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HE position of Ameriean ecotton on the domestic and foreign

markets depends among other factors on its quality, the main-
tenance or improvement of which requires rapid and aceurate methods
of measuring its properties.  Inercased competition with synthetic
fibers and with foreign cottons and other natural (ibers calls for new
methods for measuring propertics not herelofore considered. Tha
X-ray method may be substituted for strength techniques where field
damage has occurred, sinee in such samples it is an execllent means of
(1) seTvcting good spinning cottons not readily identifiable as such by
ether fiber properties; (2) differentiating unusual varicties or strains
or environmenial conditions where the usunl strength-structure rela-
tions may not hold; and (3) measuring relatively rapidly genctic
diffcrences affecting tensile strengths. The results of the present
study on the developuient of the X-ray method may be summarized
ng follows,
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SUMMARY AND CONCLUSIONS

In comparing cotton samples for selection in breeding, the X-ray
method supplements rather than veplaces strength methods.  Where
field damage has ocewrred the X-ray angles may be more reliable
indices of the genetic eharncteristies or potential fiber strengths than
the Pressley values or the Chandler bundle strengths. The X-ray
technique serves also as & rescavch tool in determining reesons for
differences in strength and other properties and in comparing natural
and synthetic fibers.

Thus far the X-ray measurements have not been so closcely cor-
related with yarn strengths as with fiber strengths, for two main
reasons: (1) The X-ray angles are not changed materially by biologi-
cal deeay until after the fiber strength is completely destroyed, but
the yarn strengths are affeeted by biological docay in much the same
woy. (2) The structure-strength relationship may be different for the
various species of cotton and even for different varieties within a
species; soa-island and American-Egyptian, for example, are stronger
for a riven X-ray angle than Ameriean upland varictics, and among
upland strains, Wilds may be strenger than Stoneville 5 for a given
cell-wall structure. In general, environmental effects within a
varicty do not change the structure-strength relationship.

In the studies of yarn strengths, fiber length and strength were
found to be moere important for 22s yarn, whereas finencss becommnes
progressively more impertant at the higher counts and at 60s may
overshadow fiber strength,

Water stress, as measured by the degree of wilting of the plant, is
the most important factor in the envicenmental effeets on fiber prop-
ertics. As the stress becomes grenter the cellulose is deposited with a
smaller angle between the long axis of the cellulose crystallites and
that of the fiber, and correspondingly there is greater tensile strength.
The stress may also affeet the quantity el cellulose deposited, thus
changing the fineness (weight per unit length) of the fiber, It may
also affeet liber length; however, the liber elongates to full length be-
fore sccondary deposition takes place, thus meking it possible for its
length and strength to be affected independently by environment.  If
they are affected similarly, theve is o tendeney for compensation,
i. e., the shorter the fiber the greater the strength.

Weather conditions that promote the growth of stronger cottons
usually couse a lower yield and shorter staple, thus reducing the re-
turns to the grower, Ti is logical, therefors, to expeet improvement
in strength of cotton through breeding rather than by specialized
growing conditinns.

The characteristic Gher structure (indieated by the X-ray angle)
of & well-bred variety or strain of cotton tends to be genetienlly con-
stant unless varied by sefeetion. When two widely different strains
or varicties are erossed, the Xeray angles of the Iy generntion tend
to be cqual to the average of the two parents; however, it may he
equal to the parent having the smaller X-ray angle. The Faoand
succreding progenies tond to segregate, and tie extremes of NXerny
aneles among the progenics may be greater than that of the two parents,
Sclections from such a cross may remain stable or segregate [urther.

It may be concluded that the X-ray measurement is a valuable tool
in cotton-breeding and zeneral fiber resenrch,




EXPERIMENTAL BACKGROUND OF X.RAY METHOD
By Eanu E. Benkrey and Ouvicne C. Woonrann?

Various properties of cotton fibors have been studicd in the joint
program of the United States Department of Agrieulture and the Statc
agricultural experiment stations for the improvement of Ametican
cottons. Among these properties has been the relition between strue-
ture f fiber as shown by X-ray diffraction patterns and the fiber
strength and spinning quality. Tt is not the purpose of this discussion
to attempt nny detailed explanation of fiber structure, but merely to
point out that, comples and unceriain as it may appear, the average
or general structure is elosely related to the vadious physical propertics
of the libers,

Pueviovs INVESTICATIONS

Investizators have known for some titme that (he orientation of the
fibrils, with respect to the long axis of the cotton fiber, varies from ane
lot ol fibers to another and from one position to anotherin a given fiber,
Il ortentation measurements on individuat fibers are destired, micro-
scopic methods are usually preferred.  Movey (217 reported amethod
for measuring orientation by means of the dichroism of (luoreseent
dyes that are absorbetd by the Gibers,  Flo later extended this method
to the measurement of the average value (or & lnree number of fibers
at one time (22), _

X-ray diffraction technique offers o rapid and practieal means of
delernmining the {iber structure of cottons by vsing bundles containing
several thousand fibers eachi. A review of the literature on X-ray
studies of cellulose has been given by Sisson (25, 20, 29). Clark,
Piekett, and Farr (9) recognized the use of this method to compare
different samples of cotton, and Sisson and Clark (30) worked out a
method for comparing samples of raw cotton.  Further cefinements
were reported by Sisson (27, 28) and by Berkley and Woodyard (6.
This scetion of this bulletin summarizes the development of the tech-
nifte thet has become one of the standard procedares for deseribing
the refation of physieal propertics of cottan fibers to heredity and
environment,

¢ The authors are indehied to Carl A, Conrad, for many helpful sngeesliong
during the progress of this work, and to John ¥, Barghousén, Crmeriy with the
Catton Branch, Production and Marketing Administration, for heip in designing
angd consiructing the apparstus illusirated in figuees 3. 21, wwl 28,

T Itadie numbers in parentheses cefer to Liternbure Clled, 1, 62.
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FunpaMenTals oF X-Ray Meruop

In considering all the experimental data to be reported here, it
should be remembered that the mierophotometer readings arve in
arbitrary units that are dircetly proportional to 1-T, where T'is the
relstive transmission.  If it is desired to converf the microphotometer
reaclings to standard units, it can be done by using the information
that the zere transmission reading is 255 and that for & fransmission
of 0.430 the reading is 90 (the standard filter setting). Standard pro-
cedure in measurements by the X-ray method is given in the last part
of this repert {pp. 51 to 61).

VARIATIONS IN RECORDED X-RAY PATTERNS

If diffraction patterns of theee samples of cotton having different
physical properties are prepared and the photographic blackening of
the cirele vontaining the arcs from the 002 planc is plotted against
the angular distance around the pattern, the curves shown in figure 1,
A, may resuit.  The heights, widths, and areas are seen to be different
for each curve. 'These curves are related te one or more physical
propertics of the cotton fibers, and the problem is to discover that
reintionship.

Assuming a bundle of paraliel fibers held in a fixed position with
referenee to the X-ray beam, the shape and the size of the eurve {fie.
1, A) are represenintive of the preferred direction of oventation of
the cellulese crystallites in the cylindrical fibers of each sample vepre-
sentecl.  The patterns are influenced also by distribution of crystal-
lites about preferred direction, X-ray absorption coefficient of fibers,
thickness of bundle of fibers, density of bundle, tension on bundle,
intensity of X radiation, length of exposure, sensitivity of film, condi-
tions of developing, noncrystadline part of fiber, and probably & num-
ber of other factors.

Since it is obviousty difficult, if not impossible, to eliminate every
variable except that of cellulose orientation, so that the angle between
the ¢ellulose strands and the long axis of the fiber eould be obtained
directly from the dimensions of the ¢urves, it was necessary to estab-
lish an arbitrary measure of the curves. In establishing such a
measure & great number of what seemed to be the most logical pro-
cedures were investigated to determine closeness of relationship with
fiber tensile strength, reproducibility, specd and facility of aperation,
and other technical requivements.  Matano (18} and Go and Kubo
(11) attempted the selution of this problem, but fniled to develop 2
servicenble method for the large numbers of curves required in routine
measurenients.

In the work roported hore the bundle size, tenston, [Hm charaetoris-
tics, and developing processes were all held as constant as possible.
This left 2 group of curves still having different heights, widths, and
areas with variations that may be assumed to be due only to ditfer-
ences in cellulose grientation, distribution about the dircetion of orien-
tation, end degree of exposure.

Almost a$ the ontsct it appeared that it was not proeticable to
adjust the degree of exposure for varying orientation to give curves
having cither areas or heights or widths sufliciently constant for using
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the other measurement in comparing curves. Theorctically, the most
logicai procedure would be to adjust the curves io a constant area,
which would represent total X radiation, This meant, in terms of
the plotted curves, making the arcas the same under all the curves.

160 j—— ivp = -

PHOTOGRAPHIC BLALREMING {ARBITARAY UNITS])

Y 8o " 00 igo” 140 160 180
ANGLE |DEGAEES)

. Finune 1.—Ihotographie Blackening of the are from the 002 piane from each of
three patterns plotied againgt the angular rotution of the pattern: A, As moens-
ured; [, adjusted so thit {he urea wnder eaeh eurve is the same; € adjusted to
the game maximurn height.
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This produced sets of curves similar to those shown in figure 1, B,
which are from the same photometer readings as those in fimure 1, A4,
alter being adjusted to the same avea. It was not practical to measure
the areas of the laree number of curves required for o routine method.

What proved to be a practical measure of the curves was to keep
the heights fixed (i, e., & standard degree of radintion at a chosen
point) and to measure the variations in widths of curves, This
method would produce a set of curves similar to the examples shown
in fieure 1, €. These arc the same curves as those shown in figure
1, 4 and B, after being adjusted to the same maximum height.

Preliminary tests showed that the angular distance from the position
of maximum blackening on the ordinate to the pesition of 40 percent
of the maximum ordinate gave a sensitive and reliable measure of
curve width,  Although the choice of the 40-percent angle instead of
one larger or smaller is somewhat arbitrary, it is near the inversion
point of the curves when relative transmission is plotted against
angular distance from the point of maximum blackening on the are
from the 002 plane. Consequently, it was sclected by the writers as
the “X-ray angle,” or the standard means of comparing the X-ray
diffeaction patterns.  The 40-percent angle reported by Sisson and
Clark (80) and by Sissan (27, 28) was not the same as that given
here; however, they were both used for the same purpose, 1. e, to
measure the length of the 802 wres. .

ADJUSTMENT TO STANDARD INTENSITY

Since it is impractieal to bring the maximum photographic density
of ench film to precisely the same point, it was neeessary to determine
the effect that ihe deeree of exposure had upon the length of the 002
arcs. From this, & correction factor was evelved to convert all curves
to o chosen standard maximun.

To determine this factor, numerous bundles of eotlon fibers were

repared, representing types that would give a wide range i the
ength of the are from the 002 plane.  Several exposures of different
time lengths were made of each bundle without disturbing the bundle
between exposures.  For a given bundle, thie entire series of exposures
were made conseeutively and as rapidly as possible and all were
developed under the same econditions,  Moreover, the timing of the
exposures was randomized, i. e., one exposure might be for 5 minutes,
the next 30 mintes, and the next 15 minutes,

The results of five such series made un four brands of Xeray film
available on the market, and with the standardized technique of
bundie preparntion, film development, and other procedores are
given in figure 2. Regardless of (he length of ares in the diffraction
pattern, the slopes of the lines within (he range of reeoramended
maxintum blackening are all essentially the same.  This important
eaireumstance makes it possible to correet all fiber patterns, regardless
of orientntion, to a common opucity level by means of a single corree-
tion curve.  The correction is most readily made by preparing a table
(sce table 19), te show the angle i degroes that is to be added to or
subtracted from the observed angle [or any photometer reading repre-
senting the maximum blackening botween the Hmits set
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In the case of the microphotometer with which the observations
above were mnde, the 180-seale division was the standard value of
maximum blackening chosen: {corresponding to a preseribed standard
of 0.20 relative transmission) and the recommended limits for maxi-
mum blackening woere readings of 140 and 220, Patterns of low
photographie intensity (below 140) were centered on the photometer
with much difficulty.

In the preliminary stages of the work, many “density,” or exposure,
series were made, using different kinds of i, different methods of
bundle preparation, different developing teelmiques, and other pro-
cedures. It was found thet most of these series gave cssentially the
same slope.  The only nolieeable exceplions oeeurred when s serivs

S0r T T T T T

40

L1+]
EASTMAN MO SCREEN
EASTMAN SAFETY
EASTMaN BLUE BRAND
agfrn

X=HaY aNGLES [DEGREES)

/"'

— et .
—_——— — /'/

e

—
—_—

208 1 : ¥ ! 1 H i ;

: 3 . : i
WO 120 130 MO 15D 180 FO IBO 90 200 20 220 230 A0 250 26D
PHOTOMETER READINGS

Ticore 2—X-ray angles, as relnted to the photometer readings at the point of
maxtnuin blackening of the 002 nres: 4, Composite curve, wsing Llue same
sample of colton with four brands of film; f3, individual curves obtained cueh
fromn & siagle bundle of cotion and a given brand of filtn., In practice, all
X-ray snples are corrected to the 180 posilion on the photometer scale.

of films was very much underdeveloped and when somz excessively
fogeed films woere used.  Neither ean be tolerated in excess.

¢ is realized thel emulsion charncteristics may vary slichily from
onc bateh to another of the same film, bui this is difffieult to determine.
It secms veasonable to assume, however, that any varintion be-
tween baiches of the same kind of ilm is not so great as the varintion
from one kind to another.  Conscquenidy, if o change from one kind
of film to another does not show a sigmificant difference in ihe
X-ray angies {or a particular bundle of fiber, it may be assumed
that no difficulties will Le found beennse of varintions befween
batches of film of the same kind, so long as the background is clear
and uniform.

ALINEMENT OF FIiBER BUNDLE WITH N-HaY BEAM

Another source of varintion is the alinenent of the specimen with
respeel to the axis of the Xeeay beanm as linited by the pinhole systens.
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Lack of alinement of the sample can be considered as made up of two
compenents: (1) A linear displacement to one side of the axis of the
beam; and (2) an angular displacement of the major fiber axis away
from the perpendicular to the X-roy beam.

The first type of displacement is casily recognized by its results
on the diffraction pattern—the two maxima points being of unequal
intensity. In a routine melhod such a dissymmetry oeccurs to a
greater or lesser extent in nearly every pattern. Even the most
mexperienced technician can center the bundle of fibers, however, so
that the two maxima do not differ by more thar 1.0 or 1.5 percent.
Any orror in the measured angles that this degree of variation might
cause has been shown to be concealed by other fluctuations,

In the tests for anguler displacement, the bundle of fibers was
placed perpendicular to the X-ray beam as accurately as could be
judged by an experienced techmieian and three diffraction patterns
were mage without disturbing its position. It was then turned out
of the 90° position, as vauch as was permitted by the nature and ar-
rangement of the equipment, so that the X-ray beam made an angle
of about 60° with the bundle axis, snd three more paiterns were made.
At 90° the angles ranged from 43.8° to 44.4°, mean 44.1°; and at 60°
they ranged from 44.6° to 45.1°, mean 44.9%, Repeated tests show
that the angles increase slightly as the bundle is displaced from the
perpendicular in regard to the X-ray beam. Even an inexperienced
operntor can usuaily judge the position of perpendiculsrity within
5°, however, so that a reasonable degree of care in placing the bundle
in position will eliminate any significant ervor due to this cause.

DISTORTION OF NUNDLE

A brief test was made of the effeet of bundle twist upon the X-ray
angles. A bundle was photographed in the regular manner, and then,
without disturbing its position in tlie elamps, one clamp was rotated
through 00°. The bundie was X-rayed in this position and again
with the clamp turned 45°.  This was repeated with another bundle
from a sample having greatly different orientation. The results of
this experiment are given in table 1. As would be expecled, the
N-ray angles from the sample baving o smalt X-ray angie were more
arently affoeted than those with a larger angle. On tne whole, this
is nol, a very likely source of ereor, but it is well to be conscious of the
possibility that such an error can oecur.

TanLe L—Effect of bundle twist on X-ray angles

N-ray angle
Degree of twist

Bample 8 Sample 30

i Degrees Degrees
Unbwisted o o e —— e 3.5 36. 6
AD0 e e mr i mm e 2.2 3. 9
D e A e meimmmaa————a 35, 2 37. 8




STRUCTURE AND STRENGTEL OF COTTON FIBER 9
PINIOLE SIZE

One other variable in exposure technique—the effects of the pin-
hole size thab hmits the N-ray beam—must be considered. This
will not change during the course of an exposure or be an uncon-
trolled factor, but in cstablishing a voutine method it is cssentinl to
have the intensity of the X-ray beam as greab as possible,  Increasing
the size of the pinhole increases the width of the diffraction line more
than it actually inerenses the degree of blackening at a given point,
but so fong as this inerease in width does not extend too far beyond
the limigs of the microphotometer slit, it has the same effeet on the
microphotometer veadings as would result from an increase in X-
radiation intensity,

In the experiments reported here, the pinhole systems were 0.014,
0.024, and 0.033 inch in diameter. In every case a 0.033-inch hole
was mounted in the cnd of the collimator next to the Xeray tube
and the size of the pinhole next to the sample was changed. Tt was
found that the precision or repetition of the measurements is not
significantly benefited by a deerense in pinhole size. It is coneluded,
therefove, that the shorter exposure iime required with the larger
pinhole is a real ndvantage.

The smaller pinhole gave a slightly Targer Xavay angle (table 2),
so that results obtained on different pinhules should not be used
together, althongh many samples showod no significant differences
between the 0.024- and the 0.033-inch pinhole.

Tanne 2.0 Noray angles from three eoltons, using pinholes of i Ferent
. ' F

sizes
i Collom
Pinhole ; Time i
size | of ox- Photographie inteosity Seeme g e
{inch) 1 posure ) 5 3

Az‘im:tesl * Degrees Degrees | Degrees
31 4 36. 4 37

G 014 G0 fdehb. o ... . £, 2
- 024 1241 B S I DA .00 369 37. 5
L0838 W0 Medianieemaeo. oo ... 338 355 34, 3

FILTERS

To test the effeets of the AG radintion, exposures of (he same sample
were made, using dilferent thicknesses of nickel filter. "o absorb
most of the K radiation, o sufficiently thiek filter must be used to
cause at lenst o doubling of the exposure time.  For the development
of a routine lest method, this is of course highly undosirable unless
considerable gain is made in the aeenrmey or precision of the angle
determinations.  Repeated measurements of the patlerns made with-
out o filier nud of those vde with the optimum fitter showed neither
a signifieant gaine in the preeision of the measisroments of the film
with the mierophotenmeter nor s differcat value of the angles.
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PHOTOGRAPHIC DEVELOPMENT

ARl patterns should be developed under identieal conditions, but
» the exact procedure sdopted may net be important.  There secins
no reason, however, to depart from aceepted practices. 1t is con-
sidered the best technique to move the negative around in the devel-
oper by hand ia an irregular manner enther than by means of mechani-
eel deviees,  Alse, film and developer manufackurers speetly the thne
and temperature considered best for development and provide charts
that show the relation between these two factors.
The specinl film rack designed to develop several films at the same
time is shown in figure 3. The film racks will holdl 12 paiterns and

Fravne 3—Fim rack designed to bolil 12 patterns,

can be moved boaek and forih by hand in the tank for agitation.  The
tunk is cubical in shape, 12 inches on g side,

The age of the developer may inlluenee the Neray patiern.  When
a S-uallon tank is used, a number of [ilms can be developed in the Hoid
for many wecks befove it becemes exhavsted, 1t is obvious, however,
that the developer standing in the tanh undergoes chemical change
(oxidation) during this period, even theugh not being wsed.

The guestion arizes as 1o how mueh the aging of the developer actuo-
ally affeets the measured Xeray angles, To deteemine this, o paet of
2 bateh of developer being disearded beeause of age and nol beenuse
it hadd been “used up” was poured into a bottle and saved.  Mtogether,
the stale developer had stood in an open tank for about 2 months and
had then stood in the closed bottle with np aie spaee above the liquid
surlace Tor snother 2 months.  Later on, this was poured into an extra
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tank and placed in the same water bath with a tank of freshly mixed
cdeveloper.

A series of 10 diffraetion patterns of the same bundle 6f cotéon were
mede consceutively without disturbing the position of the sample
between exposures, so that the conditions of exposure would be shmilar,
These were then divided at sandom into two equal parts.  The films
were then developed, two at & thine {one from each group), simultanc-
ously in the two developers.

The stale developer tended to produce slightly larger X-ray angles.
As shown in table 3, however, the difference between observations on
the same bundle with a given developer is frequently greater than the
differeirces shown by the two developers, Consulering the small
differesice in these two groups and the fact that the stale developer was
in much poorer condition than would probably be found in actual
practiee, it secems that deterioration of the developer is not a major
source of error.

TavLe 3—Vuriation in X-ray angles caused by aging of photographic

developer
: Fresh Stale
Test No. developer developer
Degrees Liegrees
d e e e e e 35. 8 36. 0
e e e e 35 8 35. 4
d e e 37 35. 6
e .- 34, 6 35 0
S T o e e e A ————— 4.8 35. 1
MRt o o e s 351 35. B

BUNDLE PREPARATION

In an eperation of the nature of the combing technique that is used
in preparing the bundles of cotton there is always opportunity lor many
unknown and even unsuspected sourvees of variatien. Since these
eannot be isolated and examined, it seems most probable thai the
sum total of any suech effeets can best be noted in & comparison of the
final product of dillerent workers. Consequently, over the last
several years every opportunity has been utilized to compare bundies
prepared from the same sample by different experienced teehnicians,
The degrees of deviation usunlly obscerved are shown in table 4.
Beeause the preparation of the bundles is n skill thut must be aktnined
by considerable practice, it would be mesningless to compare the
results obtained by nexperienced technicinns.

A change from the wespped bundles, as deseribed by Berkley rnd
Woodyard (6), was tl(‘Sil‘!l-llJ]t‘ for speeding up Lhe proeess. A serios of
50 samples covering & wide range of cellulose orientation were meas-
ured by both wrapped- and ted-bundle methods and the results exam-
ined statistically.,  The coefficient of correlation hetween X-ruy angles
and (iber strength for the ticd buadles was —0.955 and for the wrapped
bundles —0.934,  The tied bundle ean be prepared more quickly than
the wrapped. '
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TasLe 4.—X-ray angles made in 1937 and 1943 from duplicate samples

of, Stoneville 5 cotton grown at 6 locations in 1935 ®
. X-ray angle obtained ‘
Location Block 1n-—-
19371 1043 ¢
‘ 21 e€8 Degrees
TFlorence, 8. Co . mvmeccvscaaam e { é gé % g’g é
Marianna, Ark. (upland) oo . { é gg 5 g‘g g
Marianna, Ark. (delte) .. { é %? g gg g
Stillwator, OKIA- < o—oexooccmcmmcmmmemme { i %t 2.1
College Station, Tex oo { é %; g gg 2
Lubboeck, Tex . { é gg g gg g

F Angles obtained in 1937 while the X-roy method was in process of develop-
ment,

2 Angles on the same samples in 1943 after numerons changes in the technique,
as well as operators, had been made. The principal difference was a lower dis-
crepancy between blocks 1 and 8 in the 1943 results,

TENBION

The natural waviness of the fiber varies with moisture content, and
R‘amlleling in it is influenced by the crossing due to bends or folds.

ension spplied to the bundle being X-royed tends to remove waves
or kinks and to draw them more nearly parallel, Scveral bundles
from cottons of different X-ray angles were photographed at & wide
range of tensions under otherwise comparable conditions. The result-
ingﬁangles were plotted against the tension, giving the curves shown
in fipure 4.

Ag these curves do not become completely horizontal at any point,
it was necessary to choose arbitrarily & value for a tension low enough
for all samples to withstand it without breaking and high enough to
avoid the steep slopes of the first part of the curves.  This value has
been taken as 10 pounds for the tied bundle and 15 for the wrapped.

To test whether maintaining tension on » bundle over a period of
time will affect the X-ray angle, some bundles were placed in the ten-
sion device, & tension of 10 pounds was. applied, and they were im-
mediately Xorayed, They were then left undisturbed for several days
and during this period were photographed at frequent intervals. The
results indicate that a tension of 10 pounds is insufficient to cause a
significant degree of creep.

SIZE OF DUNDLES

The fact that tension changes the X-ray angles makes it necessary ®
to control the size of the bundle used. This phase of the study shows
variable results, as the X-ray angle in certain samples varies little
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Fravus +.—Changes in the X-ray angle when tension was applied to the bundie
being pholographed: 4, Results on one bundle, showing decrease in X-ray angle
as the tension was increased and increase in Lhe angle ag the tension was released;
B, curves represcuting averages of five or more samples—from tied oud from
wrapped bundles,

300

with & 25-pereent inerease or decrease in bundle weight, whereas that
of other coltons varies considevably with changes in bundle size.
An example of the X-ray angle of three bundies for each size for a
riven cotion is as follows: Average size, 41.8° to 42.2°; 20 percent
clow average, 39.3° to 41.7°; and 40 percent above average, 41.7°
to 44,3%,

In genersl, however, it is not difficult to check results, irrespective
of sample, when the bundles are kept near the same diameter. A
certain devintion of error in bundle weight must be accepted, and a
tolerance arbitrarily set up. A telerrnce of not move than +1 mg.
in bundle weight for a given eotton has been chosen as the deviation
permitied in the work of this laboratory. This naturally is a rough
conirol, sinee the weight for a bundie 1 mm, in diameter may vary
from spproximalely 20 mg. in short cotions to 35 mg. in long sea-
island cottons.

MEASUREMENT OF PATTLERN

Severnl possibie sources of variation must be eonsidered in measur-
ing the X-ray diflraction patterns. These may be roughly divided
info cvvors that are mbierend in the microphotometer, those due to
varintions in techniques of different operatoss, and those due to vari-
able factors in the films themselves. Fortunately, all these sources
have heen found to be relatively frec from crror, oewing in part to the
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fact that many errors tend to cancel out on opposite sides of the
diffraction arc; 1. e., an crror that raises the value of the angls on one
side of & maximum usually lowers it to the same degree on the other.

One of the most time-consuming operations, and the one that is
found most dificult to new technicians, iz that of centering the film
on the stage For this reason, measurements were made on several
films, in the manner to be described for a single film, to determine
how much error could be allowed in the centering.

A film was centered accurately by a skilled operator (this ean be
done to within 0.05 mm.), and the angle measured. The film was
then displaced 2 mm, to one side so that the light beem traced the
outer cdge of one ars and the inner edge of the other, and the angle
was meastired agein, This displacement did net change the results
gignificantly, since it is less than the standard error of 4-1° found for
2,000 observations. Since even an inexperienced worker can center
a film within 0.2 or 0.3 mm., it was not thought neceessary to make
mesasurcments for intermediate displacements. There is quite efi-
nitely a limit to the extent of displacement that can be permitted,
however, and carcless centering of the film should not be permitted.

Experiments were alse conducted with deliberate rotational dis-
placements from the maxima of the are on the stage. Consideration
of the nature of the measurements readily shows in this instance that
so long as the galvanometer readings at the true maxima and minima
points are obiained, it does not matter what number is used on the
circular scale to correspond to these points. Since anyone can find
these points with the microrhotometer, there is no need for having o
displacement error in the rotational diveetion, If the galvanometer
readings at 0° and 90°, however, are used arbitrarily without consid-
eration of maxima and minima, an error will result.

From time to time, the photocell in the microphotometer has been
replaced.  Photocells of the blocking-layer type of the same and
different makes were compared, but no significant diffcrence in the
X-ray angles was observed.

Discussion anvn CoONCLUSIONS .

The X-ray method is empirical and has been developed purely on
the basis of whether it would work, i. e., give results valuable for a
specifie purpose.  There are numerous sources of crror, but with care
tﬁese errors can be controlled within limits satisfactory for routine
testing. In the development of the method, the purpose has been to
use the X-ray angles as a measure of the tensile strength and spinning
quality of the Gbers.  Accordingly, many decisions have been influ-
enced by correlations of the results,




RELATION TO YARN STRENGTES
By Lare I, Berruey and H. D, Bargsns
GexenraL Backcrounn

The value of o sample of cotton is related to the quality of product
into which it can be [abricated. The cotton buyer must estimate thab
velue rapidly and with considerable precision. As an aid &o this, a
set of standard grades and staples has been adopted by the United
States Department of Agriculture (35, 86, 87), and Lord (77) discussed
staple length for use in Bngland.

In addition te these, however, for improving American cottons,
definite measures of certain fiber characteristics—length, tensile
strength, fineness, and other propevties—are needed by the breeder.
BEach year numerous new stramns and progenies resulting from crosses
or sclections must be compared. 1t 1s necessary, thevefore, that the
methods be relatively rapid, adeptable to routine procedure, and
reproducible under the conditions imposed by the tests.

The fibrograph, developed by Hevtel (72), gives o rapid means of
estimating length; and the Pressley (23} strength tester will give &
comparative index of fiber strength.  When fiber strength is reduced
by field damage, however, it is oceasionally desirable to substitute
for direct strength measurements some type of fiber strength cstimate
based on fiber structure.

Mieroscopic techniques were used in liew of strength measurements
by Movey (20, 21), who found that the orientation of the ecllulose as
shown by dichroism was related to the tensile strength of the cobton
as measured by the Chandler bundle method (22). The microscopic
methods are laborious, however, and for this reason studies were
made on the use of X-ray dillraction technique. The background and
detail of this method are described by Berkley and Woodyard in
another section of this publication {pp. 3 to 14). The use of such &
method depends on the relation between the results obtained and the
use value of the cotton. Some measure of use value must be chosen,

& The authors are indehted fo J. 0. Ware, in charge of the bresding program
of Lhis Division, and to the following reprosenintives of the Aeld stations who
furnished samples: Alabama—II, B, Tisdale and J, B. Dick, Aubnrn: Arizona—
the Iate C. L King, Sneaton; Arkansas—D, B. Shank, Marianna; Californin—
G . Harrison, Shafier, and B. (. Nobte, Bard; Florida—X. N, Clist, Gainesville;
Georgia—W, W, Bullard, Fxperiment. and J. . ‘Purner and £, €. Jenkins, Tiflon;
Louisiana—C. B, Haddon, St, Joseph, and 1. 8. LBrown and J. i, {‘olton, Baion
Rouge; Mississippi—d. W, Neely, Stoneville, and J, F, O'Kelly, Stale Colloge;
New Mexico—A, R. Leding, State College; North Carolina—1%, 1. Kiae, Haleish,
and . H. Tilley, Blatesvitle; Oklahoma-—T1. B. Duniavy, Sifllwater, and [ AL
Parroit, Tipton; South Carolina—W. 11, Jenking and 2. 5. ilall, Fiorenee, and
R, 8. Bailey, John Istaud; Tennessea—12. M, Simpson and N, [, Huneoek,
Knoxville, and 1. P. aselwood, Jacksoa: Toxas—1). [ Jounes, Labbock, J. iL.
Quinby, Chillicorhe, 1. O, Hil, Temple, 7. B, Richinond and D. I Killough,
College Station, and D. R. Hooton, Greenville,

_la
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and it was felt that tensile strength of fiber was not sufficient. These
studics, therefore, include the skein strengths of some 1,430 samples
of cotton representing more than 100 varieties, strains, and crosses,
during 8 years of planting at 29 locaiions, representing both the
irrigated and the nonirrigated parts of the Cotton Beit.

Turner and Venkataraman (32) developed a regression equation for
predicting the strength of the highest practical warp count from six
properties of cotton fibers. XKapadia (14) reworked a part of their
data and criticized their methods and conclusion. He was of the
opinion that fiber finencss was more important than fiber length and
that fiber strength was also a major element in estimating the value
of 0 cotton. Almad (1), diseussing Turner and Venkataraman’s find-
ings, stated that “fibre length was most closely associated with highest
standard warp count and thet fibre weight per inch came next in
order.”

The correlation coefficients of ribbon width, convolutions, fiber
strength, and rigidity were doubtfully significant when compared
singly with skein strengths.  The multiple correlation coeflicient be-
tween two or more properties showed that fiber length and weight per
inch accounted for 84 percent of the variability, while zll the six
propertics combined accounted for only 86 percent. Hutchinson and
Govande (13) obtained relatively high r values when they used mean
length with fiber strength and fineness corrclated with spinning value
both within and among specics.  The fiber strength used by the Indian
workers in their correlations was obtained from single fibers with a
span between testing jaws of 1 cm. and is not identical with the
bundle strength reported here; furthermore, they did not use fiber
structure as shown by X-ray diffraction patterns.

Length measure is generally recognized as the most important indi-
vidual fiber property ordinarily determined for predicting the strength
of singles yarn, particularly at the finer counts. Turner (32) reviewed
the early reports on spinning and Clegg’s paper on fiber properties (10)
and pointecrout that fiber strength is of little value in making predie-
tions of the skein strength of singles yarn, Kohler (16) stated that
only 10 to 20 pereent of the fiber strength is evident in the yarns.

The present study includes the relations between the fiber structure
as measured by the X-ray method and: (1) The fiber strength by the
Chandler bundle method and the Pressiey strength index; (2) skein
strengths of yarns of various counts with fincness and/for length taken
into account. For purposes of comparison, the fiber strength was
substituted for X-ray angles in cortain of the sets of data®

MaTeERIALS AND METHODS

The yarn-strength studies included more than 3,000 individual sam-
ples of cotton, 1,430 of which were spun, A certain number of the
spinning samples represented duplicate blocks from the same variety

¥ Yiners this manuseript was prepared there has come to the writers' attention
the following processed report, which ineludes certain of the data represented
liere but is not organized to show varietal and euvirontentul elfects, which may
be of primary interest to the entron breeders and prodiicers:

Wene, . W, and Thicnarnsox, H. B RELATIONSIIPS BETWEREN PROPECTIES
OF CUTTGN FIBERS AND STRESGTH 0F cannky varss,  Olfice of Mktg, Services,
War lfood Admin. 38 pp., illus. Washinglon, 1045,
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at a given loeation. Each sample of cotton in the spinning test was
spun into three counts, and each group spun into common counts was
examined scparately,  Assuming the same accuracy in the methods,
skein strength should be more closcly associated with the fiber strength
than with the X-ray angles, since both the fiber and yarn strengths
were affected similarty by field damage. The use of the X-ray method
heretofore has been confined to breeding stock, rather than mill sam-
ples; however, it will be cornpared with the strength methods on sam-
ples grown as ncarly as possible under ordinary field or agricultural
ractice.
P The samples used in these studics were divided into four groups:
Regional variety studies, regional spinning studies, variety and strain
tests, and special studies. '

REGIONAL VARIETY STUDIES

Spinning studics and fiber measurements were made on 758 samples
from blocks 1 and 8 of the regional variety study, which was composed
of 18 varietics grown at 8 locations for 3 years, 1935-37. Duplicate
samples were not spun for 9 varieties at Stillwater, Okla., in 1936 and
for 1 at Lubbock, Tex., in 1937, where blocks 1 and 8 were combined.
The fiber properties ineluded fiber strength (Chandler bundle method),
upper qum‘ti]o fiber length, finenwess by the weight~per-ineh method
ﬁn(l X-ray angles.  Other fiber measurements made are not discussed

ere.
REGIONAL SPINNING STUDIES

The regional spinning studies are a continuation of the varictal
strain study, 193842, inclusive. They were extended to the irriguted
belt and were a part of the coordinated Federal-State cotton rescarch
program. They included numerous commercial varietics and new
strains being developed for commercial plantings.

VARTETY AND STRAIN TESTS

The study of vavieties and strains was also a part of the coordinated
Federal-State cotton research program. It included commercial va-
rieties and new strains, and various progenies, before they were in-
creased sufficiently for spinning tests.  For the most part the samples
submitted for X-ray tests were also examined by the Pressley strength
method so that comparisons of the structure and the Pressley strength
index could be made. The variety-strain tests involved both the old
varietics, which were grown for checl's, and the new strains, ineluding
in some cases F; and succeeding generations produced from crosses of
widely diffevent cottons. They also included selections from sclfed
lines of old strains.

SPECIAL STUIMES

Spreial studies included the sea-island strain tests and American-
Egyptian cottons, grown both as varietal and environmental tests.
The methods used have been deseribed.  The Neray technique has
been discussed by Berkley and Woodyard elsewhere {6} and in this
bulletin; * the Preseley method (23) and the Chandler bundle method,

1 Experimental Brekground of Xeray Method, p. 3.
TUST5 —15——3
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i X-RAY CIFFRALTION 1';;
PATIERNS .

. X-RAY ANGLE. ]
34, &9 2
b pEGREES = 208 °

TENSILE ST_RENGTH 1£6.000 84,000 59806
PILNGE FER S3URAE 1¥IRA
:__ a4 v oAN. LE 8. AKDLER BUNCLE METHOD .

Trovue 5.—X-ray diffeaction patiern, X-ruy angie, and tensile strength of a very
strong, an intermedinte, and n very weak colwn,  These cover the range of
N-ray patterus that would be expeeted frow ordinary Geld-grown cottuns.

fiber length (Suter-Webb sorter method), and weight-finencss (24)
have been discussed in earlier publications. The fbrograph, on
which the upper hall mean length was determined, has been de-
seribed by Hertel (12}, The spinning study was made by the Cotfon
Braneh, of the IProduction and MarkelUng Administration. The
spinning and the (iber data, other than a part of the Xe-ray angles
and the Pressley indices of the varicty-strsin tost samples, have been
reported by the Cotton Branch.!

AN in processed form, as follows:

Caneniend, MM, . PRULIMINARY HEPORT OF COTTON SPINNING AND RELATED
FIBER ATUBIES, IN CONNECTION W THE BEGEONAL VARIETY SERIES, CROPS
oF 1085 axp wss. Adidress, dmer. Boe. Agron,, New Orleana, Lao 206 pp, s,
1930,

awed Toee, 1 L., Jie SPINXING AND FISER CHOPERTIES OF SIN AMERICAN
PPLAND COTTONS GROWN AT STONEYILLE, Miss, cnop op U 8 Dept. Agr.
17 pp. dlins. 1940
UNITED SratRe AGRICUVLTURAL MAgsETING ADMINISTRATION,  HESULT OF TESTS
0F MEVEN COTTONA GHOWN AT STONEVILLE, M, CROPs oF 18l U S0 Dept,
Agr. 3 ppo 1042,
RESULTS FROM SPENNING AND FIBER TESTS ON S0ME COTTONS GROWN EX
THE SO THEANT. ¢40Ps 0F Wy axn e UL 8 Tept, Aer, 8 pp. 1042,
TsrrEn S1arhs Aricrnrl #ah MARERTING SERVICE.  RESULT~ OF FIBEH AND
SPINNING TESTS OF ~OME VARIETIES OF COTTON GROWN IN TEXAS, CROP OF Wi
U. 8 Dlept. dar. S ppo 1011
Untran States Foob Prsimis cioy Abpsivistgariox, Corrox axe Finee
]’iil;\.\'('lh SPINNTISG AN FIREN TR~T RESCLTs FOR SOAME COTTOHNS GRUWS IN
TENAS AND ORELANGMA, CHaps O 1ofb ave et U8 Deply Aurs Nopp, 183
SRINANISNG AND FIRER Th=T BME~Y V= FOR SOME rOFioNs GREOWN Y i
FORXIA, ARIZONA, ANE MNEW MEXICG, cnors oF 1a axh win UL 8, Dept, e,
{9 pp. 13,
RESLTS OF =SPINNING AND FIBEH TESTS OF =~k O0FTTImvs GIOWN BN
MID-20UTH, CrOrs OF M ane i U030 Depls Aeee 13 s 10035,
TS BT~ 60F =PLNNENG AN BERRE EESTs F v ITTN i N X LHE S0 Pi-
BAST, CHOP~ 08 Pt any w2, U, 8 Depl, Agr. H pp. 19830
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REsuits
CELL-WALL STRUCTURE AND FIBER STRENGTH

An example of the relation between the structure of cobton fibers
as shown by X-ray diffraction patterns and fiber strength is illustrated
in figure 3, where the length of the 002 ares, as measured by the Xeray.
angles, varies in proportion to the fiber strength.  The pattern to the
extreme left ¥ with the short ares is from fibers in which the collulose
lies esscatinlly parallel with the fiber axis, that in the middle with the
intermediate ares from cotton with an average spiral, anil the patteen
on the extreme vight with very long aves from a cotton with o very
low or [lat spiral structure,

X-ray angles and fiber strengths are given under each pattera.
The angles shown caver the extreme range ordinarily found in upland
cottons. The fiber-strength determinations are limited, however, by
the technique used and may vary outside these limits, sinee special
hybrids and sca-island cottons may be stronger by a ¢iven method of
test, and badly damaged cottons may be weaker than the strength
values given here. The cotton showing the 20.8° angle and 169,000
pounds strength was probably stronger than these figures indicnto,
since only 3 bundles out of 30 broke. The rest were so strong that
they slipped in the testing jaws.

The general relation between fiber strueture and strength, which is
characteristic of the upland cottons, is illustrated in figure 6, which
shows the fiber strength of the regional varicty study plotted on the
ordinate and the X-ray angles on the abscissa.  Ereh plotted poind
is an average of two blocks at a given loeation and vear, It will be
observed that the band of spots is consistent throughout its fongth
and no indication of curvature was found.  The heavy line represents
the regression equation for estimating the strength of the fiber from
the Xeray angles.  Certnin of the variclics used in this study were
somewhnt different Irom the average upland cottons, and some feld
damage was indicated from the color ¥ and low erade of the snmples,

The fiber strength (Chandler bundle method) and the strength
index (Pressley mothod) are roported in dilferent units; therefore, the
regresston equations for predicting their values from the X-rayv angles
are different.  When 2 given strength method is used, the relation
between strength and structure, as shown by the vegression equation
obtained for upland coltons, is also different from that of sen-island
or ol American-Egyptinn cotton (table 5). Since the upland cottons
are classilied as Gossypium hirsutum 1a, and the sea-island and Amor-
iean-Beyptinn cottons as G, barbadense 1o, it is desirable to know the
species and, if possible, the variety of a sample when examining it by
the X-ray method,

? Bample of Beaslev’s {8} triple bvbrid eotton frnizhed by Thamns Kerr,
Raleigh, X, O, For culstanding spiosing results on this cotton, see the fuilowing
referpuce: :

Canenerz, M. B, SOME SPINNING TERT REAULTS OF INTEREST TN COTPON MAN-
vracrerens,.  Address, Ann. Convention of the Southern Toxtile Assce.
Myrile Rench, 8. (. UL 8. Depl. Agr. 7 pp. 1941, [Processed.)
= Unpublished data from the files of Dorothy Nickerson, Color Laberatory,

Cotton Branel, Production and Marketing Adminisiration,
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TanLe 5.—Coefficients of correlation (r value), regression equalions, and
standard errors of estimate for the relationships of the X-ray angles
and the fiber-strength indices, Pressley method, for three types of colton

[y=Fiber strength, potnds per milligram]

Number I Standard

Cotion of ohser-! r values Regression cquation | error of

vations l eslimate

Sea-island. . ... .oaon 16t | —0. 6601 | y=16€ 52860, 2286x 0. 1532
Ameriean-Egyptian__.. 93 —. 9366 | y=15 8740-— . 1800x . 1345
American uplasd__.___ 65 —. 6418 | y=12 3105— . 1407x . 33306

The regression for sea-island differs significantly from that for
American-Egyptian cottons, and the regressions for Doth of the bar-
badense tvpes differ markedly from that for Ameriean upland. If
combined and compared with American upland ¢ottons, which are on
an catirely different lovel, as shown in figure 7,:some idea of speeies
difference can be obtained. The difference in slopes are statisticaliy
different, but the number of samples in the American-Egvptian and
sea-island cottons were relatively small and somewhat different slopes
would be expeeted for other sets of dale, According to these data,

05— 5+ 1 |

54)41.98-1 834
. +-0.83
P !
.
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Frovne &.-- Seatter diagerm of Lhe regional varioty study, with Bher strength in
thousands of pounds per square ineh on Lhe ondinate and the Noray angles on
the nhseisse. ‘The heavy ink line ropresents the regression equation of fiber
strength on the N-ray angle.  Each piotled poist represents the averige of
two samples from o given varioly, station, wui yeoer.
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PRESSLEY INDEX (POUNDS PER MILLIGRAM }

L § N 1
- 20 25 30 35
: *-RAY ANGLES ( DEGREES)
Fravuse 7.—Regression lines from equalions for Ameriean-Egyptinn, sen-island,
and Americun upinud eottons.

there is an average diffevence of approximately 2 pounds ' in the
strength index between the Ameriean upland cotlons and the Egyptian
and sea-island cottons for 2 given X-ray angle.

The menn squares for X-ray angles and fiber strengihs, r values,
regression cquations, and st-and:u'lt' crrov of estimute for the X-ray
wngles and fiber strength of the regional variety study are shown in
table 6. When measured by the conventional F test, all the main
cliects and inkeraclions arve significantly greater than error,  In both
the X-ray angles fviviance of X) and the fiber strength (Y) environ-
ment was numericslly a greater contributor to variance than was
varieby. The varietal effect was highly important, however, and,
since the varictal eharaeloristics can be changed by eareful breeding,
varicty beeomes the most important controllable factor in the im-
proveinent of eottouns.

A small part of the location and yerrly effecls may be nitnibuled o
field damage; however, the environmoental conditions of growth
undoubtediy were responsible for most of it. At Baien Rouge in
1937 and, to a cortain extent, for all years, considerable field damage
was indieatedl. Even where field damnge is not pronounced in all
strains, one variely may show a different strength from that of
nnother for the spme Xorny angle similar to different species but on
a smaller seale.  This may be due to the fact that certain strains are
carlior than others, and all were picked on the same date, so that
differential fieldl damage could have oceurred.

N A difference in Pressley index of 2,00==21,503.2 potudy per sguare inch in
terts of the Chandler hundle method.  {See Beports of Spinning Tests by the
Coiton Branch, P, M. A, (footnoie 11), where strenglh in 1,000 pounds per square
inch==10.81163 ~-0.12, where X="Pressiey index) Thig formula applies to

American upland colions of meditm- to shorl-staple lengihs and does not neees-
surity indieate the differences in tensile strenglhs of the two specics.
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TaBLE 6.~—Varience analysis and correlation data for X-ray angles and
fiber strength from the reqional variety study for 8 years, 1935-37

[X==X-roy angles, in degrovs; Y=Ffber strengih, 1,000 pounds per square inch
{Chandler bundle methoed}; y=cstimated fiber strength)

of

cstimate

Lgn

es of

Repression

1
r value >
! equation

Source of varintion .

error

X Y

Degre
f_rict
Standard

i
Mean squares 1 .

767! 12, 5858 60, . SS‘IOE y=141.719—1824x 4. 2530
2438, 4520[1186. L . 9904 :
Toeation oo oeen s 622, 860Gi2887. L0397, y=148.0—2.023x'1. 75068
Varicties 15212, 71391001, L3500 y=14241—1.844x 2, 3324
Blocks within lo- ' .

cation_. ... ... 7. 8542 31, L8380 ... ..
YearsX blocks : !
within loenlion) . 6831 8 194 L4105 i
YearsXloeation. .o . 8267 243, 831 CARRO y=138.379—2.3141x71, 1158
Yonrs ¥ varietiog. o . 13101 D, 328 . 0297 .
T.oeation ¥ virdetivs b L4371 9. 604 :
YearsXlocationX -
varieties_ ... .-_ . 0141 7. 51
: . 69004 2. 585

2
1

I
1

Certain varieties, for example, Stoneville 5, Cook 912, Farm
Relief, and Hall and Half, usually show lower filer strengths and, Lo
a cerlain extent, lower skein strengths for a given X-tiv angle than
ilie other strains on the average, whereas Wilds 5 and Detfos (Missdel)
4 are consistenlly stronger (fiz. 8). TFurther studies on the ¢ffeets of
environment on these relationships are being made. A part of the
difference ean no doubt be assigned to Lhe methogl of test, since it is
possible that extremes in length may influence the Chandler bundle
method, and fineness may be o factor in the Pressley method of
determining strength.  Figure §, however, shows that straine of
cotton may be fundamentally different.

A somewhat better relationship of structure to strength ecould be
obtained by emitting the samples that are field damaged, but this,
of course, is not possible sinee the damage is not always visible,

The mean squares for strength index (Pressley method) and for
Xeriy angles, the 72 vlues, regression equations, and standard error
of estimate when these two factors are eorrelated for the American
upland cottons are shown in table 7. The r values are lower than
those found when the fiber strength was determined by the Chandier
bundle method.  In one set of 21 semples of American-Egyptinn
cotton where special care was taken to keep the methods constant,
the » value was —0.97 between the Xeray angles and the Pressley
indices.

The # values dilfer and regression equations show considerable
variation in slope going from total to siation vesrs within regions
to within station yenrs (varietol ceffeet) and from one resion to
another.  Since the level of test at dilTerent laboratories is toore Likely
to afleet the between groups, the regression cquation for within
groups would probably be more satisfactory for prediction purposes




TasLe 7.~~Variance analysis, » values, and regression equations for X-ray angles and fiber strengths by regions and for
the total of all regions *

[X=X-ray angles, degrees; ¥ ==Pressley index; y—estmmted fiber strength, The “among groups” is the station years and the “within
z,,roupb rt.pr(.;t,nts the vnru,tul effeets)

i
; Mean squares St
. . andard
Degrees of | S r.value Regression ¢quation error of

freedom ¥ v estimate

Region and covariance

Sotitheast: ) ]
O, L it et e m e 460 | 6233 0, 4584 -, 6500 . 2885—0. 1499x
6200 0.-7466 -, 7630 =15, 381 — . 2387x

SEALTON VRIS . L s e m v e msie i it 11
Variety within station years 449 3939 . 2309 ~, 0104 ==11. 1082— . 1160x

Mid-Bouth:
168
12

(=

7638 L3151 —. 6172 ==11, 366 — .1243x
4833 2. 3064 . 6074 212,906 — .1710x
8622 L1413 . 6727 . 6575— . 1045x

Ba aEw

o

\ ur'm\' W ltlun station \'cnra---_.. ........ 156
Texas-Oklahomas
Total . idramn ol i o 175
Station vairs 15
Variety within stahon VOUrs. . . 160
Southwest:
Total .. o mmeniimna e e e B 08
\lulmn VOUIS . e rmiivinme  mtmmsccmm——m
Variety within station years . 91
All regions:
Total. i i o i i 904 °
Station Yeurs. oo ociniemmnon- R, 48 i
Yuriety within station years 856

JO0 HIDNTILS ANV TUALDAYILS

6791 . 6473 . 6644 | y+=13.2196— . 1718x
5260 4. 4737 . 7582 =15, 0344 — , 2249x
8498 . 2886 . 5802 | ; . 7512 . 1289x

2717 . 4907 . 5818 =11,5156 — . 1272x
8900 3..3269 —. 2379 t .B857 —  0735x
3780 -2725 | . 8004 . 1091 — . 1444x

8878 4836 .  —. G418 | y=12. 3105— .1497x
1429 5.0243 . --. 6911 | y=11 4900— . 2125x
5, 4062 02200 1 . 6374 i y=11.2071— . 1205x

i
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: ’Smndurd error ol‘ (,shmme \ulucs are given for all regions.  These data represent both 1941 and 1942, except for the Southeast
where only 1942 Pressley index data were available.
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Ficung 8.—Comparison of the X-ray angles, fiber strengths, and yarn strongths
divided by the 8ber length for the regional varicty study., Each plotted point
represents the average of Lwe observativns for a given variety for Lhree conseeu-
tive vears ab eight locations. -

VARIETY

where it is desired to estimnate the strength index from the N-ray
angles. Since the X-ray method scrves best in breeding studies, little
or nothing will be gained by converting the X-say angles into strengths.

FIBER STRUCTURE AND YARN STRENGTU

The propertics of a yarn arc dependent upon numerous fiber
properties and processing effects, all of which should be taken into
consideraiion. The fiber propertics in turn are indfluenced by heredity,
environment, and field or storage damage. It is necessary, therefore,
in meking specific predictions that the data be analyzed 1n such wey
os to scgregate as many as possible of these variables. Where it
was practieable to de se these data, consequently, were broken down
te show main cffects and internctions so as fo get a mepsure of the
various contributors. The data do not lend themselves to an examina-
tion of the varations due to the spinning process.  These variations,
according to Campbell {8), are appreciable, and a pert of the varia-
bility not aceounted for here may be attributed to the manufacturing
process.

Space does not permit the presentation of ali the data or the detailed
anelyses. The cxamples used, however, are, as far as possible,
representative of the results as o whole. |

Certain of the individual fiber properties, for example, the length
and oceasionally the fineness as measured by weight-per-unit leangth,
showed & relatively high cocfficient of corvelation with the yam
strength (table 8). For the regional variety study, both length and
fincness gave r values of 0.88 when the varietal means were correlated
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with tire weighted skein strengths of 225 yarn.® - When fiber strength
was correlated with skein strength (225 varn), an » value of 0.7
was obtained, whereas X-ray angles and skein strengths (225 yarn)
gave an r value of only —0.39. When fibor fengths and X-ray
angles, for example, were combined into the product {(2-L).X, where
L=fiber length and X=X-ray angles, and correlated with yarn
strengths, hicher correlations wore obtained (table 8).  Since in these
studies, the length and fineness were so closely associnted with cach
other and sinee length was highly corvelated with skein strength, it
was not possible to differentiate clearly between the strueture and
the strength effects.!s

The results agree reasonably well for samples represented in groups
1,3, and 4. In group 2, which was spun into 22s, 28s, and 44s, it is
indirated that numerous cottons, which otherwise were long enough
to spin into 22s, 36s, and 50s but had probably received field damage,
were thrown inte this group.  This is indiented both from the results
and the grades and color of the cotton. Since group 1 is very small,
it is suggested that little relianee be placed in the resolts from “rolUDS
1and 2,

"The coeflicient of correlation (r value) obtained by Webb and Rich-
ardson {sce [ootnote 8) lor the total or averall m ixture of variotal and
environmental coffects is in reasonably good agrecment with those
reported here for “iotal.” They report an » value of 0.824 when
upper quartile fiber length and fber slrength were correlated with
skein strength of 22s varn, For the same data, except that X-ray
stngles were substituted for fiber strength, the writers obtained an »
value of 0.712 when the product of upper quartile fiber lengtly and
X-ray angle wore correlated with weighled skein strength of 225 yarn,
The » values, for all offeets, were found to be greater when fiber
strength was used in place of Xoray angles in the correlations with
skein strength of weighted 225 ¥arm.

Sinee the r values reported by Webb and Richardson wore obtained
for the total, or over-all, ofvcts they should not be compared with the
r values ealeulated for varietal or cnvironmental effeets reported in
tables 8 and 9 of this bulletin,  The reason total or over-all assoenn-
tions may be misleading when applied to speeific associstions may be
illustrated by the following example: The relation between fAber
fength and skein strength is strongly positive for varietal cffects buk
is usually nonsignificant or twmsiunallm\' negative for environmental
effects.  The total, thercfore, would appear to represent an inter-
mediate value that may not in certain inslances moot Lhe needs of
cotton breeders.

B Weighted 22s differ from 2% since they are adjusted By the performance of
the other two counts, given in the preliminarcy report by Campbell f=ep footnolo
i1, p. 18

& Fiber lengih is dircetly related to skein strength, whereas Nerny angles nnd
fincness, a8 expressed by weighi per ineh, are nversely related,

THEZI
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TaBLE S.~—Correlation coefficienis (r values) of fiber properties and
weighted 295 yarn strength,' caleulaled from the varietal means,
regional variely study

Fiper PROPERTIES ALONE

TFaetors used in correlation r values
Length and BDeness. oo o -~0.91
X-ray angle and fber strengbh e - —. 85

Fipek PROPERTIES AND YARN STRENGTHS

Skein strength of 22¢ yarn and fiber propertiea:

Tangbh e m e mmmmma G 88
FineROSS . o c e m e memmummmaammaea—mmm———m e —. 88
Fiber strengbh o oo oo Cwammm e —mmcemcmcmmmem—aa (i
Nera¥ BNElC o e mmem e oo mmcmmm e —. 30
Fiber strength X length L oo .95
Fiber strength Xiength divided by fineness. L - mvmmmoo .94
Fiber strength divided by Aneness. o oeomo o c e .04
Nerpy angie (2—longih) Fnencss. oo oo —. 94
N-ray angle divided by tength_ o e —. 43
Xorny angle X ADeues . oo oo oa e oo —. 80
t Sec Campbell citation in footnote 11, p. 18.

2 Chandler bundie meathod, »

The regional variety study was symmetrical; therefore, the variety
and the envivonmental cffects and their interactions were separated
(table 9)., Comparing the mean squares, the variclal elfcet was
numerically the greatest contributor to variance, both in regard to
the length and structural factors and the skein-strength effcet.
Location was the sccond greatest contributor for the length and
struetural factors, whereas year was the second greatest contributor
for yarn strength. For yarn strength, all major cffects and all
interactions were signifieantly groater than error.  In fiber peopertics,
all effects were sigmficantly greater than error. The 7 value for total
was 0.89 without Baton Rouge, and 0.71 including Batou Rouge.
The 7 value for varietal effect was .94 when Baton Rouge was omitted
and 0.93 when it was included. This may account f{or as much as
88 pereent of the variations in the yarn strengths, The spinning
technique undoubtedly accounis for a large part of the rest.

In the relationship of X-ray angles and fiber strength the 7 values
for loeation and season were higher thaw for variety (table 8), whereas
in the spinning studies the correlations between fiber propertics and
skein strength were higher for the varictal effect.  In the fiber studies,
strength is influenced by structure, which may be altercd for any
given variety by the environmental factors. In the spinning studics,
howaver, yarn strongth is dependent on many faetors, among which
are fiber length, fineness, and strength.  Fiber length is probably the
greatost single contributor to yarn strength, particularly at the higher
counts, and it may be less aficeted by cnvironment than the streagth
or other fiber properties used in these correlations.




TasLr 9. —Variance analysis of fiber properties and skein strength and correlation coefficients (r va'ues) for the 2 replicates
of 16 varieties of cotton grown at 7 and 8 locations,! respectively, for the & years, 1935-37

[X=Product of complement of X-ray apgle and upper quartile fiber length—(100—X-ray) u. q. L.; Y=weighted skein strength of 22s yarn _

Omitting Baton Rouge Including Baton Rouge

Variance Mean squares Mean squares

Degrees
of free-
doni

Blocks within location
Years X blocks within location
- Varieties

Variety X location.
Variety X year.. .
Location X year

Variety X loeation X year
Error

305

14.2040 |
14, 6867
2745. 6521
996. 2483
133. 8180
10. 6725
6. 7834
110. 8378
5.4312
2. 6533

38. 0557
11,7857
5110. 4573
2300. 1400
3232. 850
48: 6743
16. 7760
1262. 8450
25. 1658
9. 4629

0. 8905
.4310
- 4362
. 9387
. 6333
. 7603
- 4866
. 2848
L7724
. 4272
. 1066

350

12. 4299
14, 5715
138. 2743
853. 9398
248. 1870
9. 8378

7. 7915
107. 9413
5. 1882
2.4474

33. 7288
12. 2306
5333. 5980
5817. 9057
7344. 8300
68. 6730
13. 1603
1842. 8686
25. 2231
9: 6243
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* The samples from Baton Rouge were Iow in grade and showed distinet sigus of field damage.
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Traurk 0.—TRelation of X-ray angles, fiver strenglh, and yarn strength divided
hy fiber length plotied by locution. LEach plotted point represents the mean
of 06 observations including 2 blocks each from 16 varieties for 3 years.

The relationship of X-ray angles, fiber strength, and yarn strength
for the regional variety study is shown in figure 9. Wiber strength
and X-ray angles are more closcly corrclated than yain strength and
X-ray angles. There is poor_agreement with both fiber and yarn
strength at Stillwater, Okla.; Baten Rouge, La.; and Lubbock, Tex.
At Stillwater, the fibers were very short, whereas at Baton Rouge
some field damage undoubtedly occurred. So far no adequate ex-
planstion has been offered for the discrepancy ab Lubbock. The
cotton at this station was of medium length and strength but spun
inte a stronger yarn than indicated from the fiber properties.

The relation of fiber structure and strength and yarn strength
within & veriety is shown in figure 10. There is agreement between
K-ray angles and fiber strengths, even though neither are necessarily
on the ssme level from year to year. In 1938 and 1939 the fGber
strengths were low, but the skein shrengths of 22s yarn were relatively
high compared with the X-ray angles.  There are no adjustments lor
cither fiber length or strength, which accounts for the apparently poor
relationship with skein strength.  Although Stoneville 5 1s consistently
lower in fiber strength for a given X-ray angle than certain other
strmins 77 the correlation of X-ray angles and fiber strength within this
variety is —0.90, which is considered good.

The level of test in the three properties listed varies from year to
year, as cen be scen in figure 10. The X-ray angles and fiber and
yarn strengths were plotted in such way that the means were all ona
common level, and & given distance on the scale represents the same
percentage of deviation {rom the mean in each measurement.

37 Qee section on Influence of Species and Varicties, pp. 50 to 56.
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As shown clsewhere, both fiber strength and length affect skein
strength, There are no adjustments for these factors in figure 10;
thus the apparent lack of agreement between fiber p:opertws and
gkein strengths. The lines 1‘cpwsentmn- the X-ray angles and fiber
strengths run more or less parallel, but the fiber may be stronger for
a given structure for different years, as indicated by the X-ray nuﬂles
The same is true of skein strengths, although they are also intluenced
by fiber length, fineness, and “other plopcltles In 1638 and 1939
fiber stlcnrrt,hs were lower, whereas skein steengths were higher than
expected for the X-ray angles on the vasis of all 6 years.

Differences between varieties and variations due to environment
can best be compared in the regional variety study, but the relative
effects of fiber length, fineness, structure, and fiber strength on yarn
strength are shown better when more than one count is spun from the
same cotton. A number of groups of samples were selected where
erach cotton in a group was spun into the same three counts.

By combining The spinning studies from 1935 through 1942, it was
nossible to obtain a suﬂimently large number of samplcs in each of
these groups for variance analysis. The splmnng studies comslst of
four major groups of cotlon spun into (1) 22s, 28s, and 36s; (2) 2
« 28s, and 44s; (3) 22s, 30s, and 50s; and (4) 223, 44s, and 60s. In nllof
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COEFFICIENT OF CORRELATION OF SKEIN STRENGTH WITH FIBER FROPERTIES
o
(]

45 L ] L L I L ] L L] L [] 1 i 1
223 28s 368 44s 225 28s 38s 44z 50 6Qs
YARM COUNTS

Frevrme L —Correlation goefficients or r values by counts when {he complement

of length (2—4LY times Noray angie (X) as a producl (2—£X or F(2-- 10X

where = fineness wns correlated with the skein strengths of various counts

as shown.,  Note the deerease in r values i the bigher counts when (2—~£L)X
was used and the inerease in the same dircetion with #(2—4L)X.
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these groups the count 22s was common, and in eertain others one
additional count was common for two groups.  In general, thoe » values
became smaller as the counts became greater when the product
(2—L)X was used, where L=fiber length and X=X-ray angle (fig.
11). The 7 value at the level of 22 was greater in eertain groups for
this factor than when fineness (F) was ineluded in the product
F(2—L)X. In the latter case, however, the » values became greater
as the yarn count inereased (fig. 11). This indicabes that Aneness
becomes progressively more important as the count increases, that
is, as the yarn becomes finer.  This may be expeeted, sinee the surface
friction on the fibers used at the higher counts is undoubtedly more
important than in the coarser counts, where a larger number of the
fibers are in the interior of the cross section of the yarm.

It is necessary to use relatively large numbers in order to establish
regression equations of value for predicting the skein strength of a
cotten from the fiber propertics.  In each of groups 3 and 4, the
aumbers were sufficiently large to justify consideration, but the range
i fiber length was velatively small within either of these groups.
The 7 values were medium bul bighly significant, and regression BUS-
tions derived from them may be used for predieting skein strengths.
The correlations due to environmental effeets, however, were so poor
that the regression equations based on them, as well 2s on total, may
be considered somewhab unweliable,  In order to cstablish an over-all
regression equation for predieting the varn stvengths from fiber
properties, the 22s of all four groups were combined into a single
analysis,

In order to compare the effcets of X-ray angles and fiber strengths,
when used as products with length andjor fineness, the strengih was
substituted for the X-ray angles inone sct of data.  The fiber strength
when used with longih alone or in conjunetion with finoness as s
product gave better coeflicients of eorrelation than did the same
combination where X-ray angles were substituted for fiber strongth.
The diflerences between the two, however, were not greaf. and either
formula when derived from variety comparisons may be used for
estimating the yarn strengths of a given sample or variety, but when
based on total or environmental cffecis may not be of interest for
predicting skein strengths within & variety.,

Discussion axp CoNcrLusions

The fiber-structure strength relationship of American  upland
cotbons was examined by covariance for 766 samples, using the
Chandler bundle method; and for 905 samples, using the Pressley
index method.  The coeflicient of correlation was greater when the
Chandler bundle methed was used.

The vegression equations, when Xavay angles were correlated with
Pressley index, were compared for each of American upland (903
samples), sea-island (161 semples), and American-Euvptinn cottons
(93 samples}.  The American upland strains on the average gave the
lowest strength, whereas the American-Egyptinn colions guve the
greatest strength for a given Xeray angle.  The » values and slopes
of the regression cquation differed significantly from one lot to anothier,
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but larger numbers of samples in the sea-isinnd and Amcrican-
Egyptian groups would be desirable to establish dependable regres-
sions. The sea-island and American-Egvptian cotions on the average
were ahout 2 pounds (Pressley isdex) higher than the American up-
land strains for a given X-ray angle.

When the varietal means of Individual fiber properties were corre-
lated with the skein strengths of 22s yarn, fiber length and fineness
(microgram per inch) gave the highest r values, sirength third, and
Xray angle least.

For the purposes of this bulletin, 1t was felt that a rapid, approsi-
mate method would be adequate for evaluating the relation of siruc-
ture, as revealed by the X-ray method, and other fiber properties to
spinning performance. Comprehensive multiple correlations for
establishing the more preeise relationships that may serve as a guide
m the cotton research program are being made.  Although not com-
pleted, these studies appear to confirm the gencral trends and con-
clusions here presented. The fiber properties used were length (L},
strength {8), fineness as weight per inch (F}, and X-ray angle (X).
In general, when the product L X 8 was corvelated with skein strength,
the 7 values weve greatest at the lower counts and became progressively
lower at the higher counts, the 37 samples spup into 223, 28s, and 36s
heing the only exceptions.  When the product L X S/F was correlated
with skein sirength, the r values were least at the lower counts and
hecame progressively larger at the higher counts.

These results indieate that fiber fineness, as well as length, is of
progressively greater importance in the finer yarns, The skein
strength of the coarser yarns appears to be dominated by the cffeets
of fiber length and strengih,

The structure of the fiber, as shown by X-ray angle, may be substi-
tuted for the fiber strength in making progeny selections. Slightly
fower hut not nocessarily significantly different r values were vsually
abtained when the X-ray angles were used instead of the fiber strengih
in the products of length and/or fineness. This may be due to one
or both of two cnuses: (1) Tield damage affects the fiber and yarn
strengths considerably but has little or no cffect on the X-ray angles;
(2) certain varietics or strains ol cotton are stronger then others with
similar X-ray angles.

Care must be exereised in interpreting Xeray data in terms of
quality, beeause of variation in strength-strueture relationship from
one group of coitons to another.

It may be concluded that some 80 to 90 percent of the varintions
in yara streneth dependent on varietal eharacteristies can be accounted
for by the fiber properties included in this study.  Correlation coefli-
cients of 0.95 nnd 0.94 were obtained for the varietal effeet where the
product of length times strength (L X 8)) and length divided by
Xeray angle (L + X)), respeetively, were ecorrelnted with the weighted
skein strengths of 23s varn. Lower » values may be expected for
total and environmental effeet when covariance is applied to the data.

The Ny method can be used suceessfully i colton-breeding
studios and might be prefesred to strength methods for samples this
have susteined differentinl ficld damage suflieient to impair the fiber
strengths.



http:Ame>ricnn-Egyptin.ll

INFLUENCE OF GROWING CONDITIONS
By Teomis Kerg and EsrL Ii. BERELEY
STATEMENT OF PROBLEM

It is well known that the fiber propertics of cotton vary with the
environmental conditions under which the plants are grown., The
effects of environmental fluctuations on the strength and spiral strue-
ture of cotton fibers are discussed herein, particularly from the stand-

point of extent of variations snd causal factors.
REesuLts

The variations in X-ray angles and fiber strength induced by en-
vironmental factors for the regional variety study may be seen in
figure 12.  As shown by the variance analysis in the preceding section
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FiGrre 15.—Relation of daily low temperatures to fiber structure.  Each plotted
point represents 32 observations., The adjustments for rainfall were taken
from the relationship shown in figure 14. "The temperature is the low mean
for the 43 days when fibers were being produced.

(p. 23), the effects of location and year on the fiber structure and
strength of these cottons were numerically greater than the varietal
“effects. It may be seen further in figure 13 that when individual
varietics are examined at a greater number of locations, including the
nrigated region, similar differences were found.  In gencral, different
varietics respond similarly at all locations.

RAINFALL AND TEMPERATURE

An examination of weather records indiented that fibers with high
strength and small X-ray angles were produced at loeations with
relatively high temperature and low rainfall, e, g., College Station,
Tex. A rough estimate of the rainfall during the period of develop-
ment of the fibers (illustrated in fig. 14) was obtained by adding the
daily rainfall for a period of 45 days during the period when most of
the fibers were being produced.  Rains in excess of 1 inch and no
more than 3 inches in 24 hours were corrected for runofl by reducing
them 15 pereent and when more than 3 inches, by reducing them 50
pereent.  Iigure 14 for rainfall and figure 15 for temperature show
the partial correlation coeflicients when both rainfall and menn daily
low temperatures were correlated with the average X-ray angles for
all 16 varicties at each of 7 locations for 1935 and 3 locations for 1936
and 1037.%

¥ 'The missing point was from Marisnna (upland), Ark., in 1935, where no
weather records were kept.
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Low rainiall would mean low soll moisture and consequently low
available water for the plant.  High temperatures, particularly during
the hot part of the day, would result in high transpiration, ov high
water loss, and likewise low available water for the plant.  Thevelore,
it is not clear whether the effects of rainfall and temperature are
independent factors. TFurthermore, the soils at the various loeations
differ greatly and it is vot clear how much this may affect the moisture
relationships.

ADDITIONAL EXPERIMENTS IN THE RAIN BELT

At the time these date were being studied, a set of experiments
known as the “crop weather study” were being conducted by Charles
F. Sarle, assisted by A. L. Finkner, Production and Marketing
Administration. He furnished the authors representative samples
that made it possible to compare the effect on the spiral structure
of variety, loeation, planting date, fertilizer treatments, and time of
flowering, Time of Howering reflers to the period of Gber develop-
mend.  The carly bolls matured during hot summer weather, whereas
the late fruits developed in antumn, which was characterized in some
locations by cool mighis and at others by considerable drought.
Table 10 contains the X-ray angles for four varieties, three locations,
two dates of planting, two levels of fertilizer application, and four
dates of lowering.

Aualvsis of a part of the data (table 11) indieates that among the
main effects, flowering date and variety were highly significant,
whoreas fertilizer treatimrent was of interest and perhaps would have
been significant if pronounced deficiencies in essential elements had
existed. The interaction of dates of planting and flowering was also
highly significant. These data further emphasize the importance of
temperature and moisture in determining fiber propertics and indicate
that the fruiting load also may inercase stross,

TanLE 10.—N-ray angles by variety and location for the erop weather
study, 1840 crop

Varietiex

Plaee and time Freriilizer iate .

of planting {reatiment trgegedd SLane- Sé*}l::g Dixie 1 Shalter
ville 2B ='1'ritmq)}i;'Triu mph  Acala

Florence, 5. (' ) Degrees  Degrees - Degrees  Degrees
Higho_. .. Jdnly 7 T3 T R SO
oo ..o L Ldol. 3002 _.oaooa- S N
Low__._ ... do.. - 3.2 . LS
. 1 [ U ool L 30,2 . .. L. L. iieeea-
Noomalo__. ... b __L___ Julv 14 350 41,3 336 B
o . oo 'l dooo_.b 330 312 33.7 12, 2
fow. ... do.- .. 3.0 2.4 35 9 i
- doa. oLl moatlaol ) 852 376 .. 13, 0
Hlagh, . __._ ontlo__ . —. o 42,5 . -
l[i;.l:h _______ S [+ T [ R O 37. 6 11,2
do, oo .. dooo. 3.4 ..o 7.4 14,
Lateoooooi o Apow 10700 Tdeo D 3ns a0 369 13 7
[N < [+ TR do_... e 424 35.3 43. 7
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TanLe 10.~Xoray angles by variety and. location for the crop weather
study, 1946 crop—Continued

Varicties

Stone- Okla. I Nixic 1Shn.!‘ta:-r

i Bomy
ville 28 Ly, rmmph Trzumph Acain

Piace and time Fertitizer iMle
of planting treaiment tagied

g Degrees | Degrees | Degrees | Degrees
High___.._.| Julv 21 : 324 3847 340 33,
- N B N 3.2 339 40,
32.6F 37.9 350 40
i 37.4: 353 42,
8.8 .0 38
35. 8 32 39.
36. 4 33.2 40,
36, 2 34. 7 38.
L 40, 6 36. 8 44
I 40.8 358 42,
39, 4 35, 4 42,
42, 361

TFlorence, 8. ¢, —
Condinned
Normal___ ... .

."H:;.,h__-._._
([ PR
HLlow.._..
R <[ T
High.__. ..
oL ..

doo_L.

Julv 26 34

.,__de__-. 33,

ol 3

] . ) 314

Normini gl T Augp, .82
_.do.,.
| Low

Lol

High____...

-.do..

=] b3S LD G I D e T C

Experiment, Ga.:

=1 1 dn

35.3°
a1 2

30.4 330
30,9 402 73871 777002
:3';-

i 24,
Ul;,h_--_, . .f___tin__---' 32
. oL 20,

S [ T 29,
: Ang, 261 30.
b8

B A |

202

s

QQWO@thQQ%wGWtOQIOQ}

—-do_______} Sept. 9 1_‘
JENEN ¢ [ SRR ¢ . S
LO\\'_-____-.-.-do__-_E

Stoneville, Miss,:- i

Sfigho . July 18
HLowWa, ccmm ewa oL
5 Jodoooo_ ... .. .do_.__ ¢
Normal oo TR 7777 UGy 30T 346
54. S
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TavLe 10.—X-ray angles by variely and location for the crop weuther
study, 1940 erop—Continued

Varietiea
Place and time | Fertilizer Date o f
of planting r treatinent tapgged Stane- %‘.‘ﬁﬂl : _T?ixi ¢ | Shafter
ville 2B Triumph':'l rivmph]  Acala
é —_—
Stoneville,’ Degrees | Degrees | Degrees | Degrees
Misg.—-Con, I'Iijfh _______ July 30 gs. 2
Y 1 T I, —a-tdoo_ . 8.1
Late.ooooono. Low.._____ ——-do_... 3.6
__do-__-___i--,do_-_.. 35 7
High______ 1 Aug, 9 344
Normal.____.__ _doo_____ T . 31.8
Low__.__.._ weedoo . .6
~.dooLo . oo-doo_ .. 324
(Higho___ ) _.do___..! 3s4
Jeetloooooo.. —a-doo_l; 3520
: Lo}\' ....... ;_--30“_-‘_ 35, 1
Y 1+ T foc~doo__.. 3% 5
Late- - - -oue { {figh 00T Fiue 15T 334
> Y, R & [ T 35. 4
Low_ . _.._. boo-doo....  34.0 .
oo lo-dooo.. 33.2:

Marignna, Ark.: ; . : :
(Higho.___." Aug. 3 35,1 oL . eccc—mne :

—otloa .. 35,8 ccocao. e e

. 1 S doo...” 306 o _____
Normal..... Higho 22777 Rug. 8" 3a.6 404 364 10,3
oo . 1T S 349 38, 8 37.2 40. 9

Low___.__._.__ do__ov 86,6 .. ___ e ccmcmaa

hl:]_rlcr:; __________ do__._ 34. 6 ‘:_---a-é ..... AR T

gho oL, [ T, | ™3

Late. ... '{'fd? _______ Y - S 355 .. i
Highoo__ 00 Aug 19 .. 374 354 1. 0

Normal...__.. oo 2T N Y 354 o e
- 33. 2 b L N

Tateo.______.f Higho._____ f__do__-
Lawton, Okla,; '
- Spacing '

Thick . ___. July 31 ' 335

Normal . _.___ {-_do ....... fooodoooo_v 344
Thin_.____ do___. 33. 4
Tate_ . ______ Thino_____; Aug. 12 30, 7
Normalo______. Th]ick _________ do.._+ 32.6
N ¢ [ S, do..__: 32, 8
Late ... {Elg ___________ do-ll o b
Normal_______ '}‘hin _______ lI._.rlﬂ ..... 32 g
Thieko____. 1 Aug. 22 31
Late- ... {.1 dom...- oo BLT
- Thin ... do..._. 32, .
Rormal...... U do... 826
Late ... {'l'hick ______ Aug, 29 318

Thino ..o ... __do._._ 349

! Bpacing in lieu of fertilizer treatment was superimposed on the experimential
design,
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TanLe 11.—Variance analysis of X-ray angles from the crop weather
studies at Florence, S. C., 1940 crop *

s Degrees of bMean

Variance [reedow square
Bloeks . . _ e cccaas i 1. 85
Date of planting. ... 1 1,62
Date of tagging . - e i T 278. 48
Tagping X plantimg_ i i 243. 93
Fertiliners_ . ... a e e cececcac e mmmceacaoe 1 215 26
Fertilizers X p!antm[, _______________________________ 1 2, 64
Tertilizers X bagyriog ... 1 3. 51
VATt Ie8 ot e em e rm—————————— 3 2 400. 07
Variety X planting 3 2.25
Variety X tagging oo 3 3. 44
Variety X fertilizer. .. oo oo i cnaann 3 4. 17
Higher order interretions_ ..o oo _____ 13 2. 50
Experimental orroro oo ccmee e e e damaaamcaacae 28 2.99
Between duplieate samples_ o ___________ 61 .47
otal o o e 121 14, 24

t Tho samples represent duplientes of 4 varicties of eotton with 2 dates of plant-
mg 2 rates of fertilizer treatment, and 2 taggiogs with an interval of 2 weeks,
Vatues for 3 plots were missiang, and the values observed in the other ploisg in
each case were substituted, which aecounts for the loss of 6 degrees of Ireedom,

* Highly significant, odds of 99:1. .

3 Significant, odds of 19:1.

It is difficult, however, to correinie the X-ray angles with cither the
temperature or the rainfell, although it is obvious from figure 1G that
low rainfall and, in some eases, hwh temperature existed during the

period when the smaller Xeray anvlcs were praduced.  The X- -ray
anrrles from samples from Florence, S. C., were greatest in the samples
pr odueed during the wet period and lenst du:mo the relatively dry
periods. At Experiment, Ga., Stoneville, Miss,, “and Lawton, Okda,,
the weather beeame progressively drier; however, at Experiment and
Lawton the tempomtme was nppmcntly low enmwh late in the sca-
sonlto reduee the stress on the plants, as indicated by the larger
angles

In another experiment, the usual growing season was extended by
planting we varicties of cotton in the ar ecnthouse and by transplant-
ing them to the field as scon as the weather permitted, both st Raleigh
and Statesville, N. C., in 1948, Duplicaic blocks of the same varie-
ties also were plmatotl at the usual time and a third group 3 wecks
later. 1lossoms epened from June 19 until late in Au"ust Flowers
were Engged at [requent intervals and the bolls collected and studied.
The X-ray angles varied considerably from one part of ihe season to
another (fig. lr), and in these tests the combination of meisture and
temperature appeared to be more effective than cither alone.  When
it was hot and dry the angles were very small; when it was cool and
wet they were large; but late in the season the angles were small
again despite the cool weather. There was little or no rainfall in the
latter part of the season, howevo;, and the plants were badly stressed,
as determined by the extensive wilting, despite lower fall temperatures,
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FLORENGE,$C.1940 EXPERIMENT, GA. 1940
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Froune 16.—X-rny angles and weather dale from four logalions plotted by days
during the summer of 1940,

RALEIGH, M C.
n STATESVILLE, N G.
g m a5 . . /-..f‘\
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Figure 17,—X-ray angles and weather data from two locations plotied by days
during the sutnmer of 1940. As in figure 16, the X-ray angles were greatest
during the wet period and lenst during the dry, hot period in July and at the
end of the season, when there was little moisture left in the soil.
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During the progress of this experiment it was observed that the soil
above o terrace that extended aeross the blocks was relatively moiss
comparced with the rest of the ficld. Bolls collected from this ares
were kept separate and found to be different from those from the drier
arce (table 12). At certain periods the X-ray angles were smaller
from the moist plots than from the dry. This was somewhat con-
fusing until similar data were obtained under irrigation.

Tanue 12—X-ray angles by dates of tagging for the transplants and
early and late planting for 2 varieties of cotton grown at Raleigh, N. C.,
1840 erop

TRANSPLANTED FROM CGuesnrouse

Stongville 5 Delfos (Missdel) 4
Daote tagged Moisture level Moisture level i
. Mean i Mean

Dry Wet Dry Wet |

]
Degrees | Degrees | Degrees | Degrees | Degrees Degrees
June 19 oo ._____. | SRR V826 | ol I'37. 3
June 82 _____ 32.2 34. 2 33 2 |on e L 139.1
June 23 e 37. 1 35. 4 34. 2
dJune 25_____________. 3.8 33. 4 32. 6 36. 8 36. 8 36. 8
June 28 ... __ 33. 3 26. 7 3L5 35. 4 38.0 36, 7
Jaly 1. .. 23. 6 30. 5 28. 0 36. 0 34 4 35. 2
July 3. 20,7 29,6 2.6 35. 6 37. 8 36.7
July 8_ . 30.0 3.3 30. 8 3.0 36. 6 3.8
July 18 ... 31. 4 30.8 3l. 1 37.8 38.0 3.9
July 39. L. __ 32.6 32.8 32.7 3.4 38. 9 37.2
Mean. ... | so.8| sL5| sus| 66| sn.0] sni

i i
Norman PLaNTiNg
July 190 _o__...__. Po8Ls§ | 34. 8 ! 33.3) 419 I 10. 8 f 40. 9
July 26 L. . o 3714 383 37.7 4392 ___._.__. i 43, 2
Aug. 2T a4 I 361 | 352! 3.8, 414 40.6
Metn_oooo.. ' 34.4: 36.4 ; 35. 4 ! 41.3 i 411 l 416
Late Pranting

|
Aug. 2. 33.9 | 36,7 353 I 40.1 ! 41.8°  4L0
Aug. 120 ... 33.217 864 3L81 4051 43.2. 41. §
Aug 17,0 LTI .61 36.3] 36.0; 4i5! d08! 412
Aug, Bl . 34. 4 | 35.2; 348! 40.4; 396G 40, 4
Aug. 27 __ 11T 8.6, 325. 330! 30.0}....... Cooag
Mean_______._ 3. 1| 354 B48{ 403} 4n4i 40.6
Overnlimean..! 325+ 83.7: 83.1. 387 388 888

.' - b

! Not designnted if moisture levels were dry or wet.
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IRRIGATION STUDIES

Two or more varicties of cotton were grown under variable irriga-
tion at two stations—State College, N. Mex., and Sacaton, Ariz,—
which varicd widely in altitude and, therefore, air temperature.
The X-ray angles from these studies are shown in table 13. For
the same varicties, irrespective of irrigation, the X-ray angles were
smaller b Sacaton than at State College. At State College in 1039
and 1040 the X-ray angles were progressively smaller as irrigation
became lighter. The same was true at Sacaton in the carly part of the
season of 1040. Toward the end of the summer, however, the angles
boeame smaller in the highly irrigated plots and in certain instances
were less than those from the so-called stressed plots for the same date
of tagging. The experiments were repeated in 1941 with the same
rosults, 1t was observed for the most part that in the heavily irrigated
and to some extent in the normal plots, the plants were much larger
than in the stressed plots (tables 14 and 15). At Sacaton where high
temperatures prevailed, the larger plants wilted badly, whereas the
smaller plants on the lightly irrigated plots did not. At State College,
with an clevation of 3,800 feet above sea level, the plants were not
subject to such high temperatures, so that the water loss was not ex-
cessive; therefore thelightly irrigated plots continued to produce cofton
with better structure and strength than the normal or heavily jrri-
aated plants.

TasLe 13, —X-ray angles from cottons grown under various quantifies
of irrigation at Sacaton, Ariz., where high temperatures prevail, and
at State College, N. Mez., where relatively cool nights are common

SacAaTON, ARIZ

] !
[ i X-ray angle under—
i
. . Date :
Varicty Planting | tagged | Heavy | Normal, Light
: ! . irrige- | irriga- ; irriga-
’ ' “tion | tion | tion
| : H
. 1840 - Degrecs  Degrees - Degrees
Sfduly 8 - 37.7 . 33. 6
ATarly. .o~ Aug, 1o .. 350 3.4
Acals (8) omcm e A 27 ool bo3%.8 40, 4
Tt Aug. 27 Lo - 3.3 40. ¢
: | Sept, 18 _ . _..-- o 30.8, 41. 3
July 8 L. 20,3 ; 28,8
Early. o_coo-qAug. 1 . 27. 4! 25. 4
Stoneville §. o oaea——- AAug. 27 Lo 30.5 . 32.0
A\Late_..__...- '{Aug. 27 - 33.4 3.0
Sepl, 18 oo a- o826 3L 5
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TaBLE 13.—X-ray angles from cotlons grown under various quaniities
of irrigation af Sacaton, Ariz., where high temperatures prevail, and
at State College, N. Mex., where relatively cool nights are
common—Continued

SacaroN, Arre—Continued

X-ray angle under—
- : Date .
Variety Planting tagged | Heavy | Normal | Light
irrign- | irriga- | irriga-
tion | tion tion
|
'}
104G Degrees - Degrees | Degrees
i July 8 ____ 39.2 ¢ 35. 2
Barly__..___.. Aug., 1 ______. 35. 4 33. 6
Delfos (Missdel) 4..____ ylAug 27 @ ____ 37.8 37. 8
Late .o eoo. Aug. 27 _o__.__. 3¢. 9 . 40. 2
Bepb. 18 (o ______. , 418 40. 2
1941 { .
July 15 37.2! 374 36. 0
July 30 ¢ 383, 348" 35. 6
Aeala {8y b . Aupg, 15 . 36.8 35, 2 34. 4
Auop. 3D 36.5 , 34.9: 31. 0
Sept. 15 ¢ 36. 5 36.3 . 36. 2
July 15+ 20.0. 26,1 25 8
July 30 . 20,0 20. 7 28. 6
Stoneville 5___ . ___ .. | __________ {Aug. 15 26, 3 26,2 23. 6
‘ Aug. 30 25.4 254  24.8
[ Sept. 15 2.4 . 30.0 : 29.0
Sravkr ConLice, N. Mex.
193G 38.0 34. 6 33.5
e {1050 | 2ol 501 53
5 T TSR (R R 1940 35.7 3t 4 30.7
1941
July 14 35.4 34. 4 32. 8
July 29 3.4 342 30. 2
Acaln 1517 | Aug. 13 36. 0 | 34.9 32.7
Aug. 28 30,4 33. 6 33. 0
Sept, 12 30.0 32.1 28. 9
July 14 40, 8 39. 0 a6. 2
July 24 30,1 38.0 34. 6
Btoneville 5. | Aug. 13} 374 35.7 35. 4
Aug. 28 © 378 38. 8 36. 4
Sept., 12 ! 37.4 40,3 | .

I Duplicate lots taken from spinning samples.
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TapLE 14.—Average height of plants for well irmgated and lightly
irrigated (stressed) plots for three varieties of cotton !

s Heights of plants

Date under—
Date planted and variety plants
measured

Wormal Lipht
irrigation | irrigntion

Apr. 12: Centimeters Centimelers
62. 3 56

Shafter Acala {S\él[i 673
Gl. 6

Stoneville 3 {S\élrj);t 1.6
' 76,0

Delfos (Missdel) 4 {Aug.
May 1:

Shafter Acala {él;i)gt

Stoneville 5 {ge“r;ét'

Delfos (Missdel) 4 {S\;pgt

35.0
03.2
80, 2
851
86. 3
93.1

7
4
7
4
7
Sept. 4 8.2
7
4
7
4
7
4

P YA R

' Dota taken from King's Data Book on the samples grown for the effects of
irrigation on cellulose alinement, 1940 crop.

TABLE 15.—Number of leaves per plant for 2 varieties of cotton and
3 rates of trrigation, Sacaton, Ariz., 1941 crop

Leaves per plant under—

Date

Variety eounted

Heavy Normal Light
irrigation | irrigation | irrigation

Number | Number Number
July 25 (9. 5 62. 9 73.
Aug. 26 123. & 95. 3
July 25 7.7 42, 6 113. 9
Aug. 26 151. 6 141, 2 143. 4

STRESS ON PLANTS

Stress during the carly stages of vegetative growth affects the size of
the plants. The extent of water loss at the time the bolls are matur-
ing 1s in turn affected by the leafl arca exposed. In the experiments
at Sacaton in 1940, the same quantity of water was supplied all plots
on September 11, the date of the last irrigation. From that time
until the end of the season, the larger plants, transpiring more water,
would be under greater stress, and it is not surprising to find that these
plants had fiber with smaller angles. In 1041, rain late in September
produced a similar condition.

25,0 -
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Fraure 18—XN-ray angles and Pressley indices, daily temperatures, rainfall, and
degree of wilting for two planlings each of two varictics of cotton grown at
Raleigh, N. C., in 1942,

In view of these observations, an attempt was made to measure
the stress by observing the extens of wilting and by measuring the
varistions in boll size with auxometers during the period of boll
growth and maturation at Ralcigh, N. C., in 1942, Daily records
were kept and fibers firom bolls initiated each day during the flowering
season were studied. TFigure 18 shows in graph form the X-ray
angles, fiber strengths, daily weather data, and extent of wilting for
two varicties of cotton, ineluding two plantings each. It will be
observed that the X-ray angles beeame smaller and fiber strength
greater as the wilting became more pronounced. The auxometer
measurements also indicate that stress existed in the plants. The
bolls varied in size as they lost or gained turgidity. In general, they
became smaller during the hot part of the day and regained size
during the night.

In the greenhouse at Beltsville, Md., four cotton plants were grown
continuously for 2 years. Adequate water for gom\ growth wns sup-
plied at all times, but the summer temperatures in the greenhouse
were much higher than winter temperatures.  The difference in the
winter gnd summer stress conditions is vellected in the X-ray angles
from fibers maturing during these periods (table 16).
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TasLe 16.—X-ray angles, representing cllernate summer and winter,
from 4 cotton planis grown continuously without fransplanting, in a
greenhouse ol Beltsville, Md.

. Summer,; Winter, | Summer,| Winter,
Variety 1043 11043 44| 1044 | 1044-45

Degrees | Degrees | Degrees | Degrees

De Ridder oo oo & 30. 6 44. 6 351 49, 4
Stoneville. oo aas 28. 8 n 27. 6 44. Q
Cook o e e 32. 2 43. 3 34. ¢ 42, 7
DelfOS o o e 37. 4 49. 8 39, 7 48. 0
1 No data.
DiscussioN

In the data presented, it may be seen that the spiral structure and
the fiber strength were both affeeted similarly by environmental con-
ditions. In the course of this work it became apparent that the chief
environmental factor influencing fiber strength appcars o be the
water stress of the plant.

Stress in the plant is equivalent to lack of turgor. The turgor of
the plant cells has been defined by the equation, turgor=osmotic
pressure— diffusion-pressure deficit. A discussion of the water rela-
tions in plant cells is given by Ursprung (34) and by Meyer (19). If
high stress is correlated with variations in turgor, it would scem advis-
able to measure the turgor and show this correlation.  Unfortunately,
ell attempts to measure turgor accurately have failed, and, therefore,
the term ‘“‘stress” in & more general sense has been used.  Working
on this thesis, however, it has been possible to explain in general most
of the varistions in strength that have been found.

The turgor of the cotton plant may be affected by the quantity
of available water (i. e., soil moisture} and also by the rate of water
loss. Rainfall gives only a rough cstimate of the quantity of avail-
able water, and nothing about water loss. Transpiration from the

lant would be influenced chicfly by the temperature and relative
numidity (or rather the vapor pressure of the air). These factors
were measured, but unfortunately they tell only part of the story.
The size of the plant and particularly the leaf surface undergoing
transpiration (including the unknown root-shoot ratio} are also
factors to be taken into account. Thiz was apparent in the late
tagging of the irrignted cotton at Sacaton, Ariz., and to a lesser degree
in the samples from the plants in the wet plots at Raleigh, N. C,,
in 1940. Plants growing at a high water level develop low osmotic
ressures in their cells and wilt more readily.  All these factors must
Ee taken into consideration in working on the problems of water
stress.

In addition, the question arises: When, during boll development,
docs water stress affect the spiral structure and consequently the
strength? TFrom the standpoint of development, it seems logieal 6o
assume that water stress should affect the structure during the period
of secondary deposition, i. e., from 16 to 40 days after flowering.
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Fruits are set at different dates over the season, however, so that the
total crop is affected by the weather during a longer period. In
general, the scasons may be cither dey or wel,  On the other hand,
particularly in the eastern part of the Cotfon Belt, the weather may
change abruptly during the period of bell development. These
abrupt changes have shown quite clearly that the spiral structure is
aflected by the summation of the stress during the period of sccondary
deposition {fig. 18).

In the data collected at Raleigh in 1942 there was a period of
severe wilting (July 15-22) relieved by cloudy weather and light
rains when no stress was evident (but only temporary relief oceurred,
July 23-26), fellowed by inereasingly severe stress conditions until
August 4. After this date, there came o period of heavy rains.  The
breale on August 4 was an extreme change. Nevertheless, bolls
beginning secondary wall deposition in the severe drought (July
28~August 4) showed increasingly larger angles as the number of
days during which they underwent deposition under stress conditions
diminished. This ean only mean that the final X-ray angles are a
summation of the spiral structure in the various growth rings; and
that cach day’s depositions arve influenced by the stress conditions
present at that time.  During the early part of secondary thickening,
the quantity of cellulose deposited is more than during the later
stages of maturation {5); consequently the summation of stress during
the period of secondary wall deposition eannot be determined aecu-
rately by adding the stress for the tofal period of boll develapment.

The problem of cstimating stress was exceedingly difficule.  In
view of the unexpected results on the late taggings ol cotton grown
under trigeted conditions it became obvious that if any significant
measure of turgor was to be obtained it would be necessary to go to
the plant, rather than to attermpt to evaluate fuctors in the environ-
ment.  Dircet measurements of the osmotic pressure and the diffusion-
pressure deficit were teken, so that the turgor might be calculuted,
using the equation turgor=osmotie pressure —diffusion-pressure defleit
(15). In calculating turgor in growing cotton bolls Lhis equation
was not valid, since the values for the diffusion-pressure defieil
were found to exceed the osmolie pressure in bolls more than 24 days
old, even when the bolls were obviously turgid.

Auxemeter measurements (2) of the growing bolls also were made.
and these showed quite elearly the degree of shrinkage in the growing
bolls under different stress conditions.  The quantity of shirinkage,
however, varied with age of boll and exposure to sunlight.  Furthoer-
more, an auxometer oceasionally broke down at o eritical periad, as the
sensilivity of the instrument is such that it will not always withstand
the rugged weather conditions found in the field. In addition, it
was not practicable to operate a sufficient number of auxometers to
obtam enough data to corrclate aceurately with the X-ray angles.

In the absence of a general method for measuring turgor, the extent
of wilting gave the best results as a measure of stress conditions.
Incipient wilting represents the absence of turzor, whereas severe
wilting is accompanied by plasmolysis.  Records on wilting gave no
idea of the extent of stress preceding this stage, but when wilting
occurred it was casily measured gnd the number of hours in the wilted
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condition gave an cstimate of the stress on the boll.  Stress may be
present even though wilting does not oceur, but this has not been
measured.

In view of the fact that the spiral structure is highly influenced by
siress conditions that cannot be messured accurately, it is dilticult to
determine whether other envirenmental factors also affect the spiral
structure. ‘Thus, it is apparent that changes in temperature (lig. 15)
influence the X-ray angles.  Although this influence appears chiclly
in the form of water loss, it is believed that temperature alone may
have an independent efleet.  The possible influenee of soil fertility
ou fiber strength has also entered into the pieture, but from the data
presented hiere, no significant conclusions on this point can be drawn.
A difference in fertilizer level obiained by using the crop wenther
data of 1940 gave values approaching significance, whereas values of
datn on variety and dates of tagging weve highly significant.

Water stress influences fiber propertics other than spiral structure.
Lint length is reduced, weight fineness may be incrcased, and yield
may be lowered by lack of turzor within the plant. Bonnen and
othors () have shown that length and strength are essentially com-
pensatory actors tending to make yarn strength eonstant within o
given variety.  When this corvelation exists, it is apparently caused
by the influence of stress conditions during fiber development.

When the situation is analyzed more closely it may be seen that
fiber length is affected by stress during the early stages of boll develop-
ment, i, ., during the period of fiber enlargement (10 to 16 days alter
flowering) (31), while strenzth varies with the turgor durnng the
period of boll maturation (16 to 40 days alter flowering). It is pos-
sible that the weather mey change alter the fibers have reached their
mature length and that the fibers may develop under two different
sets of environmental conditions, Sueh a change is not common,
although it is possible to produee a favorable combination of high hint
length and high strength under rvigation. From the geowers’ stand-
point, however, inereased strength throngh stress conditions usually
means decreased viekds.  Therefore, further advances in high-streagth
cotton must come by means of plant breeding and not threugh cultural
practices.

Coxcuesions

Cotton fibers grown at different locations, in dilferent seasons, and
in different parts of the same season at the same loeation, and under
widely different levels of irvigation at the same and different loeations,
were examined for variation in cellawall structure and tensile strength,
As & result of the studies on the inlluence of growing vonditions on thy
fiber propurties of cotton, the following cenclusions are possible:

The environmentally wduced variations in fiber properties and
spinning quality of eotton are frequently pronounced and may be of
considerable importance.

Environmenial conditions that affeet the water relations in the plant
modify the fiber structure and strength ol the cotton,

Cottons grown under stress usually produce strong fiber with rela-
tively small N-ray angles.
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The turgor of the plant during the period of deposition of the cellu-
lose of the secondary thickening appears to be the controliing fnctor
in the environmentally induced strength and structure of the fiber.

The turgor of the plant may be affected by & low water level in the
soil, by bigh temperatures combined with lew relative humidity, er
by any factor that creates o greater water loss from the leaves than
the supply or movement of water in the plant.

Plants grown under low irrigation may show less stress during the
Intter part of the scason than other plants grown under high irriga-
tion, owing to the cnormous leal suziace on the latier.

Since the environmental conditions associated with high strength
usvally reduce the yield and staple length, it is advisable to obtain
strong coltons by breeding rather than by cultural practices.




INFLUENCE OF SPECIES AND VARIETIES
By Earn E. Berxeey and €. J. King
Gexenil BACKGROUND

Maintenance of quality and the development of improved varietics
and strains are necessary if the United States is to maintain or improve
its position in the cotton trade. The cotton breeder is limited by the
measurements or the tools he has at his disposal for differentiating
varicties. I u ehwoice between plants or the various progeny groups
is to be made, rapid methods for comparing large numbers of progenics
must be available. An X-vay diffraction method, developed by
Berkley and Woodyard (6) and deseribed in the first section (pp. 3 to
14) of this bulletin, may be used in selecting strains that will produce
strong fiber. This technique was used by Ware and Harrvell (88} in
their study of inheritance of strength in upland ecotton.

In applying this method in the spinning and fiber studies of new
strains {(pp. 15 to 31), it was observed that varietal characteristics
influenced the application of the Xeray technique. Certain variclics
of cotton aid all varicties at cortnin locations gave stronger or weaker
fiber and varns than expected from the X-ray angles.  Ficld damage
‘s known to reduce Aber strength appreciably, whereas it has little
effect on structure.’

This woulit account for the low strength values found at Baton
Rouze i 1937. Obvious explanations, however, are not readily
apparent for certain hereditary or varictal diserepaneies, as in Farm
Relief, Stoneville 3, and Wilds (Coker) 3; nor for certain environmental
pecutiarities, as for all varcelies grown at Lubbaock, Tex., in certain
erOp years,

It seemed desirable, thercefore, to examine the relation of variety to
fber structure, 8s measured by the X-vay angles with respeet to its
possible utility to the cotton breeders for making improvement in
fiber strength. Any method used as a basis of selecting cotton
variotios is likely $o be subject to certain linutations even within
specios. It is understond that correlations of fiber properties for
environmental effects, i, 0., within a variety, may give an eatirely
different result from those for hereditary or varictal effects. The
response consequently becomes somewhat confusing il heritabie and
environmental effects are not clearly delimited amd espeetally so if
“yariety” is not clearly defined.

In thie varicial-strain studies it was found that the regression equa-
tions for predicting the Pressley indiees from the N-ray angles woere in
general as follows: For sea-island cotton, §==16.5286—60.2256.Y; {or

¥ Gnpublished dafa obtained jointly by arry Humfeld, Burcsu of Industrial
and Agriculiura! Chemistry, and Farl k. Berkley, of this I3urean.

ol
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American-Egyptian cottons, S=158740—0.1800.Y; nnd for American
upland cotton, §=12.3105—0.1407.Y, where S=DProssley index and
A=Xaay sngles. For any given angle, the Pressley index was
therefore, about 2 pouruds greater on the avernge for Uhe sea-igland
and American-Egyptian cottons than for the upland struins. 1t also
is shown that similar but smaller dillerences are found between the
regression equations fromy varietics or strains within the samo specics,
This study denls primarily with the relatienships and differences
existing within a species or among the American upland strains, with
one example of & cross of two v more speeies,

The populations dealt with are admittediy small, and, while the
trends shown here have been confirmed in other limited datn frorm
hybrid material, it is realized that more extensive genelie studies will
be required to establish definitely the mode of inheritance for strueturo
as revealed by the Noray method.

Resvirs

A commereial variety or strain of cotlon may be veferred to as a
population of individuals similar in origin and churneteristies.  Vari-
elies and strains may be cdistinguished from eaeh other, sinee the
differences within a population are less than the average of those
betweengroups.  Unless they have avisen as pure lines, however, they
cannol be expeeted to breed true in the shiclest sense nor to remain
constani over o long period ol years.

1935 1938,

1937
T ¥

T

T J

a0 r
85k
BOF
751

80|
5

FIBER STRENGTH ({1,000 L.BS PER 5Q IN.}

1 1 I 1 1 L] t 1 1 1 i I 1 | 1 I ] 1 1
25 ) 34 38 26 30 34 38 26 30 14 8
X-RAY ANGLE (DEGREES)

Frevne 14, Fiber strength (Chandler bundle merthod; on (he ordinate amd Neray
angles on The abseissi for Wilds 5 (X3 and Stonevilio 3 (01 coltons,  Thie thilos
indiente the erap years,  The heavy line is the regression Gne for ot in e
covarlingee of 1he regional varery stuady Tor 16 varicties in 8 loestions for 3 years,
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Bearing in mind the restrictions imposed by the varictal character-
istics, two of the well-known cottons of the regional variety test are
compared. In general, the fiber strength of thte Stoneville 5 cobton
was lower than expeeted for the X-rey angles, whereas that of Wilds 5
was stronger on the basis of all varicties {fig. 19). For a given Xeray
angle, the Wilds was about 9,000 pounds per square inch stronger than
the Stoneville, Within each variety, there was a reasonably good
negative correlation between strength and structure, excepd where
field damage was pronounced. When the varietal averages weve
used, however, there was a positive relation between X-ray angles and
fiber strengths. The Stoneville § eotlon had an average Nray angle
of 31.1° and & fiber sirength of 80.8 (1,000 pounds per square inch),
whereas Wilds 5 had an average angle of 33.8° and o strength of 84.5.

CROS5 QF TWO STRAINS

From the point of view of eotton improvement, the cotion breeder
is intcrested in the genetic response of the progenies from a given
cross. The extremes and the average X-ray angles from the parents
and the T, to F, gencrations of a cross of two Acala strains are given
in table 17. The pavents and the F, represent the same crop year.
Tt can be observed that the average X-ray angle of the F, was approxi-
mately thr same as the average of the two parents. The Xeray angles
from the F» and later gencrations may have been modified by seasonanl
or eultural conditions. They may bave been influenced by selection
also, although no conscious effort was made to select [or large or small
Xray angles. Desirable plant and boll types were used, meinly as
the bDasis of selection.  Freguently, the pavent with the best type of
p\iant-, as judged by the breeder, produces fiber with a relalively large
Xeray angle.

The Ty samples showed a smaller Xeray angle then the average of
the two parents or the F, generatinn, wherens the F; and ¥, gave n
somewhat larger average angle.  The distribution of the X-ray angles
in the Fy and Fy hybrids tends to spread to the extremes of the two
parents. In the I, however, in which 9 of the 10 scleetions were
devived from the same parent, the spread of the X-rey angles was
only from 29.3° to 35.2°.

TasLE 17.—The extreme and mean X-ray angles from the parents and
from the F\, Fa, Fs, and B, hybrids from a ecross

Mean
Mean | nopgles
angle for
parcnts

Sirain or hybrid Plants |Rrnge in angles

s Number Degrees Degrees | Degrees
Acala 22 {parentl} 10} 26.41030.0 2.8
Acala 3 62 (parent) 33. 8 o 36. 35.5°
) bl e e mamme- | 28. 6lo 3211 8L0
Ty hybrid i 27.510 34 345
Fy bybrid 30. 2 to 37, 34,3
Fy hybrid [ 20.8310385.2; 323
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CROSS OF TWO VARIETIES

A cross of two varicties appears to follow the same course of in-
heritanee as two strains in relation to fiber strueture. In 1038 a eross
was made with Durango, & variety with small X-ray angles and Acala
Shafier, a variety with large X-ray angles.  No atiempt was made to
study the progeny populations for fiber structural characteristics until
1043, and then only & fraction of the {iber material from the various
progeny populations was availeble. A number of samples tested in
the Fy, Fy, T, and F, gonerations, however, seemed worthy of study,
The results, including X-ray angles and fiber streagth, ere shown in
figure 20, In the Iy and s the data were not adequate for the study
of spread in fhe X-vay angles, but in the Ty the range was from 29.4° to
36.8%, with o mean of 33.2°, which was veryelose to the mean of the twe
parents.  In the Fy the range was from 29.2° {0 35.0° and the mean was
32.9°, whereas the Fy ranged from 28.7° 16 38.8°, with a mean of 33.8°,
The strength data based on the Pressley index and converted to
pounds per square inch follow mueh the same distribution from the
mean as the X-ray data {ig. 20}.

In the eourse of breeding five distinet fvpes were segregated from
selections 9, 12, 19, 22, and 25 made in the I generabion. No. 9 was
dropped alter the fourth generation.  The other four have been cnr-
1'io({ through six generations,  When the Xeray dnla from these were
studied, il was found that Ne. 25 showed consistent dilferences in
fiber struetore from the other three lines.  Tn all samples vepresenting
individual plants or several plants combined, the X-ray angles were
relatively small and fell within & narrow range not much higher then
the Durango parent.

Another line originating from seleetion No. 12 showed more inherent
charseivristies of the Acala parent than the others,  The X-ray angle
tended to be large, but with a wide range, which allowed continued
sclection for desirable fiber structure,

In making pient selection in the Fo, Fy, and Fy, the plant and boll
type, fiber length, and lint index were used as guides without resorting
to N-ray or fiber-strength measurements,  Fortunalely, progeny line
No. 25 was not eliminated, since it possessed desirable plant character-
isties and high yielding capacity as well as superior fiber structure and
strength,  The value of the Xeray is indieated in detecting such quali-
ties in the early stages of segregation.  The hehavior of the No. 25
line in proving fally homozvgous for small angle and high teasile
strength suggests that the inheritance of fiber structural characteris-
ties may nol be so complex as its quantitative nature might indicate.

It is ndieated further (g 21 and talde 17) that u characteristic
structure for o given strain where segregation is not pronounced is

Tanue 18.—N-ray angles from G self-pollinaied pedigreed sib lines of
cotlon, variety Nueala, grown of Greenville, Ter., 1940 e

N-ruy

amzle

Pegrees

Pedigree Pedigree

anyle

© ddegrees
-7 1-18-8 3-2-10. . ... _. 314 -7 1-18-i3-1-8-1 . __. i 32,6
16-7-1- 18-9-+{--3- 1, plant 10.. 3.2 I6-F-1-08 23 554 322
16 7-1-18-6-1- 8 1. plant 145, 321 1I-71-34 11 | 7-6
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Ficure 20.~~Inheritance of X-ray angle and fiber strength in an Acala-Durango hybrid.
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Fravre 21.—X-ray angles from 2 varieties of cotton grown ot 18 loeations through-
out the Cotlon Belt for 3 conseculive vears.  Haeh variely kept its respective
position at all stations and in al} yesrs.

nmore or less stable.  Figure 21 gives data for two varicties, Stoneville 5
and Missdel 4, grown side by side for 3 consecutive years at 18 loca-
tions throughout the Cotton Belt. There was a regsonably constant
difference in the structures of the two varieties irrespeetive of loeation
or seasonal effeets,  Six similar selections from a single strain, some
of which had been separated for five generations, are shown in table 18.
The X-ray angles are within the limits of experimental error,

CROS5 OF TWO OR MORE S['ECIE.é

Beeause of differences in chromosome numbers, it is necessary to
use speeial technique when crossing cerfain species of cotton,  Beasle
(4) suceeeded in erossing widely different cottons by the use of col-
chicine and special culture technique. The results obtained when a
triple hybrid was backerossed to American upinnd cotton and pro-
duced fiber of unusual characteristics is diagrammed in figure 22,
(Sec footnote 11, p, 18.) TUnfortunately, no detailed study wns made
of the fiber from plants of the two parents grown with the progenies,
but such information as is available indicates that the X-ray angles
of Qossypium arborewm var, nanking would be about 35° and of the
American upland about 38° when grown beside the triple hybrid,
which gave an X-ray angle of 20°, The small angle was apparcatly
inherited from the lintless cotton @ thurberii, a wild American specics.
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G. orboreum vor. ronking G, thurberit

sterile hybrfd
26 chromosomes

doubled with celchicing

{ovals ferlila} 52 chiomosomes

Triple hybeid = fertite \ //

2 chromosomaes
{ 26 Uplond, 13 Asiatic, ond (3 wild American}

Uplond
52 chromosamas

Upland

Triple hybrid
fiest backeross

Triple hybrid
second bockeross
Fiaure 22—Disgram of triple hybrid and backeross, showing parcats and
stage where chromosomes were doubled by use of colehicine. This coticn
was bred by Dr. Thomas Kerr and the late Dr. J. O, Beasley, at the North
Carolina State College, Raleigh.

Other hybrids resulting from crosses of widely different speeigs have
been suceessful in producing cottons with smell X-ray angles and
excellent fiber strength. If thesc characteristics can be combined
with the high-yielding characteristics of the better American upland
strains, superior cottons will result.

DiscussioN anp CONCLUSIONS

It may be concluded from the date available that the structural-
strength relationship is somewhat different in differené speetes of
cotton and occasionally in diffcrent varicties of the same species.
The comparison of X-ray angles, thereforc, as an index of the strength
or commereial value of a sample should be limited to & given species
or group, unless a conversion factor is used in going from one to the
other. On the other hand, the structure of the fiber as shown by
X-ray angles is sufficiently constant within a well-cstablished strain
for comparisons between strains to be made under a given environ-
menb. ¥When two widely different strains are crossed, the structure
of the ¥, hybrid may be equal to the average of the parents or better,
with wide segregation in the second and succeeding generations.

The X-ray methods, as described on pages 57 to 61, can be used to
advantage where sclections for strength of fiber are desired. Since
the X-ray angles are not materially aficcted by the usual field damage
oceurring while the cotten is open on the plant, the technique should
be particularly valuable to cotton breeders. It is recognized thab
more data arc necessary for final conelusions on the mode of inherié-
ance of fiber struetwre and strength.




QUTLINE OF X.RAY METHOD
By Larrn B, BrrrLsy
PREPARATION OF SAMPLE
SUBSAMPLE

A laboratory sample is drawn by taking small pinches (50 to 100)
at random throughout the bull sample. Care should be exercised to
be sure that the subsample is representative of the entire sample to
be studied, The laboratory sample is divided or pulled a number of
times between the hands and drawn into a hand sliver. The sliver
is folded about three or fowr times and again divided between the
hands several times.

BUNDLE

The blended sample should be broken between the hands and small
tufts of fiber sufficient to make & bundle pulled from the break. Use
care in exeluding Iumps or tufts of fibers that were not mixed in draw-
ing the sliver. Comb cach end of the rough bundle 15 strokes in the
coarse comb (fig. 23} by grasping the bundle about one-cizhth inch
from center and combing the long end. Then comb each “end of it
20 strokes on the fine comb and a(l]ust to the appropriate size after

TIGLRE 28 —C('oarspe cumb {A) and imc comh (f3) used in preparing 2 \-ra& hundlles.
oy
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Fiorne 2d.—Pressere device for tying cotton hundles for use in X-ray method of
testing Aber slnictire and strength: A, Front view, bundle of cotton in slot with
plunger holding it in plaee, spring adjusted Lo vompress Lthe cotton into o
compact bundle; H, side view, showing detail of slot and plunger.

weighing.  The recommended bundle size is approximately 0.125 inch
in ¢ircumferenee, as measured by the wrapping procedure doseribed
for the Chandler bundle method (27). A semewhat smaller bundle
nmay be used, but larger bundles are not recommended.  After adjust-
ing to size, comb cach end again 15 strokes on the fine comb and
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reweigh, Il further adjustment is necessary, comb only sufliciently
to smonth out the bundle,  Place bundle in elamp (lig. 24) 2 and tic
cach end elvse to the clamyp, using o niller’s knot or elove hiteh.  This
should be done with enre so as to avoid twisting or otherwise distosting
the buuldle,

Prepaving thHe N-Ray PaTtreexs

Place the bundle in the tension device (fig. 25), using care not to
allow it to twist or otherwise become distorted or roughed up.  Apply
10 ])mnuls tensicn for bundles of standard size, pln]m:tlonally loss
for - or K-stze_bundles, and place in position on the Neray unit at
rirht ﬂnrrlvs to the diveetion of the X-ray beam. A collinator opening
ol 0.033 inch has been found satisfactory for routine tests.

I!Iil!!"_

Frarne 25.—A, Tension deviee for holding the bundie of cotton while the X-ray
prtlern is maude; £, enlarged view of the jaw, showing the leanher grips that
hold the eotion,

2 The apparntus illustraled in figures 23 and 25 were designed aned built in the
Department of Agricutture laburatorfes, and dewils For thm miay be ohtained
from Lhie author,
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Place the Alm in the holder, adjust the distance from sample to
film, and cxpose so as to get 8 phetographic deasity sufficient to give
approximately 180 scale divisions on the mierophotometer at the
dackest point in the 002 are. A distance of 4 cm, from specimen to
film was used to obtain the data veported in this bulletin, but greater
or smaller distances can be used with listle change in results. The
exposurc time varies, however, with specimen-to-film distanece.

Develop film according to manufacturer’s recommendation, which
usnally calls for a 5-minute development period at 65° F., wash for 30
seconds, fix for 12 minutes, wash again for 30 minutes, and then rinse
and dry. In rinsing, the film should be swabbed off thoroughly with
a soft, cellulose sponge or absorbent cotton so as fo remove any flm
or sediment deposited from the wash water. Set film racks on edge
while drving to prevent the water on the clips from running over the
X-ray pattern.

Measvrmine THE X-Ray AnciLe

The microphotometer used for messuring the patterns has been
fully deseribed by Berkley and Woodyard (6), and the details on
calibration will be found on pages 7 and 14,

Since that time, & fow minor changes have been made that should
be noted. The most important has been in the galvanemeter.
new system, using a taut suspension, has been imstalled. This unit
has 8 sensitivity of 0.012ga. per millimeter at 15 inches and a period
of 3.5 seconds. This gives greater stability from mechanical shocl
and permits more rapid readings. The galvanometer scale has been
curved so s to give correet readings at all points. In addition the
film holder has been replaced by one of a different design that presents
o larger surface in contact with the film and thus holds the film flatter;
and @ shield has been installed that protects the photoeell from any
e.\‘t{\rnal light that may enter through the translucent galvanometer
seale.

First check the zero setting of the galvanometer and the intensity of
the light by adjusting the voléage so that the galvanometer reading
is 90, the usual setting on the standard flter.  Place the patiern in
the film holder of the microphotometer so that the ends of the ares
are squally spaced in regard to the cross hairs on the centering device,
fasten the clamp, and center the patiern, using the photocell system,
so thai both arcs pass over the slit when the film is rotated by means
of the rotary stage. Take the maximum microphotometer readings
in the vicinity of the 0° and 180° positions and the minimum readings
at or near the 90° and 270° positions. It may be necessary to rotate
the film slightly to the left and right of these four positions to make
sure that the lrrzest possible readings are obtained in the region of
0° and 180° and the smallest possible lor the 90° and 270° positions.

Subtract the minimum from the maximum reading in each quad-
rant, calculate 40 percent of the difference, and add to it the minimuin
reading. Rotate the stage uatil the microphotometer gives the
ealculated value in each quadrant and record the degrees of rofation
of the stage from zcro in each quadrant. When all readings on the
pattern are finished, remove it from the stage and recheck the ieTo-
p}mtometcr for the zero setting and the reading from the standard
filter,
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Calculate the angular rotation from 0° in the first and fourth
quadrants and from 180° in the second and third quadrants, determine
the mean of the four angles, and covreet it to a given relative trans-
mission, using table 19, by adding the value indicated for each seale
division below 180 (180 equals a relative transmission of 0.20) and
subtracting for each scale division above 180.  Unless all photometers
in question are of the same design, the seale reading at a transmission
of 0.20 may vary from one instrument to the other. Record the
corrected angular reading.  This is the X-ray angle for one bundle.
The average of two to three bundles from a well-mixed sample should
he ample. More are necessary, however, if the sample is not earcfully
blended. The experimental ervor differs from one lot of samples to
another, but an crror of +1.0° is conservative on the basis of approxi-
mately 2,000 observations made by different operators and using a
wide range of photographic intensities.

TarLE 19.—Corrections for variations in film transmission to be applied
to the X-ray angles ?

Photom- Photom- Photom-
cter s cler @ A - ofer
. . n - - - :
reading, C;g:r};ﬁ:;]oc rending, (i.g:rgﬁi;%’ reading,
arbitrary arbitrary arbitrary
seale seale seale

Carrection
far angle

Degrees
194 —LD
165 —1.0
106 —-L1
197 —1
108 —1
199 —1.
200 -1
201 —1.
202 -1
203 —-1,
204 —1.
205 —1,
206 -2
207 —2,
208 -2
209 -2
210 -2
211 -2
212 —2,
213 -2
2144 —2
215 -2
216 —a&
217 -3
218 —3
219 -3
220 -3

Degrees

=1

— R Mm e kRGOSR

LGY
168
169
170
171
172
173
174
175
176
177
178
179
130
181
182
183
184
185
186
187
188
139
190
101
192
193

++ttthb b+

et ek bt ot bk pam bk ok o e e e bk ot ek —

155
156
157
158
159
160
161
162
163
164
165
166

++++++-+
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0 0000 =T CR Oh S W W 3 B e

! The ¢orrections are based on the microphofometer readings at the position of
maximumn absorption on the sres fromn the 002 planes. A pholometer reading of
180 is equal 1o 0.20 relative transmission, and o runge of approximately £0.10 in
minimum relative transmission can he tolerated when these corrections are used.
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