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Environmental Dangers of Insect 
Resistant Bt Crops 
 
 
Of the 68 million hectares of genetically 
engineered (GE, also called genetically 
modified, GM) crops grown throughout the 
world in 2003, 18% (12 million hectares) 
were varieties developed to be resistant to 
insects1. Most such crops are created by 
inserting a synthetic version of a gene from 
the naturally occurring soil bacterium, 
Bacillus thuringiensis (Bt), so that the plants 
produce their own Bt toxins to destroy pests. 
 
Insect resistant GE Bt maize (corn), cotton 
and potatoes have already been grown 
extensively on a commercial scale, 
particularly in the USA, and several other Bt 
crops are under development (e.g. oilseed 
rape, rice and tomatoes). However, there is 
strong evidence that the rush to 
commercialise Bt crops will have serious 
environmental consequences. 
 
 
Impact on non-target beneficial 
organisms 
 
In its natural form, Bt has been used by 
farmers practising organic and other 
sustainable growing methods since the 
1950s as a spray to kill pests without 
damaging non-targeted insects or other 
wildlife. However, the Bt toxins produced by 
insect resistant crops such as Monsanto’s 
GE maize, e.g. MON810 are significantly 
different and have been shown to be harmful 
to beneficial predator insects. 
 
Natural Bt sprays have little effect on non-
target organisms because the bacterial "pro-
toxin" is in an inactive state and only 
becomes toxic when processed in the gut of 
certain (targeted) species of insect larvae. In 
contrast, many insect resistant plants contain 

an artificial, truncated Bt gene and less 
processing is required to generate the toxin. 
It is therefore less selective, and may harm 
non-target insects that do not have the 
enzymes to process the pro-toxin, as well as 
the pests for which it is intended (Fig. 1).2  
 

 
Fig. 1 Differences Bt-insecticides and GE 

Bt-plants2. 
 
GE Bt plants could be harmful to non-target 
organisms if they either consume the toxin 
directly in pollen or plant debris, or indirectly 
by feeding on pests that have ingested the 
toxin. This could cause harm to ecosystems 
by reducing the numbers of important 
species, or reduce the numbers of beneficial 
organisms that would naturally help control 
the pest species. 
 
Most of the current Bt crops (containing the 
Cry1Ab or Cry1Ac gene) are GE to be toxic 
to certain species of moths and butterflies 
(Lepidoptera). Larvae of non-target moths 
and butterflies may inadvertently ingest the 
Bt toxin whilst feeding on plants growing 
nearby Bt crops. The impact of pollen from 
Bt maize on larvae of the monarch butterfly 
(Danaus plexippus) in North America is the 
most well-known example of this 
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phenomenon3. Pollen from Bt maize 
(Syngenta’s Bt176) caused the monarch 
butterfly controversy. This strain of Bt maize, 
Bt176 has, or is, being phased out. Bt176 
was also found to be toxic to larvae of the 
Eurasian peacock butterfly (Inachis Io)4.  
 
Long-term exposure to Bt pollen from two Bt 
maize types, MON810 and Bt11, has 
recently been found to cause adverse effects 
on larvae of the monarch butterfly, even 
though these strains of Bt maize contain less 
Bt in their pollen than Bt176. Although no 
short-term effects (4-5 days) were noted5, 
longer-term studies (2 years) found over 20 
% fewer monarch larvae reached the adult 
butterfly stage when exposed to naturally 
deposited Bt pollen6. Many species of 
butterflies and other insects are already 
under threat7 from factors such as climate 
change and loss of habitat. Increased stress 
from exposure to Bt pollen could further 
threaten certain species. 
 
Environmental risk assessments for Bt crops 
do not require long-term exposure studies to 
non-target organisms and it has been 
suggested that longer periods of exposure 
would improve the risk assessment8. The 
case of the monarch butterfly shows it is vital 
these studies are performed. 
 
Changes in populations of both pests and of 
natural enemies have been documented in 
Bt cotton. Data from China show that use of 
Bt crops can exacerbate populations of other 
secondary pests, including aphids, lygus 
bug, whitefly, Carmine spider mite and 
thrips9. Studies there have shown significant 
reductions in populations of the beneficial 
parasites Microplitis sp. (88.9% reduction) 
and Campoletis chloridae (79.2% reduction) 
in Bt cotton fields10. In the US, impacts of Bt 
maize on field populations of Coleomegilla 
maculata, a beneficial predatory insect 
commonly found in corn fields have been 
found11. A certain type of the Bt toxin 
(Cry1Aa) has been shown to be toxic to the 
silkworm (Bombyx mori)12. 
 
Green lacewings (Chrysoperla carnea)– 
have been shown to be affected by Bt crops 
in the laboratory13. Lacewings are beneficial 
insects that play an important role in the 
natural control of crop pests. The toxic 
effects of Bt crops on lacewings are via the 
prey that they ate, which in turn had been 

ingesting the Bt crop. This illustrates that the 
Bt toxin can affect organisms higher up the 
food chain. However, the environmental risk 
assessments for Bt crops include only single 
species studies, which would not detect any 
effects on organisms higher up the food web. 
This approach has been highly criticised and 
scientists have suggested that the effects of 
Bt crops need to be studied at multiple levels 
of the food web14. 
 
“Single-species studies of non-target 
effects represent a narrow approach to 
assessing the positive and negative 
ecological impacts of non-target effects. 
Understanding the ecological 
consequences of non-target effects also 
depends on accurately identifying what 
physical and biological processes a 
transgenic organism may alter, and 
understanding what impacts these 
alterations have on ecosystems.” 
Ecological Society of America (2004)  
 
The disturbing conclusion is that Bt toxins 
from GE plants can kill non-target species 
and be passed higher up the food chain, an 
effect that has never been observed with the 
Bt toxin in its natural form. 
 
 
Impact on Soil Health 
 
Soil organisms play a crucial role in soil 
health. Therefore, it is necessary to 
understand how different agricultural 
practices affect them. Bt crops may be 
problematic for long-term soil health, as they 
express proteins that are known to be toxic 
to certain insects and are suspected of being 
toxic to a range of non-target organisms as 
well, including earthworms15. An unknown 
number of species make up the soil food 
web and could be affected by Bt – yet tests 
have been conducted on very few, in very 
few soil types and ecosystems. 
 
If, under field conditions, the Bt deposited in 
the soil by these crops has an impact on soil 
organisms – bacteria, fungi, insects, 
earthworms – there will necessarily be 
downstream effects. If Bt crops kill or 
otherwise reduce the activity of any of these 
soil organisms, they will disturb the web of 
relationships necessary for carrying out 
essential ecosystem functions, such as 
decomposition and nutrient cycling. 
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Bt crops secrete the toxin from the root into 
the soil16 and Bt crop residues left in the field 
contain the Bt toxin. The Bt toxin can persist 
in soils for over 200 days, particularly if there 
is a cold winter period17. Therefore, Bt 
proteins are likely to be present in the soil, 
not only throughout the growth of the crop, 
but also long after the crop is harvested. This 
raises the possibility of the accumulation of 
Bt toxins in the soil18.  
 
Further studies are needed to determine 
whether the persistence of Bt would cause 
problems for non-target organisms and the 
health of the soil ecosystem. This highlights 
the need for long-term studies on the 
impacts of Bt crops. 
 
 
Resistance problems 
 
An additional environmental hazard of insect 
resistant crops is that targeted pests could 
develop resistance to the effects of Bt. This 
is because constant exposure to the Bt toxin 
produced by these plants encourages the 
survival of individual pests which have a 
genetic immunity to Bt. Over time, this could 
lead to the proliferation of resistant 
individuals to the extent that Bt would no 
longer be effective against the majority of the 
targeted pest population. 
 
In the US, the Environment Protection 
Agency (EPA) have complex requirements 
for Bt refugia (planted areas of non-Bt 
crops), which are required to slow down the 
build up of insect resistance to Bt. However, 
there are concerns that the current refugia 
requirements (20 % of the area planted with 
Bt crops) may not be sufficient19 and may not 
be rigorously enforced. Refugia may not be 
practical on small farm holdings in Europe 
and elsewhere, which are very different to 
the large field sizes in the US. This problem 
has been identified with Bt cotton in both 
India20 and China21. 
 
There is doubt that the refugia will be fully 
effective. It has also been shown that 
resistance of the major maize and cotton 
pest, Helicoverpa zea (bollworm or 
earworm), to Bt could develop rapidly22 if the 
acreage of Bt maize increases in the US 
corn belt. GE contamination of non-Bt maize 
refugia, caused by cross pollination, could 

undermine refugia, as pest insects will still 
be exposed to Bt in the refugia23. 
 
There is overwhelming scientific data to 
support concerns of insect pest resistance24. 
If widespread resistance were to occur, the 
insect resistant properties of the GE crops 
would become ineffective. The application of 
new and even more toxic chemical 
pesticides would therefore be almost 
inevitable. Furthermore, increased 
resistance would pose a serious threat to 
sustainable and environmentally friendly 
agricultural methods. 
 
 
Emergence of Superweeds? 
 
Insect-resistance in GE crops (e.g. Bt crops) 
is considered by scientists to be a fitness-
enhancing gene, and thus likely to increase 
in frequency and spread throughout local 
populations25. Such an increase in fitness 
raises the potential for wild relatives to 
become problem weeds or swamp the 
existing wild population26. For example, 
studies with oilseed rape (Brassica napus) 
have shown that the Bt gene can be passed 
on to a wild, weedier relative (B. rapa)27. 
 
The Bt gene could have broad ecological 
impacts following its spread throughout the 
population (introgression), through: 
• persistence of the Bt protein in the soil, 

with toxicity to soil organisms 
• toxicity to non-target herbivores, 

predators and parasites (natural enemies 
of affected pests) 

• the development of resistance to Bt in 
affected pests  

- 3 - 



Environmental Dangers of Insect Resistant Bt Crops 
 

Impact on sustainable farming 
methods 

 

 

 
The use of naturally occurring Bt toxins in 
foliar sprays has provided organic and other 
environmentally conscious farmers with an 
invaluable weapon against harmful pests for 
several decades. Bt pesticides kill targeted 
pests without harming beneficial predator 
insects28 and the toxins have no known 
detrimental effect on mammals or birds. 
 
Because of its effectiveness and safety 
compared to the pesticides it displaces, Bt is 
probably the single most important 
insecticide ever discovered. If pests develop 
resistance to its effects, however, organic 
farmers will be deprived of a powerful pest 
control mechanism and other users may 
switch to more environmentally damaging 
pesticides. Organic pest control methods 
could also be jeopardised by the destruction 
of beneficial predator insects, such as the 
green lacewing, which are essential to 
environmentally friendly pest management. 
 
Greenpeace is opposed to the release of 
GE organisms because of the 
irreversibility of such releases and the 
potential of GE organisms to cause 
serious harm to the environment. 
 
For Bt crops the environmental dangers 
include: 
• effects on non target organisms, 

including indirect and long-term 
effects; 

• effects on soil health; 
• build up of insect resistance to Bt and 

the impacts on sustainable farming 
practices and 

• the threat of wild relatives acquiring 
traits, giving them an ecological 
advantage. 
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