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INTRODUCTION AND  
HISTORICAL CONTEXT

Brinjal is a common food staple in 
South Asia, having a strong presence in 
India, Bangladesh, and Pakistan.  Brinjal 
(begun in Bangladesh; baingan in India; 
eggplant in US; aubergine in Europe, 
Solanum melongena, family Solan-
aceae) is considered as common person’s 
vegetable across South Asia, referred to 
as the “king of vegetables” because of 
its ubiquitous presence in households 
across South Asia. Along with tomato 
and onion, brinjal ranks as the second 
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highest produced vegetable in India, at 
8.1% of total vegetable production, after 
potato (National Horticulture Database, 
NHB, 2011).  Moreover, South Asia is 
home to most diverse eggplant varieties 
in the world, which is also reflected in 
different kinds of dishes using brinjal in 
different parts of the subcontinent.  Also, 
brinjal forms an important ingredient 
as part of Indian Ayurveda, for example, 
as a cure for diabetes, hypertension, and 
obesity.  Brinjal is rich in nutrition and 
has low calorific value (e.g., Choudhary 
& Gaur, 2009).  In Bangladesh as well, 
brinjal is marked by its versatility as a 



as the concerns raised by civil society 
organizations, and approved large-
scale field trials in 2007. The Supreme 
Court followed the GEAC approval, 
and lifted the ban on field trials. In 
2009, the GEAC constituted a second 
expert committee, following which, 
it approved commercial release on 14 
October 2009 (e.g., Shah, 2011). Field 
trials conducted by Mahyco, and other 
researcher institutions suggest that Bt 
brinjal results in lower number of FSB 
larvae compared to non-Bt counterparts, 
resulting in about 80% less insecticide, 
and 42% reduction in total insecticides 
use. It has been argued that Bt brinjal’s 
average marketable yield—what can be 
sold in the market—is about 100% more 
than non-Bt hybrids, 116% more than 
conventional hybrids, and 166% more 
than popular open-pollinated varieties 
(Choudhary & Gaur, 2009). 

However, due to enormous public 
opposition, the Government of India, 
after public consultations carried out by 
the then Environment Minister, Jairam 
Ramesh, issued a moratorium on the 
commercial release of Bt brinjal on 
February 2010, till “such times inde-
pendent scientific studies establish, to 
the satisfaction of both the public and 
professionals, the safety of the product 
from the point of view of its long-term 
impact on human health and environ-
ment.” (as quoted in Aich, 2013, para. 
1). About 6000 people participated 

trials in late 2003 and found Bt brinjal 
to control FSB.  Interestingly, Shelton 
(2010) noted that “the partners have 
decided to have two market channels: a 
‘pro-poor’ for the distribution of open 
pollinated (OP) lines and the ‘normal’ 
channel through which the higher 
priced hybrid varieties would be sold 
and Mahyco would recover some of its 
investment. This pro-poor strategy and 
the shared partnership were particularly 
attractive to USAID which decided to 
provide funding to help the products 
come to market. The OP lines were 
created by local agricultural universi-
ties (e.g. Tamil Nadu) which received 
the donated original transformed line 
(‘event’) from Mahyco” (p.  413).  There 
is, however, criticism that “relatively 
older event EE 1 of Monsanto produced 
in the late 1980s and early 1990s as a 
basis for the genetic modification of Bt 
brinjal which might amount to transgene 
dumping” (Shah, 2011, p. 32).

In 2006, after six years of develop-
ment of Bt brinjal, Mahyco submitted 
biosafety and efficacy data to Genetic 
Engineering Approval (now Appraisal) 
Committee (GEAC) and applied for 
permission for large-scale trials. Con-
currently, the Supreme Court of India 
issued a ban on ongoing field trails 
based on petitions filed by civil society 
organizations. The expert committee 
(EC-1), constituted by GEAC, reviewed 
the data submitted by Mahyco, as well 

shoots, and bores into fruits, decreas-
ing its market value after harvest 
(Choudhary & Gaur, 2009).  As FSB 
larvae remain hidden within shoots and 
fruits, insecticide applications are found 
to be ineffective, resulting in heavy use 
of insecticides by farmers. High pesticide 
use results in more investment, and 
potential poisoning of the crops, water 
bodies, and may impact human health. 
It is within this context that Bt Brinjal 
has been introduced as a solution for 
farmers.

DEVELOPMENT OF BT BRINJAL

Primarily developed to provide resist-
ance to FSB, Bt brinjal was developed 
by Mahyco (Maharashtra Hybrid Seeds 
Company), the Indian subsidiary of 
Monsanto, along with public sector insti-
tutions such as the Tamil Nadu Agricul-
tural University, Coimbatore, and the 
University of Agriculture in Dharwad 
(Karnataka). Similar to Bt cotton, Bt 
brinjal carries cry1Ac gene, sourced from 
soil bacterium called Bacillus thuring-
iensis (Bt), along with other antibiotic 
resistance markers, nptll and aad with 
CaMV35S promoter that controls the 
expression of cry1Ac gene expression. 

Mahyco, in partnership with Cornell 
University and with funding from the 
United States Agency for International 
Development (USAID) conducted field 
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vegetable and is consumed across house-
holds. Bangladesh also reflects the great 
diversity in varieties of brinjal.

It is considered as an important cash 
crop for poor farmers, with an estimated 
1.4 million small and marginal farmers 
growing brinjal on 550,000 hectares in 
India, as brinjal yields even in water-
stress conditions, including drought, 
and in all types of soils.  Brinjal is a 
short duration crop, and it is planted 
2 or 3 times per year, providing steady 
access to food, and income to farmers.  
Following China, India is the second 
largest producer of brinjal in the world, 
with production about 9 million tons 
annually. The productivity of brinjal, 
however, varies across the country, with 
highest productivity in Karnataka, 22.1 
tons per hectare, to 12.9 tons per hectare 
in Haryana (NHB, 2011).  Various 
government-sponsored institutes in 
India have released about 90 varieties 
and 30 hybrids, and private companies 
have released about 25 hybrids.  
Although brinjal hybrids have contrib-
uted to increased yield and quality, they 
lack resistance to fruit and shoot borer 
(FSB, Leucinodes orbonalis), a prominent 
insect-pest that causes about 60-70% loss 
in commercial plantings (Choudhary & 
Gaur, 2009). 

FSB damages brinjal either by 
infesting young shoots, thereby decreas-
ing their ability to produce health fruit 



(abstract). 

According to Gilles-Eric Seralini, 
President of the Committee for Research 
and Independent Information on 
Genetic Engineering (CRIIGEN), tests 
conducted by Mahyco which were 
submitted for commercialization of Bt 
brinjal were inadequate, and in some 
instances, not valid.  Moreover, he 
pointed out that the protein that Bt 
brinjal produces into the vegetable cells 
can give rise to antibiotic resistance, rec-
ognized as a major health problem.  He 
further pointed out that in feeding trials, 
Bt brinjal appears to contain 15% less 
calories compared to non-GM brinjal, 
along with several negative health effects 
on rabbits, cows, rats, and argued for 
studies to document long-terms effects 
beyond the conventional 14-90 days 
of toxicity tests (Seralini, 2009; also 
see Seralini et al., 2011).  Similarly, 
reviewing health risks of GM food, Dona 
and Arvanitoyannis (2009) pointed “the 
duration of exposure is too short in 
order to fully evaluate any potential dis-
ruption in biochemical parameters and 
to evidence possible signs of pathology 
within the limited subchronic exposure 
of animals” (p. 172).  They recommend-
ed that the guidelines to test for toxicity 
in GM food should be comparable to 
that of toxicity testing for drugs: “It 
should be emphasized that since these 
GM foods are going to be consumed by 
every human being they should be tested 

even more thoroughly than drugs and 
more experiments are required in order 
to study the possible toxicity and make 
any conclusions” (Dona & Arvanitoyan-
nis, 2009, p. 172).  Similarly, Seralini et 
al., (2011) conclude that “The 90-day-
long tests are insufficient to evaluate 
chronic toxicity, and the signs highlight-
ed in the kidneys and livers could be the 
onset of chronic diseases. However, no 
minimal length for the tests is yet obliga-
tory for any of the GMOs cultivated on 
a large scale, and this is socially unac-
ceptable in terms of consumer health 
protection” (abstract).

These claims, however, have been 
contested by some scientists (e.g., Pad-
manaban, 2009).  Nevertheless, to date, 
the health impacts of Bt brinjal have not 
been conducted on humans, the primary 
consumers of brinjal (see Smith, 2007).  
As Shah (2011) paraphrases, when it 
comes to the health risks of GMOs, there 
are “many opinions but few data” (p. 32).

BIOSAFETY AND BIODIVERSITY

Biosafety is one of the most prominent 
themes in the commercialization of Bt 
brinjal debate.  For example, concerns 
about transfer of transgenes to wild 
species of brinjal, some argue, could 
result in aggressive weeds, and potential-
ly disrupt ecological balance (Samuels, 
2013).  According to Samuels (2013, p. 

studies on Bt cotton were carried out by 
companies promoting Bt brinjal, with 
only 4 test studies conducted by public 
sector institutions (Bandopadhyay, 
Sinha and Chaudhary, 2012). Even the 
Expert Committee report ignored the 
need for long term testing for toxicity 
(Shanmugan, 2011).

There continue to be critical 
questions raised about the quality of the 
science, the quality of evidence that is 
presented, and the quality of data that 
are documented. Moreover, questions of 
health risk and ownership raise critical 
questions regarding the role of agricul-
ture companies, universities, and states 
in disseminating Bt brinjal.

HEALTH CONCERNS

One of the focal debates on health 
impacts of Bt brinjal has been the 
insertion of two antibiotic resistance 
marker genes in Bt brinjal, which can 
potentially transfer into the human body, 
and may cause antibiotic resistance.  
Reviewing the published literature on 
animal toxicity studies on few GM foods, 
Dona and Arvanitoyannis (2009) found 
that “the results of most studies with GM 
foods indicate that they may cause some 
common toxic effects such as hepatic, 
pancreatic, renal, or reproductive effects 
and may alter the hematological, bio-
chemical, and immunologic parameters” 
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in the seven consultations, and more 
than 9000 written submissions were 
presented to Ramesh, in a vocal debate 
that raised questions about risk, efficacy, 
and side-effects (CEE report, 2010).  
Nevertheless, there appears to be wide 
support within the government of India 
for implementation of biotechnology to 
agriculture, with the Finance Minister of 
India, P. Chidambaram, announcing “it 
is important to apply biotechnology to 
agriculture. What has been done with Bt 
cotton must be done with food grains” 
(as cited in Choudhary & Gaur, 2009, p. 
2)

Bt brinjal is the first food crop that 
received initial approval for commercial 
release in India, as was seen as potential 
for India to lead biotechnology in agri-
culture in other developing countries. 
Moreover, institutions in Bangladesh 
and Philippines are also adopting Bt 
brinjal.  There are, however, several 
key issues regarding the commercial 
release of Bt brinjal that is fought in 
the courts in India, and in research labs 
across the world.  Shah (2011) noted 
that following the moratorium, the 
Inter-Academy Report on GM crops, 
whose members were from India’s top 
science academies, commissioned by the 
National Planning Commission, and the 
Ministry of Environment and Forests, 
were widely discredited on charges of 
plagiarism, and was rejected by MOEF 
for lack of scientific rigour. Most of the 
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The question of biopiracy has formed 
a key tenet of the moratorium on Bt 
brinjal in India.

The Technical Expert Committee 
(TEC), constituted by the Indian 
Supreme Court, in its fourth and final 
report called for a 10-year moratorium 
on open field trials of Bt food crops 
until adequate regulatory mechanisms 
and safety standards have been formed 
and implemented (Rodrigues, 2013; 
Parsai, 2013).  About 51 scientists, which 
included fellows of Royal Societies or 
National Academies of Science, along 
with prominent Indian scientists, 
agreed with the TEC interim report, 
and requested the Indian government to 
continue the moratorium on open field 
trials of Bt crops.  Nevertheless, a draft 
affidavit filled joined by Ministries of 
Agriculture and Science, argued that the 
TEC report went beyond “its brief…(by) 
bringing socio-economic considerations 
into what the Ministries want to be a 
purely ‘scientific’ argument” (The Hindu, 
2014, para.1). 

Similar charges of biopiracy have 
been raised by academics and activists 
in Bangladesh that relate to the question 
of ownership of the technology, noting 
that Monsanto or Mahyco retain the 
ownership of technology in spite of the 
claims made by the Bangladesh Agri-
cultural Research Institute (BARI) that 
the farmers will enjoy the ownership of 

the seeds.  Nine popular local brinjal 
varieties have been incorporated into the 
Bt brinjal experiments without public 
consultation and engagement.  As a 
result, the ownership of the intellectual 
property of these local varieties of Bt 
Brinjal have been privatized as property 
of Monsanto and its subsidiary Mahyco 
(Jahan, 2014; Wardad, 2014).  Critical 
questions of intellectual property 
violation therefore arise within the 
context of the Bt brinjal experiment.

SEED AND FOOD SOVEREIGNTY

Most of the above mentioned debates 
on Bt brinjal focus on scientific risk 
assessments, and technological fixes to 
increase productivity.  There is, however, 
a need to underline a critical issue of 
corporatization of Indian agriculture, 
which will have consequences on food 
security of Indians (Purkayastha & 
Rath, 2010; Shah, 2011).  For example, 
investigating the interests of Indian 
science and scientists in promoting Bt 
brinjal, without the necessary precau-
tions, appears to make “Indian scientific 
community sound like a handmaiden 
of global agribusiness” (Purkayastha & 
Rath, 2010, p. 42).  Similar questions 
may also be raised about the large scale 
adoption of Bt technologies in Bang-
ladesh and the Philippines. Turning 
agriculture into the hands of global agri-

caution should be taken as to date, GMO 
food crops have not been released in its 
center of origin. Researchers have noted 
several shortcomings in biotesting pro-
cedures for Bt brinjal (e.g., Bandopad-
hyay, Sinha and Chaudhary, 2012), and 
have called for more research. 

Another issue with commerciali-
zation of GM crops is the result of 
monoculture cropping by farmers, 
due to heavy investment in seeds, and 
other facilities such as irrigation, which 
threatens biodiversity.  Moreover, given 
the heavy investment claimed by GM 
companies to develop GM crops, there is 
an incentive to capture the entire market 
by promoting single variety of crops 
(Purkayastha & Rath, 2010). 

CHARGES OF BIOPIRACY

On 20th June 2011, the newly formed 
National Biodiversity Authority of 
India (NBA) decided to legally take 
action against Monsanto, Mahyco, and 
other Indian universities, on charges 
of biopiracy (Jebaraj, 2011).  In 2013, 
the Karnataka High Court reinstated 
criminal proceedings for using atleast 
six local varieties of brinjal to create Bt 
brinjal without mandatory approvals 
based on public-interest petition filed by 
Bangalore based Environment Support 
Group (Abdelgawad, 2012; Sreeja, 2013). 

332) “In sexually reproducing crops such 
as brinjal, pollen-mediated transgene 
flow (transgene transfer via hybridiza-
tion) may take place. If the transgenic 
crop has a similar distribution and 
phenology, and is sexually compatible 
with wild species, then introgression of 
transgenes is more likely to take place. 
As for the proposed release of Bt brinjal 
in South and Southeast Asia, these 
criteria are met, thus imposing con-
siderable biosafety risks. The selective 
advantage induced by introgression of 
pest-resistance transgenes could generate 
invasiveness (Lu, 2008). Added to the 
natural tendency of most solanums to 
become adventives or weeds, this could 
conceivably lead to ‘superweed’ hybrid 
populations.” 

For example, Samuels (2013) noted 
that the two field trials conducted in 
2003 and 2009 on experimental farms 
in India found about 3% outcrossing 
between Bt brinjal hybrids to non-Bt 
brinjal, with pollen transferred up to 30 
meters from the Bt plant farm.  However, 
he critiques the use of honeybees, 
instead of bumblebees, to test for the 
effect of pollination, which could have 
resulted in low percentage of outcross-
ing. 

Moreover, because India is consid-
ered to be the center of origin of brinjal, 
and has several domesticated and wild 
varieties, Samuels (2013) argued that 
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CONCLUSION

In sum, the case of Bt brinjal as a 
technological innovation raises vital 
questions about efficacy, effectiveness, 
side effects, and risks of the tech-
nology.  Of particular relevance are 
questions related to the health effects 
of the technology, calling for appropri-
ately conducted study designs without 
conflicts of interest. Questions of bio-
piracy, ownership, and food sovereignty 
are also vital questions to consider in 
the context of the farming needs of rural 
communities. Most importantly, policy 
forums need to be opened up to create 
transparent spaces for conversation and 
dialogue on the effectiveness and risks 
of Bt technologies (Dutta, 2008). To get 
the farmers whose lifestyles are likely to 
be impacted by the widespread adoption 
of the Bt technology at the spaces of 
conversation is a vital first step toward 
creating policies that are meaningful.

dependent on new variations of tech-
nologies, their lives are intertwined with 
loans.

PESTICIDE USE

It is important to note that, similar to Bt 
cotton, Bt brinjal are not inherently high 
yielding varieties. But the higher yields 
are due to use of high yielding hybrids 
as the acceptor host, and similar to Bt 
cotton, yields are dependent on other 
inputs such as irrigation and fertilizers 
(Bandopadhyay, Sinha and Chaudhary, 
2012). 

Moreover, as with Bt cotton, target 
pests may develop tolerance and resist-
ance to Bt brinjal, resulting in higher 
pesticide use in subsequent cropping 
cycles (e.g., Yadugiri, 2010).  Similarly, 
to delay the resistance, non-Bt crops are 
advised to be planted around a GM crop 
farm.  However, as seen with Bt cotton in 
India, a large number of farmers in India 
as well as in Bangladesh own less than a 
hectare of land, and may not follow this 
strategy to delay pests’ naturally evolving 
resistance to Bt toxins. 

The pesticide cycles introduced by Bt 
technologies raise vital questions about 
the long term effects of Bt technolo-
gies, calling for much more long term 
research into the technologies before the 
technologies can be adopted wholesale.

business threatens the livelihood of local 
communities of farmers and threatens 
the fundamental food sovereignty of 
local framing systems.

The control of GM technology by few 
GM corporations has a serious impact 
on seed and food sovereignty of Indian, 
Bangladeshi, and Philippine farmers, 
particularly poor and marginal farmers. 
As Purkayastha and Rath (2010, p. 47) 
note, “the problem with GM technol-
ogy if it is largely corporate driven is 
that it seeks to maximize profits and 
that too in the short run. That is why 
the major investments in GM crops 
made by Monsanto and others have 
been for herbicide-tolerant (“Round- 
up-Ready” soyabean) or pest-resistant 
crops (Bt maize and Bt cotton). Un-
fortunately, such properties have only 
a short window, as soon enough, pests 
and weeds will evolve to overcome such 
resistance. This suits Monsanto, as the 
farmers will then again require new 
technology which would then again be 
patent-protected. A short window but 
high profit are of interest to agribusiness 
but may not be the best route for agricul-
ture.”

In this sense, reliance of GM tech-
nology creates a form of technology 
dependence that recreates old forms 
of colonialism, threatening the food 
sovereignty of peasant communities. 
As peasants continue to become more 
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