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From studies of the growing cotton plant in Egypt* the author was led
some years ago to the conclusions that the wall of the cotton-seed hair-cell
was “ probably composed of concentric layers, laid down during the active
growth of each successive night, and numbering about twenty-five in all . . .
they would thus, at the most, be about 0:0004 mm. in depth, so that their
resolution by the microscope is highly improbable without some previous
treatment.”t Various methods were tried with the intention of bringing
these layers into the limits of microscopic vision, but it was not until five
years later that an accidental observation gave the clue to a method by which
the limitations of microscope observation may be extended, and these layers
made actually visible.

The observations which followed, demonstrating the existence of con-
centric layers in the wall of the cotton-hair as well as in the “fuzz-hairs,”
would have been interesting in any case on account of their bearing on all
the physical and chemical problems which this typical cellulose presents.
C. F. Cross has'insisted on the necessity for considering cellulose problems in
terms of “ the ultimate fibre,”} but it now seems probable that the ultimate
unit components must be the single layers composing the wall of the said
fibre. The bare fact of the existence of such layers would have had no
particular significance if it could not have been connected with previous
precise study of the growth of cotton-hairs. By counting the number of
layers in material previously preserved at known dates during the course of
those studies, and remembering the cardinal fact that growth is daily
arrested by the sunshine effect under Egyptian conditions,§ we have been
able clearly to show that these layers are actually the growth-rings whose

* Summarised in ‘ The Cotton Plant in Egypt, London, 1912 ; ‘The Development
and Properties of Raw Cotton,’ London, 1915, p. 79; “ Analyses of Agricultural Yield,”

¢Phil. Trans., B, 1915-17, Parts I-III.

t ¢ Raw Cotton,’ p. 79.
1 Presidential Address by C. F. Cross, Society Dyers and Colourists, 1918.

§ “The Physiology of the Cotton Plant,” ¢ Cairo Sci. Jour.,” July, 1910, et. seq.
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existence we had ventured to postulate. Knowledge of their real existence
must materially affect some of our views concerning the physical properties
of such hairs.*

Material.

The cotton material examined was chiefly of Egyptian origin, derived from
my pure strain No. 77, on which most of the previous physiological work has
been standardised, but samples from other Egyptian strains and varieties,
together with cotton from other countries, have been used for check
purposes.

In addition to mature cotton hairs (or “lint”) and “fuzz,” a small amount
of materialt pickled in acetic-absolute at all stages of growth had been
brought by the writer trom Egypt, amounting to 12 fruits in all. The
growth-rings were shown by this equally well, in spite of five years and four
months immersion in the 30 per cent. alcoholic solution of glacial acetic.

The seed-hairs of the cotton plant are of two kinds, the lint and the
“fuzz.” In certain wild cottons we find various groupings of abnormally
long fuzz, short lint, or lack of differentiation between the two classes, which
facts, in conjunction with the data from genetic studies of cultivated varieties,
suggest that the two kinds of hair are intrinsically similar, in spite of the
great difference between them in external appearance. In the case of pure
strain No. 77, and most other Egyptian cottons, the fuzz-hairs are only about
15 mm. in length, clustered in two patches near the micropyle and base
respectively of the seed, and exhibiting a vivid but unstable emerald green
colour which fades to a rusty brown. Other cottons have fuzz which is
devoid of colouring matter, while others again always show a brown colour
without any precedent green. These colours occur also in the lint, a rare and
little-known rogue strain of American (G. hAirsutum ?) possessing vivid
emerald green lint which quickly fades on exposure. The genetic peculiari-
ties shown by various modifications, both of the seed-hairs proper, or lint, and
of the subsidiary seed-hairs, or fuzz, are closely similar; this similarity
extends not merely to colour-factors, but also to the distribution of each upon
the seed-coat, and complex inheritance involving cryptomeres has been
demonstrated in the latter respect for both by the writer.

The lint, or cotton fibre of common knowledge, is externally very unlike
the fuzz, attaining a length of nearly 60 mm. in some varieties, and carrying
a delicate brown colour at most, except in the green rogue above mentioned.
The diameter of the embryonic fuzz-hair is nearly twice that of the lint-hair,

* Harrison, W., “Investigations on Textile Fibres,” ¢‘Roy. Soc. Proc.,’ A, vol. 94,

p. 460 (1918).
t+ ¢Raw Cotton,” p. 175.
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but this difference is less obvious when both are mature ; the convolutions,
which are characteristic of the lint, are not so well shown by the fuzz, on
account of its thicker cell wall, but they are present, and, in sum, we may
reasonably anticipate that any phenomenon shown by the fuzz may be
expected to be found, in some modified form, amongst the lint-hairs as well.

LBixpervmental Methods.

The first observation of these growth-rings was accidental, a laminated
hair being noticed by the writer in some cotton treated by Cross and Bevan’s
method for the preparation of cellulose xanthate, with subsequent hydration.*
The hair in question might well have originated from some source other than
the cotton plant, but subsequent results have shown that it was a fuzz-hair.
In any case, the phenomenon was so striking, and might prove to be so
intimately related to the writer's previous researches in Egypt, that a
systematic examination was undertaken, with the assistance of Dr. Mary
Cunningham on the chemical side.

It was clear that the hydration process, or jelly formation, would need to
be carried far enough to swell the wall of the cell to quite five times its
initial thickness (fig. 1), and yet would have to be arrested some long way
short of complete dissolution. In effecting this control we were able to take
advantage of recent work by Cross and Bevan on the effects of CS; in
conjunction with 9 per cent. NaOH (Engl. pat. 8342/18). At the best,
however, we were unable to bring the process to complete certainty of
demonstration in any one sample, so far as the growth-rings in the lint
were concerned, though invariably successful with the fuzz. It seems
evident that the attainment of the precise step at which the former are
sufficiently swollen, and yet not too much, must be a matter of such careful,
chemical adjustment that the individuality of each hair may be concerned,
and hence it must remain a matter of chance to a notable extent.t (Figs. 1,
6, and 7.) The point needs emphasis, for the sake of other workers.

* Cross and Bevan, ¢ Researches on Cellulose,” 190518 (Pat. 8700/92, etc.).

t [Note added in Press, April 28,1919.—After various trials Dr. Cunningham has
obtained preparations with caprammonium (Schweizer’s reagent) which show these rings
as clearly as any made with CS, and NaOH, for occasional hairs only. It is of further
interest that some of these preparations were made from cotton cellulose, deprived of
cuticle, e.g., fully bleached and subsequently boiled in solution of alkaline sodium sulphite.
By comparing various hairs in these preparations it seems clear that cuprammonium
usually contorts the growth-ring strata too much. Thus, fig. 63, in Mr. Matthews* book
on ¢ Textile Fibres,” undoubtedly represents growth-rings thus deformed, as usual, beyond
obvious recognition as such. I am indebted to Dr. Coward for bringing to my notice
another example, though a more dubious one, of unconscious observation of these
structures, “W. Minajeff (‘ Ueber das erhthte Anfarben de rmercerisierten Baumwolle
and dessen Ursachen,” in ‘Zecitschrift fiir Farben-Industrie,” vol. 15, p. 234 (1907),



