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Second Generation of Bt Cotton is Coming

Transgenic crops have been cultivated commercially for almost
ten years now. China started commercial cultivation of
transgenic crops by planting the first virus resistant tobacco
and later tomatoesin the early 1990s. Commercial cultivation
of genetically engineered cropsstartedinthe U.S. in 1994 with
delayed ripening tomatoes. Commercial cultivation of
transgeni ¢ cotton became areality in 1996, when it was planted
inthe USA. An estimated 5.3 million hectaresin theworld were
planted to transgenic cotton varieties in 2000/01. The U.S. is
the largest producer of transgenic cotton. According to the In-
ternational Service for the Acquisition of Agri-Biotech Appli-
cation, 44.2 million hectares were planted to transgenic crops
in the world in 2000/01. In 2000/01, transgenic cotton com-
prised 12% of thetotal transgenic cropsareain theworld com-
pared to about 9% in 1998/99 and 1999/00, and 11% in 1997/
98. Such a share in the overall transgenic area in the world
indicates that transgenic cotton varieties are being adopted at
about the same rate as other transgenic crops.

At the time commercial cultivation of genetically engineered
cotton began in 1996, six countries had already started com-
mercial production of other transgenic crops. The technology
isexpensive and many devel oping countries do not have ready
accesstoit. Thelimited availability of genetic engineering tech-
nology is preventing the easy spread of transgenic cotton vari-
eties, particularly to developing countries, and regul atory pro-
cesses to start com-

90% of thetotal transgenic areaof 44.2 million hectareswasin
developed countries.

Commercial cultivation of transgenic cotton spread to Argen-
tina, Australia, China (Mainland), South Africa and the USA
almost threeyears ago; since then only Mexico hasjoined these
countries. It isestimated that Mexico planted transgenic cotton
in 2000/01 on about 25% of its total cotton area. There are
many other cotton producing countries, both large and small
that could grow transgenic Bt cotton successfully, and it could
serve to reduce their heavy use of pesticides.

Transgenic Cotton Area in Various
Countries—2000/01

Currently, only two types of transgenes are available for com-
mercial production in cotton. There are two herbicide-tolerant
genes and a gene offering resistance to bollworms. The two
kinds of herbicide-tolerant genes, called BXN and Roundup
Ready, are already being utilized. Each gene has been derived
from soil bacterium. A cotton plant having either one of these
two genes offers resistance to the broad leaf herbicide
bromoxynil or glyphosate. More detail sabout this can befound
in the June 1998 issue of THE I CAC RECORDER.

The bollworm-resistant gene has al so been isolated from a soil
bacterium, Bacillus thuringiensis, but it only provides resis-
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tance to a specific type of bollworms and not to sucking in-
sects. Both herbicide-tolerant genes are compatible with the
bollworm-resistant gene and can be put together in one geno-
typeto make higher use of thetechnology. Such genotypeshave
been grown commercially in the USA since 1996. According
to the Agricultural Marketing Service of the USDA, 72% of
the total area grown under cotton in the USA during 2000/01
was planted to transgenic cotton varieties.

Transgenic cotton has become popular in the U.S. at a much
faster rate than expected and transgenic area in the U.S. is
equivalent to almost 15% of world area. Datafrom the USDA
(2000) show that 20% of areawas planted to the stacked gene
varieties having herbicide-tolerance and bollworm-resistance
genes during 2000/01.

Herbicide-resistant BXN and Roundup Ready cottonshave been
approved for growth on a commercial scale in the USA since
the beginning of transgenic production. So far, Australia has
grown Bt varieties only but will start growing the Roundup
Ready varieties next year. It is assumed that most of the new
varietieswill bethe stacked-genetype because Bt varietieshave
already met the target areapermissiblefor transgenic varieties.
It is estimated that in other countries most area is under Bt
varieties, and that herbicide-resistant cottonisgrown only on a
small scale, if at all.

Although the Bt gene (Cry1Ac) derived from the soil bacte-
rium Bacillusthuringiensis offersthe greatest resistanceto the
tobacco budworm Heliothis virescens, it isalso quite effective
against the cotton bollworm Helicoverpa armigera. Inthe Yel-
low River Valey of China (Mainland), Helicoverpa armigera
isamajor cotton pest and the continued indiscriminate use of
insecticidesresulted in the devel opment of resistanceto avari-
ety of insecticide groups. Not only did yieldsdrop significantly,
but cotton areaa so declined. China(Mainland) had to look for
alternate means of controlling the cotton bollworm and found
that Bt cotton is a good choice. China also claimsto have de-
veloped its own transgenic cotton with a gene different from
CrylAc. Estimatesfrom China(Mainland) suggest that the area
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planted under transgenic varieties in 2000/01 increased by
200,000 hectares to a total of over one million hectares. The
severity of the bollworm problem and its solution in the culti-
vation of transgenic bollworm-resistant cotton suggests that
transgenic cotton might have been grown onamuch larger area
than reported in 2000/01. Personal communications indicate
that most of the area in Hebei and Shandong provinces may
aready be under transgenic varieties or will be planted to such
varietiesin 2001/02. Some unconfirmed sources indicate that
Bt cotton may have been planted on over one million hectares
thusmaking 5.3 million hectaresthe world Bt cotton area. How-
ever, al countries except the USA will continue to grow boll-
worm-resistant varieties, and the demand for herbicide-toler-
ant varieties outside the USA will remain limited. The main
reason for the low demand for the herbicide-tolerant gene is
theavailability of alternate means of controlling weedsand the
low use of herbicidesin most countries.

Environmental Safety

The CrylAc protein is a member of alarge group of insecti-
cidal proteins produced in nature by the bacteria Bacillus
thuringiensis. Research conducted before the commercial ap-
plication of the gene, and experience during thelast five years,
show that Cry1Ac bindsto specific receptorsin the mid-gut of
sensitive insects, but does not affect mammals or insects that
do not have the receptors. The presence of the specific recep-
torsmakesthe Cry1Ac protein specifically toxic to aparticular
group of insects, affecting mainly the lepidopteran insects, and
particularly the cotton bollworm Heliothisvirescens. All other
insects, fish, wildlife and beneficial insectsin cotton fields are
not affected. Theinsecticidal proteininthe plant beginsto break
down immediately after the plant dies, thusit does not accumu-
lateinthe soil and it does not have the chance of leaching down
in the soil and contaminating underground water.

Limitations to Technology Spread

The cotton bollworm is the most damaging cotton pest in the
world. There are many countries confronted with the problem
of bollworm control that have the potential to use transgenic
varieties to reduce the use of pesticides. The increase in
transgenic areain the USA from zero to 72% of total areain
five yearsistestimony to the fact that transgenic varieties, in-
cluding the variety resistant to bollworms, are more profitable
than growing normal varieties and controlling bollwormswith
insecticides. Similarly, Australiareached the cotton areaa lowed
by regulators in less than five years. Under the current resis-
tance management program, Australian growers can plant only
30% of the cotton area to transgenic varieties and this target
has already been reached. Transgenic cotton area is going to
increase in China (Mainland). India conducted large-scale tri-
as during 2000/01 and is close to commercia adoption of Bt
cotton. Among the major cotton producing countries, Pakistan
and Turkey are other potential users of Bt cotton but still prob-
ably many years away from commercial adoption. Two coun-
trieswhere Bt cotton does not seem to have afuturein the short
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term are Greece and Spain because of public pressure against
genetically engineered crops, including cotton.

Most of the countriesthat grow transgenic cropsareindustrial-
ized. Adoption of genetic engineering technology outside the
U.S. is comparatively slow, even though the benefits are sub-
stantial. Among all the cropswith transgenic varietiesfor com-
mercia cultivation, soybean and corn account for the most area,
with 25.8 million soybean hectares and over 10 million corn
hectares, compared to 5.3 million hectares of GE cotton. Soy-
bean and corn are major crops in industrialized countries, un-
like cotton that is produced mostly in developing countries. It
isnot the lack of desire to grow genetically engineered variet-
iesthat is limiting the spread of the technology, but it will be
many years beforethe currently available Bt geneisutilized in
most countries. Many other genes with different effects will
dowly follow. Thefollowing are some of the reasonsthat hinder
the easy spread of the latest production research technology to
many countries.

» There are two ways to acquire GE technology. Interested
countries can either buy the technology from the existing
owners or develop their own systems to convert their own
varieties into transgenic varieties. Both options are expen-
sive.

* Therearescientific limitationsto the utilization of thistech-
nology because only a specific gene expresses a particular
toxin. Under currently applicableinternational patent laws,
the gene cannot be inserted into local varieties without the
permission of acompany that owns this gene.

» Itiscritical to grow transgenic varieties on a large scale,
particularly the Bt varieties. Large-scale production isim-
possible under the small scalefarming systemsunlessevery
producer in the area commits to grow Bt varieties.

 Bollworm pressurevariesfrom country to country and among
regions within countries. The Bt gene varieties are not in-
tended for all kinds of bollworms.

» Thereare countriesthat can grow, or have grown, only vari-
eties of local origin. The Bt gene is available primarily in
varieties of U.S. origin, and the U.S. varieties may not be
suitable for all production conditions throughout the world.
The Bt gene has to be transferred into local varieties, an
additional step for most countries other than the U.S. There
are other situations like India's, where millions of hectares
aregrown fromthe hybrid seed inthe F, generation or, rarely,
in the F, generation. Such conditions may also limit the use
of transgenic varieties.

» Genetic engineering isanew technology still not completely
understood. It isthe responsibility of researchersto educate
the public about benefits and potential risks of the technol-
ogy. Any new developments have to be thoroughly tested
beforethey are adopted in commercial production. Because
thetechnology isexpensive, countries are hesitant to develop
something that may not be acceptable at the end use level.

« Somerecent developmentsindicate that, unlike conventional
breeding, the genetic engineering technol ogy hasthe poten-
tial to be misused. Thus, some countriesare highly cautious,
probably more than required, to welcome the technology.
Both devel oped and devel oping countries need assistancein
the identification of biotech needs and prioritiesin addition
to assessing potential socio-economic impacts.

« Experience from countries that have adopted this technol-
ogy showsthat thereisaneed to regulateitsuse. Many coun-
triesdo not yet have such regulatory systemsin placeto make
use of GE technology.

« Although some decisions remain with local governments,
many countries need guidance to develop systems for ge-
netically engineered crops. Transgenic cotton produced us-
ing recombinant DNA techniques has been availablefor five
years, and new genes and new approaches are already being
developed to make use of genetic engineering techniques.
While the benefits of transgenics have been realized and no
long-term effects have been detected to date, no doubt some
possible environmental effects remain as areas of concern
and there is a need to regulate biotechnology as a science.
The technology is progressing and the sooner growers feel
confident about adopting it, the better it will be for cotton.

Bollgard® Il Gene

Biotechnology can be employedin many waysto improve plants
and their products. Identifying not only the suitable genes, but
also their functions and how they work, provides researchers
with crucial knowledge to improve crop plants. One of the av-
enues could be “wide crosses’ hybridization, in which genes
are moved from one species or one genusto another to createa
plant variety that does not and cannot exist in nature. But, be-
cause cotton is considered to be the highest insecticide-con-
suming crop, the major emphasis in cotton has been on agro-
nomic traits particularly for savings on insecticide use. Com-
munications from China (Mainland) show that they have de-
veloped a transgenic cotton having a different gene than
Monsanto's Cry1Ac, but reportson the performance of thisgene
are not available because it has not been tried outside China
(Mainland). However, it is expected to be as good as Cry1Ac,
otherwise it will not gain acceptance against Bt. Egypt isalso
said to have devel oped a drought resistant transgenic cotton of
itsown. Many other countries are in the process of devel oping
the capability to produce their own transgenics having a vari-
ety of characteristics.

Most researchers recognize that insectswill develop resistance
to the Bt toxin, and efforts are underway to avoid its develop-
ment. Using refuge was always considered an interim solution.
One of the strongest solutions proposed by supporters of the
technology istoidentify asecond gene and insert it into cotton
along with the Cry1Ac gene. With the advancement of know!-
edge about the technology during the last decade, researchers
are convinced that such an optionispossibleand could be avail-
able soon.



ICAC RECORDER

Researchers have met the expectations of industry, and astacked
gene variety called Bollgard® 11, with anew gene, Cry2Ab, is
available. Cry2Ab has been added to the DP 50 variety, which
already had the gene CrylAc. Bollgard® Il has been tested in
the field for two years against non-engineered DP 50 and the
Cry1Ac variety DP50B. According to Voth (2001), acombina-
tion of the Cry2Ab and Cry1Ac genes shows promise for im-
proved insect efficacy and an increased spectrum of control.
Tobacco budworm, cotton bollworm and pink bollworm are
more susceptibleto the Cry1Ac protein thanto Cry2Ab, whereas
fall armyworm, beet armyworm, cabbage looper and soybean
looper are more susceptible to Cry2Ab than to CrylAc. The
level of the Cry2Ab expression measured inthe ELISA is> 10
times the level of the CrylAc expression seen in Bollgard® Il
plants. Thisrelationshipisconsistent and wasseenfor al sites,
sampling times, and tissue types. The high plant expression of
Cry2Ab contributed to higher efficacy against important lepi-
dopteran insects in cotton.

Bollgard® Il has been devel oped using the biolistic transforma-
tion technology. Trials conducted for two years in the USA
during 1998/99 and 1999/00 show that the two genes in the
Bollgard® Il genotypes segregate independent of each other
(Penn et a 2001). The two years of data also show that the
expression of Cry2Ab did not comprise the expression of
CrylAc in Bollgard® varieties. There were no differences in
the lepidopteran activity level between the terminal shoot and
squares. However, the lepidopteran activity level decreased in
older leaves, whichisalso truein the case of Bollgard®. Analy-
sis of samples at 2, 4, 6 and 8 week intervals shows a sharp
declineinthelepidopteran activity in Bollgard® || compared to
Bollgard® but even the lower activity in the larger leaves was
till 2-3.5 times higher in Bollgard® 11 compared to Bollgard®.
CrylAcexpressionin Bollgard® |1 by site, timeand tissuetype
are all similar to Bollgard® Cry1Ac expression and there was
no difference in the levels of activity of Bollgard® Il at each
individual field site.

According to a paper presented at the 2001 Beltwide Cotton
Conferences (Voth, 2001), Monsanto is licensing the gene to
seed companies liberally. At least six companies already have
alicense and thusthe new geneisexpected to beavailableina
number of new varieties developed by various companies at
thesametime. An efficacy profileisbeing defined and all regu-
latory requirements are being completed. It is expected that
Bollgard® Il varieties will be available for at least small com-
mercial cultivation in 2002/03. In the meantime, studies will
continue to redefine threshold for the stacked gene varieties,
develop new scouting methods, and study economic benefits
and any undesirable effects on the plant. Work will also con-
tinue to perfect refuge requirements for the stacked gene vari-
eties. It is anticipated that once commercia production starts,
Bollgard varieties will be replaced by Bollgard® Il in about
five years. Bollgard® Il cotton varieties will also be available
containing the Roundup Ready® gene.

New Refuge Requirements
for 2001/02

Transgenic cotton has been strictly regulatedinthe USA. Con-
cernswere expressed since the beginning of commercial culti-
vation of Bt cotton varieties, that if Bt cotton is planted year
after year on alarge area bollwormswill develop resistanceto
the Bt toxin. The concern was taken seriously by the U.S. and
Australian cottonindustries. Australia put aceiling on the maxi-
mum areato be planted to Bt cotton at each farm, whilein the
USA, arefuge crop system was adopted. Farmerswererequired
to plant ten hectares of conventional cotton varietiesfor every
40 hectares of Bollgard cotton, and to treat conventional vari-
eties with insecticides other than foliar Bt products. Farmers
also had the option to plant 4% of their areato unsprayed nor-
mal varieties (4 hectaresfor every 100 hectares). The objective
was to produce a hybrid generation of bollworms affected by
the Bt toxin and delay the development of resistance for as
long as possible. The approach seems to have worked well as
no significant resistance has been reported so far.

Bollgard® |1 varietieswill be planted during 2002/03, and ref-
uge requirements have been revised for 2001/02. According to
Mullin (2001), the new refuge requirements are as follows:

20% Sprayed Option
This is an amendment to the existing 20% (or 10 hectares of
non-Bollgard area for every 40 hectares of Bollgard area) op-
tionwiththe additional requirement that all Bollgard fieldsmust
be within 1.6 kilometers (preferably within 0.8 kilometers) of
the associated refuge.

5% Unsprayed Option

The requirement for the unsprayed option has been increased
from approximately 4% (or 4 hectares of non-Bollgard for ev-
ery 100 hectares of Bollgard) to a true 5%, or 5 hectares of
unsprayed non-Bollgard refuge for every 95 hectares of
Bollgard. Additionally, the unsprayed refuge must be at |east
45.75 meterswide (150 feet or approximately 48 rowsin con-
ventional row-width cotton) and all associated Bollgard fields
must be within 0.8 kilometers of the unsprayed refuge. These
requirements apply to all users of the 5% unsprayed option
regardless of the percent of cotton areaplanted to Bollgardina
particular area/region. The treatment restrictions for the
unsprayed option remain the same asthosein place for the 4%
unsprayed option in 2000.

5% Embedded Option

A third option has been added for 2001/02, which isthe “em-
bedded” option. Unlike the 5% Unsprayed Option, this option
allowstherefugeto betreated with any insecticide at the same
time the Bollgard is treated, as long as the refuge is “ embed-
ded” inthefield or the “field unit.”

For large fields, 5% of the field would be planted to a non-
Bollgard variety, the rest with Bollgard. If the Bollgard field
needed treatment for bollworms (or any other pest), the entire
field, including the refuge, could be sprayed with the samein-
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secticide at the sametime (i.e., within the same 24-hr. period).
Therefuge could not betreated with any insecticidelabeled for
lepidopteran control independently of the associated Bollgard
field(s). For very largefields (more than 1.6 kilometerslong or
wide), multiple refuge blocks across the field should be used.

For smaller field situations, fields could be grouped into “field
units” so that one of the smaller fields or aportion of one of the
fields would serve as the “embedded” non-Bollgard refuge.
Likewise, thisembedded refuge could betreated with the same
insecticide at the same time that all of the associated Bollgard
fields were sprayed, but could not be treated with any insecti-
cide labeled for lepidopteran control independently of the as-
sociated Bollgard fields. Any fields contained within a 1.6-ki-
lometer square area (one mile by one mile) can be considered a
“field unit.”

Asrequired for the 5% untreated option, the embedded refuge
withinafield or “field unit” must be at least 45.75 meterswide
in all areaswherethe cotton bollworm or the tobacco budworm
isapotential pest.

For areas where pink bollworm is the only pest of concern,
growers are allowed to mix individual rows of non-Bollgard
with Bollgard rows to embed their refuge, aslong as the non-
Bollgard rows represent at least 5% of the total Bollgard cot-
ton. An example of how this “embedded” option would be
planted is placing a non-Bollgard variety in one seed hopper
and putting Bollgard seed in the remaining seed hoppers, re-
sulting in interspersed rows of anon-Bollgard variety acrossa
Bollgardfield. Interspersing rowsof non-Bollgard varietiesand
Bollgard varieties within afield is not allowed where cotton
bollworms or tobacco budworm can be significant pests.

Community Refuge Plan

If farmers are small growers and are unable to meet the 45.75
meters requirement, multiple growers in an area can work to-
gether to ensure that the Bollgard cotton and refuge fields are
appropriately sized and placed to provide optimum insect re-
sistance management (IRM) value. The Community IRM plan
must meet the requirements of either the 5% unsprayed option
or the 20% sprayed option, or an appropriate combination of
the two options. For 2001/02, growers will not be allowed to
use the 5% embedded option within a community. The larger
area bounding the entire group of farms would form a geo-
graphic “community” and the refuge requirements would ap-
ply to the community of growers and the geographic commu-
nity exactly as they apply to a single grower. The community
refuge agreement among growers must require that an appro-
priate amount of refuge (depending on the option chosen) is
associated with thetotal amount of Bollgard grown by the com-
munity and all distance requirements are met for al Bollgard
fieldsincluded in the community. Each community must desig-
nate a coordinator for the total community refuge plan. This
coordinator should be knowledgeable about all requirements
of the community plan and agree to represent the group to ex-
plain the plan. The coordinator will act as a facilitator and/or
spokesperson for the community refuge group.

Need for Education on Genetically
Engineered Cotton

More than 40 transgenic crop varieties are available for culti-
vation with enhanced agronomic and/or nutritional character-
istics or one or more features of pest protection (insect and
viruses) and tolerance to herbicides. The most widely used
transgenic pest-protected plants express insecticidal proteins
derived from the bacterium Bacillus thuringiensis (Bt). The
genetic engineering technology and its applications are spread-
ing. The rate of acceptance is the highest among all research
developments in the history of agriculture. But still, there is
reluctance on the part of some researchers and countriesto ac-
cept this technology. Rather, genetic engineering is seen as a
short lived and disposable technology. It is assumed that this
technology ishighly risky and availablefor only ashort period
of time. While many concerns are valid, there are others that
can be satisfied through scientific education. Genetic engineer-
ing technology is not completely understood yet, and the pub-
lic needs to be educated about the usefulness as well as poten-
tial risks of thistechnology.

Thelnternational Cotton Advisory Committeerealized theim-
portance of public education on the subject and in January 2000
formed an expert panel comprised of nineinternational experts
from eight countries. The expert panel noted that six national
academies of science—Brazil, China (Mainland), Great Brit-
ain, India, Mexico and the USA—and the Third World Acad-
emy of Sciences issued a joint statement not only endorsing
biotechnology but urging companies, governments and chari-
ties to extend it to the developing world. Most biotechnology
research isin the private sector, and there is a need to ensure
that the benefits of biotechnology are extended to developing
countries at a reasonable cost. The seven academies say pri-
vate companies must “ sharewith the public sector more of their
capacity for innovation” and that “ care should be taken so that
researchisnot inhibited by over-protection of intellectual prop-
erty” (patents on genetic discoveries). The |CAC Expert Panel
on Biotechnology in Cotton concluded that the technology can
bring much good to cotton but should be used carefully. The
Report of the Expert Panel isavailable onlinefree of charge at:

<http://www.icac.org/icac/meetings/pl enary/59cairns/docu-
ments/e_biotech.pdf>.

Hard copies can be requested from the ICAC Secretariat at
publications@icac.org.
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