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Introduction
Fiber length is one of the primary characters affecting yarn
quality and is probably the quality characteristic most measured
in cotton. Breeders have striven successfully to bring improve-
ments in conformance with spinning industry requirements.
However, improvements in fiber length are limited genetically
in each species. Emphasis has shifted from increasing fiber
length to improving length uniformity and accurately measur-
ing short fiber content. Fiber length is defined in many ways
and can be measured on a variety of machines. Details and fac-
tors affecting fiber length, its effect on yarn quality and current
international issues are given in the first article.
Dr. Robert Kofi Mensah of Australia has contributed the sec-
ond article in this issue of THE ICAC RECORDER. The
report,“Conservation and Utilization of Beneficial Insects for
Pest Management Programs in Cotton Systems in Australia,”
discusses intercropping of lucerne as a refuge and food for
predators, planting cotton in stubble, and utilization of a food
attractant that has been developed after eight years of research
in Narrabri, as choices used to preserve insects beneficial against
bollworms, particularly Helicoverpa spp. The application of
beneficial insect food attractants on commercial cotton crops
changed the predator-to-pest ratio by attraction and arrestment
of predatory insects, increased the searching activity and con-
sumption rate of predators, and decreased the oviposition ac-
tivity of Helicoverpa spp.

The third article is a brief note on gossypol content in cotton.
Gossypols are helpful for host plant resistance against boll-
worms, particularly pink bollworm and tobacco budworm. But
gossypols in cotton seed are harmful to livestock (raw seed)
and humans (oil). The most desirable situation would be to have
a high gossypol content in plants but no gossypols in seed.
Natural sources of such a combination existed in uncultivated
diploid species, and a team of researchers in Belgium has de-
veloped genotypes through trispecies hybridization that have
gossypol in plant parts but reduced levels of gossypols in the
seed.

The Inter-regional Cooperative Research Network on Cotton
for the Mediterranean and Middle East Regions will have its
joint meeting in Adana, Turkey, from September 20-24, 2000.
More details of the meeting and a registration form are given
on page 17.

Also, a Dialog search of the CAB Abstracts database was con-
ducted on gossypol in cotton. The reported work includes de-
velopment of gossypol free varieties, registration of low gos-
sypol varieties, insect reactions to gossypols, gossypol content
in disease-affected plants and roots, effect of fertilizers and
growth regulators on gossypol content, and tissue residue lev-
els of high gossypol cotton seed fed to animals.
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Fiber Length: Achievements and New Challenges
Fiber formation initiates on the day of anthesis, and fiber length
is determined in the next 15 to 25 days by genetic factors and
growing conditions. Among tetraploid cottons, fibers start to
appear even before anthesis in G. barbadense, while the pro-
cess of fiber formation in G. hirsutum may start shortly after
anthesis has taken place. Though there are species-to-species
differences in the beginning time of fiber formation, it is com-
mon in all species that fibers start appearing first on the cha-
lazal region. Initiation of fibers on the micropylar end could
start one to two days later. This is the first wave of fibers and
forms the lint. The second wave of fibers, which is equally dense
and starts after anthesis, may continue to grow up to ten days
after anthesis and forms the bulk of linters or fuzz on the seed.

Length Formation
Cotton fiber is a unicellar outgrowth from the epidermis of the
cotton seed, in the case of a fertilized ovule, and from a mote
when fertilization does not take place. The fiber formation pro-
cess can be divided into three stages. First, although many fac-
tors will have effects, on average for the first 24-48 hours fiber
growth is non-polar or isodiametric, meaning that length is still
not a criterion for fiber growth. Therefore, for about 48 hours,
fibers grow on the surface of the ovule (fertilized or not fertil-
ized) in the form of a balloon like protrusion. Fiber diameter is
established within 24-48 hours after anthesis and long before
fiber length. As soon as the diameter of the fiber is reached, its
intrinsic fineness (fiber perimeter), which remains constant, is
also established.
The second stage begins when each fiber starts to grow in length.
Fiber elongation can start a few hours earlier, but in most cases
polar elongation or fiber tip growth starts on the third day after
anthesis. Non-polar fiber growth is more a genetic character,
while fiber elongation is greatly influenced by growing condi-
tions in addition to species and variety characteristics. Fiber
continues to grow in length for 15 to 25 days. The duration of
fiber length growth depends on genotype and environmental
factors. At the end of the second stage, when fiber ceases to
grow, fiber length and length distribution are finally established.
The second stage results in the formation of a primary cell wall,
which is flexible enough to accommodate a large quantity of
cellulose.
The third stage begins with the deposition of cellulose within
the primary wall. Literature shows that the formation of pri-
mary and secondary walls overlaps for a considerable period
of time extending up to 10 days. However, chances are that the
overlapping of two stages (second and third), calculated on the
basis of mean fiber length and dry weight for a boll, could be
due to variation among seeds or among fibers. The secondary
wall comprises cellulose deposited in the form of tiny threads
called “fibrils” placed side by side to form a ring shaped lamel-
lae. The fibrils follow a helical course making an angle known

as the spiral angle that varies from variety to variety and is also
subject to environmental effects. In general, longer fibers have
a steeper spiral giving them more strength compared to shorter
fibers. The fibrils of different lamella may have different spiral
angles and may also adopt a reversal spiral path. The places in
the fibrils in the lamellae where spirals change their directions
usually form the weakest parts of the fiber and make them more
prone to breaking during processing. The frequency of rever-
sals is variety-dependent but may be affected by other factors,
although very little is known about the influence of other fac-
tors on frequency reversals. The secondary wall forms more
than 90% of fiber weight and practically determines most fiber
properties.

Fiber Length Variation
Fiber length is not the same on all seeds within a boll; thus no
boll has a uniform fiber length. But fiber length variation within
a boll is less than the variation in fiber length among bolls on
the same plant. The position of bolls on the plant has a signifi-
cant effect on fiber length. A large number of squares are formed
but the cotton plant cannot afford to retain and convert all into
bolls. Fruit abscission occurs due to physiological, environ-
mental and entomological reasons. Some abscission is neces-
sary for the remaining fruit on the plant, and there is a lot that
simply cannot be avoided. Particularly, the available photo-as-
similates become limiting close to the end of the season, which
is the main reason for the shedding of flower buds and even
small bolls. Whatever the reason for the shedding of fruit forms,
the distribution of bolls on the plant is not uniform. Plant type
has a lot to do with the distribution of bolls. In a sympodial
type, early-maturing variety, about three-quarters of the pro-
duce come from the central part of the plant. The early-formed
bolls usually have shorter staple length compared to mid and
late season bolls. As in the case of bolls positioned at the bot-
tom, middle or top portion of the plant, the uniform location of
bolls on the sympodial branches, i.e. first position or second
position, also produces more uniform fibers compared with
other locations. Fibers on a single seed measure longer on the
chalazal or blunt end compared to the micropylar end.
Fiber length is usually measured after ginning. The lint sample
used in the estimation of fiber length is comprised of fibers
taken from not only the various ends of the seed but also from
various seed positions within a locule, various boll positions
on the plant, various plants within a field and various fields on
the farm. Variation in length among fibers harvested from the
same field is more related to position of bolls on the plant.
Breeders have made enormous efforts over decades, to satisfy
the fiber length requirements of the spinning industry. There
have been changes in spinning machinery to faster speeds, but
research efforts have met the requirements of the spinning in-
dustry. Length is no longer a spinners’ number one priority in
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high-speed open-end spinning. Rather, spinners now require
finer and stronger lint. It shows that breeders’ efforts have been
successful. In the USA, average staple length has increased at
the rate of 1/32nd of an inch every ten years since 1975. The
fiber length uniformity index has also increased steadily but at
a slower rate. Similar statistics may not be available from other
cotton producing countries, but the basis for the increase in
fiber length and uniformity index—cultivation of longer uni-
form fiber-producing varieties—shows that the same could be
happening in other countries. Upward revisions in the staple
length quote of the cotton referred to by the New York futures
and the Cotlook A Index is another indication that the average
fiber length of world cotton production has increased.

Factors Affecting Fiber Length
Today’s cotton plant has been evolved in the hotter and dryer
parts of the world and still retains a high degree of tolerance to
drought and a need for sufficient light. Independent of the wa-
ter situation and other factors affecting growth in the field, 32ºC
is the most suitable temperature for plant growth in hirsutum.
Though there may be a difference of opinion about the most
suitable temperature within hirsutum genotypes, as they can be
modified for new conditions, the most suitable temperature for
plant growth is also the most suitable temperature for fiber
growth. If there were no variation in maximum and minimum
temperatures, the variation in fiber length produced on the same
plant would be significantly reduced. Cotton grown under high
temperatures produce comparatively shorter fibers while low
temperatures below optimum may not only prolong the forma-
tion of proper length but may also help to form a longer fiber.
Extremely low temperatures affect fiber maturity and could also
be detrimental to fiber length.
No universal conclusions can be drawn to say that an increase
in temperature could improve fiber length or could have a nega-
tive effect, because not only growing conditions could be dif-
ferent but varietal response to growing conditions could also
be different. Maximum temperatures over 32ºC, and minimum
temperatures below 15ºC will have a negative effect on fiber
elongation. Similarly, the formation of the secondary wall could
also be affected by variations in temperatures.
Water stress can negatively affect fiber length in many ways.
Though developed bolls have a higher tolerance to water stress
than green leaves on the plant, water stress for small bolls, par-
ticularly those less than ten days old, means abscission. Seeds
within growing bolls are more affected than bolls. Water stress
can lower the seed index and thus affect a seed’s ability to prop-
erly feed fibers. Water stress conditions in general produce
shorter fiber length.
The effect of fertilizer on fiber length is determined by the ex-
cess or deficiency of the water supply. In particular, a shortage
of nitrogen could have a serious effect on fiber length. An ad-
equate supply of nitrogen may not increase the number of fi-
bers per seed but would certainly help to get the best interac-

tion out of genetic ability and growing conditions for fiber
length. If the soil were deficient in potassium, the addition of
potassium fertilizer would not only increase fiber length but
would also improve length uniformity. Potassium has a signifi-
cant effect on seed maturity, and if the supply is not enough,
the addition of potassium would increase seed weight. So, the
effect on length and uniformity could be a secondary effect of
the increase in the seed index. Literature also shows that, if not
required, the addition of some micronutrients like manganese,
zinc and boron decreases fiber length.
Fiber length formation is also dependent on many other fac-
tors, including humidity, sunlight and insect pressure, but ge-
notypic influence remains the primary determining factor.
Length formation can also affect other quality characters like
strength, fineness and maturity.

Fiber Length vs. Yarn Quality
Fiber length is the most important fiber character affecting yarn
quality. Length and length uniformity have a direct influence
on yarn strength, elongation, evenness, hand, structure, and
hairiness, as well as on yarn twist performance. Though litera-
ture shows that longer fibers may be weaker and shorter fibers
stronger, in general, longer fibers are stronger than shorter fi-
bers under the same growing conditions, and if genotypic dif-
ferences are not great.
Fiber length has a variable degree of influence on various yarn
parameters. Yarn evenness or irregularity could be affected by
the number of fibers per cross section or length uniformity. The
relationship between length uniformity and yarn evenness is
linear, provided short fiber content is low and remains constant
for given samples. The direct effect of length uniformity could
occur at the nip of the feed roller. There will be a more irregu-
lar release of fibers and, consequently, yarn evenness will go
down if the variation in fiber length is greater. The uneven re-
lease of fibers will produce a yarn quality inclined toward ring-
spun yarn. Another effect could come from the drawing pro-
cess, where fibers are straightened for even formation of yarn.
But, if the floating fibers are high, it leads to uneven distribu-
tion of fibers in the sliver, ultimately affecting yarn evenness. A
high percentage of uncontrolled fibers or floating fibers can
increase the drawing waste significantly, another direct loss.
The leveled-out card sliver has the potential to reduce drawing
waste, but it is difficult to eliminate the effect of differences in
fiber length on the ultimate quality of yarn. Lower uniformity
index for fiber length, lower upper half-mean length and mean
length enhance the coefficient of variation in yarn irregularity.
Yarn strength and yarn elongation could be negatively affected
by shorter span length. Yarn irregularity can increase yarn
strength variability.

Fiber Length Definitions
Fiber length can be measured by different methods. However,
the fiber length measurement methods also have an effect on
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length measurement expression. According to Behery (1993),
the following fiber length definitions are used in the trading
and processing of cotton fiber.

Staple Length
Staple length can be called the classer’s estimate of fiber length
and is the oldest method used to estimate the fiber length of
cotton. Length is still measured on a hand-prepared staple like
a tuft wherever hand classing is in practice. Staple length is a
personal judgment of the length appearance of the sample pre-
pared from a given cotton bale or lot. Preparation of the sample
has a lot to do with the staple length estimation. This is one of
the reasons why there could be differences in judgment by dif-
ferent individuals of as high as three millimeters, even if a ruler
is used in length measurement.

Modal Length
The length in a fiber sample length distribution frequency dia-
gram, which lists the highest frequency of occurrence.

Mean Length
An arithmetic mean of all the fibers in the test specimen based
on weight-length data.

2.5% Span Length
Currently, the most commonly used measure of fiber length
adopted in most countries where HVI use is still not popular.
2.5% span length is the length that is exceeded by only 2.5% of
the beard fibers scanned by the Fibrograph.

Effective Length
The effective length value is the upper quartile of a numerical
length distribution from which some of the short fibers have
been eliminated in the process of preparing the specimen. This
is a length measurement that is closer to the staple length value.

Upper Quartile Length
The fiber length that is exceeded by 25% of the fibers by weight
in the test specimen when tested by the Array method.

Upper-half Mean Length
The mean length of fibers longer than 50% of the fibers by
weight as tested by the HVI.

Length Uniformity Index
The ratio between the mean length and upper-half mean length
expressed as a percentage of the upper-half mean length.

Length Uniformity Ratio
A ratio between two span lengths expressed as a percentage of
the longer length. The 2.5% and 50% span longer lengths and
the 50/2.5 uniformity ratio are usually used.

Span Length
A distance scanned by a specific percentage of fibers in a test

beard when tested by the Fibrograph, taking the amount read-
ing at the starting point of scanning as 100%.

Short Fiber Content
Short fibers are fibers measuring less than 12.7 mm (half an
inch).

Floating Fiber Index
The floating fiber index (FFI) relates to those fibers that are
not clamped by either of the pairs of rollers of a drafting sys-
tem.

ITMF Working on Fiber Length
The International Textile Manufacturers Federation has a tech-
nical committee commonly known as the ITMF International
Committee on Cotton Testing Methods. Formed in 1980, the
ITMF International Committee on Cotton Testing Methods
conducts its work through five working groups dealing with
maturity, stickiness, dust/trash, fiber length and high volume
instrument (HVI) testing. Each working group has its own mem-
bership but all the working groups meet together every two
years. The main function of the committee, and thus of the
Working Group on Fiber Length, is to consider various testing
methods/machines or reference methods for testing a particu-
lar fiber characteristic and approve them as recommended. The
committee is not an authority to approve or reject testing meth-
ods, rather it is a discussion group with the mandate to analyze
new developments in fiber testing equipment. The committee
and the Working Group on Fiber Length meet every two years
before the International Cotton Conference in Bremen, Ger-
many. The last meeting of the Working Group on Fiber Length
was held from February 29 to March 1, 2000. The Group re-
viewed the state of fiber length measurement in the world and
considered some new machines for measuring length param-
eters. The meeting is summarized here.
• The Bremen Fiber Institute undertakes round tests on differ-

ent parameters of fiber length. According to the Bremen
Round Tests, fiber length measurements at the long end of
the distribution are consistent with acceptable levels of varia-
tion among laboratories.

• The ITMF International Committee on Cotton Testing Meth-
ods recommends that only HVI Calibration Cotton Standards
be used for HVI calibration. However, about 50% of the
Bremen Round Tests participants still use International Cali-
bration Cotton Standards (ICCS).

• 2.5% span length results and upper-half mean length results
have the same values with low variations among laborato-
ries. The same conclusions can be made for the between-
laboratory variations of the Uniformity Ratio and Unifor-
mity Index values.

• Short Fiber Content (SFC) measurements by means of the
Almeter, the Advanced Fiber Information System (AFIS) and
HVI lines are unsatisfactory in the Bremen Round Tests. The
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implementation of the Short Fiber Index (SFI) measurement
in HVI lines did not improve the results in the Bremen Round
Tests. Currently, AFIS seems to be better than other machines
for measuring SFC, but there is a strong need for a better
machine to measure SFC.

• A report from Zellweger Uster Inc. on the analysis of the
Bremen Round Tests SFC data showed that there are con-
siderable differences in inter-laboratory variation for each
cotton type, depending on the origin of the cotton.

• Work done in Poland showed that fiber length values in AFIS
are influenced not only by different software but also by the
machine hardware.

• Lenzing Technik of Austria presented a new machine (FILE)
for measuring fiber length with a focus on short fiber con-
tent. The instrument has the ability to measure fiber length
at a speed equivalent to AFIS but still more data is required
to judge the repeatability of the data among labs and ma-
chines. The machine is being developed with the objective
of improving repeatability, reliability, speed and compara-
bility of data with other machines.

• The Working Group decided to organize special round tests
on AFIS for measuring length and length distribution be-
cause of the high variation in the Bremen Round Tests.

• The issue of redefining the SFC definition was raised. The
current definition of less that 12.7 mm, or half an inch is not
a fair criterion for diploid cottons. It was stated that SFC
should be a function of fiber length; however, nothing was
decided. The issue of redefining SFC will be discussed at
the next meeting in March 2002.

Methods to Measure Fiber Length
A number of methods and machines are available to measure
fiber length and some are more objective than others. The old-
est method used is the combing and tuft method of measuring
staple length. Fiber length can also be measured while fibers
are still on the seed by straightening them. The tuft method is
the most common method used by professional classers, among
the old methods.
The Array method physically separates fibers of various lengths
and measures weight-length data, upper quartile length, mean
length and coefficient of length variation. In a sample of 75
gms, fibers are straightened and aligned with the help of two
banks of parallel combs. The fibers are pulled in such a way
that one end of each fiber is aligned at the base of one comb.
Similarly, the process is repeated to align the other end of the
fibers. The fibers are placed on a velvet-covered board and
pulls are measured. This method is not a precise measurement
of fiber length, so it is not used in commercial transactions.
HVI testing has gone through extensive changes since two dif-
ferent companies introduced the system during the 1980s. In
the latest HVI machines, like Model 900 of Zellweger Uster
Inc., the test specimen is held in a clamp in such a way that

fibers in the bundle are contained in a random position. Light
is sent through the sample and the beard is scanned
photoelectronically from the base to the top. The amount of
light passing through the beard is used as a measure of the num-
ber of fibers that extend various distances from the comb. It is
the same principle used in the Fibrograph. HVI data may also
provide information on the 50% span length and uniformity
ratio in addition to the 2.5% span length. HVI is the fastest way
of measuring fiber length.
HVI use is expanding because of its efficiency and ability to
produce reliable results, but the Fibrograph is still the most
commonly used method of estimating fiber length where HVI
has not been adopted. Fibrograph data is based on the assump-
tion that fibers are caught in the comb in proportion to their
length and the point of catch is random at its length. The
Fibrograph may not necessarily produce results in close agree-
ment with other systems; however, the inter-laboratory
Fibrograph readings normally have a high degree of confidence
and repeatability.
The methodology applied in the Advanced Fiber Information
System, AFIS–L&D, is different from the other methods men-
tioned above. AFIS–L&D gives detailed single fiber informa-
tion on length by weight and length by number. AFIS–L&D
can measure upper quartile length, fiber histogram, staple length
diagram, and fiber length at various span lengths in addition to
short fiber content. AFIS–L&D has a sample preparation facil-
ity wherein all the fibers are individualized. Individual fibers
are transported in an air stream through a sensor that has a cam-
era which registers the length of each fiber even in curled con-
dition. Because AFIS – L&D provides the measurement of in-
dividual fibers, it constitutes a way of measuring SFC.

Short Fiber Content
Zero short fiber content would be an ideal situation but it is not
possible. Cotton naturally has some percentage of SFC, which
can be called inherent or genotypic dependent SFC. However,
most of the short fibers originate during ginning. Ginning not
only reduces fiber length but also increases SFC many times.
As cotton has to be ginned, the increase in SFC cannot be
avoided, but it seems that by making the process gentler the
amount of SFC can be reduced. Varieties with less SFC can
also be developed. There are no universally accepted classifi-
cations for SFC. However, the lower the SFC the better. Some

Routinely Used Length Grades

  Classification
(mm) (inches)

< 12.7 < ½ inch Short  fiber content
12.8 to 25.4 ½ to 1 inch Medium staple
25.5 to 27.9 11/32 to 13/32 Medium long staple
28.0 to 33.5 11/8 to 15/16 Long staple

> 33.6 > 13/8 Extra long staple

Length
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indications of short fibers in a sample of cotton are given be-
low.

The spinning industry is
becoming more conscious
of SFC as it represents a
direct as well as an indirect
loss to spinners, and yet
there is no incentive to
lower SFC. In general, cot-
ton with a low SFC does
not receive any premium

and cotton with an extremely high SCF is not punished. The
lack of reliable testing methods could be a reason for the non-
observance of SFC standards. So far, all fibers less that 12.7
mm are said to be SFC, but how much shorter the fibers can be
and still be spinnable with a minimum effect on yarn quality is
not understood.
Short fibers can be measured by weight or by percent, and the
uniformity index also indicates the quantity of SFC. In general,
a high uniformity index means a low quantity of SFC, but the
uniformity index cannot be used as a measure of short fibers in
a given sample. There is recognition of the fact that SFC should
be measured irrespective of other length readings. The mes-
sage from the spinning industry’s point of view is to reduce
SFC and also find suitable, efficient and reliable testing meth-
ods for SFC.

Fiber-to-Seed Attachment Force
Fibers are pulled away from the seed coat during the process of
ginning. The action could be just pulling in the case of roller
ginning or pulling plus beating in the case of saw ginning.
Whether it is roller ginning or saw ginning, fibers undergo a
physical stretch that can cause breakage. This is the reason that
fiber length is reduced during ginning and SFC is increased.
Verschraege and Kiekens (1987) undertook interesting studies
on the fiber-to-seed attachment force at different positions on
the seed. They reported that there is a drastic variation among
species. The attachment force varied from 20 to 80 cN.cm/mg
in hirsutum genotypes. In many uncultivated species, fibers were
more strongly attached to the seed coat and the value ranged
from 200-700 cN.cm/mg. On the other hand, G. barbadense
varieties have an attachment value of as low as 8 cN.cm/mg.
The study does not report on the diploid cultivated species, but
it is assumed that their attachment force is higher than hirsutum.
If fibers are more firmly attached to the seed coat, more force
will be required to remove them. Higher force consequently
means higher chances of fiber breakage (or length reduction)
thus creating more short fibers.
Strong fibers have a higher probability of resisting stretching
forces. But interspecies and intraspecies differences in the at-
tachment force suggest that varieties with a lower attachment
force can be developed, and physical pressure on the fiber dur-
ing the harshest processing can be reduced. Though Verschraege

and Kiekens also observed that the fiber-to-seed attachment
force is not related to tensile strength, fiber perimeter and ma-
turity, it does seem that immature fibers are weakly attached to
the seed. Inexpensive equipment is available to estimate the
attachment force, but it is customary not to test varieties for
this character.

Issues for Consideration
The significance of fiber length was recognized over 300 years
ago when mechanical spinning was introduced on a commer-
cial scale. Length has been measured for a long period of time
and probably is one of the most researched fiber quality char-
acters. However, there is a cap in the improvement of fiber
length, beyond which improvement is not possible within
groups. Thus, it would be realistic to assume that arboreum
varieties with the same fiber length as hirsutum varieties can-
not be developed, or that hirsutum varieties with fibers as long
as barbadense varieties cannot be developed. And, the reverse
is also true: barbadense varieties with fiber lengths as short as
arboreum cannot be developed. It is concluded that the im-
provement in length within species is subject to certain limits.
Fiber length is a quantitatively controlled genetic character. To
transfer together an accumulation of desirable genes and alle-
les in one genotype to another genotype is out of the control of
breeders. Thus, now the textile industry could benefit more by
concentrating breeding efforts on improving other qualities re-
lated to fiber length or other fiber parameters, rather than length.
Length uniformity is an important character in fiber length which
would require more attention than it has received in the past.
The intervarietal differences in length uniformity provide a
strong hope and a challenge for researchers to develop variet-
ies, if not without variation, at least with a minimum variation
in length among fibers on the same plant. Since insufficient
work has been undertaken on this aspect, it still needs to be
determined how much conventional breeding can contribute to
bring improvements in fiber length uniformity.
The first phase in the application of genetic engineering to cot-
ton was focused around agronomic traits. However, since bio-
technology became an applied technology, it has been antici-
pated that genetic engineering technologies could be applied
to bring improvements to other characters. No such genotypes
are available yet, but improvement in fiber quality including
length is among the targets. It is not sure if it will be through
manipulation of mRNA (Messenger Ribose Nucleic Acid) or
of hormone levels in developing fibers, or through the synthe-
sis of new biomaterials in fibers, or even through an unknown
approach at this time that could be followed to obtain more
control on length formation. If researchers were successful in
obtaining such a control, the level of control would determine
the success in producing all fibers of equal length on the same
plant. Uniform fibers is certainly an area of great interest to
biotechnologists.
Short fiber content has two challenges: to reduce the quantity

Short Fiber Content
% Classification
< 6 Very low

6.1 to 9.9 Low
10.0 to 13.9 Medium
14.0 to 16.9 High

> 17 Very high
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of short fibers, and to measure SFC with a higher degree of
confidence. Current efforts of machinery manufacturers indi-
cate that the accurate measurement of SFC, where data could
be repeated in laboratories, is not far away. However, minimiz-
ing SFC by, say 50% or even lower, will be a challenge for a
long time.
The fiber-to-seed attachment force and its contribution in mini-
mizing SFC is another area of research which could be studied
in more detail and could be utilized.
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Abstract
Many predatory insects such as predatory beetles, bugs, lacew-
ings and spiders have been recorded in cotton systems in Aus-
tralia and other parts of the world, but their potential value has
not been widely exploited in cotton pest management due to
lack of techniques to conserve and maximize both their abun-
dance and effectiveness. Adoption of within-field monocultures
in cotton production systems is known to discriminate against
and reduce the activity of predatory insects because they lack
ecological diversity. The major focus of the Australian cotton
industry is to reduce its dependence on synthetic insecticides
for the control of major pests in cotton, particularly Helicoverpa
spp. This can be achieved through the development of alterna-
tive pest control strategies, which place much more emphasis
on the role of beneficial insects. Studies have been conducted
since 1992 using strip intercropping, beneficial insect food at-
tractants and planting cotton in wheat stubble to conserve and
utilize beneficial insects for pest management programs in cot-
ton. In addition, a predator-to-pest ratio has been developed as
a threshold to incorporate the activity of predators into pest
management decisions to control Helicoverpa spp. in cotton.
The application of beneficial insect food attractants on com-
mercial cotton crops can mediate changes in the predator-to-
pest ratio by attraction and arrestment of predatory insects fol-

lowing food attractant spray, increased searching activity in-
duced by contact with and feeding upon the food attractant,
increased consumption rate of predators, and decreased ovipo-
sition activity of Helicoverpa spp. due to the presence of the
food attractant, especially Envirofeast®. The decision to con-
trol Helicoverpa spp. should be based on a predator-to-pest
ratio of 0.5 or lower in the cotton crop as indicated by scout-
ing/bug checking counts. For food attractant sprays to work
effectively, there need to be a source within or close to the cot-
ton farm where the insects can be attracted. Interplanting a
lucerne crop in cotton fields as strips can conserve and increase
the densities of predatory insects of Helicoverpa spp. in cot-
ton. The interplanted lucerne crop acted as a refugia and a source
of the predators to the cotton crop. Also, planting cotton in
wheat stubble can conserve some beneficial insects in cotton.

Introduction
The role of generalist beneficial insects in regulating pests in
agroecosystems, especially the cotton system, is becoming in-
creasingly important (Clark et al. 1994). Though these benefi-
cial insects, particularly generalist predators, do not show tightly
coupled dynamics with their prey, they most often provide ef-
fective control, particularly in non-chemical insecticide regimes,
because their population dynamics are not solely dependent on
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target pests (Wratten, 1987; Murdoch et al., 1985). Many ben-
eficial insects have been recorded in cotton worldwide, which
include generalist predators and specialist parasitoids. The po-
tential value of these beneficial insects has not been widely
exploited in cotton pest management due to a lack of under-
standing of its efficacy, lack of techniques to maximize their
abundance and effectiveness, and the indiscriminate use of
broad-spectrum insecticides. The adoption of within-field mo-
nocultures in cotton production systems worldwide also dis-
criminate against and reduce the activity of beneficial insects
because they lack ecological diversity (Hagen and Hale, 1974).
In Australia, cotton fields are monoculture, which militates
against the activities of beneficial insects. In such
agroecosystems, pest populations increase, minor pests become
major pests and non-pests become pests. This is because the
food, hosts, prey, and hibernating or overwintering sites of natu-
ral enemies are reduced, thus affecting biological control
(DeLoach 1971; Mensah, 1997, 1999). Natural enemies of cot-
ton pests usually have different food requirements in the larval
and adult stages to develop and survive through the season. In
contrast, adult pests particularly Helicoverpa spp. can normally
lay their eggs without any feeding, relying only on food re-
serves transferred from their larval stage (Beirne, 1967).
Helicoverpa spp. are highly migratory and can rapidly infest
cotton crops and lay their eggs. Unless natural enemies are
present and well established in high numbers before pests ar-
rive, they cannot respond rapidly enough to control them (Fitt,
1989; Mensah, 1997, 1999).
The development of a strategy that may conserve and maxi-
mize the abundance and effectiveness of natural enemies of
pests in cotton fields will be crucial to enhance biological con-
trol. In agroecosystems, manipulating the habitat has shown to
enhance biological control of crop pests (Alderweireldt, 1994;
Mensah, 1999). In Australia, techniques such as strip intercrop-
ping cotton with lucerne, provision of supplementary food, and
the use of a predator-to-pest ratio as a threshold to incorporate
activities of beneficial insects in pest management decisions
have shown to conserve and maximize the abundance and ef-
fectiveness of beneficial insects in cotton systems.

Provision of Supplementary Food
The most important predators of Helicoverpa spp. in Australia
are given in Table 1. The application of supplementary food
products, such as artificial honeydews, to crops has been re-
ported to attract and concentrate predatory insects and enhance
biological control (Neuenschwander and Hagen, 1980; Hagen,
1986).
In Australia, a beneficial insect food attractant called
Envirofeast® (NSW Agriculture product and commercialized
by Rhone-Poulenc Rural Australia Pty Ltd) has been devel-
oped. The product, when applied to cotton, attracts, arrests and
conserves predatory insects (Figure 1). The food product has
been used on commercial cotton to manipulate populations of

predatory insects and utilize them in pest control programs.
The strength of such manipulation may be dependent in part on
the type of food supplement or protein supplement in the food
product. The use of supplementary food to attract, arrest and
conserve predatory insects in cotton fields, especially early in
the season is important for the management of Helicoverpa spp.
in cotton.
For food sprays to attract predators effectively into cotton farms,
it is crucial to have a haven within or close to the cotton farm
from where insects can be attracted. A refugia for the benefi-
cial insects can be set up in the form of alternative crops inter-
planted as strips in a commercial cotton farm or as borders to
cotton fields, or in a centrally-located field in the cotton farm.
Apart from food sprays attracting and arresting predatory in-
sects when applied to cotton crops, food spray products can
increase the consumption rate of some predators particularly
ladybird beetles (Figure 2), increase their searching ability and
suppress oviposition of Helicoverpa spp. females (Mensah,
1996). Studies show that the number of Helicoverpa spp. eggs
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Figure 1: Effect of food sprays on numbers of predatory insects on
commercial cotton during the early, middle and late cotton season in
Auscott at Narrabri, NSW, 1992-93. Means between treatments fol-
lowed by same letter are not significantly different (P>0.05). Error bars
represent standard errors.
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consumed by transverse ladybird beetle is significantly higher
on cotton leaves treated with Envirofeast® than on leaves treated
with a sugar solution or water (Figure 2).

Guidelines for Use of Food Sprays in Cotton
Systems
The pest management system whether organic or IPM which
incorporates food sprays essentially focuses on the manage-

ment of insect pests by manipulating
predatory insect populations. For the
success of this type of pest manage-
ment strategy, it is important to select
a field or whole farm far away from
insecticide drift or not to be sur-
rounded by conventional insecticide-
managed farms. It is also very impor-
tant for the grower or consultant or
the pest manager to carry out visual
checks (i.e. bug checking or scouting)
of pests particularly Helicoverpa spp.
or bollworm eggs, very small (VS),
small (S), medium (M) and large (L)
larvae, and all beneficial insects at
least two times every week or as re-
quired by the grower for the particu-
lar farm. Both pests and beneficial
insects should be recorded as num-
bers per meter. This is to allow a
predator-to-prey or a pest ratio to be
determined and used as a protocol to
make pest management decisions on
a particular farm.

Recommended
Application of Food
Sprays
Food sprays can be applied as band
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Figure 2: Effect of food sprays on the number of Helicoverpa spp. eggs consumed
by C. transversalis in the laboratory at ACRI in Narrabri, 1997-98.

Table 1:  Major Predators of Cotton Pests in Australia

Order Family Species Group
Coleoptera Coccinellidae Coccinella transversalis (Fabricius) Predatory beetles

Adalia bipunctata (Linnaeus)
Melyridae Dicranolauis bellulus  (Guerin-Meneville)

Hemiptera Nabidae Nabis capsiformis (Germar) Predatory bugs
Lygaeidae Geocoris lubra (Kirkaldy)
Pentatomidae Cermatulus nasalis (Westwood)

Ochelia schellenbergii (Guerin-Meneville)
Reduviidae Coranus triabeatus (Horvath)

Neuroptera Chrysopidae Chrysopa spp. Predatory lacewings
Hemerobiidae Micromus tasmaniae (Walker)

Araneida Lycosidae Lycosa spp. Spiders
Oxyopidae Oxyopes spp.
Salticidae Salticidae spp.
Araneidae Araneus spp.
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or skip row in early season or over the en-
tire field in mid and late season using a
groundrig, knapsack or an aircraft. Appli-
cation volume when using a knapsack or
groundrig will vary according to the stage
of the cotton crop. Application to run off
is recommended to ensure good coverage.

Use of Predator-to-Pest
Ratio
Since beneficial insects, particularly preda-
tors, form a major component in pest man-
agement programs, it is very important to
incorporate their activity into pest manage-
ment decisions. This can be achieved
through the use of a predator-to-pest
(Helicoverpa spp.) ratio. The application
of insect food attractants on commercial
cotton crops can mediate changes in the
predator-to-pest ratio by
(1) attraction of predatory insects to the
area by volatile compounds emitted by the
food attractant;
(2) arrestment of predatory insects in the
area following contact and subsequent
feeding on the food attractant;
(3) increased searching activity induced by
contact with and feeding upon the food at-
tractant;
(4) increased consumption rate of preda-
tors; and
(5) decreased oviposition activity of
Helicoverpa spp. due to the presence of a
food attractant like Envirofeast® (Mensah,
1996; 97; Mensah et al., 2000; Mensah and
Singleton, 1999). The decision to control
Helicoverpa spp. should be based on the ra-
tio of predators to pests in the cotton crop as
indicated by scouting/bug checking counts. A predator-to-pest
ratio of 0.5 or higher can reduce the survival of very small and
small larvae to medium and large larvae (Figure 3). However, a
ratio lower than 0.5 resulted in higher survival of Helicoverpa
larvae (Figure 3).

Decision Making Protocol
The accepted predator-to-pest threshold is 0.5 or higher.
• When the predator to pest ratio falls below 0.5 but is higher

than 0.4 and Helicoverpa population is mostly eggs, a food
supplement can be applied to attract more predators to feed
on the eggs and improve the ratio.

• However, when the Helicoverpa population falls below 0.5
but is higher than 0.4 and the bug check consists predomi-
nantly of neonates (rather than eggs), a food spray and a
biological pesticide should be applied to restore the ratio to
0.5 or higher.

• If the predator-to-pest ratio is 0.4 or lower following the
application of a biological insecticide and the Helicoverpa
population is predominantly larvae, a selective insecticide
should be used to control the larvae before they develop to
mediums. Three days after applying a selective insecticide,
re-apply a beneficial insect food attractant to restore the sys-
tem.
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Interplanting Alternative
Crops in Commercial
Cotton
Strip intercropping can be used to diversify
the habitat in agroecosystems for the benefit
of insect predators (Mensah, 1999). Inter-
planting alternative crops in cotton can serve
as a refuge or source of beneficial insects to
the cotton crop. However, an intercrop sys-
tem in some cases may act as a sink for preda-
tors by being more attractive than the primary
crop itself (Mensah, 1999) and unless preda-
tors are attracted or forced out of the inter-
crop system, the use of an intercrop strategy
to maximize the abundance of beneficial in-
sects in the primary crop may be counter pro-
ductive to the enhancement of biological con-
trol.
Studies have been conducted in Australia to
determine the utility of alternate crops as refu-
gia for predatory insects of Helicoverpa spp.
when they were interplanted as strips in cot-
ton fields in Australia (Mensah, 1999) (see
Figure 4 and 5). The study showed that interplanting lucerne as
strips in cotton fields can conserve and increase the densities
of predatory insects of Helicoverpa spp. in cotton (Figure 4
and 5). The interplanted lucerne crop acted as a refugia and a
source of the predators to the cotton crop (Figure 5). The refu-
gia or source function of the lucerne strips may be attributed to
the abundance of floral nectar and alternate prey, shelter, mat-
ing and oviposition sites, etc., labored
in the lucerne crop (Bugg et al., 1987),
compared with the monoculture cotton.
Thus, given the abundance of food re-
sources within the lucerne strips, high
numbers of predators may not be in-
clined to move from the strips to forage
the adjacent cotton crop.
The movement of predators can be im-
proved by either applying food spray to
attract them, especially predatory
beetles, bugs and lacewings onto the
cotton crop (Mensah, 1997), or by us-
ing smaller lucerne strips less than 12
meters wide, or slashing all the lucerne
strips or allowing the lucerne crop to hay
off (Mensah and Harris, 1995). The last
three options may also force Creontiades
dilutus (green mirids), another pest of
cotton that is found mostly in the lucerne
strips, to move from lucerne to cause
damage in cotton (Mensah and Khan,
1997; Mensah, 1999).

Guidelines for Establishment and
Management of Lucerne Strips
Interplanting of lucerne crops as strips in commercial cotton
provide a refuge for beneficial insects and spiders on the farm.
Many of these beneficial insects can then be encouraged into
cotton with the strategic use of food sprays to help manage
Helicoverpa. Lucerne is also preferred over cotton by the green
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Figure 5: Comparisons of predatory insects in lucerne strips, cotton with and without
                 lucerne strips at Norwood near Moree, NSW, 1995. Error bars represent
                 standard errors.
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mirid (Creontiades dilutus) and therefore can be used as a trap
crop to manage this insect.

Size and Placement of Lucerne Strips
Lucerne strips can be used:
• Within the cotton field with a maximum width of 8 or 12

rows per 300 rows of cotton (between 3% and 4% of total
area).

• As a field border; a lucerne crop can be placed on both sides
of the field. In this case, a minimum area of 5% of the whole
field should be planted to lucerne (e.g. 24 rows each side of
a 1,000-row field).

• As a block; a lucerne crop can also be planted in a centrally-
located block on the farm. The last two options may be
slightly less effective than strips grown within the field par-
ticularly for green mirid control. In all cases, the lucerne
should be green and not allowed to hay off.

Establishment of Lucerne
It is most important to have the lucerne strips established be-
fore cotton planting. Seeding rates of around 5 kg/ha should be
used in dryland situations and 10 to 15 kg/ha for irrigated crops.
Good seedbed preparation is required to achieve
good establishment.

Irrigation Management
A 20-day cycle from September to December
and a 10-day cycle from December onwards are
the recommendations for maximum production
of lucerne in Northern NSW of Australia. Since
cotton growers are not striving for maximum
production, a first lucerne watering should be
done when the cotton starts to square, all other
lucerne irrigations can be applied as the cotton
requires.

Management of Lucerne within the Strips
The lucerne strips should be kept attractive
through the cotton-growing season especially
during the early squaring and flowering period
of the cotton crop. Once lucerne begins to
flower, vegetative growth is limited and it is less
attractive to insects that may serve as food for
the beneficial insects, hence as a refuge or trap
crop. The attractiveness of the lucerne strips can
be maintained or achieved by slashing or mow-
ing half of each lucerne strip every four weeks
to maintain new regrowth. The presence of new
regrowth will enhance continuous infestation of
insects such as aphids and thrips, jassids that
serve as food for the beneficial insects.

Planting Cotton into Wheat
Stubble
Wheat is one of the rotation crops used in Aus-
tralia, and wheat stubble is known to provide a

high surface soil cover which can reduce soil erosion by 70%
(Walters et al., 1999). Planting cotton in wheat stubble can
conserve some beneficial insects in cotton by providing shelter
for these insects. Studies conducted in Australia showed that
densities of predators such as red and blue beetles and also soil
predators such as earwigs, carabid beetles, ants, etc., increased
in cotton planted in wheat stubble (Figure 6). However, densi-
ties of transverse ladybird beetle, two spotted ladybird beetle,
big-eyed bug, lacewings and spiders were unaffected by the
wheat stubble.

Conclusion
The use of beneficial insect food attractants in pest manage-
ment is not new. Food sprays like Envirofeast® have been used
in organic cotton systems in Australia and also integrated with
other tools in IPM programs to manage cotton pests especially
Helicoverpa spp. effectively. The performance of beneficial
insect food attractants is enhanced by the presence of a refugia
system such as lucerne strips where insects can be attracted. An
IPM program based on food sprays and beneficial insects has
been developed in Australia. The program, which involves the
use of lucerne strips, food attractants, a predator-to-pest ratio,
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and integrated with pesticides, has been used to manage cotton
pests effectively to reduce insecticide use by 40-50% and
achieve yields similar to conventional insecticide-managed
cotton.
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High-gossypol Cotton Plants with
Low-gossypol Seed

It has long been known that gossypols in cotton are desirable
for some reasons and undesirable for others. High gossypol
content varieties offer host plant resistance to bollworms and
budworms, particularly to pink bollworm and tobacco budworm
and plant bugs. Boll weevil, leaf perforators, leafhoppers and
sucking insects are not affected by gossypols in the plant. How-
ever, the undesirable aspect of gossypols in cotton is more im-
portant than the positive aspect because of their effect on

byproducts consumed by humans. Gossypols, if taken in ex-
cessive quantities, are toxic to non-ruminant animals, includ-
ing humans, which limits its use. However, according to the
most recent work done by Y. L. Yuan and his colleagues and
published in Plant Breeding, vol. 119 (1): p.59-64, 2000 of the
Nanjing Agricultural University, Nanjing 210095, Jiangsu,
China, and many other researchers before, the presence or ab-
sence of gossypols does not have an apparent association with
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most agronomic and fiber quality characteristics. Similar con-
clusions are available showing no effect on yields. Due to gos-
sypols’ complex impact, it has been difficult to decide whether
to develop gossypol-free varieties or to try to enhance the gos-
sypol content to improve the plant’s natural resistance to in-
sects.
All cotton species are characterized by the presence of
lysigenous glands in the plant’s aerial parts that contain a vari-
ety of terpenoid aldehydes, among which gossypol is the best
known. Gossypols are phenol compounds that were isolated in
cotton over one hundred years ago. Gossypols are intra-glan-
dular pigments and form about 35-50% of the total intra-glan-
dular pigments on the plant. However, gossypols constitute al-
most 100% of the terpenoid aldehydes found in the seed while
other related substances (helyocides, hemigossypol, etc.) form
mixtures produced in the chlorophyll organs of the plant. Dur-
ing the process of oil extraction, terpenoid aldehydes which
render oil and protein meals toxic for non-ruminants, are re-
leased. Animals that chew their cud are affected only by high
gossypol level. Some information was published in the last is-
sue of THE ICAC RECORDER on methods to get rid of gossy-
pols in oil, the most important use of cotton seed by humans.
But, eliminating gossypols from oil has its own limitations.
Some early work showed that gossypol content is not a varietal
character, while other work proved that it is a genetic character
controlled by two recessive genes. Data also showed that grow-
ing conditions have a significant effect on gossypol quantity.
Gossypol content ranged from less that 1.0% to over 1.5% in
the same variety grown at different locations. Year-to-year dif-
ferences are also reported in the literature. Work done in India
has shown that nitrogen and phosphate applications significantly
decreased gossypol content. Literature also shows that oil con-
tent in cotton seed was inversely and significantly related to
gossypol content. As there has been no improvement in seed
oil percentage over centuries, there has been no success in re-
ducing gossypol content. Varieties without gossypols can be
developed, but host plant resistance to boll/budworms has to
be sacrificed.
The most desirable situation would be to produce cotton seed
without gossypols, or glandless, and retain gossypols on the
above-ground parts of the cotton plant. Lately, there
has been some success in developing such genotypes.
A team of cotton researchers at the Department of
Tropical Crop Husbandry, Gembloux Agricultural
University, Gembloux, Belgium, is working on the
same lines using some exotic germplasm. Accord-
ing to a paper published in Theoretical and Applied
Genetics (1999) 99:1233-1244, Dr. I. Vroh Bi, Dr.
Guy Mergeai, and their colleagues, crossed two Aus-
tralian wild diploid Gossypium species belonging to
the Sturtia and Hibiscoidea sections with a G.
hirsutum variety. Both Sturtia and Hibiscoidea pro-
duce gossypol-free seeds while the above-ground
parts contain protective pigment glands. In order to

develop upland cotton plants with low-gossypol seeds and high-
gossypol aerial parts, a three-species hybrid was produced us-
ing the Australian species G. sturtianum Willis as a donor par-
ent, and the wild American diploid cotton G. raimondii Ulbrich
as a bridge species. This trispecies hybrid designated by the
HRS (hirsutum, raimondii and sturtianum) initials was back-
crossed with different G. hirsutum varieties originating from
Central and West Africa to produce BC1, BC2, self-BC2 and
BC3 seeds. Growth regulators were applied at flowering, a
mature seed embryo was cultured in vitro, and perturbed hy-
brids were grafted on vigorous G. hirsutum seedlings to obtain
a large number of viable hybrid materials.
At least 66% of the seeds of each backcross generation ex-
pressed a reduction in gossypol gland density while the aerial
parts of the resulting hybrid plants were normally glanded. The
segregation pattern observed in the backcross progeny indi-
cated that at least two independent dominant genes control the
seed gossypol synthesis repressive mechanism. This hypoth-
esis has still to be confirmed on larger populations of self-
introgressed materials.
About 10% (2 seeds out of 20) of the seeds produced by the
best self-BC2 material (BC2S1) had less than 500 mg gossypol
per kg. According to the Protein Advisory Group of the Food
and Agriculture Organization of the United Nations and the
World Health Organization, the free gossypol content of edible
cotton seed products should not exceed 600 mg per kg for hu-
man consumption. The selected plants thus constitute an inter-
esting genetic stock for developing commercial cotton variet-
ies with glanded plant parts and low gossypol seeds.
The research group in Belgium used RAPD and AFLP markers
to assess the genetic similarity among the germplasm and RFLP
probes to tag introgression of specific chromosome segments
from parental species. Both RAPD and AFLP primers gener-
ated a high number of DNA fragments, among which about
90% were polymorphic. The genetic similarity between the
upland cotton and the wild species ranged from 29.5% to 43.2%,
while similarity reached 80% between upland cotton and BC3
plants. Introgression of species-specific RAPDs and AFLPs was
evident from all the parental species and confirmed the hybrid
origin of all the analyzed progenies. Southern-blot analysis

Gossypol Content in Parents and Trispecies Hybrids

Genotypes Gossypol Content (mg per kg)
Maximum Minimum Average

Parents
         G. hirsutum 11,400 6,700 9,700
         G. raimondii 26,900 19,100 23,200
         G. sturtianum 27 0 10
Allohexaploid
        (G. hirsutum X G. sturtianum)2 500 400 400
HRS hybrid back crossed progeny
         BC2S1 8,730 480 3,300
         BC3 6,000 1,500 4,500
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based on 49 RFLP probes allowed to trace the introgression of
parental DNA segments in the trispecies hybrids and in the three
backcross generations. Introgression was evident from 11 and
8 linkage groups of G. sturtianum and G. raimondii respec-
tively. The ability to trace DNA segments of known chromo-
somal locations from the donor G. sturtianum through segre-
gating generations is a starting point to map the “low-gossypol
seed and high-gossypol plant” trait.
Cotton is the fifth largest oil-producing crop in the world. Cur-
rently, almost all the commercially grown cotton varieties in
the world have some level of gossypol content in the seed.
Gossypols may be found in the free (toxic) or protein-bound
(less-toxic) forms. Almost all gossypols in the seed are found
in the free form. Pima cotton has more of the gossypol free
form—the biologically more active form—than upland variet-
ies. Toxicity from gossypols will mainly depend on the quan-

tity of seed or oil consumed within a certain time. If livestock
is fed regularly with high doses of gossypol-containing seed,
animals may show poisoning symptoms in the form of breath-
ing difficulty, violent labored respiration, acute weakness, heart
damage and in severe cases even death. Some other indications
are decreased milk production and stomach upset. The sug-
gested maximum level of feeding for cattle less than one year
of age is 0.05% to 0.1% of free gossypol. Adult cattle should
have less than 0.1% to 0.2% of free gossypol in the total ration.
This amounts to about 3-4 kilograms of upland cotton seed and
2-3 kilograms of barbadense varieties seed per day. Bulls are
said to be more sensitive than cows and it has been observed
that certain breeds of cows are more sensitive than others. Bulls
may show fertility problems because of a temporary reduction
in sperm cell formation. It is not recommended that calves be
fed with cotton seed before they have a well developed rumen.

The 59th Plenary Meeting of the International Cotton Advisory Committee
will be held in Cairns, Queensland, Australia, November 5-10, 2000

The Technical Information Section of the ICAC  will conduct a technical seminar on
Cotton—Global Challenges and  the Future: The Challenge of Clean, Green Cotton

• Environmental Issues
• Sustainable Production Systems
• Threats to Sustainability
• The Role of Biotechnology

For an invitation to the Meeting, please contact the offices of the Secretariat in Washington DC, USA

Fax (202) 463 69 50
Telephone (202) 463 66 60
Email cairns-info@icac.org

For additional information, please visit:
<http://www.icac.org> and follow the links to meetings

Cotton Seed Products Yields
   Product Kg/ton of Seed %
   Crude oil 160 16
   Hulls 270 27
   Meal 460 46
   Linters 80 8
   Waste 30 3

*****
Correction:
In the March 2000 issue of THE ICAC RECORDER the table on
cotton seed production yields, included in the first article, was pre-
sented in kgs/2 tons of seed. The correct table is as follows:
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Inter-regional Cooperative Research Network on Cotton
for the Mediterranean and Middle East Regions

A Joint Workshop and Meeting of All Working Groups, Adana, Turkey, September 20-24, 2000

The Inter-Regional Cooperative Research Network on Cotton
for the Mediterranean and Middle East Regions will hold a
joint workshop and meeting of all working groups with the
objective of exchanging information on subjects related to cot-
ton within and among the working groups, and to plan future
activities. The meeting will start with registration on Tuesday,
September 19, 2000. Three days, September 20-22, will be
devoted to full sessions and parallel group discussions.
The meeting will be held at the University of Çukurova, Adana,
Turkey. Adana has a population of 1.5 million people, and in
September the weather is likely to be hot (30-32°C) rarely with
showers. English will be the official language of the meeting. A
two-day trip to cotton fields and sightseeing is also planned for
September 23 and 24.
Members of the Network as well as all who are interested in
cotton breeding, variety trials, growth regulators, cotton nutri-
tion, weeds control, water management, integrated pest con-
trol, fiber testing, biotechnology, plant modeling and growing
cotton in marginal conditions are welcome to participate. Pa-
pers are welcome from cotton researchers and extension ex-
perts working in the private sector. However, the meeting can-
not be used as a forum to promote commercial products.
A number of choices are available for accommodation in Adana
and also in Kazkalesi/Mersin, where the paper presentation
sessions will be held. Hotel reservations can be made through
the Organizing Committee in Turkey. The Turkish Embassy in
your country should be contacted for visa regulations. How-
ever, the Organizing Committee is ready to send you a person-
alized invitation letter to facilitate your visa formalities. There
will be a registration fee of US$300 per person for representa-
tives of private companies.
For more information, please contact the following people:
Prof. Dr. Oktay Gençer (Chairman, Organizing Committee)
University of Çukurova
Cotton Research and Application Center
01330 Adana, Turkey
Tel: 90-322-3386797
Fax: 90-322-3386797, 3386381
E-mails: <oktaygencer@usa.net>, <ogencer99@hotmail.com>,
<ogencer@cu.edu.tr>
Dr. Urania Kechagia (Coordinator)
NAGREF
Cotton and Industrial Plants Institute
57400 Sindos Thessaloniki, Greece
Tel: 30-31-799444, 796512
Fax; 30-31-796513
E-mail: <ok31944@compulink.gr>

Registration Form
(Arrival & Accommodation)

Please fill in using capital letters:

Name:______________________________________________
 (Title: Dr., Mr., Ms., Mrs.)                   (First)

________________________________________________
    (Middle)                               (Last)

Institution: ________________________________________

Address: _________________________________________

_________________________________________________

City:  ____________________________________________

Country:  _________________________________________

Telephone: _______________________________________

Fax:  ____________________________________________

E-mail: _________________________________________

Hotel (Single/Double): ______________________________

Airline and Flight no.: _______________________________

Arrival Date: ______________________________________

Arrival Time (hr): __________________________________

Date of Dept:  _____________________________________

Time of Dept:  _____________________________________

Date _____/_____/2000  ____________________________
Signature

Please return the form to
Prof. Dr. Oktay Gençer (Chairman, Organizing Committee)
University of Çukurova
Cotton Research and Application Center
01330 Adana, Turkey
Tel: 90-322-3386797
Fax : 90-322-3386797, 3386381
E-mails: <oktaygencer@usa.net>, <ogencer99@hotmail.com>,
<ogencer@cu.edu.tr>
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INTERNATIONAL COTTON ADVISORY
COMMITTEE

The International Cotton Advisory Committee is an association of governments having an interest in the
production, export, import and consumption of cotton. It is an organization designed to promote cooperation
in the solution of cotton problems, particularly those of international scope and significance.

The functions of the International Cotton Advisory Committee, as defined in the Rules and Regulations are

• To observe and keep in close touch with developments affecting the world cotton
situation

• To collect and disseminate complete, authentic and timely statistics on world cotton
production, trade, consumption, stocks and prices

• To suggest, as and when advisable, to the goverments represented, any measures
the Advisory Committee considers suitable and practicable for the furtherance of
international collaboration directed towards developing and maintaining a sound world
cotton economy

• To be the forum for international discussions on matters related to cotton prices

Membership of the Committee, which represents the bulk of the world’s production, trade and consumption
of cotton, now comprises the following forty-three governments:



COTTON TODAY!
Current Estimates of World Cotton Supply and Distribution. (Updated daily,
Internet only, US$1,500 per year)

COTTON THIS MONTH
This 8-to-10 page report, sent at the beginning of each month, provides infor-
mation on the latest events affecting the world cotton market and presents up-
to-date supply, demand and price projections. (In English, French or Spanish;
Monthly, by fax US$250 per year; Internet, US$200 per year)

COTTON: Review of the World Situation
Detailed examination of the world cotton market. Provides projections of world
supply and demand by country and international cotton prices. Includes review
articles on different producing and consuming countries and topics related to
the world cotton industry. Projections for 1999 and 2000. (In English, French, or
Spanish, bi-monthly, hard copy, US$150 per year; Internet, US$125 per year)

THE ICAC RECORDER
Latest scientific and technological developments in cotton production. Easy-to-
read articles and analysis about cotton technology. Bibliographies of published
reports of research on cotton. (In English, French and Spanish, quarterly, hard
copy, US$145 per year; Internet, US$100 per year)

COTTON: WORLD STATISTICS
World cotton supply/demand statistics since 1940/41 and by country since 1980/
81. Includes production, area, yield, consumption, imports, exports and stocks.
Projections for 1999/00 through 2002/03. Monthly and season average prices
of cotton and polyester in North Europe; comparisons of ICAC forecasts since
1988 with actual results. (Hard copy in October, US$125; Internet, tables up-
dated only in October and April, US$125)

WORLD TEXTILE DEMAND
Comprehensive analyses and projections of world end-use consumption of tex-
tiles, mill use and production of cotton and chemical yarn and fabric for over
100 countries. Provides analysis of the events that have an impact on world
textile demand and cotton’s share of textile market. World textile end-use de-
mand projections for 1998 and 1999 as well as projections to 2005. Yarn and
fabric projections for 1999 and 2000. (Hard copy in October, US$250; Internet,
tables updated only in October and April, US$225)

WORLD COTTON TRADE
Trade developments in raw cotton since 1980. Analysis of world trade by re-
gion. Import/export projections by country. Matrices of trade flows. Seasonal
estimates of export commitments to date. (Hard copy in October, US$150;
Internet, tables updated only in October and April, US$125)

THE OUTLOOK FOR COTTON SUPPLY
Provides an overview of factors affecting world cotton prices, including the out-
look for production and consumption in major countries, changes in world stocks
and government policies affecting trade in cotton and textiles. The publication
provides statistics on aggregate world cotton supply and use, with forecasts of
average prices for 1999/00. The publication also provides separate estimates
of supply and use for each of the six major types of cotton and notes the likely
quantity of each type available for export. (Hard copy in October, US$100)

ICAC documents on CD-ROM
Includes all issues of Cotton: Review of the World Situation in English, French
and Spanish (up to March 2000), THE ICAC RECORDER (March 1989 to March
2000, English; March 1994 to March 2000, French and Spanish) and all statis-
tics appearing in COTTON: WORLD STATISTICS (1924 to present), WORLD
TEXTILE DEMAND (1970 to present), WORLD COTTON TRADE (1970 to
present). Includes proceedings (English, French and Spanish), Country State-
ments and Technical Seminars (English) from the Plenary Meetings from 1989
to 1999. Also includes three databases (one covers research projects and the
other two are related to production practices), two 1995 surveys: The Bale Sur-
vey and Agrochemicals Used on Cotton and a report: Growing Organic Cotton,
a compilation of articles from 1993 to 1996 in English, French and Spanish.
(annual, Vol. 7 June 2000, US$395)

AGROCHEMICALS USED ON COTTON
The Technical Information Section undertook a detailed survey on the use of
fertilizers, insecticides, herbicides and growth regulators on cotton. In addition
to the use of these chemicals per hectare and area, changes in the insect pat-
tern, insecticide resistance and expected trends in the use of these chemicals
are given in the report. Farmers’ understanding of agrochemical application,
particularly application of insecticides, is also covered. (28 pages, hard copy,
October 1995, US$25)

BALE SURVEY
The current report includes data on bale size, shape, weight, wrapping speci-
fications, information given on the bale, sampling procedures, and impediments
and suggestions for improving the standardization of bales. Information on 42
countries is available in the report. (23 pages, hard copy, October 1995, US$25)

CLASSING AND GRADING OF COTTON
Classing and grading systems in various countries are reviewed in this report.
Local seedcotton and lint standards have been compared to universal stan-
dards. HVI use and futures plans are also included. (38 pages, hard copy,
October 1998, US$50; Internet, US$25)

CURRENT RESEARCH PROJECTS IN COTTON
Contains detailed information on the structure of research, institutions involved
in cotton research, their contact persons and addresses and the source of
funding for cotton research in each country. The publication includes detailed
descriptions of current projects by discipline of research (agronomy, breeding,
biotechnology, etc.) and the researchers responsible for these projects. (Octo-
ber 2000, hard copy, US$150; Email, US$100)

GROWING ORGANIC COTTON
Since 1993, the ICAC Secretariat has published a number of reports on or-
ganic cotton in addition to papers presented at international meetings. All these
articles have been compiled and published in English, French and Spanish.
(81 pages, October 1996, hard copy, US$50; Internet, US $25)

INSECTICIDE RESISTANCE AND ITS MANAGEMENT IN
COTTON INSECTS
ICAC Review article on Cotton Production Research No. 5. (55 pages, hard
copy, March 1999, US$75)

Summaries of the WCRC—2 and Cotton Contamination
Technical Seminar at the 57th Plenary Meeting. Papers by international ex-
perts on the Summaries of the WCRC—2 and Cotton Contamination. (36  Pages,
October 1998, hard copy, US$75; Internet, US$50)

SURVEY OF THE COST OF PRODUCTION OF
RAW COTTON
The current report has data on 29 countries for the 1997/98 season. Many
countries have reported data by region or type of cotton. The total number of
entries by country and region is 55. The costs of all field operations starting
from pre-sowing to harvesting and ginning and economic and fixed costs have
been determined and computed to determine the cost of production of cotton
per hectare and per kilogram. (109 pages, October 1998, US$150)

SURVEY OF COTTON PRODUCTION PRACTICES
Cotton growing conditions vary from country to country and sometimes even
from region to region within a country.
The report contains data on climatic conditions, area under each variety and
their fiber characteristics, insects, diseases, weeds and the methods used to
control them, use of fertilizers, farm size, rotations and ginning methods. (Oc-
tober 1999, hard copy, US$150, Internet, US$100)

THE WORLD COTTON MARKET: PROJECTION TO 2005
Results of a joint ICAC-FAO econometric study to forecast developments in
cotton supply and demand to 2005. Includes projections by country of cotton
production, mill consumption of cotton, final end-use of cotton, cotton market
share, end use of all textile fibers, cotton exports and imports and net imports
of cotton manufactures. (62 pages, September 1999, hard copy or Internet,
US$75)

Proceedings
Summaries of all deliberations of the ICAC Plenary Meetings. (In English, French
and Spanish, October, hard copy, US$50; Internet, US$25)

Statements
Statements of the Plenary Meeting during the plenary sessions. Also contain
official statements of most of ICAC member countries regarding the domestic
cotton and textile situation. (Hard copy, October, US$150; Internet, US $100)
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