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Introduction

Australian cotton yields have been either the world’s highest or
second only to those in Israel during the last two decades.
Australia’s average yield includes about 125,000 rainfed hect-
ares (30% of total area), while Israel’s total area is smaller (25-
30,000 hectares) and all cotton is irrigated, two-thirds by drip
irrigation and the rest by various types of sprinkler systems.
The average rainfed yield in Australia is higher than the world’s
average yield, and the average irrigated yield is more than
double the world’s average. The Technical Information Sec-
tion of the ICAC invited Dr. Greg A. Constable of Australia to
write an article for the ICAC RECORDER on achieving high
yields in Australia. According to Dr. Constable, the develop-
ment of high-yielding varieties, proper soil management, in-
cluding the avoidance of soil compaction, appropriate pest con-
trol and suitable weather conditions are responsible for such
high yields. 45% of the contribution to high yields has come
from breeding high yielding varieties, 25% from soil-nutrition-
irrigation management, 20% from insect control and 10% from
disease management. More details on the contributing factors
to high yields in Australia are given in the first article.

The term integrated pest management is almost 40 years old
and became popular because of the success of an FAO IPM
program on rice in Asia. In cotton, the cost of complications
from excessive use of insecticides motivates researchers and
farmers to think of IPM. Now, IPM is more commonly associ-
ated with cotton than any other crop. Even though IPM is still
not fully implemented in many countries, the significance of a
multi-dimensional approach to pest control in cotton has in-
creased tremendously in the last few years. Most programs are

now directed toward distancing from chemical-based farming
practices to a more sustainable approach. IPM is often mis-
taken to mean the elimination of pesticides, which may be true
for some production conditions but untrue for others. Many
issues regarding IPM, including international efforts, are dis-
cussed in the second article.

The 4th general meeting of the Interregional Cooperative Re-
search Network on Cotton for the Mediterranean and Middle
East Regions was held in Turkey from September 20-24, 2000,
sponsored by ICAC, FAO and the University of Cukurova,
Turkey. A report summarizing the highlights of the meeting is
included in this issue of THE RECORDER.

The Technical Information Section of the ICAC has updated
the database on “Current Research Projects in Cotton,” and a
published report is available. The report has four main sec-
tions: structure of research; complete addresses of institutes/
organizations working on cotton in 45 countries; research
projects in all production research disciplines, along with key
researchers responsible for the projects; and email addresses
of all researchers. The database is also available on the ICAC
web page in a searchable form, and access to the database is
free.

Meetings/Conferences

The World Cotton Research Conference—3 (WCRC=-3) will be
held in Cape Town, South Africa from March 10-15,2003. The
WCRC-3 will be held under the auspices of Cotton South Af-
rica and the Agricultural Research Council of South Africa.
Cotton South Africa is the apex body on cotton production,
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marketing, ginning, classing, fiber and textile technology, and
quality control. Cotton SA also represents the government of
South Africain the International Cotton Advisory Committee.
However, research on cotton is undertaken at the Institute for
Industrial Crops of the Agricultural Research Council, which
will host the Conference. More information in the form of a
brochurefor preliminary registrationisavailablefromthe ICAC
Secretariat and also on the ICAC web page at http://
www.icac.org/ under meetings.

The ICAC, with major funding from the Common Fund for
Commodities, is sponsoring the project “Improvement of the
Marketability of Cotton Produced in ZonesAffected by Sticki-
ness—-CFC/ICAC11.” The Sudan Cotton Company, the Agri-
culture Research Cooperative of Sudan, CIRAD of France and
the Textile Institute of France worked together on this project.
The project has devel oped reliable methods to separate sticky
from non-sticky cotton and to determine threshold levels for
spinning sticky cotton by mixing it with non-sticky cotton un-
der varying environmental conditions. The project is near

completion, and the final workshop for the dissemination of
resultsfrom the project will be held in France from February 5-
7, 2001. Moreinformation on the workshop isavailable on the
ICAC web page at http://www.icac.org/ under meetings.

The Beltwide Cotton Conferences of the National Cotton Coun-
cil of Americawill be held in Anaheim, Californiafrom Janu-
ary 9-13, 2001. The theme of the Conferences will be “Possi-
bilities, Progress, Promise.” The booklet containing informa-
tion onregistration, hotel reservation and travel hasbeen mailed
by the National Cotton Council to previous attendees and is
also available online at www.cotton.org/beltwide. Information
can also be obtained from the following address.

National Cotton Council of America
P.O. Box 820285

Memphis, TN 38182

Telephone: 901-274-9030

Fax: 901-725-0510

Deborah Richter <drichter@cotton.org>

The Components of High Yields in Australia

Greg A. Constable, Cotton Research Unit, Australian Cotton Cooperative Research Centre,
Locked Bag 59, Narrabri 2390, NSW, Australia

Introduction

Using photosynthesis rates and season length, Baker and
Hesketh (1969) calculated yield potential of cotton to be over
4,000 kg lint/ha. Thisyield isyet to be achieved, but in Austra-
lia we have documented instances of large fields with nearly
3,000 kg lint/ha, large farmswhich average morethan 2,250 kg
lint/ha and a national average which
can exceed 1,700 kg lint /hain some

tions between seasons that are more or less favorable, as well
astheaverageincrease of 23 kg/halyear over that time. Meredith
(1991) showed asimilar increase in lower yield levels for the
U.S., but the datashowed aplateau inyieldinthelast 15 years.
TheAustralian data showsthat the trend continues and can eas-
ily be achieved, particularly in lower-yielding irrigated fields,
correcting factors that have reduced their yield.

Seasons.

Highyieldscan givealow cost of pro- 1500

duction per unit of lint. Despite rela-
tively high costs for insect control,
weed control, planting seed and gin-
ning, Australia had total costs of
US$1.20 per kg lint in 1990/91, lower
than all other countries surveyed ex-
cept Argentina and Paraguay (Anon
1992).

The national yield average in Austra- 400 |
liaover the past fiveyearshasbeenin *
excess of 1,500 kg lint/ha, about 2.5 200 +
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yield trend in Australia in the past 30
years (Figure 1) clearly showsfluctua-

Figure 1. Average yield of the Australian cotton industry since 1963
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Cotton isgrown in Australia on a belt running north-south on
the western side of the mountain range, about 200 km from the
eastern coast of the states of NSW and Queensland (Figure 2).
Thetotal areaisnow in excess of 500,000 ha. There are about
5,000 ha of G. barbadense Pima cotton grown in the western
areas of NSW. All other cotton is G hirsutum upland cotton of
medium to high fiber quality. About 80% of the crop isfurrow
irrigated from water gathered from dams upstream on rivers
which run west and south from the mountain range. Irrigation
water isregulated by state authoritiesand theirrigation alloca-
tion of about 6 megalitershais varied according to the water
supply held in the dams. Long droughts can be a severe pro-
ductionimpediment. Most irrigated cotton farms al so have on-
farm storage dams for recirculating runoff from irrigation and
rain. About 20% of the crop is raingrown which on average
achieveslessthan half theyield of irrigated cotton.

The four central production valleys of the Darling Downs,
Mclntyre, Gwydir and Namoi account for more than two-thirds
of production and have similar climate and soil types. Data
presented in the following sections will use these locations as
examplesof typical production areasinAustraia. Northern areas
arewarmer and wetter, while southern areasare cool er in spring
and autumn aswell asbeing drier in summer.

History

Only very small areas of cotton were grown in the years fol-
lowing the beginning of European settlement in 1788. Signifi-
cant cotton was grown in Australiain response to agreater de-

0
0

Northern
Territory

Western
Australia South !

‘
|
I
E
': Australia
1
1

‘ Existing cotton region 39

Figure 2. Major cotton producing regions in Australia.
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mand in the world market during the U.S. Civil War and when
the boll weevil curtailed U.S. production. Oncefull-scale pro-
duction in the U.S. was resumed, cotton growing in Australia
contracted to avery small scalein Queensland. Production re-
sumed intheearly 1960swhen high-input irrigated cotton grow-
ing commenced in three states, NSW, Queensland and Western
Australia, in responseto the construction of irrigation schemes.

Components of Yield and Progress

Yield is aconsegquence of many factors that make up the crop-
ping system. The good yieldsin Australia can be attributed to
favorable soil and climate, new well-adapted varietiesand good
management, which is encouraged and rewarded by the incen-
tiveof high grossmargins. Variety development, improved man-
agement and information transfer have been assisted by well-
coordinated research, partly funded by alevy from growerson
each bale. A good network of cotton extension specidists is
involved, with notable decision support initiatives such as
SOIL pak (McKenzie, 1998) and CottonL OGIC (Deutscher and
Plummer, 1998) being produced. In more recent years, all ma-
jor research and extension providers have been given federal
funding to encourage collaboration in a Cotton Cooperative
Research Centre. This concept has significantly enhanced the
research, extension and education capacity for cotton related
issues and will have major benefitsin training the next genera-
tion of research and extension personnel. Cotton growers ac-
tively participatein research planning.

Another important component of a successful and vibrant in-
dustry is a progressive attitude from
being arelatively new industry grown
from afew pioneering and experienced
irrigated cotton farmersfrom the U.S.
who moved to Australia in the early
1960s. A classic example of the open
attitude is the rapid adoption of okra
leaf varieties in the mid-1980s
(Thomson, 1994). Thistype of cotton
has a different look and cotton farm-
ersin other countries have been reluc-
tant to adopt okra leaf.

TheAudtralian cottonindustry ishighly
mechanized, although some hand weed
control isstill practiced illustrating the
low tolerance of weeds and their asso-
ciated problems. The use of modules
instead of trailerswas quickly adopted,
aswell aslarge equipment such aseight
to twelve row planters, cultivation
equipment, and four-row pickers. All
gins are high capacity.

Biloela

The following sections detail the fac-
torsthat have contributed mostly to the
high and increasing cotton yields in
Australia. Therelative contribution of
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each factor will vary according to the season and circumstances,
but it ismost important to recognize that progress has been due
to acombination of factors, rather than to any onein particular.
All cropping practiceshave been evolving over the past 40 years,
with the last 25 yearsin particular producing very significant
changes in management to increase productivity and
sustai nability. For example, it isfelt that soil structure hasactu-
ally improved in the past 20 years. A suggested allocation of
the relative magnitude of different factors contributing to cot-
ton yield increase in the past 25 years is shown in Figure 3.
Although these val ues are approximate, they illustrate the mag-
nitude where data bel ow have measured the contribution of new
varietiesto theincrease, but it isnot possibleto accurately mea
sure the relative contribution of other factors.

Variety

Breeding and variety evaluation programs have been part of
cotton research in Australia for many years. Dedicated breed-
ing in central Queensland was being done more than 70 years
ago; other programs have been present in northern Western
Australia and south and north NSW. By the mid 1970s, most
breeding programs had been reduced or centralized at Narrabri,
where CSIRO under Dr. Norm Thomson had initiated a new
breeding program to develop full season varietiesfor the main
cotton growing areas. I nitially the program concentrated onim-
proving tolerance to Helicoverpa - okra leaf varieties origi-
nated from thisinitiative. As time progressed, improved fiber
quality (particularly strength), disease resistance (particularly
bacteria blight and verticillium wilt) and regional adaptation
(such asearly maturity) becameimportant breeding objectives.
There are about eight major conventional and three transgenic
CSIRO cotton varieties sold in Australia by Cotton Seed Dis-
tributors. A joint venture, between Cotton Seed Distributors
international arm and Aventis, has CSIRO varieties also being
sold internationally under the FiberMax name.

U.S. varieties were exclusively grown during the 1960s and
1970s, particularly Deltapine Smoothleaf, Deltapine 16 and
Deltapine 61. CSIRO varieties with disease and insect toler-
ance and improved fiber quality became availablefromthe early
1980s and by 1994 were being grown on more than 90% of the
crop area, the remainder being Deltapine 90. Deltapine estab-
lished abreeding programinAustraliain 1991 and uses CSIRO
germplasm for new variety devel opment.

The CSIRO cotton breeding program runs a series of advanced
line trials in 13 different locations in Australia each season.
The seriesincludestwo varietiesgrowninthe 1970s (Deltapine
16 and Namcala). This data set enables an accurate analysis of
yield progresswith obsol ete vari eties and acomparison of new
genotypes with those standards.

Over thelast 25 years, thelint yield of the two standard variet-
ies (Deltapine 16 and Namcal @) hasincreased by 13 kg/halyear
(regression of yield through time, datanot shown). Theincrease
represents progress with crop management which isdetailed in
the following sections, but when compared with the average
increase by theindustry in Figure 1, it showsthat management
has contributed about 55% of the yield progress through that
time period, indicating that variety has contributed 45% of the
progress.

Since 1983, theyield of new genotypes hasincreased by 1.86%
per year when compared with the standard varieties. The in-
crease is another measure of the progress with plant breeding
and represents the combination of yield potential with adapta-
tion to local soil types and climate and with resistance to dis-
eases such as bacterial blight, verticillium wilt and alternaria,
and with some tolerance to insect pestsin okra leaf varieties.
Theimproved fiber properties enable ready export marketing,
the destination for more than 90% of production.

Soil Management

The most common soil type used for cotton productionin Aus-
traliaisan alkaline heavy clay. The soil issome-

Insect control 20%

Soil-nutrition-irrigation
management 25%

Disease management 10%

Breeding 45%

Figure 3. A suggested relative contribution of some important factors contributing
to the increase in cotton yields in Australia in the past 20 years.

times sodic at depth but it is naturally fertile.
All locationsreceivenitrogen fertilizer at rates
up to 200 kgN/ha, depending on cropping his-
tory; about half thefields receive phosphate at
rates up to about 20 kgP/ha; and less than a
quarter of fields receive potassium at rates up
to 80 kgK/ha. Foliar fertilizer including low
rates of zinc (less than 200 gZn/ha) is applied
to about a quarter of fields, in recognition of
the low availability of zinc in akaline soils.
Fertilizer management isvery good, with little
evidence of any nutrient deficiency constrain-
ing yield (Constable et al., 1988; Constable et
al., 1992). Thereisincreasing awareness of the
need to reduce mining of nutrients and more
growersarereplacing removed nutrients asfer-
tilizer, regardless of response to that fertilizer.
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Another feature of the high clay is the high water holding ca-
pacity—up to 195 mm total available water in the root zone
(Chan and Hodgson, 1981). This characteristic isan advantage
in extending irrigationintervals.

The disadvantage of heavy textured soils is susceptibility to
waterlogging and to soil compaction. Yield reductions from
waterlogging directly and from nitrogen and iron uptake inhi-
bition have been documented (Constable and Hearn, 1981;
Hodgson and Chan, 1982). Management of fertilizer, irriga-
tion design and scheduling, to avoid these problems, has been
researched (Hodgson, 1982; Hearn and Constable, 1984;
Hodgson and MacL eod, 1987) and adopted by growers.

Soil compaction will occur if wet soils are cultivated or traf-
ficked while they are wet (Daniells, 1989; McGarry, 1990).
The solutionisto avoid these circumstances, with standard prac-
tice now for minimum tillage on permanent beds; restoration
of compaction relies on rotation with cerealsto dry and crack
the soil (Daniells, 1989; Constable et al., 1992). The average
crop rotation in cotton systemsistwo years cotton followed by
one year of wheat. Thisrotation has soil structure, soil fertility
and disease benefits. Improvementsin soil structure also ben-
efit irrigation scheduling and water use efficiency.

The SOILpak manual (McKenzie, 1998) was produced from
research and extension to promote good soil management via
improved soil structure and fertility.

Insect Management

Themost significant insect pestin Australiaisthe Helicoverpa
bollworm complex (Evenson and Basinski, 1973; Hearn and
Fitt, 1992). There are two species: H. punctigera and H.
armigera, with thelatter being the greatest problem in terms of
developing resistance to synthetic pesticides (Forrester et al.,
1993). These speciesare numerousin all regionsevery season.
Thecotton industry in the Ord region of north-Western Austra-
liafailed because of large numbers of resistant H. armigera up
to 1974, when 34 insecticide sprays were required (Hearn,
1975). Under heavy Helicoverpa pressure, it isnot uncommon
for unsprayed experiments to have near-zero yield.

Currently, the most conventional cottoninAustraliais sprayed
for Helicover pa species about ten times, with another two sprays
for other pests such as spider mites (Tetranychus urticae), thrips
(Thripstabaci and Frankliniella schultzei), mirids (Creontiades
dilutus), aphids (Aphis gossypii) and tip borer (Crocidosema
plebiana). Mites can be a significant pest (Wilson, 1993), but
the others are irregular in occurrence (Evenson and Basinski,
1973).

Control of multiple pests and large numbers of potentially re-
sistant H. armigera can be difficult. Research and extension
programs have emphasized an Integrated Pest Management
(IPM) approach (Brook et al., 1992) with chemical group rota-
tion, biological control, resistant varieties, cultural control and
the use of damage thresholds. Adoption of chemicalsand vari-
eties has been very good, but discipline with damage thresh-
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Figure 4. Yield improvement of released CS RO cultivars according
totheir year of commercial release. Relativeyield istheyield of each
cultivar as a ratio with obsolete control cultivars (Deltapine 16 and
Namcala). Pooled data for up to 13 locations.

olds has been disappointing. Incentives for change have come
from environmental problems, including contamination of stock
and waterways. By the year 2000, the imposition of restric-
tions on some chemicals and the establishment of the Best
Management Practice program industry will see most growers
adopting more elements of IPM. The computer decision sup-
port package, CottonL OGIC (Deutscher and Plummer, 1998)
has been created to assist with recording and integrating infor-
mation for IPM decisions.

Transgenic cotton expressing Monsanto’'s CrylAc Bt gene
(trade name Ingard) has been grown in Australia since 1996,
available in both CSIRO and Deltapine germplasm. Thistech-
nology has led to a halving of insecticides required for
Helicoverpa control (Constable et al., 1998). Resistance man-
agement practicesimposed by regulatory authorities havelim-
ited this technology to 30% of crop areauntil two gene variet-
ies are available in about 2003.

Disease Management

A number of significant diseases are present in Australia. Bac-
teria blight (Xanthomonas campestris pv malvacearum), ver-
ticilliumwilt (Verticilliumdahliae) and other pathogensare most
likely endemicto Australiaand reside in weedsin low density.
Black root rot (Thielaviopsisbasicola), alternarial eaf spot (Al-
ternaria macrospora) and a new strain of fusarium wilt
(Fusarium oxysporumfsp vasinfectum, K ochman 1995) areal so
significant and cause expanding problemsin at | east some pro-
duction areas every season.

Both varietal resistance and cultural control such as crop rota
tion have managed these diseases. The combination of those
factors has led to bacterial blight essentially being eliminated
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by resistant varieties, and verticillium wilt being considerably
reduced in incidence by varietal resistance and crop rotation
with ceredls (Reid et al., 1999).

Climate

Two aspects of climate in the Australian cotton belt are posi-
tive for optimizing cotton yield: temperature and rainfall pat-
tern. Summer temperaturesin the majority of production areas
average 33/19°C maximum and minimum. This temperature
range is near optimum for cotton growth keeping most of the
day within therangefor high photosynthesi s (El-Sharkawy and
Hesketh, 1964; Ludwig et al., 1965; Downton and Slatyer, 1972;
Burke et al., 1990) and being low enough during the night to
limit dark respiration (Hesketh et al., 1980). Early soil prepa-
ration and good seedbeds ensure adequate germination and seed-
ling development during spring when temperatures are lower.
Management of the crop for earliness will have fiber develop-
ment complete before temperatures fall in autumn.

Rain is very erratic in Australia, with considerable extremes
from droughts to floods in the cotton belt. The month of April
isthedriest on average and the time when peak harvest occurs.
Temperaturesare still high in April for good drying conditions
if rain does occur, so problems with rain reducing yield and
fiber quality at harvest are infrequent.

Summary

This paper has specified the factors most likely involved in
contributing to high yields of cotton in Australia. There are
human factors as part of ayoung and vibrant industry respond-
ing to attractive gross margins. Direct factors that cannot be
controlled and which are very important include an optimum
temperature and rainfall pattern, and a soil type with high fer-
tility and water holding capacity. Management factorsthat ex-
ploit the good conditions, and which are continually being im-
proved to produce higher yields, include new varieties, soil man-
agement (affecting soil structure, soil fertility and water use
efficiency) as well as disease and pest control. These factors
make up apackagethat givesanational averageyieldin excess
of 1,500 kg lint/ha, with anincrease of 23 kg lint/halyear. These
increases can be sustained.
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Integrated Pest Management in Cotton

What Is Integrated Pest Management
(IPM)?

Theterm “Integrated Pest Management” was coined over four
decades ago and is now the most widely used catchword in
agriculture production, particularly in cotton andrice. |IPM can
be defined in many ways. According to the Food and Agricul-
ture Organization of the United Nations, IPM is*abroad based
ecological approach to pest control utilizing a variety of con-
trol technologies compatible in a pest management system.”
IPM is a durable, environmentally and economically justifi-
able pest control system whereby damage caused by insects,
diseases and weedsis prevented through the use of natural fac-
tors and, if needed, supplemented with appropriate chemical
control measures. IPM can also be defined as a system that
controls pests and contributes to long-term sustainability by
combining judicious use of biological, cultural, physical and
chemical toolsin away that minimizes the risks of pesticides
to human health and the environment. The significance of |PM
has increased in recent years and is now accepted as the best
approach to pest control in terms of long-term sustainability of
cotton production, environment protection, human safety and
sound profitability.

Why IPM?

I nsecticides were adopted at different timesin different coun-
tries. Pesticide use on cotton started in the USA long before it
started in many other countries. Cotton researchers discovered
in the 1950s that insects were developing resistance to pesti-
cides due to repeated exposure. Researchers were alerted to
develop strategiesthat relied more on natural mortality factors.
The need for IPM increased as other effects of pesticides, and

particularly of insecticides, became known and the cost of pest
control operations exceeded economical levelsduetoincreases
in the number of sprays required every year. One of the first
successful approaches was the concept of economic threshold
levelsto replace calendar spraying. The concept works and is
still one of the most popular recommendations in insecticide
control. Neverthel ess, threshol ds cannot stop the consequences
of insecticides. It can berightly claimed that IPM isaresponse
tothefailure of many chemical pesticidesto providelong-term
solutions to pest problems.

Why Were Insecticides Adopted?

Cropshave been grown sincetimeimmemorial, first under natu-
ral conditions and then under cultivated and supervised grow-
ing conditions. Insect pests existed on crops long before they
became athreat to yield and quality. Insect pressure built up
slowly, and intensive cropping is probably a major factor re-
sponsible for the faster multiplication of insects. Over-winter-
ing has become easy and the continuation of insect generations
year after year has become more feasible. Insects have learned
to live under hardship conditions and they explore avariety of
aternate host plants in the absence of a primary host. When
insecticides were still not available, insect pressureincreased,
and losses due to insect damage exceeded economical limits,
researchers were bound to look for artificial means of control-
ling insects. Researchers’ efforts, in astruggleto fight insects,
received agreat impetusfrom someinternational events. Once
thechemical control of insectswas confirmed, insecticideswere
not only aggressively promoted but quickly adopted. There
could be many more claims on why insecticides were adopted
so quickly, but following are the two most important reasons
that convinced farmersthroughout the world to useinsecticides
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and make them aregular component of production practices:

* Insecticideswere shownto bethe most effective. Therewere,
and still are, many means of controlling insects but none of
them was comparable to the effectiveness of insecticides.
When an insecticide was sprayed, results becamevisiblein
the shortest possibletime. And, if insecticideswere sprayed
in the recommended dose and the right way, the effect was
always positive.

* The economic benefit of insecticide use was much higher
compared to the cost of insecticides at the beginning. Re-
gardless of how effective insecticides were, if the cost-ben-
efit ratio had not been good, farmers would never have
adopted them. Extremely high benefits—in terms of higher
yields—compared to the cost of the product, including ap-
plication, convinced farmersto go for insecticides.

Does IPM Mean Elimination of
Insecticides?

IPM has become so popular that everybody claimsto apply it.
Pesticide companies encourage | PM to increase sustained use
of pesticides while others, particularly researchers and exten-
sion workers, promote IPM to minimize dependence on pesti-
cides. IPM is also often mistaken as an alternative technology
against insecticides and misunderstood as altogether the elimi-
nation of pesticides. In IPM, the emphasis on reducing pesti-
cide useincreased as pesticide costsincreased beyond economic
limits. Although the target could be the elimination of insecti-
cides, it might not be possible to do so everywhere. So, at this
stage the IPM approach has the primary objective of minimiz-
ing pesticide use without sacrificing yield and quality, whichis
possible through the integration of various other approaches
for pest control.

What Was Ignored in a Haste to
Adopt Insecticides?

Many aspects of insecticide use were ignored in an effort to
utilize an efficient and cost-effective method for controlling
insects and minimizing lossesin yields. If the negative aspects
were not ignored, at least they were not properly analyzed and
understood. Had the negative impacts been foreseen, the adop-
tion of insecticideswould have been more cautious, which would
have prolonged their use. Thefollowing implications of insec-
ticide use were overlooked:

* Currently, one of the most important concerns of farmersis
the devel opment of resistanceto insecticides. If notignored,
it was not anticipated that insects would develop resistance
to thisextent. Fortunately, not al insects have an aptitude to
develop resistance, as have some of the most notorious in-
sectslikewhitefly and the bollworm Helicover pa armigera.
Becauseresistance has multifariousimplications, it hasbeen
taken more serioudly in insecticide use than in other pesti-
cides. The cotton industry has learned lessons from the ex-

perience with insecticides, which are evident from similar
concerns raised with respect to Bt cotton, even in the first
year of its large-scale commercial production in Austraia
and the USA.. Transgenic cotton toxic to bollwormsisinits
fifth year of production, and resistance to the Bt gene has
not yet been observed but is still aconcern.

Once an insect devel ops resistance to agroup of chemicals,
chances are it may also automatically develop resistance to
another group of chemicals. Not only wasresistance not an-
ticipated, but farmers and researchers were not prepared to
face cross-resistance problems. Early warnings of cross-re-
sistance were not enough to properly study and manage the
problem in most countries.

Insecticide use extended beyond expectations. The rate of
adoption was fast and, in spite of the pesticide industry’s
vigorous programs to extend insecticide use through quali-
fied staff, demand surpassed plansfor its strict implementa-
tion. Pesticide companies realized the need for direct train-
ing of farmersin pesticide handling and use, and undertook
extensive training programsin most countries.

One of the important components of the pesticide industry,
particularly with respect to quality, has been distribution
through dealerships. This weak link and its effects seem to
have been skipped at the time of introducing insecticidesin
many countries.

Pesticide use was new in agriculture and it was not antici-
pated that it could have serious effects on the pest complex.
Many conclusions—like early-stage use of pyrethroidscould
enhance the chances of |ate season mite attack—were drawn.
In countries where a number of sucking pests affected the
crop at an early stage, effective control of one sucking pest
year after year changed the status of pests. A major sucking
pest lost its significance and aminor sucking pest became a
major pest among the sucking complex. Similar changeshave
happened in bollworms, and the cotton bollworm
Helicoverpa armigera has emerged as the number one pest
on cotton in the world.

Highinsecticide useturned cotton into amoretechnical crop
compared with other field crops. When to spray, how to spray
and what to spray became the most important questionsin
the cotton production system.

Breeding for high yield and improved fiber quality served
asafocal point in cotton devel opment. According to studies
undertaken by the |CAC, there are about 253 production re-
search institutes working on cotton in the world, and almost
every one hasaprogram to develop new varieties. Breeding
isstill the most researched areain cotton but insecticide use
has definitely shifted the emphasis toward entomology and
converted cotton production into a pesticide-dominated
management practice.

Insecticide use introduces drastic changes in the agronomic
requirements of cotton plants. Higher boll retention on plants
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enhanced the need for different nutrients. Shorter statureva
rieties have been developed and plant efficiency has im-
proved from 30% to close to 70% in many countries. The
share of input use going to seed and lint production hasin-
creased relative to vegetative mass.

* |nsecticides were initially used for effective control of in-
sectsfor higher productivity. Though not properly assessed
intermsof what level of which bollworm/sucking pest would
result in how many yellow spotsor how much stickiness, an
effective bollworm control would reduce yellow spots and
improvethe grade of cotton. Higher grade means higher price.

What Are the Components of IPM?

IPM is a multidimensional approach that consists of cultural,
agronomic, regulatory and many other components. Each com-
ponent hasto be applied in order to achieve the maximum ben-
efit from an IPM system. In broad terms the components of
IPM are:

Cultural Control

Cultura control, also called physical contral, is comprised of
operations undertaken by the farmer to produce conditions un-
favorablefor peststo survive or multiply. Monocultureiscom-
mon in cotton, and a simple example of cultural control is a
crop rotation that interrupts the normal life cycle of apest by
changing the environment to onein which the pest cannot flour-
ish. It isastrategy that requires changes to accommodate non-
pest sharing crops in the production system without serious
economic implications. Another form of physical control isthe
“mating disruption” technique involving the use of sex phero-
mones, which are chemicals similar to the ones produced by
femaleinsectsto attract malesfor mating. Scientists have been
able to analyze the chemistry of sex pheromones in many in-
sects and reproduce them synthetically for use in commercial
fields. When pheromones are placed in the field, males are
strongly attracted and get confused, resulting in mating disrup-
tion. Less mating means alower population. The other formu-
lation of such atechniqueisthe production and release of ster-
ile moths, which has proved very successful in the control of
the pink bollworm Pectinophora gossypiella. Similar techniques
could be found for other pests, but the importance of tradi-
tional cultural methods like uniform planting, weed-free and
clean fields, optimum plant nourishment, and longer host-free
periods, cannot be ignored.

Biological Control

Biological control of insect pests existed even before chemical
control wasinvented. The fundamental principle of biological
control isthat every pest has natural enemies-predators, para-
sites or pathogens—and introducing or encouraging such en-
emies can control the population of the target pest. There are
three approaches to biological control:

* Research has established that some major and most damag-
ing cottoninsect pestshave natural enemies. Production prac-

tices that minimize the destruction of beneficial insects are
required. Production practices including the minimum use
of insecticides and appropriate insecticide timing can en-
courage the multiplication of beneficials. A detailed article
on an approach developed in Australia to improve the ben-
eficial-to-pest ratio was published in the June 2000 issue of
THE ICAC RECORDER.

* |f natural enemiesdo not exist in one set of production prac-
tices, there are possihilities to import and establish biologi-
cal agents. But it is very important that all aspects of such
introductions be properly considered and analyzed. Thereis
a possihility that a beneficial may be effective against the
target pest but could also affect other beneficials already
working inthe system. Nowadays, biologistsarerequired to
carry out extensive research, before a control organism is
released, to find out whether it will attack species other than
the pest species.

* Evenif the population of abeneficial istoo low to be effec-
tive against the target pest and the production practices fol-
lowed do not help to establish adesirablerelationship level,
the effectiveness of a particular beneficial can be increased
through mass production in thelaboratory and releasein the
field as and when required. The biological control system
followed in Uzbekistan usesthistechnique and isone of the
most successful programs in cotton. The parasitoid
Trichogramma pintoi, and to alesser extend Bracon herbetor,
are reared in bio-factories and systematically released in
cotton fields every year. The moth-catch-datain pheromone
traps are used to decide whether or not the Helicoverpa
armigera and Agrotis populations have reached the thresh-
old level for egg parasitoid release. The augmentation pro-
gram has proved its worth in Uzbekistan, and the average
number of insecticide sprays on cotton isonly 1-2 per sea
son. A number of whitefly control agents are also known to
exist in many countries but it has been established that they
areonly effective at high population levelsof thetarget pest.
A wasp, Catolaccus grandis, was found to be very effective
against the Mexican boll weevil Anthonomus grandis, but
economical rearing methodsare not available. Trichogramma
seemsto bethe most widely used biological control agentin
cotton producing countries.

Host Plant Resistance

Certain morphological plant features can serve as a hindrance
to the easy multiplication of pests. Enough literature is avail-
able on the usefulness of special characters and their side ef-
fects, if any, on the productivity and quality of cotton. Genetic
control of desirable features has been established and they can
beeasily incorporated into the desired cultivars. Some of these
special characters provide a strong defense, while others may
be only helpful in minimizing the multiplication of pests. L eaf
hairinessisawell-established plant character that offers strong
resistanceto jassid Amrasca devastans, afeature that has been
successfully utilized in many countries. But the problemliesin
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the impact of such features on the multiplication of other in-
sects. While leaf hairiness, in the form of dense and longer
hairs, servesasagreat annoyancefor jassid, it hel psthe white-
fly to establish better. Nectariless|eaves, frego bractsand okra
leaf shape, though utilized in many countries, cannot be used
as a replacement for insecticides, but they certainly help to
minimize insecticide use. However, such characters must be
used cautiously so that they do not become a favoring factor
for other pests.

Chemical Control

Chemical control of insect pests through pesticidesis an inte-
gral part of IPM, at least until an efficient replacement is dis-
covered. Problems have been created not by the use of pesti-
cides, but by their misuse. The wise use of pesticides requires
sound knowledge of the biology and ecology of target insects
and a thorough understanding of the agroecosystem. It isalso
important to know which is the most suitable chemical to be
applied, when it should be applied and how it should be ap-
plied. Finding the most vul nerabl e stage of theinsect life-cycle
to be attacked, developing new pesticides and insect growth
regulators, and other devel opments could augment the chemi-
cal control process. The key to chemical control isitsusein a
way that complementsrather than hindersother elementsin the
IPM strategy.

What Are the Objectives of IPM?

The chemical control approach is designed to hit insects hard
and provide immediate relief to the crop from damage. The
IPM approach is abalanced utilization of cultural, biological,
genetic and chemical methods to control insects. Such an ap-
proach should not be at the cost of farmers' profit and risk to
the environment. Thus, the objectives are:

v Maintainyield

v Reduce cost of production and improve profitability
v/ Do not rely on single control strategy

v’ Utilize control methods safe to the environment

v Minimize pesticide use

v' Enhance the sustainability of growing cotton

What Is the Role of Bt Cotton in
IPM?

Bt cotton could be a very successful element of an integrated
control strategy. Under the components discussed above, utili-
zation of the Bt geneto avoid spraying against bollworms now,
and maybe against avariety of insectsin the near future, would
fall under the category of host-plant resistance. In the case of
special morphological characters, a natural occurrence of a
particular featureis utilized, whilein Bt cotton the same effect
is created through artificial manipulation of genetic material.
Bt cotton can be even moreimportant for the successful imple-

mentation of an IPM program because the effect of the Bt gene
isstronger than the naturally-occurring special characters. How-
ever, it isunderstood that the successive use of the Bt gene or
any other built-in genesis going to affect the pest complex for
years. If aparticular pest is suppressed for years, aminor pest
may become major and new pests may also appear on cotton.
Under such circumstances, Bt cotton may cause a significant
impact on future strategies in the implementation of IPM.

What Is “100% Area” Under IPM?

Some countries have plansto successively increase area under
IPM. IPM does not work like an off and on switch, either you
haveit or you do not haveit. It is not a package of formulated
strict actions either, to be implemented on a percentage basis
as areplacement of some other technological package. Unlike
insecticides, herbicides, insect pheromones, etc., IPM isnot a
commodity that one can buy in ashop and start implementing.
It is quite possible that even if IPM is implemented, insecti-
cideswould still be used on aregular basis. Under such condi-
tions, the objectivewould be noincrease in pesticide use. This
isparticularly truefor production conditionswhereinsecticide/
pesticide use is still low. On the other hand, the strict applica-
tion of 1PM techniques could al so eliminate the need for insec-
ticide use. Thus, anumber of factorswill determine theimpact
of IPM in reducing therole of pesticidesin cotton production.
IPM comprises so many insect control measures other than
chemicalsthat it is hard to say it is not implemented on a spe-
cificareaor that it is 100% implemented on another area.

Can There Be One IPM Program for
Many Countries?

IPM programswill vary depending upon the pest complex and
agroclimatic conditions, but it iscertain that an area-based | PM
program has higher success than a farm-based program. IPM
recommendations are based on many factorsincluding variet-
ies, planting time, weather, and even target yieldsand farmers
know-how. Fundamental principles will remain the same, but
no two IPM programsareidentical . Generic recommendations
have to be adjusted according to growing conditionsin a par-
ticular country or even according to different areaswithin coun-
tries. Adjustments may also be required from one season to
another depending upon deviationsfrom normal pest behavior.

What Are the Main Benefits of IPM?

Conventional chemical-based production practices are per-
ceived as low risk because pesticides provide assured control
and lower the chances of variationsin yieldsand product qual-
ity, which are very important for cotton. But once IPM prac-
tices are established, the risks of insect damage are also re-
duced. Inthelong run, thefollowing benefits are expected from
IPM:

v Moreefficient use of inputs, particularly pesticides
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v’ Reduced health hazards

v" Reduced pollution of ground and surface water and the en-
vironment

v' Less danger to biodiversity loss
v" Improved sustainability of farming practices

v" Lower chances of creating complicated problems like de-
velopment of resistance to insecticides

v" Improved profitability of cotton production by lowering costs
and maintaining yields

How Can Governments Affect IPM
Programs?

Government programs can have tremendous effects on the suc-
cessful implementation of IPM programs. Even if cotton pro-
duction is 100% in the private sector, governments can influ-
ence the fate of IPM programs in two major areas: policy in-
centives and regulations. Governments can provide subsidies
to pesticides, as most did at the beginning of pesticide adop-
tion, or they can encourage or ban imports of specific products.
Governments can also allow freeimports of generic pesticides
and require strict quality-control monitoring. Regarding regu-
lations, governments can enforce lawsto grow specific variet-
iesin specific areas (zoning), can force farmersto clear fields
and destroy sticks by certain dates, can have specific cotton-
free periods, and many other regulations including those re-
lated to handling, storage, disposal, processing and marketing
of cotton, which help in the establishment of along-term pest
control strategy.

What Is the Future of IPM?

Pest control is a continuing struggle. Though pests have been
eliminated in some countries—one of the best examplesisthe
elimination of the boll weevil from the Southeast and other
partsin the U.S.—total eradication of a pest is not very com-
mon. The chances of eliminating a pest of native origin are
even lower compared to introductions like the Mexican boll
weevil in the USA. This s true for other categories of pests,
including weeds. Thus, control against insect pestsis along-
term struggle that is going to intensify with complicationsin
pest patterns.

The consequences of heavy reliance on chemical control are
becoming more evident in cotton producing countriesthrough-
out theworld. New research effortsare more aggressively |ook-
ing for waysto control pests without relying heavily on pesti-
cide use. The importance of a knowledge-based multi-dimen-
sional approach has been acknowledged and |PM has been ac-
cepted as a promising approach. The current trend shows that
more people and countrieswill adopt IPM, and therole of IPM

inthe cotton production system will increase. Therole of farm-
ersin diagnosing pest problems and the devel opment of solu-
tionswill aso increase.

What Are the International Efforts on
IPM?

The Food and Agriculture Organization of the United Nations
has made numerous effortsto popularize IPM in cotton. In ad-
dition to presentations and advocacy at various international
meetings, FAO has organized anumber of international events
on thisissuein the recent past.

ThelPM program of FAO, started inricein 1982, proved very
successful in South and South-East Asia. The Farmers Field
School concept was devel oped, and the FAO later encouraged
many countriestotry it on cotton and other crops. In February
1991, FAO organized a Regional Workshop on Integrated Pest
Management in Cotton in Pakistan. One of the recommenda-
tions from this workshop was to develop and implement na-
tional IPM programs and formulate aregional project on |PM
in cotton (Report on the FAO-PCCC Regional Workshop on
Integrated Pest Management in Cotton, Pakistan Central Cot-
ton Committee, Karachi, Pakistan). More recently, the FAO
Regional Officefor Asiaand the Pacific started a project, “In-
tegrated Pest Management for Cotton in Asia,” which will be
executed in Bangladesh, China(Mainland), India, Pakistan, the
Philippines and Vietnam, with financial help from the Euro-
pean Community. The Farmers Field School approach will be
followed and national IPM programs will be strengthened in
fiveyears.

The ICAC has always promoted safe and sustainable control
methods against pests. So far, the ICAC has sponsored eight
projectsfor funding from the Common Fund for Commaodities.
While one project, approved asaFast Track project, will study
the extent of resistance to insecticides by the cotton bollworm
in project countries, four out of seven other projects are di-
rectly related to the IPM approach in twelve countries. The
projects are

¢+ Integrated Pest Management for Cotton (Egypt, Ethiopia,
Israel and Zimbabwe)

¢+ Integrated Pest Management of the Cotton Boll Weevil in
Argentina, Brazil and Paraguay

¢+ Genome Characterization of Whitefly-Transmitted
Geminiviruses of Cotton and Development of Virus-Resis-
tant Plants Through Genetic Engineering and Conventional
Breeding (Pakistan, UK and USA)

¢+ Sustainable Control of the Cotton Bollworm Helicoverpa
armigerain Small-Scale Cotton Production Systems (China
(Mainland), India, Pakistan and UK)
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Fourth Meeting of the Inter-regional Cooperative
Research Network on Cotton for the Mediterranean
and Middle East Regions

Adana, Turkey, September 20-24, 2000

The 4th Interregional Cooperative Research Network on Cot-
ton for the Mediterranean and Middle East Regions has ten
working groups: Breeding and Genetics (WG-1), Variety Tri-
as (WG-2), Growth Regulators (WG-3), Nutrition (WG-4),
Plant Growth Modeling (WG-5), Water Management (WG-6),
Integrated Pest Management (WG-7), Fiber Technology (WG-
8), Biotechnology (WG-9) and Economy (WG-10). Each work-
ing group has its own chairman, and the General Coordinator
of the Network coordinates overall activities. A joint workshop
and meeting of all working groupswas held in Adana, Turkey,
from September 20-24, 2000. The major objectives were to
exchange information on subjects related to cotton within and
among the working groups and to plan future activities. The
Cotton Research and Application Center of the University of
Cukurova, Adana, Turkey, hosted the meeting. The Food and
Agriculture Organization of the United Nations, ICAC, the
University of Cukurova, the Cotton Research and Applications
Center, the Adana Exchange, the Sanliurfa Exchange, Adana's
Chamber of Commerce and some private compani es sponsored
themeeting. Delegatesfrom Bulgaria, Greece, Iran, Isradl, Italy,
Japan, Sudan, Syria, Turkey, the USA, Uzbekistan, CIRAD-
CA of France, FAO and ICAC attended the meeting. A list of
participantsis enclosed.

The program consisted of country reports, a review of activi-
tiesby theworking group chairs, technical papersfrom various
countries and activity plans until the next meeting of the Net-
work. Over 70 papers and reports on all disciplines of produc-
tion research, and some papers related to production econom-
ics, were presented in three days. Highlights of the meeting are
reported here.

The country reports provided interesting information about
numerous countries, including: 90% of irrigation water for cot-
tonisfrom recycled water in Israel; licenses from the govern-
ment are required to grow cotton in Syria; amajor shift in cot-
ton production among regions is occurring in Turkey; the de-
velopment of extremely short duration varietiesin Uzbekistan;
effortsare underway to promote cotton cultivation in the South
of Italy; and efforts continue to separate sticky from non-sticky
cotton in Sudan.

Researchers in Greece studied out-crossing using glandless
cotton and red leaf color for two yearsand concluded that natural
crossing decreased asthe distance between the varieties planted
increased. Mean out-crossing in the adjacent rows between
glandless vs glanded and green vsred leaf color was the same.
Out-crossing under Greek conditions even in plants grown in
adjacent rowswas lessthan 5%. L ower out-crossing under cur-

rent production practices was correlated to insecticide use. A
paper from Turkey concluded that out-crossing varied in dif-
ferent regions in Turkey and was as high as 13.3% in some
cases. Discussion diverted to the flying distance of insects car-
rying pollen grains, time for which the pollen grains remain
viable, and receptivity of the ovules. However, it was concluded
that it was safe to grow two varieties even for seed purposes at
adistance more than 10 metersin Greece, but in Turkey it re-
quireslonger distances.

Survival and performance of any good variety depends on the
seed production system. A good variety may not be ableto re-
main under commercial production if it is not backed by good
quality seed production. At least two papers, one each from
Turkey and Greece, narrated the seed certification and regis-
tration systemsin these countries. The seed production system
in Turkey requires expansion for meeting the needs of all cot-
ton farmers for certified seed, while in Greece all farmers use
certified good quality seed and it isall delinted. The seed pro-
duction system on scientific linesisalmost 50 yearsold in Tur-
key and the Seed Control and Certification Center of the Min-
istry of Agriculture is responsible for the implementation of
certification standards. Any variety that hasbeen bred/improved
in Turkey or developed outside can be registered in Turkey.
For commercial production in Greece, the company/enterprise
has to have a license for seed multiplication, and only seed
varietiesthat areincluded in the national or European Commu-
nity catalogue can be produced. The company that multiplies
seed of any variety has to submit a control and certification
formwith all theinformation on the variety. The Hellenic Cot-
ton Board oversees the quality control aspect through field in-
spection and monitoring at various stages of seed processing,
storage and distribution. In order to include a new variety on
the national catalogue, it hasto be properly defined for itsdis-
tinctiveness, uniformity and stability. The variety is evaluated
for its yield performance, agronomic characteristics and utili-
zation value and it has to be tested for two years, and some-
timesthreeyears.

Turkey is on the verge of adopting machine picking. The main
reason iscost. Work isbeing done related to suitable plant types
for machine picking, the effects of machine picking on agro-
nomic needs, and fiber quality. Machine picking resultedin 11-
16% loss in yield as against 2-7% in the case of handpicking.
Trash content in machine picked cotton ranged from 10-14%
in different varieties. It was concluded from the replicated tri-
als that there is no urgent need for a change in the varieties
planted in Turkey, and the varieties currently grown can be ma-
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chine picked. However, thereis aneed to study the changesin
cultural practicesand other agronomic requirements of the plant
as a prerequisite for mechanical picking. It is estimated that
about 10 picking machines have aready been imported into
Turkey.

Genetic engineering, and the cultivation of Bt varietiesin par-
ticular, came under discussion many times. The Bt cotton vari-
ety trialsconducted in | sragl showed 5-37% increasesinyields,
asavingsof upto 50% in pest control costs and early maturity,
representing an economic advantage of US$300-700/ha (10-
20% of total production costs/ha) under Israeli conditions. |s-
ragl still does not have the regulatory requirements completed
to plant Bt cotton on acommercial scale, but it was concluded
that some production areasin Israel are suitable for Bt cotton.
Greece has established a protocol for developing cotton resis-
tant to Verticilliumdahliae. During 1999/00, cotton represented
9% of genetically engineered crops grown in theworld. In the
USA, transgenic cotton areaincreased to 72% of thetotal cot-
ton area in 2000/01 as against 60% in the previous season.
Concerns were expressed not only about the development of
resistance to the toxin by the target bollwormsin Bt varieties,
but also that the elimination of sprays against sucking insects,
which were controlled in an effort to control bollworms, could
enhance the sucking pest population. Such a change in pest
pressure could result in long term changes in pest control in
cotton in some countries.

Many other issues related to commercial cultivation of
transgenic cottonswere discussed in the meeting, including the
impacts on the environment, out-crossing between pure and
transgenic varieties, utilization of this technology for quality
improvement, availability of this technology for other coun-
tries, and regulatory regquirements for large scale production.
Uzbekistan is trying to develop its own transgenic varieties
having early maturity, high oil percentage, high ginning outturn,
resistance to pathogens and better fiber quality. Uzbekistan
maintains ahuge germplasm collection from all over theworld
and has used it effectively in devel oping genotypes of specific
interest. G hirsutum has been crossed with the diploid species
G trilobum, G sturtii and G raimondii for devel oping amphi-
diploids having acomplex of desired characteristics. By using
non-traditional approaches, G barbadense varieties with four
and five locks have been devel oped.

Control of insect pests remained amajor issue for discussion.
Inthe Cukurovaregion of Turkey, insect pressure hasincreased
and, consequently, areais going down. Whitefly has become a
serious pest with losses that sometimes go up to 67%, and the
pink bollworm is already causing damageto yield. Biological
control isnot popular in Turkey but it isrealized that poor plant-
ing seed quality could be areason for the high pink bollworm
population year after year. Turkey has started an |PM program
in four areas with the objective of minimizing insecticide use.
In Israel, monitoring of the pest situation is undertaken on a
weekly basis throughout the cotton-growing season. Reports
on the pest population are received at the Israeli Cotton Pro-

duction and Marketing Board Ltd. every Tuesday, and guide-
lines areissued to all concerned on Wednesdays for taking the
necessary control measures. In Isragl, the “Insecticide Use
Policy” isvery strict and insecticidesfor farmersare purchased
by the Board, to assure alower price and good quality, asitis
the bulk purchase that reducesthe cost. Theimplementation of
IPM on awider scale hasreduced pesticide use significantly in
Israel. In 1986, the average number of sprays per season was
16, which was reduced to eight spraysin 1990 and only to five
spraysin 1999. In Syria, farmers cannot spray insecticides un-
til they get permission by experts from the government. The
program has been very successful and insecticide use on cotton
isthelowest intheworldin Syria, with only 3-4% of the cotton
area being sprayed not more than twice per season.

Cotton contamination is one of the major issues of concern to
the textile industry. According to the ICAC, about one third of
the total cotton produced in the world is baled in cotton cloth,
21% in jute bags and 24% in polypropylene. Only afew coun-
tries wrap in plastic, and polypropylene is a major contami-
nant. Although expensive, it isrecommended to use cotton cloth
for wrapping cotton bales. Stickinessisaproblem but at |east it
has not increased in the last few years. Sudan has a stickiness
problem from whitefly resulting in the whole cotton produc-
tion being discounted, though the problem may berelated only
to a percentage of the whole. Sudan has developed a protocol
toisolate sticky cotton from non-sticky cotton in collaboration
with CIRAD-CA'’s Cotton Program. The project was sponsored
by the ICAC with major funding coming from the Common
Fund for Commaodities. The project is near completion, and a
workshop will be held from February 5-7, 2001 in France for
disseminating the project findings. Sudan and CIRAD invited
all members of the Network to the workshop.

Thewhitefly population isincreasing in many partsof theworld,
worsening the stickiness problem. Even though stickiness is
not a problem in Iran, work presented at the meeting showed
that sticky and non-sticky cotton from the same areavaried in
fiber length, lint percentage, length uniformity, strength and
elongation most of thetime. Stickinesswastested on H2SD. In
Turkey, Cukurovaisthe region worst affected. In 1993 almost
one-third of production in Cukurova had some level of sticki-
ness. Discussions on fiber quality raised the point that though
fiber quality ismeasured and quantified intermsof fiber length,
strength, maturity, etc., production regions have an additional
effect on yarn quality. Some regions may measure the same
quality but cotton produced in one of the regions may always
have an additional advantage in spinning and thisisthe reason
that cotton in Turkey is classed by region instead of varieties,
asisthe casein some other countries.

Breeding of Pimatypesin Israel has shown that most fiber qual -
ity characters can be assumed to be uncorrelated. The correla-
tion coefficient between fiber strength and length and between
length and length uniformity was 0.74 and 0.84, but it is still
possible to improve these characters independently of each
other. The correl ation coefficient between different quality char-
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actersmeasured on conventional equi pment came out to be dif-
ferent from the HV I measurements. Though the conclusion re-
ferred to Pima cotton, the recommendation not to use HV | for
testing breeding material was a surprise.

The cotton plant shedsfruit everywhereintheworld, but among
the countries participating in the Network, shedding isthe num-
ber oneproblemin Syria. Though the categorization of the prob-
lem could be related to minimum insect pressure, high day and
night temperatures result in excessive shedding in Syria. The
last date to plant cotton in Syria is mid-May, and flowering
occurs at extremely high temperatures, sometimes exceeding
45°C for daytime highs. Thermotoxicity resultsin shedding of
small buds, flowersand even small bolls. Breedershave devel-
oped heat tolerant varieties, but it is till a challenge for re-
searchers to prevent shedding as much as possible to increase
yields.

Future Activities

The working group on breeding will collect information on
breeding methodol ogies followed in various countries and try
to formulate a common procedure to be followed and distrib-
ute it among researchers participating in the working group.
The group also decided to keep track of the published material,
and any paper that could be of use will be reproduced and dis-
tributed among the members. The group will aso prepare a
project outline and try to establish awebsite for the network.

The working group dealing with variety trials decided to con-
tinue common variety trials in the network countries but with
new varieties. Each country must have preliminary variety tri-
als before submitting them to the working group. In total, 12-
16 varietieswill betested in thetrialsin about 10 participating
countries. A protocol will be prepared and sent to all partici-
pating countries so that the same methodology isappliedin all
countries and the same data are recorded on all varieties. Indi-
vidual countries can record additional data on trials or on a
particular variety but only uniform datawill be brought to the
meeting and discussed. The trials will be conducted for two
years. The working groups on variety trials and plant growth
modeling will work to have at least one variety studied for its
fruiting and growth pattern. All trials will be conducted in the
major cotton producing areas and under conventional practices
followed by the majority of the growers in the area. The par-
ticipating countries will provide seed to each country directly
and preferably by the end of February. The working group re-
alized that verticillium wilt is a common disease in the coun-
tries of the Network and a stronger strategy against this men-
ace is needed. If possible, scientists in the participating coun-
trieswill visit trialsin various countries. The chair of the work-
ing group will prepare adirectory of researchers and circulate
it among members of the group.

The working group on growth regulators will prepare a new
protocol including new products, and trials will be conducted
in Bulgaria, Greece, Iran, Syria, Turkey and the USA for three

years. The same physiological measurementswill be recorded
in al countries, but countries have a choice to include addi-
tional data. The directory of researchers working on growth
regulators will be updated.

Theworking group on nutrition will continueitsfocus on vari-
eties x fertilizer interaction studies including foliar fertiliza-
tion.

A limited number of researchers participated in the activities of
the plant growth modeling studies so one of the group’s chal-
lengesistoincreaseits membership. Recording dataon adaily
basis and modeling plant growth is laborious; however, the
group will continue its emphasis on the source and sink rela-
tionship.

The working group on water management has not been active
and anew chairman was elected who will prepare awork plan
to be followed by members and revive activities.

Future activities of the integrated pest management group will
increase its focus on weed control, which has become a more
seriouspest and usually receiveslessattentioninthe | PM pack-
age. Information will be collected from parti cipating countries
working on common problems and a directory of researchers
working on various aspectsof IPM, including insecticideresis-
tance management will be published. The group realized that
there is a need to enhance research in IPM and decided that
IPM will be applied asaninterdisciplinary approach involving
researchers from various other working groups.

In the field of fiber technology, activities will be enhanced to
exchange information on how to use specific equipment, in-
cluding calibration, for improving measurement of fiber qual-
ity characteristics. Theworking group will explore somefund-
ing particularly from the EU for joint efforts. The exchange of
information through email will be enhanced. The group also
considered focusing presentations on a particular topic in the
next meeting of the Network.

The working group on the economics of cotton decided to up-
date its membership and enhance its activities for providing
updates on the current activities/achievementsin thisfield. The
group realized that there is a need to redefine the objectives
and targets which must includeissueslike analysis and assess-
ment of income of cotton producers and economic analysis of
cotton production systems. The working group will introduce
itself to moreresearchersand will also try to organize asympo-
sium on a particular topic. Members of the group from Turkey
agreed to host such asymposium. It was recommended that the
possibilities of getting the support of the European Forum for
Agricultural Research and the Association of Agricultural Re-
search Institutions for the Near East and North Africa
(AARINENA) be explored. They haveidentified cotton asone
of the four crops for their priority collaborative projects. The
working group will study the cotton sectors and their policies
in various countries.
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