having the desired traits.  

 
During the survey sampled farmers were asked to rank the preferred traits they would like to see in 

the new generation of Bt cotton seeds. The traits which were put forth before the farmers were 

sucking pest resistance, drought resistance, herbicide resistance and disease resistance.  

 
In the Andhra Pradesh, farmers ranked disease resistance as most preferred trait. During interaction 

with farmers 78% desired for disease resistant trait in Bt cotton. The next preferred trait sought by 

the farmers was disease resistant followed by drought resistant. The bollworm resistant was 

another preferred trait farmers are looking for in cotton seeds followed by pest resistance.    
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Table 41: Rank* wise preferred traits in Cotton (%) 

Traits Rank A.P. Gujarat Haryana Karnataka M.P. Maharashtra Punjab Rajasthan Tamil Nadu 

Sucking Pest 
Resistant 

Rank 1 85 11 43 21 18 21 34 19 23 

Rank 2 14 31 36 30 25 17 54 51 21 

Rank 3 0 35 13 28 24 21 9 9 18 

Rank 4 0 9 4 12 11 10 1 13 18 

Rank 5 1 13 3 9 22 31 2 8 19 

Drought 
Resistant 

Rank 1 2 3 3 15 25 7 4 9 27 

Rank 2 1 12 9 22 12 14 8 11 13 

Rank 3 5 24 38 16 17 24 24 39 17 

Rank 4 90 50 26 30 23 49 35 30 27 

Rank 5 3 11 23 17 23 5 29 12 14 

Herbicide 
Resistant 

Rank 1 0 1 3 6 22 1% 4 14 17 

Rank 2 1 7 5 14 5 12 3 12 10 

Rank 3 79 12 25 18 18 39 33 29 15 

Rank 4 7 29 54 36 35 28 48 29 13 

Rank 5 12 52 12 26 20 20 13 16 44 

Disease 
Resistant 

Rank 1 0 16 2 12 12 7 1 13 13 

Rank 2 2 32 7 16 3 38 5 6 22 

Rank 3 18 18 20 21 35 5 28 15 29 

Rank 4 2 11 12 16 23 11 14 14 21 

Rank 5 78 23 57 35 27 40 52 53 15 

Source: GAPL Analysis   (*Least Important & 5 Most Important) 

 

Disease resistant Bt cotton seeds were amongst most sought up traits in Gujarat followed by 

Herbicide & drought resistant trait.  

 
In Haryana farmer disease resistant trait as the most preferred. 89% farmers preferred disease 

resistance as the most preferred trait. Herbicide resistant Bt cotton was the another most preferred 

trait. Drought resistant Bt cotton was the another sought trait by the farmers.  

 
Farmers of Karnataka preferred Disease resistant trait as most preferred trait followed by herbicide 

resistant trait. Farmers in Madhya Pradesh also preferred disease resistant as most preferred trait 

followed by herbicide resistant trait. In Maharashtra the preference was more for drought resistant 

varieties followed by disease resistant and herbicide resistant Bt cotton seeds. 

 
Disease resistant was the most sought trait amongst the farmers of Punjab followed by herbicide 

resistance and drought resistant traits. Similarly, farmers of Rajasthan preferred disease resistant 

preferred traits. In Tamil Nadu farmers ranked herbicide resistant as most preferred trait followed 

by disease resistant and drought resistant traits.      
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Farmers were further asked give reasons for preferring the traits. Most of the farmers said that low 

losses and high yield are the major reasons for selection of the traits.   

 
Farmers were further asked to how much they are prepared to pay for the desired trait.  For the 

bollworm resistant trait 421 farmers said that they are willing to pay upto Rs 1000 per packet 

whereas 375 sampled farmers said that they are prepared to pay upto Rs 2000 per packet for Bt 

cotton seeds. Similarly for Bt cotton having sucking pest resistant trait 444 sampled farmers were 

ready to Rs 1000/ packet whereas 340 farmers said that they are to pocket upto Rs 2000/ packet for 

such a trait.   

 
Most of the farmers preferring drought resistant were ready to pay as high as Rs 1000/ packet for 

Bt cotton having drought resistant trait. Similarly, for herbicide resistant trait, 509 farmers were 

prepared to pay upto Rs 1000/ packet whereas 273 farmers said that they can pay upto Rs 2000/ 

packet for such a trait. For a disease resistant trait most of the farmers again reported to be ready 

for paying Rs 1000/ packet. 

Table 42: Willingness of surveyed farmers to pay preferred trait of cotton (%) 
Traits Price (Rs/Packet) 

farmers ready to pay 
A.P. Gujarat Haryana Karnataka M.P

. 
Maharashtra Punjab Rajasthan Tamil 

Nadu 

Sucking 
Pest 
Resistant 

100 to 500  0 0 7 37 13 0 15 21 4 

500 to 1000  65 11 34 63 52 53 39 31 96 

1000 to 1500  35 83 46 0 36 47 45 48 0 

1500 to 2000  0 6 13 0 0 0 1 0 0 

Drought 
Resistant 

100 to 500  0 1 11 37 15 1 23 29 2 

500 to 1000  81 33 36 63 65 62 34 24 99 

1000 to 1500  19 64 52 1 20 38 42 46 0 

1500 to 2000  0 2 1 0 0 0 1 0 0 

Herbicide 
Resistant 

100 to 500  0 1 12 35 15 0 24 29 2 

500 to 1000  69 49 36 64 64 75 36 18 98 

1000 to 1500  31 49 52 1 22 24 40 53 1 

1500 to 2000 0 1 0 0 0 0 0 0 0 

Disease 
Resistant 

100 to 500  0 0 12 39 17 0 25 30 1 

500 to 1000  57 28 35 61 64 69 37 27 99 

1000 to 1500  43 59 53 0 19 31 38 43 0 

1500 to 2000  0 12 0 0 0 0 0 0 0 

Source: GAPL Analysis 
 



109 
 

18 Future, research under public & private sector 

Cotton Research in India: 

1950:    Gossypium herbaceum variety 'Jayadhar' released (cultivated even today)  

1968:    Gossypium hirsutum variety 'MCU-5' 60s counts released (finest quality G. hirsutum 

 variety)  

1970:    World's first Hybrid 'H-4' released (highest yield with superior fiber traits)  

1972:    World’s first Inter specific tetraploid hybrid ‘Varalakshmi' 80s counts released  

1974:    Gossypium barbadense variety 'Suvin' 120s counts released (finest Indian variety ever)  

1976:    Bikaneri Narma and its selections ‘F-414’ and ‘H-777’ identified for adaptability and  

 high yields in North India.  

1978:    World’s first GMS based hybrid ‘Suguna’ released from CICR 1980: Hybrid ‘H-6’ with  

 superior fiber quality of 60s counts released.  

1981:    Inter specific tetraploid hybrid ‘DCH-32' 80s counts released (cultivated even today)  

1982:    Highly adaptable Gossypium hirsutum variety 'LRA-5166' released (high adaptability)  

1983:    World’s first Inter-specific diploid hybrid 'DH-7' released  

1983:    Highly adaptable hybrid ‘NHH-44’ released for rain-fed conditions  

1992:    Early maturing compact variety 'LRK-516' released  

1989:    Gossypium arboreum variety ‘AKA-8401' 40s counts released  

2000:    40% areas under hybrid cotton  

2002:    Bt-cotton approved for commercial cultivation. Subsequently, several superior Bt 

hybrids, Mallika, Bunny, MRC-6301, MRC-7351, Dr Brent, Bramha, RCH-2, RCH-134,  

Ankur-651, Jay Bt, MRC-6301, Ajeet-11, Tulasi- 9, Vikram-5, Krishidhan-441, Bioseed-6488, 

Kaveri-707 etc., were released for commercial cultivation from the private seed sector.  

2008:    Highly adaptable superior fibre variety 'Suraj' released  

2010:    90% area under 809 Bt-hybrid cotton 

India permitted Bt cotton seeds for commercial cultivation in 2002. These were those of Mahyco 

Monsanto Biotech, a joint venture of the US multinational which developed the technology and 

Maharashtra Hybrid Seed Company, based in Jalna near Aurangabad. So far three Bt genes have 

been approved: Cry1Ac, Cry2Ab and Cry1C. Currently, these combinations are offered by four 
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companies including Nath Seeds, JK Seeds and Metahelix, of the Tata Group, but the Monsanto 

subsidiary has over 90% market share. 

Punjab Agricultural University may become the first in India to develop genetically-modified open 

pollinating varieties of cotton whose seeds farmers can reuse, saving them a recurring cost and 

addressing a major criticism of Bt technology. 

Punjab Agriculture University, Ludhiana is coming out with a new generation seed of Bt cotton 

which can be reused. Scientists in the university are using cry1Ac gene sequence which is faithful to 

the one published by Western scientists 20 years ago. This gene is different from gene incorporated 

by Monsanto in the Bt cotton. 

PAU will incorporate the gene in varieties suitable for North India. PAU also proposes to give it to 

the Central Institute of Cotton Research (CICR) in Nagpur for splicing in seeds that can thrive in 

drought-prone Vidarbha and Marathwada regions of Maharashtra Genetically Modified crops are 

still the study area for various organizations.  

Biotechnology being seen as one of the means of second green revolution is focal point for research 

by private companies. Technologies like BG II Roundup Ready Flex (Herbicide tolerant) is still 

pending for approval though BRL2 trails have been completed. 

 

18.1 Future Research in cotton 

The recent advances in cotton research have been based on novel technologies. CICR and other 

organizations are involved in this effort. 

 Molecular markers shall be isolated for resistant traits and pooled together in a pyramid 

through marker assisted breeding programmes. Plant Breeders, all over the world, have so 

far subjected germplasm resources to intensive breeding, so as to enhance yield, fibre 

quality traits, high oil content or resistance to biotic or abiotic stresses. Such programmes 

also inadvertently result in narrowing of the genetic base.  

 There is a need to take a re-look at the entire germplasm collections once again in light of 

the molecular markers and the genes that are currently available. The markers and genes 
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identified recently for economically important traits, can provide an elegant tool to convert 

some high yielding germplasm lines into elite cultivars. 

 Out of the 50 cotton species, 5 are considered as primary germplasm pool, 21 as secondary 

and 24 as tertiary germplasm pool, based on the relative genetic accessibility. There are 

several high yielding germplasm lines that are deficient in just one or two economically 

important traits such as fibre strength or length or susceptibility to biotic or abiotic stresses. 

Useful genes can be transferred into cultivars through genetic engineering or desired traits, 

for which molecular markers are available can be back-crossed into the lines through 

accelerated marker assisted breeding. In addition to its lint, the oil and protein portion of 

the cottonseed also represents significant economic value.  

 The GM seed with two genes is expected to provide double protection against bollworm, 

the common pest hitting cotton crops. This will be projected as an alternative to the 

Bollgard 2 seed sold by US multinational Monsanto. It will, however, take at least three 

years for the indigenous seeds to reach the market. 

 

Thrust Areas for Future Research in Bt cotton:                                                        

The genetic resistance is the cheapest and the most efficient method of protecting crop plants from 

pests.  Bt transgenic cotton with inbuilt genetic resistance to bollworms will help in protection of 

natural enemies of insect pests i.e. predators and parasites. It will also help in reducing the cost of 

cultivation by reducing the use of pesticides. Moreover, it will reduce environmental pollution and 

health hazards caused by indiscriminate use of pesticide. Transgenic cottons with Bt endotoxin 

protein reduces expenditure on insecticides and create eco-friendly environment without reduction 

in yield. The future research work on Bt transgenic cottons needs to be directed towards 

following thrust areas: 

 

a. With widespread cultivation of Bt transgenic cotton, there is an increased risk of resistance 

development in insects against Bt toxin. Hence, multiple sources of resistance should be 

identified and used in Bt transgenic cottons to develop resistance against maximum 

insect/pest possible and herbicides used, to avoid the risk of developing insect resistance 

and herbicide resistant weeds.  
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b. Recently, some transgenic Bt cotton hybrids have been released for commercial cultivation 

in India. The seed of these transgenic hybrids are very costly(price of seed is Rs.1600/- for a 

packet of 450 g), which cannot be afforded by small and marginal farmers. Hence, there is 

need to provide Bt transgenic seeds at a cheaper and affordable price to the farmers. 

c. Cotton crop also suffers from abiotic stresses such as drought and salinity. There is need to 

develop Bt transgenic cottons with resistance to drought and salinity conditions.  

d. In case of hybrids, the farmer has to purchase fresh seed every year at a very high cost. 

Hence, efforts should be made to develop Bt transgenic cotton varieties, the seed of which 

can be used by the farmers for 3-4 years.  

e. Cotton is a fibre, oil and protein yielding crop. Research has to be done to improve the 

quality of protein and oil through genetic engineering, besides fibre quality improvement.  

f. Besides, Bt gene, several other genes can be used in future for developing resistant 

genotypes of cotton to various insects. Like: 

 Cholesterol oxidaze gene from Streptomycetes fungus can be used for developing boll 

weevil resistant genotypes.  

 The Spider and Scorpion venom genes can also be used for developing insect resistant 

genotypes of cotton. 

 The Helicoverpa armigera stunt virus contains three genes which attack midgut of 

Heliothis and ceases its feeding.  

 Protease inhibitor gene from Cowpea, Soybean and rhizomes of African Taro are being 

used for development of transgenic cotton.  

g. Diploid cottons cover about 25% of cotton area in India. Hence there is need to develop 

transgenic Bt varieties and hybrids of diploid cotton. 

h. Herbicide Resistant Bt Cotton hybrid has been developed by Monsanto, named BG II 

Roundup Ready Flex. This offers the combination of both traits packaged into the cotton 

seed, providing growers with convenience and maximum flexibility to manage their spray 

schedule. This trait provides proven broad-spectrum weed control that targets grass and 
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broadleaf weeds to reduce pressure on yield, while offering the highest level of protection 

from worm damage relative to any other worm control options. 

 Other benefits of these traits packaged together include: 

 Wider application window eliminates the stress of getting out to the field to spray over the 

top of the crop by the four-leaf state of the cotton crop, which gives growers more 

flexibility. 

 Time saving, so cotton growers save time to devote to other farming operations 

 Reducing trips across the field by tank-mixing agricultural herbicides with plant growth 

regulators or insecticides 

 Reducing or eliminating the need for worm sprays. 

 Spraying over the top past the fourth-leaf stage, which can reduce dependence on shields or 

hooded sprayers. 

 

Since herbicides end up affecting the main crop to be harvested in a field (apart from other 

unintended impacts of course), the technology of genetic engineering has been deployed to create 

herbicide-tolerant GM crops, which will allow farmers to spray herbicides, usually the broad 

spectrum kind, on a standing crop (unlike pre-emergent herbicides etc.) and destroy weeds. It has 

to be noted that this technology is of herbicide-tolerance, which means that the HT GM plant 

develops the capability of withstanding/assimilating the herbicide without getting destroyed.  
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Table 43: Field Trials of GM Crops (containing new genes/events) in the Year 2013 
S.No. Crop 

 
Company Name Trial Trait Gene/Event 

1 RRF Cotton Maharashtra 
Hybrid Seeds 
Company Ltd. 

BRL-I 2nd 
year 

Herbicide 
tolerance 

cp4epsps/ MON 88913 

2 TwinLink® 
Cotton 

Bayer Bioscience 
Pvt Ltd 

BRL-1 Insect 
Resistance 

stacked events  namely 
GHB119 (cry2Ae/PAT)  & 
T304-40  (cry1Ab/PAT) 
containing cry1Ab, 
cry2Ac and bar 

3 Herbicide 
tolerant Glytol 
cotton 

Bayer Bioscience 
Pvt Ltd 

BRL-I (2nd 
season) 

Herbicide 
tolerance 

2mepsps(Event GHB 614) 

BRL-I: Biosafety Research Level-I   

BRL-II: Biosafety Research Level-II   

Source: Indian GMO Research Information System 
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19 Major Findings and Recommendations 
 

19.1 Major Findings 

I. Growth Rate of Bt. Cotton 

Cotton sector has made rapid stride since the inception of Bt cotton in India during 2002-03. 

Area under Bt cotton has increased from 76.7 lakh hectares in 2002-03 to 121.78 lakh hectares 

in 2011-12, whereas production has increased from mere 86.24 lakh bales in 2002-03 to 352 

lakh bales in 2011-12 and so is the yield which has increased to 491.38 kg lint/ha in 2011-12 

from 191.14 kg lint/ha in 2002-03.  

In North India Punjab, Haryana & Rajasthan are the major Bt cotton growing states. In Haryana, 

growth rate of all the surveyed districts have increased. In Haryana growth rate of adoption is 

quite encouraging at 77% in Fatehabad, 80% in Hissar, 81% in Sirsa and 87% in Jind. In the state 

of Rajasthan CAGR for Bt Cotton in all the districts is also very encouraging. The study reveals 

that CAGR of Bt cotton is 116% in Ganganagar, 121% Hanumangarh and 144% in Nagaur. Area 

under Bt Cotton has increased year on year in all the districts of Punjab. CAGR of Bt cotton was 

found to be 51% in Bhatinda, Fazilka is 30% and Mukatsar is 31%.  

In Central India comprising of Madhya Pradesh, Gujarat & Maharashtra, growth rate of Bt 

cotton adoption has increased in most of the districts of surveyed states. In Madhya Pradesh 

CAGR for Dhar is 21%, Khargone is 27%, Khandwa is 22% and Burhanpur is 21 %. In Gujarat area 

under Bt cotton has increased in most of the districts Surendernagar (67%), Rajkot (78%), 

Bhavnagar (68%), Amreli (91%), Bharuch (60%), Vadodara (68%) and Ahmedabad (70%). In 

Maharashtra growth rate of Bt cotton adoption ranged between 61% (Yavatmal) to 76% 

(Aurangabad). 

In Southern part of India, growth rate of Bt cotton adoption has increased in all the sampled 

districts of the region. Andhra Pradesh has emerged as the leading cotton growing state in the 

region with spectacular growth in all the sampled districts. CAGR for Bt cotton in the districts of 

Andhra Pradesh ranges from 78% (Warangal) to 94% (Adilabad). Analysis of data reveals that 

cotton in sampled districts of Tamil Nadu has shown increasing growth rate. The study reveals 
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that Bt cotton in sampled districts grew between 57% (Salem) and 83% (Perambalur). In 

Karnataka growth rate of Bt cotton has been observed to be gradually increasing since adoption 

of Bt cotton. Dharwad has observed maximum growth in Bt cotton cultivation (88.65%), 

followed by Haveri (47.22%), Mysore (26.87%) and Belgaum (8.17%). 

 
II. Present scenario of Bollworm 

 
The study reveals that the bollworm population has not increased significantly after adotion of 

Bt cotton in the sampled states.  During field survey, about 56% of farmers reported that 

severity is light where as 35 % of sampled farmers reported moderate infestation. Only 9 % of 

farmers reported about heavy infestation in Bt cotton crops. Severity of incidence of Pink 

Bollworm was more in Gujarat as compared to other states.  

 
During field survey, farmers were also asked about bollworm population in crops other than 

cotton. Around 7.56% of the surveyed farmers reported that bollworm population in other 

crops, except Bt cotton, has increased.  In Gujarat 25.48% farmers reported increase in 

bollworm population in other crops followed by M.P., where around 20% farmers have reported 

increase in bollworm population.  

 
III. Utilization of Pesticide 

Bt cotton has been successful in achieving its prime objective of insecticide reduction, which in 

turn has resulted in positive environmental impact of less pesticide residue in the environment. 

During survey in 9 states farmers were asked about use of insecticide and number of spray 

during cropping season. 92 percent of the total sampled farmers reported to be spraying 1 to 4 

sprays of pesticides and only 8 percent of the farmers reported to be spraying more than 5 

sprays in the cropping season. This is entirely different from the past where farmers resorted to 

number of sprays to control insects.  

 
The study of available data reveals that insecticide usage has reduced significantly between 

2002-03 to 2011-12. Total usage of insecticide for bollworm control in cotton during 2002-03 

was Rs 415.6 crores which came down to Rs 96.3 crores during 2011-12. Introduction of Bt 

cotton could be one of the reason for decline of insecticide used to control bolloworm. 
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However, at the same time usage of other insecticides used to control sucking pests has 

registered an increase over 2002-03.Various reasons are cited by CICR for increase usage of 

insecticide for controlling sucking pests such as approval of large number of Bt-hybrids across 

the country by 2012, many of these hybrids are susceptible to sucking pests, increase in the 

area under sucking pest-susceptible hybrids and increase in resistance levels of jassids to 

Imidacloprid and many other recommended insecticides.  

 
IV. Relative Contribution of Bt Hybrid in Yield 

The results of decomposition analysis for cotton present the relative contribution of factors and 

may be seen that most of the increase in output in the period (base period & current period) 

was brought about by the growth in crop yield and in few states it is because of increase in area. 

The study reveals that yield growth was the main factor in output growth in the Andhra 

Pradesh, Gujarat, Maharashtra and Karnataka. 

 
The decomposition anaylsis also reveals that yield effect has more effect in output (interaction 

effect). The study further reveals that increase in production of cotton in Andhra Pradesh is 

more because of increase in yield which contributed more whereas the effect of area is lower 

compared to other states. In Gujarat effect of area on the increased output of cotton is very 

high, the other factors i.e. yield and interaction of yield and area also contributed positively 

respectively. In Maharashtra the relative contribution of yield is high among all surveyed states 

whereas contribution of area is lower than other states. In Punjab area of cotton contributed 

0.91% to the increased production of cotton in the state, which is highest compared to other 

cotton growing states. Area effect is second highest in Madhya Pradesh (0.55%) followed by 

Gujarat (0.52%) and Rajasthan (0.52%). 

 
V. Emerging Pest Scenario 

After Bt cotton adoption the major problem which emerged is of sucking pest. During 

interaction with sampled farmers, it was reported that incidence of sucking pest like aphid, 

jassids, thrips, white fly, mealy bug, mirid bug etc has increased and farmers are unable to 

control these pests. Square drop, sucking of leaf sap, reducing photosynthetic areas is the major 

concerns of the pests. Farmers in the sampled states reported to be spraying various 
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insecticides to control these pests but are unable to do so as the infestation level has crossed 

the Economic Threshold Level. 

 
VI. Effect & Extent of Refugia Adoption 

The main purpose of refugia area is to prevent insects from developing resistance to Bt cotton 

and therefore farmers who plant Bt cotton seed must also plant non Bt cotton seed. The refugia 

area supplies a source of wild type (non mutant) insects to mate with possible resistant insects 

to produce non resistant insects. The study reveals that only 3% of the sampled farmers 

reported using refugia. Tamil Nadu has highest percentage (7%) of farmers who sow refugia 

followed by Andhra Pradesh (4.80%), M.P (3.25%), Karnataka (3.20%), Gujarat (3%), 

Maharashtra (2.63%), Rajasthan (2.33%), Haryana (1.75%) and Punjab (1.67%).  

 
The main reasons reported by surveyed farmers for non-adoption of refugia are yield loss, loss 

in acreage, increase in input cost and more pest infestation. Most of the surveyed farmers in 

surveyed states do not sow refugia seed; they generally throw the seeds given to them. They 

reported that increase in input cost and increase in pest incidence are the main reason followed 

by loss in acreage and yield loss for non adoption of refugia seed. 

 
VII. Cost of Production and Benefit-Cost Ratio 

 
The cost of cultivation per hectare was studied in 9 sampled States. The study reveals that in 

Northern States the cost of cultivation during 2002-03 varied between Rs 18877 to Rs 27633.5 

However, during 2011-12 cost of cultivation (CoC) per hectare was increased subsequently and 

varied between Rs 56097 to Rs. 66697 per hectare. In Central India, comprising of M.P., Gujarat 

& Maharashtra the cost of cultivation varied between Rs 15475 to Rs 20860 per hectare. This 

increased to 42289 to 61907 per hectare during 2011-12.  

 
In Southern India cost of cultivation in 2002-03 was Rs. 28562 in Andhra Pradesh, Rs. 31062 in 

Tamil Nadu and Rs. 11914 in Karnataka which increased to Rs. 49401 in A.P, Rs. 56747 in Tamil 

Nadu and Rs. 36216 in Karnataka.  
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The study reveals that cost of chemicals including fertilizers constitute around 45 percent of the 

total cost cultivation and increase in prices of these chemicals has resulted in overall cost of 

cultivation. Similarly, increase in wages of labour, which accounts for 21 percent, has lead to 

overall increase in cultivation cost. Higher benefit-cost ratio was observed among the farmers of 

Gujarat followed by Maharashtra whereas the lowest was observed in case of Madhya Pradesh 

Bt cotton growers. 

 
VIII. Status of Bollworm Resistance 

The study reveals that Bt cotton is still effective against bollworm. Around 91 percent of the 

surveyed farmers reported that severity of bollworm infestation was light to medium. Only 9 

percent of farmers reported about heavy effect in Bt cotton crops.  

 
IX. Popular Hybrids Preferred by Farmers 

The study reveals that farmers prefer those Bt cotton which are sucking pest resistant, big boll 

size, high yielding, etc. Hybrids are categorized by type of irrigation, duration of crop, soil type 

which they can thrive on. Some hybrids thrive well in rainfed condition like ACH 155 whereas 

some need well irrigated condition with heavy management i.e. heavy feeders like Uttam, RCH 

2, RCH 659 etc. Incidence of sucking pest has increased substantially in recent years; attack of 

Jassid, Aphid, Thrips, Whitefly, etc. is very problematic. Insecticides available in the market are 

not able to control infestation of White Fly in Northern Part of India. Therefore farmers all over 

India prefer hybrids which are tolerant to these sucking pests for example ACH 155 of Ajeet 

Seeds is first choice of farmers in certain states like Maharashtra due to its tolerance to sucking 

pest. 

 
Cotton hybrids such as “6488” and “6588” of Bioseeds have been well received in the Punjab-

Haryana-Rajasthan belt mainly because of their early maturity (155-160 days), against the 165-

170 days of maturity of other hybrids. In Madhya Pradesh, the most preferred hybrids are Ajeet 

155, RCH 659, RCH 2, Jackpot, Jai and Dr Brent. In Maharashtra most preferred hybrids are 

ACH155, Ankur 3028, Mallika, ATM and Ankur Jai. ACH 155 is preferred mainly for its 

characteristics of less sucking pest attack as its leaves has bristles which refrains sucking pest 

attack on the cotton plant. In Gujarat the most preferred hybrid is Ajeet 155 as it is less 
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susceptible to sucking pest and is an early maturity hybrid which thrives well in rainfed 

condition. 

 
In Andhra Pradesh most preferred hybrids are Jadoo, Bhakti, Yuva, First Class, Mallika and ACH 

155. Yuva thrives well is all conditions, boll size is big, has more sympodia than monopodia, boll 

weight is also high and yield is also good. In Tamil Nadu the most preferred hybrid of farmers 

are RCH 2, RCH 20 (Ravi), Bahubali, Jadoo and Jackpot Characteristic of the hybrids are 

mentioned earlier. In Karnataka the most preferred hybrids are Kanak, Bahubali (MRC 7918) and 

Yuva. Bahubali has an extra-long staple length of about 36.0 to 36.5 mm with high strength. This 

tall spreading plant type is recommended for wider odd spacing planting geometry and for 

irrigated as well as protective irrigation conditions. The boll bearings have short internodes 

along with a larger number of sympodia. Not only is it high yielding it is also management 

responsive.  

 
X. Major technologies adopted by the farmers for Bt hybrids 

During field visit in the sampled districts it was observed that adoption of better cultivation 

practices and technologies are very limited. Cotton is very sensitive to moisture stress at one or 

the other stage; however, it is still being cultivated mostly under rainfed condition. Cotton is 

generally cultivated in black soil or black and red in mixture soil where flood irrigation is not 

suitable & economical, therefore, not recommended. Still farmers are not adopting Micro 

irrigation systems. Drip irrigation has been installed in states of Maharashtra (17.64%), followed 

by Madhya Pradesh (14.53%) and Gujarat (2.45%). In rest 6 states area under drip for cotton 

field was not very negligible. 

The farmer by large are following wider spacing in their cotton fields which resulting in lesser 

yield because of lesser plant population. Currently Government and seed companies are taking 

initiatives to promote High Density Planting for attaining optimum plant population. Several 

seed companies have developed hybrids more suitable to high density planting of cotton. 

Farm Mechanization is also not being adopted by the cotton farmers. Sowing and other 

intercultural operations are carried manually in Cotton. Land Preparation is either by tractor or 

bullock driven country plough. Thus there is requirement of greater farm mechanization in 



121 
 

cotton so as to ease the agricultural operations. The implements/ machines developed at 

various research institutes and Universities, need to be popularized and commercialized. New 

implements to be developed based on gap analysis and evaluated, refined and demonstrated 

on farmer's fields. Awareness creation for the same is also a prime requirement.  

XI. Future Research in cotton 

India permitted Bt cotton seeds for commercial cultivation in 2002. So far three Bt genes have 

been approved: Cry1Ac, Cry2Ab and Cry1C so far. Currently, these combinations are offered by 

four companies including Nath Seeds, JK Seeds and Metahelix of the Tata Group, and Monsanto.   

The genetic resistance is the cheapest and the most efficient method of protecting crop plants 

from pests. With widespread cultivation of Bt transgenic cotton, there is an increased risk of 

develop resistance in insects against Bt toxin. Hence, multiple sources of resistance should be 

identified and used in Bt transgenic cottons to develop resistance against maximum insect/pest 

possible and tolerance to herbicides used. 

Cotton crop also suffers from abiotic stresses such as drought and salinity. There is need to 

develop Bt transgenic cottons with resistance to drought and salinity conditions. 

Therefore Molecular markers shall be isolated for resistant traits and pooled together in a 

pyramid through marker assisted breeding programmes, so as to enhance yield, improve fibre 

quality, high oil and protein content, resistance to biotic or abiotic stresses. 

There is a need to take a re-look at the entire germplasm collections to identify the markers and 

genes for economically important traits to convert them into elite cultivars. 

Punjab Agriculture University, Ludhiana is coming out with a new generation seed of Bt cotton 

which can be reused. Scientists in the university are using cry1Ac gene sequence which is 

faithful to the one published by Western scientists 20 years ago. This gene is different from 

gene incorporated by Monsanto in the Bt cotton. Therefore, Punjab Agricultural University 

might become the first in India to develop genetically-modified open pollinating varieties of 

cotton whose seeds farmers can reuse, saving them a recurring cost. 
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XII. Farmers’ Perception 

Cotton farmers have reaped the benefit of Bt cotton in India. Before the adoption of Bt-cotton, 

Infestation of bollworm in cotton was the major problem faced by cotton growers in all parts of 

India. Farmers were shifting from cotton to other crops. After the adoption of Bt-cotton the 

financial condition of the farmers, improved remarkably. When contacted, farmers expressed 

their views in the following way:  

 Number of pesticide spray for bollworm has decreased drastically. This resulted in lower 

cultivation cost. 

 Productivity improved and farmers get higher yield per acre (almost double in many 

places from 2002-03), which helped them to earn more, build pucca house, buying 

agriculture land, buy motor cycle, provide good education to the children from the farm 

income.  

 Demand of Bt cotton has increased because of the good quality lint 

Few farmers also shared their concerns regarding: 

 Increase in diseases / pest attack in Bt cotton crop in Recent days. So immediate steps 

should be taken to control the disease by introducing new improved, more resistant 

variety of Bt. cotton seeds.  

XIII. Sale of Bt-cotton Hybrids, (Brand wise) 

Bt cotton has dominated the Rs 9,000 to Rs 10,000 crore cotton seed market (which is one of 

the biggest in the world) of India’s with almost 40 per cent share. Approximate number of 

packet sold in India amounts to 4 crores. There are more than 1097 hybrids. GEAC approves 

hybrids under BG 1 /BG II. 

Monsanto India Limited gives license to cotton companies to sell hybrids which contain 

specified gene (cry 1AC, cry1 AC and cry2AB) and in turn these sub licensee companies sell its 

products through its co marketers also.  

During the field survey, it was observed that the preference of Farmers regarding Bt-seeds vary 

from state to state, like any other crop. 
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In Punjab the most preferred hybrids are Bioseeds 6588, Bioseeds 6488, Rasi Seeds RCH 773, 

RCH 653. Incidence of Whitefly and Cotton Leaf Curl Virus is the major problem in the state, so 

farmers prefer to grow hybrids which are tolerant to these. Bioseed's cotton hybrids such as 

“6488” and “6588” have been well received in the Punjab-Haryana-Rajasthan belt mainly 

because of their 155-160 days maturity, against the 165-170 days of maturity of other hybrids. 

In Haryana, farmers grow mostly Rasi seeds RCH 134(because of specific characteristics like 

vigorous growth, high boll bearing, wider adaptability and high yield.), Bioseeds 6588, Bioseeds 

& 6488. 

In Gujarat the most preferred hybrid is Ajeet 155 (less susceptible to sucking pest and early 

maturity), Ankur Jai, RCH 2 and Mallika. Rasi seeds RCH 2 is a late maturity hybrid with big boll 

size. 

In Rajasthan the most preferred hybrids are Bioseeds 6488, (due to its high yield and tolerance 

level to various sucking pest Bioseeds 6588. In Madhya Pradesh, the most preferred hybrids are 

Ajeet 155, RCH 659, RCH 2, Jackpot and Jai.  

In Maharashtra most preferred hybrids are ACH155, Ankur 3028, Mallika, ATM and Ankur Jai. 

Nuziveedu Seeds Mallika thrives well in irrigated condition, gives good yield due to big boll size. 

Kavery Seeds ATM ACH 155 is preferred mainly for its characteristics of less sucking pest attack. 

In Tamil Nadu the most preferred hybrids of farmers are RCH 2, RCH 20 (Ravi), Bahubali, Jadoo 

and Jackpot. In Karnataka the most preferred hybrids are Kanak, Bahubali (MRC 7918) and Yuva. 

Bahubali has an extra-long staple length of about 36.0 to 36.5 mm with high strength.  

In Andhra Pradesh most preferred hybrids are Jadoo, Bhakti, Yuva, First Class, Mallika and ACH 

155. Shriram Bioseeds has established itself as one of the top players in hybrid Cotton segment 

due to Yuva’s wider adaptability across Andhra Pradesh. 

XIV. Fertilizer usage on Cotton 

While analyzing per hectare usage of fertilizer in Bt-cotton, the trend is observed to be 

increasing with every passing year. Fertilizer consumption in cotton is found to be highest in 

Andhra Pradesh and Tamil Nadu and In Madhya Pradesh the fertilizer usage per hectare is 
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found to be quite low and no significant increase observed. In Haryana and Rajasthan also the 

fertilizer dosage is lower than other states. In Maharashtra, the fertilizer consumption has been 

increased significantly with the passing years. However, it is also found that the 

recommendations on fertilizer usage in Cotton given by CICR, Nagpur, are not being followed by 

farmers due to lack of awareness.   

XV. Acceptability of Bt-cotton  

The survey reveals that the Bt cotton has established acceptability amongst the farmers. Most 

of the sampled farmers were found to be early adopter of Bt cotton. Around 52.39 percent 

farmers were the earliest and oldest adopter. Because of the advantages of the Bt-cotton, they 

continued the cultivation. This seems to have motivated other farmers also as remaining cotton 

growing farmers also undertook cultivation of Bt cotton. Around 8.16 percent farmers 

undertook cultivation in recent times. Interestingly, around 16.13 percent of the sampled 

farmers reported to have been cultivating Bt cotton even before its official launch in the 

country. 

XVI. Bio-safety related issues 

Scientific evidence indicates that Cry toxins are not toxic to higher animals such as goats, sheep, 

cattle and human beings etc in any part of the world as the Cry toxins do not get activated 

under the acidic conditions of these non targeted animals. Biosafety tests indicated absolute 

safety to goats, cows, buffaloes, fish, poultry and human. Feed-safety studies with Bt 

cottonseed meal were carried out with goats, buffalos, cows, rabbits, birds and fish. The results 

revealed that the animals fed with Bt-cotton seed meal were comparable to the control animals 

in various tests and showed no toxicity symptoms that could lead towards extreme toxicity 

symptoms or mortality. These studies were carried out by the National Dairy Research Institute, 

Karnal; Central Avian Research Institute, Bareilly; Industrial Toxicological Research Centre, 

Lucknow; National Institute of Nutrition, Hyderabad; Central Institute of Fisheries Education, 

Mumbai and GB Pant University for Agriculture and Technology, Pantnagar, etc. 

On the other hand, Bt cotton cultivars exhibited excellent control of Helicoverpa armigera and 

reduced impact of insecticides to create eco-friendly environment without compromising yield.  
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However when contacted, 8% of Bt-cotton farmers in Haryana reported to have faced problem 

such as itching, respiratory problem & decline in immunity. 3 farmers in Punjab reported to 

have faced respiratory problem after coming into contact of Bt cotton. None of the farmers in 

the 9 sampled states reported loss of any human life.       

Around 43 farmers across the 9 surveyed states reported ill effect of Bt cotton on animal health 

like; reduced intake of food, suffocation, allergy and combination of these effects etc. 31 

farmers in Haryana, 6 farmers in Punjab followed by 2 in Rajasthan and 1 in Gujarat; reported ill 

effect on animal health after consuming Bt cotton products. None of the farmers in the 9 

sampled states reported loss of animal lives.    

In India apprehensions of NGOs on sheep mortality at Warangal and Adilabad district of Andhra 

Pradesh due to grazing in Bt cotton fields, was examined by the State Government and reports 

received from the Directorate of Animal Husbandry, Hyderabad and the Indian Veterinary 

Research Institute, Izatnagar, U.P. revealed that the sheep deaths might be due to high content 

of Nitrates/ Nitrites, residues of hydrocyanide (HCN) and organophosphates which are common 

constituents of pesticides used during cotton cultivation and not due to Bt toxin.    

Though several NGO organizations raised bio-safety issues from time to time, these were found 

to have in-sufficient credence, especially in light of the extremely high hazards posed by 

insecticides when used as an alternative to the GM based pest-control technology.   

XVII. The traits farmers would prefer most 

It is found that adoption of Bt-cotton helped farmers in many ways, both direct and indirect, still 

there are few areas which need to be addressed in the future from the farmers’ perspective. 

They are: 

 Farmers now need genetically-modified insect- pest resistant open pollinating varieties 

of cotton, whose seeds they can reuse for 3- 4 years and save the recurring seed cost of 

Bt-hybrids. 

 Farmers need to apply several herbicides to control weeds as cost of manual weeding 

become very high and timely weeding is necessary to get optimum yield and good 
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quality cotton fibre. So herbicide-tolerant Bt cotton (transgenic crops) is one of their 

primary requirement.  

 After successful control of Bollworms, Farmers now want solution for sucking pest 

incidence on cotton crop, therefore when asked about the trait of their first preference; 

the response was on Sucking Pest resistant Bt-cotton. For this they are ready to pay a 

maximum price of Rs. 2000 per 450 gm packet of seed.  
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Major Recommendations 

Given the vast potential benefits of Bt Cotton production, a number of technical and policy 

interventions are required to be introduced so as to increase its adoption in India. The needed 

recommendations and interventions are presented below: 

 

i. The wide spread myths about the harmful effects of Bt Cotton should be removed from 

farmers and consumers' mind by educating them through concise scientific lectures and 

mass communications means. 

 

ii. Most of GM crops like Bt Cotton are generated and controlled by large private-sector 

companies, which have so far mainly targeted the commercial farmers who can afford 

their products. Nevertheless, there is some public-sector work directed towards the 

needs of resource-poor farmers. In addition, most of the technologies and intermediate 

products developed through private-sector research could be adapted to solve priority 

problems. There is a need to increase research efforts in Universities and public sector 

organizations and make the fruits of the research accessible to resource poor farmers.  

 

iii. In the case of Bt Cotton, most of the commercial applications developed so far are 

directed towards reducing production costs, not towards meeting the needs expressed 

by consumers. Greater and better targeted investments in Bt Cotton research will be 

needed to ensure that the farmers have access to the resulting new crop varieties. The 

focus should shift from pesticide-tolerant crops towards the characteristics that matter 

to resource poor farmers: 

• Improved resistance or tolerance to drought,  

• Water logging, 

• Salinity and extreme temperatures;  

• Improved resistance to pests and diseases;  

• Higher yields.  

Such a shift could be based on new private-public partnerships, exploiting the greater 

efficiency of private-sector research but under the guidance of public-sector donors. 
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Research funds could be made available to public as well private sector R&D organizations 

by evaluating research proposals on merit in a transparent manner.  

 

i. All the Public and Private Sector Bt Cotton Seed producing companies and Government 

Research Units must be directed to maintain the germplasm of traditional cotton varieties 

at some alternate locations for future use of the germplasm. The extensive use of Bt cotton 

would replace the traditional seeds from the country hence need to have small traditional 

cotton seed centers spread over a wider area. 

 
ii. Insurance schemes:  The farmers' are vulnerable to risk in reduction of yield as well as price 

shocks which result in heavy indebtedness and sometime forced them to take extreme 

steps. It is suggested to devised or strengthen the ongoing Insurance schemes to mitigate 

these.  

 

iii. Spurious Bt Cotton: The high demand for Bt cotton has create a parallel industry for 

spurious Bt cotton seed which is of dubious origin and inferior quality. It was also noticed 

that seed is available in black market at very high price due to scarcity. It is recommended to 

develop monitoring mechanism to check such malpractices.  

 

iv. Awareness Campaign to Promote Refugia: It has been reported that due to low level of 

genetic literacy among farmers to grow refugia and do not use the recommended practices 

for distance isolation needed to prevent cross pollination between Bt cotton and non Bt 

cotton strains so as to reduce chances of breakdown of resistance of bollworm to Bt cotton 

varieties. It is suggested to drive a special awareness campaign to promote refugia 

cultivation along with Bt cotton crop in print and electronic media.  

 
v. While recommending refugia adoption, practicability needs to be considered. As 20 percent 

refugia is very high for small farmers and fearing the yield loss they are not following the 

recommendations. For this, 5 percent Refugia bag (same non-Bt hybrid) + 5 percent pigeon-

pea plants as a patch may be recommended.  Otherwise alternative processes and 

procedures need to be identified. 

 

vi. Awareness among farmers needs to be created to adopt farm mechanization/ implements 

for sowing, intercultural operations and various other activities carried out at the farm level. 

There is requirement of technological advancements in cotton so as to ease the agricultural 
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operations. New implements to be developed based on gap analysis and evaluated, refined 

and demonstrated in the farmers’ field for better adoption. 

 

vii. During survey it was found that Bt-cotton is being cultivated mostly in rainfed condition 

whereas Cotton suffers due to moisture stress at one or the other stage. Therefore it is 

recommended to make available irrigation facilities for the cotton farmers. As flood 

irrigation is not advisable looking at the soil quality in cotton growing areas, Drip irrigation 

system should be installed in the cotton crop for better yield and improved quality.  

 

High Density plantation should be encouraged and implemented as recommended by CICR 

to obtain optimum yield of cotton crop.   
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Annexure-1: 

List of Research Papers referred during the Study 

S.No Name Author Year 
 

Impact 

1.  Economic 
impact and 
impact 
dynamics of 
Bt(Bacillus 
thruringiensis) 
cotton in India 

Jonas Kathage and 
Matin Qaim 

2012 Caused 24% increase in cotton yield 
per acre through reduced pest 
damage and a 50% gain in cotton 
profit among smallholders. Bt cotton 
adoption has caused sizeable 
socioeconomic benefits for 
smallholders farm households in 
India. 

2.  Socio-
economic 
Impact of 
Transgenic 
Cotton 

N. Chandrashekhara 
Rao and S. Mahendra 
Dev 

2001-02 The yield increase results from 
closing the yield gap of the hybrids 
from the potential yield by 
incorporating resistance to 
bollworms. It has been found from 
the production functions that Bt 
cotton impacts the yield significantly 
and positively. 

3.  Bt cotton in 
India: A 
country profile 

Bhagirath Choudhary, 
Kadambini Gaur 

2010 Concurrent with the boom in cotton 
production, the Indian biotech and 
seed industry has also been growing 
at an unprecedented rate with high 
year-on-year growth because of the 
high adoption of Bt cotton by Indian 
farmers. 

4.  Village-wide 
Effects of 
Agricultural 
Biotechnology: 
The Case of Bt 
cotton in India 

Arjunan Subramanian 
and Matin Qaim 

2010 Substantial benefits are observed for 
small and large farmers, total income 
effects are bigger for large farm 
households. 

5.  An 
Interpretative 
Summary of 
the Study on: 
Pesticide use in 
cotton in 
Australia, 
Brazil, India, 
Turkey and the 
USA 

By The Expert panel 
on social, 
Environmental and 
Economic 
Performance of 
Cotton Production 
(SEEP) 

2010 A small number of substances 
contributed to more than 
50% of the human health hazards 
caused by overall pesticide use on 
cotton and more than 50% of the 
overall 
ETL. 

6.  GM crops and 
Gender Issues 

Arjunan Subramanian, 
Kerry Kirwan, David 
Pink & Matin Qaim 

2010 Research on the gender effects of 
insect-resistant Bt cotton in India 
proves that this technology 
generates more employment for 
females, who happen to earn much 
more that males. 

7.  The Impact of Arjunan Subramanian 2010 Females earn much more from Bt 
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Bt cotton on 
poor 
households in 
Rural India 

cotton than males 

8.  Pesticide 
Reduction 
Sustainability 
of Bt 
Technology in 
India 

Vijesh Krishna and 
Matin Qaim 

2011 The result show that cotton yields 
and profits were significantly higher 
on Bt than on non Bt plots, which is 
consistent with previous research in 
India 

9.  Impact of Bt 
cotton, the 
potential 
Future benefits 
from 
biotechnology 
in China and 
India 

Carl E. Pray, Latha 
Nagarajan, Jikun 
Huang, Ruiga Hu and 
Bharat Ramaswami 

 Econometric modeling of pesticide 
use in all fields surveyed between 
2001 
and 2007 also supports this 
hypothesis of declining bollworm 
infestation over time (Huang et al, 
2010). 
Although Bt cotton seed prices were 
higher than conventional cultivars 
during the survey years, 
differences in seed costs were offset 
by reductions in expenditures on 
pesticides and labor, due in 
large part to reductions in number of 
required sprays 

10.  Inequality and 
GM crops: A 
case-study of 
Bt cotton in 
India 

Stephen Morse, 
Richard Bennett, and 
Yousouf Ismael 

2007 The decision of what comparison to 
make is of critical importance in GM 
crop research. This is also true for the 
argument surrounding an increase in 
inequality with introduction of GM 
variety such as Bt cotton. The result 
presented here suggest that a claim 
of an increase in gross margin of bt 
cotton relative to non-Bt can be 
either 2.5 or 1.6 times. Both are 
equally true 

11.  Global Impact 
of Biotech 
crops: Socio-
Economic and 
Environmental 
Effects in the 
First Ten years 
of commercial 
use 

Graham brookes and 
peter barfoot 

2007 The analysis shows that there have 
been substantial economic benefits 
at the farm level, amounting to a 
cumulative total of $27 billion. 

12.  Economic 
impact of 
transgenic 
crops in 
developing 
countries  

Terri Raney 2006 Farmers in developing countries can 
benefit from transgenic crops, but a 
fairly high level of national 
institutional capacity is required to 
ensure that farmers have access to 
suitable innovations on competitive 
terms. 
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13.  Measuring the 
contribution of 
Bt cotton 
adoption to 
India’s Cotton 
yields leap 

Guillaume P. Gruere 2012 Bt cotton has been a yield-increasing 
technology, but their results vary 
widely by location and over time 

14.  Study on Socio- 
Economic 
Impact 
Assessment of 
Bt Cotton in 
India by 
Council of 
Social 
Development 

Bharat Krishak Samaj 2012 Due to adoption of Bt cotton, on an 
average, the yield has increased by 
31 per cent, insecticide application 
has decreased by 39 per cent, and 
profitability has increased by 88 per 
cent. 

15.  Bio agri is the 
fastest growing 
sector 

Rasi seeds 2004-05 deregulation of transgenic 
technologies like Bt cotton (Cry1 A(c) 
gene in cotton) where bio-safety is 
proven and approved for commercial 
use, as it is the case in countries like 
the US and Australia, is the solution 
for several of the regulatory 
problems with transgenic crops like 
Bt cotton in India. 

16.  GM Cotton and 
suicide rates 
for Indian 
Farmers 

IAN Plewis 2014 The suicide rate for male Indian 
farmers is slightly lower than the 
non-farmer rate. And Indian suicide 
rates as a whole, although contested, 
do not appear to be notably high in a 
world context. 

17.  Suicide of 
Farmers in 
Maharashtra 

Srijit Mishra 2006 Maharashtra’s age-adjusted suicide 
mortality rate for males has 
stabilised in the range of 20-21 from 
2001 onwards and that for females 
has been declining after 1999. The 
SMR for farmers have increased by 
nearly four times from 15 in 1995 to 
57 in 2004. It is the highest in 
Amravati division where SMR for 
male farmers was 116 during 2001-
04, which was more than eight times 
the age-adjusted SMR for males in 
India in 2001. 

18.  Socio-
Economic 
Impact of Bt 
cotton- A case 
study of 
Karnataka 

VR Kiresur and 
Manjunath Ichangi 

2011 Due to adoption of Bt cotton, on an 
average, the yield has increased by 
31 per cent, insecticide application 
has decreased by 39 per cent, and 
profitability has increased by 88 per 
cent. 

19.  Magazine 
Special Report- 
Which way on 

Ram Kaundinya, 
Suman Sahai 

2014  
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GM, PM? 

20.  Transgenic Bt 
Cotton 

Dr. CD Mayee, Dr. P 
singh, Dr. AB Dongre, 
Dr. MRK Rao, DR. Sheo 
Raj 

2014 Bt cotton has already proved useful 
in countries where it has been 
introduced earlier. In Indian context 
also, it is expected to give a wider 
base to all other protection strategies 
in cotton. 

21.  Impact of Bt 
cotton on 
Agriculture in 
India 

BM Khadi 2003 The new genes are expected to be 
more useful in introducing genetic 
variability in the available transgenes 
so that minor pests and resistance 
can be management effectively 

22.  Lens of Bt: new 
growing season 
sets in 

 Keya Acharya 2006 Karnataka’s Bt cotton farmers are 
happy, though the big increase in Bt 
cotton areas in 2006 could well lower 
the prices subsequently, they are 
enjoying the moment 

23.  Biotech cotton: 
Issues for 
consideration 

BM Khadi 2007-08 Due to large scale cultivation of Bt 
cottons since 2002 in India changes 
in insect pest complex are evident. 
Mealy bugs and mirid bugs are 
emerging as potential threat 

24.  Transgenic Bt 
Cotton 

Dr. CD Mayee, Dr. P 
singh, Dr. AB Dongre, 
Dr. MRK Rao, DR. Sheo 
Raj 

2014 Bt cotton has already proved useful 
in countries where it has been 
introduced earlier. In Indian context 
also, it is expected to give a wider 
base to all other protection strategies 
in cotton. 

25.  India: Third 
effect of Bt 
cotton 

Dr. Sudhir Kumar 2008 Genetically Modified Crop B.T Cotton 
has been found hazardous not only 
for farm animals like buffalo, cow, 
sheep, goat, etc., but for human 
beings as well 

26.  Problems and 
prospects of 
cultivation of 
Bt hybrids in 
North Indian 
cotton zone 

Dilip Monga 2007-08 With the development and release of 
new transgenic events, the 
probability of development of 
resistance by the bollworms complex 
has reduced. Research agenda needs 
to address constraints as 

27.  Modelling 
adaptability of 
cotton 
bollworm 
Helicoverpa 
armigera 
(Hubner) to Bt-
cotton in India 

KR Kranthi and Nr 
Kranthi 

2004 The model enables the integration of 
simulated ecological and genetic 
factors to assess the rate of 
resistance development. It also helps 
in identifying the key factors that 
contribute significantly to resistance 
development. 

28.  Transgenic Bt 
cotton: Boon 
or bane to the 
Indian farmers 

Sunil kumar 2012 Reduction in pesticide use in the 
cultivation and lower farming risk& 
High cost of Bt seeds as compared to 
non- Bt Seeds makes not afforded by 
small and marginal farmers of india.  
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29.  Impact of Bt 
cotton on 
agriculture in 
India 

Dr. Basavaraj m Khadi, 
CICR, Nagpur, Dr. 
Keshav R Kranthi, Dr. 
KC. Jain 

 cotton is considered to be one of the 
crops that are immensely important 
for the sustainable economy of the 
country and 
Livelihood of the Indian farming 
community. GM crops are being 
considered to have 
immense potential in improving 
production, productivity and 
environmental safety for the 
country 

30.  Adoption and 
impact of Bt 
cotton in India 
2001-2010 

Bhagirath choudhary, 
Kadambini gaur 

2002-2010 India, has achieved unparalleled 
progress in cotton on three fronts in 
2010 the higher ever area of cotton, 
11 million hectares under cultivation; 
the largest ever cotton production 
equivalent to 32.5 million bales; a 
sustained high cotton yield of more 
than 500 kg per hectare despite 
significant increases in cotton 
hectareage. 

31.  Safety of Bt-
Cotton: Facts 
allay Fear 

Agri Bio World 2011 The major benefits from Bt-cotton 
include effective control of 
bollworms leading to significant yield 
increase, drastic reduction in 
chemical sprays and substantial 
increase in net profit to farmers. 
Efforts are being made to sustain 
these social, economical and 
environmental benefits. 

32.  Impact of Bt 
Cotton on 
Animal Health: 
A Review 

Muhammad Amir Zia, 
Sohail Ahmad Jan, 
Zabta Khan Shinwari, 1 
11 Sabir Hussain Shah 
and Ali Talha Khalil 

2015 The evidences clearly reveal that 
acreage and popularity of Bt cotton is 
increasing day by day as it plays a 
vital role to provide durable 
resistance against a wide range of 
insect species 

33.  GM: Toxic 
effects of Bt 
varieties 

GM-Free Cymru 2014 In summary, our work clearly 
demonstrates the evidence for 
avenues, other than through leaves, 
for Bt toxin to enter the soil system 
throughout the cotton growing 
season 

34.  Potential 
Health Hazards 
of Genetically 
Engineered 
Foods 

Stephen Lendman 2008 Unchecked and unregulated, human 
health and safety are at risk because 
once GMOs enter the food chain, the 
genie is out of the bottle for keeps. 

35.  Effect of Bt-
cottonseed 
meal feeding 
on 
performance, 

M. K. Tripathi *, S. K. S 
Raghuvansi1 , D. 
Mondal2 and S. A. 
Karim1 

2014 The whole Bt-cottonseed meal in 
lamb diet did not 
deteriorate live weight change, 
nutrient utilisation and 
rumen fermentation in comparison 



135 
 

fermentation, 
ciliates 
population and 
microbial 
hydrolytic 
enzymes in 
lamb 

to conventional 
cottonseed meal feeding. Whole 
seed meal of both Bt and 
conventional cotton had similar 
nutrient composition 
and metabolizable energy content 

36.  Is Bt of GMO 
cotton the 
reason for 
Indian farmers 
suicides 

Monsanto’s view 2006 Despite claims by those who oppose 
GMO crops, research also 
demonstrates there is no link 
between Indian farmer suicides and 
the planting of GMO cotton. 

37.  The Myth of 
India’s GM 
genocide: 
Genetically 
modified 
cotton blamed 
for wave of 
farmers 
suicides 

Rubab Abid 2013 It led to higher yields, but can be up 
to 10 times more expensive than 
regular cotton seeds. 

38.  Seed 
companies 
reap rich 
harvest on Bt 
cotton wave 

Sanjeeb Mukherjee 2012 To jump to the next level of yields ie 
750 to 1,000 kgs per hectare, seed 
companies need to devise 
technological solutions to new 
problems like sucking pests. Also 
needed are seed varietals which are 
resistant to drought as it is being 
increasingly felt that cotton 
cultivation is suffering because of 
falling ground water levels 
particularly in Maharashtra and 
Andhra Pradesh. 

39.  Bt cotton and 
the myth of 
enhanced 
yields 

Kavitha karuganti 2009 All good years are attributed to Bt 
cotton’s magic and in years when 
production or yields fall, the full 
complexity of various actors 
influencing yields are acknowledged! 

40.  10 years of Bt 
cotton: false 
hype and failed 
promises 
cotton farmer’s 
crisis continues 
with crop 
failures and 
suicides 

Coalition for a GM- 
free India 

2011-12 Bt cotton has failed to meet its 
promise in terms of sustained yield 
gains, pest protection and reduction 
in pesticide usage. 

41.  Poor crop 
management 
plagues Bt 
cotton 
experiment in 

KS Jayaraman, new 
delhi 

2002 One of the problems, according to 
both government sources and NGOs, 
is that local farmers are not meeting 
the many technical specifications—
such as for refugia management and 
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India planting conditions—for Bt cotton, a 
relatively high-maintenance crop 

42.  Facts series- Bt 
cotton in India- 
A success story 
for the 
environment 
and local 
welfare 

Ghent 2013 The conclusions that Gruère and Sun 
were able to draw 
about the contribution of Bt cotton 
to the increase in yield 
per ha during the early adoption 
period (2002 – 2005) are less 
clear-cut 

43.      

44.  Farmer lied to 
and lured into 
Bt cotton 

Green Peace India 2005 This compilation of various marketing 
practices, including stories of 
outright lies on the Bollgard posters, 
misleading advertisements of 
farmers with exaggerated claims to 
lure other farmers, of using a variety 
of incentives and even questionable 
means to attract and entrap farmers 
makes us question the claims of the 
company. Such aggressive marketing 
in a situation where the technology 
itself is imprecise and where 
accountability mechanisms are non-
existent is bound to spell doom for 
many farmers". 

45.  Brief Review of 
Bt Cotton in 
Karnataka 

Sahaja Samrudha 2010 Insecticide usage in Karnataka in 
cotton crop has actually increased as 
per the official NALMOT data 
presented in this review. This belies 
the rationale for bringing in Bt 
Cotton. 

46.  Impact of Bt 
Cotton on 
farmers health  

Dr. Ashish Gupta 2005 All the evidence gathered during the 
investigation shows that Bt. has been 
causing skin, Upper respiratory tract 
and eye allergy among persons 
exposed to cotton. 

47.  Bt Cotton Q&A 
Questions and 
Answers 

K. R. Kranthi- by 
INDIAN SOCIETY FOR 
COTTON 
IMPROVEMENT (ISCI), 
MUMBAI 

2012 Bt was sold in India illegal fake and 
spurious seeds and cultivation of 
cotton enhances the purchasing 
power of farmers ansd ensures their 
food security. 

48.  A Review on 
Impacts of 
Genetically 
Modified Food 
on Human 
Health 

Charu Verma, Surabhi 
Nanda, R.K. Singh, R.B. 
Sing hand Sanjay 
Mishra 
 

2011 GM foods have both positive and 
negative effects. These may be either 
direct effects, onorganisms that feed 
on or interact with the crops, or 
wider effects on food chains 
produced by increases or decreases 
in the numbers of other organisms. 

49.  Productivity 
and 
Profitability 
Impact of 

R. Loganathan, R. 
Balasubramanian, K. 
Mani and S. 
Gurunathan* 

2009 high cost of seeds and incidence of 
pests and diseases other than 
bollworm have been reported to be 
the major bottlenecks in Bt cotton 
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Genetically 
Modified Crops 
– An Economic 
Analysis of Bt 
Cotton 
Cultivation in 
Tamil Nadu 

cultivation. 

50.  Bt cotton 
increased 
farmers' 
indebtedness 
in Vidarbha: 
Gene 
Campaign 
study 

hindustantimes.com 2007 Bt cotton in Vidarbha, a rainfed area, 
has added to farmers' debts in an 
area that already has a history of 
indebtedness. Seventy per cent of 
small farmers have already lost their 
landholdings as collateral for loans 
they can never repay. 

51.  Bt cotton and 
livestock: 
health impacts 

Dr Sagari R Ramdas 2010 In the final verdict, regrettably a 
majority of our premier national 
institutions and the larger public 
research and development system, 
have lost complete legitimacy, and 
are morally bankrupt 

52.  HOW SPREAD 
OF BT COTTON 
CONTAMINATE
S THE FOOD 
CHAIN 

Bharat Dogra 2013 While hazardous GM technology was 
allowed to be spread more easily in 
cotton on the ground that it is a non-
food crop, it is clear that when cattle, 
sheep, goats etc. feed on Bt cotton 
residues, then health hazards also 
spread to the entire food-chain. 

53.  How do 
"imagined 
farmers" 
negotiate 
actual risks? 
Biosafety 
trade-offs in Bt 
cotton 
production in 
Andhra 
Pradesh, India 

Julia Freeman1 2008 At the heart of the Bt cotton 
controversy is a conflict over how 
decisions regarding the technology 
are made and who gets to make 
them, as well as how the impacts of, 
and access to, Bt cotton are 
managed, both those who advocate 
for the "biosafe use" of Bt cotton, 
and those who critique it as having 
"inherent problems" imagine farmer 
engagement with the technology in 
ways that do not always reflect 
farmers' own practices and priorities. 

54.  GMO Bt cotton 
linked to 
livestock 
deaths in 
India? 

Tore B. Krudtaa 2011 Studies and field observations in 
Andhra Pradesh and other states in 
India show that sheep, goats, cattle 
and buffalo populations exhibit 
morbidity and mortality after 
continuous and cumulative exposure 
to Bt Cotton (leaves, bolls, seeds, 
seed-cake). 

55.  Environmental 
and health 
concerns of 

Genetic Engineering 
Briefing Pack 

2005 GE crops have many well-found 
negative environmental effects. 
These effects are especially well 
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genetically 
engineered 
(GE) crops in 
animal feed 

documented for herbicide tolerant 
and insect resistant crops. 

56.  ANOTHER 
YEAR OF 
DOOM  
Bt Cotton in AP 
- 2008 

p v satheesh 2008 it is once again the demand from the 
AP Coalition in Defence of Diversity 
that that the governments of Andhra 
Pradesh and India act immediately to 
halt the monstrous march of Bt 
cotton destroying farmers incomes, 
soils, animal and human health. 

57.  Biosafety of 
GM Crops 
Compiled by 
ABLE- 
Agriculture 
Group (ABLE- 
AG) 

Association of Bio 
technology led 
enterprises 

 The rigorous guidelines on Food 
safety assessment prescribed by 
ICMR and DBT point to the strength 
of the current safety assessment 
framework in India. Data generated 
by researchers is subject to the 
scrutiny of both RCGM and GEAC. If 
GEAC feels that further evaluation is 
required then it can recommend an 
evaluation of the data by an expert 
committee. Such a strong 
regulatory framework for food 
assessment should put to rest any 
doubts about the evaluation 
procedure for safety of GM foods 

58.  Bt cotton: 
Evaluating 
farmers’ 
perception in 
Tamil Nadu, 
India 

Elum Zelda A and 
2Sekar, C. 

2015 It was found that this scenario could 
arise on one hand, from land owners’ 
fear of supposed adverse effects of 
Bt on the soil and on the other hand, 
the desire to maximize output and 
profits within a short time by leased-
land farmers. 

59.  Mass Deaths in 
Sheep Grazing 
on Bt Cotton 

Dr. Mae-Wan Ho 2006 The preliminary information 
gathered from meeting shepherds 
across 3 mandals, strongly suggests 
that the sheep mortality was due to a 
toxin, and most likely Bt toxin from 
the foliage 

60.  Consequences 
of Cultivation 
of Bt Cotton as 
Perceived by 
farmers of 
Andhra 
Pradesh, India 

Prathyusha T, 
Vasantha R and 
Supriya K 

2015 the study it can be 
concluded that yield increase, 
increased net returns due to 
reduction in cultivation costs, better 
bollworm control, reduced 
pesticide sprays were reported by 
good majority of stakeholders 
at the same the negative 
consequences of emergence of new 
pests and disease, increased 
micronutrient deficiencies and 
above all problems perceived by 
doctors and veterinary doctors 
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on human, animal and cattle should 
not be overlooked. 

61.  The 
introduction of 
transgenic 
cotton in India 

Devinder Sharma 2001 Transgenic cotton is being hastily 
pushed in India as a viable alternative 
to the chemical-intensive cotton 
farming systems. However, its human 
and environmental safety 
implications are being pushed into 
the background. Nevertheless, in a 
country that is considered to be a 
mega-diversity area with small land 
holdings and an increasingly large 
number of resource-poor farmers, 
the introduction of transgenic crops 
has to be carefully evaluated. 

62.  PAU should not 
promote BT 
cotton: KVM 

Balwant Garg 2008  KVM has sent a cautionary note to 
PAU, state agriculture department 
and farmers elaborating on adverse 
impacts of Bt cotton on human and 
animals health.  

63.  The real 
success story 
of GM cotton 
and edible 
cotton oil in 
India 2002-
2011 

David Tribe 2011 It is noteworthy that the by-products 
of Bt cotton, have been safely 
consumed as food and feed in India 
for nine years, without incident. 
Given this unblemished record, 
which is consistent with experience 
of more than 10 other countries 
world-wide, now maybe is the time 
for India to benefit from the 
application of the well-tested Bt 
technology in other crops. 

64.  Bt Cotton -- 
Toxicity of 
cottonseed as 
cattlefeed 

Suhail Yusuf 2011 Earlier, the per acre yield of cotton 
crop was 30 to 40 maund and with 
the use of BT cotton the per acre 
yield has increased between 50 and 
60 maund. 

65.  GM technology 
and 
sustainable 
agriculture 
future: 
Empirical 
evidences from 
Bt cotton 
farmers in 
Maharashtra 
and Gujarat in 
India 

P. K. Viswanathan* 
and N. Lalitha 

2009 GM technology in general and Bt 
technology in particular, would 
essentially call for many reforms, 
development strategies and 
institutional and policy interventions 
covering a wide spectrum of 
activities ranging from restructuring 
the input markets to the output 
markets.  

66.  Returns To Bt. 
Cotton Vis-À-
Vis Traditional 
Cotton 

V.D.SHAH 2007 Recent data on area and production 
of cotton clearly illustrate that there 
has been a cotton revolution in 
Gujarat. The production of cotton in 
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Varieties In 
Gujarat Stat 

Gujarat jumped from 11.6 lakh bales 
in 2001-01 to 89.0 lakh bales in 2005-
06. 

67.  GMO Bt cotton 
can increase 
Indian farmer 
bankruptcy, 
suicide risk, 
claims study 

Vidya Venkat 2015 Examining the contribution of Bt 
cotton adoption to long-term 
average cotton yields in India in nine 
cotton-producing States from 1975 
to 2009, showed that Bt cotton 
contributed 19 per cent of total yield 
growth over time, since its 
introduction in 2002. 
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Annexure-II 

List of recommended insecticides for cotton pests 

Pests Insecticides  Doses 

Jassids, Aphids, Thrips Methyl demeton 25 EC  500 / 750 ml 

Dimethoate 30 EC  500 / 750 ml 

Phosphamidon 100 EC  100 / 250 ml 

Whiteflies Methyl demeton 25 EC  500 / 750 ml 

Neem oil + Teepol  3.0 / 3.551 + 500 ml 

Fish oil resin soap  14 / 15 kg 

Phosalone 35 EC  2.5 / 3.0 litres 

Spotted, Pink and Endosulfan 35 EC  2.5 / 3.0 litres 

American bollworms Chlorpyriphos 20 EC  2.5 / 3.0 litres 

Quinalphos 25 EC  2.5 / 3.0 litres 

Monocrotophos 40 EC  2.5 ? 3.0 litres 

Carbaryl 50 WP  1.5 / 2.5 kg 

Fenvalerate 20 EC  400 / 500 ml 

Cypermethrin 10 EC  800 / 1000 ml 

Decamethrin 2.8 EC  600 / 700 ml 

Spodoptera leafworm Chlorpyriphos 20 EC  1.5 / 2.0 litres 

Fenvalerate 20 EC  400 / 500 ml 

Cypermethrin 10 EC  800 / 1000 ml 

Decamethrin 2.8 EC  600 ? 700 ml 

Ash weevil Aldicarb 10 G  10 kg / ha 

Carbofuran 3 G  30 kg / ha 

Stem weevil Drenching stem portion on 20 th & 
35 th day with Monocrotophos 40 
EC 

 1.5 ml / litre of water 

Phosalone 35 EC    

   2.0 ml / litre of water 

Mite Dicofol 25 EC  1.5 / 2.0 litres 
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Annexure-III 

Year wise consumption of insecticides in India 

S. No. Pesticides 2005-06 2006-07 2007-08 2008-09 2009-10 

1.   Acephate 464 245 402 1184 1513 

2.   Cypermethrin 2154 856 919 907.051 2473 

3.   Alphacypermethrin   613.47 70.328 149.23 402.24 

4.   Dichlorvos 1849 1047.08 887 1060.192 960 

5.   Dimethoate 785 798 530.43 820 636 

6.   Endosulphan 3537 3044.015 2245 2783 3928.21 

7.   Ethion 143 126.04 79.33 135.04 190.19 

8.   Fenitrothion 133 129.16 119.11 121.01 132 

9.   Fenvalerate 938 861.13 877 642.23 776 

10.   Lindane 661 583 457.33 419 395 

11.   Metal Dehyde 11 12 139 26.4 162 

12.   Malathion 1340 1520 1246.1 1258.096 1739.39 

13.   Methyl Parathion 1472 1460 1286 1450 2739.32 

14.   Monocrotophos 1465 1950 1386 1593.212 1815 

15.   Neem based insecticides 991 1197 1563 1235 1131 

16.   Oxydemeton methyl 166 163 107.08 204 67 

17.   Paradichloro-benzene 8 136 155 3 0 

18.   Phorate 2630 1418 1897 1534.06 3284 

19.   Phosalone 251 122.22 13.32 146.35 55.24 

20.   Phosphamidon 549 500 140 194 129 

21.   Pyrethrum 34 289 34.3 34 10 

22.   Quinalphos 1301 996.42 1081 1355.46 1595 

23.   Sevidol 0 0.25 0 4 0 

24.   Triazophos 0 269.44 111 415.28 1164.48 
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Annexure-IV 

Questionnaire for Bt cotton growing farmers 

Name of the farmer  ………………………………... 

Contact No.    ……………  Village  …………………….. Distance from market ……………………Kms 

Block …………………………….. District…………………………… State ………………………….. 

1) Cropping pattern 

Kharif Rabi 

Crops Area(acres) Crops Area(acres) 

        

        

        

        

        

        

        

 

2) Details for area under cotton ? 

Types of cotton grown Area in 
acres 

Gossypium hirsutum   

Gossypium arboretum   

Gossypium herbaceum   

Gossypium barbadense   

Illegal Cotton  

3)  Irrigation for cotton 

 a) For cotton grown what is the irrigation condition 

 Irrigated Life support irrigated Rainfed 

Code 1. 2. 3. 
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b) If both irrigated and rainfed condition prevails for cotton sown, mention the area under the 

following? 

Irrigation condition Area( in acres) 

Irrigated/   

Life support 
irrigated 

 

Rainfed  

 

c) Sources of irrigation  

 

 

d) No. of irrigation applied in cotton ……………………. 

e) Do you have micro irrigation (drip irrigation/sprinkle) for cotton? 

 Yes  No 

Code 1. 2. 

 

f) Area under drip irrigation ……………… acres , yield of cotton in drip irrigated area …………….. qtl/ acre 

g) If you have drip irrigation, do you use fertigation (apply fertilizer in drip) ? 

 Yes  No 

Code 1. 2. 

 

h) Mode of Tillage operations  

 Bullock drawn Tractor(Owned) Drawn Tractor(Hired) Drawn 

Code 1. 2. 3. 

 

4) Adoption of Bt cotton 

a) Since how long have you been growing Bt cotton? 

 7-12 years 5-7 years 2-5 years 0-2 years Before 2002 

Code 1. 2. 3. 4.  

 

 

 Canal  Tubewell 

Code 1. 2. 
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b) Method of sowing of cotton? 

 Dibbling Drilling Line Sowing 

Code 1. 2. 3. 

 

c) Spacing of cotton     ………… ft (row to row) X ……………… ft (plant to plant) 

d) No. of packets of cotton seed sown per acre ……………………………….. 

 e) Do you do seed treatment of cotton seed 

 Yes  No 

Code 1. 2. 

 

f) Have you got soil tested? 

 Yes  No 

Code 1. 2. 

 

g) Who gave recommendation on your soil test? 

 Soil testing agency Fertilizer company Government organization Not taken 

Code 1. 2. 3. 4. 

 

5) Refugia 

a) Do you get any other packet of seed along with Bt cotton you purchase? 

 Yes No 

Code 1. 2. 

 

b) Do you know this packet is Bt/non Bt or of any other crop  

 Yes No 

Code 1. 2. 

 

c) What do you do with the extra seed packet which you get with Bt cotton seeds? 

 Sow Do not use Repellant for insects Unaware 

Code 1. 2. 3. 4. 
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d) If ,you sow non Bt seeds provided to you along with Bt cotton packet, pattern of sowing of those 

seeds? 

 On borders In between the 
rows 

Block on one side Randomly 

Code 1. 2. 3. 4. 

 

e)If you do not sow then, rank the following reasons for not sowing non Bt/Pigeon pea seeds ? 

Reasons Rank 

Yield loss    

 Loss in acreage   

 Increase input cost   

Pest incidence increases   

*1-Least important and 4-Most important 

6) Most preferred Bt cottonhybrid ? 

Hybrids Area ( in acres) 

Ajeet 155   

RCH 2   

Neena   

Ankur Jai   

Dr Brent   

Jadoo   

Mallika   

ATM   

Solar 76   

Uttam   

Others( specify name)   

 

7) Before Bt cotton on the same land what did you grow? 

 Hybrid cotton Desi cotton Any other crop(specify) 

Code 1. 2. 3. 

 

8) Most preferred non Bt hybrids sown before Bt era? 

Sl no. Hybrids Please tick 

1  Shankar 6  
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2  Shankar 8  

3  Ambika  

4  Satya  

5 Other (specify) ………………………. 

 

9) How did you decided to grow Bt cotton? 

 Extension 
worker 

Fellow farmer Seed company 
/dealers 

Newspaper/TV SAU 

Code 1. 2. 3. 4. 5. 

10) Reasons of growing Bt cotton? 

 Low pest 
incidence/pesticide 
usage 

High Yield Good quality 
produce 

Early flowering More boll 
bearing 

Code 1. 2. 3. 4. 5. 

 

11) From where do you get knowledge on crop management of Bt cotton? 

 Extension 
worker 

Fellow 
farmer 

KVK/SAU seed 
companies 
/Dealers 

Leaflet/magazine/Newspapers 

Code 1. 2. 3. 4. 5. 

 

12)Are you familiar with bollworm?( Show pictures of Bollworm to the farmer)?  

 Yes No 

Code 1. 2. 

 

13) Do you use pesticides for bollworms and Spodoptera litura on Bt cotton? 

 Yes No 

Code 1. 2. 

 

14)What is the severity of bollworm infestation? 

 light Moderate Heavy 

Code 1. 2. 3. 
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15)If yes, fill the following details regarding pesticide application 

     No. of sprays …………………                  Cost incurred for each spray Rs…………………… 

     Life of crop when infested…………………………..   Days after sowing 

16) Have you informed dealer/distributors or seed company or government officials regarding 

bollworm infestation? 

 Yes No 

Code 1. 2. 

 

17) Was any follow up action taken after the complaint made?  

 Yes No 

Code 1. 2. 

 

18) After Bt cotton adoption whether bollworm increased or started infesting in other crops in 

adjoining fields? 

 Yes No 

Code 1. 2. 

 

19) If yes, which crops 1)…………………….  2)……………………………. 3)……………………………………. 

20)Secondary pest 

a)Have certain pests/diseases emerged after Bt cotton adoption? 

 Yes No 

Code 1. 2. 

 

b) If yes which secondary pest /disease incidence has been reported? 

 Mirid Bug Jassids Aphid  Thrips Wilt(disease) Other 

Code 1. 2. 3. 4. 5. 6. 

 

c) No. of sprays for sucking pest ………………… 

d) Are you adopting IPM? 

 Yes No 

Code 1. 2. 
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e) IPM method adopted 

 Trap Crop Pheromone trap Bird perching  NSKE 

Code 1. 2. 3. 4. 

 

 

21) Cost of cultivation for cotton for last harvest 

Items Cost incurred 

Cost of  seed   

Cost of human labour  

Cost of bullock labour/tractor  

Cost of manures and fertilizers   

Cost of pesticides  

Cost of irrigation  

Cost of hiring machinery including  seed drill, pumps, sprayer etc (if 
owned, mention cost of driver and diesel) 

 

Cost of transportation (from field to marketing 
yard,brokerage,ginning expenses etc) 

 

Total Cost  

Yield per acre   

Price at which produce is sold (Rs/Q)  

 

22) Rank the following characteristics of Bt cotton(1- Least important,8-Most important) 

Characteristics Rank 

Easy availability of seed  

Price of seed  

Low incidence of pest  

Lower labour cost  

High quality of produce  

Good marketability  

High yield  

Less risk of crop failure  

Early flowering  

More boll bearing  

 

23) Have you ever faced the ill effect of Bt cotton on human or animal? 

 Yes No 

Code 1. 2. 
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a) If effect is on animal after consumption of cotton seed or oil cake ,what is the symptom? 

 

 Untimely death Reduced intake of 
feed 

Suffocation Allergy 

Code 1. 2. 3. 4. 

 

b) If effect is on human after consumption of Bt related product, what is the symptom? 

 Itching Respiratory 
problem 

Fever Decline in 
immunity 

Code 1. 2. 3. 4. 

 

24) Rank the following most important trait for you? 

  (1-least important,5-Most important) 

Trait 
 

Rank 
Price farmers are 
ready to pay for 

the trait 

Reasons for the 
choice 

1) Bollworm Resistant     

2) Sucking Pest Resistant      

3)Drought Resistant     

4) Herbicide Resistant     

5) Disease Resistant     

 

General Information 

a) Gender 

  Male Female 

Code 1 2 

 

b) Educational Status 

  Illiterate Primary High 
School  

Sr Secondary Graduate & 
above 

Code 1 2 3 4 5 
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c) Category of farmer 

  General OBC SC ST 

Code 1 2 3 4 

 

d) No. of family member …………………….. 

e) No. of earning member of the family ………………… 

f) Occupation of the farmer other than farming 

 Service Business Both 1 & 2 

Code 1. 2. 3. 

 

g) Landholding H 

   Marginal(< 2.5 
Acre) 

Small (2.5-5 
Acre)    

Small-Medium    
(5-10 Acre)                    

 Medium(10-
25 Acre)     

Large(≥25Acre.) 

Code 1 2 3 4   

 
h) Income of family 
 

 < 1 lakh 1-2 lakh 3-5 >5 lakh 

Code 1. 2. 3. 4. 

 
i) Utilization of income from Bt cotton 
 

 Built toilets Spent on 
health care 

Bought assets 
like bike, car, 
TV, Computers 

Built house  Spent on 
children 
education 

Code 1. 2. 3. 4.  

 
 

Comments 
 

a) Farmer’s comment on Bt cotton 
……………………………………………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………………………… 
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b) Observation of the interviewer 

……………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………… 

                                                                                                                            Signature of Farmer 
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Questionnaire for District level officials 

1. Name of the District …………………………………. 

2. Name of the State……………………………… 

3. Land Use Details(2012-13) 

 

Geographical area (‘000 Ha)  

Total land under Agriculture (‘000 Ha)  

Net area sown (‘000 Ha)  

Gross area sown (‘000 Ha)  

Cropping intensity(%)  

Net irrigated area(‘000 Ha)  

Gross irrigated area(‘000 Ha)  

 

4. Cropping pattern/cropping sequence 

Name of 
the crop 

1999-00 2000-01 2002-03 2003-04 2004-05 2005-06 2006-07 

        

        

        

        

        

        

        

 

 

Name of 
the crop 

2007-08 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 

        

        

        

        

        

        

 

5. Agroclimatic zone to which district belongs to ………………………….. 

6. Land Holding 

Category of farmers No. of holding Area(‘000 ha) 

Marginal(< 1 ha)   

Small(1-2 ha)   

Medium(2-4 ha)   

Semi Medium (4-10 ha)   

Large (>10 ha)   

Women   

Cotton growers   
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7. Weather conditions 

Month Rainfall(mm)  Temperature(*C)  Humidity(%) 

 Normal Actual(2013) Min/Max) Actual 
2013 

 

January      

February      

March      

April      

May      

June      

July      

August      

September      

October      

November      

December      

 

8. Soil Characteristics: 

Soil type  Soil Depth  Nutrient status 
of the soil 

Type Area in ha Depth range Area in ha (please give 
statistical data is 
not available) 

     

     

     

     

     

 

9. Area,Production and yield of the major crops 

(A-Area in ‘000 ha.P-Production:’000 tones, Y-Yield: Kg/ha  

Cotton: production :’000 bales.yield :kg lint/ha) 

Crop 1995    2000   2005   2010   2013  

 A P Y A P Y A P Y A P Y A P Y 

                

Desi 
Cotton  

               

Bt 
cotton 

               

Non 
Bt 
cotton 

               

(cereals, pulses, oilseeds and commercial crops) 
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10. Agricultural Research station/institutions/other facilities available 

Name of Research Station Location Major activities 

Research/education facilities   

   

   

   

   

Training facilities   

   

   

   

   

Testing facilities   

   

   

   

Other facilities *   

(* other may include cotton market yard, CCI unit, ginning factories, Contract farming 

organization, production unit of Bio agent, pesticide,bio fertilizers etc) 

 

11. Cost of production and net profit of kharif crops(Rs./ha) 

Crop Cost of 
production  

 Net profit  

 Pre Bt Bt Pre Bt Bt 

 2002 2013 2002 2013 

     

     

     

     

     

If available please provide item wise cost of production of each crop  

12. Blocks in the district where  non Bt cotton is cultivated  

Sl no. Block 

1  

2  

3  

4  

5  

 

13. Do farmers in the district go for refugia /non Bt/pigeon pea sowing  

 Yes No 

Code 1. 2. 
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14. What is the percentage of farmers in the district who sow refugia in the field 

………………………………………………………………………………………………………………………………………... 

15. What are the reasons of non adoption of refugia 

…………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………….. 

 

16. Sale of following Bt cotton packets in the district 

Name of the company Sale in Packets 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Total Bt cotton packets sold   

 

17.  What are the reasons for popularity of Bt cotton among farmers 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………… 

 

18. From where do you get knowledge on package of practices of Bt cotton 

 SAUs Seed companies Internal trainings Others(specify) 

Code 1. 2. 3.  

 

19. Have you ever heard or attended complaint of any ill effect on human and animal after      

consumption of Bt cotton products? 

 Yes No 

Code 1. 2. 
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20. If Yes in question no.-19,please illustrate the incidence 

……………………………………………………………………………………………………………………………………….. 

……………………………………………………………………………………………………………………………………………… 

 

21. Have you got complaints on incidences of Bollworm infestation on Bt cotton? 

 Yes No 

Code 1. 2. 

 

22. If Yes in question no.-21,please illustrate the incidence 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………. 

23. What additional traits farmers demand in Bt cotton 

 

 Drought Resistant Herbicide Resistant Disease resistant Sucking Pest Resistant 

Code 1. 2. 3. 4. 

 

 

24. Have you received any complain against seed companies doing unethical practices,if yes 

please specify the company name. 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………… 

25. Comments on  Bt cotton according to your experience 

……………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………….. 

 

 

 

 

 

Any other relevant information – 
*Kindly write brief note wherever required 

 

Source of information: DDA Office of the respective district 

 

Place   :                                                                                                                       Signature:  

Date     :                                                                                                                       Name: 

                                                                                                                     Designation:   
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Questionnaire for State Level Government Officials 

1. Name of the State ……………………………… 

2. Land use detail 

Geographical area (‘000 Ha)  

Total land under Agriculture (‘000 Ha)  

Net area sown (‘000 Ha)  

Gross area sown (‘000 Ha)  

Cropping intensity (%)  

Net irrigated area(‘000 Ha)  

Gross irrigated area(‘000 Ha)  

 

3. Agro climatic zone to which state belongs to ………………………….. 

4. Land Holding 

Category of farmers No. of holding Area(‘000 ha) 

Marginal(< 1 ha)   

Small(1-2 ha)   

Medium(2-4 ha)   

Semi Medium (4-10 ha)   

Large (>10 ha)   

Women   

Cotton growers   

 

5. Weather condition 

Month Rainfall(mm)  Temperature(*C)  Humidity(%) 

 Normal Actual(2013) Min/Max) Actual 
2013 

 

January      

February      

March      

April      

May      

June      

July      

August      

September      

October      

November      

December      

 

6. Major cotton growing districts of the state 

Sl no. Districts Area under cotton in ‘000 Ha 
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7. Name of the districts having non Bt acreage  

Sl no. Districts Acreage of non Bt cotton ‘000 Ha 

   

   

   

   

   

 

8. Sale of following Bt cotton packets in the state 

Name of the company Sale in Packets 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Total Bt cotton packets sold   

 

9. Have you ever heard or attended complaint of any ill effect on human and animal after      

consumption of Bt cotton products? 

 Yes No 

Code 1. 2. 

 

10. If Yes in question no.-9,please illustrate the incidence 

……………………………………………………………………………………………………………………………………….. 

……………………………………………………………………………………………………………………………………………… 

 

11. Have you got complaints on incidences of Bollworm infestation on Bt cotton? 

 Yes No 
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Code 1. 2. 

 

12. If Yes in question no.-11,please illustrate the incidence 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………. 

13. What additional traits farmers demand in Bt cotton 

 

 Drought Resistant Herbicide Resistant Disease resistant Sucking Pest Resistant 

Code 1. 2. 3. 4. 

 

 

14. Have you received any complain against seed companies doing unethical practices,if yes 

please specify the company name. 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………… 

15. Comments on  Bt cotton according to your experience 

……………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………….. 

 

Any other relevant information –

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………. 

*Kindly write brief note wherever required 

Place   :                                                                                                          Signature:  

Date     :                                                                                                         Name: 

                                                                                         Designation:       
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Annexure-V 

Annexure: District wise area under cotton and Bt cotton from 2002-03 to 2011-12 in Hectare 

Districts 

2002-03 2003-04 2004-05 2004-05 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12 

Cotton  
Bt 
cotton Cotton 

Bt 
cotton  Cotton  

Bt 
cotton  CottON 

Bt 
cotton Cotton 

Bt 
cotton Cotton  

Bt 
cotton Cotton 

Bt 
cotton  Cotton  

Bt 
cotton  Cotton  

Bt 
cotton  Cotton 

Bt 
cotton  

Surendranagar 420100 9200 384500 24608 407100 25566 422600 82027 434100 167432 448200 229658 448700 287527 455800 308121 499100 325214 477200 385100 

Rajkot 178100 3900 168100 10758 202800 12736 22100 4290 310000 119567 281800 144394 245000 156996 287200 194147 356900 232556 387100 312390 

Bhavnagar 188400 4126 190100 12166 198700 12478 224600 43595 274600 105913 304400 155975 306200 196213 309700 209357 301000 196132 305200 246296 

Amreli 88800 1945 104000 6656 116400 7310 148100 28746 194300 74942 235600 120721 227100 145526 245500 165958 269400 175541 388900 313842 

Bharuch 161100 3528 132900 8506 129700 8145 148000 28727 153100 59051 129400 66305 133600 85611 107000 72332 118400 77149 125100 100956 

Vadodara 158400 3469 158100 10118 172800 10852 178100 34569 185200 71432 173400 88850 166500 106693 162100 109580 166300 108361 196900 158898 

Ahmedabad 164300 3598 160000 10240 189500 11901 170300 33055 174800 67420 185200 94896 193900 124251 220000 148720 209200 136315 221900 179073 

Yavatmal 403300 3589 376000 4061 332800 23429 324000 191873 413500 362391 416500 414959 379400 367828 392100 369946 479800 460608 481100 471478 

Jalna 144900 1290 156900 1695 174000 12250 216100 127974 233300 204464 267500 266510 285900 277180 290700 274276 303300 291168 306900 300762 

Aurangabad 135500 1206 168000 1814 209500 14749 250100 148109 282100 247232 306100 304967 251700 244023 281400 265501 332900 319584 379300 371714 

Jalgaon 384000 3418 383600 4143 396100 27885 393400 232972 420500 368526 416000 414461 434600 421345 413600 390232 509700 489312 326600 320068 

Naded 214600 1910 215500 2327 233200 16417 227800 134903 215700 189040 207800 207031 269300 261086 257400 242857 302100 290016 256900 251762 

Buldana 168300 1498 183100 1977 198700 13988 197500 116960 234400 205428 249200 248278 247600 240048 239400 225874 251500 241440 240500 235690 

Parbhani 193500 1722 184700 1995 198000 13939 185000 109557 194700 170635 198100 197367 204400 198166 217700 205400 232400 223104 187400 183652 

Amravati 279000 2483 266600 2879 268200 18881 256400 151840 241800 211914 175400 174751 116100 112559 179400 169264 204300 196128 542600 531748 

Adilabad 162008 1620 145297 1729 177911 108035 159415 43217 178770 152652 211000 199079 279353 198676 280536 362443 324981 312914 361169 361151 

Karimnagar 46302 463 48689 579 100110 92225 117500 31854 117151 100035 137000 129260 180127 128106 199553 258031 235396 207042 235245 242691 

Warrangal 119478 1195 123549 1470 153026 9748 151260 41007 155639 132900 160000 150960 176419 125469 185340 214282 227973 189265 265814 230561 

Guntur 98628 986 138925 1653 177868 96360 152978 41472 132550 113184 150000 141525 166289 118265 170158 9326 162714 158617 187397 164137 

Khammam 70138 701 76338 908 105398 92232 109752 29754 110101 94015 119000 112277 124516 88556 131900 152582 148645 138996 171684 150010 

Sirsa 166003   163128   198560   193063 159000 190436 161000 181552 161000 172300 157000 193075 183000 189006 180000 211317 205000 

Fatehabad               79000   77000   76000   76000   80000   78000   87000 

Hisar 142580   141674   153627   146956 124000 129660 114000 118126 107000 112152 105000 132751 128000 124277 121000 153514 152000 

Jind 37753   43210   49970   49688 37000 45777 36000 44338 38000 45062 40000 45989 42000 47272 44000 63012 61000 

Bhatinda 125000 0 128000 0 141000 0 151000 142000 161000 154000 165000 160000 153000 149000 150000 144000 147000 147000     

Fazilka 121000 0 117000 0 133000 0 140000 140000 151000 151000 139000 139000 120000 120000 126000 126000 116000 114000     

Mukatsar 86000 0 91000 0 105000 0 117000 112000 131000 127000 128000 124000 107000 105000 96000 95000 96000 94000     

Dhar 94477   97357       107802 107800 115479 115500 116645 116700 110362 110400 106361 111600 102209 106400   102200 

Khargone 178680   178659       180489 180500 190638 190600 196951 197000 203387 203400 199313 214400 236990 199300   237000 

Khandwa               72100   75900   74500   73300   76200   69200   70100 

Bhuranpur     43190       46650 46600 47673 47700 45867 45900 46046 46100   45000 45391 45400 44348 44400 

Hanumangarh 118202 0 117060 0   0 159425 5899     156714 73342 128173 83530 174821 148598 157244 134601 215513 193962 

Ganganagar 177285 0 142029 0   0 196235 7261     150590 70476 94702 61717 163732 139172 97362 83342 172090 154881 

Nagaur 7749 0 9222 0   0 17661 653     7944 3718 11759 7663 18093 15379 20479 17530 36725 33053 

Dharwad             76994 5590 74021 16647 72612 26126 71221 42733 83461 56662 88340 66971 68969 59727 

Haveri             59771 4339 76459 17196 78900 28388 91934 55160 109231 74157 104730 79396 106141 91918 

Mysore             46606 3384 55070 12385 52439 18868 43629 26177 41255 28008 39030 29589 44335 38394 

Belgum             28359 2059 28247 6353 21050 7574 20041 12025 30046 20398 38331 29059 38012 32918 

Perambalur 1469   2024   4181   9515   15267   24243   19231   27263       261310   

Salem                                         
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 Annexure-VI  

List of surveyed villages 

A. Andhra Pradesh 

S.No. District Block Village 

1 Adilabad 

Bhainsa 
Kathagaon 

Mategaon 

Ichoda 
Sirikanda 

Sonkidi 

2 Guntur 

Macharla 

Kantepudi 

Kappanuru 

Kathayally 

Sattenpalli 
Kantepudi 

Kantepudi 

3 Karim Nagar 

Siricillar 
Jullala 

Mustipalle 

Vemulawada 
Hanumajupeth 

Mallaram 

4 Khamman 

Kothagodem 
Singhabupalam 

Sujatha Nagar 

Yellandu 
Komararn 

Rompaid 

5 Warngal 

Jangama 
Shamirpet 

Vodlakonda 

Narsampet 
Muthojipet 

Rajput 

    B.Gujarat 

S.No. District Block Village 

1 

Ahamdabad 
Barwala 

Ranpuri 

Razit 

Dhandhuka 

Gunjar 

Katada 

2 

Amreli  
Babra 

Darad 

Galkotdi 

Lathi  

Chavand 

Karkodiya  

3 

Bharuch 
Amod 

Danada 

Sarbhan 

Vagra 

Basti Khandali 

Vichhiyad 

4 Bhav Nagar  

Sihor  
Ghanghali  

Pipaliya  

Valvi Pur 
Chamardin  

Rajpura Bhai  

5 Rajkot  

Tankara  
Admatiya  

Lajai  

Vakaner  

Admatiya  

Kathariya 

Tithava  

6 Surendra Nagar Limda Ankevaliya 
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Sauka 

Wadhwan 
Khorva 

Vaghela 

7 Vadodra 

Karjan 
Juni Jithardi  

Kandari 

Sinor  
Tanglod  

Utraj  

    C. Haryana 

S.No. District Block Village 

1 Fatehabad 

Bhuna 
Lahariya  

Tibbi 

Fatehabad 
Bedapal 

Dhangad 

2 Hisar  

Aadam Pur  
Kali Rawan  

Kohali 

Barwala  
Balak  

Jawra  

3 Jind 

Narwana 
Dablain 

Ismailpur 

Uchana 
Kakrod 

Uchana Khurd 

4 Sirsa 

Dabwali 
Alika 

Khuiya Malkana 

Sirsa 
Chaburja 

Dhingtadiyan 
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D. Karnataka 

S.No. District Block Village 

1 Belgum 

Bailhongal 
Doddawad  

Nadavin Koppa 

Savadatta 

Inam Hoyal  

Sangreshakria  

Sangukappa  

2 Dharwad 

Dharwad 
Itagati 

Naikan  Halli Katti 

Hubli 
Nulvi 

Sherwad 

3 Haveri  

Haveri  
Kanakpur  

Nello Gella  

Ranebennur 
Huli Hali  

Kakol  

4 Mysore  
H.D Kote  

Hammer Galli 

Jinnali  

Kare Hulli  

Nanjura Gawdu Ibjala  

 

G. Punjab 

S.No. District Block Village 

1 Bhatinda  

Sangat  
Mehta  

Sher Garh  

Talmandi Sebo 
Malkana 

Sangat Khurd  

2 Fazilka 

Aboher 

Bhagu 

Rajpura 

Ram Sarai 

Khuiyan Sarover 
Churi Wala Dhana 

Panch Koshi 

3 Muktsar 

Gidharbha 
Daula 

Katbai 

Lambi 
Khewadi 

Mann 

 

H. Rajasthan 

S.No. District Block Village 

1 Ganga Nagar  

Ganga Nagar  
Bakhta wali  

Maiya wali  

Sadhul Sahar  
Josiwala  

Rotawadi  



165 
 

2 Hanuman Garh  

Pilli Banga  
Kali Rawan  

Nagrana  

Sangaria 
Nagrana  

Ratan pura 

3 Nagaur  Merta  

Kumplash  

Roll Chadawta  

Shiv  

 

E. Madhya Pradesh 

S.No. District Block Village 

1 Burhan Pur 

Burhan Pur 
Biroda 

Loni 

Khakhar 
Diophodia 

Shirpur 

2 Dhar 

Manawar 

Gulati 

Jatpur 

Manawr 

Sardarpur 

Bhangarh 

Sardarpua 

Timaichi 

3 Khandwa 

Khandwa 

Amalpura 

Jaswadi 

Sarai 

Punsa 
Gondkheda 

Mundi 

4 Khargone 

Barwah 

Baddiya 

Bairwala 

Harimpura 

Kithud 

Kurwant 

Maheswar 

Badwel 

Itawadi 

Karoli 

Mahetawada 

Mohana 

 

I. Tamil Nadu 

S.No. District Block Village 

1 Perambalur  

Kunnam  
Kanambiyam 

Periya Mapalayam  

Veppanthattai 
Dhondapadi 

Veppanthattai  

2 Salem 

Athur 
Manjini 

Valiyama Devi 

Gangavalli  
Anaiyampatti 

Veraganur  
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F. Maharashtra 

S.No. District Block Village 

1 Amravati 

Chandur Bazar 
Jabla Sahpur 

Madhan 

Daryapur 
Arala Ahmadpur 

Borala 

2 Aurangabad 

Paithan 
Dhupkheda 

Kaudgaon 

Viajapur 
Mahal Gaun 

Taklisagaj 

3 Buldnana 

Malka Pur 
Dalata 

Selapur 

Motola 
Chinchor 

Dindola 

4 Jalgaon 

Dharangaon 
Jhurkheda 

Sonvad 

Jamner 
Neri 

Palash Kheda 

5 Jalna 

Ambad 
Darangaon 

Lalwadi 

Bhokardan 
Chandvi Ikko 

Rajur 

6 Nanded 

Aradhapur 
Lahan 

Loni  

Nanded 
Jaitapur 

Limbgaon 

7 Parbhani 

Parbhani 
Dharampuri 

Takli 

Purna 
Chundwa 

Narahpur 

8 Yavatmal 

Kalamb 
Kalamb Deshmukh 

Narsapur 

Ralegaon 
Raveri 

wora 
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Bt Hybrids wise packets sold in Gujarat in 2013-14 

        

Name of Hybrid BG-I/BG-II Name of the Company 2013-14 

ACH-33-1 BG-I AJIT 0 

ACH 21-BG-I BG-I AJIT 0 

Ach-177 BG-II BG-I AJIT 0 

ACH-155-1 BG-I AJIT 0 

ACH-155 BG-II BG-II AJIT 470514 

ACH-11-2 BG-II BG-II AJIT 75038 

Ach-177 BG-II BG-II AJIT 43590 

ACH-111- BG-II BG-II AJIT 59482 

ACH-199 BG-II AJIT 142637 

        

ABCH-1165 Bt BG-I Amar 0 

ABCH-1299 BG-II Amar 0 

ABCH-146 BG-II Amar 5059 

ABCH-146 BG-II Amar 22999 

ABCH-191 BG-II Amar 0 

ABCH-248 BG-II Amar 1645 

ABCH-256 BG-II Amar 6362 

ABCH-256 BG-II Amar 20286 

      0 

ABCH-1220 BG-I Amaraswara Agri 0 

ABCH-1065 BG-I Amaraswara Agri 0 

ABCH-1165 BG-I Amaraswara Agri 0 

Ankur-651-I BG-I ANKUR 0 

Ankur 09-I BG-I ANKUR 0 

Jai BG-I BG-I ANKUR 6660 

Akka BG-I BG-I ANKUR 0 

AKKA BG-II BG-II ANKUR 1278 

3028-II  BG-II ANKUR 91934 

3034-II BG-II ANKUR 2919 

JAI BG-II BG-II ANKUR 264432 

216-II BG-II ANKUR 11265 

Ankur-3224 BG-II ANKUR 20 

Ankur-3228 BG-II ANKUR 40 

Ankur-3224 BG-II ANKUR 930 

Ankur-5642 BG-II ANKUR 630 

      0 

BAT-88-201 BG-II Basant Agritech 721 

BAT-HH-210 BG-II Basant Agritech 170 

SP-504 Bt BG-I Bayer Bio Science 2610 

SP-923 Bt BG-I Bayer Bio Science 0 

SP-1037 BG-II Bayer Bio Science 158 

SP-1171 BG-II Bayer Bio Science 9238 

SP-499 BG-II Bayer Bio Science 515 

SP-7149 BG-II Bayer Bio Science 3028 

  BG-II Bayer Bio Science 0 

Anmol BG-I Dhanya 0 

Kranti BG-I Dhanya 0 

Annexure-VII 
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BADRI BG-II Dhanya 122 

MH-5343 BG-II Dhanya 590 

MH-5341 BG-II Dhanya 485 

MH-5363 BG-II Dhanya 840 

      0 

Brhma-BG BG-I Emergent 0 

GK 205 BG-I GANGA KAVERY 0 

GK-204-I BG-I GANGA KAVERY 0 

GK-205-II BG-II GANGA KAVERY 0 

GK-224-II BG-II GANGA KAVERY 5450 

GK-228-II BG-II GANGA KAVERY 6274 

GK-205 BG-II GANGA KAVERY 0 

GK-218 BG-II GANGA KAVERY 14714 

GK-220 BG-II GANGA KAVERY 346 

GK-238 BG-II GANGA KAVERY 20 

GK-249 BG-II GANGA KAVERY 840 

      0 

GOLD-50 BG-I Green Gold Seed Ltd. Aurangabad 0 

GOLD-70 BG-I Green Gold Seed Ltd. Aurangabad 0 

GBCH-85 BG-II Green Gold Seed Ltd. Aurangabad 200 

GBCH-8881 BG-II Green Gold Seed Ltd. Aurangabad 350 

GBCH-95 BG-II Green Gold Seed Ltd. Aurangabad 14170 

GBCH-9999 BG-II Green Gold Seed Ltd. Aurangabad 5388 

    Green Gold Seed Ltd. Aurangabad 0 

G Cot-6 BG-II GSSC 3232 

G Cot-8 BG-II GSSC 8899 

IAHB-78 BG-II Indo American Seeds 481 

Sanju BG-II Indo American Seeds 5785 

JH VARUN BG-I JK SEEDS 0 

JKCH-99 Bt BG-I JK SEEDS 0 

JKCH-666 Bt BG-I JK SEEDS 0 

JKCH-226 Bt BG-I JK SEEDS 0 

JKINDRA BG-I JK SEEDS 0 

JKDURGA BG-I JK SEEDS 0 

JKCH-99BG-II BG-II JK SEEDS 2122 

JKCH DURGA BG-II BG-II JK SEEDS 0 

JKCH INDRA BG-II BG-II JK SEEDS 20256 

JKCH-0034 BG-II JK SEEDS 140 

JKCH-2245 BG-II JK SEEDS 1209 

JKCH-8865 BG-II JK SEEDS 1861 

      0 

KCH-135 Bt BG-I Kaveri 0 

KCH-707 Bt BG-I Kaveri 0 

Bullet BG-I Kaveri 0 

Encounter BG-I Kaveri 0 

Bullet Bg-II  BG-II Kaveri 15652 

Encounter-II BG-II Kaveri 0 

JACKPOT BG-II Kaveri 71323 

JADOO BG-II Kaveri 64464 

KCH-135 BG-II Kaveri 157 
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KCH-172 BG-II Kaveri 3156 

KCH-311 BG-II Kaveri 16727 

KCH-36 BG-II Kaveri 3079 

KCH-999 BG-II Kaveri 110 

OM SAI BG-II Kaveri 100 

SRI GOLD BG-II Kaveri 100 

      0 

KCCH-777 BG-II Kirtiman Seeds 1192 

KCCH-932 BG-II Kirtiman Seeds 11209 

KCHH-1049 BG-II Kirtiman Seeds 865 

KCHH-2101 BG-II Kirtiman Seeds 64 

KCHH-2505 BG-II Kirtiman Seeds 460 

KCHH-3308 BG-II Kirtiman Seeds 120 

KCCH-8152 BG-II Kirtiman Seeds 65535 

KCHH-904 BG-II Kirtiman Seeds 7929 

KCHH-934 BG-II Kirtiman Seeds 145 

Narmada-555 BG-II Kirtiman Seeds 305 

Nidhi BG-II Kirtiman Seeds 10 

NKCH-541 BG-II Kirtiman Seeds 830 

Varsha BG-II Kirtiman Seeds 2848 

KSCH-216 BG-II Kohinoor  250 

KSCH-220 BG-II Kohinoor  4417 

KSCH-221 BG-II Kohinoor  2780 

        

KDCHH-441 BG-II BG-II KRUSHIDHAN 63285 

KKCHH-9632 BG-I KRUSHIDHAN 0 

KDCHH-9810 BG-II KRUSHIDHAN 15695 

KDCH -9821 BG-II KRUSHIDHAN 1928 

Pratik BG-II KRUSHIDHAN 85483 

Rakht BG-II KRUSHIDHAN 2235 

Pancham BG-II KRUSHIDHAN 18126 

Trinetra BG-II KRUSHIDHAN 4127 

KDCH-461 BG-II KRUSHIDHAN 0 

KDCH-065 BG-II KRUSHIDHAN 150 

KDCHH-202 BG-II KRUSHIDHAN 2700 

KDCHH-532 BG-II KRUSHIDHAN 167 

KDCHH-532 BG-II KRUSHIDHAN 1100 

KDCHH-722 BG-II KRUSHIDHAN 213 

KDCH-78 BG-II KRUSHIDHAN 200 

KDCH-786 BG-II KRUSHIDHAN 50 

PRAJA BG-II KRUSHIDHAN 542 

      0 

MECH 12 BG-I MAHYCO SEEDS 0 

MECH 162 BG-I MAHYCO SEEDS 0 

MECH 184 BG-I MAHYCO SEEDS 0 

MRC 6301 BG-I MAHYCO SEEDS 0 

MRC 7326 BG-II BG-II MAHYCO SEEDS 0 

MRC 7301 BG-II BG-II MAHYCO SEEDS 39437 

MRC 7351 BG-II BG-II MAHYCO SEEDS 55690 

MRC 7347 BG-II BG-II MAHYCO SEEDS 44753 
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MRC-7377 BG-II MAHYCO SEEDS 1218 

MRC-7017 BG-II MAHYCO SEEDS 1461 

      0 

Brahma BG-II MONSANTO 20058 

Atal BG-II MONSANTO 4932 

Sudarshan BG-II MONSANTO 0 

DPC-9066     4345 

MLCH-318     12163 

      0 

NAMCOT-605 BG-II Namdhari Seeds 498 

NAMCOT-614 BG-II Namdhari Seeds 832 

NAMCOT-627 BG-II Namdhari Seeds 4696 

NSPL-405 Bt BG-I Namdi Seeds 0 

NSPL-999 Bt BG-I Namdi Seeds 0 

NSPL-36 Bt BG-I Namdi Seeds 0 

      0 

NCEH-2R Fusion NATH 0 

Vishwanath Fusion NATH 10000 

Express Fusion NATH 28000 

Jagannath-2 Fusion NATH 21000 

Arjun-21 Fusion NATH 4000 

      0 

Navkar-5 Bt BG-I Navkar 0 

Evergreen Bt BG-I Navkar 0 

Fiber Cot BG-I Navkar 0 

NCCH-0002 BG-II Navkar 3280 

NCCH-0004 BG-II Navkar 499 

NCCH-0006 BG-II Navkar 245 

NCS 145-I BG-I NUZIVEEDU 0 

NCS 207-I BG-I NUZIVEEDU 0 

NCS-207 BG-II BG-II NUZIVEEDU 201264 

NCS-913 Bt-I BG-I NUZIVEEDU 0 

NCS-929 Bt-I BG-I NUZIVEEDU 0 

NCS-955 Bt-I BG-I NUZIVEEDU 0 

NCS-954 Bt-I BG-I NUZIVEEDU 0 

NCHB-992 BG-I NUZIVEEDU 0 

NCS-138 Bt-I BG-I NUZIVEEDU 0 

NCS-906 Bt-I BG-I NUZIVEEDU 0 

NCS-908-I BG-I NUZIVEEDU 0 

NCS-909-I BG-I NUZIVEEDU 0 

PCH-930-I BG-I NUZIVEEDU 0 

NCS-138-II BG-II NUZIVEEDU 0 

NCS-145-II BG-II NUZIVEEDU 2476 

NCS-854-II BG-II NUZIVEEDU 1252 

NCS-859-II BG-II NUZIVEEDU 10392 

NCS-860-II BG-II NUZIVEEDU 159257 

NCS 861-II BG-II NUZIVEEDU 6309 

NCS 862-II BG-II NUZIVEEDU 0 

NCS 865-II BG-II NUZIVEEDU 7221 

NCS 866-II BG-II NUZIVEEDU 650 
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NCS-9028-II BG-II NUZIVEEDU 23914 

NCS-9030-II BG-II NUZIVEEDU 0 

NCS-929-II BG-II NUZIVEEDU 20 

NCS-954-II BG-II NUZIVEEDU 0 

NCS-955-II BG-II NUZIVEEDU 10784 

Indrajha BG-II NUZIVEEDU 46 

Laxmi-505 BG-II NUZIVEEDU 2535 

NCS-1111 BG-II NUZIVEEDU 1412 

NCS-1145 BG-II NUZIVEEDU 15 

NCS-245 BG-II NUZIVEEDU 795 

NCS-857 BG-II NUZIVEEDU 500 

NCS-9015 BG-II NUZIVEEDU 2462 

NCS-913 BG-II NUZIVEEDU 0 

NCS-950 BG-II NUZIVEEDU 10417 

PCH-881-II BG-II NUZIVEEDU 0 

PRCH-331-II BG-II NUZIVEEDU 0 

PRCH-737 BG-II NUZIVEEDU 55 

      0 

PCH 205 BG-I BG-I Prabhat Agribiotech 0 

PCH 115 BG-I BG-I Prabhat Agribiotech 0 

PCH 2171 Bt BG-I Prabhat Agribiotech 0 

PCH 205 BG-II BG-II Prabhat Agribiotech 51841 

PCH  408 BG-II BG-II Prabhat Agribiotech   

PCH 882 BG-II BG-II Prabhat Agribiotech 0 

PCH 2171 BG-II BG-II Prabhat Agribiotech 1560 

NCS 9028 BG-II BG-II Prabhat Agribiotech 0 

PCH 115 BG-II BG-II Prabhat Agribiotech 0 

PCH-105 BG-II Prabhat Agribiotech 20 

PCH-4599 BG-II Prabhat Agribiotech 2611 

PCH-803 BG-II Prabhat Agribiotech 10972 

PCH-887 BG-II Prabhat Agribiotech 6185 

PCH-9605 BG-II Prabhat Agribiotech 776 

PCH-9614 BG-II Prabhat Agribiotech 5190 

PCH-9620 BG-II Prabhat Agribiotech 2245 

      0 

PRCH-31 BG-II Pravardhan Seeds 106 

PRCH-331 BG-II Pravardhan Seeds 36891 

PRCH-504 BG-II Pravardhan Seeds 7317 

PRCH-505 BG-II Pravardhan Seeds 4816 

PRCH-703 BG-II Pravardhan Seeds 3869 

PRCH-709 BG-II Pravardhan Seeds 165111 

PRCH-710 BG-II Pravardhan Seeds 1244 

PRCH-711 BG-II Pravardhan Seeds 590 

Prch-737 BG-II Pravardhan Seeds 225 

PRCH-745 BG-II Pravardhan Seeds 388 

PRCH-102 BG-I PRAVARDHAN 0 

PRCH-31 Bt BG-I PRAVARDHAN 0 

Rudra Bt BG-I PRAVARDHAN 0 

Rudra BG-II BG-II PRAVARDHAN 0 

PRCH-505-II BG-II PRAVARDHAN 0 
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PRCH-331-II BG-II PRAVARDHAN 0 

PRCH-333-II BG-II PRAVARDHAN 0 

PRCH-703-II BG-II PRAVARDHAN 0 

        

RCH 2 BG-I RASI 0 

RCH 138 BG-I RASI 0 

RCH 118 BG-I RASI 0 

RCH 144 BG-I RASI 0 

RCH 377 BG-I RASI 0 

RCH-515 BG-II BG-II RASI 9232 

RCH 2 BG-II BG-II RASI 31940 

RCH 530 BG-I RASI 3822 

RCH 337 BG-II BG-II RASI   

RCH 578 BG-I RASI 16048 

RCH-656 BG-II RASI 40639 

RCH-659 BG-II RASI 61 

RCH-779 BG-II RASI 11716 

      0 

SSB-92 BG-II Safal Seeds 326 

SSB-92 BG-II Safal Seeds 31354 

SWCH-4314 BG-II SEED WORK LTD 0 

SWCH-2 BG-II SEED WORK LTD 2120 

SWCH-4708 BG-II SEED WORK LTD 7225 

SWCH-4712 BG-II SEED WORK LTD 13567 

SWCH-4823 BG-II SEED WORK LTD 31649 

SWCH-4765 BG-II SEED WORK LTD 0 

SWCH-4746 BG-II SEED WORK LTD 0 

      0 

322 Bt BG-I Shriram Bioseed 0 

110 Bt BG-I Shriram Bioseed 0 

563 Bt BG-I Shriram Bioseed 0 

Gabbar BG-I Shriram Bioseed 0 

Maharaja BG-I Shriram Bioseed 0 

Krishna BG-I Shriram Bioseed 0 

Arjun BG-I Shriram Bioseed 0 

Bhima BG-I Shriram Bioseed 0 

Sardar BG-I Shriram Bioseed 0 

GG BG-I Shriram Bioseed 0 

MG BG-I Shriram Bioseed 0 

Chiranjeev BG-I Shriram Bioseed 0 

Drona BG-I Shriram Bioseed 0 

844 BG-II Shriram Bioseed 1675 

7213 BG-II Shriram Bioseed 6362 

3112-2 BG-II Shriram Bioseed 20286 

340-2 BG-II Shriram Bioseed 574 

557-2 BG-II Shriram Bioseed 54428 

110-2 BG-II Shriram Bioseed 10770 

195-2 BG-II Shriram Bioseed 5102 

563-2 BG-II Shriram Bioseed 644 

7215-2 BG-II Shriram Bioseed 37907 
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901-2 BG-II Shriram Bioseed 0 

Godavari BG-II Shriram Bioseed 3581 

        

Sarju BG-I BG-I Solar Agrotech 0 

Mahasangram BG-I BG-I Solar Agrotech 9646 

Sarju BG-II BG-II Solar Agrotech 18171 

Mahasangram BG-II BG-II Solar Agrotech   

Solar-60 BG-II BG-II Solar Agrotech 19827 

Solar-66 BG-II BG-II Solar Agrotech 40235 

Senapati BG-II BG-II Solar Agrotech 3759 

Solar-56 BG-II Solar Agrotech 5162 

Solar-72 BG-II Solar Agrotech 1042 

Solar-75 BG-II Solar Agrotech 4826 

Solar-76 BG-II Solar Agrotech 117117 

Solar-77 BG-II Solar Agrotech 78188 

      0 

SRCH-33 BG-II Sri Ram Agri Genetics 0 

SRCH-99 BG-II Sri Sathya Seeds 319 

54-SS-33 BG-II Sri Sathya Seeds 5859 

69-SS-66 BG-II Sri Sathya Seeds 3208 

D-29 BG-II Sri Sathya Seeds 2911 

SSCH-333 BG-II Sri Sathya Seeds 5731 

SSCH-444 BG-II Sri Sathya Seeds 1141 

SSCH-555 BG-II Sri Sathya Seeds 844 

Super-5 BG-II Super Seeds 147 

Super-511 BG-II Super Seeds 2097 

Super-965 BG-II Super Seeds 360 

Tulsi-4 BG-I TULSI 0 

Tulasi-117 Bt BG-I TULSI 0 

Tulasi-9 Bt BG-I TULSI 0 

Tulasi-4 BG-II BG-II TULSI 14997 

Tulasi-9 BG-II BG-II TULSI 46225 

Tulasi-118 BG-II BG-II TULSI 23690 

Tulasi-117 BG-II BG-II TULSI 45 

Tulasi-144 BG-II BG-II TULSI 2715 

Tulasi-162 BG-II BG-II TULSI   

Tulasi-135 BG-II BG-II TULSI 125 

Tulasi-171 BG-II BG-II TULSI 165 

Tulasi-252 Bg-II BG-II TULSI 5256 

Tulsi-225 BG-II TULSI 195 

Tulsi-45 BG-II TULSI 1241 

        

DYNA Bt I & II BG-II Vibha Agro-tech 0 

SIGMA Bt I & II BG-II Vibha Agro-tech 0 

VBCH-1009 Bt BG-I Vibha Agro-tech 0 

VBCH-1010 Bt BG-I Vibha Agro-tech 0 

Cash I & II BG-I & II Vibha Agro-tech 0 

Grace BG-I Vibha Agro-tech 0 

Hero BG-I Vibha Agro-tech 0 

Rambo BG-I Vibha Agro-tech 0 
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Commando BG-I Vibha Agro-tech 0 

Profit BG-I Vibha Agro-tech 0 

GRace BG-II Vibha Agro-tech 0 

Sigma-555 BG-II Vibha Agro-tech 40 

VBCH-1501 BG-II Vibha Agro-tech 28619 

VBCH-1503 BG-II Vibha Agro-tech 235 

VBCH-1505 BG-II Vibha Agro-tech 160 

VBCH-1511 BG-II Vibha Agro-tech 70 

VBCH-1516 BG-II Vibha Agro-tech 16081 

VBCH-1518 BG-II Vibha Agro-tech 3407 

VBCH-1519 BG-II Vibha Agro-tech 277 

VBCH-1520 BG-II Vibha Agro-tech 825 

VBCH-1521 BG-II Vibha Agro-tech 2815 

VBCH-1533 BG-II Vibha Agro-tech 9924 

VBCH-1539 BG-II Vibha Agro-tech 31610 

VBCH-1542 BG-II Vibha Agro-tech 7099 

VBCH-1543 BG-II Vibha Agro-tech 12242 

VBCCH-1544 BG-II Vibha Agro-tech 3415 

      0 

VCH-11 BG-I VIKKI 0 

VICH-9 BG-I VIKRAM 0 

VICH-5 BG-I VIKRAM 0 

VICH-15 Bt BG-I VIKRAM 0 

VICH-5 BG-II BG-II VIKRAM 141986 

VICH-301 BG-II BG-II VIKRAM 8000 

VICH-303 BG-II BG-II VIKRAM 759 

VICH-311 BG-II BG-II VIKRAM 7962 

VICH-313 BG-II BG-II VIKRAM 794 

VICH-314 BG-II BG-II VIKRAM 824 

VICH-304 BG-II BG-II VIKRAM 1346 

      0 

Nirogi-108 BG-II Western Agri Seeds 1000 

Nirogi-151 BG-II Western Agri Seeds 1000 

NSPL-2223 BG-II Xylem 1620 

NSPL-252 BG-II Xylem 8087 

NSPL-999 BG-II Xylem 18057 

ROYAL BG-II Zuari Seeds 10 

ZCH-502 BG-II Zuari Seeds 70 

ZCH-503 BG-II Zuari Seeds 331 

ZCH-504 BG-II Zuari Seeds 340 

ZCH-508 BG-II Zuari Seeds 391 

        

Grand Total     4013000 
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Annexure -VIII 

PACKAGE OF PRACTICES FOR BT COTTON 

Cotton require hot and moist climate for its cultivation. Ideal temperature and rainfall required for Bt 

cotton cultivation are 25OC and 150 cm to 200 cm rainfall respectively.  

 
SOIL REQUIRMENET: 

Bt. cotton is grown on a variety of soils ranging from well drained deep alluvial soils in the north to black 

clay soils of varying depth in central region and in black and mixed black and red soils in south zone. 

However, Bt Cotton should be grown on medium black to deep black soil having pH ranges between 6 to 

8. Soil having pH below 5.5 and salty soil is not suitable for Bt cotton. 

 
LAND PREPARATION: 

In Bt cotton cultivation, the preparation of good flat bed is very important. This can be done by 

ploughing & disc harrowing. Ploughing should be followed by harrowing operation making the fine tilth 

soil particles.  

 
However, In North India, the time available for land preparation following the harvest of wheat is 

limited. Therefore, the field is irrigated after the harvest of wheat and ploughed. Thereafter a light 

irrigation is provided and the field is ploughed and the soil is planked with a wooden plank. 

 
In central and southern zone of India where cotton is a rainfed crop, deep ploughing is done to destroy 

perennial weeds once in 4-5 years. The field is prepared by repeated ploughing with a blade harrow with 

the onset of pre- monsoon rains. In red soils of southern zone having poor moisture retention, field is 

given 2-3 light ploughing after harvesting. 

 
SELECTION OF HYBRIDS:  

During our field survey, farmers were asked about the most preferred Bt cotton hybrid and the 

characteristics which they like mostly. The characteristics preferred by farmers are less sucking pest 

resistance, big boll size, high yielding etc. Hybrids are categorized by type of irrigation, duration of 

crop, soil type which they can thrive on. Some hybrids thrive well in rainfed condition like ACH 155 

whereas some need well irrigated condition with heavy management i.e. heavy feeders like Uttam, 

RCH 2, RCH 659 etc. Incidence of sucking pest has increased substantially in recent years; attack of 

Jassid, Aphid, Thrips, Whitefly, etc. is very problematic. Insecticides available in the market are not 

able to control infestation of White Fly in Northern Part of India. Therefore farmers all over India 
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prefer hybrids which are tolerant to these sucking pests For example: ACH 155 of Ajeet Seeds is first 

choice of farmers in certain states like Maharashtra due to its tolerance to sucking pest. 

 
Bioseed's cotton hybrids such as “6488” and “6588” have been well received in the Punjab-

Haryana-Rajasthan belt mainly because of their 155-160 days maturity, against the 165-170 days of 

maturity of other hybrids. The earlier maturity gives farmers more leeway to plant a subsequent 

wheat crop. According to Bioseeds official the hybrids are more tolerant to CLCV and have open 

foliage which helps in easy spray of pesticides. Bt Cotton hybrids adopted by farmers in different 

surveyed states are given in table below: 

 

State Bt Cotton Hybrid 

Punjab Bioseeds 6588, Bioseeds 6488, RCH 773 and RCH 653 

Haryana RCH 134, Bioseeds 6588, Bioseeds 6488 and RCH 134  

Rajasthan Bioseeds 6488, Bioseeds 6588. Bioseeds 6488 and Bioseeds 6588  

Madhya Pradesh Ajeet 155, RCH 659, RCH 2, Jackpot, Jai and Dr Brent 

Maharashtra ACH155, Ankur 3028, Mallika, ATM and Ankur Jai  

Gujarat ACH 155, Ankur Jai, RCH 2 and Mallika 

Andhra Pradesh Jadoo, Bhakti, Yuva, First Class, Mallika and ACH 155 

Tamil Nadu RCH 2, RCH 20 (Ravi), Bahubali, Jadoo and Jackpot 

Karnataka Kanak, Bahubali (MRC 7918) and Yuva 

 

METHOD AND SOWING TIME: 

 

Cotton is shown using tractor or bullock drawn seed drill or by dibbling. Hand dibbling of seeds at 

recommended spacing’s is commonly practiced in rainfed areas. This system ensures proper plant stand, 

uniform geometry and also saves seeds. 

Bt cotton is generally cultivated during kharif season starting from April-May to July in Kharif season, 

depending on the rainfall/water availability. In North zone, Bt Cotton is sown as early as April whereas in 

central and south zone planting goes up to July. The normal time as recommended for different zones is 

below: 
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Zone  States(s)   Time of Sowing 

North   Punjab, Haryana & Rajasthan First week of April to mid of May 

Central  Gujarat, Madhya Pradesh Mid of May to mid June (Irrigated) 

  &Maharashtra   Mid of June to end of June (Rainfed) 

South  Andhra Pradesh, Karnataka & Mid of June to Mid of July 

  Tamil Nadu   Second week of July –first week of September 

Cotton is generally sown after first monsoon shower all across the growing areas. In certain rainfed 

areas cotton is sown before the onset monsoon with the conventional system of rainfall forecasting 

within a week. This practice of cotton sowing is called dry sowing of cotton. But in this case risk is 

involved as failure of rainfall causes germination problem which leads to re sowing or more gap filling. 

This practice is followed in Saurashtra in Gujarat and Vidharaba in Maharashtra. 

SEED TREATMENT: 

Bt cotton seeds are pre-coated with insecticides for control of sucking pests.  

SEED RATE: 

Seed rate depends on spacing/desired plant population which is depended on soil type and therefore 

varies from state to state. Bt cotton packet contains 450g of Bollgard cotton and 120 g of non Bt cotton. 

The field survey of the sampled farmers revealed following seed rates in the sampled States: 
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SPACING: 

In Bt cotton spacing largely varies depending upon desired plant population, soil type, irrigation 

availability and type of hybrid. In general, the recommended plant population for North India is 8,500 to 

10,000 plants per acre for Central and South zone recommended plant population is 5500 to 8000 

plants/acre. However, spacing followed in different agro-climatic zones is given below: 

State Spacing (cm) Spacing (feet) 
Number of Plants 

 per acre 

Punjab, Haryana, Rajasthan 

105X105 3.5X3.5 3628 

105X90 3.5X3 4233 

105X75 3.5X2.5 5079 

105X60 3.5X2 6349 

105X45 3.5X1.5 8466 

105X30 3.5X1 12698 

67.5X75 2.25X2.5 7901 

67.5X67.5 2.25X2.25 8779 

67.5X60 2.25X2 9877 

67.5X45 2.25X1.5 13169 

Gujarat 

150x60 5x2 4444 

150x45 5x1.5 5926 

180x60 6x2 3704 

180x45 6x1.5 4938 

135x60 4.5x2 4938 

127.5x60 4.25x2 5229 

120x60 4x2 5556 

120x45 4x1.5 7407 

M.P, Maharashtra, A.P, Karnataka, Tamil Nadu 

120x120 4x4 2778 

120x60 4x2 5556 

120x45 4x1.5 7407 

120x30 4x1 11111 

105x105 3.5x3.5 3628 

90x90 3x3 4938 

90x75 3x2.5 5926 

90x60 3x2 7407 

90x45 3x1.5 9877 

90x30 3x1 14815 

 
MANURES AND FERTILIZRS: 

For advance method of drip irrigation soil should be well prepared and add 4 to 5 ton well decomposed 

FYM or compost before last harrowing. In the soil having termites or white grub, add 750 to 1000 Kg/ha 

of Neem cake with FYM. Application of manure and fertilizers should be based on soil nutrient status 

and targeted yield. It is estimated that to produce 100 Kg lint, cotton crop requires 7-8 kg Nitrogen (N), 

1-1.5kg Phosphorus (P) and 7-8 kg Potash (K).  
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Adoption of Bt cotton has also promoted usage of nutrients. Usage of micro nutrient like Sulphur, 

Zinc and Boron has started after Bt cotton adoption. Foliar sprays at 45 Days after Sowing (DAS) 

with mixed fertilizers like 19:19:19 to enhance vegetative growth of the plant and at 60 DAS with 

0:52:34 is common practice to enhance reproductive growth and increase boll size so as to get 

better yield. Farmers have adopted use of Plant Growth Regulators or nipping operations to 

increase sympodial growth of cotton and to restrict vegetative growth.  

 
IRRIGATION: 

The total climatic water requirement of cotton is about 700-1000 mm, which depends on time of 

sowing and varies from region to region, soil to soil and farmer’s management. Crop is irrigated 

when the moisture level in the field goes below 60-70%. Irrigation schedule varies from region to 

region. In northern region 4 irrigation are generally given, whereas in red sandy loam soils of 

southern India around 10-12 light irrigations are given. During field study, sampled farmers in 

Gujarat, Maharashtra and Madhya Pradesh reported using drip irrigation for irrigating the crop.  

Few of the sampled farmers in above states also reported to be using fertigation technology for 

fertilization along with irrigation.   

 

DISEASE AND PEST MANAGEMENT:  

Major pests of cotton are Bollworms namely American bollworm, Spotted bollworm and Pink bollworm, 

Tobacco Cutworm (Spodoptera litura) but after Bt cotton adoption incidences of bollworm reduced. 

Secondary pests of cotton are Sucking Pests like Thrips, Aphids, White Fly, Jassids, Mealy Bug, Mirid Bug 

etc. Symptoms and control measures of important pest are given in the table below; 

 

Table 44: Symptom and control measures of important pests 

Pest Damage Management 

American Bollworm 

(Helicoverpa 

Armigera) 

The larvae feed on the leaves initially 

and then bore in to the 

square/bolls/pods and seeds with its 

head thrust into the boll/pods, 

leaving the rest of the body outside. 

entry holes are large and circular at 

the base of 

the boll/pod. 

Spray HNPV @ 250 Ltr/ha from 35th to 

60th day of crop stage. The best time to 

control bollworm is when the larvae is up 

to 3 days old. Use baited sex pheromone 

traps. Use the following insecticide 

Quinalphos 25 EC,Carbaryl @ 50 WP 400-

500 ml, Cypermethrin 10 EC 600-800 ml, 

Neem seed kernel extract (NSKE) 

@ 5%, Neem oil 1% 

Pink Bollworm The damage is caused by the 1) Hot water treatment of the 
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(Pectinophora 

gossypiella 

caterpillars by feeding on the flower 

buds, panicles and bolls. The holes of 

entry close down by excreta of larvae 

which are feeding inside the seed 

kernels. They cut window holes in the 

two adjoining seeds thereby 

forming "double seeds" and 

finally damage them. The 

attacked buds and immature 

bolls drop off. Lint is destroyed, 

ginning percentage and oil 

content are impaired. 

seeds up to 60oC kill the 

hibernating larvae. 

2) Apply bacterial formulations Bt.K 

@1 kg/ha. Application of 

insecticides like chloropyriphos 20 

EC or Triazophos 40 EC @ 2.5 Ltr/ ha 

spray. 

White Fly 

(Bemisia tabaci) 

The nymph(s) and adult(s) feed on the 

cell sap, reduce the vitality of the 

plant The vein becomes translucent 

and in many cases, it drops off 

prematurely.Sooty mold 

contaminates the lint. 

 

1) Avoid late sowing and adopt crop 

rotation contents in leaves. 

2) Apply insecticide monochrotophos 36 

WSC or quinalphos 25 EC/methyl 

demeton 25 EC at fortnightly 

intervals. 

3) Apply Neem oil+Teepol @ 3 - 3.5 litres 

+ 500 mlt/ha. 

4) Use Nirma ® washing powder 

@0.1% as foliar spray. 

Aphids (Aphis 

gossypii) 

 

 

 

Both adults and nymphs 

suck sap from the tender 

leaves, twigs and buds, and 

weaken the plants. The 

leaves curl up. Each aphid 

makes several punctures 

and excrete honeydew which 

encourages development of 

sooty mold on the twigs and 

leaves, and this leaves a 

blackened look of the plants 

1) Avoid late sowing and excessive 

use of Nitrogen fertilizers. 

2) Destroy infested shoots during 

early stages. 

3) Spray chemicals dimethoate 30 

EC or phosphamidon 100 EC or 

methyl demeton 25 EC @ 500-750 

mlt/ha when the population reach 

ETL. 

Jassisds (Amrasca 

devastans) 

Tender leaves become yellow. 

The margin of the leaves start curling 

downwards and reddening sets in. 

In the case of severe infestation, 

leaves get a bronze or brick red colour 

which is typical “hopper burn” 

symptom. 

The margin of the leaves get broken 

and crumble into pieces when 

crushed. 

The leaves dried up and are shed and 

the growth of the crop is retarded. 

ETL: 50 nymphs or adults/50 leaves 

 

Apply carbofuran 3%CG 25 kg/ha 

Spray any one of the following 

insecticides 

- Imidacloprid 200 SL at 100 ml/ha 

- Phosphamidon 40 SL 600 ml/ha 

- Acetamiprid 20%SP 50 g/ha 

- Azadirachtin 0.03%WSP 500-1000 

g/ha 
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Cotton Thrip (Thrips 

tabaci) 

Shriveling of leaves due to scrapping 

of epidermis and desapping 

Attacked   terminal buds – have 

ragged edges 

Silvery shine on the undersurface of 

leaves 

ETL: 50 nymphs or adults/50 leaves 

Seed treatment with imidacloprid 70 WS 

at 7 g/kg protect the crop from aphids, 

leafhoppers and thrips upto 8 weeks. 

Spray any one of the following 

insecticides (500 l spray fluid/ha) 

 

- Methyl demeton 25 EC 500ml/ha 

- Dimethoate 30 EC 500ml/ha 

- Buprofezin 25% SC 1000 ml/ha 

- Diafenthiuron 50%WP 600 g/ha 

Source: Central Institute for Cotton Research 

Diseases 

Cotton is susceptible to various diseases like Root Rot, Bacterial Blight, Alternaria leaf spot. In recent 

years Fusarium wilt and Verticillium wilt has become a devastating disease for cotton as the whole crop 

failure occurs.Among them diseases like Bacterial blight, Alternaria leaf spot, Root Rot and Fusarium wilt 

are prevalent disease As per Central Institute for Cotton Research, Nagpur, following management are 

recommended:  

Root Rot 

 

Causal organism: Rhizoctonia solani 

Symptom:  

 Initial symptoms are slight yellowing or bronzing of leaves. 

 Sudden and complete wilting of the plant. 

 Affected plant can be easily uprooted ,  

because secondary roots are decayed and    detached.  

Control: 

         Seed treatment with Carbendazim / Thiram @ 2g/kg of seed.  

         Soil drenching with Carbendazim @ 2-3g/lit or Carbendazim + Iprodione (Quintal) @  1.5g/lit   

 

Bacterial Blight 

 

Causal organism: Xanthomonascitri pathovar malvacearum 

Symptoms:  
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     Angular leaf spots seen initially as translucent spots , turn  brown  

and seen in between the veins.  

     Later the spots enlarge to cover entire leaf.                                                                            

Control:  

  Seed treatment with Captan or Streptocyclin @ 2 g/Kg of seed  

  Spray Streptocycline +Copper oxychloride @ 650+12 g/ac  

 

Fusarium Wilt 

 

Causal organism: Fusarium oxysporum sp vasinfectum 

Symptoms:    

 Areas of reduced or patchy plant stand can be seen in affected fields, usually spreading in the 

direction of irrigation flows.  

  The vascular tissue of affected plants exhibits a brown/chocolate discolouration  

  through the entire main stem. 

 

 At seedling stage, cotyledons  and leaves wilt and turn yellow, brown.                                                                               

  Symptoms appear on lower leaves first, later on upper leaves.   

  Complete or partial wilting. 

  Initially seen in patches in the field. Later it spreads 

Control:  

  Seed treatment with Carbendazim or Thiram @ 3g/Kg of seed  

  Soil drenching with Carbendazim or Copper oxy chloride @ 3 g/lit 

  Soil drenching with Cobalt Chloride @ 10 g/lit. Foliar spray with Cobalt Chloride @ 1ppm 

 

Verticillium wilt 

Causal Organism: Verticillium spp. 

Symptoms:    

 Affected plants have brown veins, intervenal areas chlorotic. 

 In severe cases, leaves dry up and fall down. 

 Disease appears when plants are in square stage  

    and progressively become more intense.  
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Control: 

 Soil application of  Trichoderma  viridae2 Kg/ac with FYM 

 Soil drenching with Carbendazim @ 3 g/lit  

HARVESTING 

Bt cotton bolls is ready for picking 15-20 days earlier than the conventional cotton due to early boll 

setting and boll retention. When 60% of the boll has burst first picking is done. Subsequent picking is 

done after 15-20 days. Amount of boll bearing after first picking depends on the type of hybrid and 

power of regeneration/reflush. In general 2-3 picking is done in cotton in most of the cotton growing 

states. Cotton should be picked after boll bursting, during sunny days to ensure moisture free kapas of 

good quality. Delay in picking leads to falling of Kapas on the ground which results in deterioration of 

quality due to mixing of soil articles, leaf bits and other trash. High temperature is also detrimental. The 

picked kapas should be properly cleaned before taking to the market for sale. 


