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Refuge Requirements and Their Implications  
in Biotech Cotton 

One of the strongest lessons learnt from insecticide use in 
cotton is that if pests are continuously exposed to the same 
chemical or chemicals by spraying the same insecticide 
many times a season and year after year, insects will develop 
resistance to that insecticide group. No doubt some insects 
are more prone than others to the development of resistance. 
Among the more frequently occurring insects on cotton, the 
American bollworm Helicoverpa armigera and whitefly 
Bemisia tabaci are notorious for their ability to develop 
resistance to insecticides. The lessons learned from insecticide 
use and from the insects’ ability to develop resistance alerted 
the developers of biotechnology products and their respective 
governments not to take a chance with the use of Cry 1Ac. 
This is why refuge requirements were required with the 
commercial use of biotech cotton in the form of Bollgard 
cotton (Ingard in Australia). 

Insects feeding on Bollgard cotton are exposed to the Bt toxin 
throughout the life of the plant, so there is a real danger that 
the target insects will develop resistance to the toxin. Hence, 
the challenge in 1996 was to develop protocols to delay the 
development of resistance. The principle objective of refuge 
planting was to produce lepidopteran populations that had not 
been exposed to the Bacillus thuringiensis (Bt) protein so that 
when exposed and non-exposed pests mated they would retain 
the susceptibility and pass it on to their progenies. 

Bollgard cotton with the Cry 1Ac gene was commercialized 
in 1996/97 in Australia, Mexico and the US. Cotton growers 
were required to plant 10 hectares of cotton without the 
Bollgard gene for every 40 hectares of cotton planted to 
Bollgard cotton. The ten hectares of non-Bollgard cotton, 
i.e., cotton without the transgenic gene, could be treated with 
insecticides that control target lepidopteran pests, including 
tobacco budworm Heliothis virescens, American bollworm 
Helicoverpa armigera, and pink bollworm Pectinophora 
gossypiella. Growers of Bollgard cotton were prohibited from 
using Bt insecticides on the refuge crop. The second refuge 
option, which could be used as an alternate method, was to 
plant 1.6 hectares (four acres) of non-Bollgard cotton under 
unsprayed conditions for every 40 hectares of Bollgard cotton. 
No other control measures could be used to control tobacco 
budworm, cotton bollworms, and pink bollworm. 

Refuge requirements in USA were observed by all growers 
in 1996/97, the first year of Bollgard cultivation. However, 
compliance with refuge requirements decreased by 5% in 
1997/98 and another 5% in the following year. Despite the 
fact that the success of the refuge strategy for delaying pest 
resistance to Bt crops depends on compliance by farmers, 
refuge compliance has never again reached 100%. The 
agriculture industry continuously reminds growers of the 

importance of refuge compliance to preserve this valuable 
technology. The same refuge requirements were established 
for commercial adoption of Bollgard II cotton. It is vitally 
important that refuge requirements should be implemented 
by each grower on every farm. However, reports from other 
countries also indicate that refuge requirements are being 
violated regularly, particularly when insect-resistant biotech 
cotton is planted illegally. 

Over the last 10+ years, refuge requirements have gone 
through slight revisions. During 2001/02, the basic approved 
refuge strategies were 95-5 untreated and 80-20 treated. At 
one point, increasing the ratios to 90-10 untreated refuge and 
70-30 treated refuge was also considered in the USA, but the 
new ratios were not approved. The National Cotton Council of 
America conducted an economic analysis in which alternative 
refuge strategies were compared, particularly the 95-5 versus 
90-10 untreated refuge options and the 80-20 versus 70-30 
treated refuge options. This issue is discussed in greater detail 
separately in this article. Nevertheless, the National Cotton 
Council recommended to the U.S. Environmental Protection 
Agency that refuge requirements must provide producers 
with a practical, logical and economically feasible option for 
complying with refuge requirements in their planting. 

Refuge Crops in Argentina
Argentina adopted insect-resistant biotech cotton in 1998/99, 
but the cotton area officially reported planted to biotech 
varieties has not exceeded 1/3 of the total cotton area. Qaim 
et al (2003) analyzed the sustainability of the technology by 
simulating the development of resistance in pest populations. 
They found that the effects of refuge planting could vary 
as a function of the pest species, as well as ecological and 
agronomic conditions in the area where biotech cotton is 
grown. They ran 15-year simulation models in which they 
used 0.1 as the starting value of the resistance allele because 
the real initial frequency of the resistance allele was not 
certain. Using the 20% refuge crop ratio in the model, they 
found that the movement from the refuge crop of a susceptible 
population capable of mating with surviving insects on the 
biotech crop was sufficient to effectively dilute the resistance 
trait. The model results demonstrated that a rapid increase in 
resistance and associated pest outbreaks appear to be unlikely 
when minimum non-Bt refuge areas are preserved.

Apart from conventional cotton, other hosts of Bt target 
pests that contribute to the dilution of the resistance trait 
are commonly grown in local settings. The most interesting 
finding was that an effective refuge area of 10% was capable 
of delaying the onset of resistance to a degree nearly equal 
to that of the 20% option. Even assuming a sprayed refuge 
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as small as 5%, resistance drops to zero within nine years. 
With a zero refuge area, however, rapid resistance buildup can 
occur, reaching a frequency of one within 6-7 years. Farmers 
in Argentina frequently grow alternate host crops, such as 
corn, soybean and sorghum, which provide an additional non-
Bt refuge. This suggests that the technological advantages 
of biotechnology can be maintained in Argentina over the 
long run. However, no far-reaching general conclusions can 
be drawn for other countries because biotech adoption in 
Argentina is low (officially) as compared to Australia, South 
Africa and the USA. 

Refuge Requirements in Australia
Australia is one of three countries that adopted insect-resistant 
biotech cotton in 1996/97, and their refuge requirements are 
now quite different from those of other countries. Herbicide-
resistant biotech varieties were adopted in 2001/02. Bollgard II 
was initially grown on 3,000 ha in 2002/03 and recommended 
for commercial production as of 2003/04. Australia planned to 
replace Bollgard with Bollgard II in three years as described 
below. 

2002/03    =  1% Bollgard II and 29% Bollgard

2003/04    =  12% Bollgard II and 18% Bollgard

2004/05    = 50% Bollgard II and 0% Bollgard

Bollgard II accounted for about 80% of annual cotton 
plantings in 2005/06 (Pyke and Doyle, 2006). Prior to the 
commercialization of biotech cotton, Australia had suffered 
greatly due to insecticide resistance developed by lepidopteran 
pests. This is why Australia implemented vigorous refuge 
requirements, but it also gave growers a number of choices. 
A grower with 100 ha of Bollgard II has four refuge options: 
1) 10 ha unsprayed conventional cotton, 2) 5% irrigated 
unsprayed pigeon pea, 3) 15% irrigated unsprayed sorghum, 
4) 20% irrigated unsprayed maize. The refuge field has to be 
within two kilometers of the Bollgard II crop. In Australia, 
most growers opt for the pigeon pea refuge since it requires 
the smallest area. However, a number of growers used the 
sprayed cotton refuge option as well as the unsprayed cotton 
refuge option, while others resorted to the maize or sorghum 
options, as they fit in well with rotation schemes already 
used on farms. There are strict parameters governing the 
use of maize and sorghum. In some areas these options may 
require that there be a minimum of three plantings in order to 
ensure that maize and sorghum remain in flowering during 
the entire reproductive phase of cotton so that they can attract 
Helicoverpa spp. Efforts are underway to find more crops that 
require only a 5% area to be planted as a refuge crop. Australia 
is beset by a residual resistance of Helicoverpa spp. in its pest 
population, and reductions in refuge requirements are not 
being considered. 

Refuge Requirements in  
South Africa
South Africa became the first country in Africa to produce 
transgenic crops on a commercial scale in 1997/98. To date, 
insect-resistant (Bt) cotton and maize, as well as herbicide-
tolerant (RR) soybeans, cotton and maize, have been approved 
for use in South Africa. South Africa is still the only country 
in Africa to have commercial production of biotech crops. 
The release of herbicide-resistant cotton in 2001/02 boosted 
biotech cotton during the last three years, area planted to 
biotech cotton varieties has been over 90% of the total cotton 
area. With respect to biotech cotton, South Africa was the 
first country to seriously consider the abolition of refuge 
requirements. As indicated in the September 2002 issue of the 
ICAC RECORDER, there are the two main reasons why a 
refuge was not required in South Africa:

• Under the small-scale cotton production system, a 
requirement that 20% of the area be sprayed or 5% 
unsprayed cannot ensure the production of a hybrid 
population from insects feeding on Bt cotton and refuge 
crops. Scientifically, both refuge requirements are valid 
and have worked in countries with large-scale farming 
systems, but they are not suitable for small-scale farming 
systems where farmers plant only a few hectares or even 
less than one hectare.

• Some strong alternate host crops are also grown in 
South Africa at the same time that cotton is in the field. 
Furthermore, in South Africa, cotton is grown on much 
smaller area than the millions of hectares planted to 
maize every year. Maize also serves as a major host for 
cotton bollworms and provides an automatic refuge for 
the hybrid population. 

Monsanto and Delta and Pine Land jointly lobbied the South 
African Government to abolish refuge requirements, but 
refuges still remain a requirement. However, it has been 
demonstrated that when small-scale farmers in the Mkhathini 
region do not plant their refugia, as required in the license 
agreement, the natural refugia, which already exist in that 
area are still adequate to reduce the possibility of resistance 
development. Nevertheless, the planting of refugia is still 
promoted. 

Refuge Requirements Not  
Needed in the USA
There was a strong emphasis on the mandatory refuge 
requirements to be used in connection with the first single-gene 
insect-resistant cotton. Consequently, refuge requirements 
were followed more scrupulously during the first few years of 
commercial use of Bollgard cotton. However, some growers 
started to violate the requirements as early as the 2nd year 
after introduction. The introduction of double-gene Bollgard 
II cotton launched the debate about the need for a refuge 
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crop. Monsanto researchers, joined by a number of university 
researchers in the U.S., took a leading role in propagating the 
idea that with the two-gene system provided by the Bollgard 
II technology, there was no need for the non-Bt cotton refuge 
required to prevent target pests from developing resistance. 
They did not challenge the need for susceptible insects, but 
argued instead that susceptible insects could come from a 
large number of alternate crops and native host plants. It was 
already known that bollworms could complete their larval 
development on a number of plants, including maize, pigeon 
pea, soybeans and sorghum. 

Monsanto and cooperating university scientists in the U.S. 
conducted studies for over four years to determine the host 
range for bollworm and tobacco budworm. Researchers used 
a (C-3/C-4) carbon isotope assay and gossypol analyses to 
determine the insects’ larval food sources (Laws, 2006). They 
found that bollworms had a great many alternate hosts and that 
the insects were flying significant distances. Consequently, 
it could be argued that susceptible populations were being 
produced. Tests in some states showed that an exceptionally 
high population of bollworms, particularly the tobacco 
budworm, had been feeding on non-cotton hosts. Researchers 
have been working on simulation models for many years and 
have calculated varying periods required for target pests to 
develop resistance to Cry 1Ac. In most cases it was over five 
years. The addition of a second gene extended the period to 
many more years. The expanded spectrum of activity and 
increased efficacy against lepidopteran cotton pests led to a 
better pest management tool. The expanded spectrum includes 
armyworms and loopers. ELISA evaluation of protein levels 
in Bollgard II found Cry 1 Ac levels equal to those of the 
current Bollgard I cotton, but the expression level of the Cry 
2Ab gene was ten times greater. Bioassay at a 20,000-fold 
dilution overlaid on a diet against 1st instar tobacco budworm, 
which dilutes out any secondary chemical effects, found 
that Bollgard II was 4-5 times more active than Bollgard 
I (Larson, 2002). Data also showed that Cry 2Ab was less 
than 20% homologous with Cry 1Ac, which is an important 
consideration with regard to resistance management and the 
life expectancy of any combination of two or more toxins. 
Cross-resistance does not become an issue when the similarity 
between genes is low. A higher level of similarity between or 
among Cry genes will potentially allow the development of 
resistance over a shorter period of time. 

At the time when Bollgard II was approved in 2003, at least 
two other insect-resistance genes capable of being approved 
for commercial use were already at advanced stages of 
development. The view was emerging that insect-resistance 
genes could be replaced with new genes regularly, such that 
resistance would not be as serious a threat as was originally 
believed prior to the commercialization of biotech varieties. 

The Environmental Protection Agency (EPA) is responsible 
for regulating refuge requirements for biotech cotton in the 
USA. Monsanto has been lobbying the EPA to eliminate refuge 

requirements for dual-gene insect-resistant biotech cotton. 
The EPA has approved a natural refuge for Bollgard II insect-
resistant cotton if planted in the states east of Texas and in most 
of the counties in Texas. The relaxation applies exclusively 
to Bollgard II cotton and only for the designated states and 
counties in Texas. Refuge requirements will be in force for 
insect-resistant Bollgard varieties throughout the cotton belt. 
The decision was based on the data provided by Monsanto 
that showed a sufficiently abundant susceptible population of 
cotton bollworms and tobacco budworm available on alternate 
crops and other hosts. The natural refuge option applies to 
Bollgard II cotton planted in the states of Alabama, Arkansas, 
Florida, Georgia, Kansas, Kentucky, Louisiana, Missouri, 
Mississippi, North Carolina, Oklahoma, South Carolina, 
Tennessee, parts of Texas and Virginia. Texas has over 250 
counties, and the natural refuge option is available 15. The 
natural refuge requirement is applicable to approximately 
half of the total cotton area in the USA where bollworms and 
tobacco budworm, Heliothis virescens, are important cotton 
pests. The remaining half is not eligible for natural refuge 
because the pink bollworm, Pectinophora gossypiella, is a 
major pest in these areas or because alternate host crops and 
plants do not produce a large enough susceptible population. 
Some parts of Texas and Florida are not permitted to plant 
biotech cotton, and natural refuge requirements do not apply 
to these areas either. The refuge requirement of 5% unsprayed 
or 20% sprayed area will continue to be observed for Bollgard 
varieties. The EPA registration for Bollgard cotton will expire 
after 2009/10, and it is expected that by then all biotech insect-
resistant varieties in the USA will have two insect-resistance 
genes. It seems unlikely that single-gene varieties matching 
the effectiveness of Bollgard II will be available by then.

Economic Impact of Refuge Crops
Refuge requirements serve the ultimate interests of cotton 
farmers: prolong the life of a given technology and ensure 
long-term sustainability of technological developments. 
However, when growers are forced to plant a portion of their 
area under conventional practices or a small percentage of the 
area under unsprayed conditions, they are obliged to sustain a 
loss. Isbell (2000) of the National Cotton Council of America 
has discussed the economic outcomes of planting a refuge 
crop as compared to planting 100% of the area to biotech 
cotton. He compared refuge strategies using two scenarios: 1) 
a typical or average year for bollworm and budworm pressure 
and 2) a high bollworm and budworm population year. It 
was assumed that, during a typical year, the average yield of 
a conventional variety would be 728 kg/ha while a biotech 
variety resistant to insects would yield 10% more (802 kg/
ha). The estimate of losses is highly dependant on growing 
conditions, but Isbell (2000) assumed that an unsprayed, non-
Bt cotton would suffer a yield loss in the current season of 
at least 40 percent, the average yield being 437 kg/ha. The 
experience with biotech cotton showed that Bt cotton often 
requires supplemental sprays to achieve commercially 
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effective control of target bollworms. These sprays amounted 
to 1.4 applications in a typical year. Conventional cotton 
requires an average of 3.5 applications under such conditions, 
and the cost of one insecticide application was assumed to 
be US$36 per hectare. The value of a kilogram of cotton 
lint was assumed to be US$1.43. For the sake of simplicity, 
refuge planting was considered on a composite per acre basis, 
e.g., a grower employing the 95-5 refuge option would plant 
0.95 acres (0.38 ha) to Bt cotton and 0.05 acres (0.02 ha) to a 
conventional variety.

Based on the above assumptions, total production using the 
95-5 refuge option comes to 784 kg/ha under composite 
planting, 18 kg/ha more than the 90-10 option. At a price of 
US$1.43/kg, the 90-10 refuge option lowered grower revenues 
by US$25.7 per hectare. This is, of course, partially offset by a 
decline in treatment costs of US$5.76 per hectare. Hence, the 
net reduction in producer returns from the 90-10 refuge options 
amounted to US$20/ha, as compared to the 95-5 option. For 
the treated refuge option, the net loss from the increase in the 
refuge requirement is US$11.00 per hectare. Production on 
the 70-30 refuge option was 780 kg/ha, down 6.7 kg below 
the 80-20 option. In addition, the cost of bollworm/budworm 
control was also marginally higher for the 70-30 option. 

For the high lepidopteran pressure scenario, the assumptions 
were: 15% lower yield for the conventional variety, 5% 
advantage for Bt seed, and untreated yield loss at 75%. It 
was further assumed that Bt cotton requires 2.5 supplemental 
applications while conventional varieties require 7 sprays. An 
increase in the untreated refuge requirement to 10% resulted 
in a 31.4 kg/ha decline in production with an attending loss of 
revenue of US$41.76/ha. However, per-hectare control costs 
were reduced by US$7.7, for a reduction in net revenue of 
$34.1 per hectare as compared to the 95-5 refuge option. 

According to Isbell (2000), increasing the treated refuge to 
30% in the treated refuge paradigm reduces production by 
14.6 kg/ha while increasing insect control costs by US$8.9/
ha. Hence, the net loss in return due to the 30% refuge is 
US$29.8/ha more than with the 20% treated refuge. 

The above data showed that increases in the refuge area could 
result in lower returns to growers. Although the goal of the 
foregoing arguments was not to eliminate refuge requirements, 
the data did show that farmers lose money when they plant 
a refuge crop. This is the reason why farmers in various 
countries were tempted to ignore refuge requirements. 

The other major reason for violating refuge requirements is 
the illegal use of biotech varieties. When growers use biotech 
seed from the preceding crop (self-seed) or buy from friends 
and relatives, they do not sign any commitment to plant a 
refuge crop. Thus they are not legally bound to plant a refuge 
crop, whether treated or untreated. These growers also want 
to avoid providing evidence or tacitly admitting that they 
have been planted biotech cotton illegally. Such practices 
not only undermine the efforts made by fellow growers who 
plant legal biotech cotton, but also compromise the long-

term sustainability of a useful technology. It is particularly 
dangerous if production systems do not have alternate host 
crops in the field during the cotton season. 

Reasons for Eliminating  
Refuge Requirements
The reasons for imposing the requirement of a refuge crop are 
known. The primary objective was to delay the development 
of resistance. Biotechnology applications in agriculture were 
new, and most researchers, governments and companies 
involved were overly cautious about the development of 
resistance. Nobody was ready to take a chance and endanger 
the use of biotechnology in agriculture. This is why at one 
stage, the US Environmental Protection Agency considered 
changing refuge requirements to increase the percentage of 
sprayed and non-sprayed refuge crops. This proposal was not 
adopted because of opposition from technology developers, 
seed companies and, more importantly, from the National 
Cotton Council of America in the USA. It is also known that 
despite mounting concerns about undermining the technology, 
farmers’ compliance with Bollgard cotton refuge requirements 
slipped at least 10% during the 1998 growing season. At 
given stages, compliance with refuge requirements may be 
unusually low but it is generally believed that most of the time 
compliance in the US was close to 80-85%. In the beginning, 
when only one gene was available, refuge requirements were 
necessary, but if requirements become too rigid or complicated 
or if they become too large to be economically viable, cotton 
farmers may decide to ignore the instructions of the technology 
companies. Farmers must be offered options to be able to plant 
refuges suited to specific needs, such as field size and shape, 
field spacing, insect situations, land use arrangements, and 
special conditions like the boll weevil eradication program in 
the US and seed production fields. The following are some of 
the reasons that support the elimination of refuge crops.

Economic Reasons
Insect-resistant biotech cotton entails lower production costs 
thanks to lower insecticide use, higher yields due to better 
insect control, or a mix of both with various degrees of success. 
If none of the foregoing benefits obtains, at least there is the 
benefit of lower environmental pollution. When a grower 
plants a portion of his crop under conventional practices or 
under unsprayed conditions, he automatically forgoes his 
biotech cotton benefits. More details on the economic losses 
are discussed under Economic Impact of Refuge Crops in this 
article.  

Small Land Holdings
It is possible to implement refuge conditions where the land 
holdings are large and each farmer is planting hundreds of 
hectares of cotton. But, in countries like India and China 
(Mainland), where each farmer may be planting less that a 
hectare of cotton, it is practically impossible to maintain a 
uniform level of refuge crop. With smallholdings, if one out of 
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five farmers do not plant biotech cotton, his conventional cotton 
automatically serves as a refuge crop for his neighbors. 

Alternate Host Crops
Cropping systems vary greatly from one country to another. 
There are countries where, at a given time, cotton is grown 
exclusively in certain areas. Consequently, although the small 
tracts of land may be owned by many different small farmers, 
the result may be that large contiguous extensions are planted 
exclusively to cotton. On the other hand, there are cropping 
systems where other crops that are equally strong hosts for 
target pests, such as maize are grown at the same time. This 
cropping model is commonly practiced in China (Mainland), 
India and South Africa, among other countries that have 
commercialized biotech cotton.

Area Under Biotech Cotton
Just like in one area/village some of the farmers may decide 
not to grow biotech cotton, individual biotech cotton growers 
may decide not to plant biotech cotton on 100% of their cotton 
area (refuge crops inclusive). They may decide to plant biotech 
cotton on only 40% or 50% of their cotton area leaving the 
rest as a natural refuge for the biotech varieties. Planting of 
refuge crops may not be necessary for such growers. 

Stacked-Gene Varieties
Resistance to a toxin can be delayed either by creating 
a hybrid population of susceptible target insects, or by 
enhancing the strength of the toxin. If the toxin is very strong 
and has a diversified mode of action, there is every chance 
that the useful life of that toxin may be extended before 
insects develop resistance to it. The development of Bollgard 
II has effectively provided the same advantage with regard 
to resistance. Even before Bollgard II was approved, it was 
generally believed that stacked-gene cotton, with two or more 
insect-resistance genes, would have a profound effect on 
management of resistance in insect-resistant biotech cotton. It 
was assumed that Bollgard II would reduce the need for long-
term (ten years plus) resistance management planning under 
the current system.

Other Factors
A number of other factors reduce or even eliminate the need 
to use refuge crops. The boll weevil eradication program 
in the USA is one example, where one spray at the pinhead 
square stage (PHS) is imperative for controlling the emerging 
population. Seed companies either own seed multiplication 
farms or outsource seed multiplication to registered growers. 
Seed production blocks may require a different insect control 
regime for the sake of producing healthy, mature and pure 
seed. Exceptions have to be made for such special programs. 

Conclusions
The lessons learned from intensive and indiscriminate use of 
insecticides have paid off and resistance to the Cry 1Ac gene 
has been delayed. Researchers, particularly entomologists, 
were certain that resistance would develop, the only issue in 
question being the number of years it would take. No doubt, 
their worst fears have been proved wrong so far, but that hiatus 
will not last indefinitely. Resistance has not developed so far, 
but this does not mean it will never develop. Resistance has 
been successfully delayed, but illegal use of the technology, 
which is almost invariably accompanied by non-enforcement 
of refuge requirements, is detrimental to the technology. 
Official recognition of natural refuge crops in the US is going 
to encourage more countries to eliminate unsprayed and 
sprayed cotton refuge requirements. The resistance problem 
is still hovering over biotech cotton and if bollworms develop 
resistance to Cry 1Ac, it is going to have a devastating effect 
on cotton production around the world. The worst affected 
countries will be the ones that have derived the greatest 
benefits from this technology. The Cry 1Ac gene is not only 
the first gene released for commercial use in cotton against 
bollworms, but also the most used, so far, and it is the strongest 
gene against bollworms. Cry 1Ac is expected to remain on the 
market for a long time, at least until a gene with a similar or 
better effect is discovered. Cry 1Ac has survived in the market 
for eleven years as a single gene; Cry 2Ab, however, is not 
as effective. Local genes developed in China (Mainland) and 
India are effective but do not compare to the Cry 1Ac gene. 
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