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Introduction

Fiber length is one of the primary characters affecting yarn
quality and isprobably the quality characteristic most measured
in cotton. Breedershave striven successfully to bring improve-
ments in conformance with spinning industry requirements.
However, improvementsin 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 avariety of machines. Detailsand fac-
torsaffecting fiber length, its effect on yarn quality and current
international issues are givenin thefirst 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 afood
attractant that has been devel oped after eight years of research
inNarrabri, as choices used to preserveinsectsbeneficia 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.

Thethird 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
gossypolsin cotton seed are harmful to livestock (raw seed)
and humans (0il). The most desirable situation would beto have
a high gossypol content in plants but no gossypols in seed.
Natural sources of such acombination existed in uncultivated
diploid species, and ateam of researchersin Belgium has de-
veloped genotypes through trispecies hybridization that have
gossypol in plant parts but reduced levels of gossypolsin 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, aDialog search of the CAB Abstracts database was con-
ducted on gossypoal in cotton. The reported work includes de-
velopment of gossypol free varieties, registration of low gos-
sypol varieties, insect reactionsto gossypoals, 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 formationinitiates 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
differencesin 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. Thisisthe first wave of fibers and
formsthelint. The second wave of fibers, whichisequally dense
and starts after anthesis, may continue to grow up to ten days
after anthesis and formsthe bulk of linters or fuzz on the seed.

Length Formation

Cotton fiber isaunicellar outgrowth from the epidermis of the
cotton seed, in the case of afertilized ovule, and from a mote
when fertilization does not take place. Thefiber formation pro-
cess can bedivided into three stages. First, although many fac-
torswill have effects, on averagefor thefirst 24-48 hoursfiber
growth isnon-polar or isodiametric, meaning that length is still
not acriterion 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 aballoon like protrusion. Fiber diameter is
established within 24-48 hours after anthesis and long before
fiber length. As soon asthe diameter of thefiber isreached, its
intrinsic fineness (fiber perimeter), which remains constant, is
also established.

The second stage beginswhen each fiber startsto grow inlength.
Fiber elongation can start afew hoursearlier, 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,
whilefiber 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 arefinally established.
The second stage resultsin the formation of aprimary 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 aboll, 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 sideto form aring shaped lamel-
lae. Thefibrilsfollow ahelical course making an angle known

asthe spiral anglethat variesfrom variety to variety andisalso
subject to environmental effects. In general, longer fibers have
asteeper spiral giving them more strength compared to shorter
fibers. Thefibrilsof different lamellamay have different spiral
angles and may also adopt areversal spiral path. The placesin
thefibrilsin the lamellae where spirals change their directions
usually form the weakest parts of thefiber and makethem more
prone to breaking during processing. The frequency of rever-
salsis 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 al seeds within a boll; thus no
boll hasauniform fiber length. But fiber length variation within
aboll islessthan 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 squaresareformed
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 isalot that
simply cannot be avoided. Particularly, the available photo-as-
similates becomelimiting closeto 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. Asin 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 isusually measured after ginning. Thelint 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
onthe plant, various plantswithin afield and variousfields 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 changesin 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 showsthat breeders’ effortshave been
successful. Inthe USA, average staple length hasincreased at
the rate of 1/32™ of an inch every ten years since 1975. The
fiber length uniformity index has also increased steadily but at
adower rate. Similar statistics may not be availablefrom 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 theworld and still retains a high degree of toleranceto
drought and a need for sufficient light. Independent of the wa-
ter situation and other factorsaffecting growthin thefield, 32°C
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, asthey can be
modified for new conditions, the most suitable temperaturefor
plant growth is also the most suitable temperature for fiber
growth. If there were no variation in maximum and minimum
temperatures, thevariationin fiber length produced on the same
plant would be significantly reduced. Cotton grown under high
temperatures produce comparatively shorter fibers while low
temperatures bel ow optimum may not only prolong theforma-
tion of proper length but may also help to form alonger 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
intemperature could improvefiber length or could have anega-
tive effect, because not only growing conditions could be dif-
ferent but varietal response to growing conditions could also
be different. Maximum temperatures over 32°C, and minimum
temperatures below 15°C will have a negative effect on fiber
elongation. Similarly, theformation of the secondary wall could
also be affected by variationsin temperatures.

Water stress can negatively affect fiber length in many ways.
Though devel oped bolls have ahigher tolerance to water stress
than green leaves on the plant, water stressfor 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 aseed’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-
cessor deficiency of the water supply. In particular, ashortage
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 improvelength uniformity. Potassium hasasignifi-
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
theincreasein the seed index. Literature al so showsthat, 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 isthe most important fiber character affectingyarn
quality. Length and length uniformity have a direct influence
on yarn strength, elongation, evenness, hand, structure, and
hairiness, aswell 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 avariable degree of influence on variousyarn
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 islow and remains constant
for given samples. The direct effect of length uniformity could
occur at the nip of the feed roller. There will be amoreirregu-
lar release of fibers and, consequently, yarn evenness will go
down if the variation in fiber length is greater. The uneven re-
lease of fiberswill produce ayarn quality inclined toward ring-
spun yarn. Another effect could come from the drawing pro-
cess, wherefibers are straightened for even formation of yarn.
But, if the floating fibers are high, it leads to uneven distribu-
tion of fibersin the diver, ultimately affecting yarn evenness. A
high percentage of uncontrolled fibers or floating fibers can
increase the drawing waste significantly, another direct loss.
Theleveled-out card sliver hasthe potential to reduce drawing
waste, but it isdifficult to eliminate the effect of differencesin
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 yarnirregul arity.
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

Staplelength can be called the classer’ s estimate of fiber length
and is the oldest method used to estimate the fiber length of
cotton. Length isstill measured on ahand-prepared staple like
atuft wherever hand classing is in practice. Staple length isa
personal judgment of the length appearance of the sample pre-
pared from agiven cotton bale or | ot. Preparation of the sample
has alot to do with the staple length estimation. Thisis one of
the reasonswhy there could be differencesin judgment by dif-
ferent individual s of ashigh asthree millimeters, evenif aruler
isused in length measurement.

Modal Length

Thelength in afiber samplelength distribution frequency dia-
gram, which lists the highest frequency of occurrence.

Mean Length

An arithmetic mean of all the fibersin 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 HV1 use is till not popular.
2.5% span length isthe 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
isalength measurement that iscloser to the staple length value.

Upper Quartile Length

Thefiber length that isexceeded by 25% of thefibersby 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 astested by the HVI.

Length Uniformity Index

Theratio 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 fibersin atest

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 hasatech-
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 (HV) testing. Each working group hasits own mem-
bership but al the working groups meet together every two
years. The main function of the committee, and thus of the
Working Group on Fiber Length, isto consider varioustesting
methods/machines or reference methods for testing a particu-
lar fiber characteristic and approve them asrecommended. The
committeeisnot an authority to approve or rej ect testing meth-
ods, rather it isadiscussion 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.

» TheBremen Fiber Institute undertakes round testson differ-
ent parameters of fiber length. According to the Bremen
Round Tests, fiber length measurements at the long end of
thedistribution are consistent with acceptablelevelsof varia-
tion among laboratories.

* Thel TMF International Committee on Cotton Testing M eth-
odsrecommendsthat only HV | Calibration Cotton Standards
be used for HVI calibration. However, about 50% of the
Bremen Round Tests participants still use International Cali-
bration Cotton Standards (1CCS).

» 2.5% spanlength 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, theAdvanced Fiber Information System (AFIS) and
HVI linesare unsatisfactory inthe Bremen Round Tests. The
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implementation of the Short Fiber Index (SFI) measurement
inHV1 linesdid not improvetheresultsin the Bremen Round
Tests. Currently, AFIS seemsto 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 donein Poland showed that fiber length valuesinAFIS
areinfluenced not only by different software but also by the
machine hardware.

* Lenzing Technik of Austriapresented anew 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 dataisrequired
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 datawith other machines.

» TheWorking 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.

» Theissue of redefining the SFC definition was raised. The
current definition of lessthat 12.7 mm, or half aninchisnot
afair 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.

TheArray method physically separatesfibers of variouslengths
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 processis 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 preci se measurement
of fiber length, so it isnot used in commercial transactions.

HV 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

fibersin the bundle are contained in arandom 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 asameasure of the num-
ber of fibersthat 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. HV | isthe 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 datais 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 produceresultsin close agree-
ment with other systems; however, the inter-laboratory
Fibrograph readings normally have ahigh degree of confidence
and repeatability.

The methodology applied in the Advanced Fiber Information
System, AFIS-L&D, isdifferent 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 quartilelength, fiber histogram, staplelength
diagram, and fiber length at various span lengthsin addition to
short fiber content. AFI S-L & D has asample preparation facil-
ity wherein all the fibers are individualized. Individual fibers
aretransportedin an air stream through a sensor that has acam-
erawhich registersthe length of each fiber evenin curled con-
dition. Because AFIS— L&D provides the measurement of in-
dividual fibers, it constitutes away of measuring SFC.

Routinely Used Length Grades
Length Classification
(mm) (inches)
<127 <%:inch Short fiber content
12.8t025.4 %to 1inch Medium staple
25.5t027.9 1Y/,,to 13/, Medium long staple
28.0t033.5 1Y to 15/, Long staple
>33.6 > 13/, Extralong saple

Short Fiber Content

Zero short fiber content would be an ideal situation but it isnot
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-
cationsfor SFC. However, the lower the SFC the better. Some
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indications of short fibersin a sample of cotton are given be-
low.

The spinning industry is

Short Fiber Content becoming more conscious

% Classification | of SFC as it represents a

<6 Very low direct aswell asanindirect
6.1t09.9 Low loss to spinners, and yet
10010139 Medium there is no incentive to
14'0:‘;716'9 \'j:agrc high lower SFC. Ingeneral, 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, al 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 alsoindicatesthe quantity of SFC. In general,
ahigh uniformity index means alow quantity of SFC, but the
uniformity index cannot be used asameasure of short fibersin
agiven sample. Thereisrecognition of thefact 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-
odsfor SFC.

Fiber-to-Seed Attachment Force

Fibersare 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. Thisisthe reason that
fiber length isreduced during ginning and SFC isincreased.

Verschraege and Kiekens (1987) undertook interesting studies
on the fiber-to-seed attachment force at different positions on
the seed. They reported that thereis a drastic variation among
species. The attachment force varied from 20 to 80 cN.cm/mg
in hirsutum genotypes. |n many uncultivated species, fiberswere
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
itisassumed that their attachment forceis 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 alower attachment
force can be devel oped, and physical pressure on thefiber dur-
ing the harshest processing can bereduced. Though Verschraege

and Kiekens also observed that the fiber-to-seed attachment
forceisnot related to tensile strength, fiber perimeter and ma-
turity, it does seem that immaturefibers 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

Thesignificance of fiber length was recognized over 300 years
ago when mechanical spinning was introduced on a commer-
cial scale. Length has been measured for along 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 devel oped, or that hirsutum varietieswith fibers aslong
as barbadense varieties cannot be developed. And, the reverse
isalso true: barbadense varieties with fiber lengths as short as
arboreum cannot be developed. It is concluded that the im-
provement in length within speciesis subject to certain limits.

Fiber length isaquantitatively controlled genetic character. To
transfer together an accumulation of desirable genes and alle-
lesin one genotype to another genotypeis out of the control of
breeders. Thus, now the textile industry could benefit more by
concentrating breeding efforts onimproving other qualitiesre-
lated to fiber length or other fiber parameters, rather than length.

Length uniformity isanimportant 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 researchersto 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 contributeto
bring improvementsin fiber length uniformity.

Thefirst phasein 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 improvementsto 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 levelsin developing fibers, or through the synthe-
sisof new biomaterialsin 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 successin 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
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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
berepeated inlaboratories, isnot far away. However, minimiz-
ing SFC by, say 50% or even lower, will be a challenge for a
longtime.

Thefiber-to-seed attachment force and its contribution in mini-
mizing SFC isanother area of research which could be studied
in more detail and could be utilized.
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Conservation and Utilization of Beneficial
Insects for Pest Management Programs in
Cotton Systems in Australia

Robert Kofi Mensah, New South Wales Agriculture, Australian Cotton Research Institute,
Narrabri, NSW 2390, Australia, E-mail: Robert.Mensah@agric.nsw.gov.au

Abstract

Many predatory insects such as predatory beetles, bugs, lacew-
ings and spiders have been recorded in cotton systemsin Aus-
traliaand other parts of theworld, 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 systemsis 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 pestsin 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 insectsfor pest management programsin cot-
ton. In addition, a predator-to-pest ratio has been devel oped as
a threshold to incorporate the activity of predators into pest
management decisions to control Helicoverpa spp. in cotton.
The application of beneficia insect food attractants on com-
mercial cotton crops can mediate changes in the predator-to-
pest ratio by attraction and arrestment of predatory insectsfol-

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
lucernecrop in cotton fiel dsas strips can conserve and increase
the densities of predatory insects of Helicoverpa spp. in cot-
ton. Theinterplanted lucerne crop acted asarefugiaand asource
of the predators to the cotton crop. Also, planting cotton in
wheat stubble can conserve some beneficial insectsin cotton.

Introduction

Therole of generalist beneficial insects in regulating pestsin
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 contral, particularly in non-chemical insecticideregimes,
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 aso dis-
criminate against and reduce the activity of beneficial insects
becausethey 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 populationsincrease, minor pestsbecome
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
(Del.oach 1971; Mensah, 1997, 1999). Natural enemiesof cot-
ton pests usually have different food requirementsin thelarval
and adult stages to develop and survive through the season. In
contrast, adult pests particul arly 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
pestsin cotton fieldswill be crucial to enhance biological con-
trol. In agroecosystems, manipul ating the habitat has shown to
enhance biological control of crop pests (Alderweireldt, 1994;
Mensah, 1999). In Australia, techniques such asstrip intercrop-
ping cotton with lucerne, provision of supplementary food, and
the use of a predator-to-pest ratio as athreshold to incorporate
activities of beneficial insects in pest management decisions
have shown to conserve and maximize the abundance and ef-
fectiveness of beneficial insectsin cotton systems.

Provision of Supplementary Food

The most important predators of Helicoverpa spp. inAustralia
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, arrestsand
conserves predatory insects (Figure 1). The food product has
been used on commercial cotton to manipulate populations of
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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.

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 insectsin cotton fields, especially early in
the season isimportant for the management of Helicover pa spp.
in cotton.

For food spraysto attract predators effectively into cotton farms,
itiscrucial 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 stripsin acommercia 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), increasetheir searching ability and
suppress oviposition of Helicoverpa spp. females (Mensah,
1996). Studies show that the number of Helicoverpa spp. eggs
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consumed by transverse ladybird beetleis significantly higher

Order
Coleoptera

Hemiptera

Neuroptera

Araneida

Table1l: Major Predatorsof Cotton Pestsin Australia

Family
Coccinellidae

Melyridae
Nabidae
Lygaeidae
Pentatomidae

Reduviidae
Chrysopidae
Hemerobiidae
Lycosidae
Oxyopidae
Sdlticidae
Araneidae

Species

Coccinella transversalis (Fabricius)
Adalia bipunctata (Linnaeus)
Dicranolauis bellulus (Guerin-Meneville)
Nabis capsiformis (Germar)
Geocorislubra (Kirkaldy)

Cermatulus nasalis (Westwood)

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

Chrysopa spp.

Micromus tasmaniae (Walker)

Lycosa spp.

Oxyopes spp.

Salticidae spp.

Araneus spp.

Group
Predatory beetles

Predatory bugs

Predatory lacewings

Spiders

on cottonleavestreated with Envirofeast® thanonleavestreated  Systems
with asugar solution or water (Figure 2).

Mean Eggs consumed/day

Cumulative total eggs consumed/day

Guidelines for Use of Food Sprays in Cotton

The pest management system whether organic or IPM which
incorporates food sprays essentially focuses on the manage-

—0— EggstSugar solution

—<o—— Eggsaone

—o— EggstEnvirofeast®
—a——  EggstEnvirofeast B

—a——  Eggs+Sugar solution

—o>—— Eggsaone

—o—— Eggs + Envirofeast®

—11+— Eggst+Envirofeast B
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Days after treatment

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.

ment of insect pests by manipulating

predatory insect populations. For the
success of this type of pest manage-

ment strategy, it isimportant to select

afield or whole farm far away from

insecticide drift or not to be sur-

rounded by conventional insecticide-

managed farms. It isalso very impor-

tant for the grower or consultant or
the pest manager to carry out visual

checks(i.e. bug checking or scouting)

of pestsparticularly Helicover pa 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
aparticular farm.

Recommended
Application of Food
Sprays

Food sprays can be applied as band
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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
isrecommended to ensure good coverage.

Use of Predator-to-Pest
Ratio

Sincebeneficial insects, particularly preda-
tors, form amajor component in pest man-
agement programs, it is very important to
incorporatetheir 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 thefood 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 thera-
tio of predatorsto pestsin the cotton crop as

No. Helicoverpa spp. larvae/metre

No. Helicoverpa spp. larvae/metre

Very small + Small larvag/m

B Medium + Large larvae/m

—op— Predator/prey ratio o
7.5
- 7
6.5
- 6
55
- 5
4.5
- 4
35

25
- 2
15
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0.5
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Figure 3: Comparisons of predator-to-prey ratio on numbers of Helicoverpa spp.

larvaein cottonfarmsat (A) Norwood, 1993-94 and (B) Bellevue, 1994-95 seasons.

indicated by scouting/bug checking counts. A predator-to-pest  «  However, when the Helicoverpa popul ation falls below 0.5
ratio of 0.5 or higher can reduce the survival of very small and but is higher than 0.4 and the bug check consists predomi-
small larvaeto medium and largelarvae (Figure 3). However, a nantly of neonates (rather than eggs), a food spray and a
ratio lower than 0.5 resulted in higher survival of Helicoverpa  hjological pesticide should be applied to restore the ratio to

larvae (Figure 3).

Decision Making Protocol

The accepted predator-to-pest threshold is 0.5 or higher.

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

»  When the predator to pest ratio falls below 0.5 but is higher should be used to control the larvae before they develop to
than 0.4 and Helicoverpa population is mostly eggs, afood mediums. Three days after applying a selective insecticide,
supplement can be applied to attract more predatorsto feed re-apply abeneficial insect food attractant to restore the sys-

on the eggs and improve the ratio.

tem.
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Interplanting Alternative 1
Crops in Commercial
Cotton

Strip intercropping can be used to diversify
the habitat in agroecosystemsfor the benefit
of insect predators (Mensah, 1999). Inter-
planting alternative cropsin cotton can serve
as arefuge or source of beneficia insectsto
the cotton crop. However, an intercrop sys-
temin somecasesmay act asasink for preda-
torsby being more attractive than the primary

0.75 4

0.5

0.25

cropitself (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-
sectsinthe primary crop may be counter pro-
ductiveto the enhancement of biological con-
trol.

No. of predators per metre per sample date

b T
g = T
5 S 5
@ - =

Treatments

Figure4: Responsesof predatory insectsto alternative cropsinterplanted in

commercia cotton in the Australian Cotton Research Institute farm at Narrabri,

Studies have been conducted in Australia to
determinethedtility of dternate cropsasrefu-
giafor predatory insects of Helicoverpa spp.
when they were interplanted as stripsin 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 arefugiaand a
source of the predatorsto the cotton crop (Figure 5). The refu-
giaor sourcefunction 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 stripsto forage
the adjacent cotton crop.

The movement of predators can beim-
proved by either applying food spray to
attract them, especially predatory
beetles, bugs and lacewings onto the
cotton crop (Mensah, 1997), or by us-

No. of predators per metre

NSW, 1993-94 (Means of treatments followed by the same letter are not
significantly different (P>0.05)(Tukey-Kramer Multiple Comparisons Test).
Error bars represent standard errors.

Guidelines for Establishment and
Management of Lucerne Strips

Interplanting of lucerne crops as strips in commercia cotton
provide arefugefor beneficial insectsand spiderson the farm.
Many of these beneficial insects can then be encouraged into
cotton with the strategic use of food sprays to help manage
Helicoverpa. Lucerneisalso preferred over cotton by thegreen

T —1— Cotton with lucerne strips

—o— Cotton without lucerne strips

—o— Lucerne strips within cotton

T
4
-
4
-
.

ing smaller lucerne strips less than 12
meters wide, or slashing all the lucerne
stripsor allowing thelucerne crop to hay
off (Mensah and Harris, 1995). The last
three optionsmay also force Creontiades
dilutus (green mirids), another pest of

cottonthat isfound mostly inthelucerne
strips, to move from lucerne to cause
damage in cotton (Mensah and Khan,

1997; Mensah, 1999).

30 Oct T

Figure5:

6 Nov
13 Nov |
24 Nov
29 Nov

4 DecT|
13 DecT|

Dates of assessment

Comparisons of predatory insectsin 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 asatrap
crop to manage thisinsect.

Size and Placement of Lucerne Strips
L ucerne 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).

» Asafield border; alucerne crop can be placed on both sides
of thefield. Inthis case, aminimum areaof 5% of thewhole
field should be planted to lucerne (e.g. 24 rows each side of
a1,000-row field).

» Asablock; alucerne crop can also be planted in acentrally-
located block on the farm. The last two options may be
dlightly 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/hashould be
usedindryland situationsand 10to 15 kg/hafor irrigated crops.
Good seedbed preparationisrequired to achieve

good establishment.

©
o
S
S

high surface soil cover which can reduce soil erosion by 70%
(Walters et al., 1999). Planting cotton in wheat stubble can
conserve some beneficial insectsin cotton by providing shelter
for these insects. Studies conducted in Australia showed that
densities of predators such asred and blue beetles and al so 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 isnot new. Food sprayslike Envirofeast® have been used
in organic cotton systemsin Australiaand also integrated with
other toolsin IPM programs to manage cotton pests especially
Helicoverpa spp. effectively. The performance of beneficial

insect food attractantsis enhanced by the presence of arefugia
system such aslucerne stripswhere insects can be attracted. An
IPM program based on food sprays and beneficial insects has
been developed in Australia. The program, which involvesthe
use of lucerne strips, food attractants, a predator-to-pest ratio,

Irrigation Management

A 20-day cycle from September to December
and a 10-day cyclefrom December onwards are
the recommendations for maximum production
of lucernein 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
lucerneirrigations can be applied as the cotton

©
o
=}
@®
!

0.002

|

No. of predators per sample date/metre

Stubble No Stubble

Ia

_ 0.001
requires.
Management of Lucerne within the Strips
The lucerne strips should be kept attractive 0
through the cotton-growing season especially 25
during the early squaring and flowering period
of the cotton crop. Once lucerne begins to g
flower, vegetativegrowthislimited anditisless % 2+
attractive to insects that may serve as food for §
the beneficial insects, hence asarefuge or trap L 15-
crop. Theattractiveness of thelucerne stripscan 8
be maintained or achieved by slashing or mow- 2 1.
ing half of each lucerne strip every four weeks g
to maintain new regrowth. The presence of new g 05
regrowth will enhance continuousinfestation of 8 =
insects such as aphids and thrips, jassids that g
serve as food for the beneficial insects. 5 0
o
p

Planting Cotton into Wheat
Stubble

Wheat is one of the rotation crops used in Aus-
tralia, and wheat stubbleis known to provide a

Stubble No Stubble

Treatments

Figure 6. Effect of wheat stubble on densities of (a) red and blue beetles and
(b) soil insects. Error bars represent standard error of the mean.
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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 insectsare not affected by gossypolsin the plant. How-
ever, the undesirable aspect of gossypolsin cottonis moreim-
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 animalss, 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 avail able showing no effect on yields. Dueto 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 glandsin the plant’s aerial partsthat contain avari-
ety of terpenoid aldehydes, among which gossypol is the best
known. Gossypolsare phenol compoundsthat wereisolated 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, hemigossypal, 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. Someinformation was published inthelast is-
sue of THE I CAC RECORDER on methodsto get rid of gossy-
polsin oil, the most important use of cotton seed by humans.
But, eliminating gossypolsfrom oil hasits own limitations.

Some early work showed that gossypol content isnot avarietal

character, while other work proved that it isagenetic character
controlled by two recessive genes. Dataal so 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 samevariety grown at different locations. Year-to-year dif-

ferences are al so reported in the literature. Work donein India
has shown that nitrogen and phosphate applications significantly
decreased gossypol content. Literature also showsthat 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 successin 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. L ately, there
has been some successin devel oping such genotypes.

develop upland cotton plantswith low-gossypol seedsand high-
gossypol aerial parts, athree-species hybrid was produced us-
ing the Australian species G sturtianumWillis as a donor par-
ent, and thewild 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 BC, BC,, self-BC, and
BC, seeds. Growth regulators were applied at flowering, a
mature seed embryo was cultured in vitro, and perturbed hy-
bridswere grafted on vigorous G. hirsutum seedlingsto obtain
alarge number of viable hybrid materials.

At least 66% of the seeds of each backcross generation ex-
pressed areduction in gossypol gland density while the aerial
parts of the resulting hybrid plantswere normally glanded. The
segregation pattern observed in the backcross progeny indi-
cated that at |east two independent dominant genes control the
seed gossypol synthesis repressive mechanism. This hypoth-
esis has till 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-BC, material (BC,S)) 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 plantsthus constitute an inter-
esting genetic stock for developing commercial cotton variet-
ieswith glanded plant parts and low gossypol seeds.

Theresearch group in Belgium used RAPD and AFLPmarkers
to assessthe 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 speciesranged from 29.5% to 43.2%,
while similarity reached 80% between upland cotton and BC,
plants. Introgression of species-specific RAPDsand AFL Pswas
evident from all the parental species and confirmed the hybrid
origin of al the analyzed progenies. Southern-blot analysis

A team of cotton researchers at the Department of Gossypol Content in Parentsand Trispecies Hybrids

Tropical Crop Husbandry, Gembloux Agricultural

University, Gembloux, Belgium, is working on the Genotypes Gossypol Content (mg per kg)

same lines using some exotic germplasm. Accord- Maximum  Minimum  Average

ing to apaper published in Theoretical and Applied Parents

Genetics (1999) 99:1233-1244, Dr. |. Vroh Bi, Dr. G. hirsutum 11400 6700 9700
i ) G. raimondii 26,900 19,100 23,200

Guy Mergeai, and their colleagues, crossed two Aus- G. sturtianum 27 0 10

tralian wild diploid Gossypium speciesbelonging to Allohexaploid

the Sturtia and Hibiscoidea sections with a G. (G. hirsutum X G. sturtianum)* 500 400 400

hirsutum variety. Both Sturtia and Hibiscoidea pro- HRS hybrid back crossed progeny

duce gossypol-free seeds while the above-ground BC.S, 8,730 480 3,300

parts contain protective pigment glands. In order to BC, 6,000 1,500 4,500
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based on 49 RFL P probes allowed to trace the introgression of
parental DNA segmentsin thetrispecieshybridsand inthethree
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 generationsisastarting point to map the “low-gossypol
seed and high-gossypol plant” trait.

Cottonisthefifth largest oil-producing crop in theworld. Cur-
rently, ailmost 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 biol ogically more active form—than upland variet-
ies. Toxicity from gossypolswill 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 symptomsin 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
havelessthan 0.1%t0 0.2% of free gossypol inthetotal ration.
Thisamountsto 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 cowsare more sensitive than others. Bulls
may show fertility problems because of atemporary reduction
in sperm cell formation. It is not recommended that calves be
fed with cotton seed before they have awell devel oped rumen.

*kkkk

Correction:

In the March 2000 issue of THE ICAC RECORDER the table on

cotton seed production yields, included in thefirst article, waspre-
sented in kgs/2 tons of seed. The correct tableis asfollows:

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

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 atechnical seminar on

Cotton—Global Challenges and the Future: The Challenge of Clean, Green Cotton

* Environmental Issues
e Sustainable Production Systems
e 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
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Inter-regional Cooperative Research Network on Cotton

for the Mediterranean and Middle East Regions
A Joint Workshop and Mesting of All Working Groups, Adana, Turkey, September 20-24, 2000

The Inter-Regiona 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 subjectsrelated 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.

Themeetingwill beheld at the University of Cukurova, Adana,
Turkey. Adana has a population of 1.5 million people, and in
September theweather islikely to be hot (30-32°C) rarely with
showers. Englishwill betheofficial language of the meseting. A
two-day trip to cotton fields and sightseeing isal so 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-
pertsworking in the private sector. However, the meeting can-
not be used as aforum to promote commercial products.

A number of choicesare availablefor accommodationinAdana
and also in Kazkalesi/Mersin, where the paper presentation
sessions will be held. Hotel reservations can be made through
the Organizing Committeein Turkey. The Turkish Embassy in
your country should be contacted for visa regulations. How-
ever, the Organizing Committeeisready to send you aperson-
alized invitation letter to facilitate your visaformalities. There
will be aregistration fee of US$300 per person for representa-
tives of private companies.

For more information, please contact the following people:

Prof. Dr. Oktay Genger (Chairman, Organizing Committee)
University of Cukurova

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 Genger (Chairman, Organizing Committee)
University of Cukurova

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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A DIALOG Search of CAB Abstracts

The search was conducted using the key words cotton and gossypol for work published since 1995.

03890454 CAB Accession Number: 20001610200
Effects of the dominant glandless gene Gl 2e on agronomic
and fibre characters of upland cotton.

Yuan, Y. L., Chen,Y.H., Tang, C. M., Jing, S. R, Liu, S. L.,
Pan, J. J,, Kohel, R. J. and Zhang, T. Z.

Key Laboratory of Crop Germplasm and Breeding, Ministry
of Agriculture and Department of Agronomy, Nanjing
Agricultural University, Nanjing 210095, Jiangsu, China.
Plant Breeding, vol. 119 (1): p.59-64

Publication Year: 2000

ISSN: 0179-9541

Language: English

Document Type: Journal article

03875604 CAB Accession Number: 20001005252
Biochemical changesin cotton infected with Verticillium
dahliae.

Xia, Z. and Achar, P. N.

Department of Microbiology, University of Durban-
Westville, Durban, 4000, South Africa.

African Plant Protection, vol. 5 (1): p.59-63

Publication Year: 1999

Language: English

Document Type: Journal article

03848687 CAB Accession Number: 20001606286
Breeding for «low-gossypol seed and high-gossypol plants»
in upland cotton. Analysis of tri-species hybrids and
backcross progenies using AFL Ps and mapped RFL Ps.
Vroh Bi, I., Maguet, A., Baudoin, J. P, Jardin, P. du,
Jacquemin, J. M. and Mergeai, G

Unite de Phytotechnie des Regions Intertropicales, Faculte
Universitaire des Sciences Agronomiques, 2 Passage des
deportes, B-5030 Gembloux, Belgium.

Theoretical and Applied Genetics, vol. 99 (7/8): p.1233-1244
Publication Year: 1999

ISSN: 0040-5752

Language: English

Document Type: Journal article

03844047 CAB Accession Number: 20000705232
Purification and characterization of S-adenosyl-L -
methionine: desoxyhemigossypol-6-O-methyltransferase
from cotton plants. An enzyme capable of methylating the
defense terpenoids of cotton.

Liu JingGao, Benedict, C. R., Stipanovic, R. D. and Bell, A.
A.

Department of Biochemistry and Biophysics, TexasA&M
University, College Station, Texas 77843-2128, USA.

Plant Physiology, vol. 121 (3): p.1017-1024

Publication Year: 1999

ISSN: 0032-0889

Language: English

Document Type: Journal article

03759560 CAB Accession Number: 991608362
Development of high-gossypol cotton plants with low-
gossypol seeds using trispecies bridge crosses and in vitro
culture of seed embryos.

Bi, I. V., Baudoin, J. P, Hau, B. and Mergeai, G

Unite de Phytotechnie des Regions | ntertropicales, Faculte
Universitaire des Sciences Agronomiques, 2 Passage des
Deportes, B-5030 Gembloux, Belgium.

Euphytica, vol. 106 (3): p.243-251

Publication Year: 1999

ISSN: 0014-2336

Language: English

Document Type: Journal article

03728772 CAB Accession Number: 991605088
Evaluation of the Gossypium gene pool for foliar terpenoid
aldehydes.

Khan, M. A., Stewart, J. M. and Murphy, J. B.

Agronomy Department, University of Arkansas, Fayetteville,
AR 72701, USA.

Crop Science, vol. 39 (1): p.253-258

Publication Year: 1999

ISSN: 0011-183X

Language: English

Document Type: Journal article

03707708 CAB Accession Number: 990703356
Coordinated accumulation of (+)- delta-cadinene synthase
mMRNASs and gossypol in devel oping seeds of Gossypium
hirsutum and a new member of the cadl family from G
arboreum.

Meng YuLing, Jia JunWei, Liu ChangJun, Liang WanQi,
Heinstein, P. and Chen XiaoYa

National Laboratory of Plant Molecular Genetics, Shanghai
Institute of Plant Physiology, Chinese Academy of Sciences,
Shanghai 200032, China.

Journal of Natural Products, vol. 62 (2): p.248-252
Publication Year: 1999

ISSN: 0163-3864

Language: English

Document Type: Journal article

03665198 CAB Accession Number: 991100188
Evauation of resistance of cotton strainsto Heliothis
virescens (F.) (Lepidoptera: Noctuidae) under |aboratory
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conditions.

Aslam, M., Chalfant, R. B. and Herzog, G A.

Department of Entomology, University of Arid Agriculture,
Rawalpindi, Pakistan.

Sarhad Journal of Agriculture, vol. 14 (5): p.471-474
Publication Year: 1998

ISSN: 1016-4383

Language: English

Document Type: Journal article

03609569 CAB Accession Number: 981007604

Effect of herbicides on Verticillium wilt of cotton and
induction of phytoalexin gossypol production by host cells.
Caniihos, Y.

University of Cukurova, Faculty of Agriculture, Department
of Plant Protection, 01330 Adana, Turkey.

Zeitschrift fur Pflanzenkrankheiten und Pflanzenschutz, vol.
104 (5): p.516-522

Publication Year: 1997

ISSN: 0340-8159

Language: English Summary Language: German
Document Type: Journal article

03607383 CAB Accession Number: 980709725

Effect of nitrogen and phosphorus levels on gossypol and oil
content of cotton genotypes (Gossypium hirsutum L.).

Patil, D. B., Naphade, K. T., Wankhade, S. G., Wanjari, S. S.
and Potdukhe, N. R.

Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola-444 104,
Maharashtra, India

Agricultural Science Digest (Karnal), vol. 16 (3): p.163-166
Publication Year: 1996

ISSN: 0253-150X

Language: English

Document Type: Journal article

03597326 CAB Accession Number: 981611446
Cytogenetics of the ‘ glandless-seed and glanded-plant’ trait
from Gossypium sturtianumWillisintrogressed into upland
cotton (Gossypium hirsutum L.).

Bi, I. V., Baudoin, J. P. and Mergeai, G

Unite de Phytotechnie des Regions Intertropicales, Faculte
Universitaire des Sciences Agronomiques, 2 Passage des
Deportes, B-5030 Gembloux, Belgium.

Plant Breeding, vol. 117 (3): p.235-241

Publication Year: 1998

ISSN: 0179-9541

Language: English

Document Type: Journal article

03579294 CAB Accession Number: 981107807

Thrips (Thysanoptera: Thripidae) tolerance in cotton: sources
and heritability.

Bowman, D. T. and McCarty, J. C., Jr.

Dept. of Crop Science, Box 8604, North Carolina State

University, Raleigh, NC 27695-8604, USA.

Journal of Entomological Science, vol. 32 (4): p.460-471
Publication Year: 1997

ISSN: 0749-8004

Language: English

Document Type: Journal article

03560666 CAB Accession Number: 981005266

The enzymatic cyclization of nerolidyl diphosphate by delta -
cadinene synthase from cotton stel e tissue infected with
Verticilliumdahliae.

Alchanati, |., Patel, J. A. A., Liu JingGao, Benedict, C. R,,
Stipanovic, R. D., Bdll, A. A., Cui YunXing and Magill, C.
W.

Department of Biochemistry and Biophysics, TexasA & M
University, College Station, Texas 77843, USA.
Phytochemistry, val. 47 (6): p.961-967

Publication Year: 1998

ISSN: 0031-9422

Language: English

Document Type: Journal article

03547088 CAB Accession Number: 981606345

Survey of cotton germplasm for terpenoid aldehydes impor-
tant in host plant resistance.

Altaf, M. K., Stewart, J. M. and Murphy, J. B.

Department of Agronomy, University of Arkansas,
Fayetteville, Arkansas 72701, USA.

Specia Report - Agricultural Experiment Station, Division of
Agriculture, University of Arkansas (No. 183): p.153-155
Publication Year: 1997

ISSN: 0571-0189

Language: English

Document Type: Journal article

03542560 CAB Accession Number: 981104710
Systemic induction of allelochemicalsin glanded and
glandlessisogenic cotton by Spodoptera exigua feeding.
McAuslane, H. J. and Alborn, H. T.

Department of Entomology & Nematology, University of
Florida, PO Box 110620, Gainesville, Florida 32611-0620,
USA.

Journal of Chemical Ecology, vol. 24 (2): p.399-416
Publication Year: 1998

ISSN: 0098-0331

Language: English

Document Type: Journal article

03487207 CAB Accession Number: 980702000

Caloric analyses of the distribution of energy in ripened
cotton (Gossypium hirsutumL.).

Hedin, P. A., McCarty, J. C., Jr. and Jenkins, J. N.

Crop Science Research Laboratory, Agricultural Research
Service, U.S. Department of Agriculture, PO. Box 5367,
Mississippi State, MS 39762, USA.
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Journal of Agricultural and Food Chemistry, vol. 45 (8):
p.3258-3261

Publication Year: 1997

ISSN: 0021-8561

Language: English

Document Type: Journal article

03487050 CAB Accession Number: 980701843
Caloric analysis of the distribution of energy in ripened
cotton.

Hedin, P A., McCarty, J. C., Jr. and Jenkins, J. N.
USDA, ARS, Mississippi State, Mississippi, USA.
Proceedings of the Beltwide Cotton Conferences, New
Orleans, LA, USA, January 6-10, 1997: Volume 2.
Conference Title: 997 Proceedings Beltwide Cotton
Conferences, New Orleans, LA, USA, January 6-10, 1997:

Volume 2. p.1436-1437

Publication Year: 1997

Publisher: National Cotton Council, Memphis, USA
Language: English

Document Type: Conference paper

03486761 CAB Accession Number: 980701554
Biosynthesis of gossypol: purification and properties of
desoxyhemigossypol 6-O-methyltransferase.

Liu, J., Stipanovic, R. D., Benedict, C. R. and Alchanati, I.
USDA, ARS, Southern Crops Research Laboratory, College
Station, Texas, USA.

Proceedings of the Beltwide Cotton Conferences, New
Orleans, LA, USA, January 6-10, 1997: Volume 2.
Conference Title: 1997 Proceedings Beltwide Cotton
Conferences, New Orleans, LA, USA, January 6-10, 1997:

Volume 2.p.1374

Publication Year: 1997

Publisher: National Cotton Council, Memphis, USA
Language: English

Document Type: Conference paper

03463685 CAB Accession Number: 971612403
Registration of ‘H1244’ cotton.

Calhoun, D. S., Jones, J. E., Dickson, J. I., Caldwell, W. D.,
Burris, E., Leonard, B. R., Moore, S. H. and Aguillard, W.
Delta Research and Extension Center, Stoneville, MS 38776,
USA.

Crop cience, vol. 37 (3): p.1014-1015

Publication Year: 1997

ISSN: 0011-183X

Language: English

Document Type: Journal article

03463684 CAB Accession Number: 971612402
Registration of ‘H1220' cotton.

Cahoun, D. S., Jones, J. E., Dickson, J. I, Caldwell, W. D.,
Burris, E., Leonard, B. R., Moore, S. H. and Aguillard, W.
Delta Research and Extension Center, Stoneville, MS 38776,

USA.

Crop <cience, vol. 37 (3): p.1013-1014
Publication Year: 1997

ISSN: 0011-183X

Language: English

Document Type: Journal article

03463683 CAB Accession Number: 971612401
Registration of ‘H1215' cotton.

Cahoun, D. S., Jones, J. E., Dickson, J. |., Caldwell, W. D.,
Burris, E., Leonard, B. R., Moore, S. H. and Aguillard, W.
Delta Research and Extension Center, Stoneville, MS 38776,
USA.

Cop <ience, vol. 37 (3): p.1013

Publication Year: 1997

ISSN: 0011-183X

Language: English

Document Type: Journal article

03463252 CAB Accession Number: 971611970
Inheritance of high glanding, aninsect resistancetrait in
cotton.

Cahoun, D. S.

Delta Research and Extension Center, P.O. Box 197,
Stoneville, MS 38776, USA.

Crop Science, val. 37 (4): p.1181-1186

Publication Year: 1997

ISSN: 0011-183X

Language: English

Document Type: Journal article

03430463 CAB Accession Number: 971107819
Effects of gossypol on growth of the cotton bollworm and
development of its parasitoid Campoletis chlorideae.
Wang Chenzhu, Yang QiHuaand Zhou MingZang
Institute of Zoology, Academia Sinica, Beijing 100080,
China

Entomologia Cinica, vol. 4 (2): p.182-188

Publication Year: 1997

ISSN: 1005-295X

Language: English Summary Language: Chinese
Document Type: Journal article

03404733 CAB Accession Number: 971608301
Gossypol glandsin relation to resistance to bollworm
(Helicoverpaarmigera) in upland cotton (Gossypium
hirsutum).

Rajargjeswari, V. and Subbarao, |. V.

Regional Agricultural Research Station, Andhra Pradesh
Agricultural University, Lam 522 034, India.

Indian Journal of Agricultural Sciences, vol. 67 (7): p.293-
295

Publication Year: 1997

ISSN: 0019-5022

Language: English
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Document Type: Journal article

03363741 CAB Accession Number: 971003318
Aspergillus flavus infection of developing cotton bolls:
interactions among isolates and influence of gossypol on
sclerotial morphogenesis and aflatoxin biosynthesis.
Garber, R. K. and Cotty, P. J.

USDA, ARS, Southern Regional Research Center, New
Orleans, LA, USA.

Proceedings of the Beltwide Cotton Conferences, San
Antonio, TX, USA, January 4-7, 1995: Volume 1.
Conference Title: 1995 Proceedings Beltwide Cotton
Conferences, San Antonio, TX, USA, January 4-7, 1995:
Volume 1. p.221

Publication Year: 1995

Publisher: National Cotton Council, Memphis, USA
Language: English

Document Type: Conference paper

03349856 CAB Accession Number: 970703125
Gossypol biosynthesis V. The amino acid similarity of
terpenoid cyclases.

Magill, C., Bianchini, G. and Benedict, C. R.
TexasA&M University, College Station, Texas, USA.
Proceedings of the Beltwide Cotton Conferences, Nashville,
TN, USA, January 9-12, 1996: Volume 2.

Conference Title: 1996 Proceedings Beltwide Cotton
Conferences, Nashville, TN, USA, January 9-12, 1996:
Volume 2. p.1184-1186

Publication Year: 1996

Publisher: National Cotton Council, Memphis, USA
Language: English

Document Type: Conference paper

03341472 CAB Accession Number: 971603089
Glyphosate-tol erant cotton: the composition of the
cottonseed is equivalent to that of conventional cottonseed.
Nida, D. L., Patzer, S., Harvey, P, Stipanovic, R., Wood, R.
and Fuchs, R. L.

Ceregen, Monsanto Company, 700 Chesterfield Parkway
North, S. Louis, Missouri 63198, USA.

Journal of Agricultural and Food Chemistry, vol. 44 (7):
p.1967-1974

Publication Year: 1996

ISSN: 0021-8561

Language: English

Document Type: Journal article

03328733 CAB Accession Number: 971601639
Occurrence of terpenoid aldehydes and lysigenous cavitiesin
the ‘glandless’ seeds of Australian Gossypium species.
Brubaker, C. L., Benson, C. G, Miller, C. and Leach, D. N.
Centre for Plant Biodiversity Research, CSIRO Division of
Plant Industry, GPO Box 1600, Canberra, ACT 2601,
Austraia

Australian Journal of Botany, vol. 44 (5): p.601-612
Publication Year: 1996

ISSN: 0067-1924

Language: English

Document Type: Journal article

03318106 CAB Accession Number: 971600735
Anallelefor high glanding at the GI3 locus?

Cahoun, D. S. and Barfield, M. E.

MAFES Delta Research and Extensio Center, Stoneville,
MS, USA.

Proceedings of the Beltwide Cotton Conferences, Nashville,
TN, USA, January 9-12, 1996: Volume 1.

Conference Title: 1996 Proceedings Beltwide Cotton
Conferences, Nashville, TN, USA, January 9-12, 1996:
Volume 1. p.615-618

Publication Year: 1996

Publisher: National Cotton Council, Memphis, USA
Language: English

Document Type: Conference paper

03265080 CAB Accession Number: 961107210
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