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ABSTRACT

Three recent varieties of glandless cotton from IRCT-CIRAD showed similar yields to the control Si Samrong
2 variety in an on-station productivity trial carried out during 1991 rainy season. An analysis of the agronomic, lint
technology, yarn technology and seed technology data obtained from this preliminary trial is presented. A tentative
economic assessment of the benefits that such varieties could bring to the national ginning industry, subject to
confirmation of these preliminary results by further crop protection studies and multilocation trials, is finally proposed.

The ginning outturn of these glandless varieties was 3 to 4% higher than that of the control variety and they
displayed better-quality lint, especially for length, uniformity, tenacity and maturity. When compared to Si Samrong
2, they also showed very significantly lower numbers of total neps and seed coat fragments. The three glandless
varieties differ in fibre length, IRCT 413 being slightly longer than IRCT 411 (which has the highest ginning outturn};
IRCT 412 is a long-fibre variety with high ginning outturn, but has more neps than the two other glandless cultivars.
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INTRODUCTION

A sharp fall in the Thai annual seed cotton
production occurred during the last ten years. Produc-
tion volumes decreased from nearly 200,000 tons in
the early eighties, to the current level of less than one
half of this maximum amount (OAE/MAC, 1986 and
1992). A regular increase in the costs of production
throughout this period is usually pointed at to explain
such adownward trend. Of particular importance is the
increase in pesticide use and number of insecticide
applications practiced by growers to control a wide
spectrum of virulent insect pests.

If cotton is to remain an attractive cash crop for
the Thai farmer, priority should be given to the crea-
tion of the creation of productive, sucking insect
tolerant and high lint quality varieties in order to both
boost the economic value of the crop and limit pesti-
cide use (DORAS Project, 1992). The glandless
character could also be of significant interest in Thai-
land, because of the country important deficitin vegetal
protein to feed a booming agro-processing sector, if it
can be proved like in other countries that the young
glandless seedling can be protected at reasonable cost
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against early pest insects.

Large scale production of glandless cotton va-
rieties started very recently in several West African
countries, initiating a possible “”White revolution””,
in which cotton would become both a food and indus-
trial crop. For example, during the 1991-92 crop year,
glandless cotton was grown on some 80,000 ha in Cote
d’Ivoire, 10,000 ha in Burkina Faso, 7,000 ha in Mali
and more than 2,000 ha in Benin (IRCT-CIRAD,
1992). But when explaining the adoption of such
varieties by the local national cotton development
companies, it has to be recognized that their very high
ginning outturn and better-quality lint are playing a
more important role than the glandless character alone.
Thin is mainly due to the weakness of the industrial
sector that is not ready to benefit from the glandless
cottonseed in these western African countries. Having
a well-developed animal feed and food processing
sectors, the situation in Thailand is far more favorable
to make use of the glandless character.

Small amount of seeds of several recently ob-
tained glandless cotton varieties were provided by the
French “Institut de Recherches du Coton et des Tex-
tiles Exotiques” (IRCT-CIRAD) to assess their degree
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of adaptation to Thai ecological conditions, levels of
seed cotton and lint productivities as well as their lint,
yarn and cottonseed technological properties.

MATERIALS AND METHODS

Only results obtained with the three best per-
forming introduced IRCT glandless varieties are de-
scribed here. They are compared with a control vari-
ety, which has been extensively grown in Thailand for
the past 15 years and is still the best locally available
variety in term of lint quality.

Planting material

The three glandless cultivars, namely IRCT
411, IRCT 412 and IRCT 413, belong to the same
HAR genetic pool (interspecific cross of Gossypium
hirsutum x G. arboreum x G. raimondii) as the control
SiSamrong 2 (SR 2) variety (in factalocal re-selection
of the G 115-7 variety). The glandless character was
transferred to three new IRCT varieties by using the
back-cross method (Hau et al., 1983).

Lay-out and statistical analysis

Because of the limited amount of seeds avail-
able, a 3 x 3 balanced lattice design with four replica-
tions was used to carry out this trial with a total of nine
varieties. Statistical analysis of the agronomic data
was carried out by using the “Lattice’ software de-
signed by CIRAD. No replications were made neither
for lint and yarn nor cotton seed technological charac-
teristics.

Lint, yarn and cottonseed analyses

The following yarn characteristics were evalu-
ated after microspinning to produce yarn of 20 metric
yarn count:

- yarn tenacity at breaking point obtained by
pulling the yarn with a dynamometer. Two types of
trials exist which use either individual yarn ora 100 m
long “lea” for strength measurement. Both techniques
were performed. Yarn tenacity is an important breed-
ing criteria and it can now be estimated from fibre
technology data by using formulas designed by IRCT
fibre technology laboratory,

- Percentage of elongation at breaking point,

- Various (imperfections) of the yarn such as its
fineness, unevenness, nepposity, hairiness, efc. They
are measured for 1000 m of yarn. The most important
criteria to be considered here is nepposity and the
percentage of seed coat fragments found among the
neps. Too many neps (either “tangled neps™ consisting
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of immature fibres which have not been straightened
out, or seed coat neps” which are bundles of fibres
attached to small fragments of seed coat) lead to a
depreciation of the yarn because they have conse-
quences on the quality of the finished cloth (poor
dyeing, broken yarn, uneven aspect of the material,
etc).

All the lint and yarn analyses were carried out,
on40 g and 100 g samples of lint respectively, at IRCT
Fibre Technology Laboratory in Montpellier-France.
Cottonseed analyses were made at IRCT Cottonseed
Chemistry Laboratory at the same location.

Definition of the cotton “profitability index”

The “profitability index” proposed by G. Estur
(Cotton Company/French Company for the Develop-
ment of Textiles is used to provide a global apprecia-
tion of the lint technological value of given variety, as
well as between varieties, when compared to a refer-
ence one. The calculation of this index imposed sev-
eral simplifying hypotheses, such as the independence
between characters and the linearity of added values
provided by each of them. This is not the case in the
commercial reality, because on the market characters
are interactive and prices move according to thresh-
olds. Anyway, it remains a useful indicator to give a,
somewhat theoretical, image of the technological qual-
ity of a given variety (Hau, 1990).

Experimental conditions, itinerary of techniques
and trial management

The productivity trial was sown with acid
delinted seeds on July 12, 1991 at Suwan station in
Pakchong district, Nakhon Ratchasima province, in a
block that previously received two crops of Lablab
green manure. Because of the dry weather following
sowing two irrigations by sprinklers were necessary at
germination and emergence stages. A complete insec-
ticide protection of the trial (comprising seed treat-
ment with carbosuifan and a total of 14 aerial applica-
tions) was also carried out to limit pest damages.

During the second and third weeks after sow-
ing, an early attack of the first true leaves by the
Chrysomelid beetle, Monolepta signata was observed.
No difference in the extend of leaf damages could be
seen between the glanded control and the introduced
glandless varieties. Later, specific crop protection
trials should pay more attention to the impact ot such
early insect pests on young glandless cotton seedings
as well as to ways to limit leat damages, especially
through seed treatment with an efficient systemic
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insecticide.

Damping-off affected some 4 to 6% of the
glandless seedlings depending on varieties, but this
had no effect on the plant density which was similar for
the four varieties and very close to the objective stand
of 20,000 plants/ha.

The trial suffered from a heavy infestation of
the block by Cyperus rotundus which was controlled
through a combination of manual (2 times) and me-
chanical (Rotary tiller in interrows) weeding tech-
niques. A to much generous nitrogen fertilization
contributed to limit weed infestation after ridging, but
on the other hand led to excessive vegetative growth,
especially for the introduced glandless cultivars, but
the rate of logded plants at harvest remained minimal.
Delayed control of the weed infestation and excessive
vegetative growth were partly responsible for the
observed relatively modest seed cotton yields. The
three seed cotton pickings were carried out in good
climatic conditions between November 21 and De-
cember 23 (131 to 163 days after sowing). From
sowing to harvest, the cotton crop also received a mere
169 mm of rainfall

RESULTS AND DISCUSSION

Agronomic and technological evaluation of IRCT
glandless varieties

The evaluation of the three IRCT glandless
cotton varieties will be done by looking successively
at their agronomic performances, rates of ginning
outturn, lint technology characteristics, yarn quality
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parameters and cottonseed properties.

Agronomic observations

A setof agronomic data is presented in Table 1.
The bushy type SR 2 variety is shorter at harvest than
the pyramid shaped IRCT varieties. This excessive
growth of the introduced IRCT cultivars is a major
inconvenient that need improvement through both
breeding work and more adapted agronomic practices.
While the number of vegetative branches remained
very similar among varieties, the height of the first
fruiting branch is higher in the case of IRCT glandless
varieties. Meanwhile, no significant difference in ear-
liness were found among those four varieties.

It can also be noticed that the three glandless
varieties are moderately hairy. This character is of
particular interest because it confers to those varieties
a certain degree of tolerance to jassids (especially
Amreasca biguttula, a major pest at the beginning of
the crop cycle).

SR 2 showed the highest seed cotton yield, but
only IRCT 411 (which also had the lowest single boll
weight) dispayed a statistically significant difference
in seed cotton production. In the case of IRCT 412 and
IRCT 413 varieties, their higher ginning percentages
helped them to compensate for their somewhat lower
seed cotton productivities.

Figure 1 also shows the location of harvested
bolls along the main stem for SR 2 and IRCT 412
varieties. The importance of the share of the harvested
bolls located on monopodia can be noticed, as well as
the different patterns of distribution of the bolls on
sympodia (bolls were more grouped in the case of

Table 1 Comparison of agronomic data among four IRCT cotton varieties grown at Suwan Farm,

rainy season 1991.

Criteria SR2 IRCT 411 IRCT 412 IRCT 413
Heitht at harvest (cm) 1612 1912 192° 195°
No. of vegeative granches 3.82 4.42 322 3.32
Height Ist fruiting bran (cm) 19.72 25.92 23.72 21.02
Hairiness rating Low Medium Medium Medium
First flower (days after sow.) 57b 552 552 552
First open boll (days after sow.) 1152 1132 1112 1142
Density at harvest(x 1000 pl) 20.82 20.12b 21.220 19.70
Seed cotton yield (kh/ha) 15942 949b 15292 13672
Earliness (% Ist pick./total) 61.12 58.22 63.52 63.32
Single boll weight (g) 5.0% 4.3b 5.43 5.32

a, b Mean values of each trait followed by the same letter do not differ significanly.
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Table 2 Comparison fo roller ginning data among four IRCT cotton varieties grown at Suwan

Farm, rainy season 1991.

Criteria SR 2 IRCT 411 IRCT 412 IRCT 413
Ginning outturn (% lint) 39.5¢ 44.12 43.82 4270
Seed index (weight 100 seeds,g) 9.5 93 9.4 9.8
Lint Yield (kg lint/ha) 6282 419 6702 5842
Chalazal damages (% of seeds) 55.32 28.3b 23.3be 19.3¢

abc Mean values of each trait followed by the same letter do not differ significantly.

Table 3 Comparison of lint technology data among four IRCT cotton varieties grown at Suwan

Farm, rainy season 1991.

Criteria SR2 IRCT 411 IRCT 412 IRCT 413
2.5% Span Length (mm) 2.87 299 322 31.2
2.5% Span Length (inch) 1.13 1.18 1.27 1.23
50% Span Length (mm) 13.6 15.2 15.9 15.2
Uniformity Ratio (%) 47.3 50.8 49.5 48.8
Stelometer Tenacity (g/tex) 18.4 237 20.1 22.0
Elongation (%) 55 52 5.4 52
Maturity Ratio 0.86 0.92 1.04 0.91
Fiber Maturity (%) 76.6 81.3 90.4 81.1
Fineness (Hs) 165 163 135 163
Micronair index 34 37 39 3.7
Rdflectance (Rd-%) 77.1 74.9 75.5 77.4
Yellow index (+b-%) 9.6 10.0 104 9.9

IRCT 412, as well asIRCT 413, when compared to SR
2 variety).

Ginning outturn levels

Seed cotton samples were ginned by a brand
new roller gin, under a litter too much dry condition.
These unfavorable circumstances partly explain the
highlevels of chalazal damages observed on cottonseed
after ginning (Table 2).

The three glandless varieties showed ginning
percentages 3 to 4% higher than the control SR 2, with
IRCT 412 achieving the highest lint/ha yield. At the
same time, the size of their seeds remained similar to
SR 2 one. IRCT 411 showed a significantly higher
ginning outturn reaching 44.1% (following 30 trials,
an exceptional average saw ginning outturn of more
than 47% has been reported in the literature for this
variety (Hau and Ouraga, 1991).IRCT412 approached
that level and displayed an even lower percentage of
chalazal damages.

Data also point at a very significant difference

in favor of IRCT glandless varieties when the percent-
age of seed damages at the chalazal by the ginning
process is considered. This characteristic is of special
importance here because Thai spinners frequently
mention the high seed coat fragments content of the
domestic lint production as its major weak point. The
minimum percentage of chalazal damages was ob-
tained with IRCT 413 variety. .

The superiority of these introduced IRCT vari-
eties is also clearly illustrated by looking at the re-
corded lint technology data.

Lint technology results

Data presented in Table 3 were obtained from
High Volume Instrument, calibrated with ICCS cot-
ton, and 6 replications were conducted for each tech-
nological parameter. The three IRCT glandless varie-
ties were found superior to the control SR 2 for all key
parameters such as fibre length, uniformity, tenacity
and maturity (Figure 2).

IRCT 411 provided a lint characterized by an
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Figure 2 Graphs showing the values achieved by each cotton variety for four key lint technology

parameters.

acceptable fibre length and excellent tenacity, as well
as the best uniformity. An excellent fibre length was
found for IRCT 412, but its tenacity, while superior to
that of SR 2, was not very high. IRCT 413 lint showed
the best equilibrium between all the key technological
parameters of the lint (only its fibre maturity character-
istic was relatively weak). The outstanding character-
istics of this product led to the production of high
quality yarn.

Yarn technology data

Results obtained for the four tested varieties are
shown in Table 4. IRCT 411 and IRCT 413 give very
resistant yarn. The tenacity of IRCT 412 yarn is better
than the average quality product obtained with SR 2.
All four varieties showed acceptable levels of elonga-
tion, with somewhat lower values of IRCT 411 and
IRCT 413 varieties. SR 2 displayed a far too high

number of neps. The value obtained for IRCT 412 is
still to high and not satisfactory. Only IRCT 411 and
IRCT 413 provided acceptable numbers of neps per
1000 m of yarn. The values obtained are still relatively
high, but they represent already a significant improve-
ment in comparison with preceding varieties. The seed
technology data obtained for this latest variety are also
interesting.

Seed technology data

Only the percentage of linters and the oil con-
tent of the seed were analysed and results are shown in
Table 5.

IRCT 412 and IRCT 413 seeds seemed to be
less fuzzy than for the other varieties seeds. This
character could be interesting as the future of cotton
planting seeds seems to be in the dissemination of
delinted and treated seeds to farmers. IRCT 413 seed
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Table4 Comperison of yarn technology data among four IRCT cotton varieties grown at Suwan

Farm, rainy season 1991.

Criteria SR2 IRCT 411 IRCT 412 IRCT 413
Resistance / Uster (cN/Tex) 15.48 17.8 16.74 18.07
Elongation / Uster (%) 7.8 7.3 6.9 6.7
Resistance / Dyn. (cN/Tex) 12.55 14.13 13.37 14.91
Elongation / Dyn. (%) 6.1 5.6 5.8 5.7
U-% 14.98 15.06 14.31 13.29
Number of Neps 1779 437 661 448
Seed Coat Fragments (%) 69.1 84.8 82.7 82.4
Hairiness 5.18 5.68 5.19 5.37

Table 5 Comperison of seed technology data among four IRCT cotton varieties grown at Suwan

Farm, rainy season 1991,

Criteria SR2 IRCT 411 IRCT 412 IRCT 413
Linters (%) 10.53 10.74 9.82 9.79
Oil content (%, delinted seeds, at 0% H20) 25.64 233 23.71 26.12

also displayed the highest oil content. As it is a
glandless variety, the extraction of its oil could also be
carried out at a lower cost than for ordinary glanded
cotton seed.

Finally, Table 6 is presenting a kind of ranking
among these four varieties that is useful to identify the
most promising cultivars which deserve further stud-
ies.

A diagrammatic representation of twelve key
characteristics for each variety which are summed up
in “‘conceptual stars” is also proposed in Figure 3. The
comparison of each star shapes with the ideal one helps
in grading the four varieties.

Based on the very limited available data, a
method for an economic global appreciation of a given
variety is also illustrated in the case of the best glandless
varieties IRCT 412 and IRCT 412 and IRCT 413.

Preliminary economic estimates of the impact on
the industry of the possible adoption of the two
best IRCT varieties

It is obvious that a single trial is not sufficient
to take into account the agronomic data gathered for
new varieties IRCT 412 and IRCT 413. Nevertheless,
based on the observed production levels and crop
management problems encountered, we can reason-
ably assume that their seed cotton yields could be at
least equivalent to the one achieved SR 2 control
variety. On the other hand, the amount of savings in
insecticide applications against jassids due to leaf
hairiness of these two glanded cultivars has not been
studied yet.

It is well to early to assess the benefit that could
be provided by the glandless character of IRCT 412
and IRCT 413 varieties (increase in oil content, sav-

Table 6 Ranking of the four studied varieties for different key characteristics.

Rank First Second Third Fourth
Agronomic data IRCT 412 SR2 IRCT 413 IRCT 411
Ginning outturn data IRCT 411 IRCT 412 IRCT 413 SR2
Seed technology data IRCT 413 SR 2 IRCT 412 IRCT 411
Lint technology data IRCT 413 IRCT 412 IRCT 411 SR 2
Yarn technology data IRCT 413 IRCT 411 IRCT 412 SR2
Overall characteristics IRCT 413 IRCT 412 IRCT 411 SR 2
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ings for oil purification costs, increased price of cake).

Because the number of neps per 1000 m of yarn
obtained for the control variety is far too high, this key
character cannot be taken into account below, other-
wise SR 2 variety will be too much disadvantaged
when compared to the two other varieties.

Only ginning outturn data and lint technology
parameters will be considered in the following, very
rough, assessment of the benefit that could be provided
in the case of the possible adoption of these glandless
varieties by farmers at national level. All this is of
course subject to the confirmation, through further
crop protection trials, of their tolerance to major local
diseases (especially the leaf roll transmitted by aphids).

Added value provided by lint technology charac-
teristics

Table 7 shows the characteristics of the refer-
ence variety for six key parameters, as well as the
quotation of the deviations from these values in Baht
per kilogram of lint. The third and fourth columns
display the deviations to this reference variety for each
of the three considered cultivars, first in specific units
and then in Baht.

The estimated “profitability index” (without
taking into account the number of neps) shows that the
value reached by SR 2 is very close to the one of the
reference variety, thanks to superior length and fine-
ness performances which compensate for the other
parameters. Length, maturity and fineness results give
to IRCT 412 the highest PI value. Having only one
small negative value for elongation in comparison to
the standard variety, IRCT 413 displays again in this
table the very good equilibrium between its techno-
logical characteristics.

Table 8 presents the differences between the
two glandless varieties and SR 2. For a given average
national lint production of some ton 38,000 achieved
during five crop years (1985/86 to 1989/90), the
incremental commercial value (in million baht) pro-
vided by the substitution of IRCT 412 or IRCT 413 to
SR 2 would be as follows:

* if IRCT 412 is substituted to SR2:
38.00 * 6335 = 240.7

* if IRCT 413 is substituted to SR2:
38.00 * 4155 =157.9

More benefits could come from the outstand-
ing ginning outturn observed for these two IRCT
glandless varieties.
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Added value provided by high ginning outturn

The possible added value due to the very high
ginning outturn recorded tor the two IRCT glandless
varieties are estimated in Table 9.

Finally, the possible benefits gained at the
ginning factory level from the adoption of these two
glandless varieties are summed up in Table 10. Be-
cause of the several other positive characteristics of the
glandless varieties that could not be quantified at this
time, the above-mentioned global benefits could be
considered as being minimized.

CONCLUSIONS

At this stage, IRCT 412 and IRCT 413 can be
considered as the most promising glandless varieties.
The superiority of the technological characteristics of
their lint seems to show a clear improvement in com-
parison with SR2. Particularly, the improved length of
their lint would be highly appreciated by Thai spin-
ners, because alarge majority of them are still using the
ring spinning technique. On the other hand, the very
high ginning outturn achieved by these two cultivars
could help boosting the competitiveness of the local
ginning industry.

Nevertheless, more studies are needed, espe-
cially in crop protection and multilocation trials before
to conclude on the possibility to grow one of these high
quality IRCT glandless cotton variety under Thai
ecological (and socio-economic) conditions.

More breeding work is also needed to refine
our knowledge one the optimum type of hairiness
required to balance tolerance to the jassids with possi-
ble negative impact of this character on other insect
pest populations (aphids, white flies, american
bollworm). The breeder and the agronomist will also
have to work together to reduce the too much "vegeta-
tive” aspect of these introduced varieties in the field.
Finally, the preliminary set of data presented in this
paper shows that an in-depth experimentation of the
HAR genetic pool could be of great interest to improve
the quality and economic value of the cotton crop in
Thailand.
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Table 7 Computation of the deviation to the reference standard variety of SR 2 and the two best
IRCT glandless varieties.

Values of the Quotation of deviation Difference to the standard variety
reference standard per kg of lint in unit in Baht

variety (B=Baht) SR 2 412 413 SR2 412 413
Length = 282 +1.0 B/mm +0.5 +4.0 +3.0 +0.50 +4.00 +3.00
Uniformity = 48.0 +0.1 B/% -0.7 +1.5 +0.8 -0.07 +0.15 +0.08
Tenacity = 210 +.03 B/gtex -2.6 -0.9 +1.0 -0.78 -0.27 +0.30
Elongation = 6.0 +0.25 B/% -0.5 -0.6 -0.8 -0.13 -0.15 -0.20
Maturity = 800 0.1 B/% 34 +104 +1.1 -0.34 +1.04 +0.11
Fineness = 185 -0.025 B/mtex -20 -50 -22 +0.50 +1.25 +0.55
Profitablity index (without neps) in baht: PT = -0.32 +6.02 +3.84

Table 8 Estimates of differences between SR 2 and the two best IRCT glandless varieties.

Values of the Differences between varieties (Baht/Kg of lint)!

reference variety IRCT 412/SR 2 IRCT 413/SR 2 IRCT412/IRCT413
Length = 28.2 +3.50 +2.50 +1.00
Uniformity = 48.0 +0.22 +0.15 +0.07
Tenacity = 21.0 +0.51 +1.08 —0.57
Elongation = 6.0 -0.025 -0.075 +0.05
Maturity = 80.0 +1.38 +0.45 +0.93
Fineness =185 +0.75 +0.05 +0.70

P.I. in baht/kg: +6.335 +4.155 +2.18

As % of lint price: +15.8% 10.4% +5.5%

1 Price of one kg of lint = 40 Bahts.

Table 9 Estimates of ginning out turn benefits provided by IRCT 412 and IRCT 413 varieties
compared to SR 2 variety.

Variety % Fiber Supplementary production at national level
lint (ton) baht (million)

SR 2 39.5 (38.000)

IRCT 412 43.8 (+4.3) +4000 (+10%) 4000 x 46335 =185.3

IRCT 413 42.7 (+43.2) +3000 (+8%) 3000 x 44155 = 132.5

Table 10 Recapitulation of value added provided by varieties IRCT 412 and IRCT 413 compared to
the control SR 2.

(in baht, million)

Variety added value % fiber added value technology ~ Total added value

IRCT 412 185.3 240.7 426.0
IRCT 413 132.5 157.9 290.4
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Figure 3 Diagrammatic representation of twelve key characteristics observed for the study of cotton

varieties by using the star method.

and yarn technology analyses provided by Mr. Eric
Hequet and Mr. R. Frydrych, both from IRCT Fiber
Technology Division, were also very helpful in the
preparation of this article.
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