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We now turn to the results of handing the ginned lint
from the dated flowers to an expert grader, in order to
assess their “ strength.” The manner in

Grading and o101 this was done has been described
Hair Strength.

in the Appendix, and it may be taken for
granted that the grader had no guide whatever as to
the relation between the various samples, nor any oppor-
tunity of revising his judgments. His results can also
be arranged in a curve, and smoothed to five-day means,
and compared directly with the other curves.

" When treated in this way it at once becomes apparent
that grader's ° strength” and ‘‘breaking strain” are
utterly disconnected, and have nothing whatever to do
with one another. This is a practical result of the first
importance.

The most striking example of this is at the end of the
curve (Fig. 21), where the breaking strain is falling rapidly
to zero, but the grading remains up at SS on the scale.
Comparing this with the notes given in the previous
section as to the behaviour of 77 G. and 310 N, it becomes
possible to see what Strength, as determined by hand-
pulling, really means. The grader takes a tuft of lint to
test, keeping to a uniform size of tuft; if the hairs are but
slightly thickened, and consequently of low breaking
strain, he takes more of them; while if they are heavily
thickened, coarse, and of considerable strength individu-
ally in consequence, he includes fewer to obtain a tuft of
the same size.

It is pointed out in the Appendix on p. 191 that *im-
pact testing ”’ of a bunch of fibres gives a result which is
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proportional to the number of fibres tested, and the
testing which the grader applies is nearer to *impact ”
than to ‘‘straining.” Consequently, what the grader
does is to test the resistance to impact of equal weights
of lint each time.

But this being the case, he might be expected always
to obtain the same result, and if all the
fibres in a sample were alike he would do so.
All the ﬁbr@s are not alike, however, and so
the determination of strength by the grader resolves
itself very largely into a test for regularity of strength.

We can corroborate this deduction by comparing the
breaking strain variability from fibre to fibre in large
samples with the grader’s judgment upon them. There
may be a high proportion of strong fibres present, but if
they are mixed with weak ones the sample is graded as
“weak.” This comes down finally to whether the tuft
of fibres breaks under the grader’s hands with a *“snap ”
—i.e., all simultaneously—or raggedly.

Uniformity
and Strength.

Having discussed the evidence obtained mainly from
the abnormal conditions of a wide-sown, water-shortened,
experimental plot, we will now consider the results ob-
tained in actual field crop, since it might well be the case
that the variations we induced experimentally were far
greater than would ever arise in normal cultivation.
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Darmwy PréxinNes or 1913 (Fic. 15).

The series of data accumulated under this title were
derived from an ‘“ observation row >’ of about 130 plants
growing under field crop conditions at Giza, on rich deep
soil, severely attacked by both ordinary boll-worm and.
pink boll-worm, but otherwise typical of excellent culti-
vation, and setting a crop of bolls which in the absence
of this exceptionally bad attack of boll-worm would have
weighed out at 700 pounds of lint to the acre.

The part of the field containing this group was carefully
watched every day of the season, and the general health
of the plants was kept as uniform as it could be, under
the limitations of field cultivation. Any fluctuation
shown in the cotton ripened in this experiment will,
therefore, be less, if anything, than an ordinary field
would show when cultivated with the same pure strain.

The strain employed was the same as in the previous
series, and comparison between the two results brings
out some points of interest, especially with regard to the
senescence or self-poisoning induced in the previous
experiment by withholding water early in the season.

The data thus obtained are directly * practical.”
The successive days are dated by the opening of the boll,
or picking, and not by marking the flowers, while the
strength was determined by “‘ impact testing ’ of bunches
of lint, and not by breaking single fibres.

Although the series embraces ninety consecutive days,
the measurement of length on 500 seeds, and the count-
ing of about 4,000 fibres one by one, the results can be
summarized in a very few lines:—
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The strength and length of each sample are again
utterly'disconnected. If the curve showing the length
is moved backwards over 23 days it fits exactly to the
curve of strength (Fig. 15).

In the water-short plot of 1912, the best fit was ob-
Aained with a 21-day shift, as against 23 days in this

experiment, indicating that the senescent
izsttlf;;;;g condition of\ the 1912 plot shortened the
maturation period by checking growth. It
is common knowledge that water shortage ‘ripens off
the crop ”’; we can now see the price which is paid for it ;
namely, weakening and shortening of the lint, and reduc-
tion in actual yield. The crop which is thus being hustled
into maturity will look better than one which is being
allowed to take three or four days longer over its duties,
because the withering and falling of the leaves exposes
the open bolls to view, but a count of the actual numbers
will show that there are not so many.

Comparing the lint length in this new series with that
in the old one, we find that, whereas the plot which had
. \»loeen starved of its due water allowance

Le;ig;? of .6nly once exceeded 31 millimetres on the

five-day means, this properly-cultivated

field-crop series only drops below 33 millimetres five

times before October 22, and does not touch even the

maximum of 1912 till it has finished cropping. The

maximum reached in this sepies was 34-4 millimetres
instead of 31-1 (¢f. Figs. 14 and 15).

The next point of interest in regard to lint length is the

8
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fluctuation it shows, even under conditions which were
almost ideal for a field crop. Obvious senescence ap-
pears to have been excluded entirely, but

Flﬁctuating in spite of this the length swings steadily

ength.

over a range of 1.4 millimetres on the
five-day means, which in actual daily data of the same
precision would be nearly 2.5 millimetres, or 4 inch.
The length of the lint as shown in these experiments is
determined by combing on the seed; if expressed as
the length of a “pulled tuft,” in the usual way, this
fluctuation would Le stated as a change from about 14 to
1 inches, which, though not great, is still appreciable in
the manufacture of combed yarns.

Lastly, it will be seen that after the lint length curve
has been shifted 23 days to fit the strength curve, each
irrigation shows an effect upon it. On the
third or fourth day after watering the two
superposed curves begin to rise, continue to
rise until about the tenth day after watering, and then
die away again, to be revived by the next irrigation.

Adding on the 23 days of the shift, this means that
the length shows the first signs of having been affected
by watering in those bolls which open 27 or 28 days
afterwards, and that the maximum effect of watering
upon the Iength is shown in those bolls which open about
32 days afterwards.

To obtain the age of the boll at which the effects of
watering are produced, we must subtract these intervals
from the maturation period; this period was determined
for this series by an indirect method as being 48 days.

Effect of
Irrigation.
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Therefore the maximum effect on lint length is obtained
when the boll is 15 or 16 days (48—32=16) old at the
time of watering, while if the boll is more than 21 days
old (48— 27=21) it is unaffected.

This result is different in degree from that which we
obtained in the previous series after the long water
‘starvation, and it indicates that in this case we are deal-
ing with a simple and straightforward limiting factor
effect, instead of the complicated poisoning effect. In
this case the effect of watering is simply to allow the

. lint hairs to grow more during the last few days than
they would otherwise have done. The general principle,
that the maximum effect is produced round about the
fifteenth day of boll development, is the same as before.

Turning now to the strength curve, we may first note
that it is immaterial for general purposes whether the

strength is determined by breaking single
hairs, or whether bunches are tested by
impact. The impact figures obtained in
this series cannot be converted directly into breaking
strains for direct comparison with the previous series,
but some determinations of the breaking strain made
tediously by hand—in the absence of the author’s auto-
matic tester (Pl. XVI.)—indicate that the maximum
strength attained in this series was rather higher than
the maximum attained in the former series, just as in the
case of lint length. Moreover, whereas the former maxi-
mum was rather spasmodic, the strength in this series
under good field conditions is maintained steadily for
several days at a time.

Strength of
Lint.
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If we next consider the extent of the change which the
strength undergoes between the effects of one watering
Greater  and that of the next, we find that it is very
Fluctuation much greater than in the case of the length.
in Strength. The changewhich we found between 327 and
34-4millimetresin the five-day means of lint Length stands
in the ratio of 95 : 100. In the case of lint Strength the
extreme values recorded stand as 65 : 100. This greater
capability for fluctuating is not due to accidents of
method, for the fact that our impact test determinations
are less precise than those of length should help to ob-
literate such distinctions. We may safely assert that in
this series the strength of the lint rose from 60 to 100 in
a single week (August 22 to 29).

This phenomenon introduces a proposition of very
practical interest to the spinners of fine cotton. Would
it not be worth while to encourage the
practice of picking at shorter intervals ?
If we regard these curves as an analysis of
the three ‘‘ pickings ” in which the cotton crop is usually
harvested, it becomes clear that the composition of the
lint at any one picking cannot ke uniform, except by
accident against long .odds. In conventional practice
the bolls which we have studied here would have been
gathered in three groups or pickings, on or about Sep-
tember 10, September 30, and October 20. By reference
to the curves it will be seen that pickings taken on any
of these three dates would have been irregular in length
and in strength, since they would consist of all the bolls
ripened before that date. In general experience the first

Short-Period
Pickings.
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picking is the best, and the third the worst. The differ-
ences are partly due to increased frequency of insect
attack, and partly to the fact that the third picking, if .
delayed too long, will include senescent lint, especially
if cultivation has aimed at hastening maturity by depri-
vation of water, or if the water-table has risen in the
“meanwhile.

As in the case of other common experiences which we
have discussed, this difference between the pickings is
a matter of accident—excluding boll-worm
—and not of direct and necessary causa-
tion. The temperature in Egypt during all
the period from July to mid-October is rarely a limiting
factor directly, so that it is not till late October that the
cultivation of cotton in middle Fgypt becomes dependent
on the temperature; if the cultivator will abstain from
trying to save a day or two in maturity by cramping the
water-supply (and it should be noticed that the Fellah
himself never does so unless he is obliged), and is lucky
with the boll-worm attack, there is no reason why he
might not obtain cotton of the same value in his third
picking as in his first picking, excepting that the autumn
fogs may cause the lint to mildew if left too long on the
plant after the boll opens. The whole thing is a question
of accidents; there are more chances of unfavourable
accidents late in the season than in the beginning of the
season, but most of them can be avoided. The worst of .
all these accidents in Egypt is the rise of the water-table,
which takes place in permeable soils when the flood comes
down.

Quality of
Pickings.
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In the year 1913 the Nile flood was later than it had
been for over a century, and lower also. There is there-
Water-Table LoTe very little effect visible in these curves,
and Lint as compared with what a normal year would
Quality. have shown, excepting a beneficial one due
to capillary damping of the supernatant soil on and after
September 15 (star in Fig. 15), when the effect of the
previous watering was dying away; since the water-table
in this particular plot of the Daily Pickings did not rise
nearer to the surface than 1.0 metres, no very striking
effect could be expected so late in the year. The 1912
results from daily flowers were also unsuitable for
demonstration of the water-table effect, since wide-sown
cotton does not suffer nearly so much from this cause
as do the closely crowded plants of field crop. Neverthe-
less we can draw our own deductions from existing evi-
dence about the effects of the water-table on other growth-
processes in a field crop of cotton, and from what we have
already learned about the development of the lint, with
the following conclusions:

When the water-table rises so as to immerse the lower
half of the root system of a field crop of cotton in Egypt,
the effects will show up in the following order: Bolls
opening ten days later will have weak but long lint, those
opening five weeks later will have lint both weak and
short, with a high ginning out-turn, and those opening
seven weeks later will be worthless in all respects.

Returning now to our original statements as to the
possibility of growing equally good lint at any time
during the season until the falling ‘autumn temperature
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becomes a limiting factor, and barring accidents such as
boll-worms and water-tables, let us see where the longest

Differences 214 strongest lint was produced in this

between Daily Picking Series. The lengths of the

Pickings.  earliest bolls have not been determined, but
their weakness puts. most of them out of the running;
those of September 3 were good in koth respects, but
only slightly superior to those of Septemker 26, and on
October 9 we have another period which is much the
same. An important conclusion follows from this search
for good samples: it should have keen possible so to
adjust the irrigation intervals that the length and strength
of the samples, although determined at 23-day intervals,
should move together. ‘The obvious way of doing this is
to keep the intervals between irrigations constantly re-
lated to 23 days for this strain, and to 20-26 days for
other strains and sites. ’

It may not be entirely coincidence or convenience, as
is commonly assumed, that the rotation of water in the
Egyptian canals is commonly arranged
nearly at this interval; the usual explana-
tion is that the cotton cannot stand longer
intervals without water, but this is not strictly correct.
Personally the author considers that lighter waterings at
11 and 12 day intervals alternately would be ketter still,
and would of course produce the same result.

Leaving this point, and assuming that the irrigation
intervals had been so adjusted as to change length and
strength simultaneously, this would not abolish the net
change of both. Thus the commercial pickings would

Canal
Rotations.
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still be composed of samples showing various properties.
If, on the other hand, the intervals between the pickings

were shortened, and the pickings kept sepa-
(ilfas;iiggf‘nt;gfl rafse, mucb greater uniformity (fou‘ld be

attained—it might even be permissible to
mix certain pickings together; thus, in the series here
discussed, a much more level sample is produced by
mixing September 1, 2, 3, 25, 26, 27, and Octoker 9,
than by picking all the bolls which ripened between
August 22 and 29. Such mixing would not be permis-
sible for the unskilled cultivator, but there are some clues
upon which he might guide his conduct.

For example, if strain No. 77 were being cultivated at
Giza, and if short-period picking were practicable, and
if the irrigation intervals had been adjusted to Lring
strength and length fluctuations into step, then the
grower would keep all the bolls which opened between
the sixth and twelfth days after each watering separately,
and either mixing them or keeping them separate, accord-
ing to opinion obtained, would dispose of them as the
highest grade of his product.

Discussion of this matter brings us to the ultimate
analysis of ““regularity.” If pure strains are cultivated,

~and if pickings are so taken as to include

?5%‘;&“;? only those days on which the cotton is all

’ alike from day to day, there remain only
two more ways in which the sample can be made irregular.
These two are, firstly, individual fluctuation from boll to
boll and from plant to plant, and, secondly, variation in
lint properties of various parts of each seed involved.
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The first cannot be eliminated in field crop conditions.
If the plants were separated by intervals so wide that
Plant-to. ©2ch one had all the soil it could occupy, if
Plant  such spacing did not bring in secondary
Fluctuation. difficulties, and if the soil were absolutely
uniform to a depth of 3 Tmetres, then there would be
no fluctuation from plant to plant, but there might still
be differences from boll to boll. Conversely, there is a
strenuous struggle for existence between plants crowded
in field crop. This struggle is subterranean and invisible,
but none the less bitter. Under Egyptian conditions,
the success of any individual over its neighbours is partly
rectified above-ground, since its consequently greater
growth brings shade to them and lessens the strain on
their root systems; butif a pure-strain population is closely
crowded in a shallow soil, it will be found by the end of the
season that a few plants have alone survived to mature
their seed, the remainder being wizened sticks.

The last component of “regularity ’ is the distribution
over the seed. This can be partly controlled by the use
’ of suitable strains, since the character of
the distribution is inherited, and strains can
consequently be isolated in which—when
properly grown—the mean length and strength of the
lint varies but little from the tip to the butt of the seed.
In periods of unsuitable nurture, however, even these
strains will make poof lint at the tip of the seed, farthest
away from the food-distributing centre, which is situated
where the incoming vascular bundles ramify in the butt-
end of the seed-coat. All the changes we described in

Hair-to-Hair
Fluctuation.
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the previous chapter, such as the development of the
palisades in the seed-coat, and the lengthening and
thickening of the lint, appear to be begun simultaneously
all over the seed, but completed first at its butt or thick
end. Therefore, if the development of any feature is
checked a little too soon, irregularity will follow.
A natural consequence of this is that periods of change
are also periods of irregularity. This applies not only to
. ., distribution on the seed, but also to the mean.
Uniformity )
and Changes Maximum length from seed to seed and boll
of Environ- to boll, as may be seen by examining the
ment.  foures in the Daily Picking Series. When
the conditions of the environment are kept constant for
any length of time, the lint ultimately ripening from day
to day may be good or it may be bad, but it will at least
be uniformly one thing or the other, and as such it will
be saleable for a definite purpose. On the other hand,
when the conditions are changing from one day to another
as when soil is drying up—the slight variations in the
length of the maturation period from boll to boll will in
themselves be sufficient to mix better bolls with worse
ones.
Variation from seed to seed within the boll has been
extensively discussed by other writers, but its case is
covered by the preceding account.

Summarizing the results of this chapter, we have a
result of fundamental importance in the confirmation
which these Dated Series give to the deduction drawn
from developmental evidence, that the same conditions
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of the environment affect the length and strength in the
same way, but in bolls of different ages. The interval,
in the case of a certain pure strain in a cer-
Summary. .
tain site and season, was twenty-three days.
Absolute regularity of lint.is unattainable, even with a
pure strain, but apparently much might be done to im-
prove in this direction by shortening the picking interval
with discretion. Whether the cost of so doing would
exceed the cost of producing the same result by Combing
remains to be seen.



CHAPTER V
THE DEVELOPMENT OF COMMERCIAL LINT

IN the previous chapter we have seen how some of the
more obvious properties of the seed-cotton and lint are at-
tained, and we have found that the story is an extremely
simple one. If we avoid technical details, the whole
matter resolves itself into this: that each characteristic
depends on the reaction which takes place between the
constitution of the plant and the circumstances of the
environment, at the time when the characteristic is being
built up by growth.

The minor circumstances which have tended to obscure
this main issue are somewhat as follows:

(@) The climatic circumstances under which cottcn
grows are not favourable to the sustained and detailed
research required.

(b) The age of the Loll cannot be dated entirely Ly its
external appearance.

(¢) The results of self-poisoning or senescence have
not been separated from the simpler direct effects of the
environment.

(d) Until the conception of Limiting Factors was intro-
duced by Mr. Blackman, the analysis of environmental

effects was impossible.
124
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(e) Until pure strains of cotton were available, the
differences from plant to plant were sufficient to obscure
the differences from day to day.

Having analyzed the problem of development down to
its simpler constituents, it remainé to build back into
complexity. Interesting though our analysis may be, in
itself it shows that the commercial crops are not likely
to approximate to any sort of ideality for many years to
come. We must therefore attempt to sketch the relation
of these facts to the cops and hanks of yarn which the
mills produce.

This task is one which any author might well forego
with pleasure. If his acquaintance is with the grower’s
side of the matter-—as in the present case—
he cannot have more than an inkling of the
work and problems of the mill; while if his
knowledge is sound on the spinning side, he is not likely
to have spent sufficient time in the cotton-fields to be
familiar with the limitations which debar him from
obtaining the ideal cotton.

There can be no doubt that the wisest course for the
present author would be to leave the raw cotton in the
open boll, but to do so would defeat one of the motives
which have led to the writing of this book—mnamely, a
desire to establish a common language between grower
and consumer. A great deal has been done in this way
of late years, especially as regards Egypt and Lancashire,
and some of the most outstanding misconceptions have
been abolished; but all that which has been done is not
a tithe of what remains to do. When the Spinner can

Spinning and
Growing.
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prescribe the cotton he desires in such a way that the
Grower can read the prescription, and can in his turn set
to work to sow the seed and grow the plants in such a
way as to obtain it, the cotton trade will be homo-
geneous, and capable of a high degree of efficiency. That
the trade of spinning alone is enormous, specialized, and
intricate, comprising many separate trades within itself,
will be admitited by everyone. It is probably not quite so
intricate an organization as a cotton-plant, and its com-
ponents have the advantage of articulate speech and of
historical origin. So long as the Grower of cotton was
content merely to do certain things because past experi-
ence had shown that they were, on the average, the best
things to do, he could not expect much sympathy when
he complained that the language of the Spinner was not
comprehensible to him. At the present time, even
though there is no millennium in sight, and although all
the knowledge we are acquiring may not pay anyone to
apply, there is a definite tendency towards this establish-
ment of communications between the two ends of the
cotton trade. The forces of curiosity are getting out of
hand. Each end is beginning to wish to know more about
the other end’s business, and to realize that the Cotton
Trade is not confined within the walls of the mills.
Now, when such intercommunication begins on the
feature, let us say, of “‘strength,” the common language
is at once conspicuous by its absence. Well-
intentioned authors write at length on the
strength of single fibres tested by straining and by blows
from a falling weight, graders take samples of lint and

¢ Strength.”
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state their opinions as to strength with uncanny accuracy,
and the spinner expresses most varied opinions as to the
strength of the yarn he produces from that lint, accord-
ing to the class of yarn he is making. The question
naturally arises as to what “strength” .is, and each
person concerned gives an entirely different answer,
which is quite correct in every case.

It should not be beyond human ability at least to
construct a series of analyses in the precise form which
science exacts, so that, even if the gap between grower and
spinner cannot be bridged at one jump and by one man,
a-bridge might at least be built. It is with the intention
of starting one abutment from the grower’s side that this
essentially impossible chapter is included in these pages,
and the author hopes that criticism by the spinner may
be tempered accordingly.

It will save endless reservations if we first deal with
the lumber brought in by varietal impurity, and clear it
Impurity of out of our way. There are no pure cottons
Commercial in commercial cultivation at the present day.
Varieties. Thig statement is necessarily based on nega-
tion, but the standard varieties tested by the author for
their composition are some fifty in number, including
Sea Island, Upland, and Indian, as well as every known
or unfamiliar Egyptian variety, and several semi-wild
cottons. From any of these a number of strains can be
isolated and bred true, or pure forms can be “ split ”’ out
of individual hybrid plants.
It is possible, though very improbable, that a variety
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might consist of a dozen different strains, and yet all the
plants might produce exactly the same lint. Perfectly
Independence definite differences in petal colour and such-
of Inherited like can be quite independent of lint prop-
Characters. erties. Similarly, so far as our knowledge
goes, white and brown lints may be otherwise identical,
or two entirely different lints be borne on plant bodies
which are externally indistinguishable. There is no limit
yet known to the shuffling of characters which may take
place in this way through deliberate or natural inter-
crossing within the main groups of the genus.

The obvious characters make only half the story, how-
ever. We are beginning to realize, and in some ways to
understand, how two kinds of cotton may
show entirely different reactions to their
environment, so that such a complication
as the following example presents is well within proba-
bility : Two strains of cotton are growing a hundred miles
apart, one on the sea-coast, the other in the interior, and
appear to be exactly the same. When grown side by side
in either site, the imported one is conspicuously unhappy,
and plots of it can be recognized at the other side
of the field. These differentiating characters which are
not obvious include such reactions as tolerance of salt,
liability to shedding, stage at which senescence sets in,
and velocity of growth at given temperatures. In
separate species of the genus these features may be most
clearly seen, but in a less obvious degree they may be
found in the strains isolated from the same variety. One
of the most interesting sights of cotton-growing in the

Growth
Habits.
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author’s experience was the annual growth-race between
strains of cottons derived respectively from Willet’s Red-
leaf, King, Asia Minor, and the average Egyptian plants;
first one and then another of the competitors would lead
on the same dates each year, according to their specific
peculiarities.

If the differences between the components which
go to make up a commercial variety were confined
to mere structure and colour, there would
be very little material for natural selection
to lay hands upon; but since there are also
these physiological differences, it follows that some kinds
of plants flourish best in one locality, and produce more
seed, with the result that the sowing of the next season
contains more of these plants, and the general properties
of the variety alter acco'rdingly. The name given to this
alteration varies: if the change does not spoil the lint, it is
called ‘ acclimatization ”; if the lint of these flourishing
plants is inferior, the change is called ** deterioration.”

Now, a commercial variety of cotton growing in any
one site and year is made up of many different strains of

Uniformity °0tt0n and of hybrids between them. Some
and Cultiva- of these plants are well suited to their en-

tion. vironment, others are not. If cultivation
is very good, or, in other words, if as little tax as possible
is put upon the self-regulating functions of the plant,
even those plants which are comparatively unsuited to
the environment will grow fairly well, and will make as
good lint as they can; the crop resulting will therefore
be as uniform as it can. If, on the other hand, cultiva-

9

Natural
Selection.
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tion is poor, only those plants which happen to be
thoroughly well suited to the environment will produce
tolerable lint, and the presence of this lint in the sample
will increase the irregularity of the sample. , -
Thus, if a commercial variety is well cultivated, 1t
tends to greater regularity; and if badly cultivated, to
greater irregularity. Since the brightness, cleanliness,
lustre, ete., of the lint are all indices of good cultivation,
they also go hand in hand with an approach to regularity.
On the other hand, no amount of good cultivation can
make a short-staple plant into a long-staple one, so far
The Limita. 3 our present knowledge of growth—and
tions of Good especially ofgenescence—can avail us. Con-
Cultivation. gequently, any approach to real uniformity
is impossible with impure varieties. It may possibly be
thought that undue insistence is here being laid on vari-
etal impurity; that the persons who introduce new
cottons are not likely to introduce them in an obviously
mixed condition; and that in speaking of such impurity
the author is applying some hyper-critical botanical test.
There is a very simple way of presenting data for varietal
composition in respect of two commercial characters
simultaneously, based on the statisticians’ Correlation
Diagrams, which we may term Target Diagrams, since
the scatter of dots over the diagram is used in the same
way as the shot-pattern of a shot-gun. We have seen
that all these measurable characters, such as lint length
and ginning out-turn, fluctuate to a definite degree round
a mean value, within a pure strain. If, therefore, we
grow a family of pure-strain plants, under uniform treat-
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ment, and determine the out-turn and length for each
plant in a certain period of the season, we can draw curves
showing the distribution of the variations in each respect
through the family. If we now place these curves on
two adjacent sides of a square, we can make a target
diagram in the following way : Find the position of
plant No. 1 in the length curve, and draw a line into the
square at right angles to the side along which the length
curve is plotted. Then repeat the process with the out-
turn curve. At the point of intersection of these two
lines make a conspicuous dot. Repeat the process for
each plant, when it will e found that the group of dots
thus made will give a picture of the amount of ““ scatter ”
in both characters at once, instead of only showing one
at a time as the curves did (Fig. 16, p. 134).

If we are handling a pure strain in this way, the scatter
in either character will be definite and regular, and the
dots will form (with suitable plotting) a circular group,
the centre of which is densely dotted, while the dots
become fewer and fewer towards the margin of the group
(Fig. 16, Targets 5-7, 10). The centre of the group lies
at the mean for each character.

If we now mix two strains together, which are dis-
tinguished in their average out-turns and lengths, the dots
will form two groups. If the two strains are very widely
different, the groups will be quite separate. If they are
only slightly different, the fact will still be recognizable
when the diagram is viewed from a distance, for instead
of blurring into a circular arrangement, with the darkest
spot in the centre, the blurred diagram will be more or
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less oval, and instead of having one darkest spot in the
centre, it will show two spots.

Again, if we take a pure strain which is suspected to
have been contaminated by crossing, and make the
diagram for all the plants, we shall probably be able to
detect the hybrid rogucs, since it is probable that their
out-turn and length will be unlike that of the pure strain,
and consequently the dots representing them will ke
likely to lie well outside the group. If we have four
such measurable characters we can plot six such diagrams,
and be practically certain of finding the rogue in one or
more of the six.

With this description we may further examine the target
diagrams (Fig. 16) which show the composition of the

Impurity of principal commercial varieties of Egyptian

Egyptian cotton, not in respect of any abstruse

Varieties.  potanical features, but in the directly com-
mercial characteristics of lint length and ginning out-
turn. Side by side with them are plotted (Targets 5, 6,
7, 10) the target diagrams for pure strains, to compare
the amount of scatter which need exist with that which
actually does exist. The objection may be raised that
the various plots might have received different treat-
ment, hence accounting for the different degrees of scatter,
but this is not the case; when the plants are grown for
such comparison, they are all mingled together on the
same piece of land, plant by plant, so that all share equally
in any variation of soil or of cultivation.

One or two points in these diagrams, though of par-
ticular interest to Egyptian cotton-growers, have also some
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general significance. It will be noticed that Ashmouni
(Target 9), the Upper Egypt variety, has a fairly com-
pact diagram; this is mainly due to the fact that it has
been comparatively isolated in Upper Egypt, and has
not been offered the same opportunities for admixture
as the Delta varieties ; at the same time it is by no
means pure, and in other respects—such as lint colour—
shows itself to be quite heterogeneous. The Delta variety
of Egyptian which has deteriorated least, according to the
spinners, is Yannovitch (Target 11), and the compact-
ness of its diagram confirms this. On the other hand,
Afifi (Target 12) has deteriorated very badly (according
to the same authorities), and its target diagram shows a
very wild scatter. Only one other variety is as wild,
namely, Assili (Target 8), which was only introduced in
1910, showing that it was not so pure as it was at first
claimed to be. In the case of this variety we can trace
the deterioration by target diagrams for the best com-
mercial seed of successive years (Targets 4 and 8), and
can watch the gradual obliteration of the * type group
of dots by mixture and crossing with the outlying rogue
dots. Sakellaridis is another new variety, also not as
pure as it ought to be.
These diagrams have been included to show that vari-
Relative 608l impurity is a real difficulty, and not
Importance merely the theoretical matter which it might
gflﬁ?::tzﬁ]d appear to be. If a variety of cotton consists
" of plants which, when growing side by side,
produce lints differing in length by as much as half an
inch, it is waste of time to advise short-period pickings
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for the sake of reducing that irregularity which is due to
environment, and which does not amount to more than a
quarter of an inch (see Chapter IV.).

As in the case of other peculiarities of the crop which
we have discussed, the lint properties are therefore
average properties, the deviations from the
average being widest in bad cultivation,
and least when cultivation is good. To
conclude with an instance which is perhaps more striking,
and certainly simpler, than these target diagrams. The
colour of a sample of ginned cotton is an average colour.
Thus the modern Ashmouni cotton has deteriorated in
colour, losing the full, rich golden-brown which formerly
characterized it, and becoming much paler. If we take
a prize sample of modern Ashmouni, and raise thirty or
forty plants from it, we shall find a few plants whose lint
is nearly white, many creams and light browns, and
perhaps about one quarter of the plants will be found to
bear rich brown lint, which, when placed side by side with
a sample of twenty years ago, matches exactly. The
colour of a prize sample of Ashmouni is thus produced
by placing together hairs of these various colours, the
lighter hairs diluting the colour of the darker ones. The
old colour can immediately be restored by propagating
some of the plants which bear the rich brown lint.

The photographs we have given (Pl. IX.) show very im-
perfectly the differences from plant to plant within a
variety. Cotton is a difficult photographic subject,
except when single plants are taken with a background,
and in that case much of the impression is lost, as com-

Colour
Impurity.
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pared with the view of a series of plots. The examples
given (Abbassi) are interesting; in the first place, the
target diagram of Abbassi (Fig. 16, Target 1)
was made, and then nine plants were chosen
from the type portion of the target group; all
were graded and pronounced to be of Abbassi type, besides
having the Abbassi colour. The seed from these nine
plants was sown in nine adjacent plots, and in seven out
of the nine the strains were pure as far as branching
and leaf-form characters were concerned. None of these

Plants of One
Variety.

seven kinds in the least resembled one another, and all
were more dissimilar than the plot of Abbassi had been
from other Egyptian varieties in the previous year. From
those plots with peculiarities which showed up well in
the camera, photographs were made of average plants;
and, striking though these differences appear in the
photographs, they decidedly minimize, rather than
exaggerate, the differences actually shown.

The commercial sample of lint thus consists of different
kinds of lint mixed together, these different kinds having
Origin of the been borne on different types of plant, with
Commercial different methods of reaction to their en-
Product. yironment. Over and above all this are
superposed the effects of the environment from day to
day, causing variations in the length and breaking strain
of the fibre in successive bolls, as we have shown, while
incidentally there are differences between the individual
experiences of particular plants of the same kind, and
differences from one site to another. It follows from
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this complexity that, while an amateur can grade the lint
from small plots of a pure strain fairly successfully, it
takes an expert to grade commercial lint.

Our next step is to attempt to connect these properties

Properties of the lint as shown by our methods, with

‘of the  those recognized by the grader, with those
Commercial ascertained finally by the spinner, and to

Product. o6 how far our analysis will carry us.

Leaving the major characters of length and strength
for the moment, there are minor characters such as
colour, cleanliness, elasticity, and lustre. Elasticity is
probably involved in uniformity; all cotton fibres are
elastic to a high degree, and the resulting * feel ”” of the
cotton in this respect is probably a combination of effects
resulting from uniformity, fineness, and twist.

Colour is, in the first instance, based on the inherited
peculiarities of the variety, modified by subsequent
events; if the seed-cotton remains too long
on the plant, or is exposed to dew or strong
sun, the colour fades; there also appear to
be different inherited degrees of ‘ fastness *’ of the colour,
some strains bleaching more easily than others under
similar conditions of exposure; consequently, while it is
often contended that cultivation in a new country changes
the colour, and while such change is quite probable, since
colour fluctuates like any other character, many such
examples can be analyzed to fading-phenomena when
they are shown in the first year, or to natural selection
in a mixture (such as Ashmouni mentioned above) when
shown in subsequent years. Cleanliness hardly needs

Colour
Modifications.
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mention from our point of view, being the result of acci-
dental episodes which happen after the boll has opened,
or of insect attacks on the boll.

Lustre is somewhat peculiar, It would seem to have
been insufficiently analyzed by investigators, and in the
first place it is probably almost synonymous
with twist; if all the hairs in a sample are
well and evenly twisted, there will be an infinite number
of convex surfaces, each reflecting a spot of light. In
addition to this there is refraction of light, which may be
seen by holding a well-twisted fibre against a dull back-
ground with a good north light well overhead. The fibre
then shows slight diffraction colourings; this undoubtedly

Lustre.

has considerable influence on the appearance of the
sample, through the reflection of light back from the
concave surfaces inside the fibre; it would necessarily
involve the translucency of the fibre wall, since any
opacity of the wall would obliterate it. Such opacity
might result from prolonged exposure of the seed-cotton
on the plants, or from irregular deposition of the thicken-
ing layers of the wall, in so far as single fibres are con-
cerned, while irregularities from fibre to fibre would have
a similar effect in a bulk sample of lint. In former dis-
cussions of lustre the major importance has been attrib-
uted to the cuticular skin of the fibre, and o variations
in its reflection of light; but cuticle is one of the last
plant tissues to be affected by ill-treatment, and it
seems more than probable that the causes of lustre
~ changes and variations lie behind the cuticle.

One point may here be mentioned which the author has
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been unable to elucidate, namely, the habit in the U.S.A.
of storing seed-cotton for a month if possible before
The Storage ginning,* and the reverse habit in Egypt of
of Seed- ginning as soon as possible after picking.
Cotton.  his habit in the U.S.A. has always been
ascribed to the protoplasm of the lint hair cell remaining
alive, and, so to speak, finishing its work on thickening
the wall while in the store. Upland cotton does not
behave in this way when grown in Egypt, the cell-con-
tents dying as soon as the boll opens; and either the
accepted explanation is incorrect, or else the process is
merely one of ‘ conditioning,” by effecting a more
uniform distribution of moisture through the sample
than when it was first picked. Sometimes the effect is
ascribed to the oil from the seed working its way into the
lint, but the author is not aware that any chemical proof
of this statement has ever been brought forward, nor is
it easy to see how oil (which is buried as droplets in the
living protoplasm of the embryo only) can work its way
out, through the dead tissues of the seed-coat, including
the vegetable ivory of the palisade layer (Fig. 20), and
ultimately into the lint. ‘
We now turn to the major characters of length and
strength, with the all-embracing feature of uniformity.
There is very little to be said regarding Length, other
than our previous remarks in the foregoing chapters. If
any of the many contributing causes have brought about
irregularity in this respect, the sample will be unsatis-
factory; it will not “ pull to a hard edge ' (Fig. 18, B),

* But not in Texas.
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and, since even the best machinery cannot completely
equalize the distribution of tufts of varying length in
the yarn, it will make weaker yarn than a
similar sample in which thelengths of all hairs
are the same and equal to the mean length of the irregular
sample ; the old adage that the strength of the chain is
that of its weakest link applies very completely to yarn
strength.

The discussion of Strength embodies this adage, and
also very much more. In the first place we must dis-
tinguish between the different kinds of
“strength ”’; there are primarily, breaking
strain or hair strength, hand-impact-testing
or grader’s strength, and the strength of the spun yarn.
Secondarily there is the strength-variation from fibre to
fibre, which affects all three classes.

Hair Strength.—We have seen good reason for believing
that the breaking strain or impact resistance of single
fibres is almost entirely dependent on the sectional area
of their walls, independently of their diameter.

Worked out in this way, it is not without interest
to note that the tensile strength of a .cotton fibre is about
double that of wrought iron, so that lint is not quite such
a delicate and fragile substance as one is inclined to
imagine it. If the wall thickness is the same in two
hairs, the hair strength will be proportionate to the
diameter of the hair cell; while if the hair cell diameter is
the same in both, the hair strength will be proportionate
to the thickness of the wall. * Our only reservation in
this respect is that it is possible for the texture of the

Length.

The Kinds
of Strength.
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wall to affect the strength somewhat ; but—just as
flowering is the main determinant of yield—wall thick-
ness must be the main determinant of hair strength,
while texture can only affect it secondarily as te strength,
though possibly greatly in regard to lustre. We have
also seen that hair strength is a definitely inherited
peculiarity, though subject to much greater fluctuation
than length, some strains never making a very thick wall,
while others make very thick ones whenever they are
given an opportunity.

A side-issue of great importance from this discussion
of hair strength relates to the diameter of the fibre.
This we have seen to be comparatively
constant within a pure strain; but since
there is a little uncertainty in some previous writings on
this subject, it may be well to discuss the matter more
fully. The diameter of the developing hair cell is fully
attained almost immediately, though the position of the
maximum diameter in the full-grown lint hair may vary
with different kinds of cotton, and cannot be settled till
the hair has grown to its full length.

This diameter is that of a very thin-walled and more or
less cylindrical tube. The diameter of the ripe lint hair

Diameter 18 quite different: the walls ot the tube have

affected  been thickened, and then have collapsed
by Hair  (Fig. 11). Obviously, if the thickening has

Strength. 1 oen negligible, the width of theribbon thus
formed will be one-half the circumference of the original
tube. If, on the other hand, thickening has been so
complete that the tube becomes a solid rod, it ‘will not

. Diameter.
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only be incapable of collapse, but its diameter will be the
same as that of the tube. The diameter of the ripe fibre
may thus vary from 157 to 100, according to the amount
of thickening, where 100 represents the diameter of the
original hair -cell (Fig. 17). Thus, in terms of width of
the ribbon, the more a hair cell is thickened, the finer it
will be, which is obviously absurd; thus the term * fine-

'
' . .

Fi¢, 17—HAIR STRENGTH AND DIAMETER.

Diagrammatic transverse sections of lint-hairs, indicating how increased
wall-thickness —7.e., hair strength-— must lessen the maximum
diameter of the ripe hair.

Left, no thickening. Right, excessively thickened. Above, before the boll
opens. Below, ripe and collapsed.

ness ’ does not relate to the width of the ribbon, and

has little to do with the maximum diameter of the col-

lapsed cell.

If again we compare the two pure strains already
mentioned (p. 106), which had practically identical dia-
meters, but very different hair strengths and very
different designations in respect to fineness, we see that
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the maximum diameter of the lint has nothing to do
necessarily with comparisons of fineness from one kind
of cotton to another, as is so frequently stated.
On looking through published figures on this
subject, one is struck with the way in which data for
diameter have been stretched to make them fit the view
that diameter and fineness are equivalents. The extreme
range of mean fibre diameter in good samples of all com-
mercial cottons may be taken as 0-016 millimetre for Sea
Island, and 0-025 millimetre for some Indian cottons.
The squares of these numbers stand in the ratio of, roughly,
2 : 5, and variations of this magnitude in fineness may be
found within Egyptian cotton alone, where the diameters
are practically constant. If, however, we consider the
thickness of the wall of the fibre, which cannot well be
measured except by cutting sections, and so obtain
figures showing the thickness of the walls, they will
follow the gradings for fineness much more closely.

Thus we reach a definition of fineness as practically
equivalent to hair strength. Fineness is partly a matter
of cell diameter, but more a matter of wall thickness.

The statement just made, that a fine lint is weak lint,
may at first seem to be a reductio ad absurdum, but it
needs further consideration from the grader’s point of
view.

Grader’s Strength.—In the preceding chapter we saw
that grader’s strength and breaking strain were entirely
independent, and that not merely from day to day in the
same kind of cotton, but also between different cottons.
We also concluded that the grader tested the lint for its

Fineness.
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resistance to impact, and that his comparisons were made
for such resistance per equal weight of lint. The grader’s
decision as to fineness is really a decision as to hair
I strength, while his decision as to strength is
nterpreta- .
tions of  largely a decision as to the uniformity of
Grader's strength from fibre to fibre. Into this latter
Terms.  gocision there enter other considerations, but
it will suffice to leave the matter at this point, until one
of the Graders shall also attempt to write a book on the
subject. But it might be mentioned that the slipperiness
of the lint has to be considered; it is almost impossible
to break tufts of very * strong ”’ fine cottons, because the
hands cannot hold them firmly enough, but if the ends of
the tuft are fastened with sealing-wax they can be broken
with no more difficulty than any other cotton. Such
slipperiness is partly due to the fineness of the individual
fibres, but much more, in all probability, to the uni-
formity and frequency of the twist. Whatever the
ultimate analysis may show, it is quite clear that the
grader of cotton by hand is necessarily integrating a
number of separate things under the name of strength,
and we can now begin to see why graders’ opinions are
not always realized in the spinning-mill.
In addition to this, it may be well to call attention to
the fact that many of the features on which the grader
Familiar P2ses his opinion are associative. Certain
Associations features of a cotton sample indicate that
of Features. the crop was badly cultivated, and there-
fore the sample will possess certain other features. The

substitution of pure-strain lint for commercial lint has
10



146 THE DEVELOPMENT OF RAW COTTON

consequentljr some curious effects upon the grader. If
the pure-strain lint has not been cultivated particularly
well, it will show such * uglinesses ” as would, in com-
mercial variety samples, be necessarily associated with
such irregularities of length and strength as a pure strain
cannot show; the result is that the spinning-mill will give
far better results than the grader would imagine possible.

Possible  1gnorance of this fact led to some serious

Mistakes in consequences within the author’s experi-

Grading.  ence, and it would be well that those who
may be concerned with the production of pure-strain
cottons in the future should be aware of the risk.

Yarn Strength.—This is the only strength that really
matters. Cotton is grown to be spun. If it spins well it
is good cotton; if ill, bad.

We now meet with a new set of questions, many of
which are still unanswerable in any exact expression;
and although they have been dealt with more fully than
other parts of our subject by previous authors, it may
be well to present the case afresh. The main considera-

Unimpor- tion is this: that the strength of yarn has
tance of Hair very little to do with the hair strength as

Strength.  Jetermined by breaking strain, only about
a quarter of the available tensile strength being realized.
The strength of yarn is thus almost entirely dependent
on the hold which the individual hairs take upon one
another. Yarn does not break primarily through rupture
of hairs, but through slip of hair on hair. Strength of
yarn, within limits, follows the amount of twist which is
put into it, even the variation in strength of yarn after
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mercerizing being accounted for in this way. If, there-
fore, yarn of a certain count and number of twists per
inch is desired, the strength of it will depend almost
entirely on the properties of the cotton employed, in
respect to the grip which each hair takes on its neighbour.
The author has practically no evidence to offer of the
kind presented in respect of other characteristics, and
our discussion must consequently be very general.

In the first place, it is obvious that uniformity from
fibre to fibre is a prime essential, on account of the

. weakest link. Uniformity in length must
Uniformity. . . e s .
be of some importance, uniformity in dia-
meter still more so, with uniformity in fineness, and prob-
ably uniformity in twist is the most important of all. Of
these four features, the diameter is usually fairly constant;
the length varies from the causes we have already dis-
cussed, and if its variation is excessive it can be regular-
ized at the card or by combing; variation in fineness
we have also discussed under the title of breaking strain,
or hair strength, and there thus remains one important
component—the twist of the Jint hair.

Since the word ‘ twist” has its special meanings in
this connection, it may be advisable henceforward to
Convolutions Tefer to the twist of the fibre as * con-

of the Lint volutions,” in order to avoid confusion.

Hair It was pointed out in Chapter III. on the
Development of the Boll that the convolutions were
caused by the presence of simple pits in the thickened
wall, and were thus due to a definite structural cause,
and not to any }nystic gyra,tiohs of the protoplasm in the
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dying cell. This brings the whole question of these varia-
tions in the convolutions of lint hairs into line with other
botanical investigations on pits in cell walls, and, although
there are practically no data of the kind we require which
are available at the moment, we shall be able to utilize
them when they are obtained with other plants. The
ideal cotton sample is one in which all thie hairs are of
the same length, diameter, and wall thickness, while all
have the same number of convolutions per fikre in the
same direction, spaced at equal intervals from end to
end. Such a sample would interlock in spinning so as to
give the maximum resistance to slip for whatever twist:
it received.

In the first place, the convolutions of the fibre do not
always run in the same direction, but the direction
reverses at intervals. It is not easy to say
whether this is an advantage or not, under
present conditions of spinning, for it should
be remembered that, if all fibres were similarly convo-
luted, they would always have to be spun with the same
direction of twist, if the maximum strength were desired.
As to the causes of this reversal in twist, we can only con-
jecture that they result from some check in growth,
taking place about the thirtieth day of boll develop-
ment, when the secondary thickening is beginning, lead-
ing to irregular differentiation of the pit areas on the wall.
They cannot be determined later than this, since other-
wise the pits would not be formed through the whole
thickness of the wall. They might possibly be determined
earlier.

Reversal of
Convolutions.
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The spacing of the convolutions from end to end of the
fibre would be determined at the same time as their
direction, and in the same way.

In the third place we have to consider the * pitch * of
the convolutions, which is of high importance. If the

Uniformity pitch is too low the fibres cannot interlock
and Pitch of properly, and if too high they will Le liable
Convolutions. to “ snarl » in preparation for spinning. At
- first sight it would appear that the pitch would be entirely
deperdent cn the angle at which the pits were set to the
axis of the cell, and this is undoubtedly an important
component, as further investigations on the wild-cottons
may show.

In addition, however, the thickness of the wall affects
the convolutions, as can be easily realized on considering

Pitch and WO extreme cases. If a lint hair has an

Hair extremely thick wall, so that the central

Strength. cavity is practically obliterated, it cannot
shrivel on drying, and therefore cannot form visible surface
convolutions, in spite of the presence of the pits; if the
same kind of hair, with pits set at the same angle, is very
slightly thickened, the collapse cn drying will be at its
* maximum, and. the convolutions will be entirely deter-
mined by the pitting. Thus intermediate stages will have
intermediate pitch in their convolutions. Regarding the
question in this way we bring the convolutions into line
with other properties of the lint which we have studied
in their development. Convolutions are primarily deter-
mined by the angle at which the pits are set—probably
an inherited character—and are modified frcm this by
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the extent and regularity of the thickening of the wall,
excessive thickening reducing the pitch of the convolu-
tions. The pitch of the convolutions which gives the
best result from any variety of cotton in any particular
class of spinning operations is in all probability definite
for that class.

It would seem, therefore, justifiable to assume that
although no precise data of the kind we require have
ever been obtained as to the varying development of the
convolutions, yet in all probability the same considera-
tions apply as in the case of length and hair strength.
All the factors, constitutional or environmental, which
modify the latter from ideal uniformity, also modify the
convolutions in a parallel way.

Uniformity—Throughout the whole of our discussion
of the development of raw cotton there has been one
recurrent ideal, namely, the production of uniform cotton.
By various stages of analysis we have seen how it is
possible to attain an approximation to this ideal, and
how the difficulties may all be overcome—if it pays to
do so—with the exception of such irregularities as are
due to the * struggle for existence ”’ between individual
hairs on the same seed. ‘

The fact that we have had to carry our analysis into

Perfect  Such minute details, and to link these up

Cotton  with such remote causes, shows very clearly
Unattainable. that, however interesting the knowledge may
be, a strictly uniform sample of cotton-lint can never be
grown.

Equally, however, our analysis shows how very far
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bty

158 inches, mean.

Mean length. 15/ inches.

Fra. 18.-—Lint LrNetH OF A GooD SAMPLE.

4 represents the lengths of 100 lint hairs taken at random, and measured
in & good commiercial sample of Sea Island by O’Neill in 1863 (com.
puted from O’Neill’s figures), and checked by the author on samples
of Egyptian varieties graded as ‘‘ excellent ** for regularity.

B, the same hairs as 4, but mixed together and held in a clamp, to represent
the grader’s inspection in hand.pulling a sample. A sample which
actually shows this amount of irregularity when sorted hair by hair is
considered excellent, and pulls with a ‘‘ hard edge.”
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remote from the practicable possibilities the best samples
of to-day must be (Fig. 18). It is hard to believe this is
so when one is handling some specially good St. Vincent
cotton, or similar raw material; but nevertheless it is
quite certain that the best cotton grown to-day is far
from reaching the moderate uniformity which it would
be quite practicable to attain by comparatively slight
refinements in seed-supply and cultivation.

In the light of our analysis it is almost impossible to
say what uniformity does mot mean. Practically every
property which a commercial sample
possesses is partly the property itself, and
partly uniformity of that property.
Graders’ strength is partly uniformity in strength,
lustre is partly uniformity in cell-wall formation;
deteriorated colour is non-uniform colour, and so forth.
It is to be hoped that, even if the class of investigations
described in this book has no direct applicability, they
will at least facilitate the interpretation of these terms
of common speech into their real components.

Ubiquity of
Uniformity.



CHAPTER VI
THE DEVELOPMENT OF COTTON-GROWING

THERE is some peculiar fascination about cotton which
defies analysis. Probably the enormous size of the
industry, and the unsuspected revelations which it con-
tinually makes to the student, have something to do
with its charm; the gap between the native cultivator
and the mill-hand is so wide that any person dealing with
any part of the cotton trade must of necessity take some
interest in the other parts which only concern him: re-
motely. It is a humiliating reflection on the intellectual
effect of prosperity that the relations ketween science
and the cotton trade became steadily less intimate during
the past century, so that the sentiments expressed by
writers on the subject read as if they had been written
backwards, the writers of a hundred years ago summon-
ing all the scientific knowledge at their disposal, while
those of to-day frankly admit that the trade has been
working by rule of thumb.

The obvious retort is that science was found a fallacious
guide, and that the only path worth pursuing was the one
which led to financial profit quickly. That the latter was
the case till the end of last century is undeniable; the
world had all the cotton it wanted for the time keing, and

153
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no recondite study was necessary. Since A.p. 1900 the
situation has altered enormously. Fears of dependence
on the American crop in the event of a shortage, the
developing uses for strong cotton fabrics in modern light
and rapid instruments of locomotion, and the increasing
accessibility of the colonies, have all led to initial steps
in the development and control of raw cotton supplies,
and to their better utilization when obtained.

To outline some of the principal ways in which these
developments can most efficiently and rapidly ke made

should be of some use, if it be rememkered

that the suggestions are based merely on
the author’s personal opinion. The greater part of such
development work is as yet but a stumbling attack on
the problems involved, wasteful of time and money. If
natural science is to take any concern in economic affairs,
it should at least be able to offer some suggestions of a
general nature which might facilitate the work of those
who are clearing jungle, digging canals in the desert, and
coping with the difficulties of administration, in order
that more and better cotton may be swallowed up by
the bale-breakers in the mills. :

In the first place, it should be clearly understood that
science must follow the financier in the first instance. If
transport, labour, water, are only to be
obtained at a high price, cotton-growing
must be a failure as a business proposition. Moreover,
the scientific economist must follow close upon the
financier, for the hasty development of cotton-growing
in  new country may lead to many troubles; the price

Science.

Finance.
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of native labour may be raised to a prohibitive figure,
from which it will not recover for years. Sometimes the
scientist may be able to take the matter in hand, and by
improving the value of the raw material, or by reducing
the cost of production, compensate for these disadvan-
tages; but this statement has been made so often,
and so seldom realized, that it might be better not to
repeat it.

Essentially, then, cotton is a cheap-lakour crop, and a
hand-labour crop as well (Figs. 5 and 6), and will remain
0 until the dream of a mechanical means
of picking has been realized. In this respect
the author is inclined to think that the aim
of inventors has ranged too far; a long experience of the
routine repetition of operations, such as those on which
the diagrams in this volume are based, has led him to
value small refinements in method. The position in
which a pencil is laid down by the side of the balance-
case may make a difference of 10 per cent. in the number
of weighings effected in an hour. Similarly, if a strip of
bent tin or a curly piece of wire would enable the pickers
to gather a few more bolls in the same time and with the
same effort, it might make the difference between the
success and failure of a new cotton-growing area. Even
such trifles as dropping the load of picked bolls at the
end of the row, instead of carrying it along other rows,
make a difference in the amount picked, and some simple
experiments of this kind might be quite usefully con-
ducted, in order to ascertain how time might be econo-
mized, without extra labour from the operatives.

Mechanical
Pickers.
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In developing a new district for cotton-growing, pro-
vided that the economic situation is satisfactory, two
things are necessary. Firstly, a crop has to
te grown in the field, and not merely in
gardens; secondly, the reasons for its failure -
have to be ascertained. The author’s use of the word
“failure >’ is deliberately designed to draw attention to
an aspect of agriculture which has not been fully viewed
before ; every crop is more or less a failure. More usually

The Failure
of Cotton.

we say that it is more or less of a success, but in the case
of cotton it is almost better to express it the other way.
So long as good land in Fgypt can produce a normal
crop of 700 pounds of lint to the acre, with an average of
over 450 pounds for the country, even now, while the
U.S.A. averages about 200 pounds, and India less than
100, we have a definite basis of comparison for the degree
of failure which we call success in cotton-growing.
To return to our second essential, namely, a knowledge
of the reasons for the comparative failure of the crop.
The It is obvious that a full knowledge of this
Behaviour Kkind can never ke obtained, and that it
of a Crop. will take years of research to provide even
reasonably intimate knowledge; but the immediate de-
mand may ke put in a simpler form, to wit, * How did
the crop behave ?”” On the surface this would seem to
be a childishly simple question, but it is one which no
cotton-grower could answer in any form giving the
scientist information from which to draw conclusions.
With some crops it is a relatively simple matter to descrike
how the yield was attained, but when the yield is keing
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built up day by day over & period of two or three months,
ordinary casual (or even skilled) observation breaks
down.

The first step in developing cotton-growing for a new
country should be the procuring of records showing how
the yield was built up under optimum conditions. This
involves also determination of the optimum conditions.

The optimum conditions of the site and year in which
the trials were made are very simply defined as those
which produced the largest crop, which also
—other things being equal—will be the best
crop. The conditions which produce the
best crop can only be ascertained by trial and error, but
there are right and wrong ways of so doing; much of this
work as done to-day consists of very little trial and very
much error. Certain conditions of the environment can
be controlled in the trials, while others cannot. Weather
is uncontrollable as regards temperature, and only as
regards water when there is no rain; in irrigated land
the water-supply should be made one of the subjects of
experiment. Although the weather cannot be changed,
its incidence on the plant may be changed, by making
the time of sowing another subject of experiment. The
soil may be modified by manurial treatment, though
experiment in such direction should be restricted initially
to those methods which are likely to be practicable for
the general crop. Lastly there is the arrangement of the
plants on the area cultivated, which is of more impor-
tance than has been realized in the past; there can, for
example, be little doubt that the American crop would

Experimen-
tal Trials.
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be about 30 per cent. larger if it were not necessary to
put the rows far apart so that horse-hoes could work
between them.

Taking three controllable variables only—manure,
sowing-time, and spacing—a good deal of most practical

14
(%]

Bolls per plant per day
2 g

o i 1

4 L 1
Sep: 6t Oct:4th

Fie. 19.—IneEnTICAL Prots oF CoTTON.

Week -
Ending Aug:2"9

These curves show the number of bolls opening in each week of the season
on five plots which were nominally exactly alike, in various parts of
a single acre of land{(shown in Pl. XI., XIL). Perfectly definite
differences exist between them throughout the season, due to variation
in the deeper layers of soil.

Fig. 2, p. 24, is constructed from the averages of such sets of five plots.

Variety, Domains Afifi; site, Giza, 1913.

MzeaN YIiELD =400 PounDs OF LINT PER ACRE.

‘ | H
Per plot : }, ‘

Total yield 12 pouxllds . 372 379 303 450 496

e e ctual . . -28 -21 -97 .+ +50 496
Deviation \percent.. . -7 | -5  -24 412 | 424
Legend . . . . . . — .. e e e —

|
! |

information can be obtained in a single year. It remains
to consider how the optimum for each of these variables
should be ascertained, and this brings us to the question
of experimental plots.



‘g1 pue 3z ‘dd ‘61 pue g 's8iq
ur posn oxe s30[d remonaed osoy) wWoxy sy[usar oy oyels [red ¥ Jo doj oyl ¥ Iequinu [elas € saesq puv ‘squerd yo sared

us933y 30 Yoes ‘SoSpH U89 jo $3815u0d joid Yoeq *pelajem Uesq A[3uedeld Suiavy ysnoay) snonoidsuoo 618 YoIym ‘prod oYj 0 1Xsu
BurA] 99ay) oy wox} usds oq Wed sj01d oyg Jo 9zIs 84, SI6T ‘UIBT 1AV uo Bz1Y ¢ sy01d [rews L9y Jo Juemadurire oY) Surmoys

'SLOTd d4VOd-SSTHO—IX HLVId




COTTON-GROWING 159

In the last five years we have seen a revolution in our
knowledge of field experiments, the methods of con-
ducting them, and the errors inherent in
Sn,'&,ﬂ;f;h’t them. The two chief features of this new
" knowledge are as follows: The increased
precision obtained by increased size of plot is practically
negligible beyond about one-tenth of an acre; the
errors in comparison of plots which are supposed to be
identical is such that with English wheat the plots may
differ as 84:116 by pure accident, and only half of them
will be as closely similar as 95 : 105.
A great part of this error is due to soil variations
which cannot be eliminated. When we deal with a deep-
Errors of rooted plant like cotton, which sends its
Plot-  roots through more than two metres depth
Comparison. of goil in a season, the errors are much
greater from this cause. Identical plots of cotton may
differ by nearly 75:125 through normal accidents alone.
and half the plots are bound to differ more than 93 : 107,
this degree of difference being shown on total yield, and
being proportionately more on separate pickings (Fig. 19).
Recognition of the existence of this very high degree
of uncertainty in comparison will account for the un-
Need for certainty which attends on our present
Accurate knowledge of the cotton crop. Practically
Results.  the whole of the work of the past fifty years
on experimental crops of cotton will have to be repeated
in this new light, just as Mr. Leake has pointed out that
nearly all the failures in introduction of new cottons into
India have become devoid of significance in the light of
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recent discoveries about natural crossing. There is only
one way in which certainty can be attained, and that way
is a laborious one, though not at all impracticable ; by
- dividing the experimental area into small plots (PL XI.),
putting five under each kind of treatment, and scattering
these five over different parts of the area, the precision
of the results with cotton may be increased to 9 : 11 as
the maximum possible dissimilarity due to accident,
when the five-plot averages are compared. It is fre-
quently objected that the trouble and labour of handling
small plots makes them impracticable; there is, how-
ever, no escape from the fact that only in this way can
a reasonably correct answer be obtained; whether it is
“ practical >’ to obtain an answer which has practically
no meaning, and ‘ unpractical ’ to expend a little more
on labour to obtain one which has a definable signifi-
cance, must be left to the future to decide. It should be
noted that the same amount of land and ordinary culti-
vation is required in both cases. The additional trouble
The Handling is in the handling of the small plots, and
of Small especially in laying them out and sowing
Plots.  them. One working suggestion in the
former respect may be useful, namely, that no attempt
"should be made to differentiate the plots in the field-
work ; each plot should have a serial number, be observed
and treated under that number, and the final grouping
effected only when working up the results of the observa-
tions. Working in this way it is not impracticable to
combine two, or even three, experiments into one; thus
sowing-time and spacing could be handled in one series
of plots in the following way:
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Four acres of land cut up into 125 plots, twenty-
five being sown each week for five weeks grouped
around the probable date of sowing, with five different
spacings of five plots each. The data thus obtained
could be taken as being correct within the 9 : 11
extremes for spacing and sowing combined, and for
either spacing or sowing separately their extreme
possibility of error would be 95:105. Whether such
combined experiments were practicable, or whether each
point would be investigated separately, would depend
solely on the labour available. This class of experi-
mental work requires either careful supervision at the
times of sowing and picking, or else the training of a few
natives to act as obser'vers, with a modicum of thought
in the arrangement of fool-proof methods for them to
follow in making the observations.

By conducting experiments on these lines, so as to
obtain a reliable answer, much time and money is econo-

Utility of mized in the following year, when the

Accurate results from the plots are applied on a

Results.  Jarger scale. The case of sowing-time in
Egypt is very much to the point; the author has shown
that the early sowing of cotton before a certain date is
of no advantage, and may bring a loss, while sowing after
that date delays maturity; the cause of the existence of
this “ critical date  would appear to lie in the tempera-
ture of the soil, which at depths of a foot or two undergoes
practically the same seasonal changes in temperature
every year.

So far we have sketched the methods only by which

11
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the optimum conditions of cultivation for a certain site
“and year can be determined. It still remains to answer
the question as to how the plants behaved under those
conditions ?

The cotton crop is thoroughly misleading in its appear-
ance. A field may appear to have but little ripe cotton
Uncertainty in it, and yet be full of open bolls which are
of Subjective obscured by the leaves. Another field may

Opinions.  gppear to be flowering profusely, and yet
be about to stop flowering almost entirely. The best
experts of those who spend their time in travelling
about a cotton district and reporting on the crop con-
dition are well aware, and will admit, that they cannot
estimate the yield of cotton ripe in any particular field
to within 10 per cent. Yet there is scarcely any crop
which has been so entirely discussed on purely general
ideas as to its appearance.

The question arises as to whether any more accurate
data are worth obtaining in the early stages of develop-

ment, and the answer is most certainly
affirmative. Take, for example, the case
of a rain-storm occurring at an unusual
time in the first season of experimental work; it is desir-
able to know whether the results obtained in that year
are still generally applicable to future years, or whether
they have been entirely falsified by the storm. To justify
expenditure on elaborate small-plot experiments, it must
ke shown that their results can be made of general sig-
nificance, and applied forthwith to other possible sites
and seasons. :

Elimination
of Accidents.
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Fortunately it is a tolerably simple matter to obtain
such records, given a few native labourers and a little
training. The okservations may be taken
on the entire plots, or on groups of 200
plants each, counted and marked off by stakes in each
plot. The observations which are practicable are those
of bolling and flowering, and the object of these observa-
tions, as well as of others which are less easily oktained,
is to present a continuous record of the behaviour of the
plants. The ideal would be to take these records daily
(Figs. 4 and 10), but this would rarely be practicable in
early development work, and slightly longer intervals
may be substituted.

The records of bolling are obtained by picking or count-
ing the number of bolls open on the observed groups of
plants each week, so as to obtain the number
ripening in each week per plant or per plot
(Figs. 10, 13, and 16). When a large number
of plots is being handled, it may be convenient to take
one day of the week for one series, and one for another,
but adhering strictly to the same day for each series. The
figures may be expressed as the number of bolls ripening,
or the weight thereof, or—best of all—both ways; if both
are taken, the average boll weight each week is thus
obtained, which is an important consideration. By
plotting the results on squared paper, it is easy to see,
not only which plots gave the best yield. but which were
earliest, etc., and to deduce from these curves the reasons
for failures.

The flowering records (Figs. 2 and 10) are even more

Crop Records.

Bolling
Records.
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valuable, but they necessitate daily observations, or
alternate days at the least, if daily observations are ab-

solutely impossible. They are more valu-
Flowering

Records, able because they are not subject to so many

sources of error as the bolling records, and
therefore give more accurate comparisons from plot to
plot, especially as regards the early stages of growth.
After the flower has opened, it may be prevented from
ripening into a boll through shedding caused by water
shortage or excess of water, or by weather; or through
the attacks of insect pests or fungi. The bolling record
thus merely shows how the crop was produced, but the
flowering record helps to explain the why and wherefore.
Flowering records cannot be taken satisfactorily on odd
days, or even at regular intervals, because the flowers do
not accumulate as the bolls do, and also because the rate
of flowering varies very greatly from day to day, owing
to previous variations in the growth-rate of the flowering
branches. In spite of these disadvantages, if flowering
records can possibly be obtained, they are well worth the
trouble, on account of the insight they give into the way
in which the yield was formed. It is not always realized
that the number of flowers opening is the
main determinant of the final yield of a
cotton-field; the yield may be less than the
flowering would indicate (Fig. 10), but it cannot be more.
The results can be plotted similarly into curves, on the
same scale as the bolling records, per plant or per area ; the
difference between the two curves shows the loss on any
day or in any week from shedding and from insects, and

Flowers and,
the Yield.
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the departure of the flowering curve from a theoretical
form gives evidence as to the nature and magnitude of
the causes affecting the plants.

The utility of these Plant-Development Curves is
almost endless, as the author has shown in Egypt. To
study the data obtained in ordinary field
experiments, after being accustomed to using
these continuous records, is like making use
of a dictionary from which many pages have been torn
away. The difference between them and the ordinary
data for three pickings is similar to the difference between
the inked trace of a barograph and the guesses founded
on the tapping of the barometer. The trouble of ob-
taining them is appreciable, but the cost is trifling; one
experiment with 100 plots on 2 acres, conducted by'
the author, in which many more data were taken than
those sketched above, cost £30 more than the ordinary
cost, for all observation salaries, stakes, headman’s time,
and clerical appliances. Three sets of plots of fifty each,
directed to the examination of ten different spacings,
sowing-times, and manurial arrangements, should, a year
later, repay the outlay upon them many times over.

A modification of these methods may ke used, with
certain limitations, for testing varieties or strzins when

Use of Crop
Records.

only very small amounts of seed are avail-
Variety able

Testing, A field of ordinary crop is taken, and

in it are sown rows of the seed to be tested,
replacing the ordinary crop seed which should have
occupied the same places. These rows consist of about
& hundred holes cach, and not less than five such rows,
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Bolls per plant per day

Weck ending Sept 27 oATE

wames Pure Strain
4 Sokel
e Assili
~re= Voltos

Bolls. per plant per day

Week enging. Sept 3 Oott 1%
Fie. 20.—VarieTy TestiNe BY BoLiine CURVES.

Tllustrating the use of Plant-Development Curves for the comparison of
varieties, using very small amounts of seed sown in scattered groups
amongst ordinary field crop.

The 1911 comparison was made on land which had borne three successive
crops of cotton, but was well cultivated.

The 1912 comparison was one richer land, and the curves consequently
rise higher, but irrigation was delayed in July, causing shedding of
the lf)l(;)wars, which consequently reduced the yleld for a while in Sep-
tember,

In both years the slight lateness of the Voltos variety stands out, while.
Sakel clearly cannot tolerate water-shortage,
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preferably more, are scattered about the area. If more
than one kind is to be tested, parallel and adjacent rows
are used. Records are taken from these rows, showing
their flowering and bolling, and from similar parallel rows
of the ordinary field crop amongst which they are sown.

In this way it is possible to obtain remarkably exact
comparisons when only a few ounces of seed are available,
and a very marked economy may be effected in the follow-
ing year when full field trials are undertaken, since not
only have the useless varieties been eliminated, but
valuable information about varietal peculiarities has
been obtained (Fig. 20). Thus the accidental failure of a
new variety can be distinguished from a real failure.

Meanwhile there is the question as to whether it
is worth while attempting seed-breeding, and this is
problematical. Seed-supply is only worth doing when
it can be done very well, and a new country is rarely
suitable for refinements of this kind, although it may
be quite practicable to get minute data of the kind
we have discussed from the land near a residence.

At the same time it would be well worth while attempt-
ing to make pure strains from the commercial varieties
which were most successful, ultimately replacing these
latter by them.

The isolation of pure strains of cotton is another of the
many commonplaces which the public likes
to enshroud in mystery. There is nothing
mysterious in the process; it is almost true
to say that no skill is required, nor any knowledge of
botany, nor even of cotton. The sole essential is cease-

Pure-Strain
Production.
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less, unflagging, searching accuracy in handling the ma-
terial (Pl 1., VL., X., XIII , XIV.).

Roughly summarized, but with most rigid definition of
every word, it consists in obtaining seed from single
plants by self-fertilization exclusively, until plants are
found which give offspring all exactly alike constitution-
ally in every visible and measurable feature.

There seems to be some conviction at the back of many
minds that a new kind of cotton can only be obtained by
multiple crossing, destruction of organic stability, in-
crease of tendency to reversion, interference with the
balance of nature, and consequent aftermaths of like
vagueness. Actually the production of pure strains is
as straightforward and definite a process as the separa-
tion of sugar from sand.

The cost of such work is high, however, even if the
actual purification research is not charged to it. To
maintain a single pure strain from year to year, avoiding
all contamination by crossing and mixture, cannot be
done at a cost of less than about £50 per annum for a
renewal supply of only 20 kilogrammes of secd, merely for
appliances (Pl. XIII., XIV.), and without counting tkLe
cost of skilled labour. It would be to the interest of new
countries to develop pure-strain cultivation as quickly as
possible, when the old countries have strains to spare, for
Development M81Y such strains will be isolated and tested
of Pure-Strain and found to be slightly unsuitable for the

Breeding.  country of origin, and yet might be per-
fectly suitable for some other country. One of the coming
features of the cotton trade in this respect will be an
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Bee-proof cages of brass gauze mounted in sectional panels of iron, each cage being one-

thirtieth of an acre in area, costing about £70, and producing about twenty pounds weight of

uncontaminated seed each year for the purpose of sowing propagation plots. This method i8

actually cheaper than bagging flowers by hand for the same purpose. View of, and through,
the corner of two cages.
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International Seed Register and Bureau, so that pure
strains when once isolated shall not be left to die,
but shall be kept alive in small quantities of seed,
with accurate published descriptions of their perform-
ances in the conditions under which they have been
tested, and shall be available for multiplication and
further testing in any other country. The cost of such
an organization will be borne by the trade as a whole, or
by the consuming side of it alone, since it will be to the -
advantage of the spinner, and not to that of the successful
grower, that such an organization should exist. At
present not more than one per cent. of the work done on
plant-breeding remains economically available. At the
same time such an organization would have to be run very
strictly, nothing but statistical evidence being admitted,
either for purity, cropping capacity, or spinning properties.
This last brings us to another probable development of
the future. At present it is very difficult to ascertain
Spinner’s what is the comparative value of any sample
Testing- of cotton, since there is no means of testing
House.  raw cotton. We have seen in the preceding
chapter that the only test of value is the test of spinning,
and some persons have suggested that miniature spinning-
machine testers might be practicable. This is highly im-
probable, if not actually impossible, and in default of any
existing indirect methods of analysis the cotton must be
put through ordinary standard machinery. It is but
rarely that any investigator has the good-fortune to have
the courtesy extended to him in this respect which the
author has received from the Fine Spinners’ Association.
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The trouble of conducting these tests in an ordinary mill
is very considerable, but it should be practicable to
establish a ‘‘ Spinning Testing-House ”* for raw cotton,
as suggested by Mr. J. W. McConnel, in which sets of
machinery were installed for the special purpose of hand-
ling ten-pound samples. The fee would necéssarily be
fairly high, but the use of such an institution would not
be confined solely to growers. The tests would have to
be standardized for a range of counts and classes of yarn,
and the results of the tests presented statistically as far
as possible. An immense amount of uncertainty would
thus be eliminated from the grower’s work, and a series
of standard records would accumulate.

It is interesting to look back from the present day
to the results obtained by the first of the author’s prede-
cessors, Mr. O’Neill. His papers were read
in Lancashire in 1863, and from them we
can make certain comparisons with the
cottons of the present day. The intervening fifty years
have heard much talk of progress, and have seen many
extensions of cotton-growing areas. Nevertheless, the
good cottons which Mr. O’Neill handled were every whit
as regular and good as those of the present day. Modern
civilization has scarcely begun to affect the cotton-plant.

This book has been written in the hope of clarifying
ideas on the subject, and facilitating further inquiry,
so that the cottons of fifty years hence may be more
dependable than those of to-day.

Fifty Years
Ago.



APPENDIX 1
METHODS OF INVESTIGATION

THi1s appendix,is intended rather for the use of those who
wish to re-investigate this work. The subject is the
methods of investigation employed in recording and con-
trolling the condition of the plants, in the treatment of
the developing bolls, in the examination of the seed-
cotton, and in the presentation and analysis of the results.

Crop-Records.—A system of routine records of the daily
condition of the crop was developed by the author, in the
first instance for individual plants in breeding experi-
ments, and later for field crop conditions. At the end of
the author’s service in Egypt these records had become
s0 comprehensive that they gave information as to the
state of the crop of the whole country, even when taken
on a single site only. They consisted in measurements
of the daily growth, of flowering, and of bolling, with sub-
sidiary measurements of other features, such as shedding,
and, in fact, of any character of the plant which the ex-
igencies of research and convenience combined to render
worth measurement. The cost of obtaining these data
was slight, unskilled native labour being trained for the
purpose, and checks imposed ultimately by the methods
themselves. The headman checked the work of his sub-

171



172 THE DEVELOPMENT OF RAW COTTON

ordinates, and very little supervision was required by
the author or his assistant, since every set of plants
recorded constituted a check on the exactness of the
records from other sets. If the curves presenting the
data from two identical sets of plots did not coincide
after computation each day, slackness on the part of the
Observers was suspected at once, and it is only tair to
say that such occurrences were very rare. The Observers
could not possibly concoct their results, since they had
only a vague notion of the nature of the dozens of different
groups of plants which they were observing, and the
- actual numerical records meant nothing even to us, until
they had been grouped, totalled, divided, and plotted on
squared paper. Our records of crop condition at Giza
in 1913 attained nearly to absolute precision day by day
from May to November.

All data were taken from definite groups of plants
called “ observation rows,” containing a known number
of individuals, and the results were all computed down to
terms of an average plant. Presentation of the con-
dition of such a plant as should be the average for a whole
field, or even larger areas, was obtained by sampling
various portions with a regular * scatter ” of such “ ob-
servation rows.” Any one of these rows could be chosen
for the source of such material as is required for investi-
gating the development of the lint, whether for pickling
or for testing, and reference to the routine records would
show at a glance the daily rate of growth in tenths of
millimetres, the fractional number of average daily
flowers or bolls, dates of irrigation, and so forth; while
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against these could be plotted the corresponding data of
each day for temperatures, sunshine, humidity, wind,
evaporation, soil-water content, subsoil-water level, or
any other data which might be relevant to the subject
under investigation.

Presenting the state of the crop thus in the form of
an ideal average plant at once brings the agricultural
problems into directly botanical form, or, rather, pro-
pounds those problems in terms of plant physiology.
With such exact records it is possible to trace most minute
differences, of which one example may suffice:

In former years the author had ascertained the period
of holl maturation for several varieties and strains by
marking open flowers, and watching for their date of
opening. Among these was a pure strain, No. 77, which
in 1910 had a maturation period of forty-eight days, with
a Probable Error of 3 per cent. In 1913 material was
taken for these lint-development investigations from this
strain, but no direct record of the maturation period was
repeated ; the question arose as to whether the change of
plot and of year had altered the maturation period, or
whether| forty-eight days could still be taken as correct.
A full set of daily observations of flowering and bolling
vpon the variety ‘‘ Domains Afifi ” were smoothed to
five-day means, and the two curves superposed; they
fitted with an interval of fifty-one days. The process
was repeated with the relatively imperfect data from the
observed group of No. 77, and indicated a slightly shorter
period ; then the dates of irrigation of the group of No. 77
were taken, fifty-one days added to them, and the dates
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thus obtained were marked on the kolling curve, when it
was found that each date was three days later than a
sudden rise in the bolling, which we knew to be due to
diminished shedding; this marked the interval between
the opening of the flower and the opening of the
boll as 51—3 (or 48) days for strain No. 77 in 1913,
repeating the conclusion formed by direct determination
in 1910. A system of records obtained at very little
personal trouble or official cost, which will thus cast up
evidence at will, splitting apart differences of three days in
a period of seven weeks, is obviously not without its uses.

Such an example also shows the precision to which
field crop botany might be developed.

A fuller account has been given elsewhere of the
methods by which these records were obtained, and only
sufficient has been said here to explain the nature and
purpose of them, and to make the appearance of the
plant-graphs in the figures intelligible.

Cytological Methods.—The earlier part of this work was
effected in 1905 and 1906, when technical difficulties and
the absence of physiological data made it plain that no
further real advance was possible until more had been |
found out concerning the physiology of Egyptian cotton.
The indirect attack, or flanking movement, took years to
~develop, but in 1912 enough was known to justify a
resumption of the direct cytological investigation, and
material was collected which cleared up the whole story
provisionally in about a week at the microscope, and was
completely confirmed by the parallel and subsequent
studies of cotton ripened from dated flowers and bolls.
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For the later work we labelled batches of some 200
flowers on pure-strain families on a single day, and col-
lected from these some three or four bolls every third day
afterwards until maturity was complete. These were
incised in each carpel wall, and pickled directly in acetic
absolute. Most of the examination of this material was
done in glycerine jelly, and without staining, though fuller
methods were also employed. The technical difficulty
of combing out long fibres devoid of any secondary
thickening, so as to extricate them from the tangle of lint
without breaking them, was solved by the simple plan of
combing with a small-tooth comb in the usual way, but
in warm water instead of in air, after pickling.

The microscope employed was the large Zeiss stand,
with condenser, compensating oculars 2, 4, 12, and 18,
objectives a2, A, D, and 4, oil immersion, and the 3 milli-
metre apochromatic objective, all by Zeiss.

Sections were cut by hand on the hand microtome
or on the Cambridge Rocker, embedding in 60°C. paraffin.
~ The more strictly cytological material of the early investi-
gations was fixed chiefly in strong Fleming, and stained
chiefly with Heidenhain’s h@motoxylin. Some of the
1912 material was also examined with these reagents.

Sectioning of the lint itself deserves some additional
mention, as the difficulties which the author encountered
have caused him to wonder how the sections so freely
figured in other works were obtained, and a special method
had to be worked out to cope with them in the 1912
material. Part of these difficulties was due to the stroke
of the Cambridge rocking microtome, which does not
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give a drawing cut, and is consequently helpless against
cotton fibres, even when the paraffin is cooled to 0° C.,
these fibres being equal in tensile strength to wrought iron,
much more elastic, and only 0.018 mm. in their widest
sectional diameter. Tolerably satisfactory sections were
obtained with a drawing cut on the Swift’s hand micro-
tome, once satisfactory embedding had been attained. ;

Embedding was found to be most difficult. Ordinary
xylol infiltration, even in. three-day steps, was useless,
and finally success was attained with chloroform in vacuo
at 100° C., with the added advantage of very rapid hand-
ling. Material which had been left in ordinary alcohol
overnight could be in section under the microscope by
noon, all operations being conducted in test-tubes con-
nected with the vacuum water-pump by tubes passing
through the thermometer hole in the roof of the water-
jacketed drying oven, saving the expense of a vacuum
embedding bath. The stages were: alcohol, absolute,
absolute - chloroform equal, chloroform three times,
chloroform-paraffin 60°-C., paraffin 60° C. twice. In this
way the lumen of the cell was thoroughly infiltrated, and
clean sections could be cut, cemented with albumen-
glycerine, and handled as smears.

Preparation of Dated Samples.—Samples of known
history, upon which the physiological hypotheses based
on the cytological evidence could be tested, were most
simply and completely obtained by taking daily pickings.
The result is material which has undergone an endless
variety of environmental experiences, these latter being
recorded in the routine records already described. Some
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severe maltreatment of the plants may be advisable in the
first experiments, in order to provide an unmistakable
effect as a base-line. The result is that such material
provides not one experiment, but a series of some sixty
experiments in one, with consequent economy of time
and labour in handling the material.

Continuity of Record.—Such treatment involves a prin-
ciple of considerable moment to biological research, and
especially in agricultural matters — namely, the utility
of continuity in data. Every additional point in a curve
increases the definition of the curve, and a continuous pro-
jection is, moreover, much closer akin to the requirements
of the practical man than the exact definition of a few
isolated points. Much of the agricultural investigation
of the past has been unconsciously an effort to draw com-
plicated curves from the knowledge of only one or two
points along their course, so that divergencies of opinion
have naturally arisen—and have given a proverbially
bad name to agricultural experts. '

Continuous data are so much more easily interpreted,
especially in field records. We are all familiar with the
recording barograph, and find it much easier to observe
the changes of the weather from the rise and fall of its
inked trace than in the days when the old game of tapping
the barometer prevailed in our households; the barometer
might have fallen } inch and returned again during the
night, but we were none the wiser. The physical labora-
tories think in continuous projection, but in many fields
of biological work even the effort to obtain continuous
data has not yet begun, especially in ti‘opical agriculture.

12
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Until the author had familiarized Egyptian workers in
agriculture with his ““bolling curves,” even the best-
informed of them were under the impression that the
three “ pickings ”” of cotton-fields corresponded to three
separate orgasms of energy on the part of the plant;
in point of fact there is some accidental justification for
the origin of this belief, but the belief long outlived the
circumstances which gave rise to it.

This idea of converting our fragmentary knowledge into
a continous sequence was in the author’s mind at the very

beginning of his Egyptian work, but not definitely formu-
~ lated in working methods, excepting for a convietion
that, because much work on the cotton crop in bulk had
failed to yield many generalizations, it would be worth
while to work in the opposite way, by studying a few plants
carefully, and from this—as methods developed to make
possible the study of many plants carefully—the drift
towards continuity became apparent.

The practical objection to developing continuous
records is that, unless assistance in some form is available,
there can be no day of rest for the observer, for a single
day or period omitted from the records spoils two
intervals, the one before and the one after.

The collection of bolls on successive days is not entirely
satisfactory, since there is a slight subjectivity involved
in deciding whether a boll is fully open or not; and unless
the same observer can always collect the material each
day, this may lead to slight irregularities, though only of
a single day in either direction, the fully open bolls being
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fairly definite. More precision can be obtained by.label-
ling flowers on successive days, and collecting the bolls
which ripen from them some seven weeks later. In this
case the boll can be left on the plant as long as may be
convenient, but the method involves more trouble and
risk of mistakes in identification.

In either case absolute exactitude is unattainable, since,
although the maturation period is definite (vide supra) for
any given strain, it also has a definite range of fluctuation
from accidental circumstances acting on the individual
boll or plant. The probable error of the maturation period
is 3 per cent. in Egypt ; this on forty-eight days is one and
a half days, or, in other words, half the bolls observed will -
mature between forty-six and a half and forty-nine and
a half days, and no ordinary accident can make the boll
take more than fifty-three or less than forty-three days.
Therefore, even if we define either end of the maturation
of the parﬁcu]a,r boll with complete precision, we cannot
be quite sure of the age of the boll at the other end on any
given day; we can, however, define exé,ctly what the
chances are, and from this we can deduce the size of
sample necessary to smooth out these accidents. In
practice a ten-boll sample is quite satisfactory, and fifty
bolls are ample.

The seed-cotton so collected is weighed to determine
the average weight of the boll-content, combed to deter-
mine lint length, and ginned with concurrent determina-
tion of the ginning out-turn and the mean seed weight.
Subsequently the lint is graded, and tested for break-
ing strain. The numerical statements thus obtained
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cover a great part of the results described in the text of
this book. Other determinations, such as diameter of the
lint hair, weight of a centimetre of the lint hair, thickness
of the wall, amount of twist, etc., have been made only
on samples chosen as typical of particular sets of cir-
cumstances.

Ginning.—The samples were ginned on a 12-inch roller
gin made by Platt Brothers of Oldham. The author is
indebted to this well-known firm for the very courteous
loan of one of their 4-inch “ Missionary ” gins to use in
FEngland, while awaiting the arrival of a little Churka gin
from India, but these two latter implements were only
used for a small part of the work here described.

The 12-inch gin was run at about twenty-five revolutions
of the roller per minute by hand, thie slow speed being em-
ployed in order not to damage the fibre unnecessarily; in
the ordinary way these hand-gins depreciate the quality of
fine cotton very noticeably. For small samples the little
Churka gin, or its modification with a twist-geared iron
upper roller, is extremely useful, being so easily cleaned,
and for work of this class it would be worth while for any
investigator to make, or have made, a rather larger and
improved form of this implement. The ordinary roller
gin necessitates some troublesome attention to insure
that the ginning out-turn is correctly obtained, since lint
coming off the roller is liable to be lost by coiling round
the roller axle. In any case a canvas shoot should be
mounted on a light frame which is clipped under the
beater-blade frame, in order to catch the seed, which other-
wise has to be picked out of the interstices of the machine.
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@inning Out-turn.—The determination of this ratio of
lint to seed-cotton, which we now know to be specific for
each strain, just as lint length is, with fluctuations, is
best effected by weighing the seed-cotton, and then the
lint ginned from it.

From the figure thus obtained, together with the mean
seed weight, one can obtain the weight of lint per seed
by computation. Determinations by weighings of the
seed are unsatisfactory, as a small percentage of seeds are
always lost in the act of ginning, though the use of a
canvas shoot and a loose overhead cover reduces this loss
to about 1 per cent. with the 12-inch gin running as fast as
two men can turn it.

The weighings and computation (by slide-rule) required
to obtain the ginning. out-turn can be done in about five
minutes per sample. If the seed-cotton is weighed out
against a fixed weight of 20, 50, or 100 grammes, there is
then only one weighing to ke done with loose weights, and
the out-turn can ke calculated by mental arithmetic with-
out much risk of making a mistake. This reduces the
time required considerably, but it still requires three or
four minutes per sample. By a simple modification of the
steelyard, provisionally patented as the ‘ Slide-Rule
Balance,” this time was cut down to less than one minute,
which is & matter of no little importance when hundreds
of samples have to be dealt with. This balance works with
two riders and two pans, movement of the primary rider
bringing it into equilibrium with the seed-cotton on one
pan, and movement of the secondary rider on the unaltered
primary bringing the lint into subsequent equilibrium
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on the other pan. The primary rider is so graduated
that the position of the secondary rider upon it shows
the percentage of the second weighing to the first weigh-
ing, and thus there is only one figure to write down—
namely, the ginning out-turn as desired. A simpler form
with one rider operates for a fixed weight of seed-cotton
only. '

Seed Weight.—Speed and accuracy in determining the
average weight of the seed in a sample are best obtained
by weighing out 10 grammes of seed, and subsequently
counting them.

It would appear quicker to count a hundred, weigh
them, and obtain the mean weight of one seed by shifting
the decimal point. Actually, however, the time occupied
in weighing with loose weights is much more than in weigh-
ing out seed to a fixed weight and then using the slide-
rule. Ten grammes is a useful size of sample.

Lint Length.—Throughout the author’s work on cotton
this important feature has been determined by measure-
ments made on the seed, and not by “ pulling * the lint.
The disadvantage of so doing is that the measurements do
not coincide with the length of the pulled lint, as the
grader, spinner, and trade, express it, and, moreover, seed-
cotton must be at hand to measure.

The advantages far outweigh these disadvantages, as
the method is far more accurate, and the conventional
statement can always be obtained by the addition of a
number which is constant for any given strain. Thus
33 millimetres “ combed ” length is 40 millimetres

“ pulled ”” length. Many of the uncertainties which have
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crept into our keliefs about cotton may be traced to this
handling of lint only, though, if it were practicable to
adopt the method of measuring single fibres initiated by
O’Neill, many of these could be eliminated.

The three methods are as follows :

(a) Single-Fibre Measurements.—Lint hairs whose ends
are visible on the outside of a loose heap of lint are pulled
out one by one, laid down with the wet finger on black paper,
and measured with dividing compasses. (In all measure-
ment work it is necessary to use dividers which are after-
wards placed on a scale, since subjective error comes in if
the scale is directly applied.) Provided that microscopic
examination is included in the programme to insure that
each fibre is unbroken, the result in good samples has
a probable error for single fibres of about 10 per cent.
O’Neill’s original figures for Sea Island work out at about
8% per ecent. Thus the measurement of 100 fibres gives
a probable error of 1 per cent., or 25 fibres 2 per cent. We
shall see below that the same precision may be obtained
by combing six seeds only as by measuring 25 fibres.
There can ke no doubt as to the relative ease of manipu-
lation; single fibres are quite easy to handle in a good
light, but any prolonged work with them strains the
eyes severely, as the author knows only too well.

(b) Pulling.— The grader takes oppositesides of a lump of
lint in the whole grip of each hand and draws them apart;
he then grips the projecting fringe of one half between
finger and thumb along a straight line and draws again;
the distance from the grip to the end of the fringe gives
thelength, and the hardness of the edge gives the
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regularity of length. The details of pulling vary between
different places, and between the graders of different
kinds of cotton, some laying the pulled fibres repeatedly
over one another, and then extracting a tuft from this
parallelized group and placing it on the coat sleeve.
This latter method is the more objectionable of the two.
in that it extricates the longest fibres every time; but the
same objection applies to both, namely, that the measure-
ment is a measurement of the longest fibres and of the
strongest fibres. This is unimportant to the skilled
grader, who knows instinctively how to allow for it, but
it leads to complete misunderstanding on the part of
amateurs who attempt to copy him; and it should be
remembered that any person who has spent less than ten
years in the daily grading of cotton, and has not in addi-
tion been born with the instinct implanted in him, is an
amateur at cotton-grading.

Further, it is not easy to measure the exact length of a
pulled tuft, it having two vaguely defined ends instead of
one, as the lint has which is combed ¢n situ on the seed, and
measurements are therefore just four times as incorrect.

(¢) Combed Seed-Cotton.—The sample of seed-cotton to be
measured is broken up into five, seven, or ten bundles,
according to the accuracy desired, seven being the usual
number. Each bundle is picked up in turn, pulled into
two halves, and the first seed seen separating from the
rest in the gap is picked out for combing; the choice of
the seed is this way is nearly random, and if it is dependent
on any property at all,it probably depends upon the twist
of its lint, and not upon length.
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Each seed is then combed with a small-tooth comb
from the tip of the seed towards the butt, and outwards,
at first lightly to disentangle the basal portion of the
hairs, and then firmly, holding the seed and all the dis-
entangled basal portions tightly between the finger and
thumb of the left hand to prevent them from being torn
apart. Finally a few strokes of the comb carry away
any broken or detached fibres, and the seed is left with
a halo of lint around it, chiefly at the basal portion. If
the regularity of the lint is also under examination, more
careful combing is employed to set each hair out along
the radius of a circle with its centre in the seed.

The seed with its flat halo of lint is laid on a dark
background, held down by the forefinger of the left hand
resting on the seed ; one leg of the dividers is then brought
up against the butt of the seed, and the other is swung
around and adjusted until it moves along the edge of
the halo.. Successive measurements made in this way on
the same seed vary only 1 millimetre, so that the halo.
edge is obviously quite definite, even in poor cotton.

The mean of seven measurements has a probable error
of less than 2 per cent., even in samples which consist of
cotton damaged by premature opening, boll-worm, ete.,
and is thus better than twenty-five measurements made
on single fibres. |

The time occupied in the complete cycle of operations
is ten minutes, or, when two persons are working together,
about four minutes.

The reason for the superiority of the seed-combing
method is obvious; it eliminates systematic variations
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of length between various parts of the seed, and measures
the mean maximum length, leaving only the fluctuation
from seed to seed to be wiped out by sampling. The
application of statistical methods has been of the utmost
service in this matter, as may well be realized on consult-
ing works which quarrel with O’Neill’s original method,
because damping causes the fibre to stretch a millimetre,
or for similar reasons. We are now able to prepa,re' a
numerical statement, of any desired degree of precision,
in a reasonably short time and without eye-strain.

But it should be observed that such a method is a
research tool, or a means of exchanging ideas, and no more.
While we amateurs are working out the lint length of a
sample by ten minutes of effort, the grader will satisfy
himself in as many seconds. It is also curious that the
precise method should be the reverse of the convenient
method, for the apparent length of cotton on the seed—
even after combing—is most deceptive to the eye.

Examination of the Lint.—The chief characteristic
examined in the ginned lint, apart from grading, is the .
strength, since length is preferably determined in the.
seed-cotton state. Before treating of strength-testing
we may mention one or two minor features for which
special methods have been found useful.

Diameter.—There is a more speedy way of determining
diameter than by the micrometer eyepiece. If a camera
lucida is set up, the ma gnification of its setting determined
by drawing an object micrometer scale with it, and the
diameter of fibres then drawn on a fresh sheet of paper,
the mean diameter of a large number of fibres can be
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obtained very quickly. The fibres are mounted in a
parallelized tuft, and observed in the middle of the tuft,
or elsewhere as may be desired, and an H-shaped mark
made on the drawing paper to define the two margins of
each fibre, the cross-bar of the H tying together the two
parallel margins in order to prevent confusion. The
magnification should be so adjusted that each H is not
less than 10 millimetres wide, and the mean width can
then be taken with a millimetre scale, or by a simple form
of instrument for totalling small lengths, which consists
of a lever bearing a stylus and revolving a drum by means
of a friction ratchet, or—where cheap labour is available
—by cutting out each H from the paper, and placing
them edge to edge in a row.

Weight.—The comparison of weight of equal lengths
of fibre might be exceedingly useful, but until we can
devise a machine which will count single lint hairs it must
remain impracticable,* on account of the strain on the
eyes, which is far worse than in isolating single fibres.
When impact-testing of strength is employed, the two
may be combined, and the fibre-counting necessitated by
the one be utilized for the o%oher. k

Some seventy to a hundred fibres having been counted
out, they are fixed across a gap in a piece of stout paper
under slight tension by a drop of sealing-wax at either
end. Twenty millimetres are then cut out of the centre
by scissors, or by two safety razor blades mounted parallel
ina brass holder. The bunch of 2-centimetre lengths thus
obtained is bundled up and hung on the hook of a micro-

* See, however, note on p. 102.
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balance, and the weight calculated to that of 1 centimetre
of a single fibre.

The micro-balance used by the author was home-made,
the torsion spring being fine capillary glass rod, mounted
with sealing-wax at either end into a frame made of glass
tube. The transverse lever was made of fine capillary
glass tube, with a hook at one end to hold the fibres, and
a counterpoising tail, the motion of which was observed in
a mirror; a drop of sealing-wax united the lever to the
‘torsion rod where they crossed, and the particular instru-
ment employed was thus easily made to give 50 milli-
metres deflection for 1 milligramme, which was sufficiently
sensitive for preliminary purposes.

The probable error of fibre-weight determinations
would seem to be high, but the greater part of this is due
to difficulties in sampling. '

Strength.—The original work upon the breaking strain
of single fibres is that of O’Neill, who rightly observes
that: ‘ Experimenters appear to have been deterred from
manipulating with the individual hairs, on account of
their smallness and lightness.” O’Neill’s paper has
suffered from endless citation, but it was a very neat and
accurate piece of work. The number of fibres he exam-
ined was not sufficient to give the general certainty to his
figures which have since been attributed to them, only 363
fibres in all having been tested from seventeen different
samples, representing about two weeks’ steady work with
the method he employed. But he published all his figures.
From these we can work out the statistical significance,
which is the same as Mr. Hughes and the author have
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found—namely, for length a probable error of about
10 per cent., and for breaking strain about 15 per cent.

O’Neill used a cylinder floating in water which could
be withdrawn from a stopcock, thus increasing the strain
on the fibre fastened to the.top of the cylinder. Subse-
quent workers have modified his apparatus, notably Yves
Henry; but the method remained slow—about fifteen
minutes per test—and required the use of skilled labour
throughout. Mr. F. Hughes made a great advance in the
method by mounting the fibres across a hole in a piece of
black paper with sealing-wax; this paper could then be
hooked into the testing apparatus, the sides of the hole
cut through, and the fibre was then free to be strained;
we subsequently found that this device had been em-
ployed independently by other workers, but the merit of
it from our point of view was that all the preparation could
be put into the hands of a native lab-boy, and only the
actual testing done by skilled labour, at the rate of about
five minutes per test. Mr. Hughes further arranged that
the load should be applied at a fairly constant velocity,
by putting a fine-drawn tube in the stopcock outlet, and
thus obviated one of the main objections to the old form
of the appliance.

The immediate cause of this strength-testing work was
our mild dissatisfaction with the spinning industry, who
complained that Egyptian cotton was not so strong as it
used to be, but could not produce sufficient figures to
carry conviction to the growers and official bodies con-
cerned, although many were prepared to believe it. It
was felt, quite rightly, that some beginning must be made
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in keeping numerical records of some sort; and since it
was obviously impossible to set up spinning tests in
Egypt, data as to breaking strain of single fibres were
better than nothing.

From Mr. Hughes’ data it appeared that with proper
sampling the probable error of single fibres was 15 per
cent., so that a test made on fifty-six fibres would have a
probable error of 2 per cent., or, in other words, that
strength-testing could be made as accurate as length-
testing without using an enormous number of fibres.
Even at five minutes per fibre this meant an hour
for each sample, and, as the author had one series re-
quiring testing which alone consisted of sixty samples,
he cast about for some method of speeding up the process.

Automatic Tester.—The outcome of some weeks of
instrument-making in spare moments was a home-made
machine which tested fibres one by one automatically,
at the rate of one in twenty-five seconds, and single-fibre
testing became practicable on a large scale. At the same
time the instrument is—or, rather, was—a purely labora-
tory appliance,since it necessitated the native lab-boy’s as-
sistance to mount up the fibres on cards somewhat similar
to those used by Mr. Hughes; these cards were loaded in a
magazine, and the author’s part in the testing consisted
in aligning the magazine to the tester proper, cutting
the cards and pulling over a switch. The magazine then
swung in to the testing-points and placed a pair of half-
cards upon them, with 10 mm. of fibre connecting them,
moved away, and stopped. The tester then strained the
fibre at a constant rate against a spring-balance which
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recorded the strain on a drum. When the fibre gave
way the balance returned to rest, the drum moved on to
receive a fresh trace, the broken fibre with its cards was
thrown off, and, the clutch of the magazine being pulled
out at the same time, the cycle of operations started again.

The set of cards in the magazine having been dealt
with, the paper was removed from the drum, and a fresh
magazine inserted, with a fresh batch of fibres. The
mean breaking strain was obtained quickly by adding up
the total deflections of the balance as marked on the
drum with a map-measurer, the whole operation with a
magazine of twenty fibres taking eight minutes, most of
which was simply spent in watching the machine do the
work (Pl. XVL.).

Impact Testing.—On leaving Egypt the author lost this
automatic tester, because some parts of it had been made
with Government material. The task of reconstructing it
was rather formidable, and a timely suggestion was
derived from a paper by Mr. J. H. Lester, in which he
points out the value of ballistic testing of yarn. The
chief feature, from the author’s view-point, is that bunches
of yarns or fibres can be tested together. If several
fibres are slowly strained to determine the breaking
strain, the rupture of the first one throws its share of the
load on the others, which therefore yield in rapid succes-
sion, and the result is meaningless.

In impact testing, on the other hand, the force measured
is kinetic, the breaking of each fibre subtracting a definite
amount of kinetic energy. '

The simple home-made form of the implement devised
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by the author consists of a pendulum, a catch to hold it
at a definite altitude, and a smoked plate on which the
pendulum traces its swing with a delicate bristle stylus.
At the lowest point of the swing the apex of the pendulum
meets the end of a slot in & piece of tough paper and carries
it along with it. In so doing a bunch of fibres is broken,
these fibres having been mounted across a gap 10 milli-
metres wide in the after-portion of the paper, and left to
bear the shock of the impact by cutting the sides of the
gap as before, the portion of paper remaining behind the
gap being held firmly by a peg. The pendulum swings
up to a certain point when it has only the inertia of the
slotted piece of paper to overcome; when it also has to
fracture a fibre or bunch of fibres, it swings up to a less
extent ; the difference is measured from the smoked trace,

“and gives by calculation the number of gramme-centi-
metres of energy expended in breaking the fibres, or (on
dividing by the number of fibres) the resistance to impact
of a single fibre.

The method has great advantages, but requires very
careful sampling, if the full advantage of speed is to be
secured, and it also necessitates the counting of single
fibres. It will probably be possible to introduce a
machine which will obviate both these disadvantages,
and make such testing a practicable piece of routine. The
time occupied in making the tests with the ordinary
machine works out at ten minutes for each complete cycle
of operations on each bunch of ten to twenty fibres, five
of these being tested for each sample. The probable error
of determinations thus made is very low, since a bunch of
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“sixteen fibres has only a quarter of the probable error of
a single fibre. The whole difficulty lies in sampling,
and the results obtained with the impact tester will serve
to illustrate the points in general. '

Sampling.—It might appear easy to obtain a uniform
lot of fibres by repeated drawing of the lint, overlaying
tufts on one another, and drawing again from these. In
point of fact the only reliable way is to pick the hairs
one by one at random from those projecting out of a
loose lump of lint, as O’Neill did. Again, it should be
noticed, the amateur and the grader obtain the best
results from exactly opposite methods.

Hlustrating the difficulty of sampling from numerical
obtained with the impact tester, and leaving the numbers
in their arbitrary scale, taken direct from the notebook,
we obtain such results as the following:

Small tuft of about 500 fibres taken from a square milli-
metre of the butt of a single seed, and tested in bunches of
4, 5,7, 10, 12, 14, 16. and 18 fibres respectively, worked
out at the following strengths per fibre: 1.25, 1.60, 1.85,
2.00, 1.40, 1.85, 1.70, and 1.60. The variation is slight,
though the absolute strength is very low.

Another seed of the same sample was tested from six
points round it, two on either side—one from the short
hairs near the tip, and one from the butt; twelve hairs in
each sample; strength per fibre was—Tip 2-5, butt 4. 2, left
side 5.4 and 6-4, right side 3.1 and 371. The variation
is increased, probably because the nutrition varies accord-
ing to the proximity of the particular hairs to the vascular
‘bundles which supply food-substances.

13
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Taking next a small tuft picked at random from a good
sample of pure-strain ginned lint, and testing successive
bunches from it, we find a moderate amount of variation
due to the previous causes: Six fibres, 2-8, 3.3, 3.5, 3.7,
4-0; eight fibres, 3-5,2.2; ten fibres, 3.2, 4.1; twelve fibres,
4-2, 5.9; fourteen fibres, 3.6, 3-4, 3-4, 3-3. It will be noticed
with sufficient clearness for our present purpose how the
probable error is decreasing as larger bunches of fibres
are taken, and the fibre to fibre variation is eliminated
thereby.

If now, instead of taking a small tuft from one part
of a good ginned sample, we take tufts from seed-cotton,
such as were used in one of the series hereafter to be
described, we find that it is impossible to sample effect-
ively. The strength of the lint in the 1913 series of
dated bolls was—owing to circumstances—necessarily
determined from unginned cotton. In order to obviate
the disadvantage of losing the mixing action of the gin,
the following routine was practised. Each sample was
broken into five lots, one for each impact test;
each lot contained usually from fifty to 500 seeds,
and ten tufts of lint were drawn from each lot, each tuft
taking some fibre from not less than three seeds. These
ten tufts were rolled up together, then pulled straight,
and a wide layer drawn out as in grading for regularity;
this layer was then drawn down right and left until a
countable number of fibres remained, and these were
tested. The figures obtained with all these precautions
are given subsequently,'and it will be seen that, although
they give five-day means with a probable error of 5 per |
cent., which is good enough for our purpose, the bunches i
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so carefully extracted in such a way as to include fibres
from all parts of each of the five lots are very often ex-
tremely wild; the probable error for the average of a
single bunch is 24 per cent. Had it been practicable to
effect the work on ginned lint, this figure would have been
very much lower; but it is quite useful to have a detailed
example of these sampling difficulties, for the routine
method just described was most strictly followed in obtain-
ing every bunch tested in the Daily Picking Series of 1912,

Grading.—The only grading data included in the
account of the dated samples are those for strength. The
determinations were made by Mr. Harold C.Thomas, of the
National Bank of Egypt, Alexandria, and they are a strik-
ing instance of the accuracy to which the grader’s hands
can attain; the samples graded were about 8 grammes in
weight, and were given to Mr. Thomas in irregular
sequence, in three separate batches, marked with dummy
reference numbers which bore no relation to their actual
daily sequence; Mr. Thomas knew only that he was
grading these dated samples from a familiar pure strain.
In spite of these precautions against subjectivity, it will
be seen that his hands assigned sample after sample to
what was obviously its correct place in relation to its
neighbours, and that there are only one or two wild
points in his strength curve.

Such results emphasize the futility of attempting
to introduce so-called °‘scientific methods” into the
ordinary commercial practice; grading by hand has its
limitations, and so have the scientific methods; each has
its proper function, and the results of each are of interest
to the other.



APPENDIX 1II
TABLES OF STATISTICAL DATA

THESE tables embody the results discussed in Chap-
ter IV., and they show the properties of samples of
cotton formed on successive days of the season. The
same ‘ pure strain 7 of cotton was employed in both the
Dated Flowers Experiment of 1912 and the Daily Pick-
ing Experiment of 1913, so that any differences between
different samples are solely due to the action of the
environment on the plants, and not to any diferences of
inherited constitution.

The differences between various samples as numerically
expressed in these tables embody in addition certain un-
avoidable experimental errors, so that two samples might
be identical and yet not give exactly the same numerical
results. These errors have been reduced as far as was
practicable in the execution of the work, and have
been further obliterated by working out *five-day
means.”

TablesI.and I11. present the actual experimental figures
for each lint hair, seed, or sample, examined in the two
experiments. Tables II. and IV. summarize the average
results for each five days. Thus the figures given in these

196
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tables on August 14 are the means of the corresponding
figures for August 12, 13, 14, 15, and 16, in Tables 1. and
III.; while the figures for August 15 are the corresponding
means for August 13, 14, 15, 16, and 17. The five-day
means thus obtained are the data plotted in the curves
of Figs. 14 and 15.
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TABLE II.

DATED FLOWERS, 1912
(DaTA smoorHED T0 Five-Day MEANs).

Lint. i !
X Seed
| Out-turn :
Date. Length Breaking | Weight per Welght per Cent, g eight in
o | Sl | i, | e -
July 7 — — ; —_ — — -
It 8 -_— m— — — _ —
» 91 3025 72 | 00385 00365 @ 270 0104,
» 101 30:15 76 | 00390 0-0375 26-8 0:106
» 111 30415 77 | 00398 0-0372 271 0106
» o 121 30.20 71 00412 0-0372 277 0-107
s 13 2010 78 | 00432 | 00400 | 286 | 0-108
5 14| 2960 76 . 00438 0:0410 28-8 0107
» 18| 2950 76 | 00445 0-0415 29-2 0108
» 16 2950 82 | 00442 0+0420 29-2 0-108
» 171 2040 8:4 0:0450 00425 292 0-108
s 18 1 2950 9-0 0-0451 00430 29-5 0-108
» 191 2930 9-7 0-0451 0:0428 29-2 0-108
20| 2935 10-0 0-0451 0-0440 29-8 0-108
,» 211 29.90 9-9 0-0451 0-0440 296 0-107
» 221 2925 99 0-0475 0-0452 30-3 0107
» 231 2925 9:4 00451 0:0448 30-2 0:105
s 240 20945 90 0:0450 0-0442 30-2 0104
25 29-20 86 0:0435 0-0435 296 0:102
261 29:30 9:0 0-0438 0:0430 29-6 0-101
» 271 2870 93 0-0400 0-0430 290 0-099
. 28 28:40 10-3 0-0412 0-0440 29-2 0-100
s 29 2820 10-4 0:0422 0-0445 29:0 0-102
5 30 1 2830 10-7 0-0455 0-0445 294 0-103
5 31| 2850 10-0 0:0442 00448 | 298 0-102
Aug. 1| 2915 92 0:0435 0-0442 30-0 0-101
» 2| 2010 92 0-0422 0-0440 298 0-100
» 31 29450 92 0:0415 0-0438 297 0:098
» 4 2980 88 0-0410 0:0430 297 0095 !
s B 2990 8-6 0-0410 0-0428 296 0-096 |
5, 6 2085 91 0-0410 0-0430 292 0-098
»o 1] 3030 94 0:0415 00420 | 291 0-098
» <8 30-60 94 0-0408 0:0410 @ 286 0-097
s 91 3085 9-6 0-0412 0:0402 i 289 0-100
5 10| 3085 9-3 0-0395 0-0400 286 0-097
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TABLE IIL.—Continued

DATED FLOWERS, 1912
(DaTA smooTHED TO FIvE-Day MEANS).

Lint.
Seed
Date. R ! . Out-turn Weight in
Length Br?a.kn.)g Weight per Weight per Cent. Grammes.
Totres, | Grammes. | Gravaungs, | Regression.

Aug. 11 31-10 9:0 0:0392 0-0400 292 . 0-094
< 12 30-80 80 0-0382 0-0405 29-3 0-092
» 13 3040 76 0-0395 0-0425 30-2 0-:091
» 14 80-30 7-4 0-0392 0:0430 30-1 0-090
» 15 | 30-10 7-8 0-0408 0:0440 30-4 0-:092
» 16| 2995 79 0-0405 0-0435 30-1 0-093
» 17| 2995 74 0:0402 0:0438 . 304 0-090
» 18| 3030 7-8 0-0385 0-0432 30-3 0-089
» 19| 3045 74 0-0383 0-0438 30-5 0-089
,» 201 30-60 73 0-0380 0-0440 309 0-085
» 211 30-30 72 0-0378 0:0450 31-1 0-085
5 22 29-85 74 0-0375 0-0452 31-0 0-085
5 23 29-30 72 0-0372 0°0480 30+9 0-082
5 24 29-00 72 0-0358 0-0520 309 0-080
» 25| 2900 72 0-0358 0-0525 311 0-080
s 26| 2910 7-3 0:0348 0:0525 30-3 0-077
» 271 2950 85 0-0348 0-0515 30-3 0-078
,» 28| 2935 84 0-0350 0-0490 30-3 0-079
» 20| 29440 84 0-0360 0:0470 30-2 0-079
,» 30 | 2870 77 00355 0-0480 302 0-080
5 31 — 72 0-0348 — 30-7 0-079
Sept. 1 — 60 0-0338 — 312 0-075
s 2 — 50 0-0315 — 31-0 0-070
s 3 — 44 0-0305 — —_ —
» 4 — 37 — — — —
. B — 2.8 — — — —
b, 6] — 2:0 - — — —

NOTES TO TABLE II.

July 7 and 8 are necessarily blank because there are no precedent data
with which to form a five-day mean for them.

The ecolumns for ** Length,” *“ Breaking Strain,” *“ Lint Weight per Seed,”
¢ Out-turn,” and “ Seed Weight,” are computed to five-day means directly
from the daily data in Table I. i

The column headed ¢ Lint Weight Regression ”’ is additional. It
represents the weight of lint which the seed would have borne each day if

“the seed had been constantly 0-100 gramme in weight, and if the lint had
been constantly 30 millimetres long.
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TABLE 1IV.

DAILY PICKINGS, 1913
{DaTa smoorHED T0 FIVE-DAY MEANS).

Lint. !
Dat icking. e S e Length by Pulling
¢ of Picking Lengthin i Strength in in Inches.
Millimetres. | Arbitrary Scale.

Aug. 12 — — —
2 13 —— —_ —_—
» 14 — 4-38 —_
s 15 — 422 —_
5 16 — 3-81 —_
ER] 17 b 3'77 —
3 18 —— 3'25 —
s 19 — 3-42 —_
20 — 3.38 —
» 21 — 351 —
EE] 22 p— 3'26 —
13 23 - 3'63 —_—
L] 24 — 4‘09 —_—
9 25 —— 4'12 —_—
5 26 o 446 —
» 27 — 460 —_—
» 28 —_— 444 —_—
» 29 — 426 —
2 30 - 4'95 —
» 81 —_— 491 —_

Sept. 1 — 4-60 —_
2 2 — 41'4:5 —
» 3 344 466 1%%
,y & 34-2 4-07 .
» 5 342 3-68 .
. 6 34-1 369 113
» 7 34-0 3-68 o
. 8 34-0 3-49 "
» 9 34-1 365 143
» 10 339 3-87 121
o 11 335 419 133
» 12 333 424 1
5 13 334 4-09 132
s 14 33:2 3-83 »e
, 15 335 412 2
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TABLE IV.—Continued.

DAILY PICKINGS, 1913
(DATA sMOOTHED 10 FIvE-DAY MEANS).

Lint, :

Date of Picking. { | Length by Pulling, :

Length in Strength in in Inches. !

| Millimetres. Arbitrary Scale. !

.t R |

| '

Sept. 16 | 337 103 13 '
» 17 337 3:82 ”
18 ; 34:0 3-76 .
» 19 34-1 3-71 -
T 20 i 33-9 3-32 ”
s 2l | 340 348 132
. 22 341 410 .
, 28 34:0 412 ”
o 24 34:0 442 "
» 25 34:0 465 133
» 26 340 4.58 143
39 27 33‘7 458 ’s
. 28 333 412 ”
» 29 33-1 381 137
. 30 33:0 411 1%
Qct. 1 32-8 361 13
2 32+9 315 '
” 3 333 344 1'196‘
7] 4 33'5 3'94 .
29 5 33-8 3:85 1%—%
2 6 339 4,'71 13%
2 7 338 470 1%%
” 8 335 474 1%‘%
s 9 33-0 4-55 »
» 10 32.7 4:20 112
2 1]- 32'8 4!'36 1?‘—%
. 12 328 476 138
s 13 33-1 4-10 138
o 14 337 3:67 15
» 15 339 379 M
33 16 34'0 3'03 I%g
» 17 34-2 290 11
» 18 34-1 Jo— .
» 19 33-4 — —
» 20 33-4 | — —
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TABLE 1V.—Continued.

DAILY PICKINGS, 1913
(DaTA sMOOTHED TO FIvE-Day MEANS).

Lint.
s okine Length by Pulling,
Date of Ficking. Lengthin |  Strengthin in'Inches.
Millimetres. i Arbitrary Scale.

QOct. 21 32-3 — —_
., 22 32-4 — —
. 23 31-8 — —_
. 24 31-6 — —
5y 25 312 | — —
., 28 30:7 — —
. 27 313 —_ —_
» 28 31-5 —_ —
s 29 313 —_— —
» 30 30-9 — —
5 31 30-8 -— —

Nov. 1 29-9 — —
s 2 29-5 — —
5 3 29-5 — —
“w 4 29-6 —_ —
s B 29-1 — —
s O 294 — —
. 7 29:2 — —
s 8 I _ -
i3] 9 _ _ -

NOTES TO TABLE 1V,

The columns for ““ Length ** and * Strength > are obtained in the same
way as in Table II.

The column headed * Length by Pulling, in Inches ” has been added
to give & basis of comparison with the ordinary expression of lint longth,
and also to show the unreliability of length determinations made by
*“ pulling,” as compared with combing the seed-cotton. This determination
was made on each sample from September 1 to October 20.



LIST OF REFERENCES

TuEe following list is supplementary to the one published in
“ The Cotton Plant in Egypt,” London, 1912. Works included
in_both lists are marked with an asterisk.

*BAINESs, EDWARD: History of the Cotton Manufacture. London,
1834. :
Barrs, W. LAWRENCE:
33. The Cotton Plant in Egypt: Studies in Physiology and
Genetics: Macmillan’s Science Monographs. London,
1912. With bibliography, 1-32,

- 34. Seed Breeding and Deterioration of Cotton Varieties. Two
Lectures delivered to the Egyptian Congress of the Inter-
national Federation of Master Cotton Spinners: Report of
Congress. Manchester, 1913.

35. Electrical Response in Cotton Plants: Annals of Botany,
vol. xxvii., 1913.

36. Meteorological Conditions in a Field Crop: Quarierly Journal
of the Royal Meteorological Society, vol. xxxix., April, 1913,

37.The Movements of Soil-Water in an Egyptian Cotton.
Field: Journal of Agricultural Science, October 7, 1913.

38. A Study of Some Water-Tables at Giza: Cairo Scientifio
Journal, May, 1914.

-39. The Sudan and Cotton: The Near East, April and May, 1914,

40. Leaf-Fall as a Factor in Soil-Deterioration. Proceedings of
Cambs Philosophical Society, May, 1914.

41. Specific Salinity in the Cell-S8ap of Pure Strains. Ibid,

42, Pre-Determination of Fluctuation: A Preliminary Note. Ibid.

43. Grafted Cotton: Worrall's Textile Monthly Gazette, August,
1914. )

. 44, Science and the Supply of Fine Cotton: Science Progress.
October, 1914,

211



212 THE DEVELOPMENT OF RAW COTTON

45. A Central Department of Cotton Affairs: Worrall’s Monthly
Textile Gazette, November and December, 1914.
46. Evading the Boll-Worm: The Near East, December, 1914.

In collaboration with F. S. HoLTON.
47. Analyses of Agricultural Yield—Part I., The Spaciug
Experiment with Egyptian Cotton, 1912. Transactions
of the Royal Society, 1915.

BARKER, A. F.: Textiles. London, 1910.

Barwick, F. W.: Defects in Fabrics. Paper read before the
Textile Society of Manchester School of Technology, April,
1913.

BrecH, FRANKLIN: The Dyeing of Cotton Fabries. London,
1901.

BERscH, J.: Cellulose, Cellulose Products, and Artificial Rubber.
Translated by W. T. Brammt. Philadelphia and London,
1904.

*BowMAaN, F. H.: The Structure of the Cotton Fibre. Ma,nohester,
1881; second edition, London, 1908.

Brown, Sik HANBURY: Irrigation. Second edition. London,
1912.

*(C00K, MCLACHLAN, AND MEADE: A Study of Diversity in
Egyptian Cotton. ' U.S. Department of Agriculture, Bur.
Pl Ind., Bulletin 56, July, 1909.

Cook, W. H.: The Cotton Industry. Chapter in Textiles by
A. F. Barker, q.v.

CROSS AND BEVAN: Researches on Cellulose. London, 1900
et seq.

DoBsoN, B. Parin: The Story of the Evolution of the Spinning-
Machine. Manchester, 1910..

FLATTERS, A.: The Cotton Plant, its Development and Struc-
ture; and the Evolution and Structure of the Cotton Fibre.
Manchester, 1906.

*HANNAN, W. I.: The Textile Fibres of Commerce. London,
1902.

*HeNRY, YVES: Determination de la Valeur Commerciale des
Fibres du Coton. Bull. du Jardin Colonial et des Jardins
d’essai des Colonies, 1902,

- KearNeY, T. H.: Mutation in Egyptian Cotton Journal of
Agricultural Research, July, 1914.



LIST OF REFERENCES 213

LaMBORN, L. L.: Cotton Seed Products. New York and Lon-

don, 1904.

LeicH, Evan: The Science of Modern Cotton Spinning, 2 vols.

Manchester, 1873. )
LESTER, J. H.:

1. The Hygroscopic Nature of Cotton: Journal of the Society of
Chemical Industry, March, 1902.

2. Moisture in Cotton and Yarn. Paper read before the British
Association of Managers of Textile Works. Manchester,
1904.

3. Testing of Textile Material. Ibid. Manchester, 1909.

4. Scientific Instruments for Testing Textiles. Annual Con-
gress of the Textile Institute. Manchester, 1910.
Lroyp, F. E.: Leaf Water and Stomatal Movement in Gos-

sypium: Bulletin of Torrey Botanical Club, January, 1913.
MarTaeEws, J. M : Textile Fibres, pp. 110-169. New York and

London, 1904. Especially p. 159, footnote.

McCoNNEL, J. W.: Some Thoughts on the Introduction of New
Cottons. Textile Mercury, March, 1914.
Commerce and Science in Cotton Growing. Third Int.
Conf. Tropical Agric.; Report, London, June, 1914,
Monie, HueH: .
The Cotton Fibre, and the Mixing of Cotton. London, 1904.
*The Cotton Fibre, its Strueture, ete. Manchester and
London, 1890.
Mogz1s, J., AND WILKINSON, F.: The Elements of Cotton Spin-
ning. London, 1897.
O’NEmnn, C.:

1. On an Apparatus for Measuring Tensile Strengths,
especially of Fibres. Mem. ILit. and Phil. Soc.
Manchester, November 17, 1863.

2. Experiments and Observations upon Cotton. Ibid.
Possert, E. A.: Cotton Manufacturing, 2 vols. London, 1903.
Scuanze, Moritz: Cotton in Egypt and the Anglo-Egyptian

Sudan. Ninth International Congress of the International

Federation of Master Cotton Spinners at Scheveningen,

July, 1913.

ScamipT, ARNO: Cotton Growingin Egypt. International Federa-
tion of Master Cotton Spinners Egyptian Congress Report.

Manchester, 1913.



214 THE DEVELOPMENT OF RAW COTTON

TacearT, W. Scort: Cotton Spinning, 3 vols. London, 1906-08.
Topp, JouN A.:
1. The World’s Cotton Crops. London, 1915.
2, *The Market for Egyptian Cotton in 1909-1910: L’Egypte
Contemporaine, vol. i., p. 1.
3. *Further Notes, 1910-1911: Cairo Secientific Journal,
January, 1912,
Urriey, T. W.: Cotton Spinning and Manufacturing in the
United States of America. Manchester, 1905.
*Warr, S1R G.: The Wild and Cultivated Cottons of the World.
London, 1907. . '
*WEISNER, J.: Die Rohsteffe des Pflanzenzeiches : B. ii., Fasern
Samen. Leipzig, 1903. ‘
*WILLCOCKS, Sir WiLniam: Egyptian Irrigation, third edition.
London, 1913.
Z1pSER, Jurius: Textile Raw Materials, translated by Charles
Salter. London, 1901.



INDEX

ABSOLUTE uniformity unattainable,
123

Accidents, 77, 95, 99, 117, 160
duration of, 104

Acclimatization, 129

Accurate data, value of, 162

Adverse conditions, 97

Agricultural investigation, 177

Alkali soil, 39

Amateur grading, 184, 193

Ancestors of cotton, 3

Appearance of crop deceptive, 113
of lint, an index, 130

Asiatic cottons, 4

Association of characters, 145

Average properties, 136

Bale, properties of, 93
Bees, carrying pollen, 62
Best existing cottons, 152
Boll, age of, 179
appearance of, 57
development of, 65
of, tabular summary, 83
maturation of. Sce Matura-
tion
opening of, 68, 82
size of, 67
and yield, 48
weight, 163
Bolling, observation of, 163
Boll-worms, 38, 73, 88, 112
Bowman, Dr. F. H., 56
Branches, 58
growth of, 46
Branching, 42
breeding for, 18
inheritance, 137
Breaking strain,
hair
methods, 188

See  Strength

Breeding, 167
for yield, 18
Bud, flower-, 58
Business considerations, 150, 154

Calyx, 60
Carbon dioxide, assimilation, 31
Chance, 95, 104. See also Error,
probable
Change of conditions, causing non-
uniformity, 122
of seed, 20
Changes in lint, daily, 93
Characteristics, inherited, 127
Chemical composition of soil, 38
Classification, 2
Climatic factors, 93
Collapse of lint hair, 79, 142, 149
Colour of flower on fading, 62
of lint, 7, 138
deterioration of, 136
ComkLed lint length, 182, 184
Commercial applications, 105
characters, 130
class of lint, 93
classification, 114
lint, 137
varieties, See Varieties
Constitution of environment, 124
Constructive factors, 49
Contamination of varieties, 16
Continuity of observations, 177
Convolutions of lint, 78, 82, 139
in spinning, 147
Copying of statements, 57
Cost of pure strains, 168
Cotton lint. See Lint
trade, 126, 153, 169
Counting hairs, 102
Crop. See Field crop
forecasts, 46

215



216

Crop, records, 163, 171

second, 46

study of, 156
Crossing, defined, 62 .

example of deterioration by,

¥ 20

effect on lint length, 10

natural, 62, 159

amount of, 15
limitations of, 14

Cultivation, 99

definable, 41

good and bad, 129

not natural, 38

and seed, relative importance

of, 133

of impure varieties, 127
Cultivator, native, 153
Curves, of length and strength, 93,

98

of plant-development, 165
Cytology, 174

Daily changes in lint, 93
experiences of bolls, 87
Danger of mistakes in grading pure
strains, 146
Dated samples of cotton-seed, 176
Dating, 88
Death of lint protoplasm, 140
Definition of technical terms, 126
Density of lint, 82
haijr-wall, 105
Deterioration of colour, 136
of varieties, 16, 129, 133
Det&rmm' ation of characteristics,
1 .
Development of cotton trade, 154
Diameter of lint, 73, 106, 141, 142
Differences between varieties, 128
Difficulties, 124
Distribution of lint on seed, 121

Economics, 154
Economic utilization of researches,
169
Egypt, crop forecasts in, 46
native customs, 34, 117
Egyptian conditions, 21
cotton, origin of, 13
varieties, diagrams of, 133
Elasticity of lint, 138 :
Elementary species, 12
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Embryo, 63, 65, 69
Endosperm, 63, 68]
Entomology, 73
Environment, adverse, 97
affects length and strength
equally, 122
changing, 122
classification of, 49
and constitution, 124
‘control of, 87
eftects on boll, 86
experimental, 157
favourable, 98
Error, probable, of boll maturation,
179

of determinations, 68, 95
of length determinations,
183, 185
Errors, 164
experimental, 196
of field experiments, 159
of previous accounts, 57
Evaporation from a field, 30
Evolution, 2
Experimental data, 54
Experiments, unsatisfactory, 39
with workpeople, 155
Experts, 126
and amateur gradérs, 184, 186
crop, 162
differences seen by, 55, 73
Extinet characters, 136
Eye-strain, 187

Factors, environment, 49
Failure of crops, 156

" Feeding of the plant, 31

Feel of cotton, 138, 145
Fertilization, 60, 65
lint independent of, 73
Field crop, 105, 112, 121
and out-turn, 100
experiments, 159
loss of water from, 30
variation in, 93
Financial limitations, 150, 154
Fine cotton seed-supply, 18
spinning, 22, 116
Fine cottons, appearance in boll, 82
Fine Spinners’ and -Doublers’ As-
sociation, 170
Fineness of lint, 107, 143
First flower, affected by stunting, 23



INDEX

First flower, pickings, affected by
spacing, 38
Five-day means, 196
Flatters, A, 55, 65
Flower, 22
colours of, 174
development of, 58, 59
extremely susceptible to shed.
ding, 48
functions of, 61
Flower-bud, 58, 96
Flowering-branches, 42
Flowering, observation of, 163
out-turn determined at, 102
Flowers, dated, 89
succession of, 43
Fluctuation, 11
““ autogenous,” 10
in hair strength, 116
of lint length, 114
in maturation, 88
in out-turn, 101
Fluctuations in two characters, 131

Forecasting flowering by growth, 46 |

Forecasts, 97
Fuzz, 6, 9, 83

Genealogy, 2
Germ-cells, 14, 59
Germination, 23, 25
helped by lint, 8
Ginning methods, 16, 180
out-turn, 100
methods, 181
significance of, 103
Giza, site of experiments, 88, 112
Gossyptum sturtit, 4
Grader, 106, 126, 138
Grader’s length, method, 183
strength, 108, 144
Graders, mistake by, 146
Grading, 79
length, 210
methods, 195
Graphs, 174
Greenhouse plants, 57
Grip of hairs in yarn, 147
Grower, 120, 169
and spinning, 124
spinner, and scientist, 58
Growing cotton, 153, 156
Growth, affecting flowering, 164
of boll, 67
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Growth, external and internal, 66
maximum, of lint length, 77
maximum, in lint thickness,

8

7
at night, 31
peculiarities, 128
of seed, 68
and senescence, 45
study of, 55
and temperature, 25, 26
and yield, 40

Hair strength unimportant in yarn,
141-147

: Hairs, affecting water loss, 29
: Hard edge, 140

Heat-poisoning, 23, 25, 32, 44
Heredity, 6, 128
of lint length, 10
by nucleus, 60 '
of variable characteristics, 41
History of subject, 56
Hughes, F., 30, 189
Humidity, 105
Hybrid rogues, detection of, 132
Hybridization, 62. See also Cross-

ng
Hybrids, 12
formation of, 62
occurrence in varieties, 129

Ideal cotton, 125, 148, 150
Identical plots differ, 159
Impact testing, 108, 115
method, 191
Improvement of cotton, 17, 152,
170
limitations, 13
of fine cottons, 116
of varieties, 62

© Tmpurity of varieties, 16, 127
' Index characteristics, 130, 145

to quality, 103
India, 102, 156, 159
Inheritance. See Heredity
Intercommunication, difficulties of,
126
Interpretation of terms, 152

TIrrigation, 30, 92, 1567

and cultivation, 38

effect on lint length, 114
intervals between, 119
reducing shedding, 48, 173
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Knowledge of cotton crop very un-
certain, 159

Labour difficulties, 34, 154
native, 17
Lancashire and Egypt, 125
Lateral roots, 36
Leaf, form of, 4
function of, 31
Leaf-form, inherited, 137
Leake, H, M., 18, 43, 102, 159
Length of lint, 74, 113, 140
combed, 184
determination of, 76
development of, 76,
inheritance of, 10
to order, 76
single hairs, 183
variability of, 89
and yield, 40
Lester, J. H,, 191
Light, refraction by lint, 138
Limitations of book, 55
Limiting factors, 26, 55, 115
Lint, collapse of hair, 142
colour, 138
deterioration, 136
commercial, 137
convolutions of, 148
cuticle of, 75, 139
density on seed, 82
development of, 73
diameter of, 106
method, 186
difficulty of cutting sections,
175
elasticity, 138
evolution, 6
fineness of, 107, 143
length, 113, 140
study of, 182
lustre of, 139
origin of, 102
various properties independent,
94

slipperiness of, 145
strength, 94, 115, 141
graders, 144
of hair unimportant in
yarn, 146
thickness of wall affects con-
volutions, 149
utility to plant, 7
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Lint, weight method, 187
per seed, 100
of single hairs, 105
Lintless cottons, 10
Lloyd, Professor, 28
Lustre of lint, 139

McConnel, J. W., 170

Manures, 39, 157

Material used for lint studies, 58

Matthews, J. M., 57

Maturation of boll, 65, 73, 88, 114,

173

Maturity, arrival at, 43
hastening, 113 :

Means, five-day, 196

Mendel’s law, 9

Methods of field experiments, 160
of investigation, 54, 155, 171

Micro-balance, 188

Microscopic structure, 55

Microscopy, 174

Mill-hand, 153

Mixing of pickings, 120

Modifying factors, 49

Monie, H., 56

Mutation, 14

Names, 1
Natural habitat of cotton, 8
selection, 129

Nature, interference with, 168

No. 77, pure strain, 58, 88, 173

Nuclei, 59

Nucleus of lint, 74

Nutritive effects
12

not inherited,

Observation of crop, 163, 171
rows, 166

Observer, 161, 178

Qil of seed, 140

0Old cotton, 170

O’Neill, C., 170, 183, 186, 188

Oplmons, accepted 94, 101
misleading, 162

Optimum conditions, 157

Origin of species, 14

Origination of varieties, 11

Out-turn. See Ginning out-turn

Ovary becomes boll, 59

. Overheating of the plant, 25

Ovules become seeds, 59
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Palisades in seed-coats, 71
Pedigree, 1
Perfect cotton. See Ideal

Peruvian group of cottons, 6
Potals, 60

cutting off, 67
Photographs, 136
Picker, mechanical, 155
Picking, daily, 89
Pickings, 93, 178

short-period, 116, 120, 133
Pickle, 71

obliterates pits, 78
Pigments of seed, 71
Pitch of convolutions of lint, 149
Pits in lint hair wall, 74, 78, 147

Plant, behaviour of, 162

’ a machine, 21

physiology, 173
Plant-development curves, 165
Plots, experimental, 158
Poisoning, 97

by heat, 25

self-, 99
Pollen, 15, 60

prepotency of, 64
Pollen-tube, 62
Practical man, 178

meaning of, 160

and scientific methods com-

pared, 184, 193, 195

Primitive cotton, 3
Progress, 170
Protoplasm, 59, 140
Pulled cotton, 140
Pure forms, bred from crossing, 15

lines. See Pure strains
strain lint, 138
spins  better than
grader’s estimate,146
pollen, 62

properties of, 97
testing, 165
used, 58

strains, 17, 106, 127, 143
characters of two, 20
formation of, 167

Quality of lint, 103
of pickings, 116

Rain storms, 162
Reaction capability, 42
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| Reasons for crop, 156
| Records of crop condition, 163

Register of seed, international, 169
Regularity. See Uniformity
of lint, inherited, 10

Renewal of seed, 17, 168
Research, conditions of, 124
on crop, 156
methods, 186
Reversal of convolutions, 148
Rogues, detection of, 132
Romance of the trade, 154
Root, 93, 118, 121, 159
importance of, 24
Root-interference, 34
Root, size of, 36, 38
interference, 34
size of, 36, 38
and water, 28
Routine crop records, 171
Rule of thumb, 126, 153

Salt, absorption by plant, 20, 39
in cells, 20
Salted soil, 39
Sample, size of, 179
Sampling lint, difficulties of, 193
Scaffolding of the plant, 40
rate of building, 46
Scatter of plots, 160
Schweitzer’s reagent, 74
Science, as intermediary, 125
opportunity of, 154
and the trade, 153
Scientific methods, function of, 195
and practical methods com.
pared, 184, 193
Season’s growth, 43
Seed, change of, 20
classification by, 3
and cultivation, relative im.
portance of, 133
development of, 63
fluctuation of hairs on, 193
growth of, 68
variation of lint on, 120
number of hairs on, 107
origin of, 59
renewal, 17
testing varieties, with small
amounts of, 165
weight, 99
method, 182
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Seed-breeding, 167
Seed-coats, 70
origin of, 61
Seed-cotton, combed, 184
storage of, 140
study of, 179
Seedlings, 23
Segregation, 15
Selection, 13, 20
natural, 17, 129
Seli-fertilization, 168
a test for constitution, 12
Senescence, 44, 96, 99
excluded, 114
and lint, 76
and out-turn, 103
Sex-cells, 59
Shade, 121
Shedding, 47, 64, 67, 58, 174
Shift of curves, 98
of length and strength curves,
113
Shuffling of characters, 128
Spacing of plants, 34, 121, 157
Species and subspecies, 11
Spinner, 116
rower, and scientist, 58
enefit of controlled seed to,
169
Spinners’ testing-house, 169
Spinning, 55, 146
statistics, 189
and grading, 145
and growing, 125
processes, 123
Skill of grader’s hands, 195
" Slide-rule balance, 181
Soil, suitable kinds, 32
temperature, 23
tilth, 28
variations, 159
Sowing, 23
Sowing date, 157
Stamens, 60
Starvation of plant, 31
Statistics, 95
Statistical evidence, 169
Stem, temperature effects on, 26
Stomata, 29
Storage of seed-cotton, 140
‘¢ Strength,”” meaning of, 126
Strength, grader’s, 144
and breaking-strain, 108

'
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Strength, hair, See also Thickness
of lint-hair wall
(hair), 141 o
fluctuation in, 116
of hair and weight, 106
various kinds, 141
regularity of, 109
< of yarn, 141, 146

, Strong lint hairs, 98
. Struggle for existence, 121, 150 -

i

| Tester,

Study, methods of, 171
Stunting, 23
Style, organ of flower, 61
Subjectivity in cotton, 162
Subsoil water. See Water-table
Sunshine effect, 30

on lint, 74
Supply of cotton, 1563

Taggart, W. Scott, 56, 82
Target diagrams, 130
Technical terms, definition of, 126
Temperature, 22, 117
excessive, 25
losing control, 93
of the plant, 26
automatic, for
strain, 189
Testing by impact for breaking
strain, 108, 191
by spinning, 169
varieties, with little seed, 166
Texture of lint-hair wall, 141

breaking

Thickness of lint, 74, 77, 79,
141
of lint-hair wall. See also
Hair strength

Thomas, Harold C., 195

Time spent in making determina-
tions, 181, 185, 189

Tree cottons, 3, 45

© Trial and error, 157

Twist, 78. See Convolutions
in spinning, 147

i Uniformity, 1186, 147, 150

affected by cultivation, 129
of strength in grading, 109

i United]States, 28, 35, 140

cottons studied, 58
crop, 157
dependence upon, 154

i Uplands group of cottons, 6
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Variability of cotton, 19 ;

Variable characters inherited, 41 !

Variation, within a bale or a field,
93

within boll, 122

from fibre to fibre, 109

of lint, etc., 104

of lint length, 89

within a picking, 116
Varietal differences, 128
Varieties, commercial, 2, 11

impurity of, 127

Variety testing, 165
Vegetative branches, 42

Wall of lint hair, 79
Waste of opportunities, 154
Water, amount carried by root, !

36
chief factor, 92
and germination, 26 )
and the root, 28 {
rotations in canals, 119
and senescence, 46
Watering. See Irrigation

. Water-shortage, 48, 88, 96, 113

Water-strain, 30, 44

i Water-table, 117

Wazx, in seed and lint, 27
Woeak lint hairs, 144
‘Weather, 104

and sowing, 23
Wheight of lint hairs, 105
Wilting, 29 :
Wind distribution of seed, 7

Yarn, 141
strength, 146
standardized tests with, 170
Yield, 23, 112
and boll-size, 48
breeding for, 18
determined in advance, 47
difficult to estimate, 162
and flowers, 164
and growth, 40
imperfect, 156
and spacing, 34
and staple, 40
study of, 157
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(By post, 1014)

One does not need to be interested in textiles or in commerce to feel the
fascination of the world-wide sweep of the movements which affect or are
affected by the cotton trade. The industry has for some years been passing
through a critical period with regard to the supply of its raw material. The
volume of the world’s crops has been increasing rapidly, but the demand has
increased still more rapidly, with the result that prices have risen in a marked
degree, and have maintained a very high level. “The time is therefore oppor-
tune for a broad survey of the whole world's supplies of cotton, and the
prospects or possibilities of further increase of supply, either immediate or
remote.

The writer of this volume has endeavoured to provide a comprehensive
survey of the produetion and consumption of the raw material which provides
nine-tenths of the world’s clothing, as well as furnishing and decorative
materials, and of endless other new and varied industries from typewriter
ribbons to aeroplane sails. The point of view is that of the economist, not
the botanist. The uses of cotton-seed and the various trades into which it
enters, from margarine and ‘“olive™ oil to soap and cattle cake, are also
briefly described.

WHEAT-GROWING

IN CANADA, THE UNITED STATES, AND THE
ARGENTINE

By WILLIAM P. RUTTER, M.Com.
Containing 15 Diagrammatic Maps and 35 Charts

Large Crown 8vo.  Price 3/6 net Bound in Cloth
(By post, 3/10)
*“This careful and detailed study should be extremely valuable to all who

are interested, economically or politically, in the probable movements of the
wheat-supply of the world.”’— Western Morning News.

*“ Will be found exceedingly interesting by all who realize the importance
of the world's wheat crop as a contribution to the food-supply.”—Athenceum.

*‘The volume before us containg the bones of an epic. The story will be
of interest not merely to the farmer, but to everyone who eats bread.”—Daily
News.

‘A volume of the first importance to all who take an interest in this
important question, whether as grower, merchant, or consumer.”—Dublin
Express,
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FRUIT-RANCHING
IN BRITISH COLUMBIA

By J. T. BEALBY, B.A. ,
Second Edition. Qontaining 32 full-page Illustrations from Photographs.

Large Crown 8vo.  Price 3/6 net Bound in Cloth
(By post, 3/10)

¢“Much has been heard within recent years of the possibilities of British
Columbia for fruit-growing. Mr. J. T, Bealby has put these to the test, and
he tells a story of his experiences with such frankness and fullness that the
volume will prove highly serviceable to any who contemplate trying their
fortunes in the same region. Indeed, the story of his experiences is eminently
calculated to induce others to follow his example. To any so inclined his book

will be most useful, for it is obviously an unvarnished tale of actual ex-
periences.” —Scotsman.

HOW TO MAKE AN ORCHARD
IN BRITISH COLUMBIA

A Handbook for Beginners.
By J. T. BEALBY, B.A.

Author of * Fruit-Ranching in British Columbia’

Large Crown 8vo.  Price 1/6 net Bound in Cloth
(By post, 1/9)

This book is intended for the use of those who are taking up the fascin-
ating pursuit of growing fruit in that favoured region without previous
experience of orchard work. It is written in clear, plain language, and tells
how to select suitable land, how to clear and plant, what varieties to select,
and how to cultivate the orchard. Information is given as to prices of land,
cost of outfit, markets, government assistance, climate, and other matters
about which the settler will be anxious to know.

RANCHING IN THE
CANADIAN WEST

A FEW HINTS TO WOULD-BE STOCK-RAISERS ON THE CARE
OF CATTLE, HORSES, AND SHEEP

By A. B. STOCK

Large Crown 8vo.  Price 1/6 net ‘Bound in Cloth
(By post, 1/9)

A father or guardian with but a modest sum by way of capital to devote
towards setting a boy up in life might do considerably worse than put him to
ranching on the Canadian prairie. If he does not make a fortune it will at
least make a man of him and teach him patience and self-reliance.

The book deals with all essential details connected with horse, cattle, and’
sheep raising on a small scale, as well as with the inexpensive building of huts,
stables, corrals, etc. It is, in fact, the fruits of the author's ex eriences as &
rancher on the vast, undulating uplands of the great Canadian West. ’
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