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Resistance to Bt Toxin in Cotton

The1996/97 cotton crop year made history in cotton production
with the commercia planting of Bt cotton resistant to lepidop-
teran insects. Cotton farmersin the USA and cotton researchers
all over the world have been hearing about Bt cotton for over
ten years. The cotton industry was impatient to see Bt cotton
growing in thefield making use of genetic engineering technol -
ogy on alarge scale. Since the acceptance of chromosomes as
carriers of hereditary material, developments have been made
step by step to understand the mechanism of genetic control and
the utilization of smaller units than a whole chromosome.
Biochemical geneticsledtotheconcept that ageneisthesmallest
unit of heredity and that one geneisresponsiblefor the produc-
tion of one enzyme. The next significant development was the
recognition and understanding of the Watson and Crick model
of thedoublehelix DNA (Deoxyribose Nucleic Acid) structure.
Once the DNA structure became known to researchers, they
started exploring possibilities to transform and regenerate
plants. Regeneration of a plant from a single cell was long
established in other crops before it was successfully tried in
cotton. Once a plant could be regenerated from cellular plant
tissues, the next attempt was to induce genetic material in
somatic tissues and obtain genetic expression of atrait through
somatic culture, the real lead to the development of transgenic
plantsin crops and especially in cotton.

First Insect Resistant Bt Cotton
Researchers identified a gene in the soil bacteria Bacillus

thuringiensis (Bt) which codesfor aninsecticidal protein. They
were able to isolate and transfer that gene into cotton so that a
toxincould beproducedinsidetheplant. Thetransformed cotton
with a Bt gene resistant to lepidopteran insects is called Boll-
gardO inthe USA and Ingardd in Australia. Both Bt cottons
arecapableof producing Cryl A, aprotein whichistoxicto most
bud/bollworms. In October 1995, the Monsanto Company re-
ceived final regulatory approva from the US Environmental
Protection Agency for planting Bt cotton on acommercial scale
in the USA. Only two cotton varieties resistant to budworms
and bollworms, including H.armigera, tobacco budworm and
pink bollworm, were available for commercial cultivation in
1996/97. The Bt varieties are named NuCOTN 332 and Nu-
COTN 35° and have been devel oped from their isogenic com-
mercially grown Delta and Pine Land varieties DPL 5415 and
DPL 5690, respectively. Many other varieties with a Bt gene
are closeto being rel eased but only NUCOTN 33 and NUCOTN
35 were offered for sale during 1996/97. It is estimated that in
1996/97 Bollgard Bt cotton was grown on about 700,000 hec-
tares in the USA. According to the ICAC, cotton was planted
on about 5.53 million hectares in the USA during 1996/97.
NuCOTN 33 aone was grown on about 10% of the total area
and emerged asthelargest singlevariety inthe USA. NUCOTN
35 covered about 2% of the total US area. It is assumed that
similar Bt cotton varieties have prospects for over 2 million
hectares in areas affected by tobacco budworm and cotton
bollworm.
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Some Future Bt Cottons

1996/97 will prove to be a crucia year for Bt cotton. The
technol ogy hasproveditsworthinsmall scaletrials, but 1996/97
will show the reaction of farmers. Early reports during the
1996/97 season in the USA showed that Bt cotton was not
completely safe from bollworms and farmers started doubting
thetechnol ogy. Either claimsmadeby Bt cotton promoterswere
not true or farmers did not fully understand that the Bt gene
would not provide 100 percent protection against al types of
bollworms and it would not eliminate the use of insecticides.
However, the technology will certainly reduce significantly the
use of insecticides and any misunderstandings will not affect
the research being donein thisfield.

After the release of Bt cotton resistant to lepidopteran insects
and BXN cotton resistant to a herbicide, transgenic cotton
resistant to other herbicides and insects is expected. Insect and
herbicide resistance is just one aspect of transgenic cotton.
Foreign genes can bring in any imaginable feature and charac-
teristic to cotton. Reports are already pouring in about the very
recent pigment alteration patent granted to the American com-
pany Calgenelnc. by the US Patent Office. The company owns
Stoneville Pedigree Seed Company and claimsthat itsscientists
have developed blue and red fibers and are now focussing on
enhancing the shades. Pigment alteration of genetically-modi-
fied cotton plants has enhanced the prospects of producing
naturally colored blue jeans. The fiber quality of presently
availablenaturally colored green and brownfibersisnot equiva-
lent to white cotton fiber. Development of pigment alteration
in the genetically-modified cottons will not require additional
work to improve fiber quality. Pigment ateration will be an
addition to the existing qualities of white cottons with no other
effectson the plant. Tomorrow you may a so find black, yellow
and other naturally existing colors in cotton. Similarly, many
other developments now seem to be within the reach of re-
searchers although it might take quite some time before they
become available to the public. A lot of work is also being
conducted to improve fiber quality parameters through genetic
engineering. In the near future the following developments are

expected:

Year Development

1996 Commercial scale production of Bt cotton resistant
to lepidopteran insects and Buctril herbicide.

1997 Bt cotton resistant to Glyphosate herbicide will
become available. It will be called "Roundup
Ready®."

1997-98 Cotton resistant to Sulfonylurea herbicide will
become available to farmers.

1999 Multiple Bt genes resistant at the same time to a

group of insects or separately to a group of
herbicides will become available.

2000 It is hoped that Bt cotton resistant to insects and

herbicides at the same time will become available.

Within the first decade of the 21st Century, cotton
resistant to boll weevil will become available for
commercid cultivation.

2000+

2000+ It is assumed that genes responsible for fiber
characteristics are aready known. Large scale
utilization/adoption is expected in the first decade

of the 21st Century.

2000+ Biopolyester cotton, colored cotton, etc.

Because most of the work in genetic engineering isdonein the
private sector, the full status of genetic engineering researchis
not known. The above list isjust an indication of afew devel-
opments and much more may be underway using this very
expensive technology.

Impact of Bt Cotton

Bt toxin is specific to a narrow range of insects and quickly
breaks down to non-toxic compounds when exposed to ultra-
violet light and other natural environmental factors. Its quick
breakdown makesit unharmful to other speciesof living organ-
isms. Onthetarget insect, thetoxin attacksthe digestive system
and the insect stops eating as soon as it feeds on the Bt protein.
Commercial scale production of Bt cotton will havethefollow-
ing effects:

At the end of 1996, the global market for pesticides is
expected to be over US$29,000 million. Though most
pesticidesgoto vegetablesand cereal crops, cottonreceives
about 10% of total pesticidesused intheworld. Among the
major field crops, rice accounts for about 13% of tota
pesticideswhile—becauseof larger area—maizeuses11%.
Pesticide applicationsto riceand maizeand most vegetable
and cereal crops are in the form of herbicides rather that
insecticides. Pesticide use on cotton is mostly in the form
of insecticides. Accordingtoastudy conducted by the| CAC
during 1995, with the exception of afew countries, insec-
ticides represent 75% or higher of thetotal pesticides used
on cotton. Among exceptions, Syria and the USA are
significant because the minimum need for insecticides in
Syriaand the extensive use of herbicidesin the USA keep
the share of insecticides low. Introduction of Bt cotton on
alarger area ultimately will change cotton’s reputation as
aheavy user of insecticides. It may be possibleto eliminate
insecticides in areas where Helicoverpa or Heliothis are
the only pests at boll formation stage. If not eliminated,
insecticide use will definitely be reduced.

The insect pattern is going to change. If one species of
insectsissuppressed strongly and continuously—theresult
of Bt cotton—somemajor insectswill becomeminor pests.
Similarly, some minor insects may become major insects.
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Also new insects may adapt to cotton more quickly dueto
less use of insecticides.

One of the major concerns of the cotton industry is the
development of insect resistanceto the endotoxin produced
by the Bt gene. Insects, likeall other living organisms, have
a tendency to become used to lighter doses of chemicals
and slowly become used to lethal doses. Asinsectsacquire
the ability to withstand normal lethal doses, the quantity of
insecticides applied has to be increased. In the case of Bt
cotton, because the endotoxin is in the plant all the time,
the possibility of developing resistance and developing it
more quickly is very high.

Large scale utilization of Bt genes or any sort of chemical
resistance from within the plant (even transformed cotton
not having the Bt gene), is going to affect the economics
of cotton production. If transgenic cotton resistant to a
specific insect becomes available, cotton production may
berevivedincountriesor areaswhereitwasstoppedbecause
of this particular insect’ s attack.

Seed isagenetic carrier of all phenotypic expressions. Itis
already avery important input in cotton but theimportance
of seedisgoingtoincreaseinthechangedscenario. Adoption
of Bt cotton seed purchased at a higher price will ensure
the supply of pure seed and careful planting for better
establishment.

Biological control of insect pestswill becomemorepopular.

Why Insects Will Develop Resistance

Insect resistance to Bt endotoxin was not known prior to 1985.
Inthelasttenyears, anumber of studieshave proved that insects
can develop resistance to a Bt endotoxin. Laboratory studies
conducted by Monsanto researchers confirmed the genetic ca-
pability of thetobacco budworm to adapt to the Bt toxin (Stone
et a, 1989). Gould et a (1995) isolated a population of the
tobacco budworm which showed high levels of resistanceto Bt
toxin in the laboratory and fed them on Bt cotton. They noted
that some of these resistant colonies were able to survive on Bt
cotton. Survival of low population levelsindicated that thegene
determining resistance may be present in a population at a
proportion of 1 in 1,000 and most probably it isin arecessive
position. In addition to the Monsanto researchers, many other
groups will be monitoring the resistance of wormsin 1996/97.
In the USA, H.virescens and in Australia H.armigera will
probably bethefirst to expressresistanceto Bt endotoxin under
field conditions. Budworms and bollwormswill develop resis-
tance at least due to the following reasons:

The endotoxin will be present in all parts of the plant from
the very beginning to the end of the season. As soon asthe
seed germinates, the endotoxin will be there in the same
toxic amount. One after the other, all generations of insects
feeding on cotton asaprimary host will face the endotoxin

at al times during the growing season and thus will have
an ample chance to develop resistance.

The currently available Bt gene has the ability to produce
only one endotoxin, ‘‘CrylA,” which is protein in nature.
In conventional farming where cotton issprayed morethan
once, farmers are advised not to repeat products with the
samechemistry. InBtcotton, therewill beonly onechemical
to which the bollworms will be exposed. The chemistry of
the presently available endotoxin produced by the Bt gene
cannot be changed unless a new gene with a similar toxic
effectbutwithadifferentchemistryisidentifiedandinduced
in the cotton plant.

The number of available insecticides for control against
cotton bollworm, H.armigera, tobacco budworm or pink
bollworm is very high and cotton growers have plenty of
choice. Depending upon insect pressure, price and pest
complex, growers make different selections and delay
development of resistanceto variousgroupsof insecticides.
Such changeswill not be availableif thereisonly onetype
of Bt cotton planted over alarge area by all farmersin one
region.

Most cotton insects and particularly bollworms are highly
adaptable species. They can develop resistance through
resistant genes and in other ways. However, some insects
have the capability to ater the receptor binding in the gut
which affectsproteol ytic activity. Because Bt protoxinsare
solubilized and activated in part by gut proteinases, lower
proteolytic activity could result in less toxin in the insect
gut and reduced toxicity. (Views circulated by Brenda
Oppert, Karl J. Kramer and William H. McGaughey at the
National Forumon|nsect ResistancetoBacillusthuringien-
sis organized by the USDA from April 15-16, 1996.)

How to Delay Resistance

There are no reports based on field observations showing any
resistance to Bt CrylA endotoxin in cotton. However, there is
astrong feeling that target insectswill develop resistanceinfive
to seven years. Devel opment of resistance could happen earlier,
even in three years, if appropriate steps are not taken. The
mechanism of resi stance could besuchthat it may resultinbroad
resistance to many diverse Bt toxins. Researchers can find new
toxins and develop a new line of toxicity but chances are that
someinsectslikethetobacco budwormmay developaresistance
whichmay not beableto besubstituted. Alternatively, resistance
could also bevery specific to aparticular toxin and could easily
be managed through substitution of a new Bt gene. According
to Gould (1995) there are a number of strategies to delay
development of resistance to the available endotoxin in cotton.
They are

High levels of a single toxin—Currently thereisonly one
toxin which is responsible for resistance to lepidopteran
insects. In order for the bud/bollwormsto delay expression
of resistance to a single toxin, it is recommended that Bt



SEPTEMBER 1996

1

genescapableof producing ahighlevel of toxininthe plant
beidentified. Like high doses of insecticides, it will takea
longer time for the insect to develop resistance to higher
concentrations of a particular toxin.

High levels of more than one toxin—Development of
resistance to higher levels of more than onetoxin will take
many years, thusprovidingenough opportunitiestoidentify
and induce new Bt genes.

Mixtureof resistant and susceptiblepopul ations(amodified
form of refuge population)—Bt cotton with one or more
highly effective toxins if grown in mixture with isogenic
non-Bt cotton will permit the production of insect hybrids
through mating between resistant and susceptible popula
tions. If resistance is recessive, it will take afew yearsto
develop atruly homozygous resistant population.

Low level of expression—A low level of expression could
helptoencouragebiological control. Low level sof thetoxin
or toxins will only slow down insect growth/activities.
Predators and parasites could survive and multiply and
consequently produce a strong natural defense against an
insect. There are advantagesfor this approach but, because
thereisno support from biotech companies, almost nowork
is being conducted on these lines.
Target specific gene expression—A very speciaized ap-
proachisto produce an endotoxin in aparticular part of the
plant and at a specific stage of crop development. It is not
clear how this approach will work in cotton but it seems
that production of atoxin could be restricted to only bolls
or leaves in the case of bollworms and sucking insects,
respectively.
There is no way that resistance can be avoided in Bt cotton if
thegenetic basefor production of toxiccompoundsissolimited.
However, development of resistance could be delayed. The
Monsanto Company, who is the sole promotor of the Bollgard
genein cotton, recommends planting arefuge crop but it ishard
to say that large scale trials have been completed. Under cir-
cumstances when other choices are not available and devel op-
ment of resistance is contemplated at a faster rate compared
with insecticides, dilution of the population exposed to the Bt
gene seems to be a viable solution. The Monsanto Company
recommends to its Bt cotton growers to set aside a “‘refuge”
area where cotton containing Bollgard gene is not planted.
According to the company, to ensure that the Bollgard gene
remains effective for years to come, growers are required to
plant the refuge areain direct proportion to the Bollgard cotton
they have on their farms. The following two types of refuges
are recommended in the USA and NuCOTN cotton growers
must opt for one of these options:

For every 100 hectares of Bollgard cotton planted on the
farm, 25 hectares of conventional cotton varieties (not
containing the Bollgard gene) must be planted and treated
with insecticide (excluding foliar Bt products).

For every 100 hectares of Bollgard cotton planted on the
farm, 4 hectares of conventional cotton varieties (not con-
taining the Bollgard Bt gene) must be planted and treated
with any insecticide except those used for worm control.
The company provides alist of excluded products.

The Monsanto Company signed contracts with farmersfor one
year. Other requirements of the Monsanto agreement are

Growers had to pay US$79 by June 25, 1996, for every
hectare of cottonthey intended to plant with Bt cotton. This
isthe cost of Bt genetechnology in lieu of the insecticide
savings. The cost of seed was separate at about US$15 per
bag, making the total per hectare cost US$94/ha.

Growerscould replant as often asthey needed but they had
to make only a one-time technology payment. In the event
of a complete crop wipe-out by June 25, growers did not
have to pay the fee to Monsanto.

Growerswill allow field inspectorsfrom Monsanto to visit
their fields for three years.

Growerswill not transfer seed to any other grower nor will
they retain unused seed for next year or plant next year's
crop from seed from their Bt crop.

Growerswho do not comply with the terms of the contract
are liable to a substantial non-compliance penalty.

Australian Approach

Australia will be the second country to grow Bt cotton on a
commercial scale during 1996/97. In Australia, under the Lim-
ited Commercial Trial Program, 30,000 hectaresof Ingard cotton
will be grown during 1996/97. The Trial Program is part of an
effort to givefarmersan opportunity tolearn how togrow Ingard
cotton. About half of the 30,000 hectares, will be included in
an extensive research program to collect more data. 320 cotton
growers, about 1/4 of thetotal cotton growersin Australia, will
plant Bt cotton as a trial on an area not exceeding 80 ha per
grower. Cotton in Australia has been seriously affected by
Helicoverpa armigera; thus Bt cotton could really be of great
significance. In Australia, aresi stance management strategy has
been successful and thetotal number of sprayshasbeen reduced
to ninein the past few years. Thisnumber isstill higher thanin
the USA and Bt cotton could show itsimpact better under high
insect pressure. In Australia, H. virescens does not exist on
cotton and most spraysaredirectedto control H.armigerawhich
has already developed resistance to many insecticides in that
country.

The participating cotton growers will sign an agreement with
Monsanto. The agreement signed between the grower and
Monsantoislegally binding, spelling out responsibilitiesof both
parties for the successful growing of an Ingard cotton crop and
the protection of Monsanto rights. In Australia, the National
Registration Authority for Agriculture and Veterinary Chemi-
cals registered six Bt cotton varieties on August 6, 1996, for
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planting during 1996/97. Thework doneat the Australian Cotton
Research Ingtitute in Narrabri has shown that currently H.
armigera has no resistanceto the Bt toxin. However, apreemp-
tivestrategy hasbeen devel opedto delay resistanceto Bt cotton.
As in the USA, the approach is to develop a population not
exposed to the Bt gene endotoxin. The main recommendations
are asfollows:

For every 100 hectares of Ingard cotton, a grower has to
plant 10 ha of irrigated non-Bt cotton which will not be
treated with insecticidesused to control H. armigeraor, for
every 100 ha of Ingard cotton, plant 50 ha of irrigated
conventional cotton, which can betreated with insecticides
to control H.armigera and H.punctigera.

The refuge crop must be planted by November 15 closeto
the Bt cotton. The refuge crop will be grown like anormal
crop and will not be treated with Bt insecticides.

Twenty hectaresof irrigated sorghum or cornwill begrown
in every season and managed to flower between January
15to February 28. Sorghum or cornwill not betreated with
products normally used to control worms.

Plans for Resistance Management

In April 1996, the USDA organized atwo day National Forum
on Insect Resistance to Bacillus thuringiensis which was at-
tended by about 120 cotton researchers, consultantsand various
other components of the cotton industry. Discussions were
concentrated around the following four questions.

1. What are the key components of aresistance management
plan for the targeted crop?

2. What are the abstacles in implementing this plan?
How can these obstacles be overcome?

4. Whatfollow-upactionsneedtobeconducted at theregional
and/or national levels?

Thereislittledoubt among researchersthat insectswill develop

resistanceto Bt toxin. The occurrence of resistance will depend
on the population biology of the affected pest species, the
agroecosystem in which Bt endotoxin is deployed and the pest
management strategies followed to control insects including
bud and bollworms. The forum realized the need to monitor the
situation carefully during the current season and review results
at the end of the season. The importance of transparent results
and conclusions was stressed. Participants in the forum ex-
pressed a need to review and evaluate the refuge population
recommendations of the M onsanto Company and to refine next
year's plans based on the 1996/97 experience.
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