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Bt Cotton is Spreading

Themost efficient and cheapest way of controlling insectswith-
out insecticide useisthe use of in-built genetic resistancein the
plant. Unfortunately, strong genes arerarely available within
the cotton genome, which could makethe plant immune against
one or a number of pests at the same time. In the absence of
such a genetic resistance, chemical control was advocated as
an interim solution to the problem until alternate methods to
provideequivalent control becomeavailable. Researchershave
been looking for such methods and techniquesto exploit them
on commercial scale. Since the Bt gene technology showed
potential for genetic control to |epidopteran insects, research-
ers have relied on transformation technology for successful
production of genetically altered plants.

Methods of Transformation

In cotton, for insertion of foreign genes into the plant, the
agrobacterium-mediated transformation has been the dominant
method at least during the 1980s. Unfortunately, the use of the
agrobacterium-mediated transformation waslimited dueto ge-
notypic specificity. Onceaforeign gene has been inducted into
a certain genotype, that genotype should be capable to form a
plant-let from callus tissue. From the experience of working
with genotypesin various countries, researchers concluded that
some Coker types from the USA and some Siokra types from
Australiawere ableto regenerate plants from the callustissue
more successfully than any other genotype. People started us-
ing Coker and Siokratypeswith the agrobacterium method for
transforming cotton varieties. Thus, first the desired gene is
transformed into a Coker or a Siokra type and then, through
back crossing, the same gene is transferred into the desired
commercial genotype. Fortunately, the desirable gene did not
carry any undesirablelinkages and 3-4 success ve back crosses
converted the desired commercial variety into a transformed
genotype. Now, from the commercially avail able Bt cottons, it
has been proved that at the end of the third back cross about
94% of the Bt gene effect istransferred in therecurrent parent.

Genotypic specificity of the agrobacterium-mediated transfor-

mation method tempted researchers to continue working on
alternate methodsfor induction of foreign genes. Direct trans-
formation of meristems with agrobacterium and transforma-
tion using particle accel eration are some of the other options,
which were explored during the 80s. Direct transformation of
the plant partswould eliminate the need for transferring genes
via Coker or Siokra genotypes. Elimination of backcrossing
means expediting the transformation process by at least three
years. Among all optionsavailablefor direct transformation of
meristems, particle acceleration showed most promise for fu-
ture success and attracted attention of private companies. Ac-
cording to Stewart (1991) only two laboratories in the USA
were actively engaged in cotton transformation using the par-
ticlegun method in the early 90s: Hans Bohnert at the Univer-
sity of Arizonaand John Finer at Ohio State University. Now,
in every country having a program on genetic engineering of
cotton, public sector research frequently uses the particle gun
method for transformation of genes.

Benefits of Genetic Engineering

Utilization of the genetic material carried by chromosomes,
genesand more specifically the DNA structure hasexisted even
before researchersknew the secrets of heredity. However, since
the fundamental s of inheritance of characters became known
about a hundred years ago, breeding approaches applied some
fundamental principlesfor transfer of charactersfrom onegeno-
typeto the other. In order to apply and make use of the infor-
mation, there has always been aneed to understand the genetic
control of a character. Genetic control of many charactersis
gtill not properly understood. Of characters, probably yield is
of utmost important which is claimed to be a quantitative char-
acter and almost impossibleto be transferred according to the
wishes of the breeders. Utilization of information on genetic
control of characterswasal so limited by location of characters
in closevicinity with others (desirable and undesirable) on the
same chromosome, an important disadvantagein conventional
breeding in all crops and especially so in cotton.
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Genetic engineering providesatool for manipulation of asingle
geneor agroup of genes coming from another genotype of the
same species, afar relative or even adifferent living organism,
including plantsand animals. Since genetic engineering of cot-
ton started, the foll owing two areas have progressed most rap-
idly.

* Theuse of insecticides has increased to the extent that it
resulted in high production costs and resurgence of sec-
ondary pests. Production of toxins from within the plant
for resistance to insects, particularly bollworms, was the
most promising area of research in biotechnol ogy.

* Herbicides can be used before planting or after planting
but in either caseit isnot surewhat weedswill show upin
the field and in what intensity. Herbicides cannot be ap-
plied after germination, when composition of theweed com-
plex and level of weed infestation are known, asthey will
alsokill cotton seedlings/plants. Thus, resistanceto broad-
spectrum herbicides was another area of high interest for
researchers.

Insect Resistance

It isdifficult to control bollworms, which enter into the bolls
and areleast exposed to theinsecticides. Bt cottonisasolution
to this problem as the toxin, protein in nature, is distributed
throughout the plant. For the same reason, Bt corn has aso
proved to be very successful against European corn borer.
NuCOTN 338 and NuCOTN 35° werethefirst Bt cotton vari-
etiesreleased for commercial production. They both belong to
the Delta and Pine Land Company and were developed from
varietiesalready in commercial production. Morethan 40 DPL
Bt cotton varieties are expected to be available in 1998, but
they all carry the sameB. thuringiensisgene.

Herbicide Tolerance

Herbicidetolerance can be generated through over production
of the enzyme system that is affected by the herbicide or it
could al so bea production of a specific enzymewithin the plant
that detoxifiesthe chemical and the cotton plant no longer re-
mains sensitiveto the herbicide. There could be other means of
developing tolerance to herbicidesin the cotton plant but cur-
rently only two herbicide groups arein the limelight and they
are both available on a commercial scalein many varieties of
cotton. Calgene in collaboration with the Stoneville Pedigree
Seed Company hasdevel oped varietiesresi stant to bromoxynil
that have been marketed under the trademark BXN cottons.
Ddtaand Pine Land Company in collaboration with Monsanto
has devel oped varietiesres stant to glyphosate (Roundup Ready,
RR).

Stoneville Pedigree Seed Company offered bromoxynil resis-
tant varietiesBXN 57 and BXN 58 for commercial cultivation
during 1996/97. Both varieties together were grown on about
20,000 hain the USA during 1996/97. BXN 58 was replaced
with BXN 47 during 1997. It is estimated that BXN 47 and

BXN 57 were grown on over one hundred thousand hectares
during 1997/98.

Roundup Ready transgenic cotton was grown on 329,000 hect-
aresin the USA during 1997 and it is expected that area may
double during 1998. There were some problemswith Roundup
Ready cotton in the USA during 1997 as some fields showed
excessive shedding and deformed bolls. About fifty farmersin
Arkansas and Mississippi havefiled claimsagainst Monsanto
and the Deltaand Pine Land Company, responsiblefor distrib-
uting seed, for lossesthat they attributeto genetically modified
cotton, including abnormal boll formation aswell asplantsthat
dropped balls.

Neither Monsanto nor Delta and Pine Land Company have
experienced such abnormalities during the course of experi-
mentation. Currently, no scientific explanationsfor excessive
shedding and malformation of bollsareavailableyet. Theprob-
lemisbeinginvestigated by Monsanto and Deltaand PineLand
Company, and early observations show that excessive shed-
ding may berelated to thetiming and level of Roundup Ready
application on the crop. The affected growersare only asmall
percentage of the total growers who planted Roundup Ready
cotton, and thereis still astrong faith in the technol ogy.

According to the November 1997 issue of the Biotech Reporter,
the US Environmental Protection Agency has granted a blan-
ket exemption for Roundup Ready technol ogy from tolerance
requirements for all plants. Tolerance requirements are more
important for food cropswhere herbicideresidue hasto be kept
bel ow certain limitsto avoid any health risks. But, blanket ex-
emption for the Roundup Ready technology will enhance the
utilization of glyphosate over the top of other crops

Transgenic Cotton in the USA

In the USA, which isthefirst country to grow Bt cotton on a
commercial scalein theworld, Bt cotton had to have approval
from the USDA, the US Environmental Protection Agency
(EPA) and the US Food and Drug Administration (FDA). All
regul atory formalitieswere compl eted by theend of 1995, and
Bt cotton was first grown on a commercial scale in the USA
during 1996/97. Practically herbicidetolerant cotton varieties
trademarked as BXN also entered into commercial scale pro-
duction the sameyear. Roundup Ready herbicidetolerant vari-
eties were planted on acommercial scalein 1997.

Transgenic cotton having agenefrom the soil bacteriaBacillus
thuringiensis (Bt) is now well known to a majority of the cot-
ton farmersin the USA. During 1997/98, Bt cotton resistant to
lepidopteran insects was grown on about one million hectares
inthe USA. Last year, early season premature reportsindicated
inability of the Bt geneto produce sufficient toxin and provide
desirable control against bollworms. But, end of the season re-
ports confirmed effectiveness of the Bt gene and farmers con-
cluded benefitsin using transgenic cotton. Thus, areaunder Bt
cotton increased by 60% in 1997 in the USA and unlike the
previous year, there were no reports against Bt cotton with
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Bollgard gene resistant to bollworms particularly the tobacco
budworm, Heliothisvirescens.

A number of Bt genes are available which can be used to con-
fer resistance to avariety of pests. The fundamental phenom-
enon isbased on the abilities of a particular geneto produce a
specific chemical injuriousfor pestsattacking the cotton plant.
It is preferred that a desirable chemical is produced in a spe-
cific part of the plant but no such genes are available yet. It
would be even more desirable that a single gene be capable to
produce such a chemical(s) with a strong effect against more
than one insect. From the currently available genes, none is
capable to control all species of bollworms. However, the de-
gree of effect on many species varies.

Herbicide tolerance and resistance to insects are not the only
areas of research under exploration. There are many other av-
enues being researched mostly by the private sector. A detailed
article” More Genetically Engineered Cottons’ was published
in the December 1996 i ssue of THE ICAC RECORDERoON ther-
mal properties of cotton. Herbicidetolerant and Bt cotton will
continueto be used on alarge scale but it is expected that the
following new geneswill becomeavailablefor commercia pro-
duction in the near future.

Year  Transgenic Cotton

1998  Herbicidetolerant BXN gene and Bt generesistant
to lepidopteran insectswill become availablein the
samevariety.

1999  Second generation of Bt cotton (with a different
Bt gene) will become available.

2002  Boll weevil protected cotton will be grown.

2003  Naturally colored cotton may be grown. Blue
color may bethefirst to become available after
brown and green already availablein thenormal
varieties.

2004  Thermal properties, improved fiber quality and | eaf

curl virusresistance and many new transgenics
are expected.

Programs in Other Countries

Many countries have devel oped programsin genetic engineer-
ing. Outside the USA, most programs are in the public sector

organizations. The program involves five important stages as
follows:

* Identification of suitable gene or geneswhich are capable
of producing desired action/chemical upon insertion into
the cotton plant.

¢ Availability of desired labfacilitiesand technol ogy for trans-
formation of cotton.

¢ Testing of transformed genotypes.
¢ Government approval for commercialization.

* A system to produce and distribute seed under strict
contral.

Herbicidesare not used commonly in many countriesand con-
sequently Bt cottonsresistant to insectshavealarger market. It
will takemany yearsfor countries other than Australiaand the
USA todeve op their own transgenic varieties. These countries
have two choices: Wait for afew years and develop and grow
their own transgenic varieties on a commercial scale, or pay
thetechnol ogy feeand immediately start growing the presently
availablevarieties. Some countries, dueto their specific grow-
ing conditions, cannot grow varietiesfrom other countriesand
will haveto develop their own programs.

Plantingsin other countriesareasfollows:

Australia 1996/97 30,000 ha
1997/98 60,000 ha (estimated)
China(Mainland) 1996/97 137 ha
1997/98 4,000 ha
1998/99 30,000 ha
Mexico 1996/97 13,000 ha
1997/98 20,000 ha
South Africa 1996/97 Trids
1997/98 400 ha
USA 1996/97 600,000 ha
1997/98 980,000 ha
Zimbabwe 1996/97 Trids

DPL hasnow 11 programsin 16 countries. The countrieswhere
they havetried their varietiesinclude Argentina, Bolivia, China
(Mainland), Colombia, Greece, Mexico, Paraguay, South Af-

Bt Genesand their Effectson VariousInsects

Insects Genes

CrylAb CrylAc CrylB CrylC CrylD CrylF CryllA Crylll
H. zea XXX X ? No No XX
H. virescens XX XXX XX XX
S. littoralis No No XXX X X
P. gossypidla XXX XX ? No X?
A. argillacea ? XXX
A. gossypii
A. grandis
Eutinobothrus spp. No
Conotrachelus spp. ?
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ricaand Zimbabwe. India, where DPL and Monsanto arework-
ing separately, may a so have some experimentsin thefield on
Bt cotton during 1998. Contacts are also being developed in
Pakistan to explore the market for Bt cotton. DPL isworking
with Monsanto, and they arewilling to sharetheir transformed
genotypes/varieties with other countries. In order to use the
technology, other countries have to pay a fee for the benefit
they will gainin savings on insecticides.

Thefeefor BXN varietiesisbased on the seed by weight which
iscalculated at about US$15/hafor all varietieswith bromoxynil
resistant gene. Thefeefor the Roundup Ready resistant variet-
iesisabout US$12/ha.

The technology fee for Bt cotton with a Bollgard gene was
about US$80/hain the USA and US$245/hain Australia. Inthe
USA, thetechnol ogy feefor the Bt + Roundup Ready seed was
US$100/ha.

Thedifferencein thetechnology feein the USA and Australia
for the Bollgard gene is related to the benefit in the form of
savingsin production cogts. It is estimated that USA growers
will save at least US$80/ha worth of insecticides by planting
Bt cotton resistant to | epi dopteran insects. Because using con-
ventional varietiesthe Australian growershaveto spend more
on spraying (10 sprayingsper season), savingsarelarger inthe
caseof planting Bt cotton and thusthetechnol ogy feeishigher.

Monsanto signed contracts with all Bt cotton growersin the
USA and Australia. The Australian contractsincluded compen-
sation to Bt cotton growers if the cost of controlling insects
exceeded conventional practices, a provision which was not
included in US contracts.

How the private seed companieswill be ableto keep seed con-
trol in countrieswherelandhol dings do not exceed afew hect-
ares per family is still not very clear. Growersin many coun-
tries keep their own seed. There could be a one-time fee and
varieties and genes could be changed frequently. Genes have
to be changed because of devel opment of resistancetothetoxin.
Plant variety protection laws have to be strengthened in coun-
triesinterested in growing transgenic cottonsto safeguard the
investment of private companies.

Additional Effects of Bt Cotton

The primary thrust of genetic engineering has been to reduce
the use of pesticides, thuslowering the cost of production and
minimizing environmental pollution. Colored cotton and im-
proved fiber qualities, including changed thermal propertiesof
the cotton fiber, are some other areas of research where exten-
sive work has already been done and new genotypes are ex-
pected soon. Still theimportance of Bt cotton resistant to pests
will remain.

When Bt cotton wasintroduced, the only objectivewasto €imi-
nate or at least minimize sprays against lepidopteran insects.
Bt cotton has proved to be more effective against tobacco bud-
worm Heliothisvirescensthan other bollworms. In thelast two
years, from thetrials conducted in various countries, a number
of other observations on the positive effects of Bt genein cot-
ton have been noted. Theseare

¢ Higher yield over normal varieties. Inthe USA, on theav-
erage many farmersnoted approximately a 7% increasein
yield. Thebasisfor higher yield isbetter protection against
insects.

¢ Usually one-day-old larvaearekilled whilefeeding on cot-
ton having toxin produced by the Bt gene. It has been ob-

served that pollen grainsarelow in toxin, which sometimes
allow the larvae to continue feeding on the flower buds.

* Lower useof insecticides has hel ped to control beet army-
worm, Spodoptera exigua.

¢ Theincidenceof verticillium wilt isreduced.

¢ Alabama cotton leafworm Alabama argillacea has proved
to be highly susceptibleto the toxin.

¢ Atlower levelsof pest population, it may not be economi-
cal to grow Bt varieties but their use has reduced the pest
population further.

¢ Insectswill develop resistanceto Bt toxin.

* It has been observed that micronaire is reduced by about
0.2 in Bt varieties, which may be dueto higher boll set.
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