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At the 59th Plenary Meeting of the ICAC, the Technical
Seminar of the Committee on Cotton Production Research,
termed as Third Open Session, was held on November 9,
2000. Unlike previous years, the topic of the Technical
Seminar was “Cotton—Global Challenges and the Future”,
which included papers on many aspects rather than fo-
cusing on a particular topic or issue. Fourteen papers were
presented in addition to a report from the Expert Panel on
Biotechnology in Cotton. The meeting also heard a report
from the Secretariat on preparations for the World Cotton
Research Conference-3 and decided a topic for the 2001
Technical Seminar. Mr. Ralph Schulzé, Executive Director
of the Australian Cotton Research & Development Corpo-
ration, Mr. Richard Haire, Queensland Cotton Corpora-
tion Ltd. of Australia and Ms. Bridget Jackson, Chair of
the Australian Cotton Research & Development Corpora-
tion chaired the meeting in parts.
Cotton production is considered to be heavily dependent
on pesticide use and it is very important to convince the
public that cotton is grown under environmentally safe
production practices. Two papers one by Dr. Phil Wakelyn
of the National Cotton Council of America and the other
by Ms. Peta Slack-Smith of the Australian Cotton Research
& Development Corporation discussed the environmen-
tal aspect of cotton growing conditions. In the U.S. pro-
duction practices have changed to minimize soil erosion,
nutrient loss ground water contamination and pesticide
use. The “Cotton Care” program of the National Cotton
Council of America is based on generic principles that
lead to improving air, water and land quality. Fundamen-
tals of the “Cotton Care” program include good communi-
cation, written policy and goals, commitment to environ-
mental safety and self assessment, worker education and
sharing information with others. The Australian cotton
industry has developed a program called Best Manage-
ment Practices (BMP) with the objective of demonstrating
that cotton production is responsible, reflects the current
production practices and addresses the environmental
concerns.
The paper by Dr. Gary Fitt of Australia discussed the lat-
est situation and developments with respect to transgenic
cotton varieties grown in Australia. Transgenic cotton
varieties resistant to bollworms can be a strong compo-
nent of the IPM practices, but transgenics should not be
viewed as a silver bullet to solve all existing pest prob-
lems.
According to Dr. Joe C. B. Kabissa of Tanzania, the struc-
tural adjustment programs characterized by price and trade
liberalization and privatization had a positive impact on
small farmers’ sustainability of cotton production in Af-
rica. Farmers are now paid better and promptly. However,

the price benefit has not trickled to small farmers in remote
areas and agriculture input prices have continued to in-
crease.

According to Dr. Michel Déat, CIRAD-CA of France has
brought about significant changes in production technol-
ogy in West Africa particularly with reference to high yield-
ing varieties, population dynamics, introduction of eco-
nomic thresholds and shift to low volume insecticides.
However, there is a need to enhance emphasis on weed
control and environmental considerations. CIRAD has
developed a “New Cotton Cultivation” principle, which is
based on five principles; research based on farmers needs,
conservation of resources, cotton as a component of the
production system, crop management based on plant, cul-
tural practices and environment interactions.
Bt cotton has been grown in Australia for four years now.
According to Mr. David Anthony, Bt cotton requires sig-
nificantly less pesticide applications against bollworms
but it may not mean lower cost of production too. The
Australian farmers consider the genetically engineered
varieties as an opportunity for better implementation of
IPM practices, but would expect lower charges in terms of
technology fees.
Insect resistant and herbicide tolerant transgenic variet-
ies are already grown in a number of countries. According
to Dr. Osama A. Momtaz of Egypt, the current available
genetically engineered cotton varieties are just the begin-
ning of many more developments to come soon and rap-
idly. Biotechnology of cotton has opened a new era in
cotton breeding for specific objectives.
The ginning industry has a number of challenges in addi-
tion to removing misconceptions about the ginning pro-
cess. Mr. George Gallacher of Australia stated that the
heating process has become gentler but ginners must bale
cotton only at optimum moisture. He emphasized the need
for feedback from quality testers and farmers for improv-
ing ginning practices. Ginners must have the facilities to
store ginned cotton under cover to avoid losses due to
rains and they must not add to contamination rather com-
municate with growers to minimize on farm contamination.
Mr. Romano Bonadei, a member of the ICAC’s Private Sec-
tor Advisory Panel and a spinner from Italy, reported on
the latest developments in the spinning process. Accord-
ing to him automation and computarization of various pro-
cesses at mills has improved yarn and fabric quality. He
also mentioned about compact spinning that has the po-
tential to produce yarn with 15-20% higher strength and
better appearance.
Mr. Chris Faerber of Germany presented a paper on inno-
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vations in spinning and new trends in machinery devel-
opment. The latest developments in spinning are charac-
terized by increased machine productivity while maintain-
ing or improving quality and reducing manufacturing costs.
The current trends in machinery have converted spinning
into a capital-intensive industry. Regarding compact spin-
ning he stated that though the yarn is less hairy and stron-
ger, the cost of producing compact yarn and short fiber
waste is higher than conventional ring spun yarn.
Dr. S. F. Chiu of the China Textile Institute in Taipei is
experimenting with twin spinning a using high speed draft-
ing system. The system comprises of two roving guides
instead of one and two roving condensers. The work done
so far has shown that by using twin spinning, yarn qual-
ity, particularly with respect to uniformity, thin and thick
points, neps and hairiness, improved significantly. Better
quality fiber transmitted higher effect on yarn quality, com-
pared to conventional spinning in a single roving system.
Dr. Peter Cookson of Australia reported on the blended
yarn called “Colana” prepared from 70% cotton and 30%

wool. The objective of such a blend is to accumulate the
qualities of cotton and wool in the end product. Wool
fiber is almost four times as expensive and only fibers less
than 19 microns in diameter can be used for blending with
cotton. Wool also needs to be made shrink resistant be-
fore it is used with cotton. There is also a need to optimize
the bleaching and dyeing processes for uniform white-
ness and dye color.
A paper on how consumer preferences will drive future
textile needs was presented by Ms. Heather Ball of Aus-
tralia. She emphasized the need for educating the con-
sumer about positives of cotton over synthetic fibers.
Cotton does not pill but it shrinks. So there is a need to
highlight the “no pill”character on one side and overcome
the shrinkage problem on the other side. Ms. Ball sug-
gested to have a universal logo for cotton and follow that
throughout the cotton chain.
The 2001 Technical Seminar will be held on the topic of
“Integrated Crop Management”, which will include pa-
pers on utilization of inputs for improving fiber quality.

Cotton and Environmental Issues
Phillip J. Wakelyn, Keith Menchey and Andrew G. Jordan,

 National Cotton Council of America, USA
(Presented by Phillip J. Wakelyn)

Abstract
Many questions are asked regarding cotton and other
textile fibers and their impact on the environment and prod-
uct safety. This paper addresses some of these questions
by reviewing U.S. cotton production practices and the
relationship cotton has with its physical environment. A
prototype proactive environmental stewardship program/
environmental management system for cotton is discussed.

Introduction
Cotton remains the primary “cash crop” for many farming
operations in the world. Cotton is presently grown in about
85 countries, many of which are less-developed agrarian
economies with large, unskilled labor forces. Cotton typi-
cally is regarded as a labor-intensive, high-input crop that
has been grown for centuries because of demand for cot-
ton products. Cotton still accounts for almost 50 percent
of all textile fiber consumed, making it the most important
textile fiber in the world.
The United States is globally recognized as a highly ad-
vanced nation in the forefront of developing and apply-
ing new technologies. The U.S. continues to produce 15
to 20 percent of the world’s cotton, which is an indication
of the willingness of U.S. farmers to embrace new tech-

nologies that steadfastly have helped reduce labor, land
requirements, and production costs. Rapid adoption of
cutting edge, steadily improving mechanical, chemical, and
biological technologies enables individual farmers to con-
tinue to grow cotton in today’s world.
Because of the transition from a rural to an urban society
in the United States, the majority of the population has
lost direct contact with agriculture. However, at the same
time many individuals and groups have developed strong
concerns about the potential social, economic, and envi-
ronmental issues modern U.S. agriculture can raise related
to food safety, air and water quality, and solid waste gen-
eration. These concerns have resulted in passage of nu-
merous federal and state regulations that affect crop pro-
tection product use, air emissions [e.g., fugitive dust, par-
ticulate matter (PM10 and PM2.5), hazardous air pollutants
(HAP), volatile organic chemicals (VOC)], and disposal of
wastes (e.g., composting, animal feed). Many more issues
currently are emerging regarding the public’s perception
of agriculture, including cotton production; others un-
doubtedly will continue to surface in the future.
As consumer concerns have increased, governments —
especially foreign governments — have responded by
objecting to shipments of numerous products derived from
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crops treated with certain crop protection products, as
well as to raw materials and products from genetically en-
gineered (GE) plants. Such issues have affected, and will
continue to affect, U.S. farmers and farm economies as
well as those of allied industries, particularly since the
U.S. agricultural economy has become heavily dependent
on exports and foreign consumers.
The farm sector has responded — and continues to re-
spond — not only by challenging the scientific validity
and merits of questionable mandates and restrictions, but
also by acting as good stewards of the land and the envi-
ronment. However, in today’s world, perception/perceived
risk tends to become reality and scientific facts are ques-
tioned or discounted. Perceptions can be very deceptive.
As a result there are many misconceptions and statements
made that are not supportable. It is important to recognize
that assessing risk is an inexact and evolving science (1).
Using the same data, there can be a range of risk estimates
of one in 10 thousand to one in 10 billion, depending on
what models and assumptions are used. It should be re-
membered that the dose (i.e., level of exposure) is the im-
portant factor in determining whether something, that is
hazardous/toxic, is a risk (the probability of harm happen-
ing). The correct balance between risk, benefit, and regu-
lation needs to be considered.
The agricultural sector needs to be proactive, visibly and
continually, in addressing issues related to food and fiber
production and to environmental stewardship. As a better
understanding of the impact of potential hazards emerges,
cotton producers must consider not only the effect of
their actions in producing raw cotton but also the effect of
raw cotton on the environment and workplace, of their
downstream customers and consumers. This consider-
ation is essential to conveying that cotton producers are
environmentally responsible. It is part of doing business
in today’s world. The goal of U.S. cotton farmers is to
produce the highest quality cotton with the highest yields,
at the lowest economically feasible cost, with the lowest
input in the most environmentally friendly way.
This paper will attempt to address some of the questions
and misconceptions concerning cotton production. First,
the growing of cotton in the U.S., which uses the newest
and latest tested technology, will be reviewed. Then, pro-
active stewardship measures will be discussed.

Growing Cotton in the USA/
Agronomic Practices (Cotton
and the Environment)
Contrary to historical perceptions, cotton does not de-
plete the land of natural resources. Cotton production tech-
nology has undertaken a radical transformation in the last
30 years (2). Modern U.S. cotton production, which is on
the cutting edge of technology because of rapid technol-

ogy transfer, makes excellent use of available resources
such as water supplies, and otherwise nonproductive sa-
line soils. In addition, cotton production minimizes soil
erosion, nutrient loss, groundwater contamination, and
the use of crop protection chemicals with a wide array of
Integrated Pest Management (IPM) programs. An example
of IPM strategy includes planting wheat and rye in strips
between cotton as trap crops plus these crops also pro-
vide wind erosion control.
In the U.S. over 95% of the cotton is produced using IPM
practices and cotton is one of the leading crops in using
conservation tillage and nutrient management practices.
Strict government regulations cover all pesticides that are
registered for use on U.S. cotton, including worker pro-
tection during and after pesticide application. Also, envi-
ronmental regulations cover air emissions, water quality,
and prevent soil erosion and preserve wetlands.
Field Preparation
Field preparation practices reflect the varied environments
and production systems encountered across the U.S. cot-
ton growing regions. Some form of conventional or clean
tillage dominates in regions not subject to erosion. This
includes, in the fall, incorporation of plant residues to
minimize over-wintering insects and food sources for dis-
ease organisms; deep tillage in either fall or spring to im-
prove root penetration, water availability and crop perfor-
mance; ridges or beds may be formed following tillage to
facilitate surface drainage, irrigation and aeration and
speed soil warming; and shallow tillage completes field
preparation to enhance soil tilth and seedling growth.
Conservation tillage systems are gaining in popularity in
areas subject to soil erosion. Conservation tillage, which
includes, minimum till, no till and other forms of maintain-
ing residue on the soil surface, has enabled farmers to
increase their production options in response to their spe-
cific challenges. These systems became feasible with the
advent of specialized equipment and new herbicide chem-
istry that reduce or eliminate the need for extensive tillage.
Planting Operation
Advances in equipment design and engineering have
vastly improved the precision of the planting operation.
Seed depth and spacing can be adjusted in response to
soil, weather, geographical and seasonal requirements.
When coupled with high quality, protected seed and state-
of-the art weather forecasts, seeding rates can closely
approximate final stand density.
Crop Protection
Integrated Pest Management (IPM) is practiced through-
out the U.S. cotton belt; about 90% of the U.S. cotton use
some IPM practices. This approach optimizes the total
pest management system by utilizing all available tools,
including rotation, crop residue destruction, maximum crop
competitiveness, earliness, pest scouting, action thresh-
olds, and highly selective crop protection chemistry.
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New chemicals coupled with good IPM schemes are help-
ing to reduce grower reliance on prophylactic, protective
treatments in favor of responsive, as-needed treatments.
Broadleaf weed management is a particularly exciting area
as genetically engineered (GE) cotton varieties and less
persistent herbicides become available. Diseases and nema-
tode pests are managed by selecting tolerant or resistant
cultivars and adopting specific agronomic practices that
minimize their impact on cotton performance. Insect man-
agement continues to evolve as selective chemistry reach
commercialization and as insect resistant GE cottons are
introduced.
Irrigation
Many cotton growing of areas of the U.S. supplement
rainfall with irrigation. Whether applied down the furrow
via ditches, overhead with moving pipes or below the sur-
face in drip systems, irrigation requires close producer
attention. Water demand by the crop is monitored with
soil or plant-based instrumentation including calculated
evapo-transpiration, soil tensiometers, gypsum blocks and
neutron probes, leaf pressure chambers, and infrared ther-
mometers that measure canopy temperature. The specific
technique selected reflects the production region, soil char-
acteristics, irrigation capabilities and management style
of the individual producer. Whatever technique is em-
ployed, irrigation decisions are made in response to crop,
need which maximize production efficiency and eliminates
waste.
Fertilization
Cotton fertilization practices have undergone dramatic
changes in recent years. Supplying nutrients according
to crop demands has replaced traditional methods, as soil
and tissue testing have become widespread. Nitrogen can
now be metered out on an “as-needed” basis through the
use of rapid and reliable soil and tissue testing methods.
Unnecessary and undesirable applications are, therefore,
avoided, reducing the risk of off-site discharge of nitrates.
Potassium fertilization has undergone a similar evolution
as application strategies are modified in light of sod char-
acteristics and yield expectations. Tissue testing, coupled
with soil or foliar-applied potassium, enables growers to
respond rather than anticipate crop needs with soil and
tissue testing. Other macro-nutrients, such as phospho-
rous, or micro-nutrients, such as boron, can be applied in
a manner consistent with producer philosophy without
compromising environmental quality.
Harvesting
The U.S. cotton crop is machine harvested. The choice
between picker and stripper harvesting is based on plant
growth characteristics, yield expectations and econom-
ics. Both systems require harvest preparation to minimize
trash and lint staining (which would lower fiber quality),
accomplished through the use of defoliant/desiccant ma-
terials or killing frosts. Once sufficient bolls have reached

maturity to warrant harvesting, harvest preparation mate-
rials may be applied. Harvesting can begin once plant
leaves are removed or dried. The harvested cotton may be
taken directly to the gin or, when conditions are favorable,
be stored in modules in the field.

Proactive Stewardship
Programs
Agricultural environmental issues continue to attract wide-
spread attention from neighbors, the general public and
lawmakers. Because of increasing public awareness about
use of chemicals, it is becoming increasingly important for
the cotton community, including companies, aerial and
ground applicators, and producers, to become more pro-
active in practicing and promoting good stewardship and
safe application of all cotton crop-protection products.
The number of federal, state, and international regulations
will continue to increase and to become more restrictive
for the use of crop protection products.
Also some textile manufacturers conduct routine chemi-
cal residue screening on raw cotton fiber (unprocessed
yarn or greige fabric) to qualify the fiber or fabric ship-
ment for certain ecolabels (3,4,5). Screens often are for
older organochlorines and other compounds no longer
registered for use on U.S. cotton.
The cotton industry is challenged to keep production prac-
tices in line with consumer expectations. Cotton farmers
routinely employ production and management techniques,
which have a profound, positive impact on the environ-
ment. IPM programs, conservation tillage approaches,
water-saving irrigation practices, area-wide pest manage-
ment and prevention programs, a National Boll Weevil
Eradication Program ... these are but a few examples of
innovation adopted by cotton producers in recent years.
Proactive environmental stewardship programs/environ-
mental management systems (EMS) for cotton production
can be useful to ensure that cotton is produced in the
most environmental friendly way including safe and wise
use of crop protection products, to conserve natural re-
sources, to provide assurance to the general public, and
to temper adverse claims made by environmental groups.
Cotton farmers should strive to communicate to the pub-
lic all the environmentally responsible steps they are tak-
ing to help the agricultural and urban communities grow
and prosper together. Urban communities should be made
aware that most U.S. cotton farmers already incorporate
such environmental stewardship practices.
Integration of an environmental stewardship program/EMS
into a farm plan has a number of benefits:

• Maintaining and improving air, water, and land quality.

• Broadening the public’s awareness of the cotton
industry’s environmental record — that cotton is an
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environmentally sound and responsibly produced
product.

• Communicating the industry’s commitment to environ-
mental stewardship by establishing flexible, voluntary
guidelines for farming operations. These actions give
the industry a powerful platform for improving cotton’s
public image and in dealing with regulatory agencies

• Providing promotional opportunities in response to
the consumer’s environmental concerns.

• Providing a visible forum to obtain the interest, energy
and commitment from employees toward continuous
improvement.

In recent years, programs have been under way to help
focus on stewardship and environmentally responsible
farming operations: “COTTON CARES,” a National Cot-
ton Council of America prototypical environmental aware-
ness and incentive program (6), “Careful By Nature,” a
multi-state public awareness program and user commu-
nity educational program, the Australian Cotton Industry’s
Best Management Practices Program (7), and the ISO 14000
Environmental Management Standards (8,9). These types
of programs promote agronomically and environmentally
sound practices and emphasize communication, soil man-
agement, irrigation water management, crop protection
product use, harvest preparation, and sensitivity to com-
munity concerns. An ISO 14000 type EMS provides a
structured process for achieving continual improvement
of environmental performance based on the plan-imple-
ment-check-review cycle (8).
This paper only discusses the COTTON CARES (A Natu-
ral Commitment to the Environment) prototype system,
which provides guiding principles for a voluntary way to
formalize an individual environmental management pro-
gram. Because the principles are agronomically and eco-
nomically sound, most growers already are informally fol-
lowing the guidelines. COTTON CARES’ principles and
checklists are important to consider. While the initiative
serves as a guide to continuous improvement, it recog-
nizes that specific needs vary from farm to farm and that
each operation must tailor a plan to its own circumstances.
This flexibility is an important factor, since cotton is grown
is 16 states in the U.S. as well as over 85 different coun-
tries under greatly varying conditions (e.g., climate, soil
type, cultural needs), thus no one single system can be
used. An EMS such as COTTON CARES helps encourage
environmental preservation and demonstrates that cot-
ton is an environmentally sound and responsibly pro-
duced product.
COTTON CARES’ principles include:
Good Communication—Maintain regular contact with
neighbors and community to discuss and provide updates

on crop treatment strategies. Items that should be consid-
ered include 1) presence of and proximity to schools, parks,
playgrounds; 2) proximity of sensitive garden, ornamen-
tal, and crop plants, 3) methods of application (i.e. ground
or aerial), 4) products to be used, and 5) specific local
concerns.
Communicate with advisers (extension personnel, crop
consultants, industry representatives) and spray opera-
tors to ensure all parties understand the requirements,
restraints, and concerns associated with the spray man-
agement plan.
Order spray applications in writing and specify precise
location of the farm or field to be treated. Identify the crop
treated, the location and proximity of neighbors’ crops
and sensitive areas, and details on how to contact the
grower-operator if questions arise.
Ensure that the grower or a designated representative is
on site to observe the application.
Ensure that the pilot has communication with the grower
or grower representative in the event of changes required
during the treatment operation.
The prototype program principles include these seven el-
ements of voluntary participation:

1. A written environmental policy which defines the
farm’s environmental commitment for employees,
customers and the community. Your policy should
state in your own words your belief and commit-
ment to a safe and healthy environment.

2. An affirmative commitment to health, safety and en-
vironmental awareness through increased commu-
nications with employees, customers and the com-
munity. Include who is in charge of your program
and indicate if you have formal health, safety and
environmental programs showing who is respon-
sible for dealing with health, safety and environ-
mental matters.

3. Educational programs for employees related to
health, safety and environmental goals. Describe
your employee education program to address
worker health and safety and environmental issues.
(Examples include safety meetings, availability of
handbooks, charts or training sessions.)

4. Confidential, self-review programs to assess the
farm’s production and management practices in pur-
suit of the farm’s environmental policy. Describe your
environmental self-review program. You can use the
checklists of considerations in pages in the Appen-
dix as a guide for inclusion in your self-review.

5. Establishment of realistic environmental goals for
the farm with targeted achievement dates. Goals
should be based on self-reviews (examples of spe-
cific goals may include recycling chemical contain-
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ers; proper disposal of used motor oil; and proper
maintenance of underground and aboveground fuel
storage).

6. Encouraging work with the community to convey
shared environmental interests, communicating the
farm’s commitment and seeking opportunities to par-
ticipate in community environmental efforts. Describe
how you plan to work with your community to ad-
dress environmental issues. (For example, seek op-
portunities to convey to the local community the
positive things you are doing to address environ-
mental concerns, such as your conservation tillage
and IPM programs.)

7. Participating in community and commodity organiza-
tions to shape fair and reasonable environmental
policies to safeguard the environment, workplace
and community. Describe your interaction with fed-
eral, state and local policymakers.

Seven Steps to Responsibility: The following seven steps
to responsibility are guidelines suggested for consider-
ation in a COTTON CARES type EMS:

Step one: Soil management
Step two: Fertilization
Step three: Irrigation water management
Step four: Crop protection
Step five: Harvest preparation
Step six: Farmstead management
Step seven: Health and safety

Modern farming is highly complex. There are many choices
available for achieving the same objective: commercially
sustainable crop production. Because of the many varia-
tions in climate, topography, soil types and cultural needs
among the 16 cotton producing states in the U.S., flexible
general guiding principles are necessary. For each of the
seven steps a checklist of best management practices (see
Appendix) is developed, some of which may apply to a
given cotton framing operation. Growers who voluntarily
use these principles are urged to examine each of the items
in the checklist to determine which and how many apply
to their farming operation.

Conclusions
The goal of U.S. cotton producers is to produce the high-
est quality cotton with the highest yields, in the most
cost-effective and environmentally friendly way. And U.S.
cotton is produced in an environmentally friendly way.
U.S. cotton producers are stewards of millions of acres of
farmland. Most producers live and work on farmsteads
that have been in their families for generations and all
believe that protecting that resource for future genera-
tions is important. U.S. cotton farmers are on the cutting
edge of new technology and routinely employ production
and management techniques that have a profound, posi-

tive impact on the environment. Many times, steps taken
to minimize farming’s effect on the environment are not
well known by the general public. These management prac-
tices include nutrient management, IPM programs and area-
wide risk management and prevention programs, conser-
vation tillage approaches and water-saving irrigation pro-
grams. In addition, there is a National Boll Weevil Eradica-
tion program and a Pink Bollworm Eradication Program.
U.S. cotton can be used for textile products that meet the
EU Ecolabeling requirements without testing for pesticide
residues, since no pesticides that these regulations ex-
clude are used on U.S. cotton. All crop protection prod-
ucts used on U.S. cotton are strictly regulated by the U.S.
Environmental Protection Agency.
Through EMSs, participants can organize their efforts into
a plan that can be useful to assist them in producing an
environmentally responsible product and fosters greater
community awareness, leading to a better understanding
of production agriculture.
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Step One: Soil Management
Guiding Principle: Assure soil resources are protected
and sustained.
The first step in developing the farm’s soil management
plan is an evaluation of fields for erosion potential. Impor-
tant factors include slope, soil type, rainfall potential, wind
erosion potential and surface residue. The soil manage-
ment plan should correct situations with potential for ero-
sion.

Checklist of Soil Management Practices
� Plant vegetative strips as appropriate to minimize ero-

sion and filter sediment and chemicals out of runoff
waters.

� Apply tillage practices such as use of sandfighters to
minimize and alleviate soil erosion.

� Maintain plant residue on soil surface where appropri-
ate.

� Orient rows along contour and perpendicular to pre-
vailing winds where appropriate.

� Utilize conservation tillage practices such as minimum,
strip or no-till.

� Construct or maintain structures such as contour ter-
races, catch basins, diversion channels and grassed
waterways.

� Rotate crops where practical.

� Plant cover crops.

� Maintain and enhance soil structure to optimize root
growth and nutrient uptake efficiency.

� Prevent or alleviate soil compaction through prescribed
tillage operations, controlled traffic patterns and avoid-
ance of tillage where soils are wet (above field capac-
ity).

� Additional items…

Step Two: Fertilization
Guiding Principle: Maintain soil fertility for sustained
productivity while maintaining ground and surface water
quality.

Checklist of Fertility Practices
� Conduct soil test, to determine residual N, P & K and

apply only recommended amounts to meet attainable
productivity targets.

� Maintain desirable soil pH and EC (Electrical Conduc-
tivity) and apply products to correct according to lo-
cal recommendations.

� Apply fertilizer as close to time of crop need as pos-
sible.

� Consider split nitrogen application to minimize leach-
ing, denitrification or losses in runoff water.

� Monitor plant nutrition needs by in-season tissue test-
ing, such as petiole monitoring.

� Strive to maintain and improve soil organic matter lev-
els through rotations with high residue crops or grow-
ing cover crops.

� Base micronutrien fertilization on soil and tissue test-
ing recommendations and on visual crop deficiency
symptoms.

� Avoid excess fertilization, particularly nitrogen, to mini-
mize movement into surface and ground water.

� Test animal wastes used for fertilizer for nutrient con-
tent, and match rate applied to crop needs. Apply in a
manner to minimize movement to surface or ground
water.

� Balance nutrient applications from animal wastes with
commercial fertilizers to meet crop needs without over-
applying individual nutrients such as phosphorus.

� Isolate mixing, loading and storage of fertilizers from
wellheads and drainage areas. For mixing liquid fertil-
izers, provide for impermeable surface, sloped to keep
spills contained.

� Additional items…

Step Three: Irrigation Water Management
Guiding Principle: Develop and follow practices that con-
serve and protect water resources, optimize yields, main-
tain soil quality and manage tail water.

Guidance for Use. ISO International Standard 14001. 9) Tibor, T. 1996. ISO 14000. 1st ed. Irwin Professional
Publishing. Chicago, IL, USA.

Appendix: Cotton Cares: Seven Steps
(Checklist of Best Management Practices)
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Checklist of Irrigation Water Management
Practices
� Develop irrigation strategies that match crop water

needs, target production objectives and conserve wa-
ter and energy resources.

� Use soil or plant-based devices such as tensiometers,
pressure bombs or infrared guns to monitor soil and
crop water status.

� Use irrigation practices that minimize adverse environ-
mental impacts.

� Utilize potential evapotranspiration (PET) data where
available to monitor crop water requirements.

� Irrigate to minimize off-farm tail water discharge.

� Develop holding ponds or other structures as neces-
sary to catch and hold tail water for containment and
re-use.

� Establish irrigation return systems to prevent runoff
and water loss.

� Schedule last irrigation in concert with crop maturity
target. With sprinkler systems, begin deficit irrigations
as crop nears maturity or the end of the effective grow-
ing season.

� Conserve and utilize natural rainfall through use of
terraces, furrow diking, farm ponds, reservoirs and/or
conservation tillage.

� Practice irrigation strategies which complement over-
all management of crop, pests and harvest date.

� Additional items…

Step Four: Crop Protection
Guiding Principle: Use integrated pest management (IPM)
practices defined as a pest population management sys-
tem that anticipates and prevents pests from reaching
damaging levels by all suitable techniques. These include
natural enemies, pest-resistant plants, cultural manage-
ment and judicious use of pesticides, specifically includ-
ing the following practices when consistent with respon-
sible environmental and profitable production practices.

Checklist of Crop Protection Practices
� Destroy stalks to eliminate, reduce or prevent over-

wintering insect and disease pests in keeping with lo-
cal or regional conditions or regulations.

� Conduct soil test to determine nitrogen fertilizer needs.
Correct amount of nitrogen promotes timely maturity
and earlier harvest, helping avoid late-season insects.

� Plant adapted, pest resistant varieties where appropri-

ate for specific insects, diseases or nematodes.

� Use production practices that promote healthy stands
such as appropriate date of planting, seeding rate, seed
quality and bed preparation.

� Promote early plant maturity where appropriate by se-
lecting early maturing varieties, and follow cultural prac-
tices that lead to timely crop maturity and harvest.

� Avoid planting fields with consistent history of exces-
sive pest pressure when considering planting sites.

� Avoid excessively dense stands which favor some
pests and make control difficult.

� Map fields in spring and fall for weed species and den-
sity to select appropriate weed strategy.

� Spot-apply post-emergence and layby herbicides or
hand rogue sporadic infestations to prevent seed
buildup.

� Monitor pests through use of scouting techniques ap-
propriate to local conditions and crop developmental
stage. Scouting should be frequent enough and in-
tense enough to provide adequate information regard-
ing pest attack.

� Use plant-based measurements such as plant mapping
to help determine economic thresholds.

� Use established economic thresholds to trigger treat-
ments.

� Maximize control provided by naturally occurring or
released parasites, predators and pathogens. Avoid
unnecessary insecticide applications and select least
disruptive materials where treatment is required.

� Participate in community or area-wide approaches to
pest management, containment or eradication where
appropriate.

� Follow cultural practices such as uniform planting dates
that disrupt or avoid damaging pest levels.

� Utilize pheromone technology or other traps or baits
to detect, disrupt or control pests.

� Consider proximity to socially and environmentally sen-
sitive areas when considering planting sites.

� Schedule final irrigations to avoid late-season buildup
of soil diseases (wilts, nematodes), boll rot and insect
pests.

� Monitor for pest resistance.

� Follow resistance management guidelines.

� When applying crop protection chemicals:
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� Obtain necessary permits and licenses.
� Follow label directions including rates and tar-

get pests.
� Consider environmentally sensitive sites such

as homes, desirable vegetation, schools, hospi-
tals, streams and rivers.

� Consider climatic and environmental factors such
as temperature inversions, wind speed and wind
direction.

� Calibrate equipment and monitor for uniform cov-
erage.

� Follow procedures to protect workers, handlers
and applicators.

� Avoid field mixing and loading in locations which
would drain directly to surface water sources.

� Strive to prevent accidental spills and contami-
nation of the mixing and loading site, and to mini-
mize risk of soil contamination, move site fre-
quently.

� Comply with Worker Protection Standards re-
garding protective clothing, posting, restricted
re-entry intervals, etc.

� Maintain records of plant protection chemical applica-
tions including product name, rates, field locations,
dates of application, climatic conditions and other per-
tinent information which may be helpful for the grower’s
future reference. This is especially important for re-
stricted use pesticides.

� Report pesticide use consistent with state laws and
regulations.

� Additional items…

Step Five: Harvest Preparation
Guiding Principle: Develop efficient harvest preparation
procedures that ensure worker and public safety as well
as environmental protection.

Checklist of Harvest Preparation Practices
Base selection and rates of harvest-aid materials on har-
vest method (picker or stripper), crop status (percent open
bolls, nodes above the uppermost cracked boll (NACB),
heat-unit accumulation since cutout, etc.), current and pro-
jected weather conditions, and harvest capacity.

� Use application technology such as higher-volume,
wide-angle nozzles, adjuvants, and, where feasible, drift-
control agents to provide good coverage, promote prod-
uct penetration into the plants, and minimize off-site
movement of the active ingredients.

� Read and follow all product-use guidelines and pre-

cautions listed on the label.

� Select application method based on local situations,
e.g., proximity to residential areas, sensitive plants or
crops, streams, etc.

� Be aware and mindful of schools, playgrounds, parks,
residential areas, etc., and maintain appropriate buffer
zones.

� Respect and respond positively and promptly to pub-
lic concerns regarding off-target movement of harvest-
aid materials.

Minimizing Impact to Adjacent Areas
� Apply all crop protection chemicals, including harvest

aids, only when weather conditions are favorable for
spraying, to optimize efficacy and minimize off-target
movement.

� Use appropriate methods to assess environmental con-
ditions on site (wind speed, temperature, humidity).

� Apply pesticides when the wind is moving away from
sensitive areas.

� Use buffer zones on the downwind boundary of fields
adjacent to sensitive areas.

Step Six: Harvest Preparation
Guiding Principle: To maintain household and farmstead
operations which assure safety for family, workers, farm
animals and the environment.

Checklist of Farmstead Management Practices
� Position water wells upslope from all sources of con-

tamination. If well already exists, take measures to pre-
vent direct flow of runoff into well or casing.

� Maintain casing height at least 12 inches above ground
level and in flood plains at least 12 inches above flood
water level.

� Use anti-backflow devices or maintain air-gap of at
least 6 inches between tap or hose and liquid in spray
tank. Do not make cross-connections between water
supplies.

� Plug or cap all unused wells.

� Test drinking water annually to assure bacteria, nitrate
and other pollutants do not exceed safe levels.

� Locate pesticide storage and handling facilities as far
from water sources as possible—500 feet from surface
water sources and 300 from water well.

� Maintain pesticide storage in separate free-standing
building or cabinet used only for pesticides. Post signs
and keep building locked.
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� Maintain impermeable floor or install curbs in storage
areas to contain leaks and spills of pesticides and fu-
els. No drain! Or provide floor drain to acceptable hold-
ing tank.

� Provide roof and impermeable floor with curbs in per-
manent pesticide mixing and loading areas. No drain!
or provide floor drain to acceptable holding tank.

� Dispose of sprayer rinsate (rinse water) by spraying
on crops listed on label in accordance with label direc-
tions.

� Triple rinse or pressure rinse all pesticide containers.
Recycle where possible. Or dispose of rinsed contain-
ers and empty bags in municipal landfill. Check local
ordinances on disposal of pesticide containers.

� Maintain emergency hazardous spill plan.

� Secure all pesticides during transportation. Do not
transport with human or animal food, clothing, bed-
ding, toiletries or similar items.

� Locate fertilizer storage and loading facilities away from
surface or ground water supplies-similar to pesticide
storage.

� Use a registered contractor to install or supervise the
installation of petroleum storage tanks. Install cement
pads and curbs to contain leaks. Locate as far from
wells as possible.

� Locate above ground petroleum storage tanks 25 feet
from any source of ignition or propane source.

� Provide dikes for petroleum tanks to hold 110% of tank
volume.

� Observe nature of farm waste to be disposed of and
handle hazardous materials according to local ordi-
nances.

� Work to assure on-farm dump sites are in compliance
with state and local regulations. Do not dump used
motor oils, adhesives, paints, cleaners or lubricants in
farm dump.

� lnstall household wastewater disposal systems in ac-
cordance with state and local regulation.

� Inspect existing system for proper operation.

� Locate wastewater disposal systems more than 500
feet from potential surface water sources.

� Provide regular employee educational programs deal-
ing with farm safety, pesticide handling and on-farm
environmental concerns.

� Additional items…

Step Seven: Health and Safety
Guiding Principle: To provide a safe workplace for all
employees.

Checklist of Health and Safety Practices
� Review and update the health and safety program pe-

riodically; designate a person who has clear responsi-
bilities for dealing with issues; conduct periodic meet-
ings and training sessions.

� Comply with regulations applicable to agricultural op-
erations under the Occupational Safety and Health Act
as well as other appropriate regulations.

� Review and observe, as needed, general industry stan-
dards applicable to agricultural operations for the fol-
lowing:
� Temporary labor camps
� Storage and handling of anhydrous ammonia
� Slow-moving vehicles
� Hazard communication
� Roll-over protective structures for all tractors
� Guarding of farm equipment
� Field sanitation

� Review and observe, as needed, voluntarily general
industry standards applicable to agricultural opera-
tions for the following:
� Noise
� Lockout-tagout
� Confined spaces
� Personal protective equipment for eye, face, head,

foot, hand, and dust (respirator) where necessary

� Post, record and report occupation illness and injuries
in a timely manner.

� Work with suppliers to improve health and safety, e.g.,
with farm equipment manufacturers and with suppliers
of crop protection products on recycling containers
and new mixing/application systems.

� Additional items…
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Introduction
Whilst some may argue the need for environmental man-
agement systems (EMS) in farming industries, consum-
ers, government policy makers and community groups are
becoming more definitive in how they expect farming
groups and industries to manage natural resources. The
focus of this paper is not to influence this group as to the
need of EMS in agriculture, that challenge has already
been issued in many cotton producing nations, but rather
to explain how the Australian Cotton Industry is address-
ing these issues through the Best Management Practice
(BMP) Program.
Access to farming inputs is currently being discussed on
both state and national levels in Australia. Access to wa-
ter, agricultural chemicals, and use of specific land types
all come with particular expectations which are coupled
with the responsible use and management of natural re-
sources. Some Australian state governments have tied
the production of certain crops – cotton being one – with
codes of practice, and specific regulatory or legislative
requirements. This trend appears to be common in many
other nations.
The Australian Cotton Industry has responded by devel-
oping a management system which aims to demonstrate
that production is responsible, reflects current best prac-
tices, and is able to demonstrate due diligence or duty of
care. We have found that addressing the issue of environ-
mental concerns in a coordinated manner for the whole
industry, across state boundaries, has facilitated a more
systematic and universal approach. We do not claim that
it is the only or necessarily the best approach for all situ-
ations, but the progress and achievements we have made
with BMP over the past four years are quite remarkable.

Overview of BMP Program
A joint research program between Land & Water Resources
Research & Development Corporation (LWRRDC), the
Murray Darling Basin Commission (MDBC), and Cotton
Research & Development Corporation (CRDC) to investi-
gate the transport of pesticides off farm into the riverine
environment was completed in 1997. Recommendations
from the project, together with outcomes from industry
strategic planning, prompted the cotton industry to de-
velop guidelines for cotton farmers to reduce the environ-
mental impact of their operations, and improve farm prac-
tices.

The industry adopted a “modular” approach, by develop-
ing “Best Management Practice (BMP) Guidelines” for
some key aspects of cotton production:

• farm design and management,

• pesticide application management, storage and han-
dling, and

• integrated pest management

During the development of these BMP guidelines consid-
erable consultation was undertaken both within and out-
side the cotton industry. By late 1997 a draft BMP manual
for cotton growers had been developed integrating the
best practice booklets with risk assessment tools, to pro-
vide an easy framework for cotton farmers to implement
BMP. Following further feedback from industry and from
government agencies the first edition of the BMP manual
was released in January 1998.
In early 1998, grower workshops commenced in all cotton
growing valleys, to train farmers in using the manual and
implementing BMP on farm. The implementation program
for BMP was transferred from CRDC to Cotton Australia
in mid-1998. Cotton Australia continues to assist farmers
with the implementation aspects of BMP, holding work-
shops for groups or visiting farmers individually, as re-
quired.
Recently, the second improved version of the BMP manual
was released. This new edition has been expanded to in-
clude modules on farm hygiene, dryland production, and
more comprehensive guidelines on pesticide storage &
handling. It also reflects feedback from farmers, other in-
dustry personnel and government agencies. Cotton Aus-
tralia commenced introducing this new manual to cotton
growers in mid-October 2000. Further improvement con-
tinues with CRDC currently funding the development of
Occupational Health & Safety, and Water Use Efficiency
modules for implementation next season.

Management of BMP
BMP has been adopted as an Australian cotton industry
policy by the Australian Cotton Industry Council – ACIC.
Management is coordinated by the very active BMP Man-
agement Committee which includes farmers and represen-
tatives of Cotton Australia, the Australian Cooperative
Cotton Research Centre, the Australian Cotton Growers

Managing Environmental Issues in Cotton Production:
Australian Best Management Practice (BMP)

Peta Slack-Smith, Research Program Coordinator – BMP & Environment,
Cotton Research & Development Corporation, Australia
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Research Association, the Cotton Consultants Associa-
tion, and Cotton Research & Development Corporation.
Structurally the Australian BMP Program has several com-
ponents, all of which are in a dynamic state of continuous
improvement. (See diagram below).

BMP Implementation and
Audit Process
Cotton Australia reports that over the past eighteen
months approximately 95% of cotton farmers have attended
their BMP implementation workshops. Cotton Australia
has field representatives in all major cotton growing val-
leys who assist growers in a variety of ways to adopt
BMP and improve farm practices.
Following the review and modification of the audit sys-
tem, the BMP Audit Program commenced full operation
for the industry in January 2000. By mid-October 2000,
ninety-eight Initial Compliance audits and thirty-three In-
dustry Certification audits had been completed. These fig-
ures will increase on a weekly basis and it is estimated that
a further 25% of farmers are now at an “audit ready” stage.

Background of the BMP
Audit Program
Almost from the commencement of the implementation
phase of BMP, cotton farmers questioned if there would
be some type of assessment system in place. Feedback at
this time indicated that cotton farmers were supportive of

having an audit component of BMP to make the process
more credible and meaningful.
Thirty-four farmers from all valleys were involved in a
CRDC Pilot Study in 1998/99. The group represented the
broad range of cotton farming and experience levels in the
industry: from large producers to small ‘one-man‘ opera-
tions, share farmers and all those in between. The current
audit system is based on the outcomes of this work.

BMP Audit Management System
The Audit Program has two components: the operational
that relates directly to farmers, and the management sys-
tem which supports the operational component and meets
the requirements of an industry-wide accreditation pro-
gram. The Audit Program and its supporting management
system have been developed with the view of progres-
sion to ISO 14001 certification, provided such progres-
sion is desired by farmers and the industry.
The Audit Program itself will continue to improve as it
reflects feedback from the entire producer to consumer
chain. For this reason and to ensure that it develops inde-
pendently from the commercial arm of the industry, CRDC
will retain ‘stewardship’ of the process.

BMP Audits for Farmers
The Audit Program has been designed to assist farmers
determine if they are complying with BMP: what they are
doing really well and how they can further improve.

Development
(including manual)

Implementation
(training and

adoption)

Innovation
(new research findings,

higher community
expectations)

Audit
(integrity protection)

BMP
MANAGEMENT

COMMITTEE
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Abstract
Insect pests represent a severe limitation for cotton pro-
duction in many cotton regions of the world. Key pests in
many systems are Heliothine moths (Heliothis and
Helicoverpa spp.) which are not only damaging but also
very well adapted to exploit the production systems most
often associated with cotton. The capacity of some spe-
cies to readily evolve resistance to pesticides, a capacity
derived from their population structure, serves to magnify
their pest status. A diversity of minor and induced pests
must also be managed. While integrated pest manage-
ment (IPM) has been a catchcry for many years, it is diffi-
cult to honestly ascribe the term IPM to the practice of

pest management in most intensive production systems.
Many components of IPM are being used, eg., sampling
systems, thresholds, cultural practices in some cases, how-
ever, the main intervention for the management of key
pests remains pesticides. This is certainly true in Austra-
lia, USA, China, India, Pakistan and parts of South America
where pesticides represent a significant component of the
cost of production. In western economies at least the reli-
ance on pesticides brings a significant environmental li-
ability with increasing concern on issues of off-target drift,
chemical residues in waterways, soils and livestock. The
imperative to move away from reliance on pesticides is a
strong one.

The Audit Program contains three levels of audits for farm-
ers:

1. Initial Compliance Audit
2. Industry Certification Audit
3. Surveillance Audit

The philosophy underpinning BMP is continual improve-
ment. Consequently, as farmers work within the BMP frame-
work and have their audits conducted over time, the im-
provement in their farm practices and environmental man-
agement becomes more apparent. Cotton farmers are ready
to enter the Audit Program once they have completed docu-
menting their BMP Manual.
The BMP Audit Program is not a pass/fail system. Nor is it
about trying to compare one farm with another. Much of
the background work involved in BMP has concentrated
on allowing flexibility within the system, so the Audit Pro-
gram represents an individual management tool for farm-
ers over time. It provides them with an objective and exter-
nal verification of their progress, improvement, and also
areas where improvement can be made.

Conclusion
Agricultural production has changed dramatically in the
past decade. Many significant changes are not necessar-
ily related as much to technology, but rather to the re-
sponse to growing expectations, demands and pressures
on agricultural producers in relation to their management

of natural resources.
Throughout the world environmental management sys-
tems (such as Australia’s BMP) have been adopted to
address these issues in an effective and systematic way.
It is simply ineffective to rely on an ad hoc piecemeal
approach.
Many of you would be aware, however, that the next chapter
in dealing with the multi-functionality of agriculture will
require industry to be able to objectively and quantita-
tively report on their progress with the management of
natural resources.
Over the past few years I have been fortunate to visit and
study other agricultural based EMS systems in the U.S.
and New Zealand. Earlier this year I returned from extended
study leave in Europe taking up a Churchill Fellowship,
investigating the issue of EMS in agriculture in further
detail.
A summary of my observations is that while there is a
common desire to improve environmental sustainability,
there is variation in commitment to making it a reality
through the universal adoption of robust and truly effec-
tive environmental management systems.
Smart, proactive and committed industries such as the
Australian Cotton Industry will be well prepared and able
to respond to the next environmental challenge. We are
happy to cooperate with other producing countries in ad-
dressing this world-wide challenge.

A Future for IPM in Cotton: The Challenge of
Integrating New Tools to Minimize

Pesticide Dependence
Gary P. Fitt, Australian Cotton Co-operative Research Centre and CSIRO Entomology,

Narrabri, NSW, Australia
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IPM must be founded on a thorough understanding of the
ecology of pest and beneficial species and their interac-
tion with the crop. There is little doubt that ecological
understanding of pest dynamics is improving all the time,
likewise our appreciation of beneficial insects and alterna-
tives to pesticides. However, I will argue that the emerg-
ing era of insect resistant transgenic cottons (expressing
Bt or other insecticidal proteins) offers real prospects to
use these new tools as the foundation for more sustain-
able, economically acceptable IPM with less reliance on
pesticides. Transgenics will not provide sustainable pest
management alone; they must be supported with scien-
tifically rigorous and well implemented resistance man-
agement strategies. However, transgenics do offer the op-
portunity to integrate a range of other tactics not easily
compatible with the use of disruptive pesticides. The chal-
lenge for researchers, extension agents, consultants and
growers will be to implement economically viable produc-
tion systems which have reduced reliance on pesticides.
A significant challenge for researchers and funding agen-
cies alike is to recognize that work on a range of IPM
components must continue alongside the increasing fo-
cus on biotechnology.
In this paper, a range of possibilities for enhanced IPM in
the next decade and how these can build on a framework
of transgenic varieties is discussed.

Introduction
Whether cotton production is in intensive systems such
as those of the USA or Australia or small holder systems
characterized by those of Africa or Southeast Asia, insect
pests are a major constraint on production and their man-
agement imposes significant costs and environmental con-
cerns. Integrated pest management has long been pro-
posed as the future for cotton pest management. Many
definitions of IPM can be applied from a minimal approach
based on sampling systems and thresholds to better time
the use of pesticides, through to a more inclusive approach
which seeks to minimize pesticide use and includes com-
ponents such as conservation or augmentation of benefi-
cial insect populations, host plant resistance (HPR), use
of selective insecticides, incorporation of the compensa-
tory capacity of the plant and cultural techniques. Austra-
lian cotton production currently utilizes several of these
components, and IPM has been extended beyond the crop
phase to become a year-round strategy for pest manage-
ment, fully integrated with the cotton farming system. Like-
wise in many other intensive production systems pesti-
cides are a significant component of production costs and
the main tactic for pest management. This dependence on
pesticides is unlikely to be sustainable and brings with it
considerable economic costs as well as ecological prob-
lems from pesticide resistance in Helicoverpa armigera,
and environmental risks associated with pesticide resi-
dues in soil and water and drift of pesticides into non-

crop environments. The imperative to reduce dependence
on broad spectrum pesticides is strong.

New Generation
Selective Chemicals
Although there is a need to reduce dependence on envi-
ronmentally disruptive chemicals, it seems likely that fu-
ture cotton production systems will require some pesti-
cide use. In contrast to the broadspectrum compounds of
the past, the new generation of pesticides are much more
selective, less disruptive, more environmentally benign
and introduce new modes of action to overcome estab-
lished resistance problems (Holloway and Forrester 1998).
These new compounds are more compatible with a holis-
tic approach to IPM. They are also considerably more
expensive, which should help to ensure they are used
conservatively and so preserve their long-term usefulness.
All new chemistry should be immediately integrated into
resistance management strategies to target use to the most
appropriate pest and time of season and limit use to re-
duce risks of resistance.

Host Plant Resistance
Sustainable IPM will also need considerable input from
the plant itself. The cotton plant is not simply a substrate
for the interaction of pests and chemicals, it is the tem-
plate on which a broad range of interactions occur be-
tween the pests and their environment. Cotton has a num-
ber of both morphological and biochemical traits which
impart varying degrees of pest tolerance. Through con-
ventional breeding some of these have been introduced
into commercial varieties (eg. okra leaf types in Australia,
Wilson 1994) and provide incremental gains in pest toler-
ance, but there remains much genetic variability in insect
resistance traits and in the potential of cotton to compen-
sate for damage (Sadras 1995, Sadras and Fitt 1997). This
genetic resource has not been fully exploited by breeders,
but should be in order to provide a more resilient plant
background for pest management (Bottrell et al 1998).

Beneficial Insects
Cotton fields typically harbor a rich diversity of insects.
In Australia up to 450 different species have been recorded
in unsprayed fields (L. Wilson unpublished) and a signifi-
cant proportion of these are beneficial. It is striking that
the key beneficial groups in cotton are similar in many
parts of the world (Hearn and Fitt 1992), but their impacts
and value have often proven difficult to demonstrate. This
is partly because of the difficulty of identifying which of a
multitude of predators are providing significant value and
partly because large scale unsprayed experiments, where
natural controls can be quantified, are uncommon. One of
the greatest impediments to development of IPM in cot-
ton has been the lack of tools to control target pests with-
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out also disrupting these beneficial populations.
While predators and parasites are important components
of IPM systems, in many cases their potential value can
also be overstated. We need to recognize there are often
severe limitations in the capacity of beneficials to control
some pests, particularly the Heliothines. These pests are
highly mobile, highly fecund, well adapted to exploit di-
verse cropping systems (Fitt, 1989, 1994) and capable of
explosive infestations of crops. Beneficials are often not
sufficiently abundant in cotton crops, at the times when
Helicoverpa appear, to minimize damage. Since most
beneficials are easily disrupted by pesticides (eg. Wilson
et al 1998) and populations may be slow to recover, there
is little evidence that beneficials can effectively control
Helicoverpa spp. unassisted in intensive cotton systems.
Consequently an important area of research, beyond sim-
ply minimizing the use of disruptive chemicals, has been
to identify means to conserve and or augment beneficial
populations. Conservation of natural enemies requires
considerable ecological understanding of their seasonal
phonology, habitat and prey requirements while augmen-
tation is best exemplified by mass releases of egg parasi-
toids (Trichogramma), which has had limited success in
most regions (Luttrell et al 1994).

Habitat Diversity
Increased habitat diversity is often advocated as a means
to enhance biological control in agroecosystems. This
could be achieved through intercropping or companion
planting of particular plants with the crop of interest to act
as trap crop for key pests, or to provide alternative prey or
nectar sources to maintain populations of beneficials
(Wratten and van Emden 1995). There is however, little
evidence for cotton systems that reduced diversity per se
leads to pest outbreaks (Hearn and Fitt 1992), particularly
for generalist pests such as Helicoverpa spp. which can
be more abundant in diverse, broadacre cropping sys-
tems where they exploit a suite of host plants and often
manage to outpace the activities of predators and parasi-
toids (Fitt 1989). The use of trap crops for such species
requires considerable caution to ensure the trap crops do
not themselves become major sources of new populations.
What is required is the right quality of diversity, appropri-
ately dispersed in the landscape. Increased diversity may
be beneficial if it can make the cotton crop less apparent
to pests and more difficult to locate (operates only at field
level), provides diversionary hosts (more likely for exten-
sive row crops), or maintains the abundance of beneficial
species by providing food or refuges. Decreased diver-
sity (increased monoculture) may dislocate the pests life
cycle by removing alternative foods, diluting attack over
an abundant crop, increasing edge effects, or reducing
synchronization between pest and crop by altering plant-
ing dates.

In some tropical cotton systems small scale diversity of
the cropping system does indeed provide value in pest
management by maintaining beneficials. Cotton produc-
tion in Vietnam is one example where a moratorium on the
use of pesticides (reducing sprays from 15-20 per season
down to 1 or 2) saw productivity maintained while major
pests like Helicoverpa became minor problems due to the
abundance of beneficials which flourished in the small
plot intercropped system used there.
Increased field-level diversity is not easily accommodated
in the large scale highly mechanized, intensive produc-
tion systems. The often quoted example (Hare 1983) of
interplanting strips of alfalfa in cotton to act as a trap crop
for Lygus bugs, although effective has never been widely
implemented because it was too disruptive to other man-
agement practices and not economic given the loss of
productive cotton area and low costs of chemical control.
Efforts are underway in Australia to extend this approach
through a combination of lucerne strips, a predator food
spray (Mensah 1997, 1998, Mensah and Khan 1997) and
biological pesticides such as Bt and nuclear polyhedrosis
virus. In this case lucerne strips planted in association
with cotton provide a trap crop for a secondary pest, the
green mirid Creontiades dilutus, and a nursery for gener-
alist beneficials. Large scale field trials and area-wide man-
agement groups are showing the potential of this soft
IPM approach. In combination with transgenic Bt cotton
(next section), food sprays and virus have shown great
potential to reduce conventional pesticide requirements .

Development and mplementation
of Transgenic Bt Cottons
Biotechnology is rapidly producing a suite of new crops
with enhanced insect and disease resistance among many
other transgenic traits being developed. Genetically engi-
neered cottons expressing delta-endotoxin genes from
Bacillus thuringiensis sub spp. kurstaki (Bt) offer per-
haps the most significant step forward in cotton pest man-
agement. Bt cotton varieties are being commercialized in
many parts of the world (Fitt and Wilson 2000). These Bt
cottons offer great potential to dramatically reduce pesti-
cide use for control of the major Lepidopteran pests and
offer a real opportunity to develop sustainable IPM sys-
tems for cotton production.
In Australia, Bt cottons (tradename INGARD®) have the
potential to reduce pesticide needs for Helicoverpa
armigera and H. punctigera by some 50-70%. Likewise in
the USA, pesticide requirements for H. virescens have
been dramatically reduced with BOLLGARD® cotton vari-
eties. If widely adopted, Bt cottons should reduce envi-
ronmental disruption, may reduce the incidence of some
secondary pests, eg. mites, and should allow the imple-
mentation of other novel management strategies not com-
patible with existing pesticide usage.
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Despite the potential benefits of Bt cotton technology
and the demonstrated safety of Bt in conventional sprays,
there have been a number of concerns related to the po-
tential environmental and ecological impact of transgenic
plants. Most of these have been addressed by thorough
field testing and evaluation before commercial release (Fitt,
Forrester, Wilson and Murray unpublished results,
Llewellyn and Fitt 1997). Changes in pest status of suck-
ing pests (eg. stink bugs) following the dramatic reduc-
tion in use of pesticides against Lepidoptera has been
one concern (Turnipseed and Greene 1996).
However, the major challenge to sustainable use of
transgenic cottons is the risk that target pests may evolve
resistance to the engineered toxins. Resistance to con-
ventional Bt sprays has evolved in a field populations of
Plutella xylostella (Tabashnik, 1994). For this reason much
effort has been devoted in developing and implementing
pre-emptive resistance management plans to accompany
the commercial release of transgenic varieties. The strat-
egy adopted in Australia is targeted at H. armigera and
based on the use of refugia to maintain susceptible indi-
viduals in the population (Roush, 1996, 1997; Gould, 1994).
This strategy seeks to take advantage of the polyphagy
and mobility of Helicoverpa spp. to achieve resistance
management by utilizing gene flow to counter selection in
transgenic crops.
Components include:

1. effective refuges on each farm growing INGARD
cotton

2. defined planting window for INGARD cotton to
avoid late planted crops

3. mandatory cultivation of INGARD crops to destroy
most overwintering pupae of H. armigera

4. defined spray thresholds for Helicoverpa to en-
sure any survivors in the crops are controlled

5. monitoring of Bt resistance levels in field popula-
tions

The refuge strategy assumes that resistance to Bt is likely
to be functionally recessive, that resistance genes are at
low frequency in natural populations and that random
mating occurs among individuals from refuges and Bt crops
(Roush 1997, Gould 1998). These assumptions seem rea-
sonable based on current knowledge of Bt resistance in
field populations of Plutella and laboratory selection of
resistance in Heliothis/Helicoverpa populations. How-
ever, there is some evidence that Bt resistance frequen-
cies may be higher than expected in natural populations
(Gould et al. 1997). Resistance management plans should
therefore be conservative and deployment of transgenic
cottons should proceed with caution as more information
on the interaction of Bt crops with pest populations is
gathered. Resistance management plans have also been

devised for the USA, although much less comprehensive
than in Australia, and will be needed in most countries
where transgenic Bt cottons may be released. Another
issue which will impinge on the long term sustainability of
Bt cottons is the use of the same CryIA genes in other
crops which are also hosts of Helicoverpa. These issues
are addressed in Fitt (1997).

Transgenic Bt Cotton as a
Foundation for IPM
The introduction of transgenic Bt cottons offers the pos-
sibility to substantially reduce the number of insecticide
applications for Helicoverpa control. Despite the hype
which often surrounds them, transgenic crops should not
be perceived as a “silver bullet” solution to pest problems
(Fitt and Wilson 2000). Experience in Australia has shown
that efficacy of varieties expressing the CryIAc Bt protein
is not consistent through the growing season and can be
highly variable (Fitt et al 1994, Fitt 1998, Fitt et al 1998).
Efficacy against Helicoverpa spp. typically declines
through the boll maturation period, to the point where
survival of larvae is little different to that in non-transgenic
cotton (Fitt et al. 1994, Fitt 1998, Fitt et al 1998), although
growth rates of survivors on the INGARD crops are still
dramatically reduced (Fitt unpublished). This decline in
efficacy begins during flowering and supplementary
Helicoverpa control has been necessary on INGARD
crops, particularly in the last third of the growing season.
Despite this INGARD crops have reduced the need for
pesticide sprays by at least 50% (Pyke and Fitt 1998) — a
spectacular achievement for any IPM technology.
Rather than silver bullets, Bt cotton varieties should in-
stead be viewed as a foundation on which to build IPM
systems which incorporate a broad range of biological
and cultural tactics. Research has shown little effect of
INGARD cotton on non-target species, including non-
lepidopterous pests, beneficial insects, and other canopy
dwelling and soil dwelling species (Fitt et al. 1994; Wil-
son, Fitt and Forrester, unpublished data). Survival of
beneficials should therefore be higher than in conven-
tionally grown sprayed cotton. These beneficials should
in turn provide control for some secondary pests, particu-
larly those such as mites and aphids which are induced
pests in sprayed cotton. This potential will be further en-
hanced as more efficacious transgenic varieties are re-
leased. In Australia, Bt cottons expressing two indepen-
dent Bt proteins (Cry IAc and CryIIA) show much more
consistent efficacy and will greatly enhance the
sustainability of resistance management (Roush 1996).
Other possibilities for insecticidal genes are also being
researched (Llewellyn and Higgins 1998, Hanzlik and Gor-
don 1998). Were no pesticide required for Helicoverpa it
is possible that only mirids would require control with
foliar insecticides (Wilson et al., 1998).
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Reduced use of disruptive pesticides will allow more em-
phasis on the management and manipulation of beneficial
species, using nursery crops and food sprays described
earlier, or other means of conservation and augmentation.
Predation may be of even greater significance in INGARD
crops as those larvae that do survive have markedly re-
duced growth rates (Fitt unpub. data) and are thus ex-
posed to predation for a longer period at stages when
they are smaller and less damaging. Furthermore, since
many of the beneficial insects in cotton are generalists
(Hearn and Fitt 1992; Wilson et al. 1998), their increased
abundance can minimize the risk of outbreaks of a range
of secondary pests. Beneficial activity should be explic-
itly considered in pest management decisions in the fu-
ture.
Selective chemicals used only when essential will be an
important component for IPM systems based on
transgenic cotton. These options are discussed fully in
Wilson et al. (1998). Highly selective biological insecti-
cides will also have a role in pest management at the crop-
ping system level. Formulations of Nuclear Polyhedrosis
Virus (eg. GEMSTAR), will provide alternative control
options for Helicoverpa which may survive on transgenic
crops or on other crops in a farming system. Genetically
modified viruses with enhanced speed of kill are also be-
ing developed (Richards and Christian 1998). These will
provide options for Lepidopteran control in cotton IPM
systems, but may have a better place in management of
Heliothines on other crops (eg. sorghum and legumes)
grown in agro-ecosystems where cotton is grown. In this
way they will provide an alternative management tactic to
transgenic Bt cotton in those crops.
A combination of insecticidal transgenes with other HPR
characters through classical plant breeding may also en-
hance the stability of IPM systems. In Australia, the
INGARD gene has been incorporated in okra leaf varieties
to provide enhanced resistance to both Helicoverpa and
mites (Fitt 1994, Wilson 1994). A range of insecticidal sec-
ondary compounds are also found in Gossypium hirsutum.
For instance the terpenoid aldehydes such as gossypol
or the related “heliocides” reduce survival and growth
rates of Helicoverpa spp. (Fitt et al. 1995). Sachs et al.
(1996) showed synergism between Cry IAb protein and
high gossypol levels and some efforts are underway to
combine these traits in commercial cultivars. On the other
hand there is some evidence that tannins may reduce the
efficacy of Bt transgenes (Daly and Fitt 1998).
Cotton varieties have a considerable capacity to compen-
sate, even overcompensate, for insect feeding damage
(Sadras 1995). Much greater use could be made of this
capacity through the application of appropriate thresh-
olds. On Bt cotton crops thresholds for Helicoverpa must
allow time for larvae to feed sufficiently to ingest a lethal
dose of the insecticidal protein, yet still allow intervention

while larvae are of a size where they can be controlled
effectively with insecticides (generally less than 6 mm)
and before economic loss occurs. Thresholds for other
pests remain largely unchanged. Cotton genotypes vary
in their ability to compensate for pest damage (Sadras and
Fitt 1997). Selection for genotypes with higher compensa-
tory ability in combination with Bt genes could allow the
use of higher thresholds for all pests with less risk, there-
fore reducing the need to intervene with disruptive insec-
ticides.
Cultural techniques will integrate easily with Bt cottons.
These will include cultivation to destroy any surviving H.
armigera pupae in the soil through winter (Fitt and Daly
1990) — a mandatory requirement of the Australian strat-
egy, as well as the use of trap crops to concentrate
Helicoverpa populations as part of area-wide approaches
to population management. Areawide management was
devised as a concept in the USA where several successful
campaigns have led, for example, to the eradication of
bollweevil in much of the eastern U.S. cotton belt (Smith
1998). Areawide management of Heliothis/Helicoverpa in
the USA through the use of virus sprays to reduce the
first generation (Streett et al 1998), has been more prob-
lematic. Early experiments with areawide approaches to
Helicoverpa management in Australia, based on trap crops
and sacrifice crops, have shown promise and are being
expanded.
Management of pests through behavioral disruption with
pheromones may also be feasible with transgenic cottons.
Pheromones for many species have been identified and
are in widespread use for mating disruption of some spe-
cies (Ridgway et al 1990), particularly pink bollworm (Kehat
et al. 1998). Because of their mobility and limitations of
conducting sufficiently large scale experiments it has been
more difficult to show the potential for mating disruption
with Heliothines (Betts et al 1993).
Finally, the current reliance on Bt genes in transgenic cot-
ton varieties represents only the first wave of insecticidal
proteins for pest management. While Bt genes are the
most advanced commercially much research effort is fo-
cussed on alternative transgenes with activity against the
major Lepidopteran and Hemipteran pests of cotton
(Llewellyn and Higgins 1998). These offer possibilities for
pyramiding with Bt genes to provide more sustainable
resistance management (Roush 1998) or control of minor
pests with some of the lectin genes. Few of these alterna-
tives are close to market but they include highly novel
options such as expression of a simple and specific RNA
virus (Helicoverpa armigera stunt virus) in plants (Gor-
don et al. 1998, Hanzlik and Gordon 1998).

Conclusions
IPM systems for future cotton production will, of neces-
sity, be more complex than the pesticide based systems
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currently in place, and will require greater effort on the
part of crop managers whether they be professional con-
sultants or farmers themselves. Transgenic cottons ex-
pressing insecticidal proteins with activity against one or
more key pests offer great scope to dramatically reduce
pesticide dependence and to allow the integration of a
wide range of IPM compatible tactics. Provided they are
supported with well researched resistance management
strategies transgenic cottons should provide a founda-
tion for sustainable IPM systems. The real challenge for
researchers is to achieve this integration of approaches
and for extension agents, consultants and growers to suc-
cessfully implement economically viable production sys-
tems. A significant challenge for researchers and funding
agencies alike is to recognize that work on a range of IPM
components must continue alongside the increasing fo-
cus on biotechnology. Transgenic insecticidal cottons will
not be sustainable technologies alone; they must be sup-
ported with other approaches which will require contin-
ued research.
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Abstract
In sub-Saharan Africa, more than 35% of GDP and 70% of
its population depend on agriculture. In the quest for ag-
ricultural transformation, governments have since the
1980s been implementing economic reform programs in
order to boost productivity. However, increased special-
ization in production, greater use of purchased inputs,
greater resource inflows to farming from other sectors,
and substantial cuts in unit costs of production due to
technological change have not occurred appreciably.
Whereas adjustment and macroeconomic stabilization poli-
cies have succeeded in reducing inflation, improving effi-
ciency in marketing and processing systems and increas-
ing the prices of commodities, removal of subsidies and
devaluation of currency has led to increases in the cost of
pesticides and fertilizers, which are not necessarily offset
by increased income. In addition, failure of the private
sector to take up delivery of credit and provision of inputs
after state withdrawal and increased exposure to commod-
ity price risk, have put into some doubt the sustainability
of agricultural production. Some of these unintended out-
comes of economic transformation have prompted rural
households to opt for income diversification and alterna-
tive production systems as strategies for coping with in-
creased uncertainty of the farming environment. We high-
light some of these strategies in relation to cotton.

Adjustment Programs and
Cotton Production
Economies of most sub-Saharan countries continue to
depend on a few commodity crops (Delgado, 1996). Cot-
ton in particular, contributes enormously to cash earn-
ings, employment generation and provision of raw materi-
als for local industries (Myers and Stolton, 1999). Glo-
bally, cotton commands considerable significance as a
market for the products of the agrochemical industry and
in highlighting the need for multidisciplinary approaches

to the solution of some of its major pest and disease prob-
lems.
In both Anglophone and Francophone Africa, cotton pro-
duction is the undertaking of smallholders utilizing low
management and low input systems under rainfed agricul-
ture. However, since the 1980s, Africa’s 10% share of the
global cotton market has been on the decline. Production,
prices and trade were determined by the state, often re-
flecting political rather than economic objectives and hence
causing inefficiencies in production, consumption and
trade patterns. Policy reforms under the umbrella of struc-
tural adjustment programs were thus initiated in order to
restore growth. Such reforms included price and trade lib-
eralization, privatization, enterprise restructuring and mac-
roeconomic reforms. As a result of such reforms, the cot-
ton sector has become more responsive to changes in the
global economy and international trade, e.g grower prices
responding more flexibly to international price movements,
marketing and processing of cotton have become more
efficient. In addition, farmers are now being paid promptly
and there has been an increase in the proportion of the
FOB price payable to farmers (Shepherd and Faroifi, 1999;
Myers and Stolton 1999).

Challenges Brought About by
Reform Programs
However, for much of sub-Saharan Africa the relative im-
pact of policy reforms on prospects for cotton remain un-
certain. Except for Benin, Uganda and Zimbabwe, cotton
output declined during the 1998/99 and 1999/00 marketing
seasons in Tanzania, Nigeria, Mali, Côte d’Ivoire, Burkina
Faso, Cameron and South Africa. In many of these coun-
tries output decline has been due to a combination of
transition-related disturbances caused by enterprise re-
structuring, extreme weather conditions or some unin-
tended results of the reform program in general (reviewed
by Shepherd and Farolfi, 1999). For example, withdrawal
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Marketing Season  WCGA ECGA Producer Price Export Price FOB Price Exchange Rate 
% % (T Shillings)  (USD) % (T shillings)

1994/95 120,600 95 5 100 0 120 1.69 38 487
1995/96 246,900 96 4 72 28 207 1.88 58 546
1996/97 259,400 96 4 57 43 170 1.59 51 560
1997/98 185,900 98 2 60 40 180 1.72 47 620
1998/99 108,800 94 6 36 64 185 1.32 60 800
1999/00 97,600 98 2 45 55 123 0.99 46 800

Source: Tanzania Cotton Lint & Seed Board unpublished report.

Table 1. Cotton Production Trends in Tanzania for the Period 1995 to 2000

Total Production 
in (MT)

 Public Share
%

 Private Share
%
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from marketing by state owned enterprises has resulted in
farmers in remote areas having to face lower than average
prices and, at worst, no buyers for their cotton. They have
thus been forced to either diversify or withdraw from cot-
ton production. This has invariably hurt cotton produc-
tion, e.g in eastern Tanzania.
Similarly, after price and trade liberalization, currency de-
valuation and subsidy cuts, input prices for agriculture
increased strongly relative to producer prices (see table
1). This fact, coupled with the collapse of extension ser-
vices and seed production and supply systems, has led to
a significant decline in the quality and productivity of
cotton following liberalization.
Liberalization has further led to increased smallholder vul-
nerability to commodity price risk (Larson et al. 1998). For
example, continued decline of cotton prices on the inter-
national market from a peak of more than 100 cents/lb in
1995 to about half of this value during the 1999/00 season,
has had a negative bearing on farmers’ attitude towards
cotton business. This aspect, which was previously shoul-
dered by the state, is now drastically affecting smallholders
directly and there have been attempts e.g in Côte d’Ivoire
to seek for state re-intervention. In addition, for most of
sub-Saharan Africa, recent occurrences of extreme weather,
e.g severe flooding or drought due to El-Niño and La-
Niña respectively, have also contributed greatly to uncer-
tainties on income
from cotton.

Coping
Strategies
Smallholder farmers
cultivate their land
with their own labor.
They nevertheless
need money to pur-
chase farm inputs
and to pay for extra
labor especially at
harvest time. An
overriding concern
is that their revenue,

net of monetary costs, be posi-
tive and hopefully sufficient to
feed their family, pay school fees,
etc. However, following state
abandonment of all forms of in-
come support to cotton and
hence allowing market forces to
set prices, farmers’ production
decisions are increasingly being
made in response to market sig-
nals.

Thus to cope with uncertainties relating to prices or out-
lets, farmers in remote areas are being forced to either
diversify or withdraw from cotton production (case of east-
ern and central regions of Tanzania). In addition, farmers
are also adopting new technologies and farming strate-
gies that seek to reduce the costs and risks associated
with conventional cotton production in general.

Diversification: Switching from Cotton to
Alternate Crops
Following liberalization, farm gate prices for cotton have
more or less followed the general world market trend which,
over the past five seasons, have declined steadily. Gross
margin analysis clearly corroborates with this trend and
indicates that profitability of cotton has been low in rela-
tion to some alternative crops (Table 2). So before
smallholders commit themselves to growing cotton, they
will, for arguments case, seek for the cotton/maize and
cotton/rice price ratios to be higher than 2 and 1 respec-
tively. The ratio for cotton/maize is higher, at least for
western Tanzania, because cotton requires about 25% more
labor input than maize and some cash outlay for pesti-
cides. For the period between 1994 and 1998, the cotton/
maize price ratio indicates that cotton growing following
economic reforms was more profitable than maize only for
the first three years (Table 3). Heavy rains and drought
due to El-Nino and La-Nina phenomena during the 1997/

Harvest Year Farm gate price   Price ratio Price ratio Annual rate of  1992 Constant 
cotton/maize cotton/paddy inflation farm gate price

                          (%)   

1989 28 1.33 N/A 30.4 51
1990 41 1.6 0.94 35.9 61
1991 70 1.8 1.24 28.8 81
1992 60 1.19 0.79 21.9 60
1993 80 1.2 N/A 25.2 60
1994 120 2.29 1.49 33.1 72
1995 207 3.05 1.04 28.4 93
1996 170 2.25 1.14 21 59
1997 180 0.91 0.6 16.1 52
1998 192 1.90 est.  1.90 est.   >20 48

(Tsh)

Table 3. Price Ratios for Cotton versus Alternative Crops  

                        Area 1    Area 2   Area 3    Area 4     Area 5

Cotton Gross Margin     42,800 94,960 84,160 106,960 73,200
        Return to Labor   446 1021 663 1150 610
        (tsh/day)
Alternative Cash Crops  Maize     Rice     Maize/chickpea Sorghum  Maize/groundnuts
        Gross Margin     72,000 155,000 156,960 44,800 144,750
        Return to Labor      571 1520 1467 496 1088

Source: Van de Linde et al 1999. 

of the Western Cotton Growing Areas of Tanzania -1997/98 (in T. Shillings)
Table 2: Profitability of Cotton versus Other Crops in 5 Farming  Systems
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98 and 1998/99 seasons respectively drastically affected
both crops to varying degrees. In some traditional cotton
growing areas, farmers opted to grow sunflower in prefer-
ence to cotton simply because there were no traders to
buy their crop after harvest. Moreover, sunflower as an
oilseed crop is purchased readily by firms specializing in
sunflower oil processing or crushed locally for edible oil.
Nevertheless, the value of switching from cotton to alter-
native crops as a strategy for addressing income variabil-
ity associated with cotton production risk varies in time
and space. In years of drought, returns from maize pro-
duction often fail to smooth out smallholders’ income and
vice versa. Thus, because of climatic limitations on the
choice of alternative crop enterprises, smallholders are
increasingly opting for off farm activities. The same is
happening in some traditional cotton growing areas where
because there is no viable alternative cash crop, diversifi-
cation (in the sense of giving up the benefits of specializ-
ing in cotton farming in order to gain the benefits of less
variability in income) has not occurred. In such areas,
migration/or increased poverty have occurred.

Diversification: Intercropping of Cotton
with Other Crops
In the tropics, smallholders have to constantly grapple
with the issue of income variability due to production risk.
Thus they have been practiszing low-resource agriculture
because it seeks to minimize risk and optimize labor pro-
ductivity. This fact as illustrated by farmers opting to grow
their crops in mixtures, confirms why any directives re-
quiring them to grow cotton as a sole crop have often
been passively rejected. In Tanzania, for example, most
cotton farmers are aware of the by-law that bans inter-
cropping of cotton with other crops, maize in particular.
Nevertheless, throughout the cotton growing areas, farm-
ers continue to defy this by-law and following liberaliza-
tion of the cotton sector, more and more of the cotton crop
is being intercropped with maize and there are calls to
have the by-law repealed. But this may also be due declin-
ing availability of arable land as a result of increased popu-
lation pressure.
Where intercropping is undertaken, cotton is often sown
after maize on separate fields or on same field in a relay
fashion. The perceived risk of this practice is that depend-
ing on relative planting dates, maize has the effect of ei-
ther worsening or ameliorating the attack on cotton by
Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae)
which is a shared pest (Reed 1965). Attack by H. armigera
on maize is of no economic consequence. However, when
sown prior to cotton, it worsens attack by H. armigera on
cotton by way of a nursery crop effect (Kennedy &
Margolies, 1985). This is to be avoided because most
smallholders do not adequately spray their cotton against
this and other pests. When cotton is sown simultaneously

with or after maize, the latter tends to reduce the intensity
of attack on cotton by way of a trap crop effect. However,
in practice, maize is often sown prior to cotton due to
farmers’ food security needs.
Intercropping of cotton with other crops is also common.
Cowpeas, for example is an important grain legume in all
cotton growing areas. However, the productivity of cow-
peas like that of cotton is greatly limited by insect pests
(Myaka & Kabissa, 1986). Since smallholders can afford
to spray cotton a couple of times but not cowpeas, one
logical way of optimizing profit margins from cotton would
be to intercrop these crops but restrict pesticide sprays to
cotton alone. Research data show that incidental protec-
tion of cowpeas arising from sprays applied on cotton
significantly increases cowpea yield (Myaka & Kabissa
1996). The latter can be used to increase revenue from
cotton cultivation if the two crops are intercropped on a
1:1 row configuration with cowpeas planted 2 - 4 weeks
after cotton. However, for this to happen, the basic con-
straints facing cotton, e.g. uncertain price and outlets
should be solved first. (Myaka et al., in Press).

Reduction of Pest Control Cost
Privatization of previously state-supplied agricultural ser-
vices—notably credit, input supply and marketing has
often suffered from uneven and unpredictable coverage
due to poor infrastructure, lack of capacity and defaulting
on contracts. As a result, service delivery has been poor.
In addition, after abolition of subsidies on inputs and de-
valuation of local currency, cotton farming has become
less profitable due to increased cost of production (Kabissa
et al., in Press). For example, because pest damage alone
accounts for up to 40% of the yield gap between sprayed
and unsprayed cotton, it is obvious that the cost of pest
control on cotton has become a big concern to farmers.
The challenge then is how to optimize pest control cost.

Threshold Spraying on Cotton
Following liberalization of the cotton sector in 1993/94,
the cost of pesticides rose from shillings 1600/- (2 USD) to
shillings 5000/- (6.2 USD) in 1998/99 (Tanzania Cotton Lint
and Seed Board, unpublished data). However, producer
price only rose from shillings 80/- (0.1 USD) per kg of seed
cotton to shillings 120/- (0.15 USD). Such a rise in the cost
of commonly used insecticides has prompted farmers to
spray their cotton less frequently than in the past when 6
or more sprays were applied annually on cotton. To date
farmers apply such pesticides to cotton on the basis of
pest damage threshold information after their fields have
been scouted for both pest abundance and damage. This
approach has helped reduce spray frequency to just 2 or 3
sprays, thus improving the cost-effectiveness of chemi-
cal control on cotton (Kabissa et al 1997). As a result of
this development, farmers are now becoming more recep-
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tive to ideas on alternative and more environmentally
friendly approaches to pest control, e.g. biological con-
trol and IPM as a whole.

Use of Plant Based Insecticides
Apart from reducing the number of pesticide applications
on cotton, smallholder farmers have begun, in some areas,
to use cheaper alternative pesticides including plant de-
rived ones for control of H. armigera. Research results to
date show that plant derived insecticides such as
Azadirachta indica, Tephrosia vogelii, Jatropha curcas
and Derris eliptica applied as water based sprays in 10
litres of spray volume per ha are just as effective as con-
ventional ones for control of H. armigera (Kabissa et al.,
in Press). Use of these easily biodegradable products would
help make cotton production more environment friendly
than in the past. However, more research is needed on
socio-economic factors likely to affect widespread adop-
tion of these products.

Organic Cotton
Production of organic cotton is attracting increasing in-
terest in several countries of Africa, e.g. Mozambique,
Uganda, Benin, Senegal, Zimbabwe and Tanzania (Ratter
et al. 1999). However, except for Mozambique where some
9000 ha are under organic cotton farming, production in
other countries is being on either a project or pilot basis.
In Tanzania, 1,300 ha of land is currently under organic
cotton production. The motivation to grow organic cot-
ton seems to have come in the wake of several factors.
First, going organic is seen as a strategy to cut down
escalating insecticide cost following removal of subsidies
and devaluation of the currency. On the other hand, pro-
duction of cotton organically is viewed as a more sustain-
able alternative production system compared to the con-
ventional method because it seeks to eliminate rather than
just minimize dangers of pesticide use. The momentum on
going organic also seems to be fueled by appearance of
new marketing opportunities and existing support being
offered through bilateral arrangements between govern-
ments. Nevertheless, increased production of organic cot-
ton seems to be constrained by inadequate production
technology and hence the high cost of producing it. There
are also additional problems relating to certification and
marketing.

Bt Cotton
Inspite of its good track record, Bt cotton has yet to make
inroads into Africa. To date only South Africa and Egypt
have introduced Bt cotton to their farmers. It would ap-
pear that such cotton is still being grown under experi-
mental conditions. Other countries including Tanzania have
not yet embarked on either the testing or production of Bt
cotton. The major impediments seem to be both institu-
tional, e.g. legal and proprietary rights as well as techno-

logical, e.g. the initial need to have Bt cotton also profit-
able where sucking pests, notably jassids Jacobiasca
lybica, and stainers Dysdercus spp. are a key component
of the local pest complex.

Government Interventions
In recognition of the rather limited supply response from
the agricultural sector in the wake of economic reforms
already undertaken, governments are responding by new
interventions where appropriate, to remove emerging con-
straints. With regard to declining productivity and quality
following liberalization, commodity development funds
(CDFs) have been set up. Such commodity specific funds
are derived from crop levy and seek to help ease procure-
ment of seed and pesticides by smallholders at reason-
able cost. It is foreseen that such funds will also be used
for the provision of commodity specific extension and
market information services. Efforts are underway to es-
tablish systems of trade and marketing that will seek to
link up marketing and production of cotton again. This
will have the potential of easing credit acquisition through-
out the production, marketing, processing and export chain
e.g. by way of collateralizable warehouse receipts.
Outgrower schemes are currently being contemplated by
members of the Tanzania Cotton Association as a basis
for providing inputs to farmers and as a strategy for pro-
duction and supply of certified seed.
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Summary
The performances of cotton production in French-speak-
ing West Africa are among the best in the world under
rainfed smallholding conditions. With organization cen-
tered on integrated cotton companies, this is a result of
longstanding close collaboration between researchers, de-
velopment operators and farmers. CIRAD and its research
and development partners also contribute through both
research activities and training courses.
This performance reached its best level in the early 1990s.
Since then, yields have tended to stagnate or even de-
crease and the situation is changing rapidly. In a dull world
market context, the cotton sector is developing with a ten-
dency towards liberalization and is changing the posi-
tions of different players and organizations that have been
established for several decades. Biotic and abiotic con-
straints are intensifying or changing and others are ap-
pearing. Environmental considerations have become un-
avoidable. The survival of cotton sectors may be at risk
unless solutions and new proposals are provided by the
research sector.
After a brief review of the main features of the evolution
of cotton production, this paper reports on the one hand
the questions resulting from the stagnation of yields since
the beginning of the 1990s, and on the other shows the
awareness of the need to change the present difficult situ-
ation. Starting from this, new research themes aimed at
reconciling technical and economic objectives, social con-
siderations, organizational parameters and the need for
better respect of the environment are described.
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The Evolution of Research and Development Work
Performed by CIRAD in Partnership with Small

Cotton Growers in French-Speaking West Africa
Deguine J.-P., Fok M., Vaissayre M., Crétenet M., Rollin D., Marnotte P., Gourlot J.-P.,

 Lacape M., Chaïr H., Lançon J., CIRAD-CA, Montpellier, France
(Presented by M. Déat, CIRAD, France)

The Evolution of the
Performance of the Cotton
Sector until the 1990s
Increase in Production Under the Effect of
Technical Factors
The institutional framework and innovations played a non-
negligible role in the improvement of results and perfor-
mance of rainfed cotton production by smallholders in
West Africa (Fok, 2000). However, technical factors have
also been determinant in this progress. The evolution of
production techniques (from manual cultivation to draught
cultivation) was accompanied by changes in crop man-
agement sequences, especially thanks to genetic progress
(in terms of both productivity and fiber quality) and im-
provement of crop protection and fertilization. (Follin and
Déat, 1999).
Yields and production increased continuously from the
1950s to the 1990s. In the Francophone zone, fiber pro-
duction increased from 60,000 tons to more than 900 000
tons in 40 years (Béroud, 2000). This resulted mainly from
the strong increase in yields until the early 1990s (from
300 kg/ha in 1960 to over a ton in 1990 on average in the
countries concerned as a whole, with yields reaching 1200
to 1300 kg/ha in certain countries like Mali, Côte d’Ivoire
and Cameroon). It then resulted in an increase in the area
under cotton and improved ginning. The increase in pro-
duction in West Africa from the 1950s to the 1990s is shown
in Table 1.
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In parallel, progress mainly in breeding and also manual
harvesting led to the recognition of the very high techno-
logical quality of West African cotton. French-speaking
Africa became the third largest exporter in the world.
Cotton growing has also played a major role in the rural
development of the Savannah zones of French-speaking
West Africa during the past four decades. The social and
economic impacts of increase in production have been
substantial, with foreign currency earnings for govern-
ments and incomes for rural people, thus making a contri-
bution to food security, the improvement in the standard
of living and resulting in fresh dynamism in the organiza-
tion of the rural world. Long criticized, especially during
the severe droughts that affected Africa in 1972 and then
1984, cotton growing is now recognized as a driving force

behind exemplary development. Cotton is now grown on
more than 2 million hectares in this region and thus di-
rectly affects more than 10 million people.

Several Examples of Technical Progress
Progress in breeding has been continuous for over 50
years, concerning both field productivity and quality.
As an example, the increase in seedcotton and fiber yields
in Cameroon with the successive extension of different
varieties is shown in Table 2.
The use of chemical fertilizer developed in French-speak-

ing Africa in the
1970s, except for Côte
d’Ivoire where 61%
of the land was fertil-
ized from 1965 on-
wards. This use of
fertilizer contributed
substantially to the
increase in yields,
once the research
sector had refined the
dosage to be used
and the application
procedure. The effect
of chemical fertilizer
on cotton yields in
northern Benin is

shown in Table 3.
Concern for crop productivity and sustainability encour-
aged the design and application of rational fertilization
charts using results recorded over long periods. An ex-
ample of a chart drawn up in Mali is shown in Table 4.

The most spectacular or at least the most marked innova-
tions and changes have doubtless been in crop protec-
tion.
At the end of the 1980s, surveys of smallholders in sev-
eral countries in West Africa showed that farmers adapted
researchers’ crop protection recommendations by system-
atically reducing the recommended doses. Performed to
face economic constraints, this under-dosage became the
subject of research leading first of all to a demonstration

of the combined
effect of dose and
frequency and
then to the pro-
posing of new
protection pro-
grams, of which
Lutte Etagée
Ciblée (LEC, stag-
gered targeted ap-
proach) is one of
the best ex-

Table 1. Evolution of Fiber Yields (kg/ha) in West Africa 
 (Francophone Zone, average for 3-season periods)

Season Fiber Production (kg/ha)
1949-1952 104
1959-1962 105
1969-1972 190
1979-1982 336
1989-1992 441
1995-1998 435

In Déat and Follin, 1999

Table 2. Seed Cotton Yields in Cameroon Estimated as Percentages Allen (According 
to the deviations between the varieties tested 2 by 2 in chronological order in
 a multisite test set-up and ginning yields according to trials in 1988/1989)

Variety Fiber Yield
Extreme Northern Province Northern Province  (%)

Allen 100 100 29.9
Allen 333 113 110 37.2
BJA 592 129 127 36
L 142-9 137 39.9
IRCO 5028 125 41.7
IRMA 96+9 142 41.4
IRMA 1243 146 130 42.5

In : Méritan M., Chanselme J.-L., Lançon J. , Klassou C., 1993

Seed Cotton Yield

Type of Fertilization 1984
No Fertilization 606 837 841 1105 847
s 982 1517 1854 1451
Recommended Fertilization
 + 50 kg/ha urea 1277 1763 1759 2228 1757
Fertilizer applied by farmers 870 1333 1363 1844 1352

In: Fadoegnon B., Gaborel C., 1989

Table 3. The Effect of Chemical Fertilizer on Seed Cotton Yields (kg/ha) 
under on-farm Conditions in Northern Benin

1981 1982 1983 Average
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amples.
Simultaneously, research work led to the use of new prod-
ucts, enabling the gradual abandoning of active sub-
stances considered to be pollutant or dangerous, such as
mercury salts used in the treatment of seed or DDT, still
used for leaf spraying in the early 1980s.
The problems posed by the increase in sucking insects
and the risks of spoiling of fiber by honeydew led the
research sector to re-examine the spraying techniques ex-
tended, even though the adoption of easy-to-use ULV in
the 1970s removed the constraints of the use of pressure
apparatus and made bollworm control more effective. A
compromise was found in water-based formulations at very
low volume (10 liters per hectare). Costs were consider-
ably reduced, but above all the handling of EC formula-
tions made it possible to choose the spraying mode (type
of active substance, dose) and thus provided access to
rational crop protection programs.
The new protection programs developed at the end of the
1980s provided a transition between calendar programs
and warning programs in which spraying is performed ra-
tionally according to the pest pressure (Table 5).
Benefiting from the
knowledge gained in
population dynamics
and crop losses and
also from the results
obtained in the sam-
pling of pest popula-
tions, the cotton re-
search sector intro-
duced the notion of
spraying threshold in
West Africa with the
Lutte Etagée Ciblée

technique (LEC). The economic consequences were spec-
tacular. In most of the countries in which this approach
was developed to a significant degree (first Cameroon and
then Mali), pesticide consumption has been reduced by
40 to 50%, with positive consequences in terms of profit-
ability and respect of the environment (Silvie et al., in
press).

The 1990s: A New and
Difficult Situation
A Changing Context
Yields stagnated in the 1990s for the first time since World
War II, as can be seen in Table 1. Yields have decreased in
some places. Thus, the performance of the West African
cotton industries might be called into question in the cur-
rent new and difficult situation. It is being affected by
organization and institutional changes that are taking place
at various rates and intensities and by threats to crop
profitability and the sustainability of cropping systems.
The cotton industry have experienced slumps resulting
from a difficult world market (1986 and 1991 seasons) and
competition from synthetic fibers has continued to in-
crease, reducing the share of cotton on textile markets
each year. In addition to the unfavorable consequences
of cotton prices or the performance of the dollar and in-
creasing competition from synthetic fiber, the image of
cotton is often undesirably poor among the general pub-
lic.
Liberalization is more or less advanced according to the
country and is changing the organization to which all the
stakeholders in the industry had been accustomed for sev-
eral decades. This trend has advantages and disadvan-
tages and it is important to achieve a rational and appro-
priate transition. In this new context, farmers have a new,
larger role and this must be supported. Establishing pro-
cedures for discussions with them is just as important
because their requests are not always clearly expressed in
the integrated sector systems as they exist today.
In addition, the standard, normative crop management
system that was effective for a long time—but that was

Table 4. Example of a Rational Fertilization Chart
based on the Results of a Soil Fertility Survey in Mali

First level (phospho-potassium fertilization of cotton):
• Fields after less than 5 years of continuous cultivation:

• old farmland after long fallow (5 to 10 years):
(50 P2O5 + 25 K2O) / ha

• marginal land previously uncultivated because of
poor suitability  (50 P2O5 + 50 K2O) / ha

• Fields after 5 to 10 years continuous cultivation:
• type 1: cotton crop every 3 years (or more):

(30 P2O5 + 25 K2O) / ha
• type 2: cotton crop every 4 years (or less):

(50 P2O5 + 50 K2O) / ha
• Fields after more than 10 years of continuous cultiva-

tion: (30 P2O5 + 100 K2O) / ha
Second level (nitrogen fertilization of cotton):

• Early sowing (25/05 to 10/06): 45 N/ha at emergence +
35 N/ha after 45 days

• Sowing from 10/06 to 25/06: 50 N/ha at emergence
• Sowing from 25/06 to 10/07:  30 N/ha at emergence

Table 5. Evolution of Crop Protection according to Spraying Techniques
 in the 1960s (LV), 1970s-1980s (VLV) and 1990s (VLV)

Low Volume Ultra Low Volume Very Low Volume
formulation EC ULV EC
a.i. categories all pyrethroids, organophosphates all
water 60-100 l/ha 1-3 l/ha 10l/ha
arduousness high low medium
bollworms OK OK OK
sucking insects OK << <
rational control possible impossible possible
cost < > <
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imposed on the production sector—is now showing its
limits. It does not make sufficient allowance for ecologi-
cal, technical and social situations. Many farmers today
are trying to adapt technical messages to their short term
objectives and constraints but without mastering the long-
term consequences.
In addition, a change or increase in the biotic and abiotic
constraints affecting cotton growing has been noticed in
recent years. Climatic variations are becoming more marked,
making the crop uncertain in the northern fringe of the
countries and “pushing” it to more southern areas. Re-
cent phytosanitary constraints (resistance of bollworms
to insecticides, new outbreaks of sucking insects, with
unsatisfactory control) may mean the end of cotton grow-
ing unless appropriate large-scale measures are taken. The
worsening of soil conditions is continuing in very many
places. At cropping system or holding scale, farmers are
faced with recognized socio-economic difficulties, in par-
ticular with regard to their cash positions, labor and equip-
ment, that are aggravated by the abolition of subsidies for
inputs and extension services.
The environmental pressure exerted by northern coun-
tries is calling into question input supply and utilization
practices.
The efforts and achievements of the past decades may
prove vain unless a marked inflection of the research sec-
tor takes concrete form in the field with a renewal of re-
sponses to farmers’ new and urgent requests.
Cotton growing might become marginal or disappear in
zones where alternative cash crops are rare.

The Need for Better Allowance for
Farmers’ Strategies
Liberalization of the cotton sector is leading smallholders
to play a major role. They are organizing themselves in
groups and professional farming organizations. Better al-
lowance for their production strategies, constraints, needs
and facilities is a necessity. Crop maintenance—that could
nevertheless be based on reliable research results—de-
serves to be used as an example.
Indeed, crop maintenance and weeding in West Africa are
often operations left to farmers. They do not always seem
to be a major problem in the eyes of development opera-
tors, because all the farmers have to do is hoe. However,
manual hoeing must be carried out two or three times dur-
ing the crop cycle, representing 30 to 60 days of work
depending on the vigor of weed growth. In the Sudan-
Sahel zone, weeding forms 30% to 50% of crop labor time.
However, during the sowing period, farmers always award
priority to sowing over the maintenance of fields that are
already growing. As a result, weeding is generally per-
formed too late for the crop to escape competition from
weeds. It is estimated that this early weed growth causes

losses of about 30% in both cotton and food crops. In
addition, weeding is all the more arduous and time-con-
suming when it is performed late on well-developed weeds.
The fields are traditionally left uncultivated after several
years of cropping, in particular to reduce weed seed stocks
during long fallows. Today, land availability is decreasing
as a result of population pressure and conflicts with live-
stock farmers. Cultivated fields are thus stabilizing and
suffering increasing weed growth for lack of fallow. In
addition, the increase in the areas cultivated, thanks to
mechanization, is leading to weeding requirements that
exceed the available labor resources on farms.
Two lines of action can be taken to make up for inad-
equate manual weeding: mechanical hoeing and the use
of herbicides. Mechanical weeding, extended in farms us-
ing draught cultivation, takes about a tenth of the time
needed for manual weeding but requires early operation
to be truly effective. Post-sowing/pre-emergence herbi-
cides were introduced in cotton growing in West Africa—
mainly in Côte d’Ivoire, Cameroon and Mali—at the be-
ginning of the 1980s. In 1992, 70,200 ha of cotton was
treated with herbicide in Côte d’Ivoire. These broad-spec-
trum products (often binary products based on
fluometuron, metolachlor, dipropetryn, prometryn, etc.) are
applied at the beginning of the crop cycle and protect the
crop during the early stages. Low-volume spraying tech-
niques with rotary-disc sprayers made a large contribu-
tion to the dissemination of this innovation. The appara-
tus is easier to use and does not require the transport of
large amounts of water. However, this is only really dis-
seminated in certain countries (e.g. Côte d’Ivoire,
Cameroon and Mali) and essentially used with draught
cultivation today.

The Need to Re-orientate Research Work
In order to solve the problems being experienced by the
West African cotton countries, the research sector must
observe the new situation and change the content of its
work and review the services provided in the light of the
new expectations and requirements.
The aim is to achieve sustainable improvement of com-
petitiveness of the cotton industry for all the stakehold-
ers by responding to the present situation and preparing
for the future. The targets are:

•  increased responsibility in the management of natu-
ral resources,

• strong competitiveness in a difficult environment,
• a crop that is more profitable for the farmer.

The Need to Take more Account of
Environmental Considerations
Progress from the 1950s to the 1990s has been evaluated
above all using technical and economic criteria. Environ-
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mental considerations were not perceived as being a pri-
ority. However, most innovations have been designed with
care to rationalize production and to make the crop sus-
tainable in zones where management of the environment
is not always easy (landholding management is often tra-
ditional and based on social criteria, it is difficult to make
farmers vigilant with regard to toxicity, population pres-
sure is exerted on forest clearance and land clearance,
etc.).
Today, environmental considerations are necessarily taken
into account by the research sector. They also form part
of specifications and are imposed by donors. This does
not always agree with the short-term economic and logis-
tic considerations of farmers and development bodies.

A Major Change in Research
Work: New Cotton Cultivation
(NCC)
To clearly mark the current change in cotton research aimed
at responding to present issues in cotton industries,
CIRAD and its partners have given the new approaches
and new research themes the name New Cotton Cultiva-
tion (NCC). This does not call previous work into ques-
tion because the results have amply proved their perti-
nence, but constitutes a necessary inflection in research
work so that it matches the new context.

Principles of NCC
NCC puts forward the idea that interdisciplinary research
with an adaptive and participative approach is capable of
developing technical innovations that match farmers’ ex-
pectations. The main principles of NCC can be set out in
five points.
• Farmers’ objectives and strategies head the list of re-

search sector preoccupations without calling into ques-
tion the objectives of the cotton companies and qual-
ity requirements. Among other things, this means that
procedures for discussion must be found because farm-
ers’ requests are not always fully explained.

• The research and development procedure is adaptive
and participative, that is to say that stakeholders, and
especially the farmer, are involved throughout the pro-
cess from diagnosis to the dissemination of the inno-
vations that should match the diversity of situations.

• Care to conserve resources and respect the environ-
ment are prerequisites to any research and any inno-
vation.

• Cotton growing is a component of a cropping system
on a farm holding. This means that the whole is
indissociable and must be studied as such.

• The development of new crop management sequences
optimizing interactions between the plant, cultural prac-

tices and the environment requires the complete re-
examination of the components of cotton crop man-
agement and adaptation of recommendations accord-
ing to the diversity of situations. This pattern can also
include tried and tested technical proposals and new
ideas or concepts resulting from experiments on other
plants or under other ecological situations.

NCC simultaneously involves plant breeders, agri-eco-
physiologists, entomologists, systems agriculturalists,
weed scientists, technologists and socio-economists. This
implies the design and setting up of multidisciplinary ex-
perimental work. As an example, varietal selection must
change. Until now it has been concentrated on interac-
tions between field productivity, ginning yield and fiber
technical characteristics. Now, it should be broadened to
include relations between crop management and the plant
and its growth and development under the constraints of
the environment.

The Research Pathway: A Series of
Ordered, Logical Operations
The first stage of new cotton cultivation is a three-stage
appraisal:

♦ The market. Quality requirements, price movements,
international trade, image for the general public;

♦ The industry. Organization of national industries,
the requirements of different stakeholders, relations
between them;

♦ Cotton farms. The typology of farming systems
according to the evolution of the state of the
environment and farmers’ strategies.

The second stage corresponds to the re-orientation of
each discipline in the light of the results of the appraisal.
Each discipline will explore its field of activity more widely.
As an example, in breeding, taking plant morphology into
account will make it possible to obtain earlier cultivars
with better crop indices. In crop protection, although ra-
tional chemical control remains the basic facility, every-
thing that can afford sustainable protection (cultural prac-
tices, varietal resistance characters, spraying thresholds,
monitoring of pest sensitivity to pesticides) will be done
to approach integrated protection. Research in technol-
ogy will be conducted using a new approach taking into
account the effects of crop management sequences on
quality. Finally, when innovative crop management se-
quences are used, studies of the functioning of the culti-
vated environment must be performed. At growth stage
this includes the effects of certain factors such as high
planting densities or the use of growth regulators; at crop-
ping systems, scale studies include certain rational weed
management practices or new practices such as perma-
nent plant cover. Much has been achieved in these do-
mains and the techniques need to be better ordered and
re-balanced.
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The third stage is interdisciplinarity. Although research-
ers are involved in the preceding stages, the results are
often juxtaposed without the scientists always knowing
the farmers’ constraints. The third stage is essential for
the success of application in the field. It is also the most
original stage and the most difficult to implement. How
can true interdisciplinary operations be developed using
the tools available? In a preliminary experimental phase,
part of the work will be performed in a controlled environ-
ment and modeling will be a very useful complementary
tool. New crop management sequences will then be pro-
posed for a given situation (environmental conditions,
farmers’ objectives) and then tested with the farmers, who
will be able to gauge the advantages for their farms. The
development of the interdisciplinary feature must be co-
ordinated by agriculturalists who are sufficiently detached
to be able to discuss questions with the specialists in the
various disciplines and then develop coherent sets of re-
alistic solutions.

An Excellent Facility for Discussion
and Training
Farmers’ objectives top the list of research preoccupa-
tions in NCC, without discarding the objectives of the
cotton companies and market quality requirements. All
the industry players are therefore involved (farmers, re-
searchers, extension officers, processors, etc.) and they
participate in their area of skill between the appraisal phase
and that of the dissemination of innovations. The activi-
ties involved—appraisal, experiments, on-farm work—are
concrete areas for discussion and progress. They thus
underlie all the discussion modes aimed at clarifying
everybody’s requests and proposals.

Several Research Themes with
an Accent on the Sustainability
of Cropping Systems
Crop Maintenance: From Weeding to Weed
Management
It has been sought for several years to manage weeds
throughout the crop cycle, either by improving the qual-
ity of field preparation or by allowing weeding during crop
growth.
The use of non-selective herbicides before sowing en-
hances the cleaning effect of tillage. This technique is
also used in direct sowing, facilitating labor and sowing
dates.
The small cash resources of farmers at the beginning of
the farming season often prevent them from purchasing
the herbicides that they need. This is why extension ef-
forts have recently been focused on herbicides based on
common substances e.g. diuron for cotton.

It is also sought to better target the choice of herbicide for
the dominant weed in the field. For example, pendimethalin
is used as pre-emergence herbicides for the control of
Rottboellia cochinchinensis.
Post-emergence herbicides have been little used to date
in cotton growing in West Africa but are now appearing
on the market. They are generally specific products such
as fluazifop or haloxyfop to control Gramineae or anti-
dicotyledons like pyrithiobac.
The use of cover crops also contributes to weed manage-
ment. Permanent soil cover reduces weed growth because
of the darkness created by competition for resources and
also by the allelopathic effects frequently suggested by
experience. This method is also mentioned in the two fol-
lowing paragraphs.

Aiming at Achieving Satisfactory  Yields
Even under Difficult Crop
Establishment Conditions
Climatic risks are substantial in many situations (late start
of rains, gaps in precipitation, early stopping of rains). In
addition, the pest pressure is increasing in most cotton
countries. The susceptibility to insecticides of certain boll-
worm species is changing and insect fauna balances are
changing, resulting in an increase in sucking insects
(aphids and whitefly).
In the face of such constraints, NCC will test lines of re-
search that are different or complementary to those tradi-
tionally envisaged (early sowing, chemical control, etc.).
Thus, the topic of rapid establishment of cotton produc-
tion would seem to be a technical aspect that should be
explored to take climatic and phytosanitary constraints
into account. Here, the establishment of the crop and the
shortening of the cotton cycle are two major subjects for
study, requiring all cotton research disciplines and the
systemic approach. Optimization of the components,
whether these are agricultural (sowing with plant cover,
density, maintenance, fertilization, growth regulators),
varietal (earliness, habit, cropping index) or phytosanitary
(seed coating, delinting) is performed using the optimiza-
tion study of their interactions according to the diversity
of situations and farmers’ strategies.

Conserving or Restoring Fertility
While Cropping
Following zero tillage and minimum tillage experiments in
the United States and in southern Brazil, a CIRAD team
has been working for about 15 years in the Cerrados in
Brazil on the development of crop management sequences
with direct sowing and permanent soil cover (Séguy et al.,
1996).
Using the research performed in Brazil, work has been
undertaken in African countries (Côte d’Ivoire, Cameroon
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and Gabon), in the south-west Indian Ocean (Réunion
and Madagascar) and in Asia (Vietnam) using these direct
sowing techniques with plant cover to respond to the
problem of trends in socio-economic conditions and the
degradation of natural resources (especially decreasing
soil fertility).
Work involving cotton growing has been performed in
particular in Brazil (Séguy et al., 1998), Côte d’Ivoire
(Charpentier et al., 1999), Cameroon (Vallée et al., 1996)
and Madagascar (Rollin and Razafintsalama, 1998). The
aim of this research is to find solutions that conserve soil
resources and ensure significant decreases in production
costs. These crop management sequences are coherent
with NCC.
In direct sowing/cover crop systems, no tillage is per-
formed and the soil is covered permanently with dead or
live cover. The crops are established through the plant
cover in undisturbed soil. The rotations and sequences
proposed depend both on soil/climate conditions, the so-
cioeconomic environment and farmers’ objectives and
strategies.
In theory, this gives substantial agricultural benefits:
• water and wind erosion are practically entirely elimi-

nated by the permanent soil cover;
• the elimination of tillage facilitates both the setting of

the crop cycle and also the staggering of sowing and
harvesting, while increasing the yield as a result of
better water, mineral and weed management;

• the soil cover improves the water balance by enhanc-
ing infiltration at the expense of runoff and by reduc-
ing evaporation; the roots of cultivated plants can gen-
erally penetrate deeper horizons thanks to the improve-
ment of the cultural profile;

• the mineral balance is also improved as a result of de-
composition of the plant cover and the ability of cer-
tain cover plants to bring up cations and prevent their
leaching;

• weed growth is limited by shade, allelopathy and com-
petition between the cover crop and weeds (it is just
sufficient to control the cover crop).

The economic results are also interesting with regard to
the cost reduction (labor time, mechanization and inputs)
that can accompany an increase in yields.
The development of crop management sequences using
direct sowing and plant cover nevertheless requires the
settling of questions such as the choice of cover crop, the
supply of inputs and plant material, the type of cultivation
(manual, draught or mechanized) and coexistence with live-
stock systems (in particular the conservation of the plant
cover during the dry season).
Using the results obtained in different situations, CIRAD
and its partners, with support from French aid for devel-

opment, is setting up an action plan to test these tech-
niques under varied ecological conditions.

Break with Previous Protection Practices
and Aim at True Integrated Control
The research on crop protection conducted by CIRAD
and its partners is aimed at using the integrated protec-
tion concept to reduce the damage caused by the pest
complex. It is aimed first of all at preventing damage. Risk
evaluation is a second subject of interest. This makes it
possible to use direct control—generally chemical—only
when justified by the pest density. The research results
enable the dissemination of effective, inexpensive meth-
ods suited to local conditions and that have little effect on
the environment (Vaissayre et al., 1997). Phytosanitary
research is a major preoccupation of stakeholders in the

 Table 6. The Main Phytosanitary Research Themes
 in West Africa

Prevention of damage
• Study of biocenosis at cropping system scale: pests and

beneficials. Monitoring by direct observation and trapping
of the main species (bollworms, Anthonomus, cotton
aphid and whitefly).

• Participation in breeding work on cultivars resistant or
tolerant to pests and diseases (screening, classic selection,
marker-assisted selection). Consequences of the cultiva-
tion of cotton plants expressing a Bacillus thuringiensis
toxin.

• Establishment of protection programs aimed at the
prevention or management of pest resistance
(Helicoverpa armigera, Aphis gossypii ) to insecticides.

Risk evaluation
• Monitoring of population dynamics and the relation with

crop losses. Characterization of new biotypes (Bemisia
tabaci), their fate and the associated nuisance.

• Modeling insect-plant relations (A. gossypii and H.
armigera), definition of types of damage according to the
plant development phases, definition of economic
thresholds.

• Study of the role of beneficial insects, entomophagous
organisms and entomopathogens, population dynamics,
epidemiology of insect pathologies, impact on pest
populations; unintentional effect of active substances on
beneficials.

• Incidence of intercropping with cotton (cereals, legumes)
in the farming system on the dynamics of arthropod
populations.

Modes of intervention
• Cultural practices: escape strategies by rapid establishment

of production using cultivars or cultural practices.
Combination and succession of crops in the system;
harvest residue management.

• Introduction of varietal resistance characters: morpho-
logical (hairiness, lanceolate leaves, atrophied bracts,
absence of nectaries) or biochemical (gossypol, tannins).

• Threshold intervention methods based on simple sampling
systems and matching farmers’ objectives.

• The role of new active substances in the management of
populations resistant to the insecticides extended.
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cotton industry in West Africa today and the various
themes are summarized in Table 6.
The research sector holds training sessions, distributes
technical reports for extension staff and publishes practi-
cal handbooks for farmers and for extension officers in
order to ensure that results are disseminated within the
cotton industries. A number of audiovisual and multime-
dia facilities (photo library, posters, videocassettes, CD-
ROMs, etc.) are at the disposal of extension workers and
the general public.
Taking into account the diversity of the production objec-
tives expressed by farmers means that CIRAD is having
to revise its co-operative research programs. Three main
lines have now been chosen:

• determination of resistance to sucking insects,

• modeling of insect/plant relations as an aid for the defi-
nition of economic thresholds,

• rational chemical control aimed at the prevention or
possibly the management of situations of resistance
to pesticides.

As resistant insects have been observed, chemical con-
trol is only envisaged as a last resort. It should then make
up for the inadequacy of the prophylactic, cultural and
above all varietal measures used. The research sector
works mainly with smallholders and suggests an original
approach for switching from systematic chemical control
to rational pesticide management—lutte étagée ciblée
(LEC). This has resulted in a spectacular reduction in the
quantity of pesticides sprayed and contributes not only
to the economic balance of the sector but also to respect
of the environment (Figure 1). Other programs aimed at
protection using warning systems are currently being de-
signed.
The cotton phytosanitary situation in Sub-Saharan Africa
has been marked in the past two decades by a change in

the sensitivity of bollworms (including H. armigera) to
insecticides and by the increase in the population of cer-
tain sucking insects (including the aphid A. gossypii and
the whitefly B. tabaci). The methods hitherto used to con-
trol sucking insects are found to be ineffective and costly
and a danger for fauna balances and for the environment
The new recommendations for the integrated management
of aphids and whitefly are based on several principles:
• search for an eventual return to a balance between

these pests and the associated beneficial insects (the
intensification of chemical control would undoubtedly
lead to the aggravation of the problems caused by A.
gossypii and B. tabaci);

• implementation of cultural and varietal control tech-
niques aimed at reducing the attractiveness in quan-
tity and quality of cotton leaves as food for these in-
sects;

• need to continue the rational chemical control of other
pests of economic importance (bollworms). Integrated
control recommendations based essentially on cultural
practices or varietal methods are not yet applied on a
large scale in the field for several reasons:
• they form a break with past practices in a world of

habits and inertia and their originality is surpris-
ing;

• they require much work on information, the promo-
tion of awareness and the training of users;

• abandoning the use of aphicides or whitefly control
chemicals in the program extended has disadvantages
for various cotton industry players. This results in lost
business for some agricultural chemical companies and
also above all a feeling of powerlessness for cotton
companies and farmers. The latter are firstly accus-
tomed to reasoning on the scale of a single season and
secondly use chemical control systematically. It is
henceforth urgent to break with the past and apply
rational sustainable management of these pests. It is
urgent to apply these new recommendations that con-
trast with former practices.

Rationalization of Crop Management: The
Contribution of Modeling
COTONS®, a facility resulting from collaboration between
CIRAD and USDA, is a dynamic model combining mecha-
nistic modeling and three-dimensional spatial modeling of
cotton plant architecture. Plant growth and development
processes are appraised, simulated and represented on a
daily time scale. The physiological processes modeled are
represented by mathematical expressions of interactions
between different parts of the plant. The result of these
calculations is a computer display of growth and develop-
ment of aerial parts of the plant and in particular the devel-
opment of different types of vegetative and fruit-bearing

ULV: ULV calendar program
VLV: VLV calendar program
DF: dose/frequency
SC: staggered control
STC: staggered targeted control (lutte étagée

ciblée, LEC)
TL: threshold level

Figure 1. Evolution of Crop Protection Programs: Towards Improved
Respect of The Environment (Less Active Ingredients Sprayed per

Hectare) and Improved Profitability (Lower Spraying Cost per Hectare)
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branches, the emergence and growth of leaves and bolls
and display of the root system during growing.
The simulation parameters include climatic conditions
(rainfall, insolation, temperature), soil characteristics (tex-
ture, carbon and nitrogen contents, hydrodynamic char-
acteristics), cultural techniques (variety, sowing date and
density, fertilization, irrigation, growth regulator) and the
degree of insect damage to fruit and leaves (“plant dam-
age” interface).
Modeling also contributes to the appraisal of environ-
mental impacts according to crop management. Land prepa-
ration and establishment of the crop, controlled use of
irrigation, nitrogen fertilizer and application of insecticide
or growth regulator are all occasions for judging the tacti-
cal choices. Modeling using COTONS® can provide es-
sential aid for both strategic choices (cropping plan, pro-
duction objectives per field) and farmers’ tactical deci-
sions. The environmental risks evaluated by simulation
are also criteria for rationalizing these crop management
choices. It is thus possible to use simulation to estimate
the quantities of nitrates leached out by drainage during
the crop cycle according to the crop management chosen
and according to given soil and climate conditions. Like-
wise, the quantities of carbon in different parts of the
plant can be estimated, enabling evaluation of effect on
soil organic matter depending on the crop residue man-
agement method used. Finally, the advantage of insecti-
cide application can be rationalized according to the de-
gree of damage at a given moment during the cycle. These
themes are all lines of research chosen by CIRAD.
The COTONS® model is also a tool for multidisciplinary
research and a training aid. Breeders can use it to evaluate
the adaptability of a variety to particular environmental
conditions or to characterize a genotype using the values
of the varietal parameters of the model (susceptibility to
abscission, photosynthesis potential, etc.). COTONS® can
likewise be used by entomologists to evaluate cotton plant
response to pest damage to foliage or growing bolls. It
can thus contribute to the determination of damage thresh-
olds justifying the economic advantage of spraying. The
recommendation charts hitherto proposed to development
operators (“customized” extension) replacing a standard
technical sheet (“mass” extension) result from study of
the interaction between different components forming the
crop management sequence (variety, sowing date, den-
sity, crop maintenance, chemical fertilizer, crop protection,
etc.) in a multisite experimental network. The production
of such charts requires large human and financial re-
sources (for the functioning of a dense multisite network
of experimental locations). Simulation of the growth and
development processes of the cotton plant in a broad range
of soil/climate conditions using a model such as COTONS®

enables the inexpensive production of such charts.

Finally, the linking of COTONS® and a geographic infor-
mation system forms a powerful teaching facility that is
user-friendly in its screen display of the location of the
field simulated and of the growing cotton plants. This
training tool can be used both in teaching provided in
agricultural colleges and for the training of cotton exten-
sion agents.

Evolution of Varietal Creation and
Selection and the Contribution of
Molecular Biology Techniques
Within the framework of NCC, the desire for better assur-
ance of the sustainability of cotton-based cropping sys-
tems necessitates a new ranking of selection criteria. Three
lines of operation re-orient our operations with regard to
farmers’ preoccupations:
• evolution of selection facilities for a better approach

to field productivity (e.g. early evaluation),
• installation of facilities to enhance and formalize links

between breeders and farmers (participative selection),
• setting up of time aimed at better addressing the diver-

sity of farmers’ constraints and requests.
This new ranking is set in a framework of respect of inter-
ests of other stakeholders in the industry since breeders
working for institutional research bodies must remain neu-
tral and never lose sight of the general interest (the inter-
est of the industry in this case).
Breeding objectives for varieties that will better make use
of/respect natural resources are possible: water (tolerance
to drought or excess water), soil (rate of establishment,
soil cover, etc.), minerals (harvest index), air (the carbon
sequestration balance is better when cloth is made with
natural fibers than with synthetic fibers). Difficulties
emerge with regard to insects and other stresses since
several not necessarily complementary strategies can be
used: compensation (long cycle, strong vegetative devel-
opment, small bolls), resistance (GMO, hairiness, etc.) and
avoidance (setting of the cycle).
Molecular genetics techniques provide a response to the
present limits of genetic improvement as they give access
to broader genetic variability. The molecular markers used
in “marker-assisted selection” (MAS) mean that the breeder
is faster and more effective during the selection process
for various types of characters of agricultural interest.
This type of work is beginning to be developed for cotton
around the world. In France, CIRAD is conducting a back-
cross program assisted by cotton markers and aimed at
the introgression of Gossypium barbadense fiber quality
characters in the species Gossypium hirsutum. This is
performed using the detection by molecular markers of
the G. barbadense genome segments involved in the ex-
pression of the good technological characteristics. This
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research will lead, at the end of 2000, to the construction
of the first composite genetic map of the genome of the
tetraploid cotton plant using the backcross of the first
generation resulting from the G. hirsutum x G. barbadense
cross. The selection of individuals resulting from the sec-
ond return cross to the G. hirsutum parent is in progress.
The prospects of the application of this work to all cotton-
producing countries are substantial. In addition to the
improvement of fiber quality characteristics whose eco-
nomic advantages are immediate, marker-assisted selec-
tion applied to other characters such as resistance to in-
sects or diseases will be CIRAD’s next field of investiga-
tion.

Transgenic Cotton Plants in the
Context of Africa
The development of transgenic cotton biotechnology re-
quired substantial financial resources, and most of these
resources were invested in the north for the development
of products primarily useful for the north. There are sev-
eral examples of developing countries developing their
own transgenics (e.g. Mexico, China, Cuba, and Thailand
to name a few) in addition to successful biotechnology
transfer projects. However, developing countries wishing
to access agricultural biotechnology applications, and
particularly recombinant products, are often unable to do
this for reasons of several constraints. Similarly, private
sector corporations wishing to test, share and market re-
combinant products in developing countries are prevented
from doing so. Several essential factors are against the
transfer of biotechnology to developing countries:
• in industrialized countries, the private sector is the

major investor in biotechnology and the majority
of the products are proprietary and expensive;

• with few exceptions, developing countries do not
have legislation covering intellectual property
rights, let alone the institutional capacity and re-
sources, and their economies cannot support the
acquisition of high value-added biotechnology
products;

• few developing countries have the necessary es-
tablished legislation and institutional capacity that
will enable the responsible testing, release and in-
troduction of recombinant DNA technology.

Little information concerning transgenic crops exists in
West Africa. Publications are beginning to appear. They
suggest the possibility of the performance of field trials in
Côte d’Ivoire and Cameroon. The objective of these ex-
periments, in which CIRAD could be associated with its
partners, would start by the following operations:
• evaluation of the conditions of cultivation of

transgenic cotton (crop management sequences,
incorporation in the cropping system) according to

the situations encountered and farmers’ strategies;
• appraisal and possibly quantification of the eco-

nomic, environmental and technical advantages and
disadvantages of transgenic cottons.

Work on cotton transgenesis at CIRAD within the frame-
work of insect control mainly concerns major target in-
sects in regions in which cotton production is develop-
ing. Thus, the work on control of the Spodoptera littoralis
complex begun in 1994 is in progress for the transfer of the
cryIC gene coding an endotoxin that is very effective
against these insects. The synthetic genes cryIA(b) and
cryIA(c) have been transferred in work on the control of
Helicoverpa armigera. Transgenic plants bearing the dif-
ferent genes have been obtained. Analysis of their toxic-
ity for the target insects is in progress.
Work aimed at studying the phenomena involved at mo-
lecular level in cellulose synthesis and the development
of cotton fibers will also complete the QTL research ap-
proach followed by marker-assisted selection. This re-
search should make it possible to isolate and characterize
genes involved in two important phases of the develop-
ment of the cells where fibers originate—differentiation
and elongation. These studies complete the genetic map-
ping work insofar as they will make it possible to isolate
genes whose activity may affect the technological quali-
ties of cotton fiber. In time, they should result not only in
better knowledge of the molecular mechanisms involved
in these phenomena but also provide a larger number of
genes that can potentially be used in QTL analysis related
to fiber quality. Some of these studies are being conducted
in collaboration with various laboratories abroad. In par-
ticular, the mapping and molecular analysis work is carried
out within the framework of the newly created network
called the International Cotton Genome Initiative (IGCI)
whose aim is the promotion of exchange of material
(probes, primers, clones, etc.) and data to facilitate and
accelerate work on analysis of the cotton genome.

Optimization of Production Quality against
the Background of a Diversity of Situations
and Crop Management Sequences
Until now, African cotton producers have been paid es-
sentially and directly according to the quantity of seed
cotton that they produce. The quality of a farmer’s pro-
duction was not taken into account directly in the pur-
chase price (but was sometimes the reason for a price
reduction in case of a quality problem on the purchasing
market, judged by visual classification). The profits in the
sector were passed on indirectly to the farmers via the
cotton companies. With a desire to optimize profitability
for all the players in the sector, and especially farmers, it is
logical to seek—in an evolutive organization of cotton
sectors—a system enabling the payment of farmers not
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only according to quantity but also according to product
quality. An important change took place in fiber classifica-
tion in the world in 1995. The Universal Standards Com-
mittee (that includes all cotton representatives from field
to spinner) decided to accept the measurement of fiber
technological characteristics (about ten) using measuring
apparatus as a replacement for the manual and visual mea-
surements (two main criteria) previously required in fiber
contracts between sector stakeholders. HVI (High Volume
Instrument) apparatus is used. Classification in Africa is
still generally visual and manual. Fair sale of production
and improvement of the competitiveness of the African
cotton sectors requires accompaniment of the transition
from their classification system to the existing interna-
tional system. Indeed, this accompaniment has already
begun in various countries, with the support of cotton
technology specialists.
Technical change is continuous and substantial in the
processing sectors (ginning and spinning) where better
control of the quality and homogeneity of production is
required. The main change is the increase in processing
rates at all stages in the chain, leading to taking into ac-
count the information generated by classification systems.
Demand is thus tending towards greater homogeneity in
the products supplied at each stage.
Quality appraisal is therefore becoming important in order
to adapt production to demand and adjust crop manage-
ment sequences, in the same way as choice of variety was
used in the past. Technology is thus an essential compo-
nent of the cotton research sector:
• at the crop/production interface, within the frame-

work of validation of the production operational
sequence, including varietal improvement,

• the interface between chain/organization/players
and textile industry/market/consumer/competition,
within the framework of the definition of quality
criteria, their measurement and the setting up of
commercial classification systems—all this with
knowledge of competing fibers.

The objective of research in cotton technology is to un-
derstand the processes of establishment, processing and
good use of quality so that it can be better controlled and
improved. This gives three fields of research: seedcotton,
fiber (suitability for spinning, cloth, finished product) and
seeds. Research is aimed at developing procedures, pro-
cesses and methods that can be used by all the players in
the industry in questions of fiber and the relations be-
tween field production conditions and the resulting qual-
ity (classification, quality allotment, use by industrialists).
Work on contaminants (stickiness, shell fragments) is also
part of a concern to measure and improve fiber quality. In
addition, other positive features of cotton are possible to
enhance the industry economically and socially in many

fields: food security (glandless cotton), environment (bio-
degradable films, colored cotton), tourism (glandless and
colored cotton), agriculture (plastic films for mulching,
coating of seed), livestock (glandless cotton), health (bio-
degradable film for dressings), etc.

New Prospects for the Use of Seeds
Cotton seeds are rich in oil and protein. They are crushed
to extract table oil (5th in the world, used in producer
countries) and cake reserved for feed for polygastric live-
stock only.
Among the many varieties of cotton grown in the world,
the glandless varieties give seed protein derivatives that
can be used in human foods. CIRAD-CA has performed
much research in collaboration with several countries in
West Africa on the development of glandless cotton seed
processing to produce food meal and on its nutritional
properties. The results have shown that these meals can
be used in the diet of young, healthy children and for the
nutritional rehabilitation of children suffering from seri-
ous protein-energy malnutrition. The excellent acceptabil-
ity of cotton meal used in traditional African cooking has
led to the development of craft activities by women’s
groups in northern Benin.
Considerable technical progress is currently being made
in the use of film properties of cotton protein for biode-
gradable materials, for which there is increasing demand.
Protein materials can be obtained by a wet method (cast-
ing) or a dry method (extrusion, thermoforming) with the
technology commonly used for petrochemical polymers.
Their properties lead to envisaging promising applications
in the following fields:
• human health (dressings, burn patients, patches and

prolonged release implants, etc .);
• agriculture (seed coating, mulching films, packing,

etc.). In agriculture, the use of biodegradable films
is of undeniable environmental interest.

Conclusion
Cotton research orientations in the difficult context of West
Africa are interdisciplinary and participative. They should
lead to the development of decision aid facilities, new
crop management sequences and new cropping systems
with better respect of the environment and that better re-
spond to the diversity of growers faced with new natural,
social and economic obstacles. These innovations and
their diversification have numerous effects and must be
appraised from all angles: technical, social, economic, en-
vironmental, etc.
This is an important, difficult change in cotton research
but it is necessary for maintaining and improving the com-
petitiveness of the cotton industries in West Africa.
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Genetically Modified Cottons – Costs
and Expectations

Dave Anthony, Auscott Limited, Australia

Introduction
Insect invasions of agricultural crops pose an incredible
challenge to modern societies. Awakened to action by the
weather, nurtured by favorable vegetative refuges and
faced with running the gauntlet of marauding predators,
the vast armies of agricultural pests persistently challenge
human aspirations for food and fiber production. Gene
technology offers exciting benefits to farmers, consumers
and the environment in managing these production chal-
lenges.
Australian cotton growers are very aware of the benefits
of gene technology following four years of commercial
experience using genetically modified cottons to manage
Helicoverpa species (Heliothis). These cottons, marketed
as Ingard varieties, contain a gene (Cry 1Ac) from the
common soil bacteria Bacillus thuringiensis (Bt) confer-

ring resistance to against Helicoverpa species of boll-
worm and budworm. As a result reductions of up to 52%
in pesticide use have been obtained over the past four
years.
However, a growing challenge to this technology is com-
ing not from the traditional combatant, the insect, but from
the very people who will be the technology’s beneficia-
ries—the consumers and environmentalists. It is also fair
to question whether trade-related issues are also playing
a part in the current GMO (genetically modified organism)
debate.
Initially humans hunted and gathered their food and fiber
needs. Systems of agriculture developed over time, with
crop and animal husbandry providing the bulk of daily
work for most people. Today however, we go shopping
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for food with our lives fully occupied with the routines,
commerce and trappings of modern living. Contemporary
society’s understanding of the challenges of agricultural
systems has become superficial focusing on “droughts
and flooding rains” rather than the complex challenges of
production systems. Today’s consumer, far removed from
the production face, expects agriculture to deliver ample
supplies of high quality, reasonably priced safe food and
fiber.
So with these expectations and the benefits being noticed
down on the farm, why have genetically modified organ-
isms (GMO’s) faced so much controversy? Forgive the
plagiarism but “a funny thing happened on the way to the
market.” Developers and proponents of these promising
gene technologies didn’t do enough work with the con-
sumer!
Appreciating the benefits of biotechnology and under-
standing the challenges for food and fiber production are
crucial to the future success and adoption of biotechnol-
ogy in agriculture. In Australian cotton the benefits now
and in the future will be immense, not only to farmers but
also to the broader community. Relaying this message sim-
ply and factually in the emotion charged global GMO de-
bate is a considerable challenge.

Gene Technology – Its Role in
Crop Improvement
Gene technology is a tool in plant breeding and not an
end in itself. Traditional plant breeding remains the cen-
tral mechanism of crop improvement looking to biotech-
nology to supply desired traits in a timely and more effi-
cient manner.
Mankind has been trying to improve plants since the cre-
ation of agriculture. Selection of better plants from which
to increase yields occurred back in antiquity. Plant breed-
ers have incorporated useful genes into valued plants
through cross breeding since Mendel unfurled our under-
standing of traits and genes. Modern wheats with their
resistance to rust fungi obtained their disease fighting
genes from goat grass. The chance of this transfer of use-
ful genes happening naturally and in an acceptable
timeframe for modern man was remote. Mutagenesis has
been used for decades to generate new genes or gene
combinations. These have been incorporated into a wide
range of horticultural and agricultural plants. The devel-
opment of hybrids, which significantly impacts on gene
combinations, has been one of the important milestones
in human food production. Today we see the incorpora-
tion of insect-resistance genes into cotton through a new
plant improvement system called biotechnology.
Plants have long fought diseases and insects through
natural genetic developments. They have developed their
own pesticides (some of which are carcinogens) to ward

off predators. They have adapted to a wide range of soil,
moisture and climatic conditions through genetic changes.
We would be arrogant to believe these developments of
nature were designed to suit mankind. On the contrary,
humans have selected, modified and manipulated plants
to meet food and fiber needs for thousands of years.
Gene technology should be seen as another step in
mankind’s striving for better and more useful gene combi-
nations. With our increased understanding of plant ge-
netics, combined with greater analytical and testing pro-
cedures, we can identify and transfer specific useful genes
more safely and efficiently. Like the advancements in com-
puters, communication and travel, so genetic improvement
must use the best tools available.

Biotechnology in Australian
Cotton – Insect Control
Cotton, while not a favored host of Helicoverpa, finds
itself embroiled in control strategies with this pest each
season. Grains and pulse crops, especially chickpeas, sor-
ghum and edible beans, can be ravaged by these caterpil-
lars. Numerous chickpea crops on Queensland’s Darling
Downs failed in the 1997/98 season under the wave of
Helicoverpa pressure. In Australia, the 1998/99 cotton
season was one of those seasons where the pest complex
including tipworm (Crocidosema plebejana), aphids and
mites as well as the old foe, Helicoverpa, gained signifi-
cant ascendancy over growers.
A continuously wet winter in 1998, including significant
flooding, decimated many eastern Australian wheat crops
and encouraged rank weed growth across much of the
cotton belt. For whatever reason, the disease problems in
wheat coincided with a general paucity of thrips, a useful
and aggressive predator of mites in cotton which nor-
mally help minimize the early season use of broad spec-
trum cotton sprays. Other natural predators including
hover flies were also at very low levels. The luxuriant weed
growth throughout cotton growing areas provided an ideal
refuge for tipworms who invaded the young cotton crops
in numbers not seen since the early 1980’s.
Supporters of integrated pest management (IPM) in cot-
ton who rely on the annual influx of early season preda-
tors found themselves exposed on the non-Ingard cotton.
Aphids appeared unusually early, along with Helicoverpa
punctigera and H. armigera in their typical waves. These
insect problems, combined with a low heat unit summer,
resulted in very ordinary and at times unprofitable yields
for many growers. Those who resorted to pesticides early
achieved, on average, higher yields but at a considerable
economic cost.
Despite 1998/99 being one of the worst insect years,
transgenic Bt cottons (which accounted for 20% of cot-
ton plantings) required on average 38% less insecticide
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than conventional cotton (CRDC 1999). Graph 1 shows
the percentage reductions in pesticide use on Ingard fields
compared to conventional cotton during 1998/99 across
the main cotton growing areas of Australia. Endosulfan
usage was reduced by 71% on Ingard fields. Over the
three seasons in which Ingard has been commercially avail-
able in Australia, Bt cotton has provided its greatest ben-
efits during the first half or squaring to early flowering
phases of each cotton season (Graph 2).
Of particular interest in the 1998/99 season was the effec-
tiveness of Ingard against tipworm. This was a particu-
larly bad early season pest in that year, however the Ingard
fields required 85% less spraying to control this pest.
The yield differences between conventional and Ingard
cotton vary from season to season. Graph 3 (CRDC 1997,
1998, 1999 and 2000) shows the yield differences between
conventional and Ingard cotton over four seasons. Over-
all in 1996/97 Ingard yielded 6% less than conventional
cotton; 0.5% above in 1997/98; 8% lower in 1998/99 and
1% lower in 1999/00. The yield difference varies from re-
gion to region. For example, in 1998/99 in central
Queensland, Ingard yielded 7% higher than conventional
cotton and was also ahead in the Bourke and Macquarie

Valleys. It was significantly lower in the Gwydir Valley, but
this is believed to be due to management issues not re-
lated to Ingard per se. Variability between years is related
to the level of Bt expression in plants, which is largely
influenced by environmental factors. Ingard performs rela-
tively better in warmer, higher radiation years. This is sup-
ported by the more consist results in the Kimberley region
where heat and sunlight are at higher and more uniform
levels.
Despite the variability in relative performance, the eco-
nomics of insect resistant cottons like Ingard is encourag-
ing. If the price of this technology could be brought down
to the same price paid by American cotton growers, then
the economics of Ingard would be substantially improved.
While benefits seem to have accrued, many Australian
cotton growers would argue that the pricing of the current
Bt technology has prevented greater reductions in pro-
duction costs being realized. Table 1 shows the economic
benefit (or deficit) of Ingard over conventional cotton for
three seasons 1997/98, 1998/99 and 1999/00. The 1996/97
year has been left out of this table. In that year the eco-
nomic performance of Ingard was much poorer than con-
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Graph 2. Reduction in pesticide use over the various crop stages
for Ingard versus conventional cotton across the whole industry
in 1998/99.
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Graph 3. Yield comparison over four seasons between Ingard
and conventional cotton for the Australian cotton industry.

Region

Central Queensland 164 422 35
St George 193 82 56
Darling Downs 84 -39 119
Macintyre -73 68 29
Gwydir -111 -325 123
Namoi 39 14 71
Macquarie 147 46 26
Bourke / Tandou 64 185 72

Overall $22 $6 $72

Table adapted from Pieter Kwint Consulting Pty Ltd and obtained from CRDC

Table 1. Economic Benefit (cost) of Ingard 
in Australia $ per Hectare - 1997/98 to 1999/00

1997/98
$ / ha $ / ha

1998/99 1999/00
$ / ha

Graph 1. 1998/99 Cotton season – reductions in insecticide ap-
plications by production area in Australia through the use of
Ingard cotton.
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ventional cotton due to the higher license fees for Ingard.
The net fee was reduced in subsequent years. It was also
the industry’s first commercial experience with the tech-
nology with initial expectations of performance exceeding
the field performance in a cooler, more overcast year.
The overall economic benefit of Ingard has varied from $6
to $72 gain per hectare. Within regions however, as indi-
cated above, there is considerable variation with some
areas experiencing deficits while others receiving greater
benefits.
The importance of Ingard in reducing Heliothis sprays
cannot be underestimated. Graph 4 shows the results of
four commercial years of Ingard experience. It should be
remembered that 1996/97 was the year of Ingard’s intro-
duction while 1998/99 was one of the toughest insect years
the industry has experienced.
The benefits from Bt cotton technology for Heliothis man-
agement are clear from the results in Graph 4. As we move
through the “dawn” of this new technology, these results
are very encouraging.
The 1998/99 season was also the first wider scale testing
year of the two-Bt gene cotton technology known as P1
(Cry 1Ac) + P2 (Cry 2A). Plots up to four (4) hectares were
involved in these trials (regulatory and agronomic). The
two-Bt gene technology gave outstanding insect control,
showing significant efficiency over commercial Ingard. It
also provided control throughout the season, not just in
the early stages. Its yield performance was very similar to
single-gene Ingard under fully sprayed test conditions
and was within just a few percent of the conventional
varieties. Thus the concerns over any significant yield
penalty do not seem warranted, given the superior insect
control provided.
In other trials similar yields were obtained between two-Bt
gene cotton, Ingard and conventional cotton, but with
only the use of one and four sprays respectively for the
former compared to seven for the latter.

On Auscott Narrabri, a completely unsprayed large scale
trial involving conventional, Ingard and two-Bt gene cot-
ton using a common Siokra V15 background showed the
following relative yields (Table 2).
The outstanding performance of P1 + P2 cotton shows
the capabilities of this bio-technology to significantly re-
duce pesticide use. The biotechnology company
Monsanto claims to have a superior gene known as Cry X
which would be used in place of the P2 gene. The industry
keenly awaits the outcome of testing this combination.
Apart from reductions in pesticide use, Bt cotton pro-
vides several other benefits including greater use of IPM
and better environmental performance.
Bt cotton provides a non-disruptive platform on which to
build an IPM system. By not having to use a conventional
insecticide early in the season, natural predators are al-
lowed to build up complementing Ingard’s activity. Preda-
tor food sprays such as Environfeast can be used more
effectively in Ingard crops as a consequence of reduced
pesticide use.
In the 1999/00 Australian cotton season, Bt cottons repre-
sented approximately 30% of plantings. With the endosul-
fan residue problems in cattle, combined with concerns
over riverine pesticide levels, Bt cotton has an important
role near sensitive areas or property boundaries. Planting
Bt cotton adjacent to stock routes or neighboring pas-
tures significantly reduces the chances of endosulfan
movement onto these areas.
Currently Ingard has a monopoly position in the Austra-
lian cotton industry. As a consequence, there has been
minimal competitive price pressure. In time new products
will enter resulting in either better value or lower prices for
Bt licenses. Already, through united and concerted indus-
try efforts, Ingard prices have been driven down from an
initial $245 per hectare to $155. It is important that Ingard,
or any other genetically modified cotton, adds true and
substantial value to cotton production. There is a percep-
tion that cotton is a crop that can stand substantial in-
creases for the prices charged for its inputs. This percep-
tion is not reality. Margins on Australian cotton are being
squeezed and insect management is the highest cost area.
Growers want to see the cost of insect management per
unit of production fall. This would be a true efficiency
gain and is an important key to providing benefits to con-
sumers and the community.
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Graph 4: Reduction in Heliothis sprays through use of Ingard
over 1996/97 to 1999/00 seasons.

Line

Conventional Siokra V 15 34%
Ingard Siokra V15i 84%
Two-Bt gene Siokra V15ii 100%

Relative yield

Table 2. Relative Yield of Two-Bt Gene Cotton on Auscott
Narrabri when Completely Unsprayed (Henggeler 1999)
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Reduced costs of biotechnology can be achieved by com-
bining the research capacity of institutions like CSIRO
and Australian universities with commercial partners and
rural industries. By engaging Australian researchers to
improve the performance of useful genes to suit Austra-
lian conditions, greater benefits will flow to all parts of the
Australian economy as well as to overseas owners of these
genes. Australian cotton farmers have shown a huge will-
ingness to invest in biotechnology but want to do so in a
partnership that recognizes the future prosperity of all
partners. Increased competition between biotechnology
providers will certainly encourage such partnerships.

Biotechnologies in Australian
Cotton – Soil & Weed
Management
Cottons resistant to the herbicide glyphosate have been
tested in the Australian cotton industry but are not com-
mercially available. Herbicide-tolerant cotton offers con-
siderable scope for developing improved minimum tillage
and retained stubble-farming systems and reducing the
dependence on residual soil-incorporated herbicides.
Unfortunately, concerns over supposed increases in her-
bicide use have dampened the introduction of this tech-
nology. Most cotton farmers believe the opposite will hap-
pen and point to a lack of practical understanding of farm-
ing systems by the critics and detractors of herbicide re-
sistant crops. Interestingly, much of Australia’s huge
canola crop is planted to a triazine-tolerant variety. The
herbicide tolerance was introduced using traditional plant
breeding techniques, which highlights the contradictions
and complexities of the GMO debate.

Other Opportunities for Biotechnology in
Australian Cotton
We are in the sunrise phase of biotechnology. Knowledge
of plant genetics and ways to improve the quality and
productivity of agricultural systems is growing rapidly.
For a society that questions the use of pesticides and
artificial fertilizers, gene technology offers a vehicle by
which dependence on such inputs can be minimized while
maintaining or improving agricultural productivity.
Biotechnology innovations in cotton offer exciting op-
portunities in disease management, water use efficiency
and fiber improvement. By enhancing the cotton plant’s
natural resistance mechanisms to disease attack or by cre-
ating a cotton plant that fixes nitrogen, the benefits to
society will be immense. Ultimately production systems
that are more efficient and productive will flow through to
more competitively priced and abundant produce. There
is no question that continued improvements to existing
agricultural systems would reduce the need to clear more
land for agriculture.

It is important that consumer concerns over gene technol-
ogy are addressed so that this technology can move for-
ward with confidence. Biotechnology changes everything
in agriculture and science just as the Internet has changed
everything in communications and commerce.

Biotechnology in Human Health
It is important to mention that while the debate on GMOs
in agriculture is intensifying, a revolution in human medi-
cine using gene technology has been proceeding with
very little controversy. Currently some 80 biotechnology
drugs are on, or are about to come onto, the market (Ernst
& Young 1999). Many of these products involve recombi-
nant DNA material, which is either swallowed or injected
directly by humans. Well known products such as insulin
are the result of biomanufacturing and are known as
biopharmeceuticals.
We shouldn’t forget either that much of the rennet used
today in cheese production is produced from non-animal
sources using gene technology in microorganisms.
Clearly the linkage with human health benefits has over-
come the ethical and emotional hurdles of this biotechnol-
ogy. In the future cancer treatments, genetically caused
deficiencies, allergies and other human diseases will be
treated with biopharmeceuticals as knowledge and experi-
ence develop.
Agriculturalists have to convince society that benefits in
food and fiber production through gene technology are
no different in principle and purpose to gene manipula-
tion for human health.

Are There Alternatives to GMOs in
Agriculture?
In today’s hectic world, consumer expectations of reliable
supplies of good quality, affordable food and fiber prod-
ucts reflect society’s chief consideration of agriculture. In
many western economies up to 70% of populations have
never stepped foot on a commercial farm. Popular media
increasingly shapes the consumer’s fleeting knowledge
of agriculture. Folklore and sentimentalism also play a role
in denying consumers a real understanding of food and
fiber production in the new millennium.
Modern agriculture clearly has to operate on business
principles. Its wages, working conditions and adoption of
technology must compete with other sectors of the com-
munity. Agriculture however carries important responsi-
bilities not borne by many other sectors. These include
natural resource management and the supply of life es-
sentials such as food and fiber. The need to maintain or
enhance productivity to meet increasing world popula-
tion growth is critically important. This latter point is es-
sential in avoiding agriculture’s competition with urban-
ization. Furthermore, preservation of wilderness areas and
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natural vegetation resources will only come if existing
agriculture can improve productivity on its existing lands.
The productivity achievements of agriculture stand as one
of the foundation stones of society. Through advances in
agricultural productivity western populations have been
able to move most of their human resources from food
production to secondary and tertiary industries.
Native and traditional plant species simply cannot turn
sunlight, nutrients and water into human nutritional prod-
ucts efficiently enough to meet human demands. The pro-
ductivity of modern agriculture has also been greatly as-
sisted through fertilizers, pesticides and irrigation. Unfor-
tunately pesticides, when used unwisely, have raised the
ire of society. Pests also develop resistance to pesticides
unless complex resistance strategies are employed. In more
recent years agriculturalists have begun to develop IPM
strategies using a range of management tools including
cultural, chemical and genetic agents.
Permaculture, biodynamic and organic farming systems
are often proposed as the directions modern agriculture
should take. There is strong interest in these systems,
especially organic farming. However, in total they only
currently represent around 0.8% of the total area farmed in
Australia (Twyford-Jones & Doolan 1998). This sector
makes a valuable contribution, albeit small (around $100
million annually), to Australia’s rural production. It is esti-
mated that organic food accounts for about 1% of overall
world food sales (Twyford-Jones & Doolan 1998). While
organic farming clearly has a role in agricultural produc-
tion and will continue to capture important niche and spe-
cialist markets, its ability to meet the mainstream require-
ments of food and fiber has to be seriously questioned.
Consumers reading the popular press may feel organic
systems provide a simple answer to their perceptions of
the problems of modern agriculture. Unfortunately, organic
farming struggles with quality, supply, production cost
and pricing issues. Anyone familiar with farming under-
stands the difficulties faced by organic and traditional
farmers. Many of the practices adopted by organic farm-
ers to obviate the use of pesticides and fertilizers are not
conducive to high productivity nor are they always kind
to natural resources. Delaying planting dates to allow bet-
ter weed control can result in significant yield reductions
which increase the per unit cost of the product. The use of
grazing animals to remove weeds ahead of crop plantings
can dramatically increase soil compaction especially when
compared to controlled traffic techniques of modern agri-
culture. The use of cultivation instead of adopting mini-
mum tillage systems can also be questioned.
While most modern organic pesticides are not accepted in
organic farming, other pesticides are used including pyre-
thrum, sulphur treatments and topical, so-called “biologi-

cal” sprays including Bacillus thuringiensis (Bt), e.g. Dipel
and virus preparations. Bt sprays have essentially the
same active protein as genetically modified insect resis-
tant cotton plants.
Whatever system of production we seek, the real answer
for long term management of agricultural systems lies with
integrated approaches that do not rely on any one control
agent. The use of genetically modified organisms offers
an exciting tool in an integrated approach.

Conclusions
Gene technology is playing an important role in modern
society. From manufacturing and human health through
to agriculture, genetic engineering is providing opportu-
nities and challenges to society. Gene technology in cot-
ton has demonstrated outstanding benefits to Australian
cotton producers. Reductions in pesticide use, reduced
resistance pressure on insecticides, reduced environmen-
tal impacts and greater utilization of integrated pest man-
agement systems have been the main benefits. In most
cases these benefits have come at about a neutral cost
from traditional cotton systems. Cotton growers believe
this technology will reduce production costs with flow on
benefits to consumers. Australian cotton producers envy
their American counterparts who are paying significantly
less for Bt cotton and look forward to removing this pric-
ing anomaly.
Trials with two-Bt gene cotton in 1998/99 showed signifi-
cant benefits over conventional and single-Bt cotton un-
der field conditions.
Greater insect resistance, improved disease resistance,
improvements to fiber characteristics and greater water
use efficiency are some of the future benefits this technol-
ogy offers.
Most importantly gene technology allows the develop-
ment of better IPM systems which offer the best direc-
tions for future food and fiber production for modern so-
ciety.
To be accepted more widely, the benefits of GMO technol-
ogy in agriculture must be demonstrated to the consumer.
The wide use of biotechnology and recombinant DNA in
the pharmaceutical industry has generally been accepted
through the obvious link to human health. The irony in
the debate is that if consumers really wanted to help the
environment, they should embrace GMO’s and work to-
wards the best management of them. The mistrust of mul-
tinational companies, the failure to understand modern
food and fiber production issues and the delusion that
everything natural has to be best add to the difficulties
facing GMO’s. Clearly the efforts that went into the sci-
ence now have to go into public understanding and dia-
logue.
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The Role of Biotechnology in Cotton
Jim Peacock, CSIRO Plant Industry, Australia

The cotton industry owes a large part of its success to the
efficiency and cleverness of breeding. Breeding has
brought the industry varieties that could for example re-
sist pathogens or flourish in environments where produc-
tion was once difficult.
But in this industry we can never rest on our laurels, and
there are major challenges facing us where breeding on its
own will not be enough to overcome them.
Fortunately there are new opportunities provided by bio-
technology that we can use to make breeding more pow-
erful so that the cotton industry can continue along the
path that leads it to be profitable, sustainable and accept-
able.
When we start to consider the role of biotechnology in
cotton, I think we need to remind ourselves about what a
gene is. Like any other part or component of our body a

gene is a chemical substance, it is DNA and its chemical
has very special properties.
It contains coded information. In fact it is the biological
software for the development of any organism and for the
way in which an organism functions. The code is written
in four genetic letters and this is read in triplets for the
information to make proteins, the gene products (Graph
1).
The DNA molecule also contains other coded informa-
tion, which controls the “activity state” of the gene. These
coded regions provide binding sites for proteins that act
together to switch the gene into activity (Graph 2).
It is comparable to you switching a light on. Your hand
has to activate the switch before the light will come on. In
fact, it is much more complicated than that, there are a
number of switches that have to act together to switch the
gene on.
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So the gene is not a simple piece of code, it is a multi-
partite coded structure. The genetic language for the gene
product is universal — it’s the same in animals as in plants,
but the control gear for gene activity differs between ani-
mals and plants.
This means that the criticism that you often hear of a fish
gene being put into a tomato is just an oversimplification
and clearly it’s not going to work. The only way to have a
piece of coded information from a fish protein work in a
plant is to equip the gene construct with the correct series
of plant switches.
When a gene construct is inserted by a laboratory proce-
dure into the genetic tape it is the same requirement as
when the gene construct is inserted by conventional plant
breeding. All the switch gear has to be intact and correct
to have the gene function in the right cells at the right time
and to the right amount.
It is important to note here that everyday we eat billions of
genes in our food and we do not acquire the characteris-
tics of our food whether it is animal or vegetable.
The process of developing a transgenic organism and in-
troducing it into commercial use is also complex. In Aus-
tralia the regulatory component of this process will be
controlled by legislation, which is being introduced early
next year (Graph 3).
But Australia has already managed this whole complex
process extremely well. To get the one transgenic crop we
have in Australia — the cotton crop, which is protected
from insect damage by the inclusion of a new insect proof-
ing gene — it took some years to go through all of these
complex procedures as well as the safety checks required
at all stages of development of the crop. In fact, to a much
greater extent than is required for any new cultivar or va-
riety that is introduced as a result of  “conventional breed-
ing”.
Perhaps the one deficiency I could cite against our Aus-
tralian experience is that clearly we have not been effec-
tive enough as a country in communicating about this

technology. There needs to be a great deal of communica-
tion in order for the public to understand and trust this
technology and the regulatory processes in place. It is
something new and people need to be comfortable with
respect to just what exactly is involved and in particular
they need to be sure that they can rely on our regulatory
procedures.
They need to know the transgenic food and crops are as
safe as any other food and crops we use. This failure or
poor performance in communication has provided the op-
portunity for the fueling of emotions surrounding the in-
troduction of the technology. It’s also unfortunately pro-
vided the opportunity for a lot of misinformation and mis-
interpretation to be fed to the media and it has resulted in
concern in the community.
So let’s look at the role of gene technology — how do we
apply it in cotton? (Graph 4)
• Gene technology will provide tremendous advantages

and help to conventional breeding through the appli-
cation of gene markers. Although it has been difficult
to achieve in cotton, we are now starting to develop
techniques that work, and there is no doubt that this
technology will make breeding smarter and more effi-
cient because we have seen this occur in other crop
plants.

• We can modify or manipulate existing genes.
• We can add a new gene.
• We can identify multiple genes at a time giving us the

opportunity to gather far greater knowledge and un-
derstanding of gene function than ever before.

Let’s look at these roles more closely and see how they
are being applied (Graph 5).
DNA markers offer the opportunity to speed up conven-
tional breeding so we can look forward to getting new
varieties out to growers sooner.
DNA markers also make the breeding process smarter be-
cause breeders can pick plants with desired characteris-

Commercialization of a GMO

YIELD  -  ENVIRONMENT  -  INDUSTRY GROWTH

Graph 3.

The role of biotechnology

• DNA sequences as markers

• modify or manipulate existing genes

• add a new gene

• identify multiple genes

Gene technology in cotton:

Graph 4.
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existing genes to produce what are called transgenic or
genetically modified organisms. A transgenic organism is
one that has a new piece of genetic code introduced or
modified by a laboratory procedure. An example is the
modification of cotton seed oil to make it healthier.
We can produce high oleic cotton seed oil, which is a
liquid at room temperature and can be used for cooking, or
high stearic cotton seed oil, which is solid at room tem-
perature and can be used in margarine or confectionery.
These oils are healthier because hydrogenation, a pro-
cess that produces transfatty acids which raise blood cho-
lesterol, is avoided (Graph  6, 7).
Gene technology also allows us to add a new gene to an
organism. For example INGARD cotton, which has in-built
resistance to the heliothis caterpillar. Ingard cotton has a
gene from a common soil bacterium, Bacillus thuringiensis
(Bt), that makes a chemical that kills insects. The cotton
plant makes the chemical, but only in its leaves. When the
caterpillar eats the leaves it dies.
In Australia, Ingard cotton has been shown to require 50
per cent less chemical sprays than conventional cotton.
That has been very good news for the environment and
for the communities in cotton growing regions.
At the moment, Ingard cotton has a single gene. By 2003
we hope to have a variety with 2 Bt genes, which will see
a further decline of chemical use by up to 90 per cent.
Management of the technology is critical — we’ve learned
that through our experience with chemical pesticides where
misuse or overuse has led to a build up of pest popula-
tions resistant to these chemicals.
Management of the technology is also critical because it
provides a platform from which we can launch real inte-
grated pest management (IPM) (Graph 8).
But probably gene technology’s most important contri-
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tics within one generation, and use only those plants to
work with.
Let me give you an example of how DNA marker technol-
ogy would work: With markers a DNA sequence acts as a
flag for a wanted gene in a breeding program. It is just like
following the Japanese group’s flag carrier in the crowds
at the Olympic Games.
We are exploring the use of a DNA sequence flag for a
bacterial blight resistance gene. The breeder can quickly
identify the cotton plants in the breeding program that
have the DNA flag — the red flag — and can discard all of
the plants that don’t have this correct and wanted gene.
Then he or she is able to make a cross to produce the
variety in which all plants will have the wanted resistance
gene.
It is to emphasize here that plants bred with the aid of
gene markers are not transgenic. Markers are used as a
guide only,  like a red flag carried by tour guides that says
to tourists “Here I am – follow me.”
But gene technology can be used to modify or manipulate

DNA Markers for Cotton Breeding

Graph 5.
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bution is the new knowledge it is giving us about how
plants, animals and ourselves develop and function
through genomics.
Genomics allows us to identify single or multiple genes,
and this has provided the basis of a major revolution in
the capacities of biological research. The rate with which
we have been able to increase understanding how plants
work and how they grow is not comparable to anything in
our history.
Genomics will enable us to better understand, for example,
how a cotton plant might be able to be changed to better
resist frost or even to grow in saline land or water logged
land. It will also help us to understand the development of
cotton fiber, and that knowledge may then be used to
develop plants of specific or novel fiber qualities.  (Graph
9)

Benefits
Benefits can be summed up from examples of the role of
biotechnology – gene technology – in cotton (Graph 10).
• The technology has the potential to help us increase

yields and also to beat pests and diseases by allowing

us to achieve better management of them.
• It can bring us lint with increased market value and

healthier, higher value seed oils.
• Gene technology offers us a way to a cleaner environ-

ment, for example by reducing the use of chemical
sprays to control pests and we’re seeing that already
in the Australian experience.

• All of these benefits can create IP and therefore assets
for the cotton industry.

IP is one of the most important features of gene technol-
ogy. It’s also a complex, but worthwhile feature. (Graph
11)
IP — so important in manufacturing industries and in in-
formation technology industries — is now critical in
agribusiness. Biotechnology, with information technology,
has made agriculture a new economy, and the cotton in-
dustry has to be smart about IP to develop it, keep it and
share its benefits.

Current Status  (Graph 12)
Where is gene technology at in cotton? Some of points
mentioned  earlier are:
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Gene Technology:  Benefits
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• New knowledge at unprecedented rate – genomics
• Increased efficiency of breeding – use of markers in

breeding programs
• Generating IP – through new knowledge
• Producing results - Safety tests at all stages – INGARD

cotton as an example
• Transgenic crops – 43 million ha worldwide – a major

part of which is cotton
• Community concern – confusing messages. The cot-

ton industry has the opportunity to set an example.
There is a very real need to communicate with the com-
munity to work with them, to understand their con-
cerns and raise awareness of what the technology can
do, how it will be used, how it will be regulated, how it
will affect them. We need to get balance back into the
gene technology discussion – we all owe the commu-
nity that.

Cotton Opportunities (Graph 13)
There are some major opportunities for biotechnology in
the international cotton community because of the range
of products it potentially offers and the range of benefits
it could bring:

• An opportunity to provide sustainable agriculture

• To ensure environmental security

• To ensure human health and safety

• To promote trust in regulatory systems

• To communicate and increase the awareness of gene
technology

In conclusion, what lies ahead for the Australian industry
and this probably applies to the cotton industry in many
other countries. The cotton industry has two choices to
make about the role of gene technology and it has to be
clearly understood that the choices it makes now, will have
impacts on its future survival.
• The Australian industry can choose not to go down

the path of using biotechnology. But faced with an
ongoing battle against pests and diseases, the need to
be sustainable and to ensure a clean and healthy envi-
ronment, as well as develop new and better varieties
to meet consumer expectations, which would be an
unwise choice.

• If the industry chooses to include biotechnology as
having a role in the industry, this will lead to a profit-
able and sustainable industry using a technology that
is acceptable to the public.

Choice for Australian Cotton
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Abstract
Genetic Engineering directed toward developing better
cotton varieties is the most productive area in the market
of transgenic plant production. It is not done to develop
insect and herbicide resistance only, but also to improve
yield and fiber quality and other adverse growing condi-
tions. Biotechnology of cotton through genetic engineer-
ing has opened a new era of directed cotton breeding. If a
specific desirable gene is identified in cotton or in other
crops or organisms, genetic engineering provides the tool
to isolate and introduce that gene(s) into cotton. In 1998/
99, 2.63 million hectares or 8% of world cotton area was
planted as transgenic varieties in Argentina, Australia,
China (Mainland), Mexico, South Africa, and the USA.
Many other countries are evaluating the performance of
such cottons and some are even ready to plant them on a
commercial scale. Genes resistant to a wide range of
grasses and weeds and also the Bt gene, which provides
resistance to lepidopteran insects in cottons, are utilized
now but more can be identified and used for improvement
of specific characters in cotton. This is a process towards
development of genotypes of our own choice, which could
have a feasible marketability for unique cotton traits. It is
not only the insertion of desirable gene(s) but also the
deletion of undesirable gene(s), a step toward pick and
select genes for designing genotypes.
Molecular techniques including tissue culture, embryo
rescue and marker assisted selection could be useful tools
to increase the efficiency of conventional cotton breed-
ing. In addition, they include transformation for the pro-
duction of genetically modified cultivars via molecular ge-
netic engineering. The benefits of recombinant DNA tech-
nologies to cotton breeding are well known because they
have facilitated the transfer of useful genes from the wild
relatives to cultivated cotton. This report is mainly con-
centrated on the benefits of using transformation or ge-
netically modified cotton at the molecular level. Theoreti-
cally, one could support that genetically modified cotton
could control effectively the pests and weeds and there-
fore reduce the chemicals used today in areas cultivated
with cotton. In addition, an increase in yield could be
accomplished given that annual losses due to poor con-
ventional weed and pest control will be reduced. Geneti-
cally modified cotton varieties have been adopted rapidly
since their introduction in the mid-1990s. By 1999, 60% of
the total U.S. cotton acreage was planted to insect and
herbicide resistant varieties: 32% Bt, 45% herbicide resis-

tant and 16% “stacked” varieties with both insect and
herbicide resistance. Understanding the reasons why
growers are adopting these varieties is critical in an evalu-
ation of the impact that the introduction of these tech-
nologies has had on agriculture. Here these technologies
are viewed to better understand issues that have influ-
enced grower decisions.

Confidence in Biotechnology
Genetically enhanced crop varieties grown worldwide have
encountered problems in foreign markets as a result of
both regulatory hurdles and lack of consumer acceptance.
The key to addressing these problems is developing con-
fidence in the safety of the technology and the effective-
ness of the regulatory systems. Opposition to biotech-
nology forced a de facto moratorium on approval of new
genetically enhanced crops. The public concern has spread
to different countries, including the United States by some
accounts, though nowhere has the reaction been as viru-
lent as in Europe.

A Regulatory Problem and a
Consumer Problem
When the first commercial crops of genetically enhanced
cotton, corn, and soybeans were planted in 1996, the Eu-
ropean Union (EU), Japan, and a handful of other coun-
tries required advance approval of the new varieties be-
fore they were permitted to be imported for planting for
food or feed purposes. Today, roughly one fourth of the
countries in the world have some type of regulation in
place for agricultural products derived from biotechnol-
ogy. Most regulatory regimes are concerned with either
the release of genetically modified organisms (GMO) into
the environment (e.g., seeds for planting) or the safety of
an agricultural product derived from biotechnology which
is to be used for food or feed. The list of countries requir-
ing advance approvals for new varieties expands every
year.

Transgenic Cotton Worldwide
Monsanto’s Bollgard cotton is grown in Argentina, Aus-
tralia, Mexico and China. In China alone, Bt cotton
plantings are estimated to have been 81,000 ha in 1998.
Bollgard cotton plantings are estimated at 101,000 ha in
Australia and 25,000 ha in Mexico in 1999. South Africa’s
first commercially grown, genetically modified cotton and

New Trends in Cotton Biotechnology
for Production Improvement

Osama Ahmed Momtaz, Agricultural Genetic Engineering Research Institute, Agricultural Research Center,
Ministry of Agriculture, Egypt
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corn crops were harvested this year. In 1996 and 1997, a
cotton strain and two corn varieties were the first geneti-
cally engineered crops to be approved for commercial pro-
duction by the country’s official regulatory body, the South
African Committee on Genetic Engineering. Many coun-
tries are in the process of establishing firm regulatory
biosafety guidelines to adapt commercialization of geneti-
cally modified products. In Egypt, a National Biosafety
Committee was established in 1993 to formulate the regu-
latory process and facilitate the introduction of GMO to
Egypt.  Farmers are convinced that returns from biotech-
nology far exceed their cost, and have moved quickly to
plant these improved seeds where they were available (soy-
beans, cotton and corn and a few vegetable crops).
In 1996, biotech crop area in the United States totaled just
over 5 million hectares. By 1998, biotech area had grown
nearly five fold to just under 30 million ha, 23% of all
significant field crop area (including wheat, oats and to-
bacco, where biotech seed is not yet available). In 1999,
biotech acreage has expanded still further, to over 36 mil-
lion ha, 29% of total field crop acreage. Still, biotech
plantings are dominated by relatively few crops – soy-
beans, corn and cotton, and adoption rates are substan-
tially higher for those individual crops. In 1999, for ex-
ample, 18 million ha were planted to biotech soybeans, a
sustained increase over the 15 million ha planted in 1998,
and a dramatic increase over levels seen in 1996 and 1997
(USDA 2,000). The data from 1996-99 indicated that the
adoption of biotech varieties that reached 60% of total
area in cotton in the United States. Varieties used were
mainly Monsanto’s Bollgard and Roundup Ready tech-
nologies. Transgenic procedures to develop new traits
are coming to dominate genetic practices in the United
States, and accounted for more than 70% of the total
biotech area in the United States in 1998 (USDA, 2000).

Herbicide Tolerant Cotton
Herbicide tolerant crops were planted on 25 million ha in
1999, nearly double the combined area of insect-resistant
and value enhanced crops. All herbicide-tolerant cotton
varieties are transgenic. Roundup Ready cotton area al-
most reached 1 million ha in 1998 and increased to 1.2
million ha in 1999, about 20% of the U.S. crop. BXN cot-
ton, sold by Monsanto’s Stoneville subsidiary (in the pro-
cess of being sold to the investment firm Hicks Muse),
was planted on 0.35 million ha in 1998 and 0.4 million ha in
1999 (Penn, 2000).

Development of
Insect Resistant Cotton
The biotechnology can help in the management of resis-
tance in transgenic cotton, as the transformed varieties
possess inherent ability to withstand lepidopteran pests.
However, due to continuous exposure of the lepidopteran

insect pests to Bt toxins and the experience gained with
synthetic chemical insecticides, resistant crop varieties
developed through conventional breeding suggest that
insects will adapt themselves to transgenic plants within
a short span (Fischhoff, 1996, Federici 1998, Shen et al.
1998). The risk of development of resistance by transgenic
cultivation is probably greater than that for Bt formula-
tions, due to continuous and extensive expression of Delta-
endotoxin in plant tissues. The physiological mechanism
of development of insect resistance to Bt Delta endotoxin
includes a change in gut pH or in enzymes that would
affect dissolution and activation of the proteinaceous crys-
tal. The cross-resistance among toxins occurs in some
insect species. The selection of a population of H.
virescens for resistance to one type of toxin of cry IA(c)
can lead to resistance to a broad range of unrelated toxins.
These insects had developed resistance not only to cry
IA(c) and closely related cryIA (a) and cryIA(b) toxins,
but also to the more distant toxins cry IIA, cry IB and cry
IC. Recently it has been reported that Helicoverpa
armigera has developed resistance to Bt in the Yauggu
and Xiuxiang provinces of China (Shen et al. 1998). Due to
the development of resistance to Bt toxin, the average
mortality of newly hatched larvae of H. armigera declined
significantly (16-29%) as compared to the susceptible
strain. It is difficult to predict the mechanisms by which
insect develop resistance to various toxins. But in cases
where resistance is attributed to modification in the bind-
ing sites, resistance seems to be inherited as a major re-
cessive or partially recessive gene. In this case the level
of resistance is high and cross-resistance is limited and
involve toxins that share the same binding site. On the
other hand, when it is due to other unknown modifica-
tions, resistance seems to be inherited in an additive way
and the level of resistance is moderate. New strategies are
being developed to maximize the durability and utility of
transgenic cotton.

Bacillus thuringiensis (Bt) Gene
The Bacillus thuringiensis is a soil bacterium which pro-
duces parasporal crystals during spore formation (Koziel
et al. 1993, 1997, and Mazier, 1997). These crystals consist
of one or more proteins called Delta–endotoxins or insec-
ticidal crystal proteins (cry). The Delta–endotoxin or Bt
toxin is insect specific and is being used since 1930 as
insecticidal spray (Aronson, et al., 1986) to control spe-
cific insects in biocontrol systems, due to its environmen-
tal safety and safety towards non-target insects. The en-
dotoxin affects the membrane of gut epithelium of suscep-
tible insect larvae and binds to the glycoproteins which
results in lyses of membrane as a result of which insects
stop feeding, get dehydrated and ultimately die.
Various insecticidal crystal proteins have been classified
depending upon their nucleotide sequence homology and
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their molecular weight (Hofte & Whiteley, 1989). The genes
responsible for the synthesis of insecticidal crystal pro-
teins are also called cry genes and are host specific. Cry I
is lepidoptera specific, cryII genes are lepidoptera and
diptera specific, CryIII genes are coleoptera specific and
Cry IV genes are diptera specific. Within each major class,
delta-endotoxins are grouped according to sequence ho-
mology. The CryI protein is further classified in to six
groups i.e. CryIA (a), CryIA (b), CryIA(c), CryIB, CryIC
and CryID. The CryIA(c) gene is active against all the
lepidopteran pests of cotton. ( Crickmore et al. 1995, Mazier
et al, 1997).
The development of Bt cotton expressing delta-endotoxin
proteins of B.thuringiensis is a spectacular example of
providing an environmentally benign alternative to chemi-
cal insecticides reducing thereby the input costs and eco-
logical hazards. Various vector mediated and vectorless
transformation methods have been exploited. The work
on the applications of genetic engineering technology in
the improvement of cotton cultivars has been recently
reviewed by Wu et al., (1998). The Bt transgenic plants
represent a novel means to control insect pests like cot-
ton bollworms especially Helicoverpa and pink bollworm
(Cousins et al. 1991, Bendict et al. 1993). The Bt toxin
proteins are not harmful to beneficial insects due to their
narrow host range and particular mode of delivery of toxin
in transgenic plants and are effective in controlling insect
pests that feed on plant parts and are difficult to control
by conventional methods.
Low expression of Bt genes frequently observed in
transgenic plants, has been attributed to mRNA instabil-
ity, defective translation of mRNA, or hindrance of gene
expression of transcriptional level (Perlak et al., 1993). The
Delta-endotoxin coding sequence showed a number of
motifs rarely present in plant genes and the overall G/C
content of cry genes is much lower than the plant genes
and there are numerous A/T rich stretches (Shaw et al.
1986). Motifs and numerous potential polyadenylation
sites such as AATAAAT are responsible for the low toxin
expression of Bt genes.

Methods for Improvement of
Toxin Gene Expression
The toxin gene expression of Bt crystal proteins can be
increased by any one of the following methods:
1. Modification of coding sequence: Improvements in the
insecticide crystal protein have been accomplished by in-
creasing the G/C content of their encoding genes and/or
by using plant preferred codons. High G/C content does
not necessarily result in an increase of gene expression
unless improper splice sites and improper polyadenylation
signals are removed during the re-synthesis of gene (Perlak
et al. 1990).

2. Point Mutations: Point mutations in cry IA (c) and cry I
(c) genes have increased their gene expression. The tar-
get area for point mutations includes regions with major
AATAAA or AATAAAT or AACCAA sites (Vander et al.;
1994).
3. Synthetic Bt toxin genes: The improvements in gene
expression due to the use of synthetic genes has made it
possible to obtain numerous transgenic plants showing a
high level of resistance The extensive changes and opti-
mization of the coding sequence in synthetic genes have
enhanced the level of toxin expression. Zhang et al.,(1998)
transferred a synthetic Bt gene (GFM CryIA) into Chinese
cotton varieties and recovered 29 transgenic plants. The
high mortality (more than 80%) of Helicoverpa armigera
larvae indicated that products of fully modified Bt gene
had higher toxicity than original Bt protein. The larva death
rate was more than 80% in variety Simia-3 (Ni et al., 1998).

Role in Alleviating Insecticide
Resistance
The various biotechnological strategies involved in in-
sect control and insecticide resistance management in-
clude accurate and quick identification of insect pests,
identification of resistant genes and development of in-
sect resistant transgenic plants. Accurate identification
of insect pests is critical to insect pest control. If the vi-
sual identification is difficult or if the insect is very small,
polymorphic or its symptoms are not easily interpreted,
then biotechnological tools like RFLP, RAPD, SSR,
Microsatellites and AFLPs can be used for its molecular
characterization. The nucleotide sequence sites can be
used for identification of different insect biotypes on the
basis of DNA fingerprinting.
Antigenic characterization of proteins has been exploited
for molecular characterization and antisera raised against
proteins purified from positively identified specimens has
provided the basis of many diagnostic tests. Enzyme-linked
immunosorbant assay (ELISA) based kits that can iden-
tify a wide range of viruses can be developed at low price.
The specificity of monoclonal antibodies allows differen-
tiation between insect species, which cannot be separated
by morphological criteria, for instance Helicoverpa
armigera and H. panctigera.
All insect-resistant crops sold commercially to date con-
tain genetic material from the Bacillus thuringiensis (Bt).
Cotton and corn are the main Bt crops and the varieties
currently available are effective against the European corn
borer and the cotton bollworm and budworm. Monsanto’s
Bollgard cotton was introduced in 1996 (Penn, 2000). Bt
cotton varieties offered an alternative to conventional in-
secticide spray programs. Insecticides were used on 75%
of the total cotton area before the introduction of Bt vari-
eties. The adoption of Bt varieties was extremely rapid in
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some areas in the US and has been slower in others. Over-
all, Bt cotton was planted on 13% of the U.S. cotton area
in 1996 (William et al 1998). Adoption has steadily in-
creased, to 17% in 1997, 21% in 1998 and 32% in 1999
(William et. al. 1998, USDA 2000). After a year of very high
budworm populations and damage in 1995, growers in Ala-
bama adopted the new technology at an extremely rapid
rate, planting 77% of total acreage to Bt varieties in 1996.
In 1999, 75% of cotton acreage in Alabama was in Bt vari-
eties. Florida and Mississippi also adopted over 30% in
1996. By 1999, South Carolina was a major adopter, at 84%
of total acreage, followed by Alabama, Louisiana, Missis-
sippi and Florida, all of which planted over 60% of total
acreage to Bt varieties. The benefits of genetically modi-
fied cotton varieties include yield increases, lower costs
and ease of management. Pesticide use has also decreased.
Table 1 summarizes the impacts of the introduction of Bt
and herbicide resistant cotton varieties. Cotton produc-
tion is estimated to increase by over 800,000 tons. Insecti-
cide and herbicide use has decreased by over 2 million
pounds, the number of pesticide applications has de-
creased by an estimated 4 million ha-treatments. An in-
crease in revenues is estimated at $177.5 (Penn, 2000).

Stacked Traits
As efficacy of single traits shows, multiple benefits could
also be offered in one type of seed. The first “stacked”
trait variety that appeared in 1997 was Monsanto’s
Roundup Ready/Bollgard cotton, a variety now used more
widely than standard Bollgard cotton. Stacked Roundup
Ready/Bollgard cotton was used on almost one million ha
in 1999 (Table 1). Monsanto also has sold a small amount
of corn that combines Roundup herbicide tolerance and
European corn borer resistance, but this product has been
planted on a limited area.

Status of Bt Cotton
The transgenic cotton plants engineered for resistance to
the lepidoptera group of insects are being commercially
cultivated in the USA, Australia and Mexico and are at
field testing stage in a number of other countries. During
1996, 0.7 million ha under Bt transgenic cotton was planted

in the USA, 30,000 ha in Australia, 2,000 in Mexico, and in
India transgenic cotton is at field testing stage. The era of
transgenic cotton began when Perlak et al. 1990 introduced
cry1A(b) and cry1A(c) genes  into cotton plants and trans-
formed plants showed a high level of resistance to
Heliothis. In the beginning of 1996, Monsanto Company
received authorization to launch a transgenic cotton known
as Bollgard cotton. The transgenic cotton was tested in
all the major cotton producing regions in the USA and
plants were analyzed for insect control efficiency com-
pared with traditional chemical insecticides. The transgenic
cotton varieties have also passed the tests of the Envi-
ronmental Protection Agency (EPA) of the USA. During
the field and laboratory tests, it was demonstrated that
transgenic cotton is highly effective against neonate lar-
vae of Heliothis virescense (Tobacco budworm),
Helicoverpa zea and Pectinophora gossypiella; the toxin
gene delivers the Bt protein directly to the neonates im-
mediately after their hatching when they are most suscep-
tible. The Bt gene from the original mother plant can be
transferred to the advanced cotton cultivars through back-
crossing. It has facilitated the introduction of the Bt gene
to cotton varieties that have good agronomic base and
desirable fiber properties and are otherwise not respon-
sive to regeneration in vitro. The control of insects in
transgenic cotton was reported to be comparable with
synthetic pyrethroid insecticides and their yield level was
comparable to or higher than the same variety treated with
traditional insecticides. Transgenic cotton requires less
number of sprays and reduces the cost of cultivation. The
in-planta delivery of crystal proteins does not have any
undesirable effects on predators and parasites so
transgenic plants can be effectively used in the IPM sys-
tem (Fischhoff, 1996). Transgenic cotton has also been
developed combining two Bts and the Bt and CpTI genes
( Roush, et al. 1998, Zhao et al. 1997).

Other Insecticidal Proteins
Most of the transgenic plants are based on Bt Delta-en-
dotoxins. The other insecticidal proteins of plant region,
which interfere with the nutritional needs of insects, like
polyphenol oxidases, proteinase inhibitors (Hilder et al,
1987), X-amylase inhibitors, deprive insects of nutrients

by interfering with their diges-
tive enzymes. Out of these, pro-
teinase inhibitors are highly
specific and act as insect
growth retardants.

Trypsin Inhibitor
Genes
Proteinase inhibitors are highly
effective to a particular class of
digestive enzymes and act as
growth retardants (Jongsma et

Company Product USDA 
 Approval Date 1996 A 1997 A 1998 A 1999 E

Monsanto/ Roundup Ready N/A N/C  <0.1    0.25 2
DEKALB & Bollgard cotton

Monsanto/ BXN & Bollgard 4/30/97 N/C   N/C   <0.1 0
DEKALB cotton

Monsanto/ Roundup Ready 5/27/97 N/C   N/C   <0.1   N/A
DEKALB & YieldGard corn

Table 1. Stacked Trait Crops

Planted Area, Million hectares
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al, 1995). Trypsin inhibitase affect insects by reducing
their capacity to assimilate plant proteins. Insects reduce
feeding which leads to starvation but insects possessing
proteinase inhibitors from transgenic switch their protein-
ase composition in their guts to overcome this effect
(Jongsma et al. 1995). The cowpea trypsin inhibitor has
been engineered into cotton and shown to have substan-
tially reduced damage by lepidopterans (Zhao et al. 1997).
Chitinases also have insecticidal properties and are pre-
sumed to target chitin structures such as peritrophic mem-
branes which protect midgut cells in the insect gut lumen
(Ding, 1995).

Lectin Genes
Lectins are carbohydrate-binding glycoproteins found in
many plant species. Lectins possess a broad range of an-
timicrobial and insecticidal properties (Cavlieri, et al 1995).
The insect toxicity of lectins relates to their ability to bind
the midgut and impair the absorption of nutrients by in-
sects, thereby inhibiting their growth. F2 plants were de-
veloped from seed of individually regenerated plants of
Coker 312 transformed with lectin genes which when fed
to neonate larvae of Heliothis virescence inhibited larvae
growth over controls (Rajgura at al., 1998).

Vegetative Insecticidal Proteins
(Vips)
The clarified culture supernatant fluids collected during
vegetative (log phase) growth of Bacillus are a  rich source
of insecticidal activities (Warren et al 1996, Estruch et al
1996). The genes Vip I and Vip 2 have insecticidal proteins
associated with the binary system (Yu et al. 1997). The
cloning and characterization of this supernatant fluid of
certain B. thuringiensis cultures gave Vip 3A different
proteins and is highly effective against lepidopterans. The
toxic effect of Vip proteins is comparable with or is better
than Delta-endotoxin. The molecular and biological prop-
erties of Vip proteins that are secreted and produced dur-
ing vegetative stages make them distinct from the family
of insecticidal proteins of delta endotoxins. Vip genes
cause gut paralysis of insect, followed by complete lysis
of gut epithelium cells, which resulst in larval death (Estruch
et al.,1996).

Cholesterol Oxidases
The cholesterol oxidase (Co) protein is a member of acyl
sterol oxidases which have been found to be highly effec-
tive against cotton boll weevil larvae; Co catalyzes the
oxidation of cholesterol to produce ketosteroids and the
hydrogen peroxide toxin, which affects the midgut epithe-
lium (Greenplate et al., 1995).

Baculoviruses
Baculoviruses have significant potential for pest control

because they don’t affect predators and parasites, are safe
to non-target insects, humans and the environment.
Baculoviruses can be effective biocontrol agents to over-
come resistance to insecticides (Bishop et al. 1988).
Baculoviruses are complementary to Bt. Nuclear polyhe-
drosis virus (NPV) was the first baculovirus marketed in
the USA to control the cotton bollworm Helicoverpa. The
major limitation of baculoviruses is the slow rate of kill,
that large-scale availability and distribution is limited, and
that they are highly host specific. Biotechnology can help
the development of recombinant baculoviruses that can
kill a number of insects in 2-3 days. Insect specific genes
into the baculoviruses genome can be inserted (Bonning
and Hammock, 1992)   using genetic transformation tech-
niques, which can kill early and are more toxic (Corey,
1991).

Arthropods
Arthropods are natural enemies of a number of insect pests.
But, until recently they have not been the subject of bio-
technology. The new DNA based methods for monitoring
genetic variation like PCR based RAPD markers can iden-
tify biotype of arthropod biological control agents. Bio-
technology can also help in the development of cryobio-
logical methods for preserving embryos of arthropod bio-
logical control agents. Biotechnology can also be used
for genetic engineering of arthropods, i.e. development of
transgenic arthropod biological control agents (Chambers,
1991).

New Trends in Cotton
Biotechnology
Transgenic Cotton with Improved Fiber
Qualities
Cool night temperatures tend to cause lower crop yield
and production of immature fibers that have less value to
the producer and the textile industry. These effects ulti-
mately depend on hindered synthesis of cellulose when
cotton is grown under cool nights. Analysis of the source
(photosynthetic) and sink (fiber cellulose synthesis) me-
tabolism both implicated one enzyme, sucrose phosphate
synthase (SPS), as a likely candidate for beneficial change.
Fiber quality attributes toward the premium range even
when the plants are grown under a stressful cool night.
One of three transgenic lines, carrying the spinach SPS
gene tested, had higher seedcotton yield than either pa-
rental C312, a segregating transgenic line that was not
expressing spinach SPS. Two of three transgenic lines had
higher micronaire (4.6) than any of the other lines tested
(averaging 4.0). These positive effects were observed in a
relatively dry production field at the end of a hot summer.
Over-expression of SPS helps stabilize or increase yield
and fiber quality under various stress production condi-
tions ( Haigler et al., 2000).
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Abiotic Tolerance Genes
Transgenic cotton tolerant to some abiotic stress factors
has been developed (personal communication). Such fac-
tors represent harsh cultivated conditions such as heat,
salt, and drought. Some single genes which are respon-
sible for carbohydrate accumulation (mannitole dehydro-
genase, levan sucrase, sucrose phosphate synthetase, etc),
free amino acid accumulation (proline synthetase, proline
reductase, etc.) and others have been tailored to be engi-
neered in some cotton varieties to support their abiotic
tolerance levels and help cultivation in more harsh condi-
tions, some of these genes function to improve fiber qual-
ity.

Molecular Genome Mapping for Cotton
Improvement
Modern cottons are grown as industrial raw materials for
the textile and oil seed industries. Genetic improvement of
the cotton plant has been a major activity to its continued
productivity. Cotton has a gametic chromosome number
of 26, more than any of the other major crops. While the
application of DNA markers has offered a valuable tool for
revealing the genetic basis of both simple and complex
traits in crop plants, cotton genome mapping lags behind
other major crops. A few research programs have been
devoted to the molecular mapping of this large, complex
genome. Molecular mapping and characterization of genes
controlling fiber quality properties in both extra long staple
(ELS) cotton (G. barbadense L.) and upland cotton (G.
hirsutum L.) has been reported. QTLs for fiber quality prop-
erties were compared with those of ELS cotton, with re-
gard to their location and gene effects. A total of thirteen
QTLs have been identified, four for fiber strength, three
for fiber length, and six for fiber fineness (Yu and Kohel,
1999). They are located on different chromosomes or link-
age groups of molecular maps comprised of 355 DNA mark-
ers covering 4,766 cM of the cotton genome in 50 linkage
groups. These QTLs explain 30% to 60% of phenotypic
variance for each fiber quality property in the F2 popula-
tion. Both A and D sub-genomes contain fiber quality
genes.
Most of them are recessive in genetic background, mak-
ing marker-assisted selection (MAS) more desirable. Mo-
lecular mapping of simple inherited traits includes Gle 2
for glandless cotton, Se for photoperiod sensitivity, im for
immature fiber, Li for lintless cotton, and Lc for lint color.
Among these major genes, Gle 2 is currently targeted for
high-resolution mapping and positional cloning. An
introgressed fragment of about 20 cM was estimated on
chromosome 12. This fragment contains the Gle 2 gene,
and two linked DNA markers. The closer one is about 5.6
cM away from the Gle 2 gene. Regional saturation of this
locus is underway using a pair of NILs and bulks. Mo-
lecular characterization of Gossypium germplasm with DNA

markers is another area of our genome programs. An initial
set of 155 land races and cultivars have been examined
with 60 DNA markers selected from different chromosomes
or linkage groups of the cotton genome. Integrative physi-
cal mapping, and linkage between Arabidopsis and cot-
ton genomes is a future target. Although cotton genome
is large and complex, the physical size of a cM is only 50%
larger than that of Arabidopsis. A high level of homology
between Arabidopsis and Gossypium genomes and abun-
dant polymorphism among Gossypium germplasm were
detected using conserved cDNAs from the Arabidopsis
genome. Integration of plant genes and DNA markers with
large genomic clones such as BACs would move cotton
genome mapping into a new phase of broader applica-
tions. Bioinformatics tools are being developed to inter-
face with CottonDB (Yu and Kohel, 1999).

Marker Assisted Selection (MAS)
The molecular markers like restriction fragment length
polymorphisms (RFLPs), random amplified polymorphic
DNA (RAPDs), microsatellites, short sequence repeats
(SSR) and amplified fragment length polymorphism
(AFLPs) are being used for the enhancement of resistance
gene deployment for stable crop protection through phy-
logenetic and population genetic analysis of insect pest
and by gene mapping, gene tagging of genetic and analy-
sis host plants (Andersen and Fairbanks, 1990). The mo-
lecular markers can be used in studying the genetics of
resistance and through the marker-assisted selection
(MAS) in the selection of resistant plants. Molecular mark-
ers can also be used for accurate identification of sources
of resistance to insects at DNA level and in the accurate
selection of pest strains for the identification of resis-
tance genes. The identification and characterization of
different insect biotypes takes more time by conventional
means whereas molecular markers pest population char-
acteristics can be understood and studied quickly. Devel-
opment of a robust integrated framework map has greatly
accelerated molecular genetic research in the model plant
Arabidopsis thaliana. To efficiently develop a similar set
of framework markers for cotton (with markers at approxi-
mately 20 cM intervals), multiple sources of DNA poly-
morphisms including microsatellites, single nucleotide
polymorphism (SNPs) and amplified fragment length poly-
morphism (AFLPs) need to be taped. Methods for high-
throughput retrieval of cotton sequences with simple se-
quence repeat motifs, primer design, and microsatellite
detection (using economical agarose systems) were opti-
mized. Out of 550 sequences captured using microsatellite
repeat oligonucleotides, an initial set of 70 markers was
tested in an interspecific F2 mapping population
(Randhawa, L.S. 1997a and b). In this analysis, 50% of the
markers were polymorphic and segregated in a 1:2:1
mendelian ratio. 10 SNPs derived from 20 fiber-subtracted
ESTs using the CAPs and dCAPs technologies were
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mapped, thus demonstrating that existing EST sequences
are a valuable source of polymorphisms for the develop-
ment of informative DNA markers.

Hybrid Cotton Production
Hybrid cotton and heterotic response in cotton has been
studied for several years. Although hybrid cottons are
planted on large areas in India and China, no significant
area is devoted to hybrid cotton in other cotton produc-
ing areas. Several studies on male sterile as well as female
sterile transgenic parents of development for production
of F1 cotton hybrids were produced (Holland 1999). The
objectives of these studies were to identify superior yield-
ing hybrids and to study various factors involved in het-
erotic response via genetic engineering. The evaluated
hybrids were developed by two independent programs
and with the cytoplasmic male sterility system, which uti-
lized the Gossypium harknessii Brandegee cytoplasm. En-
vironmental effects on fertility restoration were noted and
several proposed ideas for hybrid cottonseed production
were evaluated. Results indicated that hybrids made with
particular pedigrees produced significant yield advantage
and fertility of the hybrids was not influenced significantly
by environmental factors at the test locations.

Cytoplasmic Male Sterility in Cotton
Cytoplasmic male sterility (CMS), is a maternally inherited
trait that inhibits production of viable pollen. It has been
found in more than 150 plant species. CMS has been ex-
tensively utilized for hybrid production in major crops,
e.g. maize, sorghum, rice, rapeseed, etc. However, even
though the first CMS system, harknessii CMS (CMS-D2)
was released in the early 1970s, no commercial cotton hy-
brids were produced by this CMS system in the U.S. There-
fore, a new CMS system is needed.
Most CMS types have occurred naturally or in intraspe-
cific crosses, while other CMS systems have also been
induced by interspecific cytoplasm transfer. CMS-D8 was
developed by introducing the cytoplasm from G. trilobum
(D8 genome) into cotton. D8 was used as female to cross
with cotton, and then the hybrid chromosome number
doubled with colchicine. The resulting hexaploid line was
recurrently backcrossed as female with cotton. From a seg-
regating BC5 population sterile plants were isolated as the
CMS line and the restorer line were derived from fertile
plants. Compared with the fertile flowers of normal cotton,
CMS-D8 sterile flowers are smaller with shorter filament,
no pollen, and much smaller anther. When CMS-D8 is
crossed with its D8 restorer line, F1 plants are fertile with
normal flower phenotype. But, the heterozygous F1 plants
produce two types of pollen grains in roughly equal num-
bers: one type stains with I2 -KI and the other does not
stain, indicating that the latter has no starch accumula-
tion, and is thus sterile. Therefore, the restoration of fertil-
ity is apparently a gametophytic system. The segregation

ratio of the two pollen types also confirmed that the resto-
ration to CMS-D8 by the D8 restorer is controlled by one
gene (rf2). In order to obtain insight into the mechanisms
of CMS-D8 male sterility and its restoration, differential
gene expressions in anther tissues between a heterozy-
gous D8 restorer line (8518R) and its isogenic non-restor-
ing line (ARK 8518) were compared by using mRNA dif-
ferential display techniques. Approximately 3000 cDNA
fragments were assayed that represented ca. 10-20% of
the genes expressed in the tissues. Among 100 differen-
tially displayed cDNA bands, 38 were cloned, sequenced,
and differential expression confirmed by reverse Northern
blot analysis. In the heterozygous D8 restored line, five
up-regulated genes and 12 down-regulated genes were
detected. The DNA sequences of the up-regulated genes
did not show high homology to any known sequences in
the GenBank. The down-regulated genes that were highly
homologous to known sequences were:
phosphoribosylanthranilate transferase for tryptophan
synthesis, starch synthase for starch synthesis, calnexin
for protein maturation, polyubiquitin for protein targeting
for degradation, and ascorbate oxidase for pollen germi-
nation. Based on the above results, a picture regarding
the D8 CMS and its restoration can be drawn as follows.
In the heterozygous restored F1 plants, the expression of
the restorer gene (rf2) suppresses the D8 cytoplasm ef-
fect, most likely its CMS-related gene expression, so that
normal microsporogenesis and microspore development
occurs. However, during microspore maturation, the mi-
crospores with the Rf2 gene go through the first mitosis
and starch accumulation, and develop into fertile pollen
grains. On the contrary, the genes for amino acid, protein
and starch synthesis, protein maturation and targeting for
degradation, and pollen maturation are suppressed in the
microspores with the non-restoring allele (rf2). Conse-
quently, the rf2 pollen has no starch deposition and is
sterile.
Producing higher yielding varieties is a major goal of plant
breeders. This is most effectively accomplished by the
use of F1 hybrids, which are estimated to yield 20-25%
more seeds and are more uniform than the best open-pol-
linated varieties. Many plant varieties ( e.g. rapseed,
grasses, cotton, etc.) are capable of both self-pollination
(70%) and cross-pollination (30%), thus control of polli-
nation is required to produce 100% F1 hybrid seeds. Cyto-
plasmic male sterility is currently used to produce hybrid
seed. However, the pol cytoplasm, the most common male-
sterility inducing cytoplasm used throughout the world,
is subject to high temperature reversion, and 100% hybrid
seed is difficult to obtain (Pinnisch and McVetty, 1994).

Genetic Engineering Technology
Application May Override This Problem
The subjects of plant transformation events were geneti-
cally engineered to express genes for male sterility (MS),
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restoration of male fertility (RF), to enable the production
of pure hybrid varieties by the use of a new type of polli-
nation control system. Male fertile RF plants can be used
in control pollination of male sterile MS plants to produce
pure hybrid progeny with restored male fertility. The pol-
lination control traits in MS and RF are linked to other
benefit traits as the glufosinate herbicide tolerance trait.
This trait allows for selection of plants during breeding
that carries the linked pollination control genes and pro-
vides tolerance to glufosinate herbicides, which could be
used to control weeds. Weed management is critical to
maximize crop yield and obtain high-quality seed harvest
free of weed seeds; but it is expensive and labor intensive.
Glufosinate-tolerant plants offer farmers an additional
option for post-emergent weed control. Often farmers use
pre-emergent herbicides that will stop weeds seeds from
germinating. However, this assumes that weeds will al-
ways be a problem in all the fields. A diversity of plant
transformation systems was used to transfer the new ge-
netic material into the parental variety to produce plant
transformation events MS and RF (De Block et al., 1989).
Sequences necessary for the expression of the desired
trait were introduced to create chimeric plasmid vectors to
directly integrate in different plant genomes. MS and RF
plants contain the following sequences necessary for
pollination control, MS contains the coding region of the
barnase gene from Bacillus amyloliquefaciens (Hartley,
1988) and the 3’untranslated region downstream from this
gene. The barnase gene encodes a specific ribonuclease
enzyme which when expressed in the tapetal cell layer of
anthers, blocks pollen development and results in male
sterility (Hartley, 1989; Mariani et al., 1990; De Block and
De Brouwer, 1992). RF plants contain the coding region of
the barstar gene, also derived from B. amyloliquefaciens
(Hartley, 1988), and the 3’untranslated region downstream
from this gene. The barstar gene encodes a specific pro-
tein inhibitor of the Barnase ribonuclease protein (Hartley,
1989). Co-expression of both barnase and barstar in an-
thers prevents male sterility caused by the barnase gene
(Mariani et al., 1992). Anther-specific expression of both
the barnase and barstar gene are controlled by the pro-
moter region of the TA29 gene from tobacco (Nicotiana
tabacum) (Seurinck et al., 1990). Sequences necessary for
polyadenylation of mRNA for the inserted barnase and
barstar genes are provided by the 3' untranslated sequence
from the nopaline synthase gene (3’nos) from A.
tumefaciens. The hybrids exhibited similar agronomic be-
havior as control plants regarding seed germination rates,
plant stand, plant vigor, flowering times, deleterious ef-
fects, and disease and pest resistance or susceptibility.
The male sterility and male fertility restoration traits engi-
neered into MS and RF plants would not be expected to
increase the weediness potential of transgenic plants. In
fact, male sterility alone would provide a significant dis-
advantage to seed production and thus persistence of

MS plants in natural habitats where pollen from other
sources may be limiting. Male sterility in MS plants is
unlikely to increase the weediness potential anymore so
than would cytoplasmic-male sterility used for the pro-
duction of hybrid cultivars. Fertility of RF plants was re-
ported to be similar to the nontransformed parent, and
these plants will not affect the male fertility of plants that
lack the barnase gene (Bing, 1991; Jrrgensen and Ander-
son, 1994).

Germplasm Engineering in Cotton
DNA markers have been applied sparingly in cotton im-
provement. Their use is limited to areas of proprietary
protection, transgene conversion and tagging simple quali-
tative traits. This is due, in part, to the paucity of intra-
specific polymorphism for most available DNA markers.
An immediate and appropriate use of DNA marker tech-
nology is introgressive breeding or germplasm engineer-
ing. This involves molecular characterization of the ge-
netic diversity of cotton germplasm resources. Careful dis-
covery of novel quantitative trait loci (QTL) alleles are
undertaken at the same time they are being introgressed
into an elite genetic background. This can be used to ex-
ploit the secondary Gossypium gene pools, such as the G.
hirsutum primitive race stocks. Microsatellite or simple
sequence repeats (SSR) markers are very suitable for in-
trogressive breeding. They can be modified to high-
throughput systems essential to efficiency of germplasm
engineering. Advanced backcross QTL strategies, such
as those successfully applied in rice and tomato, should
be appropriate to germplasm engineering in cotton. The
strategic use of DNA markers can laminate the novel QTL
alleles from exotic germplasm for genetic enhancement of
the elite primary gene pool. This is a more appropriate use
of DNA markers in cotton than trying to use marker-as-
sisted selection within intra-specific elite populations for
QTLs.

Genetic Diversity in MAR Cotton
Germplasm
The importance of genetically distant parents to cultivar
improvement has been established. Genetic diversity and
variation between parents is important in creating new
superior cultivars with unique and new gene combina-
tions. Extensive use of closely related cultivars by grow-
ers could result in vulnerability to insects, pathogens,
and abiotic stresses. Recent reports indicate a decline or
slow down in the rate of yield increase, which is attributed
to a decrease in useful genetic variability within breeding
programs. Several researchers concluded in recent stud-
ies that the genetic base of modern upland cotton culti-
vars is not particularly narrow and continue to offer op-
portunities for cultivar development. Their studies high-
lighted the contribution of several individual breeding
programs to genetic diversity of cotton. Both adapted and
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exotic cotton lines are useful for introgressing into
germplasm. The MAR germplasm began with a diverse
gene pool which included strains with genes for bacterial
blight resistance (B genes) transferred from G. barbadense
and G. hirsutum to upland cotton. Currently, the MAR
program introgresses only adapted germplasm. Germplasm
introductions contributed to fiber quality and resistance
to Verticillium wilt, PD to fiber quality and the Shepherd
germplasm to root-knot nematode resistance. Before pa-
rental material is intogressed into the MAR germplasm, it
is screened using the MAR procedures. However, selec-
tion pressure is not as stringent as with the MAR
germplasm. New selected parental strains are crossed to
the most advanced MAR germplasm. After crossing, se-
lected strains become part of the main MAR gene pool.
The established MAR techniques and procedures utilize
seed, seedling, and plant selection in the laboratory and
greenhouse, followed by extensive field testing and evalu-
ation. These procedures make it possible to identify supe-
rior cotton strains with genetic gains to many important
traits. The new elite MAR germplasm releases will com-
bine high yield potential and early maturity, improved fi-
ber and seed quality, drought tolerance, higher levels of
resistance to insects and pathogens, and stability over
diverse environments benefitting cotton growers and in-
dustry, (El-Zik and Thaxton 1999, Thaxton, 1999).

Future Expectation
While the pace of adoption of biotech products has been
spectacular, the review of products still being tested indi-
cates that current developments are the tip of the iceberg,
with many more, different products yet to emerge. And, it
suggests that future developments could come even more
rapidly in the next few years.
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Modern day Australian cotton ginning has seen this in-
dustry develop with the biggest and latest of technology
available to the industry. Ginning has seen substantial
inputs since the 1980s boom growth of cotton acreage.
Needless to say of the 45 gins in Australia 29 or 65% have
been built since that time.
These are high capacity gins requiring big throughputs.
There are regional pockets of over capacity that is caus-
ing aggressive price and cost cutting tactics to attract
business in an attempt to operate profitably.
Do all of these factors add up to less than desirable qual-
ity related performance as the ginner tries to balance be-
tween producer performance, stockholder expectation and
fiber quality?
The Australian ginning industry has faced challenges and
responded so we are hopeful that the industry will con-
tinue to contribute in a positive way and continue to add
value to Australian cotton. While the subject area is glo-
bal challenges, given that Australia exports 96% of its
production the standards we perform to will have a global
impact in the same way as the Australian growing and
research practices have done for many years.
Country damage has been an issue for Australian gins for
some time and remains an issue. The fact is that 80% of

country damage occurs at gin sites and is mainly incurred
at the bale storage pads.
Merchants take 7–10 days to collect bales from gins and
deliver them to a warehouse system. During this time the
bales are exposed to weather attack.
The ginner has an obligation to ensure that while the bale
is in his hands all care is taken to deliver that bale in a “just
pressed” condition. The only way to ensure this standard
is met will be for all gin owners to have fully covered bale
storage areas at gin sites. This requires a significant in-
vestment on the part of gin owners but it is essential, as
the delivery time for reaching the warehouse cannot be
reduced.
Rain during ginning season can penetrate bales by 2-3
inches. Water damage and staining can make it worse if
bales are handled into storage while in a wet condition
where they remain stacked for several weeks before ship-
ment. Much of this cotton cannot be used and represents
a loss of up to 30 kilograms a bale.
The producer, marketer and mill are all affected by these
incidents. Delays result in using cotton at the mill and
costly claims often become the subject of protracted ne-
gotiation. The image of Australian cotton suffers as mills
grapple with the task of reconditioning bales. This pro-
cess takes up their human resources and valuable space

The Challenge for Ginners
George Gallacher, Auscott Marketing, Australia
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in warehouses let alone the effect on production that may
be brought about by not having alternate supplies of suit-
able cotton on hand. All stages of processing need to be
aware that mills now operate on a “just in time” basis.
Claims associated with country damage incurred at gins
can exceed US$30 per bale but have been as high as
US$100.
It is also appropriate to point out that warehousemen have
the same obligations in this regard as ginners. Growers,
ginners and merchants need to ensure that warehouses
are handling cotton appropriately and that the same
amount of attention is given at these storage sites. There
are too many instances where warehouses continue to
store cotton outside creating exposure for country dam-
age as well as increasing the risk for fires to occur. There is
a definite need for more coordination and cooperation
between the ginner and warehousemen. However, this
probably needs to be driven by merchants but merchants
often wipe their hands of responsibilities choosing rather
to point fingers than get involved through a hands-on
approach to the issue. So, in fact there is a point that
country damage can be significantly reduced by the three
parties that handle bales getting together to do some plan-
ning on the issues of handling cotton.
It is now estimated that 50% of gins in Australia have the
capacity to cover 10 days production. This needs to be
extended to 100% of gins to have 100% of covered capac-
ity and this remains a challenge to ginners who have not
yet embarked on constructing covered bale storage areas.
Contamination is another issue over which ginners have a
great degree of control. While Australia is recognized as
being close to contamination free it should strive for the
perfect score. Some contamination occurs within opera-
tions in the field and is not even visible at the time of
ginning, a good example of this is doffer shavings from
cotton pickers. However, contamination that occurs at
operations post the picker can be observed at various
stages of the ginning operation. These contaminants in-
clude items such as cleaning rags, plastic bags, tarpaulins
and various pieces of steel from the different processes
associated with farming and ginning. Many ginners find
and remove these items in processing but fail to follow
through with growers. Often it is left to the merchant to
deal with when they find the contamination at classing or
even after delivery to the mill customer.
Ginners need to inform growers of instances where con-
tamination occurs and they need to keep a log of inci-
dents. In some case a pattern will emerge that highlights a
dirty farm and the ginner can exercise extra caution while
ginning cotton from these areas.
This can cause extra burdens on the ginners at the peak
time of year but this is an essential service they need to
provide along with producer education to ensure the pro-

cess of value adding is involving all those with a stake in
the cotton.
In addition ginners need to ensure that all ginning ma-
chinery is kept free of contamination and when incidents
occur a thorough check and clean down of ginning ma-
chinery is required. This will provide for no further con-
tamination in cotton subsequently ginned. This is a diffi-
cult decision for ginners as a half-day shutdown may be
required for adequate cleaning that guarantees no more
contamination remains within the machinery.
All of the ancillary equipment that supports gins and for
receiving of cotton into the facility need the same degree
of attention. Oil appears to be a contaminant that occurs
in this area. Module handling machinery, trucks and fork-
lifts need to be kept clean and appropriate selection of oils
for chains used in some of these machines.
Training of staff much of which is seasonal is of great
importance; a few hours induction and training at the start
of ginning can be repaid a 100,000 times in savings result-
ing from contaminated raw cotton, yarn and fabric.
Contamination of a different nature can occur when a gin-
ner humidifies or remoisturizes cotton. This action is nec-
essary to ensure optimum processing and functioning of
gin presses and allowing for the desired standard weight
to pack into the bale. However, reckless ginners with poor
control of humidification systems can damage and over
moisture cotton. This is not evident at the time of press-
ing, sampling and classing. The damage shows up later
after the bale has been stored and then delivered 10,000
kilometers away. This type of damage is not discovered
until a mill opens and presents the bales at the lay down.
Many opening room machines cannot handle these hard
packed bales which will need to be prepared manually for
processing. In addition, the grade may have deteriorated
and the cotton may have become spotted, some will be
discolored to the extent it cannot be used for the purpose
that it was purchased. Constant monitoring of moisture
added is required and this will vary with the condition of
the seedcotton presented to the gin. Furthermore, ginners
should ensure that this humidification is not done to en-
hance the apparent outturn in lesser performing gins. This
only sends wrong signals to producers regarding the gins
and the growers’ own performance. The grower and gin-
ner will ultimately be called upon to bear the cost of such
claims for damaged cotton. Also in these cases there is
significant weight loss between ginned weights and
weights on arrival at mill; this is why growers are now
often paid on into store weights rather than gin weights. A
number of instances of over humidified cotton have oc-
curred and the cost has been horrific in preparing cotton
manually for spinning with losses exceeding $200 per bale.
Bale cover and ties are areas that all need on going atten-
tion. Galvanizing of wire ties to ensure no rust marks on
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cotton is essential. Some mention is made that plastic ties
are appropriate for safety in opening rooms. However, we
need to consider all the issues associated with straps and
many ginners, merchants and warehousemen believe that
wire still provides better control in the event of an unfor-
tunate fire incident. This of course has implications for
mills many of whose warehouses are not adequately fire
protected.
Jute bale packing should be a minimum of 7.5 ounces given
the handling required in Australia. While this minimum
standard is much better than others it still requires review.
The Australian ginners and merchants need to agree on
and implement a standard packaging for bales. It remains
difficult for ginners to provide cotton bale covers due to
cost. However, certain plastics can also be considered for
covering and in fact many mills indicate a preference for
plastics over cotton. The ginning industry needs to pur-
sue research in the area of polythene covers that provide
full protection for bales against weather damage and con-
tamination.
Maximizing ginning efficiency by understanding and know-
ing about the cotton you are preparing to gin will also
provide better quality results. There are so many pres-
sures on ginners these days through other forces trying
to dictate how and when they should gin cotton. Issues
such as growers’ cash flow needs, white seed separation
for genetically modified seeds, alternate delivery issues
and the merchant who purchased the cotton, all seem to
have a bigger impact on ginning schedules rather than gin
run planning related to efficiency and fiber quality mainte-
nance. The more appropriate approach to ginning is for as
much similar cotton to be ginned in long uninterrupted
gin runs. The immediate effect of this will be on gin effi-
ciency with minimum detrimental effect on fiber character-
istics. Gins will be able to operate more consistently as
changes in fiber characteristics of seedcotton are less.
Given the number of varieties, property locations and soil
types many gins are forced into stop start processing rather
than reaping the benefit of long efficient and well pre-
sented gin runs. Dividends also flow to shippers as cot-
ton is much more uniform when presented for handling
and packing into shipping containers for delivery to mills.
These efficiencies can only happen through ginners hav-
ing accurate knowledge about the cotton they are prepar-
ing to gin. This of course is obtained by having that com-
munication line with the grower and being informed about
the cotton he has delivered.
Deliveries of modules should be planned to allow for bet-
ter selection and coordination of gin runs. This is no doubt
the ginner’s dream but it is an area often handled by staff
that does not have a regard or understanding for the ac-
tual process. Perhaps the most important consideration
needs to be for ginning by varieties rather than by grower
order and developing methods that ensure growers own-

ership is still accounted for in the correct manner. How-
ever it remains a challenge for ginners to ensure that any
method they adopt does ensure the best treatment for
cotton and we know this happens when gins run effi-
ciently and are not subject to constant variations in seed,
cotton being fed into the gin.
We have to recognize that ginners are much more than
operators of plant, in fact they are fiber engineers and the
more they are able to learn and understand about cotton
the better they will appreciate the job they have to do.
Those ginners who also have classing and marketing fa-
cilities are indeed fortunate in that the ginners can have
exposure to people who understand the characteristics
and value of cotton. Similarly this relationship also gives
ginners the access to spinners who are always willing to
assist ginners in understanding the need and reasons for
fiber characteristics to be maintained. It is an essential
part of ginning that the operators maintain a good liaison
with classers and shippers who takeover from where the
gins leave off. There should be a follow up process that
allows ginners to know and understand the results of cot-
ton they have processed. This process seems to happen
within those organizations that are integrated but often
with the pressure at ginning time follow up is overlooked.
A pre-season session with cotton classers and mill per-
sonnel should be high on the ginner’s list as well as a
review at the end of each ginning season. Through these
sessions ginners can understand the degree of importance
for each of the fiber characteristics. With so much atten-
tion still given to color and cleaning of leaf driven by the
valuation method cotton ginners are often uninformed
about the need for strength, uniformity of fiber length and
minimal neps to be more important.
Ginners should be encouraged to be actively involved in
any forum that discusses the evaluation methods for cot-
ton characteristics. As we move more into being able to
objectively measure lint cotton ginners should be able to
contribute a great deal to these discussions. The ginner’s
job is to add value to the seedcotton and it seems appro-
priate then they should also be part of the process that
determines how cotton ought to be valued. This pres-
ently is the domain of merchants and traders but the cur-
rent method certainly does not reflect the way mills ap-
proach valuing cotton. Perhaps producers, ginners and
mills ought to have a lot more say and then we may have
a method that does not force a ginner to overgin cotton in
order to make it “look good” so a producer can be paid
appropriately.
Much is said about the damage caused by new high-speed
gins to cotton but firstly let us make sure we are not incor-
rect in our description. They are in fact high capacity gins
rather than high speed gins. Ginners would do well to
constantly remind us of this. The average gin saw RPM
on the higher capacity gins is 10% less than older gins. It
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would seem however to take longer for these new gins to
reach the point where the can be regarded as “run in”
having all of the bugs associated with new complexes
sorted out. Therefore, in a period where quite a few new
gins come on line a perception can be created that new
gins don’t do as good a job as all old gins. This is a view
which is being changed as many of Australia’s newer gins
are reaching optimum performance. However, it is a much
bigger job for ginners to reach this point than with the
smaller gins and therefore extra resources need to be uti-
lized in that initial period to minimize any detrimental ef-
fect on cotton.
Excessive heat does not only affect length but also the
strength of cotton. But newer gins are less reliant on high
temperatures being quickly applied to cotton as they now
heat cotton using lower temperatures over a longer period
in the process. Older gins are applying heat to cotton for
about 10 meters of the processing stage whereas the high
capacity gins have 4 to 5 times that distance for the same
job allowing for lower temperatures to be used.
Often claims that the big gins are creating more nep are
based on a lack of familiarity with the process as it now
appear that there are other reasons emerging as to why

nep occurs. Some of these are field related and here again
the point is demonstrated that good communication be-
tween the grower and the processor can assist in the gin-
ner planning on how to gin certain cotton. Field condi-
tions, diseases and varieties would appear to be the dif-
ference between average neps and excessive nep counts.
Some varieties seem more prone to neps than others there-
fore ginners would do well to understand this and be pre-
pared for a different approach when presented with this
cotton.
The challenges to our ginners remain to be ever vigilant in
processing cotton with minimal effect on fiber. The Aus-
tralian ginners are addressing many of these issues and
their track record to date show commitment to quality is-
sues as in other parts of the industry. Perhaps greater
advances could be made with some coordinated research
and development programs and this could be the ultimate
challenge to ginners to be the drivers of the research on
these issues. The Australian ginning industry does have
the opportunity to make Australian cotton more valuable
and desirable and through the cooperation that exits in
our industry is equipped to meet global challenges pre-
sented to it.

Before talking about innovation in spinning it is important
to repeat, once again, the very important characteristics
that spinners would like to be described and tested on
cotton:

• Length
• Strength
• Micronaire
• Color
• Trash

Innovation in Spinning: A Spinner’s View
Romano Bonadei, Filartex, Italy

• Neps
• Short fibers
• Uniformity
•  Grade of stickiness

If all the spinners in the world got along better, we’d have
for sure from long ago known about our own needs and
we’d have also taken a larger part on the promotion of
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researchers to get useful instrumentation.
When one analyzes the fiber still on the plant it is perfect,
long, resistant and without neps. The problem is the har-
vest and gin, if not well done it’s easy to ruin and contami-
nate cotton. On analysis from the beginning it is clear that
with the right procedures of monitoring (see Inteligin of

Zellweger) it is possible to avoid or reduce fiber degrada-
tion .
The breeding and genetics research has helped in the last
decade to produce a better cotton – longer, more resistant
and without neps. The wrong operations reduce or de-
stroy all these advantages.
The fiber characteristics must be perfectly described not
only for the interest of spinners, but also for the farmers’,
ginners’ and sellers’ interest. New systems of intermedia-
tion come to this business: E-commerce – B2B – PORTAL.
It is hoped that these innovations will be soon on the
market. To describe in data-basis all the cotton character-
istics, it would be necessary to add to the green-card pa-
rameters all the characteristics that buyers (spinners) want
to see before doing business.
The new economy and Internet are promoting this all over
the world. This will be a great new opportunity of added
value for cotton, and ICAC should help promote publicity
in all associated nations. Over the last ten years, we have
had to be in continuous evolution and work with new
processes and marketing technologies.
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The most evident evolution in textiles has been the appli-
cation of computers at all stages of production. All the
operations regarding the process of making yarn from mass
fibers and then into sophisticated fabrics have improved,
also due to the evolution of the finishing done at the end
of the long textile chain.
All the kinematical mechanics have been substituted with
the use of inverters and pneumatic movements guided by
computers resulting in a better performance and efficiency
of process. Also in countries where wages are high, the
use of a new concept, automatisms, which allows more
flexibility on process, has given new horizons to the tex-
tile industry.
When analyzing the characteristics of new machines for
opening and cleaning fibers we see that they’re always

smaller and more efficient. The applications of new sen-
sors and new technologies on the flow of the air has
brought a better grade of lint cleaning without breaking it.
In this phase, now it is possible to use systems for the
interception of contaminated materials which are always
more sophisticated and efficient. Unfortunately, not all
kinds of material, such as some kinds of transparent poly-
ethylene can be noted. This is one of the reasons why
some kinds of cotton are suffering the consequences if
even if they’re great. They’re picked by hand with all the
necessary care. Otherwise, mechanically picked up cot-
ton that is normally uncontaminated, is often ginned in-
correctly and so it has a high level of neps and short
fibers. Sincerely, from a spinner’s point of view, and the
spinner is the real client of cotton, it does not seem that all
the operators have understood how much value could be
added to cotton by working it properly.
In the last stage of the spinning process some revolution-
ary changes have been introduced, that is Compact Spin-
ning. There are still some problems in this new process
but it is believed they will be solved. This process allows
an increase of 15-20% the strength of the yarn and also
improve its appearance. The new process is a good help
for cotton and we should never forget how man-made
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fibers are always getting better performance and competi-
tiveness. Even a more revolutionary process has been
made by jet spinning. It is possible to use it even with
cotton but nowadays it requires preparation and cleaning
of fibers that are hard to obtain today so they’re more
used for blends.
There are even more revolutionary innovations. As al-
ways it takes some years to arrive at prototype and experi-
ment then. It may be possible to see something in the next
ITMA in Manchester.
Improvements and new ideas have too been noted in other
sectors of the textile chain. They were addressed to re-
duce lot sizes, as the market always requires smaller lots,
obviously in contrast with economical conveniences.
Unfortunately, all the above is not enough to ensure a
future, and we can’t expect a solution to our problems
only from the evolution of technological processes. We
must explore another resources offered by the technol-
ogy: Information.

1950 � Without information
PROCESS � mechanical
ADMINISTRATION � manual
PRODUCTION � paper documents
LOGISTICS � letter – telephone – telegram
——————————————————————
——————————————————————
1960 � main frame
PROCESS � electronics
ADMINISTRATION � first applications
PRODUCTION � paper documents
LOGISTICS � + telex
——————————————————————
——————————————————————
1970 � personal computers
PROCESS � automation
ADMINISTRATION � management

application
PRODUCTION � local monitoring
LOGISTICS � + fax
——————————————————————
——————————————————————
1980 � network
PROCESS � monitoring and input
ADMINISTRATION � management

distributed
PRODUCTION � network monitoring
LOGISTICS � + fax
——————————————————————
——————————————————————
1990 � internet
PROCESS � networking
ADMINISTRATION � experimental ERP
PRODUCTION � integration-ERP
LOGISTICS � e-mail

———————————————————————
———————————————————————

2000 � internet evolution
PROCESS - ADMINISTRATION

PRODUCTION -LOGISTICS
erp work-flow

Knowledge–management
e-commerce b2b portal
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Nowadays we’ve got new opportunities to manage our
world. You can be sure that friendly user productsallow a
reduction of hierarchy and provide news online to the
people who make decisions. It’s possible to drastically
reduce the time previously necessary for long renova-

Introduction
For the international cotton community, it is legitimate to
ask a fundamental question: Does innovation in spinning
technology have a tangible effect on cotton as a global
commodity at all? The answer is: Yes, to some extent or
no, not really, depending on the perspective and attitude
of the observer. A couple of centuries ago, technology
and innovation in spinning  not only triggered the histori-
cal industrialization process but laid the foundation for
cotton’s unrivalled rise to the king of fibers. Today, how-
ever, the installed spinning capacities effortlessly produce
enormous quantities of cotton yarn which exceed the world
demand by a considerable margin and result in a cyclic
oversupply scenario. When strictly focussing on cotton
and the global challenges that the industry is facing, how-
ever, some recent key developments and future trends in
spinning technology still qualify as relevant to cotton
production and marketing.

Progress in Machinery
Development
The nature of progress in machinery development illus-
trates the machinery manufacturers’ perspective. Progress
in spinning technology is characterized by increased ma-
chine productivity while maintaining or improving quality
and reducing manufacturing cost.
The productivity of several machines involved in the clas-
sic short staple spinning process has more than doubled
in the past 15 to 20 years. Prominent examples are carding,
combing, rotor spinning, and winding. During the same
period, however, global textile consumption as a result of
a growing world population and higher per capita dispos-
able income has increased at a much lower rate. This in-
variably results in fewer production positions or machines
absorbed by the market as replacement of obsolete equip-
ment. With the number of units sold declining and ma-
chine prices essentially stagnating, textile machinery manu-

tion meetings and to manage production in a profitable,
flexible and efficient way, knowing for certain the quality
and delivery times, in always smaller lots.
All the above shows that new supports are available for
us and if we use them correctly they will bring us a better
future and economic satisfaction.

Innovations in Spinning and New Trends
in Machinery Development

Chris Faerber, Technological Machine Development, Truetzschler GmbH & Co. KG, Moenchengladbach,
Germany
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facturing is basically a no-growth business. The textile
machinery industry may be accused of suicidal tenden-
cies but increased productivity will always be the number
one goal of the machinery manufacturers’ customers – the
spinners – forcing their suppliers to respond accordingly.
In spite of greater productivity, there is clear evidence
that the quality of yarns and fabrics continues to rise at
nearly constant pace (1). This corresponds to the grow-
ing consumer awareness of and expectations towards value
in textiles.
Manufacturing cost in terms of capital, labor, and operat-
ing expenses per unit weight produced has been declin-
ing since the beginning of industrial yarn production. The
spinning industry has meanwhile concluded the transi-
tion from a labor-intensive to a capital-intensive industry.
Therefore, reducing capital expenditure has replaced the
urgent need to mechanize or automate the manufacturing
process. Process rationalization has become the recipe for
greater profits. Ironically, the most successful innovations
in machinery development are characterized by the con-
current elimination of preceding or subsequent processes
rather than an enhancement or an extension of established
technologies. Not doing certain things at all is always less
aggravating than doing things in a better way. There are
plenty of examples: The high-performance card with chute
feed has replaced the scutcher line, the process sequence
of modern combing is much less complex than it used to
be, better drafting systems have reduced the former need
for three to only one single roving process, and OE spin-
ning has eliminated roving and winding altogether.
Some of the recent technical highlights and trends in spin-
ning technology that reflect progress in productivity, qual-
ity, and manufacturing cost reduction and which hold both
challenges and opportunities for cotton are discussed in
this paper.

Foreign Matter Removal
Contamination is a serious problem to the cotton, textile,
and apparel industry (Fig. 1, 2). A solution to the foreign

matter dilemma in spinning was initially provided by elec-
tronic yarn monitoring systems with foreign fiber detec-
tion installed on spinning or winding frames. Despite the
many advantages of this technology, it was soon recog-
nized that removing contaminants in yarn state was a costly
and awkward undertaking. In 1995, systems were intro-
duced to the market that would intercept foreign matter in
the opening and cleaning line, i.e. at the very beginning of
the spinning process in order to prevent fibrous contami-
nants from becoming fibrillated and dispersed. These sys-
tems are based on CCD camera or electro-optical sensor
technology. Cotton tufts are scanned while being con-
veyed by air flow and contaminated lint is separated via
diverters or compressed air nozzles. Experience with this
particular technology has revealed some limitations as well,
because large and compact fiber tufts fully enclose and
conceal many of the contaminants (2, 3).
In contrast to the common belief, it was also discovered
that the vast majority of fibrous contaminants remains
essentially intact even after the cleaning process and that
only at the card, i.e. at the revolving flats in particular, the
integrity of the contaminants is severely damaged, leav-
ing numerous individualized fibers. Truetzschler’s
Securomat SCFO (Fig. 3), a novelty introduced during last
year’s International Textile Machinery Exhibition (ITMA)

Figure 1. Typical Contaminants Separated
from Cotton Lint

Figure 2. Foreign Fiber Contamination in a
Knitted Fabric

Figure 3. Securomat SCFO Foreign Matter
Removal System
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in Paris, has therefore been placed at the end of the open-
ing and cleaning line, right before the cards. At that posi-
tion, tuft size is minimal and to further enhance system
resolution, a CCD color line scan camera monitors the sur-
face of a rotating spiked cylinder (Fig. 4). Among the tiny
tufts and individualized fibers present on the cylinder sur-
face, even the smallest contaminants are exposed and dis-
tinctly presented to the camera system (Fig. 5). Upon ex-
ceeding certain camera signal limits, pneumatic valves and
compressed air nozzles are activated and the foreign ob-
ject is ejected into the waste duct. A total of 32 nozzles are
installed across the width of the machine but the com-
pressed air impulse is confined to one or two nozzles cov-
ering the actual position of the foreign object (Fig. 6). As
a result, the loss of usable lint is kept to an absolute mini-
mum and very sensitive settings can be realized.
Since 1995, an amazing 660 foreign matter systems from
different manufacturers have been installed worldwide.
What does this mean for cotton? It means that some 660
spinners worldwide are becoming increasingly aware of
the contamination problem and also increasingly skepti-
cal regarding the attitude and capability of their raw mate-
rial suppliers. It is anticipated that we are not far from the
day that many spinners will unanimously and vigorously
demand a solution to the contamination problem to be

realized on the cotton production end of the business.
Growing regions known for excessive contamination may
soon face severe difficulties.

Process Rationalization through
Integration of the Carding and
Drawing Process
While the idea of integrating the carding and drawing pro-
cess is not a true novelty, Truetzschler’s Integrated
Drawframe (IDF) has rapidly gained commercial signifi-
cance since the technology was introduced a little over a
year ago. The strategy with IDF can be summarized in a
catchy formula: minus one – i.e. the replacement of at least
one conventional drawing process (Fig. 7). Spinning mills
that normally apply two-process drawing in ring and rotor
spinning can eliminate the breaker drawframe in certain
applications. If one-process drawing is employed, e.g. in
the segment of coarse and medium-count rotor yarns, con-
ventional drawing can be omitted completely.
The integration of the carding and drawing process into a
one-step operation is accomplished by a compact
autoleveler drawframe unit, which is installed on top of
the coiler/can changer of the card (Fig. 8). The card sliver
is fed from above into the vertically arranged roller draft-
ing system and gently deposited in the can without any

Figure 6. Compressed Air Nozzles and
Spiked Cylinder of Securomat SCFO

Figure 4. Securomat SCFO Machine Cross-
Section

Figure 5. CCD Color Line Scan Camera for
Foreign Matter Detection

Figure 7. Elimination of Conventional Drawing
by Utilizing the Integrated Drawframe IDF

Card Drawframe 1 Drawframe  2

Card Drawframe 1IDF

Card Drawframe 1

Card IDF
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further deflection. The heart of the IDF is a 3-over-3, two-
zone roller drafting system with autoleveling, pneumatic
top roller loading, and permanent suction (Fig. 9). The
scanner continuously measures the weight deviation of
the input sliver and controls the AC variable speed
autoleveler drive. The sliver monitor on the delivery side
of the drafting system ensures a continuous inspection of
the sliver produced and provides all pertinent quality data
(Fig. 10). The sliver is delivered into regular circular cans
and is supplied to a final drawframe pass or directly to
spinning. The IDF is designed for delivery speeds up to
500 m·min-1 and a maximum main draft of 3.0 (total draft of
4.0).

IDF sliver quality compares favorably in all aspects with a
second pass autoleveler drawframe. Needless to say that
substituting at least one drawframe pass substantially re-
duces yarn manufacturing cost. Although one drawframe
is normally replaced by two IDF, capital cost of the initial
investment in property, building, machinery, and auxiliary
equipment decreases with fewer or no drawframes, fewer
cans, and roughly 60% lower floor space requirements in
spinning preparation (Fig. 11). Manual labor and the as-
sociated cost is reduced by eliminating machines to be
operated and maintained and cans to be hauled. Operat-
ing cost savings can be realized in building maintenance,
air conditioning, energy, machine maintenance, and spare
parts (4, 5).
What does this development hold for cotton? It basically
implies that processing cotton has become a little faster,
safer, and simpler in many segments of the market. Any
new technologies that help to reduce the manufacturing
expenditure in spinning cotton yarns through process ra-
tionalization are certainly welcome as potential aids to
sustaining or perhaps even enhancing cotton’s competi-
tiveness.

Compact Spinning
Right at the time when the story of the ring spinning sys-
tem, which has continued over more than 100 years, was
believed to bear no significant turn and the technology
was expected to lose ground due to the growing accep-
tance of alternative spinning systems, the first ideas re-
garding compact spinning appeared in the patent litera-
ture. Traditional ring spinning suffers from the formation
of the spinning triangle at the nip point of front rollers
where the fibers are released from the drafting system and
where twist is imparted into the strand of parallelized fi-
bers (Fig. 12). The twist, however, does not fully propa-
gate into the nip point. The peripheral fibers in the spin-
ning triangle are subjected to excessive tensile load com-
pared to the center fibers, they are poorly aligned, and
thus only partially tied and locked in the yarn body. The
idea behind compact spinning is to eliminate the spinning

Figure 8. Integrated Drawframe IDF
(DK 903 with IDF)

Figure 9. View of the IDF Drafting System

Figure 10. IDF Machine Cross-Section

Figure 11. Reduction of Floor Space
Requirements with IDF

Conventional
Process

IDF
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triangle and thus to provide a uniform distribution of ten-
sile load and proper fiber orientation. This is achieved by
introducing a compacting zone which condenses the
strand of fibers from a small ribbon to almost the cross-
section of the final yarn (Fig. 13).
During last year’s International Textile Machinery Exhibi-
tion, three manufacturers (Rieter, Suessen, and Zinser)
introduced compact spinning frames each with a different
technique of realizing the compacting process. With
Zinser’s solution, for example, suction is applied to a per-
forated apron (Fig. 14, 15). The fibers pass between the
apron and the bottom plate while vacuum generates a flow

of air from left and right through the tiny bores in the
middle of the apron. Following the air flow, the peripheral
fibers migrate to the center of the apron where they even-
tually form a compact and narrow bundle rather than a
loose and wide ribbon.
Compact spinning yields a different yarn structure (Fig.
16). The yarns are notably less bulky and less hairy. Yarn
strength increases by approximately 15% since tensile load
applied to the yarn is evenly distributed among a greater
number of properly aligned fibers. While the cost of pro-
ducing compact yarn exceeds that of conventional ring-
spun yarns by 10% to 15% in terms of capital and operat-
ing expenses, both the yarn and fabric producer can reap
the benefits of compact yarns in downstream processing.
Since the spinning triangle usually accounts for 50% of
the yarn breaks occurring in conventional ring spinning,
compact spinning cuts breakage rates in half and prom-
ises better machine efficiency. Knitters benefit from the
greater abrasion resistance of compact yarns expressed
through less fly and shedding, which is a major concern
in knitting. By the same token, weavers enjoy the greater
abrasion resistance because it reduces the amount of size
applied to the warp by roughly 30% to 50%. Greater yarn
strength and lower hairiness result in appreciably better
weaving performance and fewer loom stops. Fabrics pro-
duced from compact yarns develop a noble luster and

Figure 14. Design Features of the Compacting Zone
(Perforated Apron and Application of Suction)

Courtesy: Zinser Textilmaschinen GmbH, Germany

Figure 15. View of a Drafting System Used in
Compact Spinning

Courtesy: Zinser Textilmaschinen GmbH, Germany

Figure 16. Structure of Ring and Compact
Yarns

R
in

g
 Y

a
rn

C
o

m
p

a
c

t 
Y

a
rn

Courtesy: Zinser Textilmaschinen GmbH, Germany

Figure 13. Drafting System with and without
Compacting Zone

Condenser spinningRingspinning

Problem: edge fibers in the
spinning triangle
   - overstressing
   - insufficent integration

No spinning triangle
=> optimum yarn structure

No spinning triangle
- optimum yarn structure

Courtesy: Zinser Textilmaschinen GmbH, Germany

Problem: Peripheral fibers in
the spinning triangle
- excessive tensile load
- poor fiber alignment

Ring Spinning Compact Spinning

Figure 12. Spinning Triangle Formation in
Ring and Compact Spinning

Ring Spinning Compact Spinning

No spinning triangle
- optimum yarn structure

Problem: Peripheral fibers in
the spinning triangle
- excessive tensile load
- poor orientation

Courtesy: Zinser Textilmaschinen GmbH, Germany
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very pronounced weave and stitch patterns on an other-
wise extremely smooth fabric surface. Fabric cover, how-
ever, is reduced, but this can be compensated by tighter
weaves and stitch formation. With knitting yarns, maxi-
mum strength is not required and the 15% gain in yarn
strength is usually transformed into a 20% reduction of
yarn twist, which not only generates a corresponding in-
crease of productivity in spinning but also provides a
much softer fabric hand. Besides being stronger and more
resistant to abrasion and pilling, overall fabric appearance
is definitely different and distinguishable from traditional
ring-spun yarns, which may or sometimes may not be a
desirable effect (6, 7, 8, 9, 10, 11, 12).
With the advent of compact spinning and its more effi-
cient utilization of cotton as a raw material but primarily
due to the unique yarn structure and fabric appearance,
new opportunities have been created for the diversifica-
tion of cotton end uses. Apart from further extending the
scope of application and enabling cotton to penetrate into
new markets, compact spinning offers numerous possi-
bilities to improve both the performance and the aesthet-
ics of established textile products.

Vortex Spinning
Back in the 80s, Japanese textile machinery manufacturer
Murata introduced the MJS air-jet false twist spinning
principle. The possibility of imparting permanent twist into
a parallelized strand of fibers by utilizing compressed air
rather than mechanical means has intrigued and inspired
both the inventors and the users of the system. Since
conventional air-jet spinning is heavily dependent on suf-
ficient fiber length and length uniformity, practical appli-
cation of MJS spinning has been confined to polyester/
cotton blends. MJS yarns, however, are produced at un-
surpassed spinning speeds. In 1999, Murata Vortex Spin-
ning (MVS) wasofficially launched as a successor to MJS,
featuring the capability of producing high-quality 100%
cotton yarn at enormous speeds.
Air-jet and vortex yarns are spun from drawframe sliver
(Fig. 17). Yet, it is not an open-end spinning method since

a roller drafting system is employed to attenuate the fibers
to the desired yarn cross-section. The fibers exit from the
nip point of the front rollers and are sucked into the spiral
orifice of the air-jet nozzle (Fig. 18). They are then held
together more firmly as they move towards the tip of the
needle protruding from the orifice (Fig. 19). After the fi-
bers have passed through the orifice, peripheral fibers
begin to expand due to the centrifugal force induced by
injecting compressed air and they wrap around the hollow
spindle. As the remaining strand of fibers is taken up
through the spindle, the fibers covering the spindle are
pulled back in and simultaneously twisted around the cen-
ter fibers, forming a thin layer of sheath fibers firmly twisted
around a core of essentially parallel fibers.
Several authors claim that the quality of MVS yarns and
fabrics is challenging comparable ring-spun yarns. Spin-
ning speeds are in the neighborhood of 250 to 400 m·min-

1 (Fig. 20). Thus, vortex spinning outproduces rotor spin-
ning by a factor of 2.5 and covers a significantly wider
range of yarn counts. The delivery speed of conventional
ring spinning is only 5% of vortex spinning speed (13, 14,
15, 16).
While the technology is still in its infancy, vortex spin-
ning has the potential to gain significant market share in
the domain of both ring and rotor-spun yarns. The high
delivery speed of vortex spinning is its greatest asset and

Figure 17. Vortex Spinning Position

Courtesy: Murata of America, Inc.

Figure 18. Vortex Spinning Principle

Courtesy: Murata of America, Inc.

Figure 19. Vortex Nozzle Details

Courtesy: Murata of America, Inc.
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may push cotton spinning into a new dimension of pro-
ductivity. However, the system is fairly susceptible to short
fibers which are lost as spinning waste. The waste per-
centage can be as high as 6 to 8%, depending on short
fiber content. The amount of waste is expected to be re-
duced as the system develops. However, since combing
is not a commercially feasible alternative, the future suc-
cess of vortex spinning and the rate at which the system
will gain acceptance in the international spinning indus-
try is co-determined by the availability of cottons with
low short fiber content. A more urgent quest for such cot-
tons should soon be felt.

Summary and Outlook
The subject of innovation in spinning and new trends in
machinery development can hardly be covered in a single
presentation. An entire conference would actually be re-
quired to appropriately address the substance of this topic,
and yet, many of the innovative and exciting designs that
emanate from the continuing engineering efforts made by
textile machinery manufacturers worldwide would remain
without consideration. A few of those recent highlights
that many people feel will have at least some limited im-
pact on the way cotton is produced and marketed today
and in the future have been presented and discussed in
this paper. However, at the gateway to the new millen-
nium, we can clearly state that the traditional and estab-
lished ways and means of converting cotton fibers into
yarns and fabrics will not undergo any radical or revolu-
tionary changes in the next five to ten years. Progress in
spinning technology has been and will continue to be of
evolutionary and incremental nature.
The machinery manufacturers would certainly be pleased
if cotton would regain and further expand its share of the
fiber market. Although many people believe that process-
ing man-made fibers is faster and less complicated, we
frequently encounter severe difficulties in finding opti-
mum processing conditions for an ever-increasing diver-
sity of man-made fibers and a flood of generic materials

from truly international sources. Today, cotton is more
predictable, manageable, and more forgiving than any other
staple fiber. Naturally, the choice is not ours but we can
and we shall make our contribution to keeping cotton suc-
cessful.
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Preface
As a cotton consuming country, China (Taiwan) does not
have any research on how to improve cotton qualities
such as fiber length or micronaire. However, a lot of work
on yarn manufacturing has been done in the past many
years and it has never stopped in order to support the
issue mentioned in ICAC’s plenary meetings every year,
which is “How to promote cotton use.” This paper is one
such kind of research about the issue.

Introduction
In cotton spinning, a draft ratio of 25-40 of roving for yarn
manufacturing is usually set. In this study, a high draft
ratio (about 60-90) of roving was designed and two rovings
were used for twining into a yarn in one spindle, as shown
in Fig. 1. A little modification of the spinning frame parts is
required as shown in Fig. 2. Two draft aprons, two roving
guides and two roving condensers are used in the draft-
ing area to control these rovings during yarn formation.
In conventional cotton spinning, a twisting process of
combining two yarns with a high yarn count is needed. By

Roving

Draft zone

Yarn guide

Bobbin

Roving guide

(a) Conventional Spinning Machine
(b) Roving High-Draft System

Figure 1. Conventional Spinning and Roving High-Draft System 
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Figure 2.  Roving High-Draft System (Double Apron Drafting System)
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Double apron drafting system

Bottom apron nose bar Front  roller

Middle roller Back roller

Two roving guide

Top apron

Two roving
Condensers

Front top roller

Main draft zone gauge Break draft gauge

Raw Material 100% cotton roving (240 gr/30yd)

Spinning Settings

(Fixed settings)

. Yarn count : Ne 40 (Ne80/2 for two-ply cotton yarn)

. Spindle speed : 12500 rpm

. Total draft ratio : 77 (roving to yarn)

. Twist : TPI 25(ααααe� 3.96)

. Condenser width : 6 mm

. Front top roller hardness : 650

. Main break gauge : 45 mm

Spinning Settings

(Controlled settings)

. Break draft : 1.31(A1), 1.22(A2), 1.12(A3)

. Break draft gauge : 47mm(B1), 52mm(B2), 57mm(B3)

. Back clips : yellow(C1), lilac(C2), white(C3)

. Front clips : red(D1), yellow(D2), lilac(D3)

Table 1. Experiment Conditions

Table 2. Results of Preliminary Experiments on Thin+Thick Places

 A B C D Thin+Thick 

1 1 1 1 1 53 36 57 57 77 44 39 36 47 40 55 52

2 1 2 2 2 46 32 54 43 77 52 60 83 63 52 49 66

3 1 3 3 3 51 53 89 111 156 58 90 115 76 72 95 89

4 2 1 2 3 47 52 69 83 89 57 63 58 56 49 59 52

5 2 2 3 1 42 46 68 71 74 40 62 70 44 56 65 55

6 2 3 1 2 53 49 55 79 66 76 63 77 77 85 59 56

7 3 1 3 2 60 65 74 104 84 65 64 62 57 55 100 60

8 3 2 1 3 73 57 82 93 116 89 81 85 68 69 73 69

9 3 3 2 1 91 88 88 147 93 82 91 93 69 88 83 99
 

 

 A B C D U% 

1 1 1 1 1 10.27 9.87 10.24 10.43 10.97 10.05 9.94 10.06 10.16 10.22 10.34 10.27 

2 1 2 2 2 10.04 9.79 10.17 10.36 10.94 10.18 10.18 10.53 10.13 10.15 10.19 10.09 

3 1 3 3 3 10.47 10.22 10.73 11.19 11.70 10.31 10.59 11.02 10.61 10.55 10.67 10.40 

4 2 1 2 3 10.17 9.90 10.30 11.11 10.86 10.04 10.17 10.29 10.57 10.58 10.41 10.09 

5 2 2 3 1 10.02 9.90 10.28 10.66 10.69 10.20 10.29 10.58 10.09 10.50 10.07 10.21 

6 2 3 1 2 10.18 10.23 10.31 10.88 10.85 10.45 10.23 10.76 10.48 10.51 10.67 10.15 

7 3 1 3 2 10.55 10.58 10.43 11.19 11.08 10.37 10.57 10.67 10.16 10.39 10.84 10.50 

8 3 2 1 3 10.48 10.37 10.51 10.96 11.35 10.55 10.54 10.55 10.35 10.62 10.60 10.43 

9 3 3 2 1 10.61 10.86 10.55 11.57 10.88 10.82 10.86 11.07 10.59 10.68 10.97 11.02 

 

 

Table 3. Results of Preliminary Experiments on Uniformity

A Study of Using a Roving High-Draft System for
Twin-Spinning Cotton Yarns

S.F. Chiu, China Textile Institute, China (Taiwan)

using the twin spinning system, the twisting process can
be eliminated. These yarn properties with a soft hand are
very likely to be a two-ply cotton yarn.

Experiment Plans
For this study, the Taguchi Quality Engineering (TQE), an
experimental design (Table 1) was used.
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Preliminary experiments (Tables 2 and 3) were undertaken
to see which spinning parameters (Table 4) should be in-
cluded in this study.
The best spinning setting was first decided by changing
these spinning parameters (Table 5). The break draft and
front top roller hardness were changed to see the effects
on yarn properties (Figs 3 and 4).
Finally, a higher grade of raw cotton was used to check if
any effort in spinability or properties it had on the yarn
made from that cotton (Table 6). Yarn tests were made and
the results compared.

Effect of Raw Cotton on Yarn Quality
It is important for cotton producers to see if there are any
difficulties with the material used for spinning. The quali-
ties of different raw materials were selected and some spin-
ning parameters were fixed, as shown in Table 6. Yarns
made from these materials was tested for varying yarn

qualities.

Yarn Testing
Uster Tester III

Test time : 1 min., Test speed : 400 m/min.
Thin place : -50%, Think place : +50%, Neps : +200%
U% / IPI / Hairiness Index

Uster Tensorapid III
Test time :20 sec., Test gauge : 50cm
Test speed : 80 m/min. I
Yarn strength and yarn elongation at break

 Shore Hardness Test
Hardness of apron
Results and discussion
Selection of best setting of spinning parameters

Results
As shown in Tables 2 and 3, the break draft, break draft
gauge, back clips, and front clips were chosen and the
yarn qualities (U% and Thin + Thick) were tested to de-
cide the best settings for these parameters. The results
showed (Table 7) that 1.22 of the break draft, 52mm of
break gauge, yellow back and front clips are the best set-
tings. Therefore, we did fix these settings and repeated
the experiment.

Raw Material 100% cotton roving (240 gr/30yd)

Spinning Settings

(Fixed settings)

. Yarn count : Ne 40 (Ne80/2 for two-ply cotton yarn)

. Spindle Speed : 12500 rpm

. Total Draft Ratio : 77 (roving to yarn)

. Twist : TPI 25(ααααe� 3.96)

. Condenser Width : 6 mm

. Roving Gauge : 6 mm

. Front Roller Gauge : 45 mm

. Back/Front clips : yellow

. Condenser Width : 6 mm

Spinning Settings

(Controlled settings)

. Break draft : 1.31(A1), 1.22(B2), 1.12(B3)

. Front Cots Hardness : 620(B1) �65 0(B2)�68 0(B3)�

  720(B4)

Table 5. Experiment Conditions

Figure 4. Effect of Front Top Roller Hardness and Break Draft on Yarn Property (U%)
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Figure 3. Effect of Front Top Roller Hardness and Break Draft on Yarn Properties
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Table 6. Experiment Conditions

Raw Material 100% cotton roving (240 gr/30yd)

Spinning Settings

(Fixed settings)

. Yarn count : Ne 40 (Ne80/2 for two-ply cotton yarn)

. Spindle Speed : 12500 rpm

. Total Draft Ratio : 77 (roving to yarn)

. Break draft : 1.22

. Twist : TPI 25(ααααe� 3.96)

. Condenser Width : 6 mm

. Roving Gauge : 6 mm

. Front top roller hardness :620

. Main draft zone gauge : 45 mm

. Back/Front clips : yellow

. Condenser Width : 6 mm

Spinning Settings

(Controlled settings)

Quality

Cotton fiber

A1

A2

4.3

5.0

29.3

25.4

6.7

6.9

20.2

18.6

Micronaire Fiber length

mm

Sfc(W)

%

Sfc(n)

%

Table 4. Best Spinning Settings

Raw Material 100% cotton roving (240 gr/30yd)

Spinning Settings

(Fixed settings)

. Yarn count : Ne 40 (Ne80/2 for two-ply cotton yarn)

. Spindle Speed : 12500 rpm

. Total Draft Ratio : 77 (roving to yarn)

. Twist : TPI 25(ααααe� 3.96)

. Condenser width : 6 mm

. Front Top Roller Hardness : 650

. Main draft zone gauge : 45 mm

Spinning Settings

(Controlled settings)

. Break draft : 1.22

. Break draft gauge : 47mm(B1), 52mm(B2), 57mm(B3)

. Back clips : yellow

. Front clips : yellow
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Effects of Front Top Roller Hardness and
Break Draft on Yarn Qualities
According to the experiments, four types of front top roll-
ers were selected based on the results illustrated in Figs 3
and 4. The softer the front top roller the better the yarn
qualities. It was interesting to note that softer front top
rollers gave fiber flow a solid control at the nip point dur-
ing spinning. The softer front top roller was used at 620.
For yarn hairiness, it is clear that yarns made from twin
spinning with a high-draft roving have a better hairiness
index. The improvement in the yarn hairiness index was
about 20%, as shown in Fig. 5.
It is reasonable to expect less hairs on the yarn surface as
two strands of rovings are combined together in twin spin-

ning.

Effects of Raw Cotton on Yarn Quality
From the results (shown in table 8), it is obvious that a
higher grade of raw cotton used in the twin spinning can
give a higher effect on yarn qualities than in conventional
spinning. It is concluded that a better fiber quality is more
important to produce a better yarn using a high-draft rov-
ing system.

Conclusion
In this study we successfully built a twin spinning system
with a high-draft roving to make cotton yarn. A better yarn
quality made from the spinning than conditional spinning
has been approved. A higher grade of raw cotton can give
higher yarn qualities for the twin spinning with a higher-
draft roving. It implies that for a differential product devel-
oped, a good raw cotton is usually required.

 

Quality 
 
Break 
 draft gauge 

U% CV% Thin Thick Neps Hairiness
B-Force 

(gf) 
B-Force 

cv% 
Elongation 

% 
Elongation  

CV% 

47mm 10.33 13.06 3 54 105 3.35 269 7.2222 4.92 6.95 

49mm 10.27 12.99 3 52 103 3.23 255.5 6.65 4.38 11.26 

52mm 10.25 12.97 3 50 100 3.24 257.3 7.16 4.60 7 

 

 

Table 7. Best Spinning Settings

 

Quality 
 

Fiber 
length 

U% CV% Thin Thick Neps Hairiness
B-Force 

(gf) 
B-Force 

cv% 
Elongation 

% 
Elongation  

CV% 

25.4mm 10.25 12.97 3 50 100 3.24 257.3 7.16 4.60 7.0 

29.3mm 8.45 10.66 0 9 35 2.85 404.2 2.59 5.82 6.78 

 

 

Table 8. Effects of Raw Cotton on Yarn Quality

Figure 5. Effect of Hairiness on Conventional Spinning and Twin Spinning System
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New Marketing Opportunities for Cotton:
Natural Fiber Blends

Peter Cookson, CSIRO Textile and Fibre Technology and Australian
Cotton Cooperative Research Centre, Australia

Introduction
Blending of two or more different fiber types is of crucial
significance to the textile industry. Shore (12) reports that
several interrelated factors may contribute to the decision
to replace a homogeneous textile material by a blend:
• Economy: The dilution of an expensive fiber by blend-

ing with a cheaper one.
• Durability: The incorporation of a more durable com-

ponent to extend the useful life of a less durable fiber.
• Physical properties: A compromise to take advantage

of desirable performance characteristics contributed
by both fiber components.

• Color: The ability to develop novel designs incorpo-

rating multi-color effects.
• Appearance: The attainment of attractive appearance

and tactile qualities using combinations of yarns with,
for example, different lustre.

The blend of cotton with polyester represents one of the
most important textile substrates, being widely used as a
fabric for shirting. The synthetic fiber enhances the crease
resistance, dimensional stability and easy-care properties
of the blend; the cotton component contributes comfort,
especially important for products worn next to the skin.
In spite of the rapid growth in the use of synthetic fibers,
natural fiber blends of, especially, cotton and wool have
been of some importance over many years. Rocklea Spin-
ning Mills (Australia) has recently launched Colana® yarns,
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manufactured from 70% cotton and 30% wool. CSIRO Tex-
tile and Fiber Technology has provided scientific and tech-
nical support to Rocklea for this project, with funding
provided by CSIRO, The Woolmark Company and the
Australian Cotton Cooperative Research Centre (Cotton
CRC). This paper focuses attention on blends of cotton
and wool, drawing largely on past and present experiences
in the Colana® initiative. All dollar amounts quoted in this
paper are in Australian dollars.

Market Forces Behind Cotton/
Wool Blends
Competition in the global textile market is fierce. Profits
margins in commodity markets are being eroded. Manu-
facturers are looking more to establish niche markets where
differentiated products can capture consumer attention,
and return a greater profit. Cotton/wool products fall into
this niche category, but there is a major economic hurdle:
cost. The presence of wool in a cotton blend will increase
prices beyond those for pure cotton products. A typical
cost for combed Australian cotton (sliver) is $3.50/kg,
whereas the cost of wool top appropriate for a blend yarn
is $10-15/kg (7). The price of a cotton/wool yarn may be
up to 2-3 times greater than the price of a cotton yarn. In
order to absorb this increased cost, products made from
cotton/wool blends must have attributes that are:
• superior to those of pure cotton and other similar ar-

ticles;
• recognized by the consumer as being superior; and
• worth the added expense.
In what has been described as “a significant coup for the
future of wool-cotton blends” (4), Rocklea Spinning Mills
has won a $500,000 contract to supply Colana® yarn into
the American market. Colana® is also being:
• tested by the Australian army in socks designed for

tropical conditions;
• woven by Bruck Textiles (Australia) for the Polo Ralph

Lauren group to sell in European and US markets; and
• made up in Malaysia for China’s Lion brand polo shirts.
Colana® was used in the uniforms for the female Austra-
lian athletes at the Sydney Olympic Games (an initiative
sponsored by The Woolmark Company), and a number of
major Italian processors have expressed a keen interest in
the product.

Attributes of Cotton/Wool Blends
The major benefits that cotton contributes to the blend
are:
• comfort, especially when worn next to the skin, and
• low cost (relative to that of wool).

There are several benefits that wool contributes to the
blend:
• The bulk of cotton/wool knitted products is generally

greater than that of the corresponding cotton articles.
Bulk contributes to the feeling of warmth—both to the
touch as well as to the resistance to heat loss—and
enhances the perception of a softer handle.

• Improved wrinkle recovery of woven products.
• Superior shape retention of knitted garments, espe-

cially after they have been worn and laundered a num-
ber of times. This can be explained in Figure 1, which
shows that for a given extension, the elastic recovery
properties of wool are superior to those of cotton.

Advantage of Natural Fibers over
Synthetics
Natural fibers are characterized by their softness. Syn-
thetic fibers, such as conventional polyester, can lead to
products with a relatively harsh handle, and their incorpo-
ration into blends with natural fibers leads to a trade off
between handle and performance. In recent years, syn-
thetic fiber manufacturers have made considerable
progress in the development of their products, and so-
called microfibres are becoming increasingly popular.
These fibers are characterized by diameters considerably
less than those of conventional fibers, generally resulting
in softer and more lustrous products.
Natural fibers have one very clear advantage over syn-
thetic fibers (such as polyester and nylon): their ability to
absorb and desorb moisture vapor from the surrounding
air as the conditions change. This property is often de-
scribed as ‘breathability’. The capacity for fibers to store
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Figure 1. Elastic recovery properties of cotton and wool; adapted
from (9).
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up water vapor is indicated by the amount of swelling
between dryness and saturation (Table 1); the higher the
swelling, the greater the capacity.
There are two important features associated with this
moisture vapor absorption and desorption:
• The discomforting effects of rapid changes in humid-

ity near the skin (of the garment wearer) are slowed
down or ‘buffered’.

• Large amounts of vapor can be stored inside the fiber
without making the fabric feel wet. At a relative humid-
ity of (for example) 80%, cotton absorbs 9% of its
weight as water, and wool absorbs 17%.

Both of these aspects are important for the comfort of the
wearer. Because synthetic fibers are unable to manage
moisture as successfully as natural fibers, garments made
solely from synthetic fibers can feel clammy, especially
when worn in hot and humid conditions. On the other
hand, garments made from natural fibers— having the abil-
ity to ‘breathe’— feel more comfortable.

Processing Issues for Cotton/
Wool Blends
Cotton and wool fibers are physically and chemically dif-
ferent, posing some real challenges for the processing of
cotton/wool blends. Technical issues exist not only for
the yarn manufacturer, but also for downstream process-
ing, especially in relation to bleaching and dyeing.

Fiber Selection
Fiber quality has a major impact on yarn and product qual-
ity. The high quality of Australian cotton is recognized
globally, although local spinners are continually seeking
further enhancements to yarn quality through reductions
in short fiber and neps. The concept of quality in relation
to wool has been recently summed up by Clark (3): “The
main accepted objective measurement for quality is mi-
cron, or the fineness of each fiber ….. fine wool is more
comfortable and glamorous.” The mean fiber diameter of
wool varies significantly, being influenced by factors such
as the breed of sheep and geographical location. Cotton
fibers are somewhat finer than wool fibers.

As for cotton, many cotton/wool products are worn next
to the skin. It is important that fine wool fibers are selected
to maximize comfort. Naylor (10) has found that the per-
centage of wool fibers with diameters greater than 30 mi-
crons is an indicator of skin comfort: the lower the per-
centage, the greater the comfort. Figure 2 shows the dis-
tribution of fiber diameters for a wool lot that has a mean
fiber diameter of 20.8 microns; fibers with diameters greater
than 30 microns are indicated.
Figure 3 shows the percentage of coarse fibers (greater
than 30 microns in diameter) as a function of mean fiber
diameter for commercial wool tops. Below a mean fiber
diameter of about 19 microns, the frequency of occurrence
of coarse fibers is insufficient to cause discomfort. The
choice of wool fiber will also be influenced by cost, with
finer fibers considerably more expensive than coarser fi-
bers (6). In mid 1999, 19 micron wool was selling for about
850 cents/kg. Twelve months later, sales have seen the
price at 1430 cents and higher. In contrast, 21 micron wool
has been selling for 495-565 cents, with more recent sales
rising to 640 cents, and 22 micron wool has been selling
for around 545 cents. Australian A-index cotton has been
selling recently for around 240 cents/kg.

Table 1. Swelling of Fibers in Water (4)

Fiber Swelling (%)
Cotton 44-49
Wool 32-38
Silk 30-41
Viscose 45-82
Nylon 2
Polyester virtually nil
Acrylic very slight

Figure 2. Distribution of fiber diameter for a 20.8 micron wool
(10)
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Shrink-resist Treatment of Wool
An important requirement for cotton/wool products is that
they are machine washable. Wool fibers can felt when
they are subjected to mechanical action in the presence of
water. The tendency for a cotton/wool fabric to felt will
depend on the blend ratio—less felting with more cot-
ton— and fabric structure. Commercial processes for ren-
dering wool shrink resistant are available. A common pro-
cedure involves pretreatment with chlorine followed by
the application of the resin, Hercosett. Chlorine/Hercosett-
treated wool top is commercially available. Shrink-resist
treatments improve the after-wash appearance of a cot-
ton/wool product, and also reduce the tendency for the
wool fiber to pill.

Processing of Fiber into Yarn
The normal processing routes for wool and cotton are
quite different. Cotton fibers, being relatively short, are
processed on the short-staple system. Wool fibers are
somewhat longer (Table 2), and are generally processed
on the long-staple or worsted route. Woven blends can
be made simply by weaving cotton yarn in one direction,
and wool yarn in the other; union fabrics made from a
cotton warp and a wool weft have enjoyed some popular-
ity in the past (5). Intimately-blended yarns (such as
Colanaâ) where both fibers are mixed together to form a
uniform yarn will, however, generally produce a superior
product that combines the best aspects of each fiber.
Cotton/wool yarns can be manufactured by cotton pro-
cessors on the short-staple system by reducing the length
of the wool fibers. This can be achieved by a process
known as stretch-breaking. Alternatively, naturally
shorter wool fibers that are compatible with the short staple
system can be used. Although the production of a quality
yarn is dependent on the quality of the input fibers, fiber
quality alone is insufficient to achieve this. The skill of the
spinner is paramount! The quality of the final product is
affected greatly by yarn quality.

Bleaching and Dyeing
Procedures for bleaching and dyeing of cotton and wool
are well documented. However, a number of processors
have discovered to their dismay that bleaching a cotton/
wool blend using a procedure developed for pure cotton
will often dissolve the wool. Whereas the cotton fiber is a
polymer made up of long chains of glucose units (2), the
wool fiber is a protein, the building blocks of which are 18

different amino acids (11). Under the harsh alkaline condi-
tions often used for bleaching cotton, certain wool amino
acids are destroyed (5,6). Wool that has been chlorinated
or chlorine/Hercosett-treated is even more susceptible to
damage than untreated wool. Alkaline procedures are also
recommended for the application of certain dyes to cot-
ton.
Dyeing and bleaching problems can be overcome by treat-
ing the fibers prior to blending (5). Dyeing of each compo-
nent can be carried out under optimum conditions, and
the dyes and dyeing procedures can be easily selected to
give the required fastness properties and range of shades.
Blending and carding can be used to correct problems
regarding dye levelness and shade matching. Dyeing in
blend form, however, is more the modern day norm, offer-
ing the following advantages:
• Spinning and other preparative processes are simpli-

fied because only undyed fiber is involved.
• The need to maintain stocks of colored substrate is

reduced. If fashion demands change, the processor
may be left with stocks of unsaleable product if it is
already colored.

• When making coloration decisions at a later stage, un-
dyed product can be converted relatively quickly into
the final product, and the processor is able to respond
more quickly to market needs.

Bleaching
The whiteness required for many cotton goods, such as
underwear, is obtained by bleaching. Bleaching removes
the creamy color of natural cotton, and is also important
to remove the cotton seed coat. Bleaching is often carried
out prior to dyeing to enhance the brightness and color
purity of, especially, pale shades. Commercial methods for
bleaching cotton/wool blends are based predominantly
on the use of hydrogen peroxide. In order to minimize
wool damage, mild conditions of pH and temperature are
used, but this often leads to inadequate seed coat removal
and whiteness. A new, improved procedure has been de-
veloped for cotton/wool yarn, which utilizes the chemical
activator, tetraacetyl ethylenediammine (TAED), in con-
junction with hydrogen peroxide (1). Under the Cotton
Textile Research Program 5 of the Cotton CRC, different
activator systems are being investigated to further en-
hance bleaching of cotton/wool blends, with particular
attention being focussed on application to fabric using
cotton processing equipment and operations.

Fiber Diameter (micron) Perimeter (micron) Length (mm)
Fine Upland cotton 15 (micronaire 4.0) 50 26-28
Fine wool (top) 19 60 65

Table 2. Approximate Lengths of Wool and Cotton Fibers (8)
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Dyeing
Dyeing of cotton/wool blends has created great a number
challenges for the dyer (5,6):
Procedures that have been optimized for dyeing pure cot-
ton are often inappropriate for dyeing the cotton portion
of a blend because of wool’s sensitivity to alkali.
• Although wool dyes have a low affinity for cotton,

cotton dyes have a strong tendency to be taken up by
wool.

• It is often difficult to get a uniform, matching shade on
both fibers.

• Adequate build up of color on the cotton, especially
for heavy shades such as blacks and navies, can be
difficult.

A recent study has established optimal procedures for the
dyeing of Colana® (13). These procedures relate to exhaust
dyeing—for example yarn dyeing, or fabric dyeing in jet
machines—where conditions are such that the dye, which
is dissolved in water, is allowed to exhaust from the liquor
into the fibers. A technique used commonly in the cotton
industry involves pad dyeing. Dye is applied to a fabric
by passing it through a pad mangle where the nip is charged
with dye liquor. After padding, migration of the dye from
the surface to the interior of the fiber is achieved by stor-
ing the fabric on a roll for periods of up to 24 hours; this is
referred to as a pad-batch operation. Excess dye is then
removed by washing, and the fabric dried. The use of a
pad-batch (rather than exhaust) procedure to dye cotton
leads to a more efficient reaction between dyestuff and
fiber, and consequent savings in dye costs (6). Pad dye-
ing also uses less water and energy. Pad dyeing is quite
different from exhaust dyeing, and techniques appropri-
ate to Colana® are being developed under the Cotton Tex-
tile Research Program 5 of the Cotton CRC.

Conclusion
With the appropriate fiber selection, cotton/wool blends
exhibit the best properties of each fiber. Although a cot-
ton/wool article will be somewhat more expensive than
the corresponding pure cotton product, it can offer the
consumer something that is superior, unique and worth
the added expense. Cotton/wool blends will serve to raise
the profile of cotton in the mind of the consumer. It is
important that optimal procedures are developed for, es-
pecially, bleaching and dyeing. Work carried out in con-
junction with Australian manufacturers, and jointly funded
by the Cotton CRC and CSIRO, is aimed at developing

these procedures using processing equipment and opera-
tions that are specific to the cotton industry.
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There is absolutely no doubt that cotton is a business, a
global business. There is also no questioning that cotton
has a vast and intensive supply chain that takes it to the
consumer. Each aspect of the chain is a business in its
own right. And each aspect has a customer and a respon-
sibility to return a profit to itself. What needs to be remem-
bered is that the final consumer pays for our contribu-
tions, and ultimately dictate our future.
How often have we taken time to listen to our final cus-
tomer, or even ask questions of them? How often have we
checked the awareness of cotton in the consumer market?
Are we even confident of our own families and their un-
derstanding of the fiber? Are we confident that the con-
sumer understands the positive attributes of cotton? In
essence does our market understand the value of the fib-
ber we produce?
In many ways, the consumer’s vision of the textile indus-
try is as presented by designer labels, on catwalks, through
performance links, or via image reinforcement about what
is deemed to be “cool” to wear. Very occasionally the ac-
tual fiber has a profile in its own right. One can think of
selected synthetics that have a profile. Wool certainly has
one, at least here in Australia, but does cotton have a
profile, an image or an understanding?
Over the years we have learnt that synthetics are no longer
bad. The stigma once associated with poor comfort and
low moisture absorption has been replaced by the ben-
efits such as breathability, wickability, easy care, color
retention, drape, handle, etc. In general, synthetics are
now deemed to be wonderful to wear and have perfor-
mances that leave the older style fibers for dead. They
have linked themselves with images that are successful,
desirable, sporty and even sexy. In essence, there have
been morphological changes to the original fibers, but the
big change, the dramatic change, has been via marketing.
The synthetic manufacturers have lifted the image of the
fibers in any way they can to the consumer. They have
identified the negatives of their own fibers, understood
the positives of other fibers and then changed the think-
ing patterns of the consumer via marketing. And by doing
so, they have established acceptance and gained market
share.
Today’s consumer has many ways of coming to a pur-
chase conclusion. Sometimes it is as simple as look, color,
fit and price. Other times it is about performance, or brand,
or image. In these cases, the consumers rely on their own

knowledge to ensure the purchase will be successful.
Knowledge comes from experience and presented infor-
mation. Experience and marketing which create preferences.
When consumers make a purchase they demonstrate their
preference. Successful purchases often lead to repeat pur-
chases and hence pattern. So it is very important that
cotton has a preference status with the consumer. After
all, repeat business is what confirms our future.
I’d like to highlight four opportunities where cotton could
improve its image with the consumer. There are many more
examples.
• Cotton has a great position in the casual market due to

denim. We could add to this presence if we had a larger
slice of the smart-casual business. At the smarter end
of casual, pants with pleats are favored. Pure cotton is
associated with products that crease easily and re-
quire significant ironing after washing to look smart
again. Polyester blends have demonstrated that they
are easy to look after and hence they dominate this
market. The finishes that minimize creasing of pure
cotton and the finishes that allow you to wash, tumble
and hang in the wardrobe beautifully pleated trousers,
without any ironing at all are available on the market
and have been for some time. But does the consumer
know this? The consumer is not as alert as we are on
the topic. Hence there is an opportunity to market
against the old perceptions and thereby change the
consumer’s view of cotton.

• Cotton’s place in circular knitted fabrics is well known,
but there are many opportunities even here for cotton
to take a stronger position. One such fabric is fleece.
The market in Australia is predominantly associated
with polyester cotton intimate blends. Polyester cot-
ton suffers with pilling, and hence garments become
unsightly relatively quickly. Pure cotton fleece is an
alternative. The problem with cotton fleece, particu-
larly brushed fleece, is shrinkage. Shrinkage is a pro-
cessing problem that could be overcome. The big as-
set of cotton is that it does not pill. So why do we
allow the synthetic guys to market “low pill” polyester
when we have the solution? Pure cotton fleece! A mar-
ket driven opportunity for cotton to improve its prior-
ity with the consumer.

• Flatbed knitted products are distinctly different from
circular knits. It would be safe to say that wool, acryl-
ics and variations involving these fibers dominate this

Consumer Preferences Will Drive Future
Textile Needs

Heather Ball, Cotton Research and Development Corporation, Australia
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market. Cotton is used, but it is often seen as the “sum-
mer” or “cheap” alternative to wool. It is a “fill-in”
fiber to a wool market. Cotton flatbed garments, when
knitted by traditional wool manufacturers, regularly suf-
fer in performance. Often cotton garments are knitted
loosely to ease knitting tensions, or to reduce cost.
Support is not given to the basks, and the end result is
a garment that bags, deforms and snags in the early
stages of wear. There are however some flatbed knit-
ters who focus on cotton manufacture and are good at
it. They treat the yarns correctly, process the fabric to
remove knitting tensions and support the basks with
elastomerics. The end result, in these cases, is gar-
ments that perform well. But in the eyes of the con-
sumer, cotton knitwear is extremely variable. We need
to either, give technical support to the fabric formers
who have difficulty, or help the consumer identify the
garments that will perform over those that do not. Ei-
ther way, there is an opportunity for cotton to have a
more successful image.

• Regarding socks, cotton has volume in this applica-
tion, however there are opportunities to improve the
market share. Cotton is a low irritant fiber, after all it is
the preferred fiber in baby’s wear. Dermatologists rec-
ommend cotton when skin is sensitive or irritated. It is
known that it can be cleaned easily and that it does
not hold odor after cleaning. Cotton also has an amaz-
ing ability to absorb moisture. If these issues were
marketed, and the health aspect brought to the fore-
front, then socks made from acrylic, or new synthetic
fibers that “wick”, etc., would struggle to survive. Even
wool could be successfully challenged by cotton in
the summer months. Health is a wonderful platform to
market on. One that can be considered.

• Cotton has some very positive attributes, but it is sug-
gested that cotton’s image does not necessarily rein-
force these good points. It needs some help. Cotton is
a commodity fiber after all. Its name is not new, not
“revolutionary,” or even special. Its name is associ-
ated with everyday items such as underwear, towels,
jeans, and mops etc. It is not for one minute suggest-
ing that cotton needs to move to the upper end of the
market and to focus only on that end. That would be
silly. It has a place in all markets, and we need to be
able to sell all quality levels of the fiber produced. There
is a place for the cheap cotton T-shirts that are full of
neps, and twist unmercifully but their place is at the
bottom end. There is also a place for a super T-shirt
made from combed 2/40ecc at the upper end of the
market. What we have to do is give the consumer
knowledge about the benefits of cotton and the ability
to understand which garments will perform. It is im-
portant to create a need in the consumers’ mind so
that they want to purchase cotton.

There are many examples in textiles where marketing and
product branding are linked to performance. In such cases,
the consumers “needs” have been identified, met, and
protected. Protection is expensive, and marketing with la-
beling does not come cheaply, but both are required in
today’s climate. Take Gortex, DuPont or The Wool Mark
Company as examples. They label their products and en-
sure that the label means something via extensive market-
ing and quality assurance programs. One significant mis-
take made by the industry is to allow a variety of cotton
logos to be used along the cotton chain, and on the final
garment, without a defined quality link. A generic link is
not enough. If the garment quality is good, then the logo
has value. If the garment quality is poor, then the logo
reinforces that cotton is a poor performer, and that we
think that this is OK. There should never be a possibility
of an outcome that reinforces a negative view. As a global
body we would benefit from a logo that was universal and
jealously protected. A logo that was used along the whole
chain and one that distinguished quality via its use. Such
a logo would require a commitment by the whole supply
chain, and it would require detailed specifications along
the chain; but unfortunately the majority of the funding
and management would need to be generated from the
fiber end of the chain. There needs to be one point of
focus, and after all “cotton” is a fiber and not a finished
garment.
The message is simple.

♦ As part of the cotton and textile industries, we assume
that the consumer knows the benefits of cotton. This
assumption is probably not correct. So there is an op-
portunity to make an improvement in this area.

♦ From a primary producer’s stance, it is assumed that if
more and more quality fiber is produced, partners in
the cotton chain will be able to maintain the fibers’
market share in the consumer world. In other words,
we do our part and then place our trust in our textile
partners to ensure the growth we seek. Is this assump-
tion a fair one? An increase in crop volume does not
necessarily mean an increase in market share, particu-
larly if the market perceives that it is saturated. There-
fore have to continually generate the need and the
best place to do this is with the consumer!

♦ All along the cotton chain, we place our trust in the
fashion end of the chain, to choose our fabrics and
present the correct image to the consumer. Whose im-
age will they present….cotton’s or their own? It is sug-
gested that the time is right to at least take some of the
message to the consumer ourselves.

♦ And lastly, there is a need to ensure that we have clear
understanding of our consumer, and that they have a
positive outlook toward cotton in their mind. It is pos-
sible to support their purchase via marketing in many
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formats. A universal logo is just one suggestion. Imag-
ine a consumer market that believed that the only good
poloshirt to buy was one made from cotton. All others
were second rate and not likely to give good comfort
and value for money! Perception in the consumer’s
mind is a powerful tool and it is registered to make the
best use of it.

It is important to leverage our position via research, prod-
uct developments, marketing campaigns, new finishes, new

dyeing systems,  etc. New brand names for any develop-
ments and not just encompass the creation into the exist-
ing word “cotton” must be considered. By aligning our-
selves to market segments, designers, applications and
performances it is possible to get market acceptance.
It is very important to do the task as a group, with the aim
to mark our place in the consumer world, and not just in
our own world. After all, the consumer will dictate our
future whether we like it or not.

*****


