
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


Ind. Jn. of Agri. Econ. 
Vol.67, No.3, July-Sept. 2012 

 
SUBJECT II 
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Bt Cotton in India: A Review of Adoption, Government 
Interventions and Investment Initiatives  
 
Deepak Shah* 
 

INTRODUCTION 
  
 Cotton, often referred to as the White Gold, is an important cash crop of India 
and it plays a key role in the Indian economy since it provides livelihood to more 
than 60 million people by way of support in agriculture, processing and use of cotton 
in textiles (Barwale et al., 2004).  It is being cultivated over an area of about 9.5 
million hectares, which represents approximately a quarter of the global cotton area 
of 35 million hectares. Despite low productivity, India has become the largest 
producer as well as consumer of cotton, next only to China. The quantum leap in 
cotton production of India during the last one decade can be attributed to the 
introduction of Bt cotton in 2002.  Bt cotton1, the first genetically modified (GM) 
crop in India, was initially approved in India on March 26th 2002 for commercial 
cultivation in six states belonging to southern and central cotton cultivation zones of 
the country. The reason for the introduction of Bt cotton was to counter insect pests - 
Helicoverpa armigera, commonly referred to as American Bollworm, which used to 
cause substantial damage to the crop, resulting in low productivity. Therefore, 
Mahyco (Maharashtra Hybrid Seed Company), in collaboration with Monsanto, 
introduced Bt cotton technology into India. Bt cotton carries the Cry1Ac gene derived 
from the common soil bacterium Bacillus thuringiensis var. kurstaki, which results in 
the expression of the Cry1Ac protein that confers resistance to the bollworm complex 
(Barwale et al., 2004). Bt cotton hybrids2 have exhibited excellent control of 
American Bollworm and reduced the use of insecticides. This has led to create eco-
friendly environment without compromising on profitable yield (Manickam et al., 
2008). In addition to reducing production cost and increasing profit, Bt cotton has 
lowered farming risk and improved farmer’s perspective in cultivating cotton crop. 
According to the latest figures released by the Union Agriculture Ministry for the 
year 2010-11, Bt cotton accounts for 88.44 per cent share in total area of 111.42 lakh 
hectares under cotton cultivation with Maharashtra, Gujarat and Andhra Pradesh 
being the top cotton producers. 
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Bt cotton has dramatically changed the relationship between farmers and their 
acceptability of genetically modified seeds. This is corroborated from the fact that  
more than 90 per cent seeds used at present are hybrid as against only 40 per cent 
prior to the introduction of Bt. Given the fact that there has been sharp increase in the 
demand for Bt cotton seeds,  there is every possibility of rise in seed prices. However, 
despite shortage, seed prices are unlikely to go up since the state governments of 
Gujarat, Maharashtra and Andhra Pradesh have fixed the prices through legislation, 
whereas other states exercise an indirect price control by way of seeking an 
undertaking from seed companies to the effect that they will not sell the seeds above 
the specified price. In the light of this background, this paper attempts to address 
various issues relating to Bt cotton with focus on its development and adoption, price 
regulations, investments, benefits, impacts and future prospects. 

 
Development of Bt Cotton 
  

The major efforts to harness genetic engineering technology for bollworm 
resistance in cotton began in the 1990s in India with the import of genetically 
modified (GM) cotton and initiation of research programmes in national laboratories 
(Karihaloo and Kumar, 2009). Extensive Bt cotton trials under field conditions were 
conducted in India between 1998 and 2001, which confirmed effective and safe 
control of bollworm and other pests. The field trials also confirmed Bt cotton to have 
potential to increase yields up to 40 per cent and reducing insecticides sprays by 50 
per cent or more when compared with conventional. The Bt cotton, therefore, was 
seen as having potential to improve the lives of cotton farmers through the provision 
of favourable environmental and economic consequences. Further, the comparative 
performance of Bt cotton hybrids developed by different private companies during 
the period between 2001 and 2005 over different locations across three cotton 
growing zones of the country also revealed superiority of Bt hybrids vis-à-vis non-Bt 
counterparts in terms of both yields and other contributing characters. In addition to 
higher cotton seed yield, these hybrids were also superior in the number of 
bolls/plant, boll weight, seed index, lint index and ginning outturn hybrids 
(Manickam et  al., 2008). The chronology of Bt cotton development by MAHYCO is 
brought out in Table 1. 

In fact, the development of Bt cotton in India from the transgenic cotton of 
Monsanto, USA, underwent a stringent regulatory process before it finally reached 
the farmer’s fields. In February 2002, the Indian Council of Agricultural Research 
(ICAR) submitted a positive report to the Ministry of Environment on the field trials 
of Bt cotton. Subsequently, the Genetic Engineering and Approval Committee 
(GEAC)3 of the environment ministry approved commercial use of Bt cotton. Three 
hybrids (MECH 162 Bt, MECH 184 Bt, and MECH 12 Bt) were approved for 
cultivation with the stipulation that certain conditions be met. These hybrids are high 
yielding and produce medium-long- to long-staple fiber. In April 2002, the 
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commercial cultivation of Bt cotton initiated across six states of India, viz., Andhra 
Pradesh, Gujarat, Karnataka, Madhya Pradesh, Maharashtra, Tamil Nadu (Table 2). 

 
TABLE 1. DEVELOPMENT OF BT COTTON IN INDIA 

 
Year 
(1) 

Description 
       (2) 

1994 Formation of Institutional Biosafety Committees (IBSC) and application for transgenic Bt 
cottonseed import. 

1995 Permit from Department of Biotechnology (DBT) received to import 100 g. Bt Cotton seed of 
Coker 312 variety from Monsanto, USA. This variety contained Cry 1 Ac gene from bacterium 
Bacillus thuringiensis.  

1996 Imported seed and Green House trial initiated. Limited field trial (1 Location) to assess pollen 
escape. Back crossing (Ongoing) breeding for transfer of Bt gene into elite parental lines in green 
house.  

1997/98 Limited field trials (5 locations) to assess pollen escape. Toxicological (Ruminant goat model) 
and Allergenicity (BNR model) studies. Monsanto-Mahyco tie up. Monsanto given permission 
for small trials of Bt cotton 100 g per trial by Department of Biotechnology (DBT).  

1998-99 Multi-centric research trials (15 +25 locations) to assess efficacy of Bt gene in Indian elite 
germplasm. Multi-centric research trials (11 locations) to assess efficacy of Bt gene in Indian 
elite germplasm. Review Committee on 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 MEC. 

2000-2001 (a) Large-scale trials (100ha) to assess efficacy of Bt gene in Indian elite germplasm and the 
performance of Bt hybrids, (b) Hybrid seed production (150 ha), (c) Various biosafety studies, 
and (d) ICAR trials at 6 locations.  

2001-02 (a) Large-scale trials (100ha) to assess efficacy Bt gene in Indian elite germplasm and the 
performance of Bt hybrids, (b) Hybrid seed production (300 ha), (c) Biosafety studies, and (d) 
ICAR Trials at 11 locations. 

Source: i) http://envfor.nic.in/divisions/csurv/btcotton/bgnote.pdf; and ii) Manickam et al., 2008. 
 

TABLE 2. COMMERCIAL CULTIVATION OF BT COTTON UNDERTAKEN IN INDIA – 2002 
 

(area in hectares) 
State 
(1) 

MECH –12 
(2) 

MECH-162 
(3) 

MECH – 184 
(4) 

Total 
(5) 

Andhra Pradesh 44 5,564 - 5,608 
Gujarat 76 4,136 4,642 8,854 
Madhya Pradesh 60 404 1,756 2,220 
Karnataka - 3,828 80 3,908 
Maharashtra 112 9,300 5,334 14,746 
Tamil Nadu - 2,042 660 2,702 
TOTAL  292  25,274  12,472  38,038  

Source: DBT, 2006. 
 

Although the year 2002 proved unfavourable for cotton cultivation due to heavy 
rainfall in some areas and dry spell followed by heavy rainfall in other areas, the 
overall pest pressure during this year for bollworm complex was also low. Not only 
this, the control of the bollworm complex was observed in Bt cotton. Even the 
amount of spraying required, was significantly lower for Bt than for non-Bt cotton 
hybrids. This had led to significantly higher Bt cotton yields as compared to non-Bt 



 INDIAN JOURNAL OF AGRICULTURAL ECONOMICS 
 

368

cotton yields. The quality of Bt cotton was not only much better but it also fetched 
rates commensurate with the quality (Barwale et al., 2004).  

It is to be noted that initially the area under Bt cotton hybrids was 38,038 
hectares, which gradually increased to 0.56 million hectares in 2004-05, 1.3 million 
hectares in 2005-06, and 3.72 million hectares in 2006-07 (Khadi, 2007). The area 
under Bt cotton in India estimated at 3.7 million hectares in 2006-07 was even higher 
than in China, which showed 3.5 million hectares area under Bt cotton during this 
year. During this year, India had 6.3 million hectares of hybrid cotton area, which 
encompassed about 60 per cent area under Bt cotton. Further, the states of Haryana, 
Rajasthan and Gujarat showed more than 85 per cent of their cotton area under Bt 
(Table 3). The state of Maharashtra showed the highest area under Bt cotton in 2006-
07, though the proportion of area under Bt to total cotton area in this state was nearly 
36 per cent during this year. Due to substantial increase in area under Bt cotton, the 
productivity of cotton in India was found to increase by 71 per cent between 2001-02 
and 2006-07. Among various states, the increase in productivity was found to be 259 
per cent in Haryana, 151 per cent in Punjab, 112 per cent in Gujarat, and 103 per cent 
in Rajasthan. The north zone showed about 180 per cent rise in the productivity of 
cotton as against 71 per cent rise in the same for central zone during the same period. 
However, the state like Madhya Pradesh showed 10 per cent decline in cotton 
productivity during the period between 2001-02 and 2006-07. This is despite the fact 
that about 54 per cent of cotton area was under Bt in Madhya Pradesh during 2006-
07. 

 
TABLE 3. STATE-WISE COTTON AREA, PRODUCTION AND PRODUCTIVITY 

 
 
 
 
 
State 
(1) 

Cotton Area 
(million ha) 

 

Bt Cotton 
Area 

(million ha)

Per cent 
area 

under Bt 

Cotton 
production 

(million tonne) 

Per cent 
increase in 
production 

Per cent 
increase in 

productivity 
2001-

02 
(2) 

2006
-07 
(3) 

 
2006-07 

(4) 

 
 

(5) 

2001-
02 
(6) 

2006-
07 
(7) 

 
 

   (8) 

2006-07 over 
2001-02 

(9) 
Punjab 0.51 0.62 0.28 54.84 0.15 0.44 188.89 150.67 
Haryana 0.63 0.53 0.04 92.45 0.09 0.27 204.76 259.15 
Rajasthan 0.51 0.31   0.002 99.35 0.10 0.14 39.13 102.60 
North Zone 1.65 1.46 0.32 77.40 0.34 0.85 150.00 180.58 
Gujarat 1.69 2.39 0.33 86.19 0.57 1.72 201.49 112.43 
Maharashtra 3.04 3.12 2.00 35.90 0.57 0.88 55.22 51.34 
Madhya Pradesh 0.62 0.67 0.31 53.73 0.34 0.31 -8.86 -9.83 
Central Zone 5.35 6.18 2.64 57.28 1.47 2.91 97.12 71.38 
Andhra Pradesh 1.00 0.95 0.68 28.42 0.47 0.60 27.27 32.55 
Karnataka 0.60 0.36 0.08 77.78 0.14 0.10 -25.00 21.05 
Tamil Nadu 0.17 0.09 - - 0.09 0.09 - 24.08 
South Zone 1.77 1.40 0.76 45.71 0.69 0.78 13.58 36.92 
Others 0.09 0.10 - - 0.01 0.02 33.33 47.30 
Loose Supply - - - - 0.17 0.20 20.00 - 
Total 8.86 9.14 3.73 59.26 2.69 4.76 77.22 71.27 

Source: Khadi (2007). 
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The introduction of Bt cotton hybrids has helped to increase production from 156 
lakh bales (170 kg lint per bale) in 2001 to an estimated 356 lakh bales in 2011. The 
productivity cotton was 309 kg /ha in 2001, i.e., before the introduction of Bt, which 
rose to 495 kg/ha in 2010. The studies conducted by Central Institute of Cotton 
Research shows that there has been enormous farmer support for Bt cotton as is 
evident from the fact that more than 90 per cent of the area in all the cotton growing 
states in India is now under Bt. cotton. Maximum gains in yield increase have been 
witnessed in Gujarat, Andhra Pradesh, Maharashtra, Haryana, Punjab and Tamil 
Nadu. The (CICR) along with State Agricultural Universities has been constantly 
encouraging farmers through demonstrations and training programmes about all 
aspects of GM crops, which include bio-safety and suitable methods for reaping 
sustainable benefits through appropriate crop production techniques.   

 
Government Interventions 
  

The growing adoption of Bt cotton seed has raised concern about their prices. 
The studies carried out in the past did not question the market price of seed as they 
assumed it to be fixed. However, in the light of the fact that most of the GM crops are 
commercialised by private sector multinationals, the concerns have been raised about 
the prevalence of monopolistic market structure, which might cause excessive prices 
being charged for Bt seeds. This may lead to restrict technology access for resource 
poor farmers in developing countries (Lalitha, 2004). Since this concern was raised 
by many developing countries, India decided to intervene in Bt cotton pricing (Arora 
and Bansal, 2011). As a result, in 2006, the governments of major cotton producing 
states in India ordered all seed companies to lower their prices of 450 gm packet of 
Bt cotton seed from Rs.1600 to Rs.750. Despite the fact that biotech firms challenged 
these price controls at the Supreme Court level, the control still exists. This was done 
to extend adequate benefits to farmers since charging a lower price for Bt cotton 
seeds will not only make these seeds more accessible to farmers but may also raise 
the profitability of farmers. However, Sadashivappa and Qaim (2009) find the 
government seed price interventions to have little impact on aggregate Bt cotton 
adoption since the take off phase for Bt cotton already begun before 2006. According 
to them, seed price controls might reduce the incentive of the company to innovate in 
the future. Therefore, implementation of government intervention should be done 
carefully in view of the long run implications of the policy on agricultural 
innovations.  
 The price policy followed by various state governments has been the same as that 
of Andhra Pradesh government. In fact, in 2008, the Andhra Pradesh government 
decided to go one step further and reduced the prices on Bollgard I (BGI) to Rs.650/ 
packet and BGII to Rs.750/ packet. (Pray and Nagarajan, 2011). The state 
governments in Maharashtra and Gujarat matched the prices as announced by the 
government of Andhra Pradesh. Although the prices in northern states were not 
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officially controlled by the state governments, the influence of prices prevailing in 
south was clearly seen as the northern states ended up at the price ranging from Rs. 
750 to Rs. 925 per packet of 450 gm of cotton seed (Table 4).  
 

TABLE 4. BT COTTON SEED PRICES IN INDIAN STATES (WITH AND WITHOUT PRICE CONTROLS), 
SHARE OF TRAIT FEE AND TECHNOLOGY PROVIDER’S FEE PER PACKET OF SEEDS SOLD 

 
(Rs.) 

 
 
 
Year 
(1) 

Seed Sales Price in States/450 gms  
Total Trait Fee/ 450 gms in 
States with price controls 

Technology provider 
fee/450 gms in states 
with price controls 

 

States with No price 
controls 

States with price 
controls 

BGI 
(2) 

BGII 
(3) 

BGI 
(4) 

BGII 
(5) 

BGI 
(6) 

BGII 
(7) 

BGI 
(8) 

BGII 
(9) 

2002/03 1,600  1,600  1,200  696  

2003/04 1,600  1,600  1,200  696  

2004/05 1,675  1,675  1,250  726  

2005/06 1,700  1,700  1,250  726  

2006/07 750 1,390 650 750 260 435 150 225 

2007/08 750 925 650 750 150 260 96 160 

2008/09 750 925 650 750 150 260 96 160 

2009/10 750 925 650 750 150 260 96 160 
Source: Pray and Nagarajan, 2011. 

 
It is to be noted that the states of Andhra Pradesh, Maharashtra, and Gujarat, 

occupying nearly 80 per cent of the total Bt cotton acreage, officially imposed price 
controls from the 2006 season onwards. In Madhya Pradesh, though price controls 
were imposed during the 2006 season, they had to be withdrawn when the case was 
defeated in the High Court and when Mahyco Monsanto Biotech (MMB) won the 
case. The states of Haryana, Punjab, Rajasthan, Karnataka, and Tamil Nadu did not 
follow price controls. Table 4 also shows that the total trait fee for BGI came down to 
Rs.150 per packet in 2009-10 from Rs.1200 per packet in 2002-03. About two-thirds 
of the trait fee goes to MMB and one-third is divided between the seed companies 
and others in the seed supply chain.  

There has been rapid increase in the adoption of Bt cotton ever since price 
controls are implemented. One of the reasons for the increased sales and adoption of 
Bt seed was the increase in the availability of locally adapted hybrids. It is being 
believed by Mahyco Monsanto Biotech (MMB) that the quantity of their seed sales in 
2006 season would have increased between 100 per cent and 133 per cent above 2005 
even if the seed price had stayed at Rs. 1,600.  However, due to the combined effect 
of technology and price reductions, the quantity of seed sold in 2006 was actually 180 
per cent higher (Pray and Nagarajan, 2011).  Another reason for the increased sales of 
legal Bt cotton seed was the availability of authorised seeds to farmers at lower 
prices, which gradually slowed down the availability of illegal seeds. The state 
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governments also regulated cotton seed trade by penalising suppliers of illegal seeds 
through heavy fines and punishments, which has ensured availability of seeds of 
tested and approved hybrids to the farmers.  

 
Investment Initiatives 
  

India’s seed market of Rs.9,000 to Rs.10,000 crores is one of the biggest in the 
world, which has grown more than two-folds after Bt has made way into the Indian 
agricultural terrain. About 40 per cent of this market is dominated by Bt cotton, 
which points to the fact that the increase in size of Indian seed market has been 
mainly due to Bt cotton. This is also corroborated from the fact that before 2002 
cotton seeds accounted for only 10-15 per cent share in theIndian seed market. At 
present, some 7-8 big companies dominate the entire Bt cotton seed market, though 
Monsanto has given licence to around 44 seed companies in India.  
 It is to be noted that about US $ 2 million investment was made to get Bollgard I 
(BGI) approved through the regulatory process in India. During the period between 
2002 and 2006, MMB owned the only Bt gene that could be legally sold in India. As 
per the calculation made by Pray et al. (2005), MMB made a 45 per cent internal rate 
of return on initial US $ 2 million investment. The increased profits of MMB were a 
major incentive for many firms to increase their investments in research and 
development (R&D), especially with respect to biotech research on cotton. The 
interest shown by seed firms in cotton R&D is evident from the money they invested 
in R&D (Table 5).  
  

TABLE 5. PRIVATE-SECTOR R&D INVESTMENTS IN COTTON CROP IMPROVEMENT IN INDIA 
(Rs.) 

 
 
Year 
(1) 

Total R&D Investment 
by Seed Firms in Crop 

Improvement 
(2) 

R&D Investment  
in Cotton Crop 
Improvement 

(3) 

 
No. of Firms with 

Cotton R&D 
(4) 

 
 

Sources 
(5) 

1987 417 40 9 Pray, et al.,  (1991) 
1995 1,549 270 27 Pray and Kelley (1998);  

Pray and Ramaswami (2001) 
2003 2,000 500-750 30-32 Biospectrum (2009);  

James (2008) 
2009-10 6,000 2,500-3,000 >50 (37 Bt cotton) Pray and Nagarajan, (2011) 

and National Seed 
Association of India 
(NSAI)/Industry estimates 
(2009-10) 

Source: As in Table 4. 
 

During the period between 1987 and 1995, the total R&D investment in cotton 
crop improvement increased from as low as Rs.40 million to as much as Rs.270 
million, which further showed another two folds rise in the same to reach Rs.500-700 
million in 2003, and in 2009-10 it reached to the extent of Rs.2,500-3,000 million. 
The period between 1995 and 2003 was the hybrid development phase. Table 5 also 
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shows that Bt cotton was instrumental for the attraction of total private seed industry 
investments into other crops also.  

The increased R&D investments resulted in developing, new Bt genes and new 
Bt hybrids, which rose exponentially since 2006. This is concomitant from the fact 
that when in May 2006 MMB produced hybrids with stacked Bt genes –BGII, in the 
same year JK AgriGenetics Ltd and Nath Seeds Ltd got Bt gene approval for 
commercialisation. While JK AgriGenetics developed “Event 1,” featuring the 
Cry1Ac gene sourced from the Indian Institute of Technology (IIT), Kharagpur, Nath 
Seeds developed “Vishwanath”- a hybrid, which contained a fusion Cry1Ac/Cry1Ab 
Bt gene. The gene was developed at the Chinese Academy of Agricultural Sciences 
(Pray and Nagarajan, 2011). 

 
Bt Cotton: Impact and Benefits 
  

There has been a spate of studies on issues relating to Bt cotton in India. The use 
of Bt cotton in India has produced massive gains in women’s employment and 
income in the country. The study conducted by Subramanian (2010) indicates higher 
generation of income and employment for rural workers, especially for hired female 
labour, through plantation of insect-resistant Bt toxin cotton, which also indicates a 
rise in total wage income by US$40 per hectare as compared to conventional cotton. 
There are also several other studies on the impact of Bt cotton conducted by public 
sector institutions during the period between 1998 and 2010. The studies conducted 
during both pre-and post-commercialisation of Bt cotton are shown in Table 6 with 
their major impact related findings. All these studies have consistently confirmed 50 
to 110 per cent increase in profits from Bt cotton as compared to conventional cotton. 
The profit emanating from Bt cotton cultivation ranges from US$76 to US$250 per 
hectare. The accrual of profit is seen for the small and resource poor farmers 
belonging to various cotton growing states of India. The rise in productivity is seen in 
the  range  of 30 to 60  per cent, whereas the  reduction in  the number of  insecticides  

 
TABLE 6. STUDIES CONDUCTED BY PUBLIC INSTITUTIONS ON BENEFITS OF BT COTTON IN INDIA 

 
 
 
Indicators 
(1) 

 
Naik 
2001 
(2) 

ICAR 
Field 
2002 
(3) 

 
Quim 
2006 
(4) 

 
Bennett 

2006 
(5) 

 
IIMA 
2006 
(6) 

 
Subramanian 

2009 
(7) 

Sadashivappa 
and Quim 

2009 
(8) 

Subramanian 
and Quim 

2010 
(9) 

Yield increase 
(per cent) 

38 60-90 34 45-63 31 30-40 43 43 

Reduction in 
no. of spray 
per cent) 

4 to 1 
(75) 

5-6 to 1 
(70) 

7 to 4 
(50) 

3 to 1 39 50 21 21 

Profit increase 
per cent) 

77 68 69 50 88 - 70 134 

Average profit 
increase/ 
hectare 

$76 to 
$236 

$96 to 
$210 

$118 - $250 $156 $148 $161 

Source: ISAAA, 2010. 
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sprays averaged at around 50 per cent. The benefits recorded in pre-
commercialisation field trials are consistent with the actual experience of farmers 
after the commercialisation of Bt cotton (Choudhary and Gaur, 2010).  The study 
conducted by Naik (2001) during pre-commercialisation of Bt cotton indicated the 
overall economic advantage of Bt cotton in the range of US$76 to US$236 per 
hectare, which is equivalent to an average 77 per cent gain as compared to 
conventional cotton.  

The field trials carried out by the ICAR (2002) revealed relatively high economic 
advantages of Bt cotton hybrids, which was owing to severe pest infestations, 
indicating efficacy of Bt technology for targeted insect pests. The analysis carried out 
by Quim (2006) also revealed similar economic benefits. The benefits were noticed in 
terms of 50 per cent reduction in the number of sprays, 34 per cent increase in yield, 
and an increase in net profit to the tune of US$ 118 per hectare. The first on-farm 
study conducted by Bennett et al., (2006) found significant yield gains as the major 
gains from Bt cotton, which was 45 per cent in 2002 and 63 per cent in 2001 with an 
average of 54 per cent. The findings of Gandhi and Namboodiri (2006) revolved 
around yield gains of Bt cotton by 31 per cent, reduction in the number of pesticides 
by 39 per cent, and increase in profit per hectare by US$ 250. The study carried out 
by Subramanian (2009) showed Bt cotton technology to increase yield between 30-40 
per cent with reduction in the quantity of insecticides quantities by 50 per cent, 
resulting in a net increase in profit per hectare to the tune of US$ 156. As for the 
findings of Sadashivappa and Quim (2009), the adoption of Bt cotton led to 43 per 
cent rise in yield, 21 per cent decline in number of sprays, and 70 per cent increase in 
net profit margin when compared with conventional cotton cultivation. 
 The farmers cultivating Bt cotton in India derive multiple agronomic, economic 
and welfare benefits. The adoption of approved Bt cotton hybrids and varieties in 
India would continue to increase since there has been consistent difference between 
Bt and non-Bt cotton farmers, especially in terms of access and utilisation of various 
services. The benefits to Bt cotton farmers also come from advices rendered by 
government and private sector extension workers. The expert are provided in terms of 
advice improved rotation and change in the use of the first generation Bt cotton 
hybrids for improved second generation Bt cotton hybrids (Choudhary and Gaur, 
2010).   
 

CONCLUSIONS 
 

 Bt cotton is the first agricultural biotech crop that has been commercialised in 
India. The introduction of Bt cotton has brought in its wake impressive increases in 
the incomes to farmers as well as profits to biotechnology companies and seed 
companies. The large scale adoption of Bt cotton has dramatically changed the cotton 
scenario of India. The impact of Bt cotton on Indian agriculture can be seen through 
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replacement of large tracts of varietal areas of north, west and south India with Bt 
hybrids. These hybrids are instrumental in reducing the overall quantity of 
insecticides, apart from showing spectacular yield levels for cotton crop. The use of 
Bt cotton is visualised as a positive step towards environmental protection since it 
makes possible to reduce insecticide load in the environment, which leads to enhance 
the effectiveness of biological controls and implementation of pest management 
programmes. The benefits emanating from Bt cotton cultivation have increased 
substantially ever since government regulation in terms of price control of Bt cotton 
seed came into force. However, while imposition of price control in 2006 has 
benefited the farmers, the margins of profits for biotech providers and seed 
companies declined. This raises concern since price control may have adverse affect 
on investments made by private companies in R&D and innovation, and also on sale 
of new technology. Since seed price controls might reduce the incentive of the 
company to innovate in the future, such controls should be exercised with caution, 
especially in view of the long run implication of the policy on agricultural 
development and innovation. 
 

NOTES 
 

1. Bt cotton, with the trade name Bollgard-I, developed by Mahyco-Monsanto Biotech Ltd is 
genetically engineered with the Bacillus thuringiensis (Bt) gene with a protein that is toxic to the 
bollworm pest. The Bollgard-I with a single Bt gene was followed in 2006 by Bollgard-II with two Bt 
genes.  

2. Currently Bt cotton hybrids expressing six events (different combination of 3 Bt genes) have 
been commercialised in India. These have been introduced into 780 cotton hybrids. From a low initial 
uptake in 2002, Bt cotton has spread to over 85 per cent of the cotton area, covering 9.4 million hectares 
in 2010-11. 

3. The GEAC also approved production of seed; subsequently, seed for cultivating 100,000 acres 
(40,485 ha) was available for planting by Indian farmers. The seed was distributed in the states of 
Maharashtra, Madhya Pradesh, Karnataka, Andhra Pradesh, Gujarat, and Tamil Nadu in the kharif 2002 
(Barwale et al., 2004). 
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