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The global population is fast-increasing and, therefore, it has become imminent 

to increase the food production to meet the ever-increasing demand. A great deal 

of research has been done in the area of agriculture and improved technologies 

have been developed to meet several challenges. However, there are several 

impediments for practical application of such technologies. This is more so in the 

case of agricultural biotechnology where although several useful recommendati-

ons are available, farmers are not able to avail these. Inadequate knowledge about 

modern biotechnology, especially genetic engineering in crops, coupled with 

false propaganda, has created a general fear and doubt about the safety and 

benefits of this technology among the farmers, general public and administrators. 

It is entangled in needless controversies and endless debate. Consequently, it is 

unfortunate that our farmers are not able to get the full benefits of modern 

technologies. Under such circumstances, it is essential that scientific information 

and clarifications are provided to the concerned authorities to clear the 

misunderstandings. In this context, the present publication entitled “GM Crops: 

Perception vs Reality” will be very valuable. 

Dr. T. M. Manjunath, one of the authors of this publication, and I were colleagues 

in the University of Agricultural Sciences, Bangalore.  Even after he shifted to 

private sector and later became the Director of Monsanto Research Centre and 

superannuated, our contact remained throughout and is continuing for over four 

decades. Since we both have common interest in agricultural research, I am fully 

aware of his rich experience. He always wants to share his experience with 

farmers. His co-author and former colleague, Dr. K. S. Mohan, is a very 

competent scientist who had earlier worked in Indian Council of Agricultural 

Research (ICAR) for over two decades. Both Dr. Manjunath and Dr. Mohan are 

well-versed with Bt cotton and have vast experience in biological control and 

integrated pest management. They have collected enormous scientific 

information pertaining to genetically modified crops and presented these in a 

lucid manner to clarify doubts in the minds of farmers and the public. I have no 

doubt in my mind that this booklet “GM Crops: Perception vs Reality” will be a 

handy resource for  farmers, agricultural extension personnel, teachers, students 

and others to get an insight into GM crops and appreciate the value of modern 

technologies.
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I congratulate the authors, Dr. T. M. Manjunath and Dr. K. S. Mohan, and also the 

publisher, Association of Biotechnology Led Enterprises - Agricultural Group, 

for bringing out such a useful publication.

 
Prof. M. Mahadevappa

Director (Rural Development), 

J.S.S. Mahavidya Peetha, Mysore

Fmr. Vice-Chancellor, University of Agricultural Sciences, Dharwad

Fmr. Chairman, Agricultural Scientists Recruitment Board, ICAR, New Delhi
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The Association of Biotechnology Led Enterprises - Agricultural Group (ABLE-

AG) (www.ableindia.in)  is an association of 13 leading biotechnology 

companies operating in India that are committed to create an enabling 

environment for developing safe and sustainable biotech traits that can enhance 

agricultural productivity  and benefit the farmers, consumers and other stake 

holders.  ABLE-AG strives to facilitate strategic alliances between researchers, 

the governments and the global biotech industry to accomplish this mission. We 

also proactively engage with farmers, the governments, regulatory authorities, 

agricultural and other universities, scientists, public and private sector research 

organizations, industry representatives, consumers, people's representatives, 

civil society groups, and media, to create awareness on the need and benefits of 

agri-biotech in India. In this endeavour, we are pleased to publish the present 

book on “GM Crops: Perception vs Reality” by T. M. Manjunath & K. S. 

Mohan.

Agricultural biotechnologies offer benefits for insect and disease control, weed 

management, yield enhancement, cold/temperature tolerance, moisture-stress 

tolerance, nutrition enhancement, prolonged shelf-life, healthier oils and more. 

In India, Bt cotton, the only agri-biotech product approved since 2002, has 

revolutionized cotton cultivation. As of 2013, it has occupied about 95% of the 

total cotton area in our country with more than 7.0 million farmers deriving 

social, economic and environmental benefits. Even so, although the cotton 

farmers have whole-heartedly adopted this technology for the last twelve years, 

the opponents of biotechnology continue to hurl all kinds of allegations against its 

safety and benefits thereby creating confusion and fear in the minds of farmers 

and general public. Therefore, there is an urgent need to give accurate facts on 

several aspects and clarify their doubts. The present publication aims to fulfill 

this requirement.

Dr. T. M. Manjunath and Dr. K. S. Mohan are eminent scientists with over four 

decades of research and executive experience in both the public and private 

sectors. They were in the core team of Monsanto and have worked relentlessly 

with Bt-cotton right from its early days through its regulatory approval in March 

2002 and thereafter.  They have first-hand knowledge on GM crops and are fully 

aware of the needless controversies surrounding this technology.  They have 

selected some of the rampant perception / misconception regarding GM crops
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and tried to clarify them based on scientific facts. We are confident that this 

publication “GM Crops: Perception vs Reality” will be of immense value in 

clearing the misunderstanding on various issues and help the readers to 

understand and appreciate the value of modern technology.

On behalf of ABLE-AG, I congratulate Dr. T. M. Manjunath and Dr. K. S. 

Mohan on their fine contribution.

Ram  Kaundinya

Chairman
Association of Biotechnology Led Enterprises- Agricultural Group(ABLE-AG)

Hyderabad
st21   November  2014
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Genetic Engineering (GE) or Genetic Modification (GM) of plants is a precise 

and well-researched area in life sciences and it has the potential to offer solutions 

to several biotic and abiotic challenges faced in agriculture, contributing to 

improved farming. When the GM crops were first approved for commercial 

cultivation in the USA followed by five other countries in 1996, the area occupied 

by them was only 1.7 million hectares. Since then, their adoption has increased 

significantly every single year and reached about 175 million hectares grown by 

18 million farmers in 27 (19 developing, 8 industrial) countries by 2013 – an 

incredible 100-fold increase in the area in 18 years! These have substantially 

contributed to effective control of target pests and better weed management, 

resulting in increased crop production and steep reduction in use of chemical 

pesticides. These benefits have percolated to improving the social and economic 

conditions of millions of farmers and also in reducing the environmental 

pollution across the globe. Such benefits have been derived in India also 

following the introduction of Bt-cotton in 2002.  This is reflected by the fact that 

as of 2013, about 7 million (70 lakh) Indian farmers have cultivated Bt-cotton on 

11 million hectares that comprised 95% of the total cotton acreage in our country. 

There is no credible scientific evidence to prove that GM crops have caused any 

ill effects on humans, animals or the environment anywhere in the world. Despite 

such facts, the opponents have been projecting the GM technology and GM crops 

as controversial through unsubstantiated allegations, agitations and scare-

mongering stories regarding their safety and benefits. Their persistent and 

orchestrated misinformation has created a suspicion about this technology 

among the farmers and general public who ask endless questions such as “Is GM 

technology unnatural?  Is it needed? Are GM crops safe?  Do they affect 

biodiversity? Are they a threat to local varieties?  Do they consume more water 

and fertilizers? Do they encourage new pests and diseases? Are they affordable? 

Are they beneficial? Were they responsible for farmers' suicides?” etc. Besides 

the deliberate negative propaganda, lack of adequate knowledge about this 

modern technology is also responsible for such doubts. The objective of this 

publication, “GM Crops: Perception vs Reality” is to clarify some of the 

commonly held perceptions with the help of scientific facts drawn from authentic 

publications.  It is hoped that it would help dispel doubts and enable the readers to 

understand and appreciate the value of GM technology and GM crops.  

FROM  THE  AUTHORS
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The Kannada verison of this book entitled “Vamshantari Belegalu: Mithya -

Satyagala Naduve” (ªÀA±ÁAvÀj ¨É¼ÉUÀ¼ÀÄ: «ÄxÀå-¸ÀvÀåUÀ¼À £ÀqÀÄªÉ), also published by 

ABLE-AG, was released in June 2014. Those interested may consult this 

publication. 
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GM CROPS: PERCEPTION VS REALITY

Genetic Engineering (GE) or Genetic Modification (GM) of plants is a  

relatively new and specialized technology and hence there is a lack of 

clear understanding about its application. Besides, due to unsubstantiated 

allegations and scare-mongering stories created and publicised by the 

hard core opponents, there is a suspicion about the safety and benefits of 

GM/GE crops among the farmers and general public. The objective of this 

publication - “GM Crops: Perception vs Reality”- is to clarify their doubts 

through scientific facts derived from authentic publications.

For the sake of convenience, various issues related to GM technology/GM 

crops are discussed under the following sections: I. Genetic Engineering, 

II. Bio-safety, III. Biodiversity, IV. Adoption and Impact, V. Commercial 

and Social Issues, and VI. Regulation, which are followed by VII. 

Discussion and Conclusions and VII. References. The references are cited 

in the text by serial numbers in the order in which they appear and 

accordingly listed under 'References.' It is hoped that our efforts would 

help dispel doubts and enable the readers to understand and appreciate 

the value of GM technology/GM crops.  

For a more comprehensive information and clarification on diverse 
1 issues, the readers may please refer to the book by Manjunath where more 

than 85 questions pertaining to GM crops have been answered 

(http://ableindia.in/index_reports.php).  
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                             I. GENETIC  ENGINEERING

              1. Perception: The  need  for  Genetic  Modification  or  Genetic  
                                         Engineering  Technology  in  plants  is  questionable.

Reality: This technology helps in solving certain problems which could 

not be effectively handled by other methods. The objective of Genetic 

Engineering (GE) or Genetic Modification (GM) in plants, as in plant 

breeding, is crop improvement. GM/GE involves incorporation of a new 

gene(s), responsible for a specific trait(s), into the genome of a desired 

plant variety through the process of genetic engineering. As a result of this, 

the transgenic plant acquires a new trait which is inheritable. 

A unique feature of GE is that a desired gene(s) may be identified, isolated 

and introduced from any source such as bacteria, viruses, fungi, plants or 

animals, totally unrelated to the plant targeted for genetic modification, 

thus overcoming the reproduction barrier. It was unthinkable some years 

ago, but it is now made possible through genetic engineering owing to 

tremendous advances made in molecular biology, tissue culture and other 

related areas of biotechnology. It is a remarkable breakthrough.

Traditionally, transfer of new traits into plant varieties had been 

accomplished through conventional plant breeding. This process is largely 

restricted to parents of the same species and in some cases across the 

species (inter-specific crosses). Thus, genetic engineering can be seen as a 

departure from conventional breeding because it gives scientists the 

ability to move genetic material between organisms that could not be bred 

through classical means. At the same time, GE should not be viewed as a 

replacement for traditional breeding. It rather compliments it for crop  

improvement. GE/GM is a highly science-based, precise technology. 

GE technology can be customized to impart specific traits such as 

resistance to insect pests, diseases or herbicides; to tolerate unfavourable 

environmental conditions such as moisture-stress, cold, salinity; to 
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enhance nutritional status of food; to prolong shelf-life of fruits, 

vegetables and flowers, etc. within a few generations. In fact, the  GM 

technology has opened a flood-gate of opportunities in agriculture. 

Several GM crops have been increasingly adopted by the farmers in about 

27 countries since 1996 and Bt-cotton in India since its introduction in 

2002, clearly reflecting their trust in GM technology. 

                2. Perception: Genetic  Modification  of  plants  is  against  
                                            nature  and  it  is  risky. 

Reality: Genetic exchange between organisms has been taking place in 

nature since millions of years and, along with mutations, is the basis of 

evolution. However, evolutionary processes take a long time, tens of  

thousands of years. The basic fact is that all forms of life - unicellular or 

multicellular, plants or animals - are made of DNA (deoxyribonucleic 

acid) and it carries genes that are responsible for various traits (height, 
colour, behaviour, resistance, etc.) and that these are transferable! shape, 

In GE, the transfer of gene(s) is accomplished in a highly scientific and 

precise manner. Moreover, the GM crops, also called transgenic crops, are 

thoroughly tested for their safety to non-target organisms and the 

environment before they are accorded regulatory approval for large scale 

cultivation. Further, it is also ascertained that a duly approved GM crop 

has the same physical and chemical attributes as its non-GM counterpart 

except for the specific trait(s) imparted by the deliberately incorporated 

new gene(s). In other words, the concerned GM and non-GM plants 

exhibit 'Substantial Equivalency.' Therefore, there is nothing risky or 

danger specifically associated with this technology.  

3. Perception: We  can  solve  our  problems  with  organic  

                       farming and other traditional methods and, therefore,

                                      there  is  no  need  for  GM  technology. 

Reality: Problems in agriculture are complex and many. They do not 

always remain the same. We need to develop suitable technologies to 

tackle the prevailing problems and also keep improving on them. 3
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No single technology can solve all the problems and no technology can 

last for ever. The GM technology has the potential to offer solutions to 

some of the most formidable challenges in agriculture such as pest, disease 

and weed management; drought, cold, salinity and other abiotic stresses; 

improve yield and nutritional qualities, etc.  However, it is not a panacea 

for all the problems nor is it the only option available! Every technology 

has its own merit and limitations, and wisdom lies in making use of all 

available technologies as appropriate, wherever possible, preferably with 

an integrated approach. There is no need to be euphoric or decry any 

particular technology! Organic farming has its own merits, but there is a 

limitation on the availability of inputs which go into true certified organic 

farming. Also organic farming may not be sufficient to meet the food and 

feed requirements of the growing population. Therefore, it is not wise to 

rule out the other options.

    4. Perception: GM crops  are  a  threat  to  existing  bio-diversity of 

                                          plants.

Reality: GM crops will not specifically replace hybrids or varieties any 

more than what a non-GM hybrid or variety would do. What we have been 

seeing is that the Indian farmer quickly adopts a good traditional variety or 

hybrid which brings in value and this is grown widely for a few years till it 

is replaced with a new hybrid or variety. As examples, rice varieties like IR 

8, Jaya were very popular till replaced by recent ones. Another point is that 

the transgenic trait is introduced into ruling hybrids or varieties and thus 

the farmer will continue to grow his popular hybrid/variety but with the 

addition of a new transgenic trait which will help him to obtain higher 

productivity. More on impact on bio-diversity is discussed in chapter III. 

4
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             5. Perception: GM  crops  or  GM  foods  are  not  safe.

Reality: GM crops have been commercially cultivated since 1996 and as 

of  2013, these are cultivated in 27 (19 developing, 8 industrial) countries 
2

on 175.2 million hectares , including India with Bt-cotton since 2002. 

They have proven to be safe and beneficial and so far there has been no 

credible scientific evidence to show that GM crops or products have 

caused any harm to humans, animals or the environment anywhere in the 

world. 

 

The approval for commercialization of GM crops is highly regulated. It is 

mandatory that every GM crop has to undergo all the safety tests as 

prescribed by the regulators in each country, mostly in public laboratories. 

Food, feed and environmental safety data generated during such studies 

are thoroughly examined at various stages by several technical 

committees constituted by the regulatory authorities and it is only on being 

satisfied with the scientific data that they are safe, approvals are given for 
3,4

their commercialization . No other crop or food was/is subjected to such 

stringent scrutiny as are GM crops/products before they are openly 

cultivated or marketed.

5The ICGEB  (International Centre for Genetic Engineering and 

Biotechnology) has provided a list of several websites that can provide an 

exhaustive and comprehensive array of biosafety - related information

(http://www.icgeb.org/~bsafesrv/databases/general.html). In India, the 

biosafety data pertaining to Bt-cotton and other GM crops can be viewed in 
6the website of IGMORIS  (Indian GMO Research Information System), 

created by the Department of  Biotechnology, Govt of India.

Globally, as of now, over two thousand studies dealing with the safety of 

GMOs, published in scientific journals, are available. Almost every major 

scientific body and regulatory agency in the world has reviewed  such 

II. BIO-SAFETY
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research data and strongly vouched that the food and feed derived from 

GM crops are safe.  These include: The American Medical Association, 

Chicago; The American Association for the Advancement of Science, 

Washington D.C.; The National Academy of Sciences, Washington D.C.; 

Food Standards Australia & New Zealand; 

Science, France; The Royal Society of Medicine, United Kingdom; The 

European Commission, Belgium; The Union of German Academies of 

Sciences  and Humanities, Germany; six major science academies in India 

(The Indian Academy of Sciences, The Indian National Academy of 

Engineering, The Indian National Science Academy, The National 

Academy of Agricultural Sciences, The National Academy of Medical 

Sciences, and The National Academy of Sciences, India); and six other 

World Academies of Sciences (Brazil, China, Mexico, The Third World 

Academy of Sciences, The Royal Society and the National Academy of 
7-11Sciences of the U. S., and World Health Organization, Switzerland) . The 

GM products are a result of thorough research and assessment, and are 

'Substantially Equivalent' to their non-GM counterparts. Therefore, the 

safety of GM foods is on par with conventionally produced food. 

               6. Perception: Biosafety  data  are  generated  by  the  biotech               

                                          companies  themselves  and  the  safety  claims  are 

                                          also  made  by   them.

Reality: It is not correct. The safety tests required under regulatory 

protocols such as allergenicity, toxicity, effect on non-target organisms, 

etc. are carried out in specialized public research institutions and the 

scientific data are scrutinized by the government regulatory authorities. 

For example, in India, the safety assessment of Bt protein produced in Bt-

cotton to non-target organisms was carried out at the public institutions 

such as Industrial Toxicological Research Centre, Lucknow; National 

Dairy Research Institute, Karnal; Central Institute for Fisheries 

Education, Mumbai; Central Avian Research Institute, Izatnagar; National 

Institute of Nutrition, Hyderabad; and G. B. Pant University of Agriculture 

and Technology, Pantnagar. The agronomic performances were evaluated

The French Academy of 
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by Indian Council of Agricultural Research and various Agricultural 

Universities across the country. More information is available in the 
5 6websites  of  ICGEB  and IGMORIS .

      

          7. Perception: Bt-based  insecticides  and  Bt-crops (Bt-maize,

                                    Bt-cotton, Bt-soybean, Bt-brinjal) are  a  threat  to the

                                    safety of   humans, animals  and  the  environment. 

Reality: Bt is the popular abbreviation for Bacillus thuringiensis, a 

common soil bacterium distributed throughout the world. There are over 

80 strains of Bt. The Lepidopteron-active insecticidal proteins produced 

by Bt require certain specific conditions for them to be effective in the gut 

of the caterpillar. These include: a) Bt protein has to be ingested by the 

target insects (as Bt has no contact effect) - this happens when the larvae 

feed on Bt plant tissues; (b) Bt protein is produced by Bt plants in an 

inactive form and it requires alkaline conditions (pH > 9.5) in the host mid-

gut and also the action of a protease for activation; and (c) there should be 

specific receptors in the insect mid-gut membrane for the activated Bt 

protein to bind and damage the gut, ultimately leading to the death of the 

insect. All these favourable conditions are available only in the gut of 

susceptible insect species and, therefore, they succumb to the effect of Bt 

protein(s). This explains the reason for the death of bollworms when they 

feed on any part of Bt-cotton. Such proteins are not toxic to humans, 

animals or other non-target organisms as they lack these specific 

conditions.  In addition, the gastric juices of mammals are acidic in nature 

and the proteolytic enzyme like pepsin degrades Bt proteins within 

minutes. 

In fact, the insecticidal property of Bt was discovered way back in 1901, 

well before the advent of Bt transgenic technology. Bt formulations 

(consisting of bacteria and Bt proteins in a crystalline form) were the 

choice biopesticides on fruits and vegetables since 1938 all over the world 

including India. Before such products were approved for registration, the 

Bt organism and the Bt proteins they produce underwent and satisfied a 

battery of safety tests. 
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Thus, Bt proteins have undergone safety tests twice, the first time during 

registration of Bt formulations and the second time while testing trans- 

genic Bt crops. A large body of scientific literature/data are available 

globally that demonstrate the safety of Bt proteins whether expressed in 
12,13,14the GM plants or sprayed on crops . So far, Bt has not caused any 

scientifically proven ill-effect. Therefore, the fears about safety of Bt and 

its products have no scientific basis. 

               8. Perception: Being  a  food  crop, Bt -brinjal  is  not  safe  for 

                                           human  consumption.

Reality: The Bt  protein produced in Bt-brinjal (Cry1Ac) is effective only 

against the Lepidopteron insects (moths and butterfly group) like the fruit-

and-shoot borer, Leucinodes orbonalis, which is a highly destructive pest 

of brinjal (eggplant). It has no ill-effect on humans, animals or insects 

belonging to other groups. Regulatory studies carried out in India with Bt-

brinjal for 8-9 years (2000-2009) have clearly demonstrated its safety to 
15,16non-target organisms . As explained elsewhere, host specificity is a 

unique feature of Bt proteins. Moreover, brinjal is not eaten raw! When it is 

cooked, the Bt protein gets degraded, further dispelling any doubts. 

In general, safety of every Bt product and also other GM products is 

thoroughly established before they are permitted by the regulatory 

authorities for commercialisation. They are consumed in more than 25 
12,13,14countries for about 18 years without any health consequences .

8



               9. Perception: Bt-cotton  or  Bt-brinjal  will  displace local varieties

                                          which  have  their  unique  features  and  destroy

                                          biodiversity.

Reality: The fruit characteristics like size, colour, flavour and taste are the 

features inherent in a variety or hybrid of brinjal or any other crop. 

Similarly, the fibre quality and other attributes are dependent on the cotton 

germplasm. It is natural for farmers to prefer certain varieties or hybrids 

that possess superior qualities. This has been the practice in farming since 

agriculture began. Thus, the varieties preferred by farmers become more 

popular and displace the earlier ones irrespective of the fact whether they 

contain the Bt  trait or not. 

In the case of transgenic Bt technology, a desired Bt gene(s) (say 

lepidopteron specific) is introduced  into some of these popular hybrids or 

varieties in order to make them resistant to the Lepidopteron pests,  as for 

example the fruit-and-shoot borer in brinjal or bollworms in cotton. It is 

important to note that the Bt genes are introduced into already existing 

cultivars. Since no new variety or hybrid is introduced into nature through 

GM technology, the question of Bt-brinjal or Bt-cotton, or for that matter 

any other Bt crop, replacing any prevailing cultivars or disturbing the 

prevailing biodiversity does not arise! Bt gene imparts only an insect 
1resistant trait, but it is not a new cultivar as often wrongly presumed .

Further, except for the insect-resistance trait, the Bt-plants are 

'Substantially Equivalent' to their non-Bt counterparts in all respects. In 

other words, Bt has no influence on the shape, colour, flavour, taste, 

medicinal quality or any other attributes of a particular variety or hybrid - 

all these remain intact.  Therefore, the allegations that Bt crops will lead to 

losing local cultivars and their distinguishing characteristics, that they 

would destroy biodiversity, etc. have no scientific basis. On the other 

hand, such crops are better protected from target pests due to Bt 

technology  which helps in reducing chemical sprays and environmental

III. BIODIVERSITY
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pollution. 

option to 

losing any traditional varieties as the seeds of all the important varieties are 

stored and protected at the National Bureau of Plant Genetics and 

Resources (NBPGR), New Delhi, so that these can be retrieved whenever 

required.

            10. Perception: The pollen from Bt-cotton hybrids may cross-fertilize

                                          traditional 'desi' cotton varieties and  if  this happens

                                         with weedy  relatives of cotton, it could  lead to the

                                         evolution of 'Super Weeds.'

Reality: All the approved Bt-cotton hybrids are the tetraploid 'American' 

cotton in genetic makeup. The 'indigenous' or 'desi' varieties are diploid 

and thus are reproductively incompatible with the tetraploid Bt cotton 

hybrids. Even if cross-pollinations happens, a functional zygote will not 

be formed in the 'desi' variety. In other words, Bt  tetraploid cotton hybrid 

cannot interbreed with the diploid 'desi' varieties. The only recorded wild 

species of cotton is Gossypium stocksii which grows as a weed in the 
1Kutch area of Gujarat, India . This species has the 'E' genome and hence is 

incompatible with Bt-cotton hybrids (G. hirsutum), which is a tetraploid 

consisting of  'A' and 'D' genomes.

In any case, those farmers who do not prefer Bt crops, have the 

use the traditional varieties or hybrids. There is no danger of 

10



               11. Perception: GM  technology  is  adopted  by  only  a  small 

                                             number of  countries. 

Reality: Presently, the GM technology is mainly available for three 

important traits: insect resistance (IR), herbicide tolerance (HT) and virus 

resistance (VR). The IR and HT traits  are deployed in four principal crops, 

i.e., soybean, maize, cotton and canola, either with only a single trait (IR or 

HT) or two traits stacked (IR+HT) in the same plant. Almost all countries 

where these are the major crops have significantly adopted this 

technology. Thus, from this point, the number of countries is not small. As 

of 2013, 79% of the global area of 107 m ha of soybean (HT), 70% of 34 m 

ha of cotton (IR or IR+HT), 32% of 177 m ha of maize (IR or IR+HT) and 

24% of 34 m ha of canola (HT) are covered by GM crops. Other GMcrops 

include alfalfa (HT), sweet corn (IR), papaya (VR) and squash (VR). 

Presently, about 27 (19 developing, 8 industrial) countries are 
2

commercially cultivating GM crops . In addition to these, another 31 

countries have granted regulatory approvals for import of GM products for 

food/feed, either for direct use or for processing. Thus, the total number of 

GM cultivating or utilizing countries is 60 as of 2013. Several other 

countries are evaluating GM technology for either cultivation or for 

import. Bangladesh is the latest to join the GM countries which gave 

regulatory approval for commercial cultivation of Bt-brinjal (Bt-egg 
17plant) in October 2013 .

            12. Perception: The  area  occupied  by GM  crops  is  very  small  as                

                                          compared  to  the  large  agricultural  area.

Reality: The global area planted with GM crops increased from 1.7 million 

hectares in 1996, the first year, to 175.2 million hectares in 2013, over a 

100-fold increase in 18 years. Of this, the area occupied by various crops 

comprised of- GM soybean 48% (84.5 m ha), GM maize 33% (57.3 m ha), 

GM cotton 14% (23.9 m ha), GM canola 5% (8.2 m ha) and the rest by

other biotech crops such as alfalfa, sweet corn, squash, papaya and

IV. ADOPTION AND IMPACT

11
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poplars. In India planting of Bt-cotton, the only GM crop  

commercial cultivation so far, has increased from about 20,000 ha in 2002, 

the first year, to 11.0 million ha in 2013, constituting about 95% of the total 
1,2cotton acreage in the country . For a given crop, it is not a small area. In 

fact, GM technology has been the fastest adopted crop technology in 

recent history of agriculture. With the introduction of several other 

important traits and crops that are in the pipeline, the area is bound to 

increase  further  in  the  coming  years.

               13. Perception: There  are  no  special advantages for farmers 

                                             with  GM  technology. According to certain reports

                                             published in   newspapers, Bt-cotton  farmers  are 

                                             under going  a  heavy losses.

Reality: Millions of farmers would not have repeatedly sown GM crops, 

year on year, since 1996 if they saw no benefit in them. The number of 

farmers adopting biotech crops has increased steadily since 1996 and 

reached 18.0 million in 27 countries in 2013 out of which India has over 
27.0 million farmers growing Bt-cotton . These farmers have experienced 

tangible benefits such as higher production, greater profits and substantial 

reduction in insecticide usage for bollworm control along with the  

attendant environmental benefits year on year. Another unique advantage 

with Bt crops is that the technology is made available to farmers in the seed 

itself. They need to just sow the seeds and the crop with in-built insect 

resistance can protect itself from the target pests almost throughout its life, 

day and night. No special efforts or equipment are required to implement 

this technology. In the case of herbicide tolerant crops, farmers can spray 

the recommended herbicide at any stage of the crop to control weeds 

without affecting the main crop. The only important requirement on the 

part of the farmer for all Bt crops is to sow non-Bt refuge seeds while 

sowing the main Bt crop. The non-Bt cotton seeds are provided by the seed 

companies along with the packets of Bt cotton seeds. Planting the non-Bt 

cotton refuge is very important to delay the development of resistance to Bt 
3,18,19,20cotton among the bollworms . 

approved for 

Several other GM crops are at various stages of development and 



regulatory approvals in several countries. These include crops that possess  

tolerance to drought, cold, salinity as also to bacterial, fungal and viral 

diseases as well as new herbicides; insect control through RNAi 

technology; to enhance nutritional status of  food, intrinsic  yield, shelf-

life of fruits, vegetables and flowers, etc. In fact, GM technology has 

opened a floodgate of opportunities in agriculture and farmers are eagerly 

awaiting more products.

               14. Perception : Bt technology  was  responsible  for  failure  of  
                                              cotton  crops in many areas in Andhra Pradesh, 
                                             Maharashtra,  etc.  

                      

Reality: This allegation is baseless. Bt-cotton was developed for the 

specific purpose of controlling bollworms and it has delivered the 

expected results in all the cotton growing countries where it has been 

introduced, including India. One can blame this technology only if it has 

failed to provide protection against bollworms. However, in India, in some 

parts of Andhra Pradesh, Maharashtra, Karnataka, etc., the cotton crops, 

both Bt as well as non-Bt, have suffered in some seasons due to reasons 

such as drought, heavy rains, diseases, sap-sucking pests, wrong choice of 

hybrids, poor crop management, etc. and such problems, totally 

unconnected  with  Bt technology, have  often  been  wrongly attributed to 
1Bt-cotton . This has been done either due to ignorance or deliberately to 

tarnish the image of  GM technology.

               15. Perception: Bt-cotton  is  a  highly  hyped  product. It  has  not

                                             reduced  the  use  of  insecticides  nor  brought  

                                             profits  to  our   farmers  as  claimed.

Reality: Various studies and surveys carried out in India by both the 

national and international agricultural scientists and economists have 

clearly demonstrated effective control of bollworms due to introduction of 

Bt-cotton. As a result of this, the yield of cotton has increased from about  

500kg/ha primarily due to prevention of losses by bollworms  (Bt trait has 

no direct influence on yield). This  turned  India from an importer of cotton 13



to an exporter. Other  factors  such  as  improved  breeding,  availability of 

better hybrids, better insecticides and overall improved farm management 

have also contributed to the success,  but Bt technology, as a single input, 

played a major role. The insecticide  sprays for bollworm control have 

been drastically reduced from 10 to 15 times during a cropping-season to 

just one or two sprays, that too only when direly needed. In most years  it 

has been nil. However, farmers may be required to undertake need-based 

sprays (2 to 3 sprays) against sap-sucking insects and other non-

lepidopteron pests that are not controlled by Bt technology. The farmers 

are able to get a profit that range  from Rs. 6,400 to Rs. 27,000 per 
1,20-23hectare  thereby improving their economic and social conditions. The 

fact that presently about 11 million ha which constitutes  around 95% of 

the total cotton acreage in our country is covered by Bt-cotton and that over 

7.0 million farmers have adopted this technology clearly reflects its 

benefits and popularity.

As a result of growing Bt-cotton for several years over large areas, there is 

a general decline in population of the key cotton bollworm, Helicoverpa 

armigera, owing to its effective control. Consequently, farmers growing 

other crops such as pigeon pea, chickpea, sunflower, maize, tomato and 

chillies which serve as important natural hosts of H. armigera are 

experiencing a respite from this notorious pest. As an indirect benefit, 

these farmers have to spray less on such host crops.

Several studies have shown that farmers cultivating Bt-cotton have 

considerably lower exposure to toxic insecticides because of drastic 

reduction in their use for bollworm control. Also, the farming 

communities have derived an improved quality of health through less 
2,23  

insecticide load in ground water and soil a benefit  difficult to evaluate 

in economic terms. 

14



V. COMMERCIAL  AND  SOCIAL  ISSUES

               

16. Perception: Cost  of  Bt-cotton seeds is unreasonably higher

                                             than  that  of  the  traditional  seeds  and  farmers 

                                             find  it  difficult   to  afford  Bt-cottonseeds. 

Reality: It is not fair to compare the cost of Bt-cotton seeds with that of 

traditional seeds without considering the benefits associated with it. When 

farmers use conventions seeds, they spend a lot of money on spraying 

chemical insecticides up to 15 times to control bollworms.  On the other 

hand, if they use Bt-cotton seeds, there is no need to spend extra money on 

insecticides to control bollworms as this trait is in-built. Besides, farmers 

get higher yields by avoiding yield losses due to bollworms and are able to 

make better net profits. Thus, the amount of money saved on insecticides 

coupled with yield benefits far outweighs the initial higher cost of Bt-
1cotton seeds . The fact that over 7.0 million farmers in India have already 

opted for Bt-cotton clearly reflects that they found benefits in this 

technology.

               17. Perception: Bt-cotton deprives farmers' right to save seeds,

                                           thus  rendering them  ever-dependent  on  seed 

                                           companies   for  supply of seeds.

Reality: This is a wrong notion. First of all, there is no link between the Bt 

technology and the right to save seeds for the next crop. It depends on 

whether the seeds are derived from varieties or hybrids. For example, if the 

seeds saved from Bt crops are from varieties, they can be used for raising 

the next crop without any compromise.  On the other hand, if the saved 

seeds are from hybrids incorporated with Bt gene, only a part of the plant 

population will inherit the Bt gene thereby getting full protection from 

bollworms while a larger part of the population will be devoid this gene 

and, therefore, remain susceptible to bollworms.  Besides, the two types of 

plant population will considerably vary from each other in terms of plant 

type, flowering and fruiting features as also fibre and yield. 15
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This wide dissimilarity among plants will happen because of a process 

known as 'genetic segregation' whereby many plants will increasingly 

resemble one of  the two parents that were interbred to develop the hybrid. 

Bt has nothing to do with it. This phenomenon is not unique to Bt-cotton 

hybrids but happens with all hybrids, no matter what the crop is, where two 

dissimilar parents are interbred to produce hybrids. Therefore, there will 

be substantial compromise on the quality of the crop if it were raised from 

the seeds saved from Bt-cotton hybrids.  Therefore, it does not benefit the 

farmers to use the saved seeds as far as hybrids are concerned. In fact, 

conventional cotton hybrids were popular among Indian farmers (~ 40% 

of cotton acreage in 2002) even before the introduction of Bt technology in 

2002. So, farmers, knowing the overall value of buying fresh hybrid seeds 

every season, were doing so even before the introduction of Bt-cotton into 

India. In India Bt gene(s) has been incorporated into cotton hybrids and, 

therefore, it is advisable for farmers to buy fresh hybrid seeds that are 

professionally produced (seeds are also coated with insecticide and 

fungicides for initial protection of seedling from pests/diseases) by seed 

companies as it leads to a better harvest. In fact, our farmers have also been 

cultivating hybrids of several other crops like corn, sunflower, tomato, 

brinjal, etc., for many years and most of them are already aware of the 

basic differences between the seeds of traditional varieties and hybrids, 

and the resulting cost-benefit ratio. Therefore, it is wrong to link Bt 
1technology with the seed-saving issue .  

               18. Perception: The seed companies have deliberately chosen to

                                             introduce the Bt gene only into hybrids, not in to

                                            varieties, so that   farmers cannot save the seeds 

                                            and  remain ever-dependent  on   them.

Reality: In India, even before the incorporation of Bt trait into cotton, 

conventional hybrids were very popular, constituting over 40% of the 

cotton acreage prior to 2002, as they yielded more and fetched a higher 

profit than the varietal 'Desi' cotton. When Bt technology became 

available, the seed companies obviously preferred to deploy it in hybrids 

as it was mutually beneficial. In fact, as of now, over 95% of the total  
cotton  area  in  India  is  covered by Bt-hybrids.
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             19. Perception: Bt-cotton is the monopoly of Mahyco-Monsanto

                                          and the company is exploiting the market by  

                                          charging  high price.   

Reality: Mahyco-Monsanto Biotech Company (MMB) was the first to 

commercialize Bt-cotton in India in 2002 and it has licensed this 

technology to several Indian seed companies who have incorporated the 

same Bt gene into their elite breeding lines. Subsequently, three more 

private companies, namely JK Agri Genetics, Nath Seeds (both in 2006) 

and Metahelix (in 2009), have also developed different versions of Bt-

cotton hybrids and these are also being marketed after their regulatory 

approvals.The Indian Council of Agricultural Research (ICAR) has also 

come up with its own version of Bt-cotton, the gene being introduced into a  

cotton variety (Bikaneri Narma Bt), not hybrid, for the first time . Thus, Bt-

cotton is made available by several technology developers. The number of 

companies selling Bt-cotton seeds has also increased from just one (i.e., 

MMB) in 2002 to about 45 in 2012 to whom the technology has been 

licensed; of these, 38 companies have commercialized their hybrids.  

Currently, over a thousand Bt-cotton hybrids, meant for different agro-

climatic zones, are available in the market. They compete with each other 

in terms of yield, quality and agronomic suitability. Being so, if the 

farmers prefer a particular brand(s), the concerned company cannot be 

accused of monopoly. It clearly reflects consumers' choice as it happens 
1with  any  other  consumer  products .  

               20. Perception: Bt-cotton  is  responsible  for  farmers' suicides  in

                                            India  as  the  technology  was  costly  and  not  

                                            beneficial  to  them.

  
24Reality: Despite such allegations by those who are opposed to GM crops , 

historical and research data clearly indicate that there is no link between 

Indian farmer suicides and Bt-cotton cultivation. Several national 

17



and international communities have conducted socio- economic research 

to investigate the cause for farmers' suicides in India and have come to the 

conclusion that multiple issues such as debt burden, failure of monsoon, 

unavailability of timely credit and fluctuating  prices could be responsible 

for such tragedies, but certainly not Bt-cotton. Further, Bt-cotton 

cultivation started in India only since 2002 whereas farmer suicide  has 

been an issue decades prior to it. Moreover, there are clear evidences that 

more than 85% of Indian cotton farmers using Bt-cotton have gained 

higher yields (from 24 to 98%) and more profit (about 50%) than those not 

planting Bt-cotton. There was also significant reduction in the number of 

insecticide sprays (up to 83%) against bollworms. These have largely 

contributed to improvement in their social and economic conditions as 

also the health of their family members and livestock . Thus, with 

such sustained benefits, there is no reason for Bt-cotton to be responsible 

for farmer suicides. On the other hand, it has contributed to their welfare.

               21. Perception: Bt-cotton  requires more water, nutrients and other

                                             input and, therefore, its  cultivation  is  very costly

                                             and ill-  afforded by farmers.      

                     

Reality: Bt technology, as such, does not influence the requirements of 

water, nutrients and other inputs. These are influenced by the 

characteristics of the particular hybrids into which the Bt gene(s) has been 

incorporated. The role of Bt is restricted to providing  resistance to 

bollworms. However, as a Bt crop is well-protected from bollworms, it can 

grow and yield to its full potential for which it requires optimum water and 

nutrients. This would be the same if a non-Bt cotton hybrid is also 

protected from damage. As the first-formed cotton bolls are better 

protected and retained in Bt-cotton, the timing of application of NPK and 

other nutrients could slightly vary between Bt-cotton and a non-Bt cotton 

hybrid. Bt hybrids might need the nutrients relatively early in their growth 
1,21

phase . 

22,23,25-28
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                22. Perception: Bt-cotton  is  responsible  for  emergence  of  new

                                             pests  like mirid bugs, mealybugs, dusky and  red 

                                             cotton bugs, etc.

Reality: Pests like mirid bugs, mealybugs, dusky and red cotton bugs are 

sporadic and categorized as minor pests of cotton. These used to occur 

even before the advent of Bt-cotton, but used to be controlled due to 

repeated spraying  mainly  against bollworms. After the introduction of 

Bt-cotton, the insecticide usage has been drastically reduced and since Bt 

does not control such minor pests and if no suitable control measures are 

taken against them in time, they multiply and cause damage. It would be 

wrong to attribute such crop management lapses to Bt-cotton. To get the 

full benefit of this technology, the ideal approach is integrated pest 

management (IPM) where Bt-cotton is relied upon to control bollworms 

while it is necessary to be watchful and take appropriate control measures 

against those pests not controlled by Bt-cotton. Bt-cotton has never been 
1,29,30recommended as a silver bullet to solve all  problems .

               23. Perception: Biotech crops  have  not  been responsible for yield

                                            increase and, therefore, have  not  contributed  to

                                            solving  food  problem. 

Reality: The biotech crops that are presently commercialized globally 

possess mainly plant protection traits which include insect resistance, 

disease resistance and herbicide tolerance. These are not responsible for 

yield increase per se, but indirectly they do. It was estimated that about 

30% crop yields were lost due to pests, diseases and weeds and such losses 

have been greatly reduced in  soybean, corn, cotton, canola and papaya in 

many countries following the introduction of GM traits. Such losses saved 

have significantly contributed to increase in production. Research on other  

traits such as yield improvement, nutritional enhancement, tolerance to 

drought, cold, etc. is at various stages of regulatory process. These have 

the potential to contribute to both plant protection and production.  As for 

crop biotechnology, we have so far seen  only  the  tip of  the ice berg.
19



VI. REGULATION

               24. Perception: Our  regulatory  system  is  weak  and  does  not

                                             have  competent experts. 

Reality: The biosafety policies and protocols in India are as stringent as 

anywhere else in the world. The major committees are constituted by 

eminent experts from various premier research institutions across the 

country. The safety assessments are made through experiments based on 

scientific principles under their expert guidance and the results are 

reviewed at various levels. Also, it may be noted that in the last 12 years, 

many scientists have attended several workshops and symposia, both 

within India and other countries, to improve their knowledge on safety 

evaluation of GM crops.  While there may be scope for more effective 

implementation of policies, it is unfair to summarily dismiss everything.

               25. Perception: DBT  which  is  the  promoter  of  biotechnology  is

                                          also   the  regulator  of  biotech products. Therefore,

                                          there  is a  conflict of   interest  and  biotech crops 

                                          are  approved  in  haste.

Reality: The experts who constitute the various regulatory committees 

directly bear the responsibility of looking after the safety of humans and 

environment. They take a collective decision while judging the safety of a 

biotech product. Bt-cotton is the only biotech crop approved in India since 

2002 after it has undergone biosafety and agronomic trials for 7-8 years. 

Although Bt-brinjal has completed all the biosafety tests as prescribed by 
15the regulatory authorities for years (2000 to 2009)  and it was 

recommended by GEAC as safe  in October 2009, it is yet to  get the final  

approval for commercialization. Many other traits and crops are under 

experimentation for over five years, but are still awaiting clearance. Being 

so, it is far from truth to allege that approvals are given in haste. The 

overwhelming success of Bt-cotton should serve as an indicator of the 

safety and  benefits  of  GM crops. 20
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               26. Perception: The  fact  that  GM crops  and  products are

                                             subjected   to  such  strict  regulation  and  scrutiny

                                             in  India  as  well  as  in  other  countries  clearly

                                             shows  that  there  are  serious  doubts  about  their

                                             safety.

Reality: This indeed is a very strange blame-game. If they are subjected to 

strict scrutiny, there is one type of accusation; if not, another type! 

It should be realized that all the regulatory guidelines pertaining to 

biosafety were initiated and framed by the government regulatory 

authorities themselves, not due to pressure exerted by the so-called 

environmentalists or other non-government activist organizations.  Since 

GM/GE is a new technology, the government, in consultation with 

concerned scientists, has adopted it as a responsible proactive measure. 

The product developers have also contributed to evolving such protocols. 

In fact, they were/are as keen, if not more, as anyone else in bringing out 

safe and beneficial products, as otherwise it would be self-defeating. GM 

crops have been under commercial cultivation in several countries since 

1996 and in India since 2002. Millions of farmers have been cultivating 

these crops on millions of hectares year after year. As of 2013, the area 

occupied by GM crops was over 175 million hectares (including about 

11.0 million hectares of Bt-cotton in India) grown by about 18 million 

farmers in 27 countries. In the last 18 years, there has been no scientifically 

proven evidence to show that these crops have caused any harmful effect 

on humans, animals or the environment anywhere in the world. The 

various allegations orchestrated repeatedly by the opponents are at best 

speculative and unauthenticated! In fact, no other crops or food products 

have been subjected to as rigorous a testing and scrutiny as GM crops prior 

to  commercialization. One wonders whether this bias is justified. 

Nevertheless, the scientists and product developers have been following 

the prescribed regulations strictly.  GM technology has the potential to 

offer solutions to several formidable challenges faced in agriculture. We 

should exploit its full potential and integrate it with other technologies to 

improve  our  farming.  
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Biosafety and environmental safety are accorded the highest priority while 

regulating GM crops. Every country, including India, has developed 

stringent biosafety protocols and it has been made mandatory that every 

GM crop/product has to pass through all the prescribed tests. The scientific 

data generated during such studies are scrutinized at different stages by 

several expert committees comprised of eminent scientists, and it is only 

after being satisfied that the product is safe to humans, animals and the 

environment, permission granted for its commercialization. All the GM 

crops that have been commercialized so far have undergone this arduous 

but necessary process in every country.

Realizing the importance of validating the food, feed and environmental 

safety of GM crops, the various regulatory bodies in DBT and MoEF have 

evolved biosafety protocols which now are at par with the most stringent 

bio-safety protocols of the developed countries. Since it is a new 

technology, the government, in consultation with concerned scientists, has 

adopted it as a responsible proactive measure. The GM technology 

developers have also contributed to the evolution of bio-safety guidelines 

taking equal responsibility for bringing out safe and beneficial GM 

products. The DBT, Government of India, welcomes suggestions from any 

quarter for improvement in the guidelines. However, if such suggestions 

are unreasonable and meant only to create hurdle, it may not be 

considered.   One often wonders as to why, as compared to other crops, 

GM crops alone are subjected to such severe scrutiny! 

For example, Bt-cotton is the only GM crop approved in India since 2002. 

Before approval, it underwent over 500 field trials and a large number of 

biosafety tests for 7-8 years, supervised by over 150 scientists from 13 

agricultural universities and 9 national research organizations spread over 

nine states. A document containing the scientific information and data in

VII. DISCUSSION AND CONCLUSIONS
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 5,800 pages was submitted to the regulatory authorities. It is only on 

the strength of such data, Bt-cotton was considered as safe and beneficial, 
6

and approved for  commercialization . Bt-brinjal has also undergone all 
15,31,32,33

the prescribed biosafety studies for years (2000-2009)  and, based 

on scientific data, the Genetic Engineering Appraisal (then Approval) 

Committee (GEAC) had recommended it as safe for commercial 

cultivation in 2009. Despite, it is still (as of  November 2014) awaiting 

final clearance from the Ministry of Environment and Forests (MoEF). 

There are also several other crops with various beneficial traits that are 

under testing for more than  five years and their future is uncertain. Such 

undue delay and uncertainty has frustrated the scientists, GM technology 

developers and students of biotechnology. Being so, the repeated 

allegations by the anti-biotech lobbies that GM crops ‘are not adequately 

tested,  not safe and are approved in undue haste’  are far from reality.   

Ever since their approval in 1996 in the USA and other countries, the GM 

crops have recorded an unprecedented adoption: from 1.7 million hectares 

in six countries in 1996 to over 175 m ha in 27 (19 developing, 8 industrial) 

countries by 18 m farmers in 2013, a 100-fold increase in the area in 18 
2

years . America, Argentina, Brazil, India, Canada, China, Paraguay, South 

Africa and Pakistan are the major GM countries. The GM  technology  has 

been deployed mainly in soybean, corn, cotton and canola. As a result, it 

has resulted in very effective control of target pests and weed management 

in these crops, leading to reduced crop losses and increased yields, and a 

drastic reduction in the use of chemical pesticides. This has contributed to 

improving the social and economic conditions of millions of farmers 

across the globe and, at the same time, reducing environmental pollution.  

Similar benefits have been derived in India also following the introduction 

of Bt-cotton in 2002. By 2013, the area under Bt-cotton was about 11.0 m 
1,2ha which constituted about 95% of the total cotton area in the country  

adopted by over 7 million  farmers.  

about 
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Such a wide adoption clearly reflected the farmers' confidence in this 

technology.  Due to Bt-cotton, the yield of cotton almost doubled owing to 

effective control of bollworms (complimented by improved germplasm, 

irrigation facilities and other favourable factors) and the farmers 

experienced social, economic and environmental benefits. Further, it 

turned India from an importer to an exporter of cotton. Despite such a 

remarkable success of Bt-cotton, the anti-GM activists who protested 

against this technology even before it was introduced, continue to make 

the same old unsubstantiated allegations about its safety and benefits. It is 

strange that they have not conceded even a single factor in favour of this 

technology which has revolutionized cotton cultivation in India. Instead, 

they continue to indulge in spreading fear-mongering stories about Bt-

cotton, Bt-brinjal and other GM crops, often wrongly interpreting the 

safety data or taking the support of discredited publications. 

Unfortunately, their antics, agitations and allegations have received wide 
I

coverage in media , creating a negative perception about GM crops among 

the common people. Therefore, they continue to ask questions such as “Is 

GM technology unnatural?  Is it needed? Are GM crops safe?  Do they 

affect biodiversity? Are they a threat to local varieties?  Do they consume 

more water and fertilizers? Do they encourage new pests and diseases? 

Are they affordable? Are they beneficial? Were they responsible for 

farmers' suicides?” etc.  It becomes the responsibility of the concerned 

scientists and leaders to explain the scientific facts and clarify their doubts. 

Similarly, the beneficiary farmers should also share their experience. 

However, those who made such sincere efforts were confronted by the 

anti-GM activists and branded as “Agents of biotech companies.” Their 

statements have appeared in newspapers. Therefore, fearing their integrity 

being questioned in public,  most of the scientists prefer to keep silent. As a 

result, most of the time, only negative stories get published in the media, 

misleading the public. This should be prevented.  The present publication, 

“GM Crops: Perception vs Reality” is aimed at helping them in this 

endeavour.
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Progressive farmers and farmer-leaders, when in doubt, should consult the 

scientific literature or concerned experts to get their doubts clarified. One 

should not take a negative stand before getting full knowledge about the 

technology. The central and state governments as well as the universities 

and other competent  organizations should organize interactive sessions 

between farmers and scientists. In matters related to science, the 

government should look up to the scientists and science academies while 

taking policy decisions. The farmers' welfare associations and media can 

play a very important role in creating public awareness about a new 

technology. Biotechnology has the potential to offer solutions to many 

biotic and abiotic challenges faced in agriculture. We should try to 

integrate it with other technologies for the benefit of agriculture and 

farmers.
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