NOTES

True Spiral Angle in Cotton of Gossypium arboreum

INTRODUCTION

The measure of spiral orientation by X-rays or optical
techniques and the strength of cotton fibers are believed
to be affected or distorted by the presence of convolutions
and the shrinkage within individual fibers.' It is generally
accepted that the X-ray orientation method gives a value
that is a composite of true fibrillar orientation and con-
volution angle.?%'® Meredith™®!! eliminated the effect of
convolution by substracting the convolution angle (4) from
the value of spiral angle (¢) calculated with the help of
the refractive index. The difference gave the measure of
the true spiral angle in cotton. However, since the X-ray
angle is closely related to the angle of spirality (¢) and
the values of the two are numerically very close, the sub-
straction of the convolution angle () from the X-ray an-
gles would also yield a close measure of the true spiral
angle. This argument has been previously used to calculate
true spiral angles in solvent-exchanged never-dried cotton
by Iyer et al.! Moharir et al.? used this argument in cal-
culating at least three different close measures of the true
spiral angle in Gossypium hirsutum cotton. The lower spi-
ral angle is known to correspond to increased orientation
of cellulose crystallites to the fiber axis and, consequently,
to higher tenacity.?®®!%1314 A comparison of correlations
of various measures of true spiral angles with single fiber
and bundle tenacity by Moharir et al.? indicated that the
average angle of orientation («,,) is the best measure of
spirality for computing the true spiral angle in cotton,
rather than the 40 or 50% X-ray angles, and also to char-
acterize cotton fibers for strength. In this short note, spiral
angle data on 24 varieties of yet another commercial spe-
cies of cotton, namely, Gossypium arboreum, are presented
and discussed.

EXPERIMENTAL

The 24 varieties of Gossypium arboreum listed in Table I
were grown on the same farm at Sirsa, Haryana, India.
Methods of purification of fibers and characterization
along with extensive data on these varieties have been
published elsewhere.*'® Only the data on convolution
angles and the spiral angles are being presented here.
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The Hermans crystallite orientation factors were com-
puted following the graphical integration procedure due
to Hermans.'>'*!” The X-ray angles were measured from
the normalized X-ray intensity distribution curves along
the 002 reflections recorded on a Joyce Loebl microden-
sitometer from flat-plate X-ray Laue patterns of cotton
fiber bundies. From the values of the Hermans orientation
factor, the average angle of orientation ( «,,) was computed.
The number of convolutions per unit length of cotton fi-
bers and the ribbon widths were measured on a Carl Zeiss
optical microscope and the convolution angles were de-
termined using Meredith’s expression.!*!® Three different
close measures of the true spiral angle were computed by
subtracting the values of the convolution angle (6) from
the values of the average angle of orientation («,,) and
the 40 and 50% X-ray angles. The correlations of various
true spiral angle measures and other orientation param-
eters such as the Hermans factor, a,,, and 40 and 50% X-
ray angles with fiber bundle tenacity (measured by Pres-
sley strength tester) were computed and are reported in
Table II.

DISCUSSION

It may be observed from Table I that the values of the
Hermans factor within the varieties vary from the lowest
0.331 to the highest 0.671 within a range of 0.340. Cor-
respondingly, the values of the average angle of orientation
(a,,) vary from 27.9° to 41.9°. The 40 and 50% X-ray
angles vary from 29.0° to 40.5° and from 24.0° to 36.0°,
respectively. The number of convolutions per millimeter
vary from 2.16 to 4.78 and convolution angles vary from
4.9° to 10.4°. The average value of the true spiral angles
deduced from («,,) and 40% X-ray angles are close to
each other, whereas the average value of true spiral angles
deduced from 50% X-ray angles is marginally lower. Sim-
ilarly, the range of variation of true spiral angles from 40
and 50% X-ray angles is almost similar, but this range is
marginally higher in true spiral angles deduced from («,,).
The lowest values of true spiral angles deduced from («a,,)
and 40% X-ray angles are, however, the same within the
varieties studied.

Correlations of bundle tenacity with various orientation
parameters and true spiral angles ( Table IT) indicate that
the Hermans factor (a,,) and 50% X-ray angles are better
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Table I Correlations of Bundle Tenacity with Various Orientation Parameters
and True Spiral Angle Measures in Gossypium arboreum

X-ray Angles (°)

Average Angle

True Spiral Angles (°)

Herman Factors of Orientation 40% 50%
(f) (am) () (A4) (B) (om — &) (A -8 (B —6)
r 806 — .825 — .655 —.721 — .686 — 480 - .561
P > .001 > .001 > .01 > .001 > .001 > .05 > .01

a,, = average angle of orientation; A = 40% X-ray angle; B = 50% X-ray angle; § = convolution angle; P = probability.

correlated with bundle tenacity with equal probability
levels. The correlation value for the 50% X-ray angle is
marginally lower. It may be curiously noted that from
among the three true spiral angle measures the true spiral
angle deduced from (o, ) correlates best with a 0.1% con-
fidence level with bundle tenacity. The correlations of the
other two true spiral angle measures with bundle tenacity
are also significant but with a lower confidence level.
Recently, Iyer et al.! showed a constancy of spiral angle
in solvent-exchanged never-dried cotton irrespective of
species and attributed many of the differences in orien-
tation factor between cotton varieties in the air-dried state
to the presence of convolutions. This conclusion has been
critically contested by Moharir.'® Duckett and Goswami*
suggest that the extent of transverse shrinkage is an es-
sential factor in the formation of the convolution angle
but has no influence on the spiral angle of the cellulose
fibrils. Electron diffraction studies® indicate that there
are no basic differences between orientation of cellulose
crystallites and the size of the crystallographic units of
cellulose in cotton of different varieties and species. The
reasons for apparent differences in cotton varieties is sug-
gested to be sought in some higher order of structural
organization.” Whereas the range of variation in the true
spiral angle deduced from 40 and 50% X-ray angles in
tetraploid Gossypium hirsutum cotton'? was observed to
be 22.7° and 21.7°, respectively, this range of variation in
respect to Gossypium arboreum cotton (Table I, three col-

umns under True Spiral Angles subhead and the bottom
row) is merely 10.4° and 10.9°, respectively. Apparently,
the variation in the true spiral angle in diploid Gossypium
arboreum species of cotton is about 5% less than in tet-
raploid cotton. This perhaps explains the reason why
the Hermans factor and 40 and 50% X-ray angles in
diploid species of cotton gave equally significant
correlations %% with bundle tenacity and not so signif-
icantly in the tetraploid cottons of Gossypium hirsutum
and Gossypium barbadense.'** On the other hand, the
Hermans factor and the average angle of orientation («a,,)
and also the true spiral angle deduced from (¢,) have
consistently shown very high significant correlations with
bundle tenacity'®%14162122 earlier and in Gossypium ar-
boreum cotton (Table II). The lowest value of true spiral
angle deduced from (a,,) very faithfully corresponds to
the highest bundle tenacity value of the fibers (Table I,
last four columns, sample nos. 3 and 13), which is, how-
ever, not the case with true spiral angles deduced from 40
and 50% X-ray angles.

It may thus be concluded from this that the true spiral
angles in diploid Gossypium arboreum cotton vary within
a narrow range but are not constant within species. Fur-
ther, the average angle of orientation («,,) measures the
true spirality in cotton more faithfully than do the arbi-
trary 40 or 50% X-ray angles. This is evident from the
correlations of true spiral angle deduced from (¢,,) with
bundle tenacity and with other orientation parameters

Table III Correlations among Various Orientation Parameters and True Spiral Angles

Average Angle

Hermans of Orientation 40% X-ray 50% X-ray

Factor (Om) Angle (A) Angle (B) (an, — 8) Aa—-9 (B—#6)

Hermans factor 1 —0.986 —0.462 —0.514 —0.880 —0.341 ~-0.398
Average angle of

orientation «a,, 1.000 +0.468 +0.517 0.884 0.336 0.389

40% X-ray angle (A) 1.000 0.935 0.316 0.795 0.746

50% X-ray angle (B) 1.000 0.347 0.713 0.796

(a, — 6) 1.000 0.489 0.524

A-0 1.000 0.930

(B—0) 1.000
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(Table III) in comparison to the corresponding correla-
tions for the true spiral angles deduced from 40 and 50%
X-ray angles.
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