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Abstract 
The application of transgenic technology has resulted in useful GM insect-resistant varieties by genetic 
engineering (GE). Crops expressing Cry toxins derived from Bacillus thuringiensis (Bt) have been 
planted globally, and are a vital tool for pest control. The use of notable Bt crops, such as Bt-maize and 
Bt-cotton, have resulted in significant reductions of insecticide use and clear benefits on the environment 
and farmer health. Consequently, Bt-crops can be a useful component of integrated pest management 
(IPM) systems to protect the crop from targeted pests. Development, commercial use, benefits and risks 
associated with the adoption of GM insect-resistant crops and future of transgenic Bt-varieties to mediate 
crop protection against insect pests have been discussed in this review. 
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Introduction 
The introduction of transgenic technology has added a new era to pest control and becoming 
vital component of integrated pest management worldwide [1]. In the past two decades, 
transgenic technology has been developed to generate insect-resistant crops for reducing both 
yield loss and pesticide utilization [2]. Bacillus thuringiensis (Bt) insect-resistant crops are one 
of the most outstanding achievements in plant transgenic technology, which have achieved 
significant success economically and ecologically. Bt is a potent insecticide containing crystal 
protein endotoxin produced by some strains of soil bacterium B. thuringiensis. The Bt-crystal 
(Cry) insecticidal protein (δ-endotoxin) genes are highly selective and represent a class of 
numerous proteins with insecticidal action on larvae from various orders: Cry1 and Cry2 are 
toxic for lepidopteran pests, Cry2A for lepidopterans and dipteran pests, and Cry3 for 
coleopteran pests [3]. Bt-cry protein is toxic to insects, but non-toxic to humans and animals. 
The first generation of insect-resistant crops that were commercialized expressed single Bt-Cry 
genes, each produce a single Bt-toxin active against important lepidopteran pests and kill a 
narrow set of target pests, which poses a relatively high risk that insect will evolve resistance 
to the toxin. This narrow range of action and concerns about the evolution of pest resistance 
accelerated to the development of Bt-crops producing more than one toxin. In the second and 
third generations, scientists have mitigated this risk by stacking or pyramiding different genes 
such as multiple but different Cry genes and Cry genes combined with other insecticidal 
proteins, which target different receptors in insect pests but also provide resistance to a wider 
range of pests and delay evolution of resistance in pests [2, 4]. In comparison to single-toxin Bt-
crops, multi-toxin Bt-crops can be more effectively control pests and reduce crop damage, 
which may increase environmental and economic benefits [5]. 
Bt-insect-resistant GM crops have been planted on a cumulative total area of over 560 million 
hectares worldwide since 1996 [6]. Of the 28 countries growing transgenic crops, 20 were 
developing and the remaining 8 were developed countries. A total of 17.3 million farmers 
grew transgenic crops in 2012; over 90% were small resource–poor farmers from developing 
countries [7]. 
The first Bt-crops developed each produce a single Bt toxin active against important 
lepidopteran pests and are still used in some countries. Each of the toxins in Bt-crops kills a 
narrow set of target pests [8, 9]. The first insect-resistant GM crops were tobacco produced in 
1987 [10]. Furthermore, GM crop of japonica rice and indica rice was produced in 1988 and 
1990 respectively.  
Bt-crops not only provide an effective alternative tool for controlling target insects [11], but also 
provide many social, environmental, and economic benefits, such as reducing the use of  
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chemical insecticides, benefiting the environment and human 
health, and increasing farm income [12, 13, 14, 15, 16, 17]. For 
example, the direct global farm income benefit from Bt-cotton 
was $ 2.9 billion in 2008. Within this, 65% of the farm 
income gain has derived from yield gains (less pest damage) 
and the balance (35%) from reduced expenditure on crop 
protection (spraying of insecticides) [13]. The advantages of 
future applications of transgenic technology could be even 
much bigger and could contribute significantly to global food 
security and poverty alleviation [18]. 
Nevertheless, as with any technology, there have been 
questions about the potential risks transgenic crops might 
have on the environment. One of the major ecological 
concerns regarding the environmental risks of insect-resistant 
GM crops is their potential effects on non-target organisms 
(NTOs) [19].  
This review discusses application of transgenic technology in 
pest control by giving an emphasize on transgenic Bt-crops. 
Development, commercial use, benefits and risks associated 
with the adoption of GM insect-resistant crops and future of 
transgenic Bt-varieties to mediate crop protection against 
insect pests have been discussed in this review.  
 
Development and commercialization of transgenic Bt-crops 
Transgenic crops are produced through different 
transformation techniques including a modified Ti plasmid 
system in Agrobacterium tumefaciens and direct gene transfer 
including (polyethlyne glycol) PEG-induced DNA uptake, 
microinjection of DNA into cultured cells, electroporation and 
microprojectile bombardment. Efficient methods of gene 
cloning, transformation, plant regeneration, availability of 
new gene constructs, improved vector systems based on Ti 
and Ri plasmids of Agrobacterium, appropriate organ-specific 
promoters for gene expression, series of selectable marker 
genes and a large number of cloned [20]. By these methods; 
transgenic crops have been produced in several major crop 
plants such as cotton, maize, rice, etc. 
Development of transgenic biotechnology has promoted the 
commercialization of GM crops to a great extent [21]. So far, 
Bt-maize and Bt-cotton are the only insect-resistant GM crops 
for commercial planting. Bt-genes (Cry1Ac, Cry1Ab, Cry2Ab, 
and Cry1F) of cotton were commercialized in 11 countries in 
2009 [22], and the total planting area reached 15 million 
hectares, which comprised approximately half of all the 
cotton grown in the world in 2009 [23]. China and India are the 
two major cotton-growing countries. To delay the 
development of pest resistance, Bt-cotton varieties containing 
two different Cry proteins (Bollgard II and Wide Strike) have 
been gradually adopted by some countries in recent years. On 
the other hand, maize transformed with Bt-genes (Cry1Ab, 
Cry1F, Cry3Bb1, VIP3A, Cry34Ab1/Cry35Ab, and Cry2Ab) 
was commercially planted in 16 countries worldwide in 2009, 
and the total planting area reached 35.3 million hectares. In 
2010, Bt-maize was grown on 39 million hectares, an increase 
of 3.0 million hectares, or a year-over year growth rate of 
10% [24]. The USA and Canada are the only two countries to 
grow triple-stack maize with one gene for the European corn 
borer, a second for root worm, and a third for herbicide 
tolerance. It seems that the growth of biotech maize stacked 
with double and triple genes versus single genes is typical of 
the shift in all countries that deploy stacked genes in maize [25].  
In 2009, China’s Ministry of Agriculture issued its first two 
biosafety certificates for commercial production of two Bt-
rice lines (cry1Ab/Ac Huahui No. 1 and cry1Ab/Ac Bt 
Shanyou 63) against leaffolders and yellow stem borers for 

Hubei Province. However insect-resistant GM rice in China 
has not yet fully commercialized up to now [26]. 
 
Crop Varieties Transformed with Bt-Genes 
Many crops, such as cotton, maize, potato, tomato and rice, 
have been genetically transformed with genes derived from 
soil bacteria Bt-coding for proteins that are highly active 
against many important pests as shown in Table 1. The use of 
non-Bt insect-resistance traits with different modes of action, 
such as protease inhibitors or lectins, solely or in combination 
with Bt, has long been advocated as a means of delaying 
selection for resistant pest [3]. In the long term, new transgenic 
crops expressing novel Cry or other insecticidal proteins, 
stacked genes, or fusion proteins will increase in importance 

[25].  
 

Table 1: Bt-transgenic plants expressing genes for insect resistance 
[3, 25] with slight modification 

 

Plant Gene Resistance to 
Tobacco Magi6 peptide Spodoptera frugiperda 
Tobacco Cry1A Helicoverpa zea 
Tomato Cry1A Pinworm 

Potato 
Cry1Ab, 

Cry1Ac, Cry5 
Potato tuber moth 

Potato Cry3A Colorado potato beetle 
Cotton Cry1A Pink bollworm 
Cotton Cry1Ac Pectinophora gossippiella 
Maize Cry1A European corn borer 
Rice Cry1Ab Lepidopteron 

Rice (Indica, 
Minghui 63) 

Cry2A Yellow Stem Borers 

Rice (Indica, 
Minghui 63) 

Cry1Ac, 
Cry2A, Cry9c 

Yellow Stem Borers and 
Asiatic Stem Borer 

 
Contribution of transgenic crops 
Economic benefits 
Transgenic crops have contributed to economic gains at the 
farm level of about US$ 98.2 billion during the 16-year period 
(1996-2011), of which 51% were due to reduced production 
costs (less ploughing, less labour and fewer pesticide sprays), 
and 49% due to substantial yield gains of 328 million tons. 
Thus, in addition to higher yield, the benefits to farmers of 
transgenic crops include the lower input costs in terms of 
pesticide use, and ease of crop management [7].  
 

Pest reduction 
Another benefit of the deployment of Bt-crops has been the 
reduction of pest insect populations on a regional scale. In 
China it has been found that the area-wide suppression of 
cotton bollworm associated with Bt-cotton, also with benefits 
to non-Bt crops [11]. Human health benefits have also been 
documented for Bt-crops [27]. 
 

Biodiversity conservation 
Transgenic crops have helped conserving biodiversity by 
saving 108.7 million ha of land, which would probably have 
been required to produce 328 million tons of additional food, 
feed and fiber produced by these crops during the period 1996 
to 2011. The reduction in pesticide use has resulted in 
increased biodiversity within Bt-fields compared with non-Bt 
fields treated with conventional insecticides [28]. One benefit 
of higher biodiversity may be the improved natural control of 
other pests, which has been reported in the case of aphids in 
cotton in China. The use of insecticides in non-Bt cotton 
fields reduces the populations of aphid predators, while 
allowing those predators to survive in Bt-fields; therefore, 
improved control of aphids by natural predators is seen in Bt-
fields [29].  
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Pesticides reduction 
The accumulative reduction in pesticides for the period 1996 
to 2011 was estimated at 473 million kg of active ingredient, a 
saving of 8.9% in pesticides. In 2011 alone, there was a 
reduction of 37 million kg, equivalent to a saving of 8.5% in 
pesticides. The reduction in pesticide usage would lead to 
reduced exposure of farm labor to pesticides, reduction in 
harmful effects of pesticides on non-target organisms, and 
reduced amounts of pesticide residues in food and food 
products. The additional benefits to farmers would be to 
control insect pests which have become resistant to commonly 
used pesticides, and reduction in crop protection costs [7].  
 
Poverty alleviation 
Transgenic cotton alone has helped to alleviate poverty by 
making significant contribution to the income of about 16 
million small resource-poor farmers in 2012. This can be 
enhanced substantially in the remaining years of the second 
decade of commercialization, principally with transgenic 
cotton, maize and rice [30].  
These factors are likely to have substantial impact on the 
livelihood of farmers in both developed and developing 
countries. In many developing countries, small-scale farmers 
suffer pest-related yield losses because of technical and 
economic constraints. Insect-resistant GM crops can 
contribute to increased yields and agricultural growth in such 
situations. The advantages of future applications could be 
even much bigger. Transgenic crops can contribute 
significantly to global food security and poverty alleviation [18]. 
 
Ecological aspects of Bt-crops 
The most serious threat to the continued efficacy of Bt-crops 
is the evolution of resistance to Bt in target pests. A recent 
analysis of 24 cases, with each case involving responses of 
one pest species in one country to a single Bt-toxin, shows 
that the practical impacts of field-evolved resistance can vary 
from none to severe, depending on the magnitude, frequency 
and spatial distribution of resistance [31]. Despite the 
widespread adoption of Bt-crops, there are still a range of 
unanswered questions concerning longer term agro-ecosystem 
interactions. For instance, insect species that are not 
susceptible to the expressed toxin can develop into secondary 
pests and cause significant damage to the crop [32]. Secondary 
pests which before were of minor importance, might now find 
favourable conditions and become major pests [33]. Two main 
drivers may trigger an outbreak of secondary pest species 
with the use of Bt-crops are: (i) a reduction in natural enemy 
populations; or (ii) a decrease in interspecific competition 
with the target pest.  
 
Reduction of natural enemies 
Natural enemies include predators, parasitoids and pathogens. 
A major concern related to the growing of Bt-crops is their 
potential impact on the abundance of natural enemies. The 
impact of Bt-toxins on natural enemies can occur through 
direct and/or indirect effects [34]. Direct impacts might occur 
due to the ingestion of the insecticidal. Bt-proteins were 
passed from the Cry3Bb Bt-maize plant to the predator 
(Harmonia axyridis, a common coccinellid) via prey 
consumption (Rhopalosiphum maidis, the corn leaf aphid and 
Rhopalosiphum padi, the bird cherry-oat aphid), which 
significantly reduced their life span [35]. Furthermore, although 
not yet demonstrated in the context of Bt-crops, there is also 
concern regarding toxin bioaccumulation through the food 
chain, possibly driving cascade effects within the ecosystem 

[36]. Indirect effects might manifest through reductions in 
prey/host populations or in the nutritional quality of the prey. 
Impacts of the toxin on herbivores may manifest at a sub-
lethal level which can affect life parameters such as lifespan 
and fecundity [37]. There is evidence that the low nutritional 
quality of prey items after they have ingested Bt-proteins has 
a significant impact on the performance, development and 
even survival of natural enemies [38, 35]. Moreover, high 
mortality rates in the target species may cause a reduction in 
specialist natural enemies, which themselves can be important 
prey for generalist predators [35]. Additionally, prey species in 
general might migrate to non-Bt fields in search of preferable 
food resources [39].  
 
Species replacement 
It is possible that when a primary pest is successfully 
controlled by a Bt-toxin, a non-susceptible species starts to 
utilize the newly available ecological resource [40]. A good 
example of species replacement is the western bean cutworm 
(WBC) [Striacosta albicosta (Smith)] a noctuid moth native 
to West and Central America. In the mid-1990s, the WBC 
began an expansion of range size that correlated with the 
introduction of transgenic maize. It has now effectively 
established itself as a major Lepidopteran pest of maize crops 
in some areas of the Corn Belt in the US and Canada [41]. This 
secondary pest shows low susceptibility to most transgenic 
maize currently commercialized [42]. Transgenic crops 
expressing Cry1Ab and Cry9C toxins have larger populations 
of WBC compared to conventional maize [41]. It is possible 
that changes in cultural practices (e.g. conservation tillage and 
reduced insecticide use) due to the widespread adoption of Bt-
maize across these areas might have contributed to the 
WBC’s rapid expansion [43]. In Bt-cotton in the USA, stink 
bug pests, specifically Nezara viridula L. and Euschistus 
servus S., have recently become a severe problem in the 
absence of the target pests H. zea and Heliothis virescens [44]. 
As Bt growing expands worldwide, it is of critical importance 
to examine the key species–susceptible and non-susceptible 
pests– which might compete for resources within the same 
transgenic crop.  
 
Impact of secondary pests on Bt-cotton as an example 
From the worldwide 24.3 million hectares cropped with Bt-
cotton, India, China and USA account for 11.0, 4.2 and 4.1 
million hectares, respectively, with the adoption rate varying 
between 90% and 95%. The Bt-cotton hectarage in Africa is 
increasing, for instance Burkina Faso and Sudan cropped 50% 
and 300% more Bt-cotton, respectively, compared with 2012 
[6]. In China, in some areas where the bollworm incidence is 
higher, the adoption is close to 100% [45]. The drop in 
insecticide use and the ineffectiveness of Bt-cotton against 
these secondary pests has led to a reversal of the ecological 
role of cotton [46, 47]. Conventional cotton had been a 
population sink for the mirid bug secondary pest, while 
nowadays Bt-cotton fields are a source of these pests [33]. In 
the USA, for example, in the mid southern and southeastern 
cotton-producing regions, there has been a significant increase 
in the number of insects considered as secondary cotton pests, 
such as aphids, leafhoppers, mirid plant bugs and stinkbugs [23].  
 
Future of transgenic technology in insect control 
Transgenic crops have clearly increased profitability for 
farmers in developed and developing countries. The 
introduction of foreign genes conferring insect resistance to 
crop plants has been a major success in terms of levels of 
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protection afforded by expression of Bt-toxins. The first 
generation of Bt-crops has been extraordinarily successful, 
with a few examples of pest populations evolving resistance. 
These crops are already being supplanted with second-
generation varieties with more resilient traits generated by 
stacking and pyramiding resistance genes. Even so, this is not 
the time to be complacent and the search for more efficacious 
and potent strains must continue [2]. The next generation of 
insect-resistant GM plants has designed to delay/prevent the 
onset of resistance and thus provide more durable levels of 
crop protection. The goal of achieving multi-mechanistic 
resistance in crops is increasingly achievable with agricultural 
biotechnology. New Bt-strains are reported on a regular basis, 
especially now proteomics methods can be used to screen for 
novel toxins on a large scale. Field evaluation of transgenic 
crops containing insecticidal genes is vital as a component of 
the overall process of creating and deploying insect resistant 
transgenic plants that are useful and sustainable. 
 
Conclusion 
Transgenic crops are an additional tool to supplement 
conventional pest resistance programs. It is important to 
integrate transgenic technology into the on-going insect pest 
management (IPM) programs. Long term impact of transgenic 
crops on development of resistance to insects, environmental 
and public concerns and biosafety issues should be carefully 
examined before release of transgenic crops for commercial 
planting. The ideal transgenic technology should be 
commercially feasible, environmentally benign 
(biodegradable), and easy to use in diverse agro-ecosystems 
as well as show a wide-spectrum of activity against the crop 
pests. It should also be harmless to the natural enemies, target 
the sites in insects that have developed resistance to the 
conventional pesticides, flexible enough to allow ready 
deployment of alternatives (if and when the resistance is 
developed by the pest), and preferably produce acute rather 
than chronic effects on the target insects.  
 
Reference 
1. Kos M, Van Loon JJ, Dicke M, Vet LE. Transgenic 

plants as vital components of integrated pest 
management. Trends in Biotechnology 2009; 27:621-627. 

2. Christou P, Capell T, Kohli A, Gatehouse JA, Gatehouse 
AM. Recent developments and future prospects in insect 
pest control in transgenic crops. Trends in Plant Science 
2006; 11:302-308. 

3. Malone LA, Gatehouse AMR, Barratt BIP. Beyond Bt: 
Alternative strategies for insect-resistant genetically 
modified crops. In: Romeis J, Shelton AM, Kennedy GG, 
eds. Integration of Insect- Resistant Genetically Modified 
Crops with IPM Programs. Springer, Berlin, Germany. 
2008, 357-417.  

4. Gatehouse J. Biotechnological prospects for engineering 
insect resistant plants. Plant Physiology 2008; 146:881-
887. 

5. Carrière Y, Crickmore N, Tabashnik BE. Optimizing 
pyramided transgenic Bt crops for sustainable pest 
management. Nature Biotechnology 2014; 33(2):161-
168.  

6. James C. Global Status of Commercialised Biotech/GM 
Crops: ISAAA 2013, Brief No. 46. Ithaca, New York.  

7. Jindal V, Dhaliwal GS, Opender K. Pest Management in 
21st Century: Roadmap for Future. Biopesticides 
International 2013; 9(1):1-22. 

8. Burkness EC, Dively G, Patton T, Morey AC, Hutchison 

WD. Novel Vip3A Bacillus thuringiensis (Bt) maize 
approaches high-dose efficacy against Helicoverpa zea 
(Lepidoptera: Noctuidae) under field conditions: 
Implications for resistance management. GM Crops 
2010; 1:337-343. 

9. Siebert MW, Nolting SP, Hendrix W, Dhavala S, Craig 
C, Leonard BR et al. Evaluation of corn hybrids 
expressing Cry1F, Cry1A.105, Cry2Ab2, 
Cry34Ab1/Cry35Ab1, and Cry3Bb1 against southern 
United States insect pests. Journal of Economic 
Entomology. 2012; 105:1825-1834. 

10. Vaeck M, Reynaerts A, Hofte H, Jansens S, De 
Beuckeleer M. Transgenic plants protected from insect 
attack. Nature 1987; 328:33-37. 

11. Wu KM, Lu YH, Feng HQ, Jiang YY, Zhao JZ. 
Suppression of cotton bollworm in multiple crops in 
China in areas with Bt toxin containing cotton. Science 
2008; 5896:1676-1678. 

12. Wang DP. Current status and future strategies for 
development of transgenic plants in China. Journal of 
Integrated Plant Biology. 2007; 49:1281-1283. 

13. Brookes G, Barfoot P. GM crops: Global Socio-
Economic and Environmental Impacts 1996–2008. PG 
Economics Ltd, UK, 2010. 

14. Choudhary B, Gaur K. Bt Cotton in India: A Country 
Profile. ISAAA Series of Biotech Crop Profiles. ISAAA, 
Ithaca, NY, 2010. 

15. Huang JK, Mi JW, Lin H, Wang ZJ, Chen RJ, Hu RF et 
al. A decade of Bt cotton in Chinese fields: Assessing the 
direct effects and indirect externalities of Bt cotton 
adoption in China. Science in China Series C-Life 
Science. 2010; 53:981-991. 

16. Hutchison WD, Burkness EC, Mitchell PD, Moon RD, 
Leslie TW, Fleischer SJ et al. Area-wide suppression of 
European corn borer with Bt maize reaps savings to non-
Bt maize growers. Science 2010; 330:222-225. 

17. Tabashnik BE. Communal benefits of transgenic corn. 
Science 2010; 330:189-190. 

18. Sharma HC. Deployment of transgenic crops for pest 
management: Ecological considerations and their 
biosafety to the environment. In O. Koul, GS. Dhaliwal, 
S. Khokhar and R. Singh (eds.), Biopesticides in 
Environment and Food Security: Issues and Strategies. 
Scientific Publishers (India), Jodhpur, 2012, 51–76. 

19. Romeis J, Lawo NC, Raybould A. Making effective use 
of existing data for case-by-case risk assessments of 
genetically engineered crops. Journal of Applied 
Entomology. 2009; 133:571-583. 

20. Babu RM, Sajeena A, Seetharaman K, Reddy MS. 
Advances in genetically engineered (transgenic) plants in 
pest management—an over view. Crop Protection 2003; 
22:1071-1086. 

21. Xia H, Chen L, Wang F, Lu BR. Yield benefit and 
underlying cost of insect-resistance transgenic rice: 
Implication in breeding and deploying transgenic crops. 
Field Crops Research 2010; 118:215-20. 

22. James C. Global status of commercialized biotech/GM 
crops in. China Biotechnology 2009-2010; 30:1-22. 

23. Naranjo SE. Impacts of Bt transgenic cotton on integrated 
pest management. Journal of Agricultural and Food 
Chemistry. 2010; 59:5842.  

24. James C. A global overview of biotech (GM) crops, 
adoption, impact and future prospects. GM Crops 2010; 
1:8-12. 

25. Yu HL, Li YH, Wu KM. Risk Assessment and 



 

~ 52 ~ 

Journal of Entomology and Zoology Studies 
 

Ecological Effects of Transgenic Bacillus thuringiensis 
Crops on Non-Target Organisms. Journal of Integrative 
Plant Biology. 2011; 53(7):520-538. 

26. Chen M, Shelton A, Ye GY. Insect-Resistant Genetically 
Modified Rice in China: From Research to 
Commercialization. Annual Review of Entomology. 
2011; 56:81-101. 

27. Raybould A, Quemada H. Bt crops and food security in 
developing countries: realized benefits, sustainable use 
and lowering barriers to adoption. Food Security. 2010; 
2:247-259.  

28. National Research Council. The impact of genetically 
engineered crops on farm sustainability in the United 
States. The National Academies Press, Washington, 
2010. 

29. Wu KM, Guo YY. The evolution of cotton pest 
management practices in China. Annual Review of 
Entomology 2005; 50:31-52. 

30. Brookes G, Barfoot P. The global income and production 
effects of genetically modified (GM) crops 1996–2011, 
GM Crops and Food 2013; (4)1:74-83. 

31. Tabashnik BE, Brévault T, Carrière Y. Insect resistance 
to Bt crops: lessons from the first billion acres. Nature 
Biotechnology 2013; 31:510-521. 

32. Catarino R, Ceddia G, Areal FJ, Park J. The impact of 
secondary pests on Bacillus thuringiensis (Bt) crops. 
Plant Biotechnology Journal. 2015; 13:601-612. 

33. Lu Y, Wu K, Jiang Y, Xia B, Li P, Feng H et al. Mirid 
bug outbreaks in multiple crops correlated with wide-
scale adoption of Bt cotton in China. Science 2010; 
328:1151-1154. 

34. Romeis J, Meissle M, Bigler F. Transgenic crops 
expressing Bacillus thuringiensis toxins and biological 
control. Nature Biotechnology 2006; 24:63-71. 

35. Stephens EJ, Losey JE, Allee LL, DiTommaso A, Bodner 
C, Breyre A. The impact of Cry3Bb Bt-maize on two 
guilds of beneficial beetles. Agriculture, Ecosystems & 
Environment 2012; 156:72-81. 

36. Chen M, Ye GY, Liu ZC, Fang Q, Hu C, Peng YF et al. 
Analysis of Cry1Ab toxin bioaccumulation in a food 
chain of Bt rice, an herbivore and a predator. 
Ecotoxicology 2009; 18:230-238. 

37. Meissle M, Romeis J. The web-building spider Theridion 
impressum (Araneae: Theridiidae) is not adversely 
affected by Bt maize resistant to corn rootworms. Plant 
Biotechnology Journal. 2009; 7:645-656. 

38. Dutton A, Klein H, Romeis J, Bigler F. Uptake of Bt-
toxin by herbivores feeding on transgenic maize and 
consequences for the predator Chrysoperla carnea. 
Ecological Entomology 2002; 27:441-447. 

39. Naranjo SE. Long-term assessment of the effects of 
transgenic Bt cotton on the abundance of nontarget 
arthropod natural enemies. Environmental Entomology 
2005; 34:1193-1210. 

40. Gross K, Rosenheim JA. Quantifying secondary pest 
outbreaks in cotton and their monetary cost with causal-
inference statistics. Ecological Applications 2011; 
21:2770-2780. 

41. Dorhout DL, Rice ME. Intraguild competition and 
enhanced survival of western bean cutworm 
(Lepidoptera: Noctuidae) on transgenic Cry1Ab 
(MON810) Bacillus thuringiensis corn. Journal of 
Economic Entomology. 2010; 103(1):54-62. 

42. Eichenseer H, Strohbehn R, Burks JC. Frequency and 
severity of western bean cutworm (Lepidoptera: 

Noctuidae) ear damage in transgenic corn hybrids 
expressing different Bacillus thuringiensis Cry toxins. 
Journal of Economic Entomology. 2008; 101:555-563. 

43. Hutchison WD, Hunt TE, Hein GL, Steffey KL, Pilcher 
CD, Rice ME. Genetically engineered Bt corn and range 
expansion of the Western bean cutworm (Lepidoptera: 
Noctuidae) in the United States: a response to 
Greenpeace Germany. Journal of Integrated Pest 
Management 2011; 2:B1-B8. 

44. Zeilinger AR, Olson DM, Andow DA. Competition 
between stink bug and heliothine caterpillar pests on 
cotton at within-plant spatial scales. Entomologia 
Experimentalis et Applicata 2011; 141:59-70. 

45. Xu N, Fok M, Bai L, Zhou Z. Effectiveness and chemical 
pest control of Bt-cotton in the Yangtze River Valley, 
China. Crop Protection 2008; 27:1269-1276. 

46. Li G, Feng H, McNeil JN, Liu B, Chen P, Qiu F. Impacts 
of transgenic Bt cotton on a non-target pest, Apolygus 
lucorum (Meyer-Dur) (Hemiptera: Miridae), in Northern 
China. Crop Protection 2011; 30:1573-1578. 

47. Lu Y, Wu K, Jiang Y, Guo Y, Desneux N. Widespread 
adoption of Bt cotton and insecticide decrease promotes 
biocontrol services. Nature 2012; 487:362-365. 


