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Introduction

Bt cotton isgrown on acommercia scalein only six countries
but research is going on in many other countries all over the
world. During 2000/01 transgenic crops were grown on over
44 million hectares, and transgenic cotton resistant to insects
and herbicides was planted on over five million hectares in
Argentina, Australia, China(Mainland), Mexico, South Africa
and the USA. Themost popular trait inthe USA isresistance to
herbicides, although in five other countries only Bt varieties
resistant to insects have been planted on acommercial scale. It
isexpected that the Bt gene or insect resistance will continueto
be the main reason for growing transgenic varieties outside the
U.S. Since transgenic cotton varietieswere introduced in Aus-
tralia and the USA in 1996/97, there have been concerns that
Bt cotton will devel op resistanceto the Bt toxin, and ultimately
the Bt gene will become useless. However, researchers devel -
oped resistance management programs, and a component of
the farmerstechnology packagein the USA isthe use of aref-
uge crop. It is expected that new genes will be identified and
inserted into cotton varieties before bollworms develop resis-
tanceto the current Bt gene. The latest results show that a new
Bt gene has been identified and inducted in cotton. The new
gene, Cry2Ab called Bollgard® 11, has been added to a DP 50
variety that already had the Cry1Ac gene. Bollgard® |1 hasbeen
tested in the USA in the field for two years against non-engi-
neered DP50 and aCrylAc variety called DP50B, and may be
availablefor commercial productionin 2002/03. The new gene
is more effective and compatible with existing transgenes in
cotton. Monsanto has revised the refuge requirements from
2001/02 in the USA. Australia plans to adopt varieties with a
herbicide resistant gene next year. More details on the new ref-
uge requirements and limitations to the spread of technology
aregiveninthefirst article.

The ICAC has published anumber of articles on cotton yields
intheworld. The averageyield in the world was the highest in
1991/92 and since then the world yield has not exceeded 598
kg/ha. Therewasan increasing trend inyieldsfor almost half a
century until the early 1990s, but there was no increase in the
last 10 years. It is not known when the world yield will rise
again. Yield isacomplex character that is based on only afew
parameters. But these parameters are so dependent on the envi-
ronment and growing conditionsthat genetics seemsto be hel p-
less to express its potential. Since the invention and adoption
of modern cotton production practices, cotton yields have in-
creased significantly in the highest yielding countries of the
world, while the lowest yielding countries have shown almost
no increases in yield during the same time. The differences
between high and low yields are commonly related to varietal
differences, but that does not seem to betrue. What determines
yield in cotton and how it is controlled genetically is not prop-
erly understood yet. The second article identifies reasons for
differences in yield among high and low yielding countries,
emphasizing the need for better understanding of yield and its
genetic control and suggests approachestoincreasesinyields.

Shorts Notes are included in thisissue as usual.

I CAC has announced the World Cotton Research Conference-
3 (WCRC-3), which at the invitation of the cotton industry of
South Africa will be held in Cape Town, South Africa from
March 9-13, 2003. At thistime, only pre-registration formsare
available. A complete registration package will be made avail-
able closer to the Conference. The pre-registration brochureis
availablefromthe | CAC Secretariat. Onlineregistrationisalso
available at <http://www.icac.org/icac/meetings/meetings.
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| CAC has seven ongoing projects funded by the Common Fund
for Commodities. In the next few monthstwo projectswill con-
clude and final workshopsare planned for the di ssemination of
results. The project on Integrated Pest Management of the Cot-
ton Boll Weevil in Argentina, Brazil and Paraguay undertook
extensive studies on various aspects of the pest including bio-
logical, ecological and chemical control, and devised an area-
wideintegrated management technological packagefor there-
gion. In the second project, the Sudan Cotton Company in col-
laboration with CIRAD-CA, France, developed methodstoiso-
late sticky from non-sticky cotton and spin sticky cottonin mixes
with non-sticky cotton without any effect on processing and
yarn quality. Researchersfrom all over theworld are welcome
to attend the workshops. Date, venue and contact detailsonthe
workshops are asfollows:

Project: Integrated Pest Management of the Cotton Boll Wee-
vil in Argentina, Brazl and Paraguay
Workshop dates: June 26-28, 2001
Venue: Fortaleza, Brazil
Contact: Dr. Teodoro Stadler
<picudo@redynet2.com.ar>

Project: Improvement of the Marketability of Cotton Produced
in Zones Affected by Stickiness

Workshop dates: July 2-4, 2001

Venue: Lille, France

Contact: Dr. Abdin Mohamed Ali

<sccl @sudanmail .net>

Mr. Jean-Paul Gourlot <gourlot@cirad.fr>

Mr. Franck Clemmersseune <fclemmersseu@itf.fr>

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 cropsstarted inthe U.S. in 1994 with
delayed ripening tomatoes. Commercial cultivation of
transgenic 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 aready 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 devel oping countries, and regulatory pro-
cesses to start com-

mercia production of

transgenic varieties Transgenic CropsWorld Area
are not in place in | vear All Crops Cotton
many  countries. (Ha) (Ha) %
Thus, transgenic | 0o, 28 08 29
Crops Were grown | 41997/9g 128 13 1
only inthirteencoun- | ;00009 278 25 g
triesduring 2000/01, | 1999/00 39.9 37 9
compared to six in | 2000/01 442 53 12
1996/97, and almost

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
amost three years ago; sincethen only Mexico hasjoined these
countries. It isestimated that M exico 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. M ore detail s about this can be found
in the June 1998 issue of THE ICAC RECORDER.

The bollworm-resistant gene has al so been isolated from a soil
bacterium, Bacillus thuringiensis, but it only provides resis-

Transgenic Cotton Areain Various Countries

Year Areain 2000/01 Estimate 2001/02
(Mill. Ha) (%) (%)

Argentina 0.03 5 5

Australia 0.15 30 30

China (Mainland) 1.00* 1520 25

Mexico 0.02 25 30

South Africa 0.04 40 40

USA 3.93 72 75

* Approximate area.
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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

Transgenic Cotton Areain the USA

(Percentage of Total Area)

Percent
100

75

iJlllt

1996/97 1997/98 1998/99 1999/00 2000/01

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.
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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.

References

Cotton Program, Agricultural Marketing Service, United States De-
partment of Agriculture, Cotton Varieties Planted, August 2000.

James, Clive. 2000. Global review of commercialized transgenic crops:
2000, Online at http://www.isaaa.org/briefs/Brief21.htm

Matten, Sharlene R. 2000. EPA regulation of transgenic pesticipal
crops and insect resistance management for Bt cotton. Proceedings of
the Beltwide Cotton Conferences, National Cotton Council of America,
P. O. Box 12285, Memphis, TN 38182, USA.



ICAC RECORDER

Mullin, Walt. 2001. New Bollgard refuge requirementsfor 2001. Pro-
ceedings of the Beltwide Cotton Conferences, National Cotton Coun-
cil of America, P. O. Box 12285, Memphis, TN 38182, USA.

Penn, J. B. 2000. Biotechnology in the pipeline: Sparks companies
update. Proceedings of the Beltwide Cotton Conferences, National
Cotton Council of America, P. O. Box 12285, Memphis, TN 38182,
USA.

Penn, Stephen R., Barb Reich, Jason Osborn, Kris Embry and John
Greenplate. 2001. Quantification of Iepidoteran activity in a 2-gene
product: A two year summary of Bollgard® 1. Proceedings of the

Beltwide Cotton Conferences, National Cotton Council of America,
P. O. Box 12285, Memphis, TN 38182, USA.

Technical Information Section, International Cotton Advisory Com-
mittee, U.S. reaction to Bt cotton, THE |CAC RECORDER, Volume
XVI, No. 2, June 1998.

Voth, R. D., John T. Greenplate, J. E. Mann, and J. W. Mullins. 2001.
Bollgard® Il cotton technical review. Proceedings of the Beltwide
Cotton Conferences, National Cotton Council of America, P. O. Box
12285, Memphis, TN 38182, USA.

Why Yields Vary Among Countries?

The average world cotton yield in 2000/01 is expected to be
575 kilograms per hectare. The averageworld yield thelast 10
yearsranged from 551 kg/hain 1993/94 to 598 kg/hain 1991/
92. The maximum variation from one year to the next did not
exceed 50 kg/ha or 9%, during the last 10 years. This shows
that on the one hand thereis reasonabl e consistency in the per-
formance of world cotton production, on the other hand, the
hopes for a significant increase in the world yield in a short
period of time are limited. Significant increases could be ex-
pected only if some extraordinary technological devel opments
are achieved and adopted in many countries at the same time,
or at least in more than one major cotton producing country.

Average crop yields did not increase appreciably in any coun-
try until 1950. However, average cotton yieldshavevaried sig-
nificantly among countries even before the adoption of mod-
ern production practices—use of synthetic fertilizers and pes-
ticides—including better agronomic management of the cotton
plant. The upward revision in production practices widened
the differencesin average yields among countries. Fifty years
ago, thelowest yieldsin countriesgrowing at |east 10,000 hect-
ares were about 400-500 kg/ha below the countries with the
highest yields, and the world average was 233 kg/hain 1950/
51. Thetable below showsthat adoption of the current technol-
ogy package in producing cotton, where fertilizers and pesti-
cides have a mgjor role, has benefited some countries more

Maximum and Minimum World Yields
Year Range
Maximum Minimum

1990/91 1,668 91
1991/92 1,781 55
1992/93 1,667 53
1993/94 1,723 65
1994/95 1,603 82
1995/96 1,779 87
1996/97 1,810 73
1997/98 1,845 105
1998/99 1,753 61
1999/00 1,665 108
2000/01 1,660 116

Average World Cotton Yield
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than others. This has happened in spite of the fact that there
were no limitations, legal or technological, to the adoption of
the technology applied in the highest yielding countries of the
world.

Yield and its Components in Cotton

Unlike many other agricultural crops, theyield in cottonisnot
determined only by the seed, and to some extent not even by
seedcotton. If the seedcotton yield ishigh but most of it isseed
itself rather than lint, high seedcotton yield may not be adesir-
able target to achieve. On average, 3% increase in seedcotton
yield, which is the measure of yield in most countries where
custom ginning is not done and farmers sell seedcotton, means
only a 1% increase in lint yield. In countries where farmers
arrange custom ginning and sell lint, farms are entirely inter-
estedinlint yield. In many speciesof cotton, particularly culti-
vated diploidsand tetrapl oids, the seed coat may havetwo coats
of fibersonit called fuzz and lint. Fuzzisavery small layer of
non-spinable fibers, mostly comprised of cellulose, as is the
case with lint. Still, fuzz is not considered yield. Thus, lint—a
long unicellular outgrowth on the seed coat—forms the real
yield in cotton and is correctly called “economic yield.” With-
out going into further details, it isimportant to clarify that yield
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in cotton may be seedcotton or lint so the most appropriate
term for lint yield will be economic yield. Some other terms
commonly used in reference to production are potential yield,
theoretical yield and genetic yield. All these definitionsrefer to
something, which ishypothetical or the highest possible limit,
and is not possible to achieve, at least now. Only apart of po-
tential yield isrecovered. Theword “yield” will beused inthis
articleto refer to seedcotton yield and sometimestolint yields
actually achieved.

The most commonly used formulato estimate yield is number
of plants per unit areax number of bollsper plant x boll weight
x lint-to-seed ratio (ginning outturn or lint percentage). The
number of plants could have a positive as well as a negative
effect on the number of bolls per plant. If cotton is planted too
close in row-to-row and plant-to-plant spacing, dense plant
stands|ower the number of bolls. Asthe distance among plants
increase, the number of bolls starts to increase up to a certain
limit. Too sparsely-located plantsin a certain areamay give a
high number of bolls per plant, but the fewer number of bolls
per unit areamay lower yield per unit area. Thus, the number
of plants per unit area and the number of bolls per plant can
also be considered together asthe number of bolls per unit area.
Similarly, apart from the genotypic and atmospheric effectson
boll size, under a particular set of environmental conditions,
boll weight or lint production per boll is greatly influenced by
the number of bolls on the plant. So, it can be concluded that
yield estimation, taking into consideration the environmental
and genotypic effects, isasimple arithmetic formula, provided
boll condition (healthy or infected by a pest) is aso known.
The estimation of yield at various stages of development re-
quires alot more additional datato be collected and analyzed
for its effects on boll formation and devel opment.

Highest Yielding Region in the World

For the last two decades, cotton yieldshave been the highest in
either inAustraliaor Israel. Current estimates suggest that the
averageyield will bethe highestin Isragl in 2000/01, but Aus-
tralia will be replaced by Syria in second for the first time.
During 2000/01, only seven countrieswill havean averageyield
of over oneton of lint per hectare and they areAustralia, China
(Mainland), Greece, Isragl, Spain, Syriaand Turkey. However,
the average yield has been over oneton of lint per hectare con-
tinuously for five years only in Australia, Israel, Spain, Syria
and Turkey. A contiguous block of three countries where cot-
tonyieldsare exceptionally highincludes|sradl, Syriaand Tur-
key. In Egypt, only G barbadense is grown, which is lower
yielding compared to upland varieties under most conditions.
In Greece, theyield has been either one ton/hectare or short by
only afew kilogramsin three yearsout of thelast five. Thus, a
block of the five highest yielding neighboring countriesin the
world consists of Egypt, Greece, Israel, Syriaand Turkey.

These five countries have good research facilities and good
cotton production systemsfor achieving high yields. However,
many other countries have similar and better facilitiesand pro-

duction systems, and still their yields are lower than in these
countries. Thereasonsfor the high potential anditsrecoveryin
the five countries can be found in the best suitability of this
part of the world for cotton production.

Role of Varieties in Improving Yields

The cotton plant has a complex morphology because it is a
perennial tree but it is domesticated and grown as an annual
plant. The cotton plant will never fruit to death if conditions
remain favorable for growth. The main apex istypically inde-
terminatein nature evenin the currently pseudo-annual behav-
ing cotton plant. The main tip and also the dimorphic branches
areindeterminatein habit. In the axil of every leaf on the sym-
podial branch, or main stem, aflower bud isformed which may
or may not stay on the plant. At the end of the season, there
may be only afew bolls on the plant, but the potential to form
ahuge number of bollsremainsintact. The plant goesinto dor-
mancy during the off-season in winter, and as soon as condi-
tions become favorable again, it startsits re-growth. The pre-
cociousfruit formation in various varietiesis purely the result
of adaptation/interaction with the environment.

Thisdoes not mean that varieties do not differ in their abilities
to produce low or high yield. Breeders have always tried to
improve yield and fiber quality. They have been successful in
improving quality, but the only successful method of raising
yields has been optimization in meeting nutrient needs of the
plant and protecting it from pest attack. ICAC has published
other articleson theissue, and more details can befoundin the
March 1998 issue of THE ICAC RECORDER.

According to Constable (2000), 45% of the increase in yields
inAustraliain thelast 20 years has come from the devel opment
of highyielding varieties, 25% from soil-nutrition-management,
20% from better insect control and 10% from better disease
management practices. The 45% increase may be related to
better varieties, but this does not mean that the ability of the
plant to form morefruiting parts has been improved. What could
have happenedisthat the genetic ability of new varietiesto suit
specific growing conditions has been improved, resulting in
better adaptation and interaction between the genotypes and
the conditions under which they are grown. Better interaction
could include tolerance to high or low temperature, tolerance
to water stress, tolerance to low fertilizer levels, improvement
in the partition of the sourceto sink ratio, etc. Asin Australia,
breeders all over the world claim to have developed succes-
sively higher yielding varieties in their countries. Linking in-
creasesin yieldsto higher yielding varieties is very common.
The 45% increasein yieldsin Australiamight have comefrom
better varieties, but the varieties need to be analyzed to deter-
mine the source of higher yields. Breeders have not affected
the potential yield and neither can they. Such an observationis
in agreement with Afzal (1990) who stated that yield expres-
sion is molded by diverse constrains which bring about a dif-
ferent degree of reduction in the potential yield. Thus, the re-
moval of congtraintsistheright way to improve economicyield.
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What Brings Differences in Yields?

TheaverageyieldinIsrael in 2000/01 isestimated at 1,660 kg/
ha. The range of yields may be from close to two tons to only
oneton. Thisalso includes G barbadense area, which is usu-
ally 20-25% of thetotal cotton areain Isragl. There are anum-
ber of countriesin Africawhere more than 50,000 hectares of
cotton are planted every year, and the averageyield is till less
than 200 kg/ha of lint. There are at least five countries,
Mozambique, Nigeria, Tanzania, Uganda and Zambia, where
cottonisplanted on over 200,000 hectaresand the averageyield
remainslessthan 200 kg/ha. The averageyieldinthefive high-
est yielding countries is eight fold more than the five lowest
yielding countries planting at least 200,000 hectaresevery year.
World yields in most crops, including cotton, started improv-
ing only after the Second World War. The historical data for
thelast 50 years showsthat yieldsimproved by 5-6 foldsin the
highest yielding countries in the last 50 years. Improvement
wasfaster inthe early years, which ultimately slowed to almost
nothing inthelast 10-15 yearsin most countries. In the last 50
years, there hasbeen amost no increaseintheaverageyieldin
the lowest yielding countriesin the world.

Therole of genotypesin producing a high number of bollsun-
der specific growing conditions cannot beignored rather andis
the most important factor affecting yields. But, still the wide
gap between the high yielding countries and the low yielding
countries and others cannot be attributed to only varietal dif-
ferences. It is quite possible that poor yielding countries have
not been ableto develop high yielding varietiesfor their grow-
ing conditions, and part of the variation may be due to poor
varieties. No data are available to prove it but it is likely that
theyield potential of varietiesin low yielding and high yield-
ing countriesisnot much different. This observation can easily
be proved by testing varieties from low yielding countriesin
high yielding countries and vice versa. There seem to be other
factors responsible for such drastic variations, and it is con-
cluded that thefollowing factorsare responsiblefor differences
inyields among countries.

 Feeding the cotton plant to meet its optimum nutrient needs
asperfectly aspossibleisan assurancefor better growth and
fruit formation. However overdosing could result in nega-
tive impacts particularly in the case of nitrogenous fertiliz-
ers. Since the introduction of synthetic fertilizers, yieldsin
some countries have increased at a faster rate compared to
others because nutrient requirementsare not met properly in
poor yielding countries.

» Plant protectionintheform of insect control has emerged as
the most important component of production practices in
cotton. Likefertilizers, insecticides used against pest attacks
may not be as good in poor yielding countries as in high
yielding countries. Depending on the type of insect and the
stage of crop devel opment, insect pressure could affect plant
growth, fruit formation/shedding and boll health. Unhealthy
plants produce fewer and smaller bolls, thus producing less
cotton per boll.

« According to Clive James (2001), during the five years be-
tween 1996/97 to 2000/01, herbicide tolerance has consis-
tently been the dominant trait in transgenic crops followed
by insect resistance. It isestimated that 74% of the 44.2 mil-
lion hectares planted to transgenic cropsin 2000/01 had the
herbicide resistant character. In the U.S,, out of 72% of the
total areaunder transgenic cotton in 2000/01, over 75% had
genesresistant to herbicides (either alone or in combination
with the insect resistant Bt gene) and less than 20% of area
was planted to varieties resistant to insects alone. Experi-
ments in many countries have shown that weed control is
important to have a successful cotton crop.

« Thethird category of pestsresponsiblefor causing diseases
may also beresponsiblefor differencesinyield among coun-
tries but seemsto have little impact compared to the factors
mentioned above.

» Though theissue hereishigh and low yield under irrigated
conditions and similarly rainfed high versus rainfed low
yields, the lack of irrigation water (rainfed cultivation) or a
short supply of irrigation water has drastic effectson yields.
Rainfed production awaysresultsin lower yield, compared
toirrigated production under al other similar production con-
ditions.

« Even if all inputs, the best varieties, pesticides and irriga-
tion areavailable and production conditionsare suitable, high
yields cannot be achieved unless inputs are managed prop-
erly. It isvery important to apply fertilizer at the right time
and in the right doses. The same is true for other inputs.
Moreover, it isnot only the application of inputs but also the
impact on the crop that needs to be watched, and further
actions need to be taken accordingly. Thus, the ability of the
farmer to grow cotton and to maximize the output-input ra-
tioisthekey factor in achieving high yields. The experience
in many countriesindicatesthat improvementsin the aware-
ness or the knowledge to grow cotton bring drastic improve-
ments in yields. Farmersin high yielding and low yielding
countries differ greatly in the knowledge and skills needed
to grow cotton.

* Thereare someinherent and unavoidable factors that inter-
act and are responsiblefor originating differencesinyields.
The most common exampl e could bethat Egypt ismost suit-
ablefor G barbadense cotton. Efforts have been made more
than once to experiment and promote upland cotton to meet
domestic spinning needs, but the resultsdid not strongly sup-
port the recommendation to replace G. barbadense with up-
land cotton. Just as Egypt is best suited for G barbadense
production, some countries are simply more suited to pro-
duce highyieldsthan others. The suitability of growing con-
ditions, including soil and temperature, are factors that can
be compromised to a lesser extent than most others. Ex-
tremely high temperatures, both minimum and maximum,
induce sterility through incomplete fertilization. Countries
have overcome this problem by developing heat tolerant
varieties, but all natural ambient limitations to grow cotton
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successfully cannot be eliminated or minimized, thusresult-
ing in differencesinyields.

Limitations to Improving Yield

The number of bolls per plant and boll size or boll weight are
two of the most important yield components, and many refer-
encesintheliterature show that they are negatively correlated.
If they are the most important and improvement in one will
negatively affect the other, how can yield be improved. Ge-
netic control of yield and its components has been studied ex-
tensively. Basu (1996), quoting references from many other
authors, stated that yield in cottonisarecognized complex char-
acter whichismostly controlled by additive, dominant and epi-
static gene action. He also quoted a number of references that
found additive and non-additive gene effects important in the
heritance of seedcotton yield and its components, in the num-
ber of bolls and in boll weight in upland cotton. The complex
genetic control makes it extremely difficult to bring improve-
mentsinyield.

Cotton is ultimately used in spinning and weaving, dying and
other operationseven after the product isfinished. Consequently,
fiber quality isimportant. Breeders and other alied disciplines
involved in the improvement of yield have a continuing chal-
lenge to improve fiber quality just asthey have achallenge to
improve yield. The need to improve quality, along with im-
provementsin yields, makesthe job more complex and slower.

Afzal stated in hisvarious publications, particularly one of his
last contributions published in 1990 and entirely devoted to the
yield improvement issue, that yield improvement requires elimi-
nation of constrains. He suggested trying to eliminate constraints
oneby one. If hishypothesison constrainsistrue, which proved
towork in general all over the world with respect to the effect
of fertilizers, pesticides and other specific conditions, working
with yield improvement seemsto be atwo-fold issue: identifi-
cation of a constraint and then finding a solution to eliminate
or minimize the effect of this constraint. Finding a constraint
on a scientific basis is even more challenging than finding a
solution.

When two inbred lines are crossed and the hybrid outyieldsits
parents the result is an interesting phenomenon to study with
respect to yield improvement. In India, over four million hect-
ares are grown under hybrids and they must be better yielding
than other varieties. Usually, dominance and over-dominance
theories are considered to be the scientific basis for
outperformance of hybrids over their parents or even the con-
trol. But, which parents will produce a hybrid that will trans-
gress its parents or the control (in case of commercial cotton
hybrids) isnot known. Theissue also remains unexplained why
some countries get a sufficient heterotic effect in cotton while
othersdo not. The hybridization process goeson as an effort to
create variation, of course for better selection, but the biologi-
cal bases of heterosis remain unknown (Roupakias 1998). If
the bases for the heterotic effect are not known, the ability to

bring improvement is undermined and remains underutilized.

Theenvironmental impact on the cotton plant isso pronounced
that many times it suppresses the ability of genes to express
their effects. Genotype-environment interaction is extremely
high for yield thereby indicating that the high yielding varieties
under one set of growing conditions may not be high yielding
under another set of conditions. The impact of environment is
not only prominent among varieties, but it has also been noted
in hybrids. Hybrids performing better at one location may not
givethe sameyield at other locations. Similarly theyield level
may not be the same during different years at the same loca
tion. The sensitivity of the plant to environmental conditions,
or the high response to growing conditions, can no doubt be
used as a plus factor, but most of the time it is alimitation to
improved yields.

The cotton plant starts with monopodial branches, also called
vegetative branches, that give rise to fruiting branches. There
may be real monopodial branchesif not shed at an early stage
and theremay be only nodesindicating that vegetative branches
were shed at an early stage. But, whatever the case, once a
sympodial branch appears on the main stem, the plant has the
genetic ability only to form fruiting branches. Thus, the cotton
plant always has afruiting branch on the top closeto thetermi-
nal. Any increase in the terminal will give rise to additional
branches and additional branches mean additional fruit. Addi-
tional branchesalso mean anincreasein height, and height has
astrong correlation with maturity. A correlation can be calcu-
lated showing how many centimetersincreasein height results
in how many days delay in maturity. Maturity and increase in
height also affect boll retention. Some countries have already
done studies, but specific effects under specific conditions can
be determined. This and similar other negative correlations,
genetical, physiological, etc., cap yield improvements beyond
certainlimits.

How to Improve Yields?

The current trend in yields in many countries suggests a new
techniqueto bring animprovement. If current techniqueswere
working, yield increaseswould not have stopped. The momen-
tum should have continued but it has not. Thus, thereis aneed
for a change in the approaches adopted to improve yields.

Thefundamentals of breeding can bedivided into two parts; 1)
create variability and 2) make selections based on the targetsto
be achieved. Hybridizationisaconventional and popular means
of creating variability though natural variation, and irradiation
and other means, including chemical mutagenesis, could also
be utilized. Hybridization hasits own limitations, and charac-
tersthat do not exist in either parent cannot be expected in the
offspring. Thereisno controlling which parent will contribute
acharacter unlessthe character is controlled by simple qualita-
tive genes. But, because other reliable choices are not avail-
able, conventional hybridization continuesto bethemain source
of creating variability.
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The hybrid may or may not be better performing than parents
but the need to create variability in the population exists and
probably will continue to be the primary focus until directed
breeding becomes practical. Directed breeding means an in-
sertion or deletion of certain specific characteristics through
recombinant DNA technology, or any other technology not yet
known in biotechnology. New means of creating variability,
which provide more control on inheritance of charactersinthe
form of what to include and what not, could contribute towards
yield improvement.

In order to bring improvement inyields the foremost issueisa
better understanding of the genetic control of yield. Until the
knowledge about theinheritance of yield components, particu-
larly boll number and boll weight, is perfected, effortsto make
significant progress are handicapped.

While efforts are underway to better understand the genetics of
yield, and significant progress has already been madein DNA
technology in the last decade, it remains important to identify
constraints and to try to eliminate each one by one.

The average yield in various countries of the world and the
opportunities to improve it indicates that countries can be di-
vided into three categories: low yielding, mediumyielding and
high yielding countries. Thelow yielding countries have better
chances to improve yields, as they have yet not reached their

Short

® National Organic Standards Established in

the U.S.

Organic cotton isgenerally considered to be elimination of
synthetic chemicals used to grow cotton, including chemi-
cal insecticides, fertilizers, defoliants, growth regulators, boll
openers and other chemicals applied either through soil
application or by air. The U.S. government has been work-
ing for almost ten years to establish national organic stan-
dards. In April 1995, the U.S. National Organic Standards
Board defined “organic agriculture as an ecological pro-
duction management system that promotes and enhances
biodiversity, biological cyclesand soil biological activity.”
The system was based on minimal use of off-farm inputs
and on management practices that restore, maintain and
enhance ecological harmony. “Organic” was considered to
be a labeling term that denoted products produced under
the authority of the Organic Foods Production Act.

On December 21, 2000, the National Organic Program was
announced establishing the national organic standards un-
der the direction of the Agricultural Marketing Service
(AMS), anarm of the United States Department of Agricul-
ture (USDA). This program establishes national standards
for the production and handling of organically produced
products, including a national list of substances approved
for and prohibited from use in organic production and han-

peak. Medium yielding countries have lesser chances to im-
prove yields compared to low yielding countries. The highest
yielding countries have the minimum chancestoimproveyieds
in the near future.
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Notes

dling. The new organic standards prohibit the use of ge-
netic engineering, irradiation or sewage sludge as well as
toxic and persistent synthetic pesticides and synthetic fer-
tilizersin organic agricultureand processing. Under the pro-
gram, companies/agentswill certify production and handling
operationsin compliancewith the requirements of thisregu-
lation and initiate compliance actions to enforce program
requirements. All agricultural productslabeled organic must
originate from farms or handling operations certified by a
state or private agency accredited by the USDA. Farmsand
handling operations that sell less than $5,000 per year of
organic agricultural products are exempt from certification.

In order to promote organic agriculture, the U.S. govern-
ment has decided to providefinancial assistanceto farmers
in 15 statesto help pay their costsfor organic certification,
but none of the cotton producing states is included on the
list. In order to be certified organic, crops must be grown
on land which has been free of prohibited substances for
three years prior to harvest. Crops grown on land in transi-
tion to organic (during the first three years after switching
from conventional farming to organic) cannot be labeled
organic. Moreinformation on the organic standards, along
with detailed fact sheets and other background information,
isavailable on line at <http://www.ams.usda.gov/nop>.
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It isestimated that about 14,000 tons of organic cotton were
produced in theworld during 1999/00. Turkey wasthelarg-
est producer of organic cotton, followed by the U.S. and
India. ICAC published atable on organic cotton production
in the December 2000 issue of the ICAC RECORDER.
Greece hascorrected the production datato 267 tonsin 1998/
99 and 234 tons in 1999/00.

Ultra Narrow Row Effects on Cotton Quality

Cotton must be planted in rowsfor easy intercultural opera-
tions, uniform plant population distribution throughout the
field, uniform application of fertilizers and other inputs,
uniform crop maturity and quality, in addition to a number
of other advantagesrelated to agronomic aswell astechno-
logical characteristics. Row-to-row spacingisimportant. In
most countries, cotton is planted either in 30-inch (76 cm)
or 40-inch (101 cm) row spacing. In some countries, both
30-inch and 40-inch row spacing are popular and in others
the samevariety may be planted at 30-inch and 40-inch rows
inthe sameregion. The cotton plant has high compensation
ability, and thus yields may not be affected at either row
spacing. But, ultra-narrow row creates extremely high popu-
lationsthat could have effectsonyield and quality. Planting
cotton at 25.4 cm (10 inches) or under would require differ-
ent production practicesthat could affect fiber quality. The
main benefits of growing cotton at close row-to-row dis-
tances are early crop maturity, a shortened growing season
and lower cost of production. A shorter growing season
meansformation of bollsin the shortest possibletime, which
leads to higher uniformity in the fiber produced. Early ma-
turity and higher uniformity in fiber quality are desirable
characters, but ultra-narrow row planting may not be suit-
ablefor all growing conditions. It isusually recommended

not to adopt ultra-narrow row planting if the soil is highly
fertile or land is traditionally known to have severe weed
problems.

Ultra-narrow row (UNR) hasbeentried inthe U.S. for many
yearshut itisstill not adopted on asignificant area. 35% of
the total areais estimated to be grown under 30-inch row
spacing, and almost 60% is planted at 40-inch row spacing.
USDA and Cotton Incorporated undertook a joint study
during 1998/99 and 1999/00 to eval uate UNR with conven-
tional row spacing. The same variety was grown at nine
locations in 1998/99 and six locations in 1999/00 under
farmer field conditions. UNR was stripped while 30- and
40-inch row cotton was spindle picked. The data recorded
during both yearsis presented in the table below.

UNR cotton had significantly higher trash content compared
to wider spacing because of different picking equipment
used in UNR. Trash had to be removed either before gin-
ning or after ginning which lowered the lint percentage. As
aresult of pre- or post-cleaner operations, color grade was
not affected. UNR cotton also showed lower micronaire
values but differences were not significant. Fiber length,
strength, uniformity index and color +b were not affected
by row spacing. Short fiber content and nepswere theworst
affected in UNR spacing. The cotton produced in conven-
tional spacing and UNR was also tested for spinning per-
formance. The results revealed that yarn strength or even-
ness between conventional and UNR cotton were the same.

Transgenic Cotton in Regard to Cottonseed
Oil

The USNational Cottonseed ProductsA ssociation has stated
that the oil refined from the genetically engineered cotton
seed varieties does not
carry any risks for con-

Comparison of Ultra Narrow Row and Conventional Cotton sumers. Therefined cot-
tonseed oil can be safely
Fiber Property 1998/99 1999/00 consumed because no
Conventional UNR Conventional UNR DNA content nor any
Initial Trash (%) 7.80 20.90 7.70 19.70 protein content resulting
Lint percentage 34.90 29.80 34.80 30.70 from DNA, native or
Srangh (gted o o 60 sop | Otherwise, wasdetected
reng ex . . . . ; ; ;
UHML (mm) 27.40 27.20 27.20 27.20 n th? oll. The_ primary
Uniformity Index 81.60 81.00 82.20 gLgo | functionof refineriesis
Color: Rd 73.40 74.90 75.80 7680 | theeliminationofall but
Color: +b 8.70 8.80 8.80 8.80 the lipid (fat) from the
Trash (% area) 0.27 0.25 0.28 0.39 oil. If even a small
Leaf Grade 2.90 28 3.10 3.10 amount of proteinisleft
Bark (Bales) 0.00 1.00 0.00 3.00 in the oil, it will cloud
Short Fiber Content (% AFIS) 8.60 9.40 6.40 7.90 and be easily seen. If
Neps (per gram AFIS) 268.00 373.00 * 275.00 33800 | werewas any DNA resi-
* Significant difference at 95 percent confidence level within years. dueintheoll it V\.IOUId be
Source: Ultra Narrow Row Cotton Ginning and Textile Performance Results, Cotton Incorporated, fo_und a ong Wlth pro-
6399 Weston Parkway, Cary, NC 27513, USA. tein. Non-detection of
genetically altered DNA
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and residues of proteinsin refined cottonseed oil does not
negate thefact that the genetically altered DNA iscarried to
the seed from the plant. Thelevel of non-native DNA inthe
seed is very low, below measurable threshold levels when
ail is cleaned. Thus, refined cottonseed oil does not carry
any concernswith regard to the biotech varietiesused in ail
extraction. (The Cotton Gin and Oil Mill Press, Vol. 102,
No. 1, January 13, 2001)

Automatic Classing System

High volumeinstrument (HV ) grading of cotton wasintro-
duced in the U.S. in 1976 but the first classing office went
100% HV1 classing in 1980. USDA first offered servicesto
producers on avoluntary basis asthe HV | technology con-
tinued to improve. Now, 240 HVI stations are used at 12
classing officesthroughout the cotton belt, and USDA imple-
mented 100% HV | testing asthe official gradesfor upland
cotton for length, length uniformity and strength in 1991.
HV1 grading spread throughout the cotton industry because
of demand for instrument measurement of fiber quality.
Through the 1990s, the Cotton Program of the USDA mea-
sured length, length uniformity, strength and micronaireon
HVI at all classification offices while still maintaining
manual classification to determine the official grades for
color, leaf and extraneous matter. In 2000, the USDA Cot-
ton Program adopted HVI color as the officia U.S. color
grade. L eaf and extraneous matter still remain manual mea-
surements.

During the processof HV| classification, improvementshave
been made in the machines. In the 1980s, each HV | station
required three operators to keep the station running. How-
ever, by the mid-1990s the number of operatorswas reduced
to only one per station, thus minimizing the chances of er-
rors arising from manual operation and sample feeding.
Additional benefits included efficiency in terms of space
and labor utilization. Developmentsinthe HV I systemshave
continued and now Zellweger Uster—thelargest HV I manu-
facturing company in the world—has devel oped the Auto-
matic Classing System concept. The Automatic Classing
System does not involve even a single operator.

*kkkk

The Automatic Classing System (ACS) has been installed
inthe Memphis, Tennessee classing officeof USDA. It com-
prisesten HV| stations, six loading stations, one system con-
troller, one unloading station and peripheral equipment. The
whole system is interconnected by an integrated conveyor
system that moves cotton samples automatically. The hu-
man classers who will continue to measure leaf grade and
extraneous matter will perform an additional function as
operatorsat |oading stations. Classerswill load samplesinto
aloading chamber and push the button to activate the |oad-
ing station. Once activated, the loader will automatically
load the sample in specially designed plastic cassettes for
transport throughout the rest of the classification system.
The system also providesfor retesting of samplesif required
and holding of samples for specific purposes. Once the
sample has passed through the whole system, and data has
been recorded for al required parameters, the sampleisau-
tomatically disposed of. The main system controller, called
SY SCON, controls and monitors all operations within the
ACSand adertsthe personnel in the event of trouble or mal-
function. ACS automatically submits datato the central data
system of the USDA Cotton Program.

Thenew HVIsused inthe ACS measurefiber length, length
uniformity, strength, micronaire, color reflectance of cot-
ton fibers (Rd), yellowness (+b), trash, short fiber content
and elongation. The new machines are al so capable of mea-
suring moisture content and a new trash measurement en-
abling separation of leaf from extraneous matter has been
added. The cassette containing a sample pauses at four dif-
ferent points along the HV1 system, allowing it to take dif-
ferent readings. First the sample passes through a bar code
scanner that transmits the sample identity to the HVI. The
HV| records the data and allows the sample to pass to the
next data recording. The ACS is going through extensive
testing and is not yet accepted for commercia classifica
tion. Thethreemain areas of interest under investigation by
the USDA areredliability of the data produced, accuracy of
measurements and labor savings. (The Cotton Gin and Oil
Mill Press, Vol. 102, No. 2, January 17, 2001)





