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Introduction

In Greece, cotton is grown on about 400,000 hectares and it
has a high socioeconomic importance. Cotton production is
characterized by intensive farming with high inputs, with yields
among the highest in the world. Foreign varieties are more popu-
lar than local varieties because of the liberty to import any va-
riety recommended for cultivation in Europe. Insects are not a
serious problem but plant resistance to wilt is necessary. Though
land holdings are small, all farming operations including pick-
ing of cotton are mechanized. Production costs are high be-
cause of high input and labor costs and it would not be possible
for Greece to continue producing cotton without the support of
the European Union. The first article is on the status of cotton
production in Greece, written with the objective of informing
participants in the WCRC-2 about the cotton situation in Greece.

The Hellenic Cotton Board is the apex body on cotton in Greece
and, in cooperation with the Greek Ministry of Agriculture and
National Agricultural Research Foundation, is hosting the World
Cotton Research Conference—2 in be held in Athens from Sep-
tember 6-12, 1998. A brief note on activities and achievements
of the Hellenic Cotton Board is included here.

The US cotton industry is experiencing drastic changes in many
aspects of cotton production. Apart from improvements in cot-
ton varieties, which are believed to bring steady improvements
in production, some of the new technologies that are exten-
sively being pursued are precision/site specific farming, crop
monitoring and modelling, gin process control and utilization

of transgenic cottons. During 1997 and 1998, detailed reports
have been published on the status of precision farming and com-
puter-based plant monitoring systems. A new system of gin
control monitoring, also claimed to have an impact on yield
improvement through appropriate cleaning and drying during
ginning, was reported in the December 1997 issue of THE ICAC
RECORDER. Transgenic cotton has been discussed in more
than one issue of THE ICAC RECORDER. The second article
continues the discussion on transgenic cotton, concentrating
on the economics of growing Bt cotton versus non-Bt cotton.

A DIALOG search on genetically engineered cotton is also a
part of this issue.

The Cotton Foundation of the USA has decided to publish a
new reference book titled Uniform Harvest Aid Performance
and Quality. This is the fifth book in a series and is expected to
be available some time in 1999. The other four reference books
in the Foundation series are Cotton Physiology; Weeds of Cot-
ton: Characterization and Control; Vegetable Oils and Agro-
chemicals; and Cotton Insects and Mites: Characterization and
Management. The books can be ordered from

The Cotton Foundation

P. O. Box 12285
Memphis, TN 38182-0284
USA

Phone: 901-274-9030
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Since 1997, The Cotton Foundation has published an electronic
journal on cotton, the Journal of Cotton Science, at Internet
http://www.jcotsci.org/. The Journal of Cotton Science is a
multidisciplinary, refereed journal published four times a year.
The Editorial Board is comprised of experts in agronomy, ar-
thropod management, weed science, cotton improvement, dis-

ease, physiology, soils and plant nutrition, engineering, gin-
ning, quality measurements, cotton and other organic dusts,
textile processing and economics and marketing, and, accord-
ingly, papers are published in all disciplines. In addition to the
online (HTML) version, a hard copy version (PDF) can be
viewed and printed using the Adobe Acrobat Reader.

Cotton Production in Greece

Among the European Union countries, cotton is produced only
in Greece and Spain. Cotton is grown on less than 10% of the
cultivated area in Greece but is one of the most important cash
crops. Because over 60% of total production is exported, cot-
ton is the second largest source of foreign exchange earnings
and represents over 35% of total export trade.

Cotton area averaged 150,000 hectares from 1954 to 1984. In
the last ten years, however, cotton area has increased to 400,000
hectares.

Greece is one of the highest yielding countries in the world.
Since the 1970s yields have averaged 850 kg/ha, although fluc-
tuating from year to year due to the impact of weather condi-
tions at harvest and temperatures at fruit formation.

Production Regions

Cotton is grown in Epiros, Macedonia, Peloponessos, Thessaly,
Thrace and the central and western part of Greece. Because of
continued harvest damage and losses due to verticillium wilt,
cotton production has tended to shift to Thessaly. Currently,
Macedonia and Thessaly are major cotton producing areas. Field
sizes are larger in Thessaly than in other production areas. Some
cotton is also grown on the islands. Cotton area can be divided
into three distinct production regions as follows:

Region Share in Characteristics
Production

North 40% This region is comparatively

(Macedonia low yielding, has a shorter

Trace) growing season and requires
early maturing varieties.
Average yield is 800 kg/ha
lint, which is lower than the
average yield of the country.
Cotton planting under normal
conditions would start April
25.

Central 43% The main and most product-

(Thessaly) tive region. Yields are high

but have been affected by
over 20 years of growing
cotton in a mono-cropping
system. Average yield is

Cotton Production and
Consumption in Greece
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normally over 1,000 kg lint/
ha. Soil is highly infected
with verticillium wilt and
only resistant varieties can be
grown successfully. The large
number of varieties permitted
for cultivation has become a
problem. The planting season
starts April 10.
South West 17% Conditions are almost similar
(Central Greece, to the Central Region but
Epiros, yields are relatively higher
Peloponessos) (1,100 kg/ha). Planting starts

ten days earlier than in the
North Region.

Growing Conditions

Research recommends planting cotton if the top 5 cm of soil
surface is dry and the soil temperature is above 14°C for four
consecutive days. Many years of experience have shown that
under normal climatic conditions, such a stage is reached by
mid-April. Plants start squaring in June. From June to Septem-
ber it is usually dry, with a mean rainfall of not more than 20
mm per month. Picking starts by mid September, and it is com-
pleted before the rainy season starts, which extends from No-
vember through March.
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Cotton is grown by small and medium-size farmers with an
average cotton area of less than four hectares. About 95% of
the total cotton area is irrigated and self-propelled big sprin-
klers are commonly used. Lately, drip irrigation has become
popular, and about 30% of the total cotton area is irrigated by
different types of drips. In the next few years, drip irrigation
may be extended to more cotton area. Furrow irrigation is re-
stricted to less than 5% of the area. The number of irrigations
varies from two to six. It is mostly sunny during the growing
and peak flowering season and over 2,300 heat units are accu-
mulated in Central Greece and Thessaly during the season.

Cotton Producing Areas in Greece

Cotton production conditions in Greece can be characterized
as high input, intensive farming. Fertilizer is applied on all area
at a rate of over 500-800 kg/ha, 60-80 kg/ha being phospho-
rous. Potassium is rarely used, but, if applied, it is applied at
the rate of 60-70 kg/ha. About 20% of the total cotton area gets
at least 2-3 foliar applications of nitrogen. Nitrogen is also mixed
in insecticide spray tanks. Most farmers adopt general recom-
mendations from the government but about 15% of them de-
cide based on their observations. During 1998/99 about 4,000
hectares are expected to be in organic production, which in
Greece is usually called biological cotton. This production will
be exported to Austria and Germany.

Local seed drills are used to plant cotton, and rows are spaced
one meter apart, with 15 seeds dropped in one meter. Thinning
is not usually required.

Variety Development

The main cotton research facility is based in the North at Sindos,
Thessaloniki. The Cotton and Industrial Plants Institute, Sindos,
of the National Agricultural Research Foundation under the
Ministry of Agriculture is a multidisciplinary institute with most
of the work on cotton. The Cotton and Industrial Plants Insti-
tute was established in 1931. Though the Cotton and Industrial
Plants Institute is the principal research facility, research on
cotton is also conducted by universities and other research in-
stitutes: University of Athens; University of Thessaloniki; Uni-
versity of Volos; Soil Science Institutes at Thessaloniki and
Benakio; Phytopathological Institute, Athens. The Cotton and
Industrial Plants Institute has a high priority for breeding, and
over 75% of the staff is devoted to the development of new
varieties. Zeta 2, which is among the most popular varieties,
was developed at the Cotton and Industrial Plants Institute. Zeta
2 has been developed utilizing the Acala types from the USA
and is thus also called Greek Acala. Other varieties with simi-
lar developmental history developed in Israel and the USA are
popular under the names Acala of Israel and Acala of the USA.



JUNE 1998

Acala SJ2, Stoneville 506, Aria and Ultima are grown on a
significant area. The most popular local varieties are Zeta 2,
Zeta 5, Korina, Eva and Sindos 80.

Currently, only about 25% of the total area is grown under lo-
cal varieties. There are over 120 varieties officially permitted
for general cultivation in Greece, with 40 of them grown dur-
ing 1997/98, and 15-20 considered to be planted on a signifi-
cant area. Because of the large number of varieties, it is diffi-
cult to track the actual area under each variety. There is signifi-
cant year to year variation in the area planted to different vari-
eties.

The 120 recommended varieties include all types of plants, not
only those with different morphological characteristics but also
different physiological behavior. Early maturity is a high prior-
ity but all of them are not comparable in maturity. A large num-
ber of varieties is a problem for researchers who specify pro-
duction technology. The National Agricultural Research Foun-
dation recommends permitting only a few varieties. The cur-
rently applied variety approval rules permit automatic approval
for cultivation in Greece of any cotton variety listed on the
European Catalogue. For example, if a variety is developed in
Spain or a new variety is imported into Spain from any part of
the world and officially allowed for cultivation, it automati-
cally becomes a recommended variety for Greek growers.

Seed Production

The recommended seed rate is 20 kg/ha, delinted and treated
with Vitavax and Captan. There are three different channels
regarding adoption of a new variety, i.e., local development of
varieties using germplasm of domestic and foreign origins, di-
rect introduction of varieties by the government or private sec-
tor, and adoption of varieties on the European Union list. The
varieties that are adopted from the European Catalogue do not
go through the testing stage. They are not tested for yield per-
formance or fiber quality characteristics against varieties in
production. Lack of a standard check is another reason for easy
adoption of European Catalogue varieties. As these varieties
are adopted directly by growers without scrutiny by research-
ers, production technology is also imported without adapting it
to suit local growing conditions.

Locally developed varieties and direct introductions to Greece
pass through evaluation trials conducted by the Institute of Va-
riety Testing, Sindos, before the government recommends them
for general cultivation. Yield trials are conducted for two years
at five locations and the best performing variety is recommended
for commercial production.

Seed production other than breeders’ seed is in the private sec-
tor. Sister lines, and not the single plants, from the multiple
lines are bulked to produce breeder’s seed. Breeders of the lo-
cally developed varieties are responsible for producing breed-
ers’ or nucleus seed and providing it to private seed companies
for further multiplication and supply to growers. As single lines

are bulked to produce nucleus seed, it is usually available in
enough quantity to be grown on 10-20 hectares. The seed pro-
duction chain is as follows:

Single Lines
!
Nucleus Seed (Breeders Seed)
!
Basic Seed

!
Certified I

!
Certified 11

Basic seed is supplied to private companies for multiplication
and to produce Certified I. Certified I, although available in
sufficient quantity, is used for further multiplication, and only
Certified II is sold to growers for planting.

Self-accountability is the major check in maintaining high seed
quality. Farmers’ quick reaction to varieties dictates maintain-
ing a high quality standard in seed production and avoidance
of unachievable claims about performance. The Hellenic Cot-
ton Board makes sure that certification standards are met. Ac-
cording to the Hellenic Cotton Board, breeders’ seed must be
200 meters apart from any other cotton field. Basic and certi-
fied seed producing crops must be at least 100 meters away
from any other cotton field.

Seedcotton for the purpose of producing seed is delivered to
certified ginneries. Seedcotton must have less than 12% mois-
ture, otherwise it is not accepted for seed purposes. Minimum
acceptable seed germination is §0%.

Cotton Diseases

Verticillium wilt, damping off caused by Rizoctonia solani,
alternaria leaf spot caused by Alternaria macrospora and bac-
terial blight Xanthomonas campestris pv. malvacearum are
found in Greece. Verticillium wilt is the most prevalent disease
particularly in the Central Region. While damping off, alternaria
leafspot and bacterial blight are controlled through seed treat-
ment, susceptibility to verticillium wilt may result in heavy
losses. The past two years, 1996/97 and 1997/98, had wilt prob-
lems and plant stand was seriously affected in certain parts of
the country. In 1996/97 and 1997/98, the national average yield
was 730 kg/ha and 885 kg/ha respectively as against 1,007 kg/
ha in 1995/96. Experience with verticillium wilt has shown that
if susceptible varieties are grown and soil infection is high, yield
losses may reach 20-30%. A few years ago, verticillium wilt
was a more serious problem in Central and South Greece. Now,
to a great extent, it has been suppressed through development
of resistant varieties. When favorable climatic conditions, i.e.,
low temperatures and high humidity, prevail for a long time,
infection from the fungus appears during the flowering/boll
setting stage. The severity of infection symptoms in diseased
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plants varies according to soil, variety and weather conditions,
from foliar chlorotic spots at the bottom of the plant to symp-
toms on the whole plant, up to wilting and partial defoliation.
Recently, verticillium wilt has appeared more frequently in
Northern Greece, where most of the early maturing varieties
are not tolerant to the fungus.

In Greece, cotton varieties need a strong defense against verti-
cillium wilt caused by race A of Verticillium dahliae and in the
recent past, breeders have increased emphasis on genetic resis-
tance. Resistant varieties have been imported from Uzbekistan
and extensively utilized in the breeding program. Tashkent 3
and Tashkent 4 have proved to be a good source of resistance
to the disease and multi genes involved in self defense have
been successfully transferred to the local breeding germplasm.
Among cultural methods, researchers strongly recommend stop-
ping mono-crop cultivation of cotton and adopting rotations.
However, it is estimated that on the national level more than
70% of total cotton area is not rotated with any other crop and
on 20% of the cotton area wheat is planted only every third
year.

Bacterial blight causing angular leaf spots is another disease
that has a potential to become a major disease. In Greece, cot-
ton planting starts in the middle of April and continues for al-
most three weeks. By mid April, soil temperature reaches close
to 14°C and soil humidity is also high, which is favorable for
the bacterium to start multiplication. Like the April tempera-
ture, peak season temperature is also just short by a few de-
grees of the most favorable conditions for multiplication of the
bacterium, i.e. 35°C, but the long-term mono-cropping system
contributes to carryover of the pathogen. Acid delinting and
seed treatments keep the bacterium under control. Bacterial
blight has been recorded in almost every cotton producing coun-
try, but it is not a problem in many countries because of lack of
favorable conditions, particularly humidity. Cotton seed stor-
age for less that six months helps the bacterium to survive in
the seed coat and become active under favorable conditions.

Cotton Insects

A number of sucking insects show up on cotton, but pink boll-
worm Pectinophora gossypiella carries the greatest threat to
cotton production in Greece. Cutworms Agrotis spp. may also
appear some years; if required, granular insecticides are used.
Aphids, jassids Empoasca spp., thrips and mites appear at dif-
ferent stages of crop development. Aphids attack cotton at an
early stage but no insecticides are used to control them. For
thrips control, granular insecticides applied before planting have
proved to be a successful measure, but chemical control is not
required every year. Spider mites Tetranychus urticae normally
appear on the plant even before aphids, when the plant is at the
2-3 true leaf stage, but, on average, once in three years there
may be a need to use insecticides for mites. If required, not
more than two sprays are used, preferably in the form of a local
treatment. Economic thresholds for various insects are as fol-
lows:

Cotton Insects and their Thresholds

Insect Threshold

Aphids 30 aphids/leaf

Spider mites 3-8 infected plants per 10-meter row
Thrips 2 thrips/leaf

Agrotis 3 larvae per square meter

Pink bollworm 10 larvae/100 bolls

Cotton bollworm  5-8 larvae/100 bolls

Pink bollworm is a major pest every year, and on average 2-3
sprays are used to control it. In case of severe attack, the num-
ber of sprays directed to control pink bollworm may go to 4-5.
According to researchers, the main reason for carryover of pink
bollworm is crop residue left in the field. Though tobacco bud-
worm Heliothis virescens does not exist on cotton and cotton
bollworm Helicoverpa armigera is a minor pest, Bt cotton with
Bollgard gene has been tried in Greece for at least two years.
The results are inconclusive as yet.

Cotton is infested with a variety of broad leaf as well as grass
leaf weeds which include, in the general order of occurrence in
cotton fields, Solanum nigrum, Cynodon dactylon, Datura stra-
monium and Sorghum halepense. All area is herbicide treated.

Harvesting and Ginning

Over 95% of total production is machine picked in Greece. In
1972 there were 200 two-row picking machines and only 4%
of the total production was machine picked. Now Greece has
over 3,000 picking machines and almost every farmer has ac-
cess to machine picking. A support program of the European
Union to buy pickers at a discounted rate encouraged adoption
of mechanical picking, and the Hellenic Cotton Board has
played an important role in popularizing it. The Hellenic Cot-
ton Board undertook research projects on mechanical picking
and devised cultural practices suitable for machine picking. The
Board also made aggressive efforts to form producer groups to
work together. The producer groups pooled resources to buy
pickers and use then collectively. Custom picking is also avail-
able. Mechanical picking was introduced in the early *60s and
can be divided into four stages as follows:

M echanical Picking in Greece
Stage Period No. of Picking % of Crop Harvested
Machines M echanically
I End of '60s 200 4
1 End of '70s 1,100 50
1} End of "80s 1,800 70
v 1997 >3,000 95

Ginning is in the hands of the private sector and ginners are
very active in the Greek cotton industry. The principal reason
for their active role is processing of the subsidy from the Euro-
pean Union. There are 84 ginning factories scattered through-
out the cotton growing areas in Greece. Most factories are
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equipped with international standard machinery and keep aware
of new developments in the ginning industry. The ginning ca-
pacity is enough to process all cotton production very easily.
As there are no plans for extension in area, there is no need for
additional gins.

Most of the seed goes to crushing mills. There are 26 oil ex-
traction plants with a facility to process seed cake suitable for
the livestock industry. The Hellenic Cotton Board is also re-
sponsible for monitoring quality standards for oil and cotton
seed cake.

Quality Standards

Farmers sell their seedcotton directly to gins. For the sake of
fixing the price, seedcotton has five grades, A, B, C, D and E.
All cotton growers sign contracts with ginning factories when
selling their produce. A copy of the contract is provided to the
Hellenic Cotton Board who makes sure that a minimum price
is paid to the grower. Premiums, discounts and subsidy are ad-
justed at a later stage.

All cotton is classed, bale by bale, by trained classers. High
volume instruments (HVI) are also partially employed, but
grades are based on physical inspection by classers. The Hel-
lenic Cotton Board, in addition to its main office in Athens, has
19 regional offices where classing is done. Low August tem-

Cotton Production by Type

Type Ten YearsAverage 1996/97

(1987-96, %) (%)
White 74 51
Light Spotted 19 33
Spotted 5 13
Tinged 1 2
Light Gray <1 <1
Gray <1l <1l

peratures may affect fiber maturity and consequently micronaire
value. Zeta 2 is mostly used as a standard for fiber characters,
particularly for fiber strength measuring 100-105/000 psi. Staff
posted at regional stations visit every gin and collect two
samples/bale. Samples are brought to the respective classing
offices, classed and data on diskettes are provided to the Hel-
lenic Cotton Board. 5% of samples are also analyzed for mois-
ture content; if found below 8.5%, the weight of the bale is
adjusted.

Greek cotton is mainly white cotton. Rains at the time of pick-
ing have a drastic effect on quality, as in the last two seasons.
Data for 1996/97 indicated that white grade production was
lower by about 22%.

Hellenic Cotton Board
Host of the World Cotton Research Conference-2

The Hellenic Cotton Board is a state organization under the
Greek Ministry of Agriculture. The Board is a principal institu-
tion in production and development work on cotton in Greece.
Its main functions and activities involve all segments of the
cotton industry. It advises and offers services on cotton pro-
duction, marketing, ginning, cotton classification, certification
of seed production, testing and quality control of seed, fiber
and textile products, processing, research, EU regulations and
cotton policy applications in the country. The Hellenic Cotton
Board is headquartered in Athens but maintains 19 regional
offices throughout the cotton producing areas.

Functions

The main functions of the Hellenic Cotton Board are to

* Monitor various aspects of cotton production in order to
devise a suitable policy for production and use of cotton
and accordingly advise the Ministry of Agriculture to for-
mulate its programs.

* Provide technical support, promote modern techniques and
advise cotton producers on all aspects of cultivation, crop
protection, choice of adequate varieties and farm machin-

ery.

* Advise ginning factories on their establishments and equip-
ment, and control their proper functioning.

¢ Classify Greek production bale by bale and provide qual-
ity control of raw cotton and textile products. Distribute
official Greek standards for cotton classification.

¢ Supervise and maintain a complete record of cotton trade,
consumption, exports and imports.

¢ Provide technical support to the cotton industry in order to
achieve quality improvement and to overcome eventual dif-
ficulties of industrial production and reduce the cost of pro-
duction.

¢ Undertake research projects, alone or in cooperation with
universities and research institutes, on many aspects of pro-
duction research and fiber quality.

Achievements

The Hellenic Cotton Board has made significant contributions
to the improvement of cotton production in Greece, leading to
the development of a successful cotton production sector. Some
most recent ones are listed below.
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¢ In order to overcome the problems of small land holdings,
land fragmentation, expensive picking operations and lack
of labor, the Hellenic Cotton Board implemented a very
successful program for formation of groups and unions of
farmers. Consequently, the program popularized mechani-
cal cultivation, especially harvesting, and triggered reduc-
tion in cost of production.

¢ The Hellenic Cotton Board launched promotional cam-
paigns for integrated pest management at the farm level,
which lowered insecticide usage and had an impact on en-
vironmental protection.

* In the presence of a large number of recommended culti-
vated varieties, it was extremely difficult to keep varietal
purity. Through strict certification standards, the Hellenic
Cotton Board provided quality control of planting seed,
which helped in purity maintenance of cultivated varieties.
The Board ran vigilant campaigns for the promotion of va-
rieties resistant to verticillium wilt and most suitable for
Greek conditions.

¢ The Hellenic Cotton Board maintains laboratories with the
latest equipment for HVI classification, quality control of
seed, fiber, yarn and textile products.

* The Board played a significant role in income support for
120,000 cotton-producing families and 80,000 families in-
volved in cotton processing operations.

* Cotton production has become the highest earning agricul-
tural commodity in Greece

* Cotton production was introduced in marginal lands. Con-
sequently, cotton area increased to over 400,000 hectares,
lowering the high rate of urbanization in Greece.

¢ The Hellenic Cotton Board has been very active in pro-
moting regional cooperation particularly through the Inter-
Regional Cooperative Cotton Research Network for the
Mediterranean and Middle-East Regions, as well as bilat-
eral cooperation with universities and institutes within the
country and abroad

On behalf of the Government of Greece, the Hellenic Cotton
Board serves as a coordination agency with the International
Cotton Advisory Committee. In collaboration with the Minis-
try of Agriculture and National Agricultural Research Founda-
tion, the Hellenic Cotton Board is sponsoring and hosting the
World Cotton Research Conference—2 to be held in Athens from
September 6-12, 1998.

US Reaction to Bt Cotton

Genetically engineered Bt crops were grown on commercial
scale for the first time in 1996. Despite considerable contro-
versy, the US Environmental Protection Agency gave the go-
ahead in 1995 for Monsanto, Ciba-Geigy, and Mycogen to sell
cotton, corn and potato seed for planting on commercial scale.
The three crops were engineered to contain an insecticidal toxin
from Bacillus thuringiensis, a soil bacterium. The development
of insect resistant crop varieties is so far the most successful
application of agricultural biotechnology research. The Bt
transgenic crops contained a Bacillus thuringiensis gene, ca-
pable of producing the insecticidal protein CrylA throughout
the life of the plant. The toxin is produced by both the plant and
the bacterium gene working together. Transgenic cotton resis-
tant to the herbicide bromoxynil was also introduced almost at
the same time. Though herbicide tolerant cotton also derived
its resistance to the herbicide from a gene transferred from a
bacterium, the two transgenics did not affect each other.
Roundup Ready herbicide-tolerant varieties were grown on a
commercial scale for the first time in 1997. Different transgenics
have been named differently and, currently, the following types
of transgenic cotton are available for commercial production
in the USA.

Bt cotton — It is the most commonly used name derived from
Bacillus thuringiensis and applies to varieties resistant to in-
sects only. Bt cotton is called Bollgard® in the USA and Ingard®
in Australia. Currently, all Bt varieties have the same gene but

many new genes are being explored for expanding the basis of
resistance.

BXN cotton - Like weeds, cotton is also susceptible to herbi-
cides. A gene was obtained from the soil bacterium Klebsiella
ozeanae and inserted into cotton so that a broad-spectrum her-
bicide Buctril® could be sprayed over the crop. Such varieties
are called BXN varieties. The bacterium gene codes for the
enzyme nitrilase and is capable of removing nitrile atom from
the compound and detoxifying bromoxynil. The most appro-
priate time for spraying the herbicide is at the 2 to 4 leaf stage
but can be used until 75 days to harvest.

Roundup Ready cotton —Roundup Ready varieties are re-
sistant to the herbicide Roundup Ultra in vegetative tissues but
reproductive parts are susceptible. Roundup Ultra can be
sprayed over the cotton crop to control a broad spectrum of
weeds, particularly broad leaf weeds. Roundup Ready variet-
ies contain a gene that provides the plant with an alternate path-
way to produce the required essential amino acids. According
to McD. Stewart (1991), resistance to glyphosate has been ac-
complished by two means: (1) placing of a strong constitutive
promoter in front of a specific enzyme so that the enzyme is
over-produced; and (2) making the enzyme insensitive so that
aromatic enzymes are not produced. The most appropriate time
for spraying the herbicide is not later than the 4-leaf stage or
four nodes above the cotyledonary leaves.



JUNE 1998

Bt + Roundup Ready cotton —Two genes resistant to bud/
bollworms and glyphosate herbicide have been inserted in one
genotype. Such a variety is also called a “stacked gene variety”
and is the first type of cotton that has at least two non-cotton
genes. Roundup Ready insect-resistant transgenic varieties were
planted on a commercial scale for the first time in 1998.

Bt + BXN — It is a mix of Bt and BXN non-cotton genes. Only
one stacked gene variety, BG 4740 was available for planting
during 1998.

Area under Transgenic Cotton in the USA
Transgenic Cotton 1996 1997 1998
Million Hectares

Bt cotton 0.73 1.01 0.6
BXN varieties Seed production 0.12 0.8
Roundup Ready Seed production 0.32 12
Bt + Roundup Ready - Seed production 04
Bt + BXN - Seed production 0.2

Total 0.77 1.46 33

In the USA, cotton is planted in 16 states divided into four
different regions: West, Southwest, Delta and Southeast. Pro-
duction characteristics of these regions differ. Herbicide toler-
ant cotton having resistance to bromoxynil or glyphosate could
be planted successfully in any area infested with broad leaf
weeds. But, Bt cotton is not suitable for planting in all states in
the USA. The toxin produced by the Bt gene is specific in ac-
tion and most effective against tobacco budworm, Heliothis
virescens. The toxin does have a toxic effect on many other
species of bollworms but the mortality rate is not comparable
to that of the tobacco budworm. Accordingly, the areas that are
affected by bollworms, particularly tobacco budworm, are more
suitable for Bt cotton.

Need for Bollworm/Budworm
Resistant Cotton

As in all other countries, cotton is attacked by a variety of in-
sects in the USA. Since 1979, losses due to insects have been
assessed at state and national level. At the time the survey was
initiated, 20 years ago, boll weevil, boll/budworm, cotton flea-

hopper, lygus bug, cotton leaf perforator, pink bollworm, spi-
der mite and thrips were important insects. Minor insects were
included under “others.” While the “others” list has changed
over time, aphids, beet and falls armyworm were added to the
main insect list in 1989. In 1992, the European corn borer and
sweetpotato whiteflies, now among the major insects in the
Southeast and West respectively, were added to the main in-
sects list. Now the list contains 21 insects responsible for eco-
nomic losses to cotton in the USA (Williams, 1997).

Since 1979, in terms of losses in yield, the boll weevil has been
a major pest only three times. Out of 18 times, 13 times boll/
budworms caused more losses in yield than any other insect.
Insect pressure varies from year to year and, accordingly, also
the loss in yield due to a particular insect or group of insects.
But, with the exception of only one year, boll/budworms have
been either the first or second most important insect respon-
sible for maximum loss in yield.

After many years of research it was concluded that boll weevil
could be controlled successfully if it is attacked at the most
vulnerable stage. Accordingly, the boll weevil eradication pro-
gram was initiated in the USA and has proved successful in
eliminating boll weevil in the Southeast and minimizing the
population in many other states. Boll/budworms, which are in
fact the major insects in the USA, require very careful monitor-
ing of the pest population in addition to use of insecticides.
While cost of insecticides increased, assessing pest damage and
deciding when it is economical to spray also became very criti-
cal in plant protection. Boll/budworm control required changes
in the traditional chemical control approach and that came in
the form of transgenic varieties.

Lossesin Yield Dueto Insects
Y ear Total Losses Due Losses Dueto
to Insects Boll/Budworms
% %
1993 6.86 1.56
1994 6.03 18
1995 11.08 5.65
1996 6.61 2.37
1997 9.42 2.01

Cotton Production Regionsand Their Characteristics
Area 1997 Production 1997 Yield 1997

Cotton Region Statesin the Region

% of Total % of Total Kg/ha Transgenicsin 1997
West Arizona, California 9 17 1,347 Pink bollworm, beet armyworn 18
Southwest New Mexico, Oklahoma, Texas 42 31 606 Heliothis species, boll weevil -
Delta Arkansas, Louisiana, Missouri 26 31 862 Heliothis spp., boll weevil 18
Mississippi, Tennessee beet armyworm
Southeast Alabama, Georgia, Florida 23 22 716 Tobacco budworm, bollworm 34

North Carolina, South Carolina
Virginia

Major Boll/Budwor ms % Area Under
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Cost of Bt Technology

Bt technology is not free for farmers, as they have to pay for
the non-cotton gene that has been inserted into cotton. There is
no doubt that it took many years for the private companies to
find suitable genes, devise appropriate methods to diffuse them
into the cotton genome, test new genotypes and satisfy all regu-
latory approval requirements before the seed was offered for
commercial production. Fees charged to growers are related to
the benefits/savings in planting transgenic cotton varieties. It
was assumed that if Bt cotton was planted it would significantly
reduce the need for spraying insecticides and, accordingly, the
fee was related to the savings in insecticide use. Each farmer
interested in planting Bt varieties had to sign an agreement with
Monsanto Company and one of the important conditions has
been not to keep the seed for next year nor pass it on to other
cotton growers. Monsanto apparently intends to reap technol-
ogy benefits for years.

In the absence of competition for the same type of varieties, it
was not possible for transgenic cotton growers to negotiate the
technology fee. During 1997 farmers could grow BXN variet-
ies or Roundup Ready varieties. However, after 1997 the US
Environmental Protection Agency stopped application of
bromoxynil on BXN varieties. In March 1998, the Environ-
mental Protection Agency once again granted registration for
use of Buctril® on BXN cotton. BXN varieties seed was avail-
able for sale in 1998 but no technology fee for BXN gene was
charged. The technology fee for various products is not con-
stant. It may go up if stronger genes are identified and inducted
into cotton, and it may go down if more companies identify
new genes and offer insect resistant varieties with a variety of
gene options.

For 1998, Monsanto has maintained the conditions of the agree-
ment but has decided to make it a long duration agreement.
Now farmers do not have to sign the agreement every year, but
rather it will remain effective until either Monsanto or the con-
cerned grower decides to terminate it. Monsanto has also de-
cided to calculate the technology fee based on the variety planted
and the seed drop rate for specific area. The seed drop rate is
the number of seeds dropped from the planter to achieve the
target plant stand.

Economic Benefits

Several studies have evaluated the economic performance of
Bt cotton versus non-Bt cotton in the USA. Monsanto, the sole
owner of the Bt gene technology, undertook a number of farm-
ers’ field studies to assess the economic benefits of Bt cotton.
Monsanto collected data from comparable fields across regions
in 1995 (from experimental use permits), 1996 and 1997. It
was concluded that the combined cost of chemical control op-
erations and the technology fee for Bt cotton could be less or
more than insecticides for non-Bt varieties. However, Monsanto
found a yield advantage in Bt varieties in the Southeast and
Delta Regions. Similar studies in East Texas during 1996 and
1997 showed 33% higher insect control costs for Bt cotton but
higher lint yield. Net return benefits were smaller in East Texas.
In a widely circulated brochure (004-98-036, 1/98) and a pa-
per presented at the 1998 Beltwide Cotton Conferences (Wier
et al 1998), Monsanto has claimed that in the Southeast Re-
gion, on the average from 1995-97, Bollgard cotton produced
additional returns of US$135/ha.

The Monsanto data showed that the economic advantage of
growing Bt cotton does not depend solely on the cost of insect
control operations. Insect control cost could be higher in Bt

cotton (with most money spent to control

Technology Feefor Transgenic Cotton

Transgenic Cotton 1996 1997
US$/ha US$/ha
Bt cotton 80 80
BXN cotton - 15
Roundup Ready - 12 = Stripper varieties
20 = Picker varieties
Bt + Roundup Ready - 101
Bt + BXN - -

* BXN geneisfreein 1998.

17 = Stripper varieties
22 = Picker varieties

insects other than boll/budworms. Bt cotton
appears more suitable for the Southeast Re-

1998 gion followed by the Delta Region. Eco-
US$/ha . .

80 nomic evaluation of Bt cotton for some states

Free in these two regions is discussed here. Data

for other states are not available.

As shown in the table below on losses due to
101 insects, boll/budworm losses were quite high
80* in the USA during 1995/96. 1996/97 was a
good year to introduce Bt cotton. Among all

cotton producing states in the USA, Alabama

Perfor mance of Bt vs Non-Bt Cotton 1995-1997

price.

Southeast Region Delta Region East Texas
Bt Cotton Non-Bt Cotton Bt Cotton Non-Bt Cotton Bt Cotton  Non-Bt Cotton
Lint yield (kg/ha) 1,046 918 1,081 1,030 612 548
Insect control (US$/ha) 114 66 198 213 162 103
Total return (US$/ha) 1,385 1,250 1,351 1,263 710 683
Bollgard advantage (US$/ha) 135 88 27

Note: The cost of insect control in Bollgard includes the technology fee at the rate of US$80/ha. Total return figures are based on US$1.43/kg lint
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is most affected by tobacco budworm. During 1994 and 1995,
tobacco budworm most seriously affected cotton production in
Alabama. Farmers there welcomed Bt cotton, and, out of the
total cotton area of 227,000 hectares, Bt cotton was planted on
174,000 hectares, 77% of the total area. Consequently, insecti-
cide usage was significantly reduced to the lowest level since
synthetic insecticides were introduced. Only 20% of the total
transgenic varieties area received any insecticide application
and 10% of the area was sprayed only once. The average state
yield increased significantly over 1995 to 840 kg/ha. Higher
yields brought additional profit to growers (Smith, 1997).

According to Sutton (1998), it was not profitable to grow Bt
cotton in Arkansas during 1997. Two similar fields on the same
farm at seven locations were selected for comparing cost of
production and net return from Bt versus non-Bt cotton variet-
ies. Both fields were cultivated with the objective of maximiz-
ing yield and profit to the farmer. The differences between the
Bollgard and non-Bt fields were in the area of technology fee,
cost of insecticides and their application, growth regulators and
second harvest costs. Based on harvested yield and an estimated
price of US$1.37/kg of lint, net returns were calculated for
Bollgard and conventional varieties.

In most Bt fields, the additional cost of the seed, the necessity
of using plant growth regulators, the technology fee and the
need to make second pick were responsible for higher cost of
production. At three locations, net return was higher in Bt fields
but the average of all locations indicated that there is a net loss
in planting Bt cotton, partly because of lower yields in Bt fields
at some locations. The studies were conducted by the Univer-
sity of Arkansas and reported at the 1998 Beltwide Cotton Con-
ferences in January 1998. According to Kelly Bryant and col-
leagues, Bt cotton was profitable in 1996, with the difference
in net income ranging from a US$39/ha decrease to a US$439/
ha increase. During 1997, however, insect pressure was low in
Arkansas, which saved on insecticide use in non-Bt varieties
and changed the economics of Bt cotton. Bryant et al (1997)
concluded that Northern Arkansas, where bollworm pressure
is not as high as in Southern Arkansas, might not be economi-
cally suitable for Bt cotton.

In principle, if budworms and bollworms are controlled from
the very beginning by planting Bt varieties, the plant should
enter into the fruiting phase earlier than non-Bt varieties. And,
ifthe plant has bolls from the beginning, it automatically avoids
overgrowth and would not require growth regulators. The ma-
turity of the crop should also be earlier and what went wrong in

Arkansas during 1997, resulting in late crop maturity and re-
quired additional picking, is difficult to explain.

Gibson et al (1997) compared the costs and returns associated
with growing Bt cotton and non-Bt cotton in Mississippi for
two years. The data included test plot observations and surveys
of farmers’ fields. Both data sets indicated that Bt cotton had
economic advantage over non-Bt cotton during both years. The
total cost of production was not different in Bt and non-Bt cot-
tons but higher yields in case of Bt cotton produced significant
differences in net return to farmers. During 1995, due to high
insect pressure, the cost of insecticides was reduced by one-
third in Bt cotton. However, Bt cotton required more expense
in the form of fertilizers, fungicide treatments and the technol-
ogy fee. During 1996, though, the cost of insecticides was lower
than in non-Bt cotton, but the additional cost of the technology
fee for the Bt gene made insect control in Bt cotton more ex-
pensive. Yield in Bt cotton was again higher in 1996 but with a
lesser margin and, accordingly, the advantage of growing Bt
cotton was not as large as in 1995.

Monsanto’s data (Wier et al 1998) suggests the performance of
Bt versus non-Bt cotton in Mississippi has been similar to that
reported by Gibson. Insect pressure during 1996 was low in
Mississippi lowering the insect control costs of non-Bt cotton
to the same level of Bt cotton. The data below indicate that in
Mississippi, the economic advantage of planting Bt cotton was
greatest during 1995.

Relesus et al (1997) conducted two on-farm trials in South
Carolina during 1996 and recommended adopting Bt cotton
over non-Bt cotton. Data indicated non-significant differences
in yields; however, the cost of insecticides was lower for Bt
cotton.

In a separate study (ReJesus et al 1997) in South Carolina, farm-
ers’ reasons for planting Bt cotton were surveyed. Potential
benefits from savings in insecticide use was the main reason
for planting Bt cotton but fewer than 10% of farmers found
yield increase the basis for planting Bt cotton. Most farmers
did not expect to use pyrethroids, but at least 30% of them had
to apply them.

In Georgia, a statewide project was conducted during 1996 to
evaluate the economic benefits of growing Bt cotton. Eight
farmer field level research experiments were laid out on Bt and
non-Bt varieties planted in close proximity and under uniform
growing conditions. The results indicated that on average Bt
cotton yielded 116 kg/ha more lint over non-Bt varieties at the

Performance of Bt vs Non-Bt Cotton in Mississippi 1995-1997
1995 1996 1997
Bt Cotton Non-Bt Cotton Bt Cotton Non-Bt Cotton Bt Cotton Non-Bt Cotton
Lint yield (kg/ha) 1,086 983 1,002 950 1,103 1,009
Insect control (US$/ha) 176 232 157 144 209 204
Total return (US$/ha) 1,380 1,176 1,279 1,218 1,372 1,239
Bollgard advantage (US$/ha) 204 61 133




12

ICAC RECORDER

same producer’s farm. The number of sprays was reduced by
2.5 sprays/field. Subtracting the technology fee of US$80/ha,
on the basis of the 1996 pest situation, it was profitable to shift
to Bt cotton in Georgia (Stark, 1997).

Additional Remarks

Limited choice — When Bt cotton was introduced in 1996, only
two varieties NuCotn 33® and NuCotn 35® were offered for
planting. Similarly, during 1998 Bollgard + Roundup Ready
genes are available in two varieties, i.e., DP 458 B/RR and DP
688 B/RR, and Bt+BXN gene is available in only one variety,
BG 4740. However, over 2 million hectares are seriously af-
fected by tobacco budworm and bollworms in the USA and are
considered to be suitable for planting Bt cotton with the cur-
rent bacterium gene. Farmers are now being offered many Bt
and Roundup Ready varieties and hopefully also for stacked
gene varieties. If a Bt variety is not suitable for the one area,
farmers may suffer some loss in yield and consequently dilute
the performance of Bt cotton.

Impact of Bt cotton — In the long run Bt cotton will have a
significant impact on production practices, particularly insect
management. Currently, three possible results from Bt cotton
are 1) the Bt toxin will contain some lepidopteran insects and,
though the cost of insecticides will not increase, the yield of Bt
cotton will be higher than non-Bt varieties; 2) Bt cotton will
keep insect pressure below threshold levels and while there may
not be a significant increase in yield, Bt cotton will bring sig-
nificant reduction in insect control costs; and 3) a mix of the
first two—there will be some reduction in insect control costs
and there will also be some increase in yields. The latter seems
most descriptive of the increasing number of experiments be-
ing reported.

Target for yield increase — None of the currently available com-
mercial genes is supposed to boost yield potential. However,
sub-threshold control of insects and weeds would affect yield
and is the source of yield increases in Bt and herbicide resis-
tant cottons. There is no evidence to suggest that genes are
being explored, which could target physiological changes in
the plant to give higher yield.

Abnormal behavior — Both Bt and Roundup Ready cottons
showed unexpected reactions to the growing conditions in some
areas during 1996 and 1997 respectively. Though so called in-
effective control of worms by Bt cotton and malformation of
leaves and shedding in Roundup Ready were small scale prob-
lems, the new gene’s existence in the cotton genome may react

undesirably to environmental conditions, particularly if they
have changed from the period when transgenic cotton was tested.
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Short Notes

e A New Device to Repair Broken Bale Ties

The most common bale weight in the world is 218 kg. How-
ever, bales are smaller in Angola, Brazil, India, Myanmar,
Pakistan, Sudan and Uganda weighing less than 200 kg. In
China (Mainland) two types of bales are produced, 175 kg.
(the size in India and Pakistan) and 80 kg. Export quality
bales from Egypt are the heaviest in the world and on the
average weigh 300 kg/bale. Whatever their weight, bales
are commonly tied with six to eight ties. In India, Iran and
Kirghizstan 10-12 ties/bale are used to secure the bale prop-
erly. Because bales are smaller in Thailand, they are tied
only three times.

However secure the bale may be tied, there is always the
risk of breaking during handling. Straps or wires, which
encircle the bale, may break on the sides or middle of the
bale while moving cotton from a gin to a warehouse or dur-
ing the subsequent handling processes. Ties may break due
to insufficient compression density, poor lint distribution
within the bale, tying material that does not match the com-
pression density, insufficient moisture in the bale, defective
bale ties and failure to join them properly. Mishandling of
bales and improper storage may also damage bale ties and
result in their breakage.

If the ties break, the bale gets not only misshaped but more
susceptible to contamination and occupies more space in
the warehouse and during shipping. If the straps or wires
break while the bale is still in the gin, the bale can be re-
paired though it has to be unpacked and repacked involving
manual labor. Replacement of the wrapping material and
recompression add to the cost while normal ginning opera-
tions have also to be stopped. Though expensive, it is easier
to repair bales at the gin.

Some data show that in the USA on the average 0.4% bales
experience broken ties every year. If the total US produc-
tion is 20 million bales, about 800,000 bales will be re-
paired annually. The extent of shape defect, need for repair,
need for unpacking and repacking, etc., will depend on the
number of broken ties. Assuming that all necessary care is
taken to avoid strap/wire breakage, some ties still will break
due to various reasons.

The USDA-ARS Cotton Ginning Laboratory at Stoneville,
MS, USA has developed a mobile device that can be used
to recompress the bale only in the area of defective ties al-
lowing replacement of individual or multiple straps/wires.
The machine can be put on a trailer and moved to a ware-
house or mill and easily used to repair defective bales. Cur-
rently, two models are available—manual and semiauto-
matic. Normal pressing time at the gin is one-minute/bale
with four operators taking 30 minutes to repair the broken
bale. With the help of the new device, one operator can re-
pair 1 to 4 ties in 5 to 10 minutes. The machine works well

in horizontal as well as vertical mode. Source: The Cotton
Gin and Oil Mill Press, Vol. 99, No. 9, April 25, 1998.

Some Basics of the Boll Weevil

Name

Latin name: Anthonomus grandis
Common name: Mexican boll weevil
Spanish name: Picudo

Related Species : Anthonomus vestitus

Affected region

It is a pest of the Americas only. Most countries in Central,
North and South America have boll weevil as a major cot-
ton pest.

Entry into some countries
USA: 1892

Venezuela: 1949
Colombia: 1950

Brazil: 1983

Paraguay: 1991
Argentina: 1993

Next possible target

Bolivia

Most hit countries

Many Central American countries like Costa Rica, El Sal-
vador, Guatemala, Honduras and Nicaragua had to quit cot-
ton production due to their inability to control the boll wee-
vil economically.

Description

Egg: White, elliptical, | mm in length

Larva: White, legless, 6-8 mm at full-grown stage

Pupa: White, resembles adult weevil, 6-8 mm long
Adult: Grayish brown, prolonged snout, front leg has two
spurs inside of leg, 8-10 mm long

Life cycle

Egg: Egg hatching in 3-5 days

Larva: 7-11 days inside the square

Pupa: 3-5 days inside the square

Adult: Feeds 2-4 days before laying eggs

No. of generations a year: Depends highly on climatic
conditions. On the average, 8 generations exist in most
countries.

Damage

Fruit is affected in two ways, feeding and egg laying. Males
and females make a hole in the upper half of the flower bud
and feed on anthers. Affected buds are mostly shed but may
result in partial fertilization and deformed bolls with few
seeds. Females lay their eggs inside the flower bud through
ahole made in the lower part of the bud. After the eggs have
been laid, the female seals egg punctures. Affected squares
turn yellow and mostly drop to the ground in 2-3 days.
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Alternate hosts
Cotton is the preferred plant but during the off season, many
perennial plants serve as alternate hosts.

Favorable conditions for over-wintering
Mild winter

Perennial cotton

Frequent rains and high humidity
Excessive irrigation

Undesirable conditions for existence

Hot and dry weather during summer and cold and lack of
vegetation in winter restrict multiplication of the boll wee-
vil.

Most successful program

In the USA, the Boll Weevil Eradication Program has suc-
cessfully eliminated the boll weevil from the Southeast.

Important components of the control strategy

Minimize the population whose next generation will coin-
cide with the peak flowering stage.

Minimize the population going into hibernation.
Minimize the population emerging from over-wintering

Biological control
Wasp: Catalocus grandis

Bt cotton
Bt cotton resistant to boll weevil is not available yet but
may become available in the next few years.

Resistance to insecticides

Boll weevil has a potential to develop resistance to insecti-
cides but not equivalent to that of whitely and many boll-
worms.

International project

Integrated pest management of the boll weevil in Argen-
tina, Brazil and Paraguay. The project is sponsored by the
ICAC and funded by the Common Fund for Commodities.

Free exchange of information

Since July 1996, the ICAC has sponsored the Boll Weevil
Mailing List on the Internet for exchange of information,
which is open to anyone anywhere in the world. Interested
researchers can exchange views and ask questions from the
list participants on any aspect of boll weevil. Participation
is free. To join the list, consult the ICAC web page at URL:
http://icac.org/liststar/listserver.cgi or send an email mes-
sage to bollweevil@liststar.icac.org.

Cotton Production and Consumption

China (Mainland) is the largest cotton producer and con-
sumer in the world. During 1998/99, production is expected
to be 4.4 million tons as against consumption of 4.6 million
tons. During 1998/99, production in the USA—the second
largest cotton producing country—is also expected to be
lower than the last year. US production in 1997/98 was 4.1
million tons and production in 1998/99 is estimated at 3.4

*kkkk

million tons. Only 60% of US production is consumed by
the local textile industry. Current ICAC projections show
that the US will export about 1.22 million tons in 1998/99
which is 10% more that total production in Uzbekistan or
Francophone Africa. India is the 3™ largest cotton producer
in the world with estimated production of 2.7 million tons
in 1998/99. Production in India will be slightly short of lo-
cal consumption by the textile industry. Last year, bollworm
damage during September and rains during October affected
cotton production in Pakistan. Total Pakistan production in
1997/98 will be 1.53 million tons, as against estimated lo-
cal consumption of about 1.57 million tons. In Pakistan,
1998/99 is not expected to be different from the last year.
Uzbekistan is expected to produce 1.13 million tons during
1998/99, and 80% will be exported to other countries as
raw cotton.

During 1997/98, cotton was planted on 8.81 million hect-
ares in India, more than in any other country. Leaf curl virus
damage in the northern region has affected cotton’s com-
petitiveness against other crops, and many growers will con-
sider growing alternate crops in 1998/99. During 1997/98,
cotton was grown on about 5.37 million hectares in the USA
and harvested area during 1998/99 is estimated at less than
5.1 million hectares. In China, cotton bollworm resistance
to insecticide seriously affected area in the last few years
and only 4.6 million hectares were grown to cotton during
1997/98, as against 6.4 million hectares in 1991/92. In China,
cotton production is moving to Xinjiang in the northwest,
with this region now contributing over one-fourth of total
production. It is estimated that 4.4 million hectares may be
planted to cotton in China during 1998/99. In Pakistan, 2.88
million hectares of cotton were grown during 1997/98 but
there is a potential to bring more area to cotton from other
crops as soon as growers feel safe from the leaf curl virus.
However, increase in area is not anticipated in 1998/99. In
Uzbekistan, area is almost stable around 1.5 million hect-
ares.

In the Northern Hemisphere, planting of cotton starts in
March/April and is completed in 2-3 months in most coun-
tries. Most countries in the Southern Hemisphere start plant-
ing in October. The current ICAC estimates show that total
world production during 1998/99 may be 19 million tons,
against consumption of 19.4 million tons. The five largest
cotton producing countries will share 70% of production
and 60% of consumption in the world. According to the
ICAC, ending stocks (carryover from 1997/98) are currently
placed at 9.6 million tons and exports and imports of cotton
will be approximately 5.7 million tons. The USA will again
be the largest exporter of cotton in the world during 1998
followed by Uzbekistan, Francophone Africa, Australia and
Argentina. The US share of world exports will be about
23%, while Uzbekistan will export about 17% of total ex-
ports in the world.
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A Dialog Search of the Agricola Database on
Genetically Engineered Cotton

The keywords used in the search are Cotton and Transgenic or Bt and the period covered is from 1995 to date.

3641803 20619439 Holding Library: AGL

Transgenic cotton resistant to herbicide bialaphos

Keller, G, Spatola, L., McCabe, D., Martinell, B., Swain, W.
and John, ML.E.

Monsanto, Middleton, WI.

London, UK: Chapman & Hall, c1991- Transgenic Research,
Nov 1997,V 6 (6), p. 385-392.

ISSN: 0962-8819 CODEN: TRSEES

DNAL CALL NO: QH442.6.T74

Language: English

Includes references

Place of Publication: England

Subfile: IND; OTHER FOREIGN;

Document Type: Article

Descriptors: Gossypium hirsutum - Gossypium barbadense -
biolistics - transgenic plants - herbicide resistance -
bilanafos - acyltransferases - genetic transformation ;
Identifiers: phosphinothricin acetyltransferase

Section Headings: F200 PLANT BREEDING; H000
PESTICIDES-GENERAL

3637821 20611573 Holding Library: AGL
Helicoverpal Heliothis management in NuCOTN and
conventional cotton cultivars in Louisiana

Leonard, B.R., Fife, H., Torrey, K., Graves, J.B. and
Holloway, J.

LSU Agricultural Center, Baton Rouge, LA.

Memphis, Tenn.: National Cotton Council of America, 1991-
Proceedings / 1997, V 2, p. 863-867.

ISSN: 1059-2644

DNAL CALL NO: SB249.N6

Language: English

Meeting held January 6-10, 1997, New Orleans, Louisiana.
Includes references

Place of Publication: Tennessee

Subfile: IND; OTHER US (NOT EXP STN, EXT, USDA,;
SINCE 12/76);

Document Type: Article

Descriptors: Gossypium - transgenic plants - insect pests -
genetic resistance - insect control;

Section Headings: F821 PESTS OF PLANTS-INSECTS;
F200 PLANT BREEDING

3635679 20615004 Holding Library: AGL

Shoot apex transformation of cotton using Agrobacterium
Gould, J., Zhou, Y., Shen, Y., Magallanes-Cedeno and Lou, J.
Texas A&M University, College Station.

Memphis, Tenn.: National Cotton Council of America, 1991-
Proceedings / 1997, V 1, p. 453-454.

ISSN: 1059-2644

DNAL CALL NO: SB249.N6

Language: English

Meeting held January 6-10, 1997, New Orleans, Louisiana.
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