
TRANSITION FROM BT INSECTICIDE TO 
GENETICALLY MODIFIED CROPS (GM CROPS): 

BOON OR BANE, THE REVIEW 
 

Suman Kapur 
Asstt. Professor 

PG Deptt. of Zoology 
D.A.V. College, Sector-10 Chandigarh, India. 

 
Abstract- Mode of action of Bt insecticide whether in the form of spray or Bt crops is to produce midgut toxin while other 
chemical insecticides function on contact. Due to widespread use of Bt toxin by GMOs, pests have more opportunities to 
develop resistance to Bt in corn pest which was first observed in 2011. Recombinant DNA technology overpowers the 
breeding techniques that make possible an exchange of traits from different species even among plant, animal and 
bacteria.  The resulting organisms are called Genetic Modified or Transgenic organisms. The aim of engineering 
techniques is to introduce new traits to the plant which does not occur naturally in the species. These new traits make the 
crop resistant to insect, pest, diseases etc. Genetic modification is also done to increase nutritional value, bioremediation 
and for other purposes like production of pharmaceutical agents, bio fuels etc. Bt cotton is the first crop to be approved 
for commercial cultivation in India in 2002. The yield has also shot up from 300 kg per hectare to 500 kg per hectare.  As a 
result India has become the number two cotton producer in the world. Foods derived from GM crops have been consumed 
by hundreds of millions of people across the world for more than 15 years, with no reported ill-effects. GMOs enable 
farmers to be better stewards of the environment, allowing farmers to grow more crops on less land while using fewer 
pesticides and lesser water. However, the field trials are still going on to assess the bio-safety of GM crops. 
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I.INTRODUCTION 
 
Insecticides played an important role in agriculture revolution and human health as it controls the insect pests of crops and 
vector-borne diseases. Pesticides are used to kill the pests and insects which attack on crops and harm them. Pesticides benefit the 
crops as they kill the insect pest but they cause a serious negative impact on the environment. Excessive use of pesticides may 
lead to the destruction of biodiversity. These harmful pesticides have become menace to many birds, aquatic organisms and 
animals that affect their survival. B. thuringiensis was first discovered by Japanese Biologist Ishiwata Shigetane in 1901 and it 
was rediscovered in Germany by Ernst Berliner in 1911, who observed that BT was the cause of a disease called Schlaffsucht in 
flour moth caterpillars. Bacillus thuringiensis (or Bt) is a soil borne bacterium that is ubiquitous in nature is a Gram-positive, 
facultative aerobic, rod-like, motile and sporulating bacterium and soil-dwelling bacterium, commonly used as a biological 
pesticide. During sporulation, many Bt strains produce crystal proteins (proteinaceous inclusions), called δ-endotoxins (Cry 
protein or delta toxin) - toxic to insect mainly in their larval stage of many insect species of the orders Lepidoptera (moths and 
butterflies), Diptera (flies and mosquitoes), Coleoptera (beetles), Hymenoptera (wasps, bees, ants and sawflies)[1]. 
In 1976, Robert A. Zakharyan reported the presence of a plasmid in BT strain play an important role in endospore and crystal 
formation. Spores and crystalline insecticidal proteins produced by B. thuringiensis have been used to control insect pests since 
the 1920s and are often applied as liquid sprays. During sporulation, many Bt strains produce crystal proteins (proteinaceous 
inclusions), called δ-endotoxins (Cry protein or delta toxin) - toxic to insect mainly in their larval stage, thus they act as 
insecticides.  Bt crystals, are protein crystals formed during sporulation in some Bt strains coded by cry genes. These crystal 
proteins (Cry proteins) act as insect stomach poisons and insects stop feeding within two hours of a first bite and insect die within 
two or three days if enough toxin is eaten i.e. why it acts as an important biological insect control agent.[2] 
The source of Cry toxins production in both biological insecticides and insect resistant genetically modified crops is B. 
thuringiensis. When the toxin crystals are ingested by insects, their alkaline digestive tracts denature the insoluble crystals, 
making them soluble and thus susceptible to being cut with proteases found in the insect gut, which liberate the toxin from the 
crystal. The Cry toxin is then penetrated into the insect gut cell membrane, paralyzing the digestive tract and forming a pore. The 
insect stops eating and leads to death. 
On application of Bt, the majority of pests would die, and then the Bt would degrade within a week. A farmer might apply Bt one 
more time, to kill any insects that hatched after the first application of Bt. Still, insects were not exposed to Bt for a very long 
period of time, giving them little opportunity to evolve resistance, that is why many new strains of Bt are developed and 
introduced and their pesticidal activity is increased with improved crystal size. The toxicity of these crystal proteins against 
certain insects and their high specificity led to the development of bio-insecticide.use of BT strain has many disadvantages like 
they are degraded in sunlight ,many varieties of strains have been used. Potency of insecticide depends upon feeding capacity of 
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insect. Effectiveness of insecticide is reduced after 2-3 years and insecticide need dry and cool air without sunlight for storage. 
Now a days, farmers have adapted Genetically modified crops (GM crops)   
  Genetically modified crops (GM crops) are plants used in agriculture in which Bt genes are used to modify the plant 
DNA by genetic engineering techniques in order to control the pest. In most cases the aim is to introduce a new trait to the plant 
which does not occur naturally in the species like resistance to certain pests, diseases, environmental conditions, herbicides etc.[2]  
 

II.OBJECTIVE 
 
The objective of paper is to review whether the use of genetically modified crops (GM crops) is boon or bane for the farmers and 
society. 
 

III.REVIEW AND DISCUSSION 
 
In agriculture, Genetic Engineering technology are increased crop yields, reduced costs for food or drug production, reduced need 
for pesticides, enhanced nutrient composition and food quality and reduces the resistance to pests and disease. Ultimately it 
increased the food security and medical benefits for the growing population of the world. Genetic Modified crops that mature 
faster and tolerate the aluminium, boron, salt, drought, frost, and other environmental stressors, allowing plants to grow in 
stringent conditions. Other benefits of genetic engineering are to increase nutritional value, bioremediation and for other purposes 
like production of pharmaceutical agents, bio fuels etc. More than 10% of the world’s crop land is planted with GM crops. These 
crop are regarded as environmental friendly, with little or no effect on humans, wildlife, pollinators, and most other beneficial 
insects, and are used in organic farming similarly the negligible ecological risks was observed from invasive transgenic insect-
resistant maize in Mexico[3]. 
From 1996 to 2015, farmers have become aware and widely adopted GM technology and it has been observed that the total 
surface area of land cultivated with GM crops increased from 17,000 km2 (4.2 million acres) to 17,97,000 km2 (444 million 
acres). In 2010, 10% of the world's land was planted with GM crops. In 2014, the US planted soybeans in 94% area, cotton 96% 
and corn 93%, of the genetically modified varieties. GM crops have been rapidly used in developing countries, with about 18 
million farmers growing 54% of worldwide GM crops by 2013[4].  According to meta-analysis in 2014, adoption of GM 
technology had reduced the use of chemical pesticide  by 37%, increased crop yields by 22%, and increased farmer profits by 
68%. This reduction in pesticide improved the public health and the environment, ultimately has been beneficial to 
biodiversity. Yield gains and pesticide reductions are larger for insect-resistant crops than for herbicide-tolerant crops [5]. In 1982, 
an antibiotic-resistant tobacco plant was the first genetically modified crop plant whose first field trials occurred in France and the 
USA in 1986, when tobacco plants were engineered for herbicide resistance. In 1987, Plant Genetic Systems (Ghent, Belgium), 
founded by Marc Van Montagu and Jeff Schell, was the first company to genetically engineer insect-resistant (tobacco) plants by 
incorporating genes that produced insecticidal proteins from Bacillus thuringiensis (Bt)[6]. 
 
Farmers obtained 69% more profits than those who did not produce GM crops. Yields increased 9% for herbicide tolerance and 
25% for insect resistant varieties. GM crops help farmers in developing countries, increasing yields by 14 percentage points. In 
India Bt cotton is the first crop to be approved for commercial cultivation in India. The Bt cotton (Bollgard) was approved by the 
Government of India in 2002[10]. It has been observed that more than 75% of the cotton grown is of GM variety.  With the 
adoption of Bt cotton, the production has risen from an average 150 lakh bales in 2002 to 270 lakh bales in 2007. The yield has 
also shot up from 300 kg per hectare to 500 kg per hectare.  As a result India has become the number two cotton producer in the 
world. Area of Bt cotton in India in 2002 was 50 hectare which was increases to 6200 hectare in 2007 [7][8].  
As per studies conducted by Food and Agriculture Organisation of the United Nations, there was an increase of 6% cotton by 7.5 
million (approx.) cotton producing farmers during 2017-2018 in comparison to 2016. There was continuous growth of IR cotton 
till 2015 but during 2016-2017 some decrease in IR cotton was observed due to the lack of crop rotation and mismanagement of 
this improved technology (Figure 1)[14]. 
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Figure 1:  Sixteen Years of Adoption of IR (Bt) Cotton in India, 2002 to 2017 
Source: ISAAA, 2017 
 
The farmers who adopted IR cotton cultivation of land near to 93-96% of their total cultivable land from 2012 to 2018. The 
production of cotton was upto the mark during 2014-2015 and obtained cotton production of 39 million bales which declined to 
33.8 million bales during 2015-2016 and it again increased during 2017-2018 to 37.7 million bales (Figure 2)[14]. 

 
 
 
Figure 2:  Cotton Area and Production in India, 2002 to 2017 
Source: CAB, 2017; Compiled by SABC & ISAAA, 2017 
 
 
In 2017-2018, cotton production increased from 10% to 15% on higher acreage. According to ICAC, world cotton production may 
increase by 8% to 24.9 MT. On the increase in world cotton area by 8% to 31.7 MT, India is expected to be world’s largest 
producer during 2017-2018 with the output rising by 6% to 6.1 MT [15].   
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Introduction of GM crops will help in conservation of biodiversity through reduction in application of pesticides. GM crops will 
reduce pressure on the land and other natural resources and it will reduce deforestation activity for agriculture purpose, but on the 
other side introduction of GM crops i.e. herbicide tolerant ones will encourage increased application of herbicides in the 
agricultural field. This will have adverse effect on the environment as well as biodiversity. It will also adversely affect our food 
security because biodiversity is the key to our food security any reduction.  
 
It is a common belief that GM food does not have any adverse effect on human health while on the other hand critics have 
objected to GM crops on several grounds related to environmental concerns, safety of GM foods, the business interests behind 
GM crops, intellectual property laws etc.[2]. Introduction of GM varieties capable of producing more nutrients and vitamins like 
golden rice will help to lessen mal-nutrition problem in the under-nourished people.  
 
There is deficiency of Vitamin ‘A’ especially in developing countries where the diet of people id rice or other carbohydrate food 
that are deficient in Vitamin ‘A’. As per estimates of WHO estimates there are Vitamin ‘A’ deficiency was observed in about 250 
million pre-school children and approximately 2.70 million children die due to this deficiency.  
 
It has been observed in 2017, Biosafety field trial was carried out by Philippines Rice Research Institute and the International Rice 
Research Institute (IRRI) and they allowed the use of golden rice in diet.  
During 2016, the genetically-modified golden rice enriched with pro-vitamin A  was developed by IARI. A project known as 
Development of Golden Rice has been pushed for golden rice in many agro-ecological zones in Bihar. On the other hand, some 
researchers during 2017 found that the gene needed to produce the golden rice had unintended effects and when they used it in a 
superior Indian rice variety (Swarma), it became pale and stunted [16]. 
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Bt brinjal has developed by Mahyco, an Indian seed company based in Jalna, Maharashtra.The Bt Brinjal has been developed to 
give resistance against lepidopteron insects, in particular the Brinjal Fruit and Shoot Borer (Leucinodes orbonalis) (FSB) Bt 
brinjal are non-infested, undamaged and give good quality brinjal fruits. Bt brinjal will significantly reduce the level of pesticide 
residues. There are various advantages for the farmer community i.e saving on cost of insecticides, lower labour cost as a result of 
reduced spraying and also Increase in yield per unit area by saving fruits from damage caused by FSB.[9][10] 

 
 
According to S.S. Gosal, Director of Research, Punjab Agriculture University, a brinjal crop normally requires up to 30 sprays of 
insecticides. This goes into the human consumption indirectly. If we grow and consume Bt brinjal, we also consume some of the 
genes that have been built into the seeds to make the crop pest and herbicide-resistant. Ultimately, we have to see which of the 
two is less harmful for consumption.[11]  
Studies showed that there is a significant economic return from growing Bt corn, with yields protected in years when there is a 
heavy outbreak of corn borer. There is also evidence that Bt corn provides a form of protection to non-Bt corn by reducing the 
overall population of corn borers. Expected benefits are based on the following assumptions Bt corn (MON810, BT11) provides 
96% average control of European corn borer larvae. Insecticides provide 80% and 67% control of first and second generation 
borers, respectively. Bt corn, however, does not affect beneficial insects including honey bees, lady beetles, green lacewing larvae, 
spiders, pirate bugs or parasitic wasps. 

 
 Foods derived from GM crops have been consumed by hundreds of millions of people across the world for more than 15 years, 
with no reported ill effects (or legal cases related to human health), despite many of the consumers coming from that most 
litigious of countries, the USA. There is little documented evidence that GM crops are potentially toxic.[12] 
In the United States, the adoption of GM crops resulted in pesticide use reduction of 46.4 million pounds in 2003. Globally, GM 
crops have reduced pesticide spraying (1996-2011) by 9%, or 975 million pounds. A group of prominent scientists had met under 
‘Father of Green Revolution’ MS Swaminathan at National Academy of Agricultural Sciences (NASA) and issued a 15-point 
resolution in favour of GM crops. 
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Approved GM crops Field trials during 2008 

Crop Altered trait Gene Organization 
Brinjal Insect resistance cry1Ac Mahyco, TNAU, UAS 
Rice Insect resistance cry1Ac Mahyco 
  cry1Ab, cry1Ac Bayer 
Cotton Insect resistance cry1Ac& cry1F Dow Agro Sciences 
 Insect resistance cry1Ac and cry1EC JK Agrigenetics Ltd. 
 Insect resistance and Herbicide 

tolerance 
cry1Ac & cry2Ab and CP4EPSPS Mahyco 

 Insect resistance cry1C Metahelix 
 Insect resistance cry1Ac CICR 
Okra Insect resistance cry1Ac Mahyco 
Tomato Increased lycopene unedited NAD9 Avesthagen 

(IGMORIS, 2008)[8] 
 
Beside the food industry GM plants have number of uses i.e timber, paper and bio fuel production. In medical field, the use of GM 
plants for production of recombinant pharmaceuticals. Currently academic and industrial groups across the world have taken 
interest in molecular farming to produce GM plant-derived pharmaceutical proteins (PDPs) [4]. Now-a-days, GM varieties that 
can produce therapeutical proteins and drugs in the plant systems and it may help in solving our health related problem. Now the 
research is going on expression of genes of antibodies, blood products, hormones and vaccines in plants. Protein pharmaceuticals 
can be harvested and purified from GM plants, or alternatively, plant tissue in a processed form expressing a pharmaceutical could 
potentially be consumed as an ‘edible vaccine’. The molecular farming industry may be established in future, only one product 
has been approved for use so far – recombinant human intrinsic factor for use in vitamin B12 deficiency. However, a number of 
molecular farming candidates are in clinical trials, including hepatitis B vaccine produced in potatoes and lettuce, vaccines for 
heat labile toxin produced by E. coli and Norwalk virus, human pro-insulin and several monoclonal antibodies however other side 
that the introduction of foreign gene in the food crop system will lead to production of a foreign protein that may cause Allergy, 
Cancer, Stomach ailment and various other ailments[13].  

 
Indian intelligence agency names anti-GM groups such as Greenpeace India and Gene Campaign as one of the many “anti-
national” foreign-funded NGOs hampering India’s economic progress. GMOs have helped feed more than 300 million Americans 
and a global population of 7 billion – of which 1 in 8 suffer from hunger and malnutrition. 
 
 

IV.CONCLUSION 
 
With the use of GM technology farmers get crop with higher yield, better quality , high degree of uniformity, eco-friendly, cost-
effective, on the other hand GM technology is  cost-intensive, hazardous to environment and health and detrimental to our 
livelihood security. With this technology having its positive impacts but the farmer and the general people feel confused. The 
global population is expected to rise to 9 billion by 2050, according to experts, there will  be need of 70% more agricultural 
produce in future  and this need can be fulfilled by utilizing GM crops that increase productivity by reducing  the land use, water 
and pesticide.  
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