
 

 

 Page 1 

 
 

Insect Resistance in Agricultural Crops 
 
Background 
Agricultural crops can be harmed by a number of different biotic stresses where damage is done 
to the plants by other living organisms – this includes bacteria, viruses, weeds and harmful 
insects. Since the beginning of agriculture, farmers have been challenged to protect their crops 
from insects that consume or damage them. Today, pesticides are often used to help control 
insect pests, but with variable effectiveness and considerable expense. Even with effective 
control measures in place, countries with tropical climates such as India often have very severe 
insect damage that results in yield reductions of over 60%1. Improving insect control strategies 
is important for several reasons. Decreasing the amounts of pesticides used in agriculture will 
benefit both the farm workers and the environment. In addition, we will need to dramatically 
increase agricultural production to meet the nutritional requirements of the additional two billion 
people expected to join us on Earth by 20502. Making this concern even more pressing is that 
global warming is expected to lead to increased insect pressure on agricultural systems around 
the world3.  
 
What is Insect Resistance? 
Insect resistance refers to crops that either naturally or through genetic engineering are able to 
resist insect damage. Insect-resistant crops generally produce compounds that are toxic to 
insects that attempt to eat the resistant plants. All commercialized varieties of genetically 
engineered insect-resistant crops have been modified to carry one or more variants of genes 
encoding the Cry protein, a toxin produced by a naturally occurring bacterium, Bacillus 
thuringiensis (Bt)4. These proteins bind to receptors found only in the guts of certain types of 
insects from the orders Coleoptera and Lepidoptera. When a crop producing the Cry protein is 
consumed by larvae of insects with the appropriate receptor, the gut of the insect is damaged, 
causing the larvae to stop feeding or die. The Bt (Cry) protein occurs naturally and is safe for 
humans, leading to its use as a sprayed insecticide for the past 70 years5. It is still used in both 
conventional and organic agriculture today. However, when sprayed on plants as an insecticide, 
the Bt protein breaks down rapidly in sunlight, leading to reduced effectiveness. In contrast, 
insect-resistant plants produce the Bt protein in sufficient quantities to maintain high levels of 
effectiveness when consumed by the insect. This also helps prevent the development of 
resistance to the Bt protein by the insects. In addition, when Bt crops are grown, a fraction of the 
crop is planted to non-resistant varieties, known as a “refuge,” to reduce the selection pressure 
on the insects and delay the development of tolerance to the Bt protein6. Thus far, this 
combination of high Bt protein levels and use of refuges has been effective in limiting the 
development of resistant insects. In addition, multiple forms of Bt proteins with distinct modes of 
action can be combined in crop plants to further reduce the likelihood that random genetic 
changes in the insects will enable them to survive.  
 
What is the Current State of Insect Resistance? 
Corn and cotton are the two major crop species containing the Bt gene that are currently being 
grown by farmers. Insect-resistant crops were grown on 53.6 million acres worldwide in 20087, 
an area larger the state of Kansas. 
 

Corn – One of the most important U.S. crops, corn was grown on 86 million acres in the 
United States in 20098. Corn is susceptible to an array of insect predators, most prominently 
the European corn borer and western corn rootworm, both of which have historically caused 
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significant reductions in corn production. Chemical insecticides have been used to control 
these insects since World War II, albeit at significant cost to farmers and the environment. In 
1996, the Monsanto Company released its first Bt corn varieties, which have been followed 
by Bt varieties from other companies such as Pioneer Hi-Bred, Dow Agrosciences, and 
Syngenta. These varieties have reduced insecticide use and increases crop yields. 
 
Cotton – Cotton is a major source of fiber for clothing and other uses such as cottonseed 
oil, and has been cultivated for thousands of years. Cotton is subject to heavy insect 
pressure from pests such as the pink bollworm, cotton bollworm, and American bollworm. In 
order to maintain high yields under such heavy insect pressure, farmers in industrialized 
nations have historically relied on intensive chemical insecticide application regimes. Bt 
cotton was introduced by the Monsanto Company in 1996 in the United States and is now 
grown in eleven countries on five continents7. The Bt gene allows farmers in industrialized 
countries to rely less heavily on toxic insecticides and allows farmers in developing countries 
to significantly increase yields. Early Bt cotton field trials in India, a country where farmers 
often don’t have the resources to buy insecticides, showed an average 60% gain in yield9. 
The results of these trials have been confirmed commercially, with 87% of Indian cotton 
area being planted with Bt cotton in 2009, only five years after its release7.  

 
In addition, there are several other crops with insect resistance that are likely to soon be 
commercially available. 
 

Soybean - Both the Monsanto Company and Pioneer Hi-Bred have a number of different 
insect-resistant soybean projects under development10, 11. 
 
Sugarcane – The Monsanto Company is in Phase I development of insect-resistant 
sugarcane12. 
 
Rice – Bt rice developed by Chinese scientists received regulatory approval in China at the 
end of 2009 and is expected to be commercialized by 2012. Other organizations, including 
the Indian government and Pioneer Hi-Bred, are also developing insect-resistant rice7. 
 
Eggplant – Bt eggplant (or brinjal) has been developed in India to control fruit and shoot 
borers that can cause 40% reductions in yield. Results from field trials indicate that these 
varieties would reduce pesticide applications by 40% and double yields. The engineered 
variety has been approved by India’s country’s scientific advisory committee, but has not 
been approved by the Ministry of the Environment for commercial release13.  

 
Conclusions 
Insect-resistant crops have become important tools for farmers, both large and small, around 
the world. Bt corn and Bt cotton have been credited with reducing the amount of chemical 
insecticides applied worldwide to those crops by 136.6 million kg, a 29.9% reduction14. This has 
been particularly dramatic in cotton, where the use of Bt varieties has been integral to 
campaigns to eradicate major pests such as the pink bollworm from cotton-growing areas15. 
Once such primary pests are eradicated, integrated pest management and biological control 
strategies are much more practical and effective, further reducing the need for pesticides. In 
fact, the widespread use of insect-resistant corn in the US Midwest has reduced insect 
populations such that even farmers who do not use the Bt-containing varieties received 
economic benefits of over $4.3 billion since 1996 due to reduced insect pressure16. The addition 
of Bt-derived genes to other crops promises to extend these benefits to more farmers, reducing 
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environmental impacts and increasing standards of living. Properly managed, insect-resistant 
crops will be an important tool for dealing with increased insect pressure and meeting the 
nutritional requirements of a burgeoning global population. 
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