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During the past several years, extensive data have heen accu-
mulated on fiber and spinning properties represculing upland,
sea- -island, and American-Tigyptian cotton produced under a wide

'Submilted for publieation dMay 26, 1948, Acknowlsigment is wade to
the many agencies and workers who have contritirted Lo Lhese studies. The
Cotlon Branch, Meoduction and Marketing Administration, U, 8. Deparbment
of Arrvicallure, conduelod the spinning tests and provided the sikein strength
datn, the yarn-appenvance data, and some al the fiber dala, Various State
and Federal agricultural c\pmmwnt stalions cooperated in growing
providing Lhe samples,  Private and institutional cotlon breeders provided
pure seed lots of the many varieties and strains of eotton tested. The Uni-
versiby of Tennessee ibor vesonrvel laboratory, under the diveetion of Dr. K. L,
MMertel, and the Stabe-Fedeval Gher labyratory, ab Knoxville, under the
direction of Mr. 1), M, Simpsen, furnished atl of Lhe fiber-length, surface-
aven, and fiber-strength datn vsed in this bulletin, exeept s =:|:cufu.ull\r noted
that the fber data were furnizhed by the Cotton Hrunch, PMA. The X-ray
angle determinaltions were mide in the I;n!LsulID {alday Alier laboratory undoer
the divection of De, 0, F. Berkley, 1M 0. O Ware h.m(ilml the wany delails
involved in arvanging the cooperntive |1Lmme;~,, ginning, sumple taking, and
other studies,  The statistical eomputations were muade by Mrs. Josephyne
I3, Grittin, Miss Marvtha A, Poek, and Mes, Mary 7. Ualmend.

S Died Beplember 28, FHE,
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range of environmental conditions. Annual cooperative studies
have been made by the agricultural experiment siations of the
cotton-growing States and the United States Department of Agri-
culture. The detailed reports of the fiber and spinning results
have been published annually, From time to time, certain sum-
mary reports have been made. These, for the most part, have
been limited in scope or have not separately treated environmental
and varietal influences. The present report is concerned primarily
with the fiber and spinning data accumulated since the advent of
the more rapid techniques for fiber testing and is concernied prin-
cipally with velating environmental and varietal influences on
fiber properties to spinning performance as measured by skein
strength and yarn-appearance grade of single, carded, and
combed yarns. It is summarized below,

SUMMARY

The fiber and spinning data relating to environmental and
varietal influences on fiber properties were obtained from three,
groups of samples.

Group A corasts of 447 samples from the 1945 and 1946 crops,
spun into earded yarns by the long-draft roving and spinning
process, The fiber measurements used in the study, with the
exception of the X-ray determinations, were made in the Univer-
sity of Tennessee fiber research laboratory and are limited to fiber
measurements that may be made with considerable rapidity on
the Fibrograph, Arealometer, and Pressley breaker. )

Group B consists of 408 samples spun by the regular-draft
process from the 1941-44 crops; 227 of these went info carded
counts of 22s, 36s, and 50s, and 181 into carded counts of 22s, 363,
and 60s. TFibrograph, Arvealometer, and Pressley indexes were -
made in the two fiber laboratories at Knoxville, Tenn. Analyses
for this group included also the more laborious fiber measurements
for weight per inch and percentage of thick-walled fibers fur-
nished by the laboratories of the Cotton Branch, Production and
Marketing Administration.

Group C consists of 190 samples from the 1941-45 crops, spun
into combed yarns. The fiber data included array measurements
tor upper quartile length and mean length, Pressley index, weight
per inch, and percentage of thick-walled (mature) fibers fur-
nished by the laboratories of the Cotton Branch, Production and
Marketing Administration.

For the above three'major groups of samples, simple and mul-
tiple correlation coefficients and regression equations are given
for relating fiber properties to skein strength. For two of the
groups, the analyses include yarn-appearance grades.

The importance of distingnishing between varielal, i.e., genetie,
differences and environmental influences is clearly demonstrated
by the marked differences in the regression equations. The results
confirm previous observations that environmentally induced dif-
ferences in fiber properties tend fo be compensaltory in nature.
Growth conditions that result in fiber length exceeding normal
for the variety tend to produce weaker and coarser fiber, and vice
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versa. This tendency resuits, as would be expected, in lower simple
and multiple corrvelation coefficients than those obtained for
varietal differences.

Individual fiber properties that characterize different varieties
vary in relative importance in contributing te the skein strength
or yarn appearance, depending on the yarn count, or size, and upen -
whether any one property is appreaching the eptimum or the
minimum requirement for good spinnability., For example, fiber
strength is generally the most important single contributor to
skein strvength, usually accounting for as much as length and fine-
ness combined. The relative importance of fiber strength decreases,
and, conversely, the importance of length and fineness inereases
as smaller yarng are spun from a given sample and as fiber length
approaches the minimum requirement for geod spinnability.
Differences iv varieties for upper-half mean length are more
closely associated with differences in skein strength than those for
mean length. In fact, for varietal differences in skein sirength,
approximately equal weighting for upper-half mean and Pressley
index provides nearly as good prediction as may be obtained by
including other properties, such as mean length and swrface area
measurements, especially for the coarser yarn counts. This appar-
ently is due to the fact that fineness for different varieties is rather
closely associnted with upper-haif mean length,

Differences in upper-half mean length and in fineness contribute
about equally to varietal differences in yarn-appearance grade.

In determining environmentally induced differences in fiber
properties and skein strength, mean length is more important than
upper-half mean, superseding Pressley index as the principal con-
tributor to skein strength. Fineness is aiso of gresi.r relative
importance than in the case of varietal differences.

For eavironmental differences in yarn-appearance grade, fine-
ness becomes the principal contributor, about egualing the com-
bined confribution of mean length and Pressley index. Apparently
Pressley index, which is of little or no contribution to yarn-appear-
ance grade differences for varieties, becomes important as an index
of weather exposure or deteriorvation caused by biological and
physical agencies.

Several tables in the Appendix show the fiber properties and
their relationship te spinning performance in several groups of
samples other than those discussed in detall in the text. Some of
these groups ave loo small to be of particular interest or the
methods used in obtaining the data are no longer those of eurrvent
interest. Also included in the appendix tables are subgroupings
of some of the data treated in the text. Some of these tables may
be of especial inferest to those concerned with particular length
groups. [t is apparent from these studies that where accuracy
of prediction is desived for a group of varieties having a narrow
range in length, a specific regvession equation should be used. A
few such equations are shown, The writer will be glad to furnish
those especially interested in varvieties or growths having a narrow
range of fiber properties additional lformulas for special
application.
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SOURCE OF DATA AND STATISTICAL PROCEDURE

The data treated here were derived from the more recent of
the annual series of cooperative plantings begun in 1935. From
1935 through 1937, a regional variety study was made in which 15
varieties were grown from the same seed lots for 3 years at B
locations in the main Cotton Belt. Various agronomie, fiber, and
spinning studies were made. Paris of the data are still unpub-
lished. The resulis of the fiber and spinning tests were published
in several reports issued by the Cotton Branch, Production and
Marketing Administration. Based on these resulls, Webb and
Richardson (14)° analyzed the relationships between fiber prop-
erties and carded yarn strength, but did not separate varietal and
environmental influences, Pope and Ware (9} and Pearson {7)
summarized the Aber properiies characterizing the 16 varieties
and as modified by scason and place of growth.

Foliowing the regional variety study, a plan was worked out
for cooperative annual varietal and environmental studies on fiber
and spinning properties. In this plan an attempt was made to
serve more adequately the needs of the cotton breeders in various
regions by including varieties and strains of local interest, As a
consequence much of the symmetry with respect to varieties and
loeations necessarily was sacrificed but was compensated for by
broadening the scope of study on both varietal differences and
environmental effects.

By 1941 new and more rapid methods of fiber testing had been
developed that permitted measuring a much larger number of
samples between harvest and planting time. Hertel (6) had
developed the Fibrograph for determining fiber length: Sullivan
and Hertel (12) had developed the Arealometer for estimafing
the fineness, i. e., the surface area, of the fibers; and Pressley (10)
developed an instrument that bears his name, the Pressley breaker,
which replaced the move laborious Chandler bundle method for
determining fiber strength. Keeping pace with these fiber-testing
developments, the cooperatively run spinning laboratories at
Clemson, 8. C., and College Station, Tex., had developed procedures
for handling a greater volume of spinning tests.

The present study on fiber and spinning data was set up to
defermine the usefulness to the cotton breeder and to the cotlon
improvement program of these more rapid methods fer measuring
fiber properties, using fiber and spinning data from the cooperative
annual varietal and environmental studies conducted from 1041
throuch 1946. These studies include data on all of the prineipal
varieties and strains of cotton that have been grown in this
country during this period. The environmental conditions sampled
each yvear are those that obtain in all of the States in which cotton
growing, either under irrigation or rainfall conditions, is an im-
portant industry. About 30 State and Federal experiment stations
and substations annually cooperate in providing the samples.

The &her tests here reporied were made on subsamples laken
at ginning time from the spinning samples. TFor the crop years

‘Iialie numbers in parentheses refer to Literaluve Cited, p. 35,
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1945-46, the fiber tests were made at the University of Tennessee
fiber research luboratory at Knoxville, Tenn., except for the X-ray
angle determinations, which have been made at the Beltsville, Md.,
laboratory since 1941. For the crop years 1941--44, inclusive, the
surface area or the Arealometer determinations were made in the
University of Tennessee fiber laboratory ; and the upper-half mean
length and the mean-length measurements of the Fibrograph were
made in the State-Federal laboratory at Knoxville, as were the
Pressley indexes, except for the combed yarn tests for 1941-45,
in which all of the fiber data were furnished by the Cotton Branch,
Production and Marketing Administration, Data on weight per
inch and percentawe of thick-walled fibers were furnished by the
Cotton Branch, PMA, as were all of the yarn data on skein
strength and yavn-appearance grades.

The spinning data for 1941-44 represent the regular-draft
process; those for 1945-46 represent the long-draft roving and
spinning process. |

The detailed fiber and spinning data have been published in
processed reports issued annually by the Cotton Branch, PJMA,
or by the Bureau of Plant Industry, Soils, and Agricultural
Engineering.

The precedure used in analvzing the data is the conventional
method outlined by Snedecor (21) and Wallace and Snedecor (14).
The 1941-44 data were put on punch cards and handled in the
usual manner. Data on the combed-yarn group and the 1945-46
carded-yarn group were caleulated divectly from the data sheets.
Data prior to 1941 were not included in these studies, inasmuch
as the methods of making fiber measurements were not strictly
comparable.

Simple correlation coeflicients were caleulated for total, among-
stations, among-varieties, within-stations, and within-vuricties
groups. Those for total effect, of course, represent the over-all
or eombined influences of heredity and environment, no clue being
available as to the part attributable to either. Those for among-
station and among-variety main effects represent primarily station
and varietal influences, respectively. Since cach station grew dit-
ferent varieties and each variety was grown at one or more but
not at all stations, neither the among-station nor among-variety
coefficients are free from bias. The within-station coeflicients,
however, do represent differences that safely can be attributed to
varietal effects.  Likewise, the within-variety cocflicients represent
so0il, locatiznal, elimatie, seasonal, or other environmental effects
from which varictal influences have Leen removed.

Since the primary purpose of these studies was to isolate and
study differences that could be altributed to either varietal or
environmental influences, the variances for total and main effects
for stations and varieties were of little intorest. The coellicients
for within stations (varietal eflects} and for within varietios
{environmental eflects) were, however, of especial interest and
were used to obtain multiple correlation coeflicients and regres-
sion equations. Inasmuch as it is awkward to refer continuously
to within station as indicating varietal effecls, and to within
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variety as indicating environmental effects, the adjectives varietal
and environmental will be used to denote within-station and
within-variety eflects, respectively.

Further details of the statistical methods used may be found in
the processed report by Barker (1)}, which treats of fiber and
spinning property relationships of the 1945 crop.

SKEIN STRENGTH IN RELATION TO FIBER PROPERTIES

Instead of attempting to present and discuss all of the data that
wore stadied and analyzed for skein strength and fiber-property
relationships, it scemed preferable to relegate some of the smaller
groups to the Appendix and to confine the main discussion to three
major groups of samples.

CARDED YARNS
LONG-DRAFT SPINNING

Samples fraom the 1945 and 1946 cooperative studies were spun
into carded and combed yarns on long-chraft roving and spinning
cquipment., The 1945 samples had two counts common to the
gingles carded yarns. All were spun into 22s and 36s; the third
count was varviable, depending upon the upper-half mean length
of the sample. For 71 of the samples, the third count was 50s
except for 9 samples that were spun into 44s. These 9 samples
represented varieties that were usually spun into 50s. They weve,
therefore, included even though this limited the analysis to the
2 counts, 225 and 36s, common to the 71 samples, This group wasg
soparately analyzed, and the results are presenled in appendix
tables 18 to 20, The group in which the third count was spun into
G0s represented 157 samples. The results of the analysis of this
group are shown in appendix tables 24 to 26, The rest ot the
group that was spun into 4ds was so small that it was not analyzed.

Tor the 1946 crop, no 60s or d4s were spun. This resulted in a
large group, 228 samples, in which three counts—22s, 36s, and 50s
—were common. The results of the analyses of this group are
shown in appendix fables 21 to 23. Another small group ot 45
sumples, representing the combed yarns spun inte 60s, 89s, and
100s on the long-draft roving and spinning equipment during
19415-416, is shown in appendix tables 27 to 29.

In order to obtain a larger and more representative sample upon
which to base relationships for fiber properties and earded yarns
spun on long-draft equipment, it secmed logical to combine the
228 samples from the 1946 erop in which the 3 yarn counls of
22g, 46s, and 50s were common with the comparable samples from
the 1945 crop. This necessitated converting the 60s ol the 157
samples from the 1945 crop te 30s, which was done by using
regressions established by the Cofton Branch, PMA. IFor the
purposes of this study, it was felt that little violence Lo the dafa
would result. This comhination resulted in 447 samples repre-
senting 55 among-slation-year ohservations, leaving 394 wilhin-
station-year observations for estimating varietal influences—a
sufficiently diverse and sizable number of ohservalions Lo inspire
considerable confidence in inlerpreting varietal effects.
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~ The number of among-variety observations was 149, leaving

208 within-variety observations for studying environmental in-

fluences. Actually, the almost 300 within-variety observations

could have been increased conservatively, since it was known that .
for several of the varieties the seed stocks were the same for

1945 and 1946; buib since in some instances it was unknown

whether the sead stocks were identical, the safer procedure seemed

to be to take only the sum of the within-variety observations for

each year. For convenience, this composite group of 447 samples

will be referred to as group A,

SIMPLE CORRELATIONS

The simple correlation coeliicients () are of interest per se as
well as in computing the standard regression coeflicients referred
to as betas (8). The simple correlation coefficients for group A
are given in table 1.

TABLE 1.—Simpie correlation coefficients for the varictal (within-
stetion) and environmental (within-varicty) compurisons for
group A

Coeflicients ;" , Cocflicienis

Variates® B Vurfutes!
; Varietal LNYITOn-

. mental
-.:thfferen cos tllﬁt'rt'll ces

4 ]"n\'lrcm-
mental
l(llﬂ'orerzcm

Varietal
'differences

29 wilh UHAM 7. 0.64* UHAM with ML ! 0.69* ;
234 with ML g45° ! 5% ¢ UHM with 84 32+ -
225 with SA . g5t 20 UHM with PI A1t
223 with Pl S A8 . UHAL with XR
295 with XR —.63 07

: AL with SA

36s with THAM ) BG4 3% 0 ALL with PL
3bs with ML R A6 ML with XR
3ts with SA BTt 22

36s with PPL . St A7t PI with SA
36s with XR _ G2 A9 PI with XK

50s with U'11A 63 A2% . 8SA with XR
50s with ML AdT REY

50s with SA Al a0

50s with PI . T8t 33"

50s with XR —.60* .00

'"The |dmmw uf tho q;ml uls uaod fur th varintes is as fullm\q 2%, 36s, and
50s = skein strength of 298, 365, and 50s carded yarns, respectively; UHAM =TFibro-
graph upper-half mean Iength ML = Fibrograph mean lengh; SA =surleee area,or
Aruulumewr mensurement; Pl = Pressley index; und NR =X-ray angle,

= Correlation coellicient significant at odds of 99:1.

From table 1 it is evident that for varietal eflects all five fiber
properties shown are highly correlated with skein strength.
Pressley index leads for all counts but iz slighily lower for 50s.
X-ray angle is consistently lower than Pressley index at all counts,
but is negative in sign.  Upper-half mean length has a correlation
coeflicient of 0.64 or greater for all eounts, Mean length is con-




8 TECHNICAL BULLETIN 970, U. S, DEPL. OF AGRICULTURE

sistently lower for each count, The coefficient for fineness increases
slowly but steadily as the yarns become smaller.

Upper-half mean length is significantly asscciated with each of
the other four fiber measurements, especially with mean length.
Mean length is significantly and positively associated with
Pressley strength. Correlations of mean length with surface area
and X-ray are negative but not significant. Pressley index, as
expeeted, shows a high negative relation to X-ray angle; and the
positive association with surface area reaches significance at odds
of 99:1.

For environmental effects, a very different relationship is evi-
dent. Individual fiber properties are not very closely correlated
with skein strength, although all of them except X-ray angle
veach significance. Pressley index, mean length, and upper-half
mean length appear to be of approximately equal importance in
relation to skein strength of 22s and 36s. For 50s, Pressley index
recedes in importance and is almost equaled by surface area which
gains somewhat as yarn size decreases. Upper-half mean with
moean length attains a positive coefficient exceeding 0.90. Both
upper-half mean and mean length have a signifieant negative
coefficient with Pressiey index, but positive with X-ray angle—a
sharp contrast o the relationship for varietal properties. Surface
area was found to have a negative relationship with both upper-
half mean and mean lengih, the latter reaching significance.
Pressley index and X-ray-angle relationship remains highly nega-
tive buf is somewhat less than for varietal effects.

MULTIPLE CORRELATIONS -

Regression equations are not presented for all of the combina-
tions of fiber properties that ave shown., For those who may feel
that some equations not veported would better serve their needs,
the pertinent variances for group A are given in table 2.

TABLE 2.—Mean nicaswremonts for fiber and yarn properties for
247 observations, and rariances for varietal and envirenmental
comparisons jor group A

Variance

Variate Z Means . ; .
' Varietnl i BEnvironmental
comparisons | comparisons

)
:
i
i

Skein strength of 225 . 114.79 pounds ... 38,310.1009 20,467.6096
Skein strength of 36s.. . 61.96 pounds. ... 13,847.8023 7.341.9074
Skein strength of 30s.. .. . 41.14 pounds.. .. i 7,588.63106 4,035.8715
Upper-half menn length . 1,069 inches . | 8980 5586
Mean length S 819 inch,. ! 10114 16172
Surface area . . S 2,883 em® mg. 14.9450 13,4767
Pressley index . . 6.679 . . 104.8145 53.0300
N-ray angle . . 35.6°. .. . . 8,072.3282 * 1,448.6855

The relation of fiber properties Lo skein strength of singles
carded yvarns spun on long-draft roving and spinning equipment,
as determined from multiple correlation studies on group A, is
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shown in table 8. Some of the very interesting facts brought out
there may be dealt with briefly; others merit eareful study.

For all yarn counts for both varietal and environmental effects,
the addition of X-ray-angle determinations is withont appreciable
effect. Previously (4), it has been shown that where Pressley
index determinations were questionable, owing to biological de-
terioration of the fiber, X-ray-angle determinations may be sub-
stituted for fiber-strength measurements. it also has been indi-
cated (3} that the inclusion of both Pressley index and X-ray-
angle determinations is of value for determining strength of plied
yarns. For estimating skein strength of singles earded yarns,
however, it appears that unless the Pressley indexes are question-
able, X-ray-angle determinations add little to the multiple correla-
Lion coeflicients,

As was true for the simple correlation coefficients, the multiples
are much lower for environmental than for varietal effects. The
f2* values in table 3 indicate that whereas about 80 percent of the
varietal differences in skein strength may be accounted for by four
rapidly measured fiber properties obtained from the Fibrograph,
Pressley breaker, and the Arealometer, the maximum noted for
envirenmental differences was 55 perecent for 50s.

One very important fact that stands out in table 3 is that from
the standpoint of the practical breeder whose main interest ig in
genetic differences, R* is nearly as high for two properties, upper-
hatf mean length and Pressley index, as it is when all four or five
fiber measurements ave evaluated. Omitting both mean length
and surface area, the perceniage of skein strensth accounted for
dreps off only 2 pereent for 22s, 3 percent for 36s, and 4 percent
[or 50s.

That good predictions for varietal differences in skein strength
could be made by considering only differences in upper-half mean
length and Pressley index was, so far as the writers are aware,
first noted by Pope (unpublished data) and by Barker and Berkley
{2). That Arealometer measurements can usually be dispensed
with in estimaling varietal differences in spinning performance is
apparenily due to the fact that genetic differences in fiber length
are rather closely associated with differences in surface area, as
was previously noted in the discussion of simple correlation co-
cfficients (p. 8). A word of eaution is in order for those who may
uxe only length and strength in estimating varietal differences in
skein slrength; ocecasional difficulty will be encountered when a
variety is unusually coarse or fine for its length. The writers
found that predictions made in this manner were invariably too
high for varieties Station C, Station 21, and Rewden, but too low
for a few vurieties that had finer-than-average fiber for their
length group.

For environmentally induced differcnecs in fiber and spinning
properties, however, a very different condition exists. In the first
place, mean length supersedes upper-half mean length as the im-
portant length measurement, and surface area measurements
become of greater imporiance. Sccondly, surface nrea measure-
ments cannol be omitled without causing appreciable reduction in




TABLE 3.—Contribution o f fiber properties to skein strength of 22s, 36s, and 50s singles carded yarns, long-draft
process, as determined from multiple correlation studies of varietel and environmental effect in group A

01

Correlation results with carded yarns: Varietal comparisons

Fiber properties, 22 36s . 50s
. 2 f . .
R, and R Betas 1 Multiple Beta; - ‘ Multiple Be“; — Multiple
. Relative |correlation . elative :; correlation elative | correlation
Value effect value Value effect 1 value | effect

Percent Perceﬁt 1 “ Pcrce,nl’
8 it 19

Upper-half mean 0.23* 20 | . e 0.22*
Mean length. ... 14+ e .15*
Surface area . 15* e eeeen J18*
Pressley index... 59* e .60*
X-ra.};E angle... » e

R? s
Upper-half mean.
Mean length ...
Surface area
Presslleey index

'S N QL6 NILATING TVIINHOAL

Mean length. . ...
Presslley index..

2
Upper-half mean.
Pressley index
Mean length . ...

Presslley index.. ...

MANLINOINOV J0 *Ld3d
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Fiber properties,

Correlation results with carded yarns: Environmental comparisons

22s 36s 50s
“R,and I* . !
,._..,4,*..1}&5*;._]%%%? Multiple B“-*SR ! Multiple BE“’; ———| Multiple
i elative : correlation elativa : correlation elative | correlation
Value effect ¢ value Value effect value Value effect value
Percent Percent Pereent.

Upper-half mean........ccveies ~0.04 2 0.00 0 0.06
Mean length. . .. & ool .58* 37 .59* 40 ?
Surface area .30* 19 ¢ .33* 23
Pressley index ST* 36 . 53+ 36
X-ray angle .08 5 e .01

R N D : 0.68 .

R ot ] 46
Upper-half mean ... .01 1 . 01
Mean length .59+
Surface area .33
Pressley index .53*

R .68 e

ke S 46
Upper-half mean ... e .28*
Mean length - 27*
Pressley index...... ... .55*

R
Upper-half mean, ...
Pressley index... ...

R

R

Mean length .. ..
Presslleey index........oeeeees i

R

..................

siisenresensinrony

..................

* =Beta values significant at odds of 99:1.

NOLIOJ J0 SIILYIJ0YUd ONINNIIS ANV d34ald

T
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the RB* values,

In table 2 the columns headed “Relative effect” are of especial
interest. The fipures gi.ven indicate the relative contribution of
the several fiber properties to skein strength. In this large group
that represents most of the varieties spun in 1945 and 19486, about
55 percent of the variation between varieties is accounted for in
225 and 36s by differences in fiber strength expressed as Pressley
index and X-ray angle, or as Pressley index alone when X-ray
angle is omitted. For 50s, surface area becomes of increasing im-
portance, largely at the expense of Pressley index, which is
credited with only 49 percent of the skein strength.

For environmentally induced differences, mean length leads for
velutive effect but is closely followed by Pressley index. Differ-
ences in surface area assume importance, accsunting for nearly
one-fourth of the tlift'er.ences in skein strength.

A study of the relative effects in the appendix tables for the
different groups shows some very interesting trends for these per-
centape figures in comparing variety and environment, coarser
and finer counts, and longer and shorter length groups. While
several pages of discussion might be used for these trends and
their implications, it scems preferable to provide the detailed in-
formation in tables in the Appendix for the use of those readers
who are interested in special app}ications.

From tables 2 and 3, regression equations were derived for
making generalized skein strength predictions for singles carded
yarns spun on long-draft roving and spinning equipment. It is
evident from tables 1 and 3 that different regression equations are
required to predict varietal effects at a giv_en location and environ-
mentally induced differences within a given variety. Probably
most breeders are interested in varieties and strains that have a
considerable range in fiber length and other properties. For them
the following formulas should be useful. ) For those who may have
especial interest in shorter or longer varieties or growths, special-
ized equations may be caleulated from the data given in the ap-
pendix tables 12 to 14 and 21 to 29.

From group A the following regression equations are recom-
mended for estimating skein strength differences:

. Among varietics ui one loeation where —

() Arcalometer, Fibrograph, and Presaley breaker data are available:
29 =690 UHM 426.72 ML 47.68 SA-+12.58 PI —65.54
68 =26.03 UM 4-16.835 ML 4-5.57T SA-+ 7.49 P11 —46.99
505 =20.8 UMM +13.31 ML+5.28 SA4 5.06 PI—-39.81.
(b Fibrograph and Piossley breaker data only are available:
294 75,76 UHM 12,78 PI—53.68
365 =45.058 UHM - 7.64 PI-38.49
50s = 36.53 UM 4 5.20 PI-31.88.
o, Ammu}:1 sumples represcnting different growth conditions for a given variety
where -
(1) Arenlumeter, Fibrogruph, and Pressley breaker data are available:
g 2,13 UHATAH62.96 ML--11.86 SA4-0.86 PI —40.28
25+ 112 UHA +38.51 ML+ 7.81 SA-+5.91 PI—-34.31
Sa 403 UHM +28.46 ML+ 6.80 SA-+4.21 PI-35.48.
(b)Y  Viirop: aph and Pressley breaker data only are available:
ucg L4681 UHLM 430,70 ML+-10.22 PI—-19.31
Jis 2890 UHM +18.29 ML+ 6.15 PI-20.44
50s 25,94 UHM #1056 ML+ 4,42 PI-24.78.
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In the above equations the constanis differ slightly from those
that would have been obtained by using the mean values for skein
strengths and fiber properties shown in table 2. The econstants
were derived from the mean values given in appendix tables 21 {o
23 for the 1946 crop. There appearved to be two valid reasons for
using the means from the 1946 crop only: (1) Some of the values
for skein strength of 50s in the 1945 crop represented 60s con-
verted to 50s, as previously noted; and (2) Pressley indexes for
the 1945 crop were low, being adjusted to two standard samples
that differ from the set that is at present being widely used. For
comparative purposes it is of course of ne importance to what
standard sample the daily Pressley breaks are adjusted, so long
as the correction is constant for a given set of data. The 1946
level for Pressley indexes, however, was preferred in the above
equations because many fiber laboratories are now using the same
set of standard samples, and the Bureau of Plant Industry, Seils,
and Agricultural Engineering has a sufficient quantity to supply
interested laboratories for several seasons.

Experience gained from these studies has indicated the need for
adjusting the constant fo different station levels when spinring
results become available for some but not all of the samples in
which the breeder is interested. For example, suppese that at
station Z lack of funds permitted spinning 10 samples only, and
the breeder is very much interested in comparing the spinning
resulis obtained from the 10 samples with estimated performance
for the 40 other strains. It is obvious that for this purpose, pre-
tlietions for the 40 uaspun sirains should be based on the average
performance at that particular station for the season in question
instead of on the mean for all stations in the entire Cotion Beit.
Such modification may readily be made as follows: Consider that
at station Z the 10 strains that were spun pave mean skein
strengths and fiber properties as shown in table 2. Then the
equation for predicting the 40 unspun samples would become:

223 =46.90 {UHM --1.069) +26.72 {ML —0.819)-+7.68 {SA —2.883) {12.58
(PI —6.67%) +114.79
which reduces to
225 =46.90 U M3-26.72 ML 4-7.68 SAJ-12.58 PI —-63.44.

In this example the mean values, for obvious reasens, differ little
from those that were used for obtaining the generalized equation;
consequently, the constant is changed by only 2.1 pounds, but it
serves to illustrate how simple the procedure is. This is important
and has been demonstrated {o be praectical from the standpoint of
the breeder, and may be of considerable value in the one.variety
community development. For instance, were one inierested in
spinning many lots representing numerous localities and eondi-
tions of growth of cotton from a given variety, it might be desired
to spot check oceasional samples for fiber properties and perhaps
have a few spinning tests made. Such data would provide the
means of modifying the constant in the equations for estimating
for the variety in question what performance could be expected
for the lots from different localities.
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REGULAR-DRAFT SPINNING

Some readers, no doubt, will be interested in what is here desig-
nated as group B for studying the relationship of fiber and spin-
ning properties where the regular-draft spinning process is used.
Group B is divided, largely on the basis of fiber length, into two
subgroups, designated B, and B,. An additional group is inciuded
in appendix table 14.

Subgroup B, representz the varieties a~d growths from the
124144 crops that were spun by the regular-draft process into
carded yarns of 223, 36s, and 50s5. The lot comprises 227 samples
cbtained from 111 varieties and strains representing 36 station
years, thus giving 191 and 116 ghservaticus for evaluating varietal
and environmental differences, respectively.

The sukgroup B, represents samples that were processed in the
same manner as B,, with the exception that the top count was 60s
instead of 50s. There is some overlapping of varieties in the two
subgroups. IFor example, a variety that under most environ-
mental conditions produced fiber that was too short to be spun
into 60s would, under exceptional condiiions, produce fiber suffi-
ciently long to be spun into 60s. Conversely, some varieties that
usually were spun into top counts of 60s would occasionally pro-
duce staple that was judged to be too short for 60s. The subgroups
therefore represent both varietal and environmentally induced
differences in fiber properties.

SIMPLE CORRELATIONS

Simple correlation coefficients obtained for subgroups B, and B,
are given in table 4. It is very interesting to note that within B,
there is a very close association of heritable fiber and spinning
properties. Several measurements for fiber length, strength, and
fineness correlated with skein strength have ccefficients ranging
from about 0.60 to 0.80 for subgroup B, but rarely exceeding 6.40
for subgroup B,. The rather close relationship between fineness,
expressed as either surface area or weight per inch, and skein
strength increases markedly as yarn size decreases in B,. Press-
ley index and skein strengths for all three yarn counts give very
high coefficients within subgroup B..

TABLE 4.—S8imple correlation coefficients for wvarietel (within-
station) and environmentul (within-variety) comparisons for
group B

Subgroup By Subgroup B,
Variates® [ Environ Environ
Varietal | “mental Varietal mental
225 with UHM .......coovevaren 0.41% ; 0.05 0.63* 0.18
228 with ML A2% D5 60+ 22
225 with A ... B33 .19 16 06
225 with PL. ... oo, A4 .38+ B2 .32+
22s with XR..... ... . ... —-.10 i -.21 —.63* —.25%
22s with WI... B —.45* 1 --.23 —.57 —.22
225 with TW Do -.10 —.16 - 14 .02
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TABLE 4.—Simple correlation coefficients for varietal (within-
station) and environmental (within-variety) comparisons for

group B—Continued

»

Subgroup B, Subgroup B:
Variates |
. Environ- o Environ-~
Varietal | “mental Varietal mental
36s with UHM.. ................. A6* 09 65 24
36s with ML... ............. 40* 06 61* 29+
s with BA........ v Al*r 25 20 21
363 with PL....... .o A3* 58 81+ g2+
36s with XR. ... . —.13 ~.22 —.63* -22
36s with WL ..., —.54* —.30" —.60* —.a3-
36s with TW.. ... -.13 —.22 14 —-07
50s with UHM........... P— .5p* D0 o
60s with ML. ..........ccovne. 45* - 01
B0s with SA. ..o 55 B4
50z with PL............... U S0 B2 0
508 with XR... . —.06 —.12
503 with WI.. . ....... —.68* —.42*
50s with TW_.____ ....... —.24* —.34*

60s with UHM.,
60s with ML,.
60s with SA
B0s with PI.
60s with XR
60s with W1
60s with TW.....

UHM with ML . .. ..
UHM with SA ... ...
UHM with PI.... . . ..
UHM with XR. ... ... ..
UHM with WI........_..
UHM with TW..... . ..

ML with SA...... .

ML with PL.... . ...
ML with XR.. ... ...
ML with WI...... . ...
ML with TW. . ..

SA with PLo o,
SA with XR......
SAwith WL ... ...
SA with TWa

PIwith XR.. . . ...
PIwith WI.... ... ...
PI with TW...... .

XR with Wl
XER with TW.....

WI with TW. . ..

NN 86"
A46* -~.12
—A07 —.39"

.13 A0+
-.53* .10
- 23" 11

13 —.34*
—.05 ~.34*

.18* 35*
—.24* 29*

.01 .28
—.04 —.05

07 05
—-.77* -.79
—.60* —.74*
—.68*% —.76%
—-.01 —.13

00 .06
-.14 —.04

Jd1 —.05

H8* B0

L'The identity of the symbols used {or the variates is as follows: 22s, 36s, 50s, and
60s =skein strength of 22s, 363, 50s, and 60s carded yarns, respectively; UHM =Fih-
rograph upper-hzlf mean length; ML =Fibrograph mean length; SA =surface area
or Arealometer measurement; Pl =¥ressley index; XR =X-ray angle; WI = weight
per inch; and TW =percentage of thick-walled fibers.

* =8Significant at odds of 99: 1.
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For environmentally induced differences in skein strength in
225, one coefficient only, Pressley index with skein strength,
reaches significance at odds of 99:1 for both subgroups. For 36s
and 50s (or 60s), weight per inch also attains significance in hoth
subgroups, and mean length becomes significant in subgroup B..
In general, for environmental differences the two subgroups differ
from each other much less than they do for association of varietal
differences. The negative relation for percentage of thick-walled
fibers attains significance for 50s in B, but is very low for 60s in
B..

In considering the interrelationships of the fiber properties, it
is interesting to note that upper-half mean length and surface area
are significantly associated for varietal but not for environmental
differences. In B, a significant positive association for upper-half
mean length and Pressley index was found for varietal influences,
but a significant negative relation for environmental effects. The
invariably high coeflicients for interrelation of surface area,
weight per inch, and perceniage of thick-walled fibers are of
interest. It may be remarked, however, that they do not appear
to be sufficiently high that one could with confidence consider es-
tablishing regressions for expressing cne measurement in terms
of the other, as has been suggested by Pfeiffenberger (§) and
others.

MULTIPLE CORRELATIONS

For those who may be interested in selving equations other than
those shown here, the mean measurements for skein strength and
fiber properties of group B and the variances are given in table 5.
Skein strength for subgroup B, is 9 pounds lower for 22s and 6
pounds lower for 36s than those of subgroup B,. With respect fo
fiber properties subgroup B, averages 0.12 (or V%) inch shorter
than B, for upper-half mean length and almost as much for mean
length. B, is considerably coarser as judged by surface area meas-
wrements. Pressley index ig approximately the same for the two
subgroups, althongh B, averages nearly 2° smaller X-ray angle.

The relation of fiber properties to skein strength obtained by
regular-draft process is shown in table 6. From 86 to 88 percent
of varietal differences in skein sfrength is accounted for in B.,
whereas in B, the same properties account for less than 70 percent.
For environmentally induced differences, however, the two sub-
groups do not differ appreciably, both having a maximum of 35
percent of the skein strength accounted for by fiber-property
measurements. In fact, % values are slightly higher for environ-
mental comparisons in B, except for 36s.

Varietal comparisons in B, show that only three beta values
reach significance for 22s: (1) AMean length, which is indicated
as accounting for 20 percent of skein strength; (2) Pressley index,
accounting for 31 percent; and (3) weight per inch, credited with
90 percent. For 36s a fourth property, percentage of thick-walled
fibers, reaches significance, and for a0s a fifth property, surface
area, becomes significant. From the standpoint of yarm size,
mean fiber length and Pressley index make progressively smaller
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TABLE 5.—Mean measurenents for yarn and fiber properties for group B, and variances for wvarietal and
environmental compurisors

Skein strength of 22s
Skein strength of 36s
Skein strength of 50s
Skein strength of 60s

Upper-half mean length

Mean length
Surface arey
Pressley index
X-ray angle

Variance
Means
Variate Subgroup B, Subgroup B.
1

. Subgroup ' Subgroup S Environ- i abe Environ-

} B | . : Varietal 4 mental Varietal mental
97.07 | 106.40 7,341.4164 3 2,929,0870 «  14,825.1902 4,148.387¢
50.36 56.55 2,997.1320 1,204.4815 5 5,632.4344 1,789.3692
31.61 - 1,993.3060 9717766 ¢ . . o L) v

27.96 RRSUR L 1,944.84G3% 840.2294

1.012 1.1381 3089 2586 3748 1159

.827 914 .2536 3033 3186 1779

2943 . 3.12¢ 11.8086 ; 8.8273 4.8039 4.3902

7.5801 7.450 29.6280 22.3304 47.2258 19.1429

32970 ¢ 34.750 1,427.7432 837.6767 1,458.4406 548.2177
! 1

NOLLOD 40 SIILYIJONd DNINNILIS ANV ¥Ig1d

LT




TABLE 6. ——Contubutwn of fiber properties to skein strength of singles carded yarns, regular-draft process, as
determined from multiple correlation studies for group B
Suncrour B,

81

Correlation results with carded yarns: Varietal comparisons

Fib(lzr pru;)(;rt ies, 22s 365 60s
i, and [? T 1
' - Betas ] ) Multlple . Be@as ] ,w_—% Mulluple - BeF:L;( IM Mul%iple
Relative icorrelation; . | Relative | corre ation : elative | correlation
V.llue effect value Value 1 effect value Value effect | value
. : Pérrent o Percent. | Percent.
Uppor—h.tlf mean tength o L 06 3 i 0.00 0% ineens —0.01 i}
Mean length oo 36 #20 28+ 170 21 19
Pressley index oo sian e .56* e . 28 7 e 30* 18
X-ray-angle. . . e A6 T 08 s .02
Surface area el e . 4 . N S 23*
Weight per inelic . : - 5
'l‘lmll\~w.nlled fibers.
4 L

Upper-half mean ]ength
Mean length:. s
‘Pressley index..

Surf:}ge P11 < S

Bowsen
Upper—h.xlf mean lengtlm .
Meaun length.. RS
Presslley index.

R*.
Upper—lmlf mean length,
Pressley index...

e
o]
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=]
z
9]
>
-
=
=
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td
=
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Mean lengih
Pressley index
I

Re e

SuBGROUP B:

&3

iS00 00 ~1 -

0.31* |
18"
0%
09

.05

—.13

Upper—half mean length.;.,,.‘.. o
Mean length o
Pressley mdex

X-ray angle

Surface arei.........o.\ v
Weight per inch ..

Tluc}(a-wal]ed fibers

e .
Upper-half mum lengUL
Mean length . .
Pressley index.
Surfacearea .

lf .
Uppt.r- walf mean lengt.h..,,...‘.,..‘...
Mean length... . ...

Pressley index.. .

Ro... ...

. ..
Uppcr—lmlf mein, length
Presslley index

-
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Mean length.. . .
Presslaey index..

R

*=Beta values suzmﬁcax‘t; at odds of 99:1.




TABLE 6.—Contribution of fiber properties to skein strength of singles carded yarns, regular-draft process, as
determined from mudtiple correlation studies for group B—Continued
Supcrour By

03

Correlution results with carded yarns: Environmental comparisons

Fiber propertics, 22s ' 36s 50s

IR, and R? Betas

I}etusl Mu]{;iple
I, Relative | correlation
Value effect

! -~ Multiple |- #.MBPES ey Multiple i:
| Relative |correlation| yr.0 Relative }correlation}
o effect villue ‘ effect | value |

U -

.

Percent Perce:'nt4 Percent
I 8

Upper-half mean length . ;
Moeun dength . oo R ; 117
Pressley index R . 36
X-ray angle. . :
Surface arew..
‘Weight per inch
fl'l\icllc-\\':xlletl fibers

Voo

e . .
'pper-half mean length.
Meun length. ... - .
Pressley index..
Surface area..... .

R
Upper-half mean length
Mean length
Pressley index....

R

22
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Upper-half mean length .
Irressley index:.. ...
el




‘Meanklengthu.,.,.‘
Presslleey index... ...

R

Upper-half ‘mean length
Mean length.. eenkoriraae
Pressley index....

~ Xeray angle.,

Surface drea.. ..
Weight per inch
T lm}{e-w.xlled fibers.,..cvivinne

R
' Upper—half mean angth
Mean length...
Pressley index...
‘SUFL\LG area

Upper~half mean length
Mean length.. . .. .
Pressl]ey index,

R B
Upper-h.xlf mean length....,u....,
) Press}l{ey mdex e
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contributions, whereas surface area, weight per inch, and per-
centage of thick-walled fibers make progressively greater contri-
butions as yara size decreases. The four properties that are apid-
1y measured by the Fibrograph, Pressley breaker, and Avealometer
vesult in B* values that are appreciably lower than those derived
from all seven properties shown. A still further reduction in Rf
values results where only Fibrograph and Pressley index measure-
ments are included. Such, it will be recalled, is not the case for
group A, or, as will be seen, for subgroup B..

For environmental comparisons in B,. only the beta value for
Pressiey index reaches significance where seven measurements are
inciuded in the multiple correlation. Where only the four rapidly
menstred fiber propertics ave included, both Pressley index and
surface area become significant; Fibrograph mean length barely
fails to reach significance; and upper-halt mean length contributes
almost nothing and even has a negative beta for 50s. 1t is inter-
esting to note that where fineness measurements are omitted and
only Fibrograph and Pressiey breaker measurements ave included,
apper-half mean lengih becomes more important than mean
length., For environmental as well as for varietal comparisons,
surface area measurements in 1B, become of increasing importance
as yarn size is reduced.

in B,, surprisingly high R® values were obtained for varieial
comparisons. For 36s only two measurements, Pressley index and
upper-halt mean length, account for 85 percent of the skein
sirength.  Arealometer and other types of fineness measuraments
seem Lo be of litlle value. Where all seven fiber-property measure-
monts are ineluded, only 3 percent increase is obtained for R
The unusually high 22 values in this group are atiributed to ade-
guate fiber length for good processing and to most of the varieties
having rather fine lint, and thus to differences in skein streagth
being largely controlled by differences in fiber strength. Where
the four rapidly measured fiber properties are used alone, upper-
half mean length has a greater relative effect than mean length.
Where only one Fibrograph measurement is used with Pressley
breaker measurements, upper-half mean length is superior to
meun lengtih.

For environmentlal comparisons in subgroup B, the R” values
are not high. In only one instance is more than a third of the
observed differences in skein strength accounted for. This is not
surprising in view of the compensating effects that environmental
influences exerted on fiber properties as indicated by the simple
correlation coeflicients shown in table 4 (p. 14). Increased fiber
leneth was significantly assoeiated with decreased fiber strength.
A higher percentage of thick-walled {iber was associated with a
shovter upper-half mean tength but a longer mean iength. Olher
compensatory trends are indicated, although they fail to reach
~ignificanee.  Pressley index is the only property that makes a
significant contribution to skein strength for all three counts.
Surface area becomes an imporlant conirvibutor as yarn size he-

comes smaller. TFor envirgnmental differences, mean length
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appears to be superior {o upper-half mean length, in contrast to
. the condition for varietal effects.
Using the four rapidly measured fiber properties, the regression
equations recommended for estimating skein strength of carded
yarns spun on regular-draft equipment ave:

Amonyg samples avoeraging about an inch or less [or upper-half mean length and from
which the finest pr.ml.u..tble yarn count i 50s -
1. Amany vurieties at a given loeation where Arealometer, Fibrograph, and
Pressloy breaker data are availuble:
D¢ = 508 UHM #6407 ML+7.03 8A +7.59 PI —-39.38
36s = 10,74 UHM +22.16 ML+5.16 SA +4.65 P'I 4806
505 = 1066 UHIA £27.837 ML +6.05 SA +2.82 PI —40.7
2. Among samples representing different growth conditions for a 1,:\0:1 varipty
where Al‘t‘dl{)i‘ﬂ(‘l(‘r Fibrograph, and Pressley Breaker duta are available:

275 = 126G UHM +32.68 ML 1591 SA +5.96 Pl + 6.61

308 = 5.49 UHLM +19.510 ML+ 4,59 SA +4.00 Pi—15.21

50s - —7.00 UHAM 42324 ML +5.14 SA +2.91 PI—~17.41,

Ameong sumples sveraging more than §inch for upper-half mean length and from
which u yurn eount of 80s is practicable -
1. Among varieties at a given losation where -
{u) Ar{*.tlumvtor, Iy ﬂzmu.;ph. ] Pressloy hireaker dafa are availubie:
225 - T116 UHM +28.50 ML ~4.39 SA 412,16 PI-76.99
36s <4260 UHM 20,02 ML - 126 SA 4 7.29 Pl —60.26
6ls - 25.63 UHM + 9,014 ML+ G"l SA-F 4.10 P —43.85.
(LY Fibrograph .md Pressley hrenker d.am only are available:
D2 KOS UHM 41222 Pl 81,28
s 25432 UHM 4+ 740 i’I—-GBOO
. 60s = 3465 UHM -+ 418 PI—42.34,
2. Amung sanyples representing dilferent growth condilions for u given variety
whore
{ul  Arcalmneter, Pibrograph, and Pressley breaker data are availuble:
236 19800 UHM4+-37.610 ML +3.95 3A +8.16 PI— 7.68
J6s = 12.26 UHAM +33.32 ML+5.82 8A +4.52 PI—39.¢2
60s = 1.31 UHM +23.63 ML+5.32 8A +2.51 PI-30.47.
(b} Fibrograph and Pressley breaker data only are availuble:
29522 88 U'FM +34,62 ML +5.87 PI+ 6,16
365 = 1808 UHM+27.39 ML +4.09 PI —19.38
605 = 6.6 UHM 1820 ML+212 PE-11.496,

Before leaving group B, attention might be called to the differ-
ences in the equations for corresponding yarn counts, either
variefal or envirohmental comparisons, of subgroups B, and B,.
Appendix tables show similar subgroups, distinguished chiefty by
grouping of varieties differing in fiber length and associated fiber
characlers. These and other data shown here or available in the
bureau files emphasize that while for general purposes eqguations
suftiviently comprehensive to include the majority of the common
upland varieties are very much needed, individuals or organiza-
tivns that ave interested in a limited group ol varieties—for ex-
ample, very short, moderately short, modervately long, or long-stapte
varieties—might well be justified in establishing special equations
Lased on varinlions within the group of especial interest instead
of relving upon more generalized equations. 1 is obvious that the

@ relative weighlings for fiber length and fiber strength, for ex-
ampte, would change for groups in which either property was
limiting. In a group where fiber length was at or near the mini-
mum for the yarn in guestion, skein-sfrength differences would not
be closely related to fiber-strength differences. If, by contrast, a
group was composed of varieties in which fiber length was such
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that slippage of fibers rarely occurred when the yarn ruptured,
fiber-strength differences would be of especial importance.

The relative importance of diffevent fiber properties varies when
varieties are grouped according to fiber length or the highest count
that is considered practicable for the variety, as shown in figure 1,

N ——
INHCRITED SHARAETCHISTICS ' EHVIRONMENTAL CHAR2CTER:STICS

AVCRAGE STAPLE - O 99'1 AVEALLE $TaPLE = V3" aereagr STPLE ¢ 039" AVERAGE STePLE 3 "
. L

1TMEGLS:
1 MiFRCSSLEY jHODER
— Gt UPPER Ha&LF MEAN LENGTH
HE MEAN LERG1H
FiSURFECEL HREA

PERCENTAGE OF SKEIN STRENGTH

L

T T
365 605 Te5  YES

COUNTS

FiGURE 1—The relation of fiber properties to skein strength in samples that
differ in fiber length, based on the finest count of carded yarns considered
practicable.

This graph shows that the differences in skein strength accounted
for by differences in fiber properties are based chiefly on sub-
groups B, and B.. To some extent the graph is modified by taking
into consideration some of the smaller groups that are included in
the Appendix.

This figure shows that where one is especially interested in a
group of varieties that differ little in fiber length, more precise
predictions may be obtained by using specially adapted formulas,
as, for example, those derived from B, for short-staple varieties or
growths or those from B, for longer staple varieties and growths,
instead of the more generalized formulas that cover a wide range
of varieties, as those given [or group A,

CoMBED YARNS

The combed-yarn samples here deait with represented crops in
the years 1941 to 1946, inclusive. Samples from crops for 1941 to
1944 were processed on regular-draft spinning eguipment, by
using a self-weighted middle spinning roll. The 1945-46 samples
were processet on long-draft spinning equipment.

Standard-draft roving equipment was used in the processing of
the 1941—d4 samples, four processes being included as follows:
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Slubber, intermediate, fine, and jack. With the 1945-46 samples,
however, only two processes of roving were used. One of these is
the slubber, which i3 now leng draft, and the other is the jack,
which still is standard draft. Combed yarn data have been ac-
cumulaled more slowly than carded yarn data, The fiber and spin-
ning results that have so far been analyzed {rom lots processed
into combed yarns are, with the exception of these shown in ap-
pendix tables 27 to 29, limited te those listed under group C. The
fiber data are not comparable to those that are emphasized for
sroups A and B in that fhe fiber measurements, with the excep-
tion of the Pressley index, are not those that can be made rapidly.
Tt is expeeted that within the near future the number of samples
on which Fibrograph and Arcalomefer measurenienis are avail-
able will be increased 1o such an extent that regression equalions
similar in reliability to those presented for groups A and B may be
established.  Meanwhile, it may be of interest to examine the
somewhit meager data that have been accumulated.

Group € includes sea-island, American-Egyptian, and long-
staple upland varieties that were spun from 1941 io 1945, inclu-
sive. The 199 samples represent 44 station years and 146 within-
station observations for judging varietal effects, and 68 varieties
and 122 within-variety observations for estimating environmental
inlluences, The skein-strensth measurements and the fiber-prop-
eriy measuvements were made in the laboratovies of the Cotton
Branch, Production and Markeling Administration. Some of the
samples have one or more of the N-vay angle, Fibrograph, or
Arealometor measurvements, but the data seem tos fragmentary to
justify making several subgroupings. especiaily in view of the
fact that Fibrograph, Arcalomoeler, an} X-ray data are curvently
heing systemalically obtained en samples going into combed varns.
Thoe estimafed round bundle or Chandier bundie strength was used
as repoerted, whereas the unconverled Pressley indexes woere used
for all of the other groups analyzed in this report.

in view of the (aet that the sea-island sumples and many of the
long-staple upland samples were grown in the Coastal Plain of the
Southeast, attention is called to the pessibility that group C as a
whole may have suffered from biological deterioration to a some-
what geeater extent than groups A and B, although the fiber
samples were usually harvvested as promptly as weather would
permit.

SIMPLE ('ORRELATIONS

The simple corvelation cocflicients for group C arve shown in
table 7. All of the fiber properties, with the exception of per-
centage of thiek-walled ibers, were found lo be highly correlated
with skein strength for all three yvarn eounts Por varietal com-
parisons.  For environmental differences, however, only weight
per inch gave a significant coefficient wilh skein strength for all
three counts. Tor 100z the mean length coeflicient reached signifi-
eance and Tor 60s and 805 closely approached significance. Upper
quartile length gave a significant coctiicient with each of the other
fber properties for varietal comparizons. Tor environmental
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comparisons the coefficient for upper quartile and mean length was
the highest coeflicient obtained in group €. Upper quartile length
and estimated Chandler bundle strength association changed from
a significant positive to a significant negative relation in com-
paring varietal and environmentally induced differences, ‘The
same trend is apparent for mean length and fiber strength, The
significant negative relations for weight per inch and mean length
and for weight per inch and fiber strength for varietal compari-
sons almost, disappear for environmental differences. There are
two significant coefficients involving percentage of thick-walled
fibers—a very ligh positive value for relation to weight per inch
in both varietal and environmental eomparisons and a significant
negative vatue for relation to upper guartile length as affected by
varietal influences,

TaBLE 7.—Simple corvelution coeflicients for varietal (within-
stetion) and environmental (within-variely) comparisons for
group C

Coeflicients Coefficients
Variates? En;iron ; Varlates!  Environ
‘ Yurietal - mental t .\ ar:etal! mental
60s with UQL... . D.61* . 0.08  UQL with M. .. 0.82* 0.85*
80s with & . . . G4t 22 it UQL with CBS.. . . 31+ —.23*
t0s with CBS . . it J4 7 TUQL with WIL. 4 —.B6* —-.12
60s with WI..... ... | —.58* —42* & UQL with TW.. —-.26* —~.08
60s with TW... ... .. —.05 s
M with CBS.............. 20 -~ 24
80s with UQL..... . . .68* 10 M with WIL.... — A4 -.07
S0s with M R NN ! 22 M with TW.. . 03 .18
$0swith CBS. ~ ' g ! 14 -
BOs with WI... . . —65%} —48" . CB8B5 with Wl..... | —.80* —~.08
80s with TW.. ... . —.09 .12 CBS with TW........ A ¥4 08
1005 with UQL ... H 66" JdF 0 WI o with TW .. 60+ .o6*
100s with M.. . ! BT 26% |
100s with CBS . .. . © ,50% dL0
100s with WI . .. ° —.B3* — 47
1005 with TW...... . —-.08 12

' The identity of the symhols used for the variates is as follows: 60s, 80s, and
1008 =skein sirength of 60s, 80s, and 100s combed yurns, respectively; UQL =upper
quurtile length; M =mean length; CBS = Chandler bundle strength converted from
Pressley index; WI=weight per inch; and TW = percentage of thick-walled fibers,

* =Correlation coeflicient significant ut odds of 99 : 1,

MULTIPLE CORRELATIONS

For those who may wish to solve additional regression equations
for group G, the mean values for the various properties and the
variances are given in table 8.

The contribution of fiber properties to the skein strength of
combed yarns as determined by muitiple correlation studies for
aroup G is shown in table 9.
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TABLE B.—Mean values for shein strengths and fiber propertics of
the 190 samples in group C, and the variances for veriefal
(within-station) and environmental (within-varieln) effects

Vuriate

Means

Slkein strength of 60s
Skein strength of 80

47.15 pounds....,.....

ven] 31.51 pounds
Skein strength of 1003............

23.32 pounds.........

Variance

Varietal
| com parisons

i Environmental

comparisons

2,854.1758
1,443.3927
953.5044

1,824.3668
1,047.1985
564.5051

1.535 inches
o 1.222 inches........
85.76 1,000 [b. |
per sq. in..
v 3.048 micrograms
| T2.95 percent . ...

Upper guartile length...
Mean length..,
Estimated tensile st'ength

D339
.6.402
5,810.0081

12.4399
2,994,477

3613
3909

4,139,4266
5.4731
2,176.6382

Waoight per inch...
"Phick-walled fibers....

For varietal comparisons, 80s gave the highest R* values —
slightly more than B percent of skein strength being aecounted
for by four fiber properties—mean length, fiber strength, weight
per inch, and upper quartile length—which are eredited with 86,
26, 21, and 16 percent, respectively. Fiber tensile strength be-
comes of decreasing {mportance, whereas fiber weight per unit
length becomes of increasing importance as yarn size decreases, It
is interesting to note that upper quartile length is indicated as an
unimportant fiber measurement for evaluating spinning perform-
ance. Actually it has a negative beta that attains significance for
G0s and 80s, but if it is omitted from the eguation R® is little
aflected.

Particular attention is directed to the comparatively high R®
values obtained by the use of only two fiber properties -— mean
iber length and fiber strength characterizing different varieties.
These values are very similar to the results shown in table 6 for
subgroup B,, except that in the latter instance upper-half mean
length of the Fibrograph was used. Apparently for estimating
approximate varietal differences in skein strength, the mean
length fiber sorter method from the array or the more rapidly
obtained upper-half mean length of the Fibrograph may be used
in conjunction with the Pressley index. Adding a third fiber
property, fineness as measured by sweight per inch, increases R°
by 4, 6, and 8 percent for 60s, 80s, and 100s, respectively. While
this increase is not large, it does indicate that among long-staple
strains, varieties, and species, fiber length and weight-per-unit
length are by no means perfectly correlated. It will be recalled
that in table 7 the coefficients for mean and upper quartile length
with weight per inch were -0.44 and -0.66, respectively,

For environmental comparisons, group C differs greatly from
groups A and B. Environmentally induced differences in fiber
strength and fiber length have litile or no association with differ-
ences in skein strength. Of the five properties included, only two,
weight per inch and percentage of thick-walled fibers, make sig-




TABLE 9.—Contributions of ﬁber properties to skein strength of combed yarns as determined by multiple
correlation studies, group C

8¢

Correlation results with carded yarns: Varietal comparisons

Fiber properties, 60s 80s 100s

P d 2 . k?
R,and R Betas Multiple . Betas Multiple Betas Multiple

Value Relative |correlation Relative |correlation Relative | correlation
effect effect ] effect i

| Percent Percenl Percent
Upper quartile length . i 12 9
Mean length... -

Chandler bundle strength...
‘Weight per inch
Tlncl}(a-walled fibers

Upper quartlle length
Mean length...
Chandler bundie strength...
Wel[,}l’n: per inch

2

Mean len'rth
Chandler bundle strength...
Welg}}t per inch

TINOIYDV J0 "LdAd 'S ‘N ‘0L6 NILATING TYOINHOJL

Upper quart;lle length...
Char}gler bundle strength

HINL

Rz
Mean length
Chandler bundle strength...




Fiber properties,
R, and R?

Correlation results with carded yarns: Environmental comparisons

60s

i

80s

100s

Value

Betas

ﬁ;i;itl\'e
effect

Multiple
correlation

Betas

Value

Relative
effect

! Multiple
correlation
value

Betas

Relative

effect

Multiple

correlation

Upper quartile length
Mean length. ..

Chandler bundle strength.::

Weight per inch...
Thxck—walled fibers..

Upper qu

Mean length

Chandler bundle stre th
Weight per inch...

R‘ ..................

Mean Iength

Chandler bundle strength...

Welght per inch

Percent
1

benssave

Upper quartile length

Chandler bundle strength...

Mean length

Chax}gler bundle strength...

Percent .
4

10
4

Percent
1

18

* — Beta values significant at odds of 99:1.

INNIAS ONV d3d1d

NOLLOD 40 SHILIIJ0dd DN




30 TECHNICAL BULLETIN 970, U. 8. DEPT, OF AGRICULTURE

nificant, contributions to skein strength, as shown graphically in
figure 2.

INHERITED GHARACTERISTICS ENVIRONMENTAL CHARAGTERISTICS |

SYMBOLS- -
T PERCENT THIGK=-WALLED FIBERS
W WT. FER INCH
M+ MEAN LENGTH, ARRAY
U+ UPPER GUARTILE LENSTH
K = TENSILE STREWGTH

PERCENTAGE OF SKEIN STRENGTH

|
1008

COUNTS

Frevre 2.—Percentage of skein strength for combed yarns accounted for by
the various fiber preperties for long staple upland, sea-island, and Ameri-
can-Egyptian varieties. Compare with fgure 1 for relative eITects of fiber
fineness, length, and strength,

The futility of attempting to understand the relationships of
fiber and yarn properties without separating varietal and environ-
mental influences is even more clearly evident from table 9 than
it is from tables 3 and 6. Correlation studies based on over-all
effects, a blend of varietal and environmental influences, in group
C would lead to the erroneous econclusion that fiber fineness is the
all-important fiber property in determining the skein strength of
combed yarns and that fiber length and strength are relatively
unimportant. This may be readily visualized from figure 2. If
the lot being studied represented l!argely environmental differ-
ences, varietal relationships would be even further obscured. By
separating the two, the relationships take on real meaning—the
breeder of long-stapled cottons may be informed that the most
important properties with which he need be concerned are fiber
length and strength and that if he is unable to obtain weight-per-
inch determinations his progress in breeding should not be too
much affected.

The spinner interested in different growths of a particular
variety, however, might find it advantageous to spot check his
samples for weight per inch and percentage of thick-walled fibers,
ot, from the standpsint of speed and economy, to obtain Arealom-
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eter determinations. It is rather surprising, in view of the fact
that many of these samples came from the Coastal Plain where
weather damage prior to harvest sometimes occurs, that environ-
mental differences in fiber strength was an unimportant—actually
a negative—contributor te skein strength. In commercial lots
where it is impractical to harvest the cotton as promptly as was
done for these studies, fiber det‘erioration might assume greater
importance than the studies indicated.

1f Fibrograph and Arealometer data are unavailable, the follow-
ing regression equations may be of interest for estimating skein
strength of combed yarns.

1. Among varicties at a given location—
{uy Array, estimated Chandler strength, weight per ineh, and pereentuge
of matupity dats are available:
60s = —12.73 UQL 4-83.85 M +0.36 CBS—7.14 WI-+-0.19 TW 4.2.65
80s= —8.01 UQL+2541 M- .24 CBS—5.57 Wi+ 13 TW+ 21
100s= —5.353 UQL+17.64 M4 .16 CBS—5.06 Wi+ .13 TW 41,56,
{0) Array and estimated Chundler strength only are uvailable:
665 =35.68 M +0.38 CBS —29.28
805 =28.52 M+ 27 CBS-—-25.94
1008 =21 68 M+ .19 CBS—19.67.
2. Among samples representing different loeations or places of growths for a
given variety—
()  Array, estimated Chandler strength, weight per inch, and percentaye
of muturity data are available:
60s= —11.16 GQL--16.73 M4-0.05 CBS —12.30 WI+6.43 TW {46.18
80s= —8.21 UQL+ 7.4 M+ .03 CBS— 9.89 WI4 .83 TW4-30.38
180s= —7.83 UQL--12.00 M+ 02 CBS— 7.25 WI{ .22 TW425.03.
{5)  Array and estimated Chandler strength only {regression eguations
for the {b) set were not computed for the reason that the 2 values
were t00 low to be of predictive interest).

In appendix tables 27 to 29, an indication is given as to the rela-
tion of Fibrograph, Arealometer, and Pressley breaker measure-
ments to combed yarn skein strength, although the group studied
is too small to give a satisfactory regression equation. Additional
data for enlarging the group are now being obtained from the
1947 crop. By the time this bulletin appears in print, the reader
interested in combed yarns may be able to obtain from the writer
a more reliable regression eguation based on rapidly measured
fiber properties.

YARN-APPEARANCE GRADE FOR
CARDED AND COMBED YARNS

The writers have devoted less atiention fo yarn-appearance
grade than to skein strength. Enough has been done, however, to
establish the fact that varietal differences in fiber length and fine-
ness are significantly associated with differenecs in yarn-appear-
ance grade, Differenees in fiber properties indueed by environ-
mental factors also exert an influence on yarn-appearance grade.
In general, however, the multiple eorrelation ceefficients that have
been obtained in these studies {end to be low. This is attributed to
several possibilities, chief of which are (1) the determination of
yarn-appearance grade by visual comparisons with check stand-
ards, which affoerds more opportunity for operator bias or error in
grading than does reading from a mechanical instrument, and (2)
the influence of seed-coat fragments and other foreign matier on



http:fW+25.03
http:CBS-7.25
http:UQL+12.00
http:TW+30.38
http:CBS-9.89
http:fW+46.18
http:CBS-12.30
http:UQL+16.73
http:605=-11.16
http:CBS-19.67
http:100::;=21.68
http:CBS-5.06
http:UQL+17.64
http:CBS-5.57
http:UQL+25.41
http:CBS-7.14
http:UQL+33.S5
http:605=-12.73

a2 TECHNICAL BULLETIN 970, U. 8. DEPT. OF AGRICULTURE

nep formation, as shown by Pearson (7). Harrison (5} also
showed that seed-fuzz fragments, very immature fibers, fapering
fibers, and other fiber irregularities that are difficult to evaluate
except by detailed mieroscopic studies are involved in nep forma-
tion. Neither the kind nor the quantity of impurities were faken
inte consideration in the preseni study, which is primarily con-
verned with the role of heredity and envirenment in determining
ov modifying the readily measured fiber properties.

Yarn-appearance studies discussed here were made on group A
as representing carded yarns and group C for combed yvarns. The
reader may find it helpful to refer back {o the descriptions of these
groups (p. 7 and p. 23) and the fiber-property retationships (p. 8
and p. 26) in attempting to evaluate the relation of fiber proper-
ties and yarn-appearanece grade.

SiMPLE CORRELATIONS

The simple correlation coeflicients for yarn-appearance grade
and fiber properties are shown in table 10.

For group A (carded yarns), it will be noted that varietal dif-
ferences in surface area, in upper-half mean length, and in Press-
ley index are direcily and significantly associated with varietal
differences in yarn-appearance grade. The direct association with
mean length failed to reach significance. For eavironmental dif-
ferences, however, there is a significant reversal in velationship of
yvarn-appearance grade to Pressley index and both mean length
and upper-half mean length. Surface area remains positive and is
about equally high for both varietal and eavironmentat effects.

in group C, combed varns, four out of five of the fiber measure-
ments shown are indicated in table 10 as having a significant as-
socilation at odds of 99 : 1, with varietal differences in yarn-ap-
pearance grade. Both weight per inch and percentage of thick-
walled fibers show a very high negative assoclation, while upper
quartile length shows an almost equally high direct relation to
varn-appearance grade. The positive coeflicient for mean length
is considerably lower but easily reaches significance. For environ-
mental effects, fiber-length differences are not associated with
varn-appearance grade. The coefficients for weight per inch and
percentage of thick-walled fibers ave significant, although of much
tower value than those for varietal influences. The tendency for
a higher Pressley index to be directly associated with a larger,
that is, a peeorer, yarn-appearance grade among varietics in both
groups A and € is apparvently due to some indireet relationship,
since the betas (table 11) show little tendency tor heritable fiber
strength to affect yarn appearance. For environment the nega-
tive coefHelent in group A is supported by a signifieant beta. Con-
ceivably this weuld be an index of weathering or biological de-
terioration, factors which would tead to fiber breakage in process-
ing and poor yarn appearance.

MULTIPLE CORRELATIONS

Table 11 shows that in group A, upper-half mean length and
surface arca differences tor varieties are significantly associated
with yarn appearance, the twe properties accounting for about 85
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TaBLE 10.—Simple correlation coefficients for varietal (within-
station) and envirommental (within-variely) comparisons in-
volving yeru-eppearance grade and fiber properties for group A,
curded yarns, and group C, combed yarns

Group A, carded yarns Group C, combed yarns

Variate! ‘ Varietal fﬁnr::rl:ﬁ? Variate? ; Varietad inr:::srﬁ?:l‘-
YA with UHM | 0.36" | —0.,16* | YA with UQL g .87 .10
YA with ML, A2 —.24" 1 YA with M. . 264 —.01
YA with SA . A1+ A2* | YA with CBS. .3 17 20
YA with PL...... i .18 —A7TF | YA with WI..._ . I — 67" —.32"
YA with XR... = —.02 ! —.Ga YA with TW....... . —.BT* -~ .29

i

P YA = yarw-uppeanince grades, converted to numericul values: 1=A+4, 2=A4,
3=A—,4=B+,5=8,6=B—,7=C+,8=C(,9=C—-,10=D+,1i=D,12=D—;
for group A, the code for yarn-appearance grade represents the average for 235 and
36s carded yarns; for group C, where all counts were eormmon to xll samples; the
code represents the average gricle for 60s, 8Cs, and 100s,

The identity of other symbols used for the vurintes is ns follows: UHM =Fibro-
graph upper-half mean length, ML =¥Fibrograph mean length, S8A =surfuce area or
Arenlometer measurement, PI=Pressley index, NR =X-ray angle, UQL=upper
quurtile length (urray), M =menn length (array), CBS = estimated Chundler bundle
strenglh, WI =weight per inch, TW = pereentage of thick-walled (mature) fibers.

* = Correlation cocthcient significant ut odds of 99 1 1,

percent of the differences that were attributed to length, fineness,
and Pressley index. An R* value of 0.23 percent admittedly is not
great, but from the breeder's standpoeint it is of eonsiderable im-
portance to be able to pin down two properties upon which he can
work for improving yarn appearance of varieties that are used for
making carded yvarns. These results should also be interpreied as
a challenge to the fiber technician to provide further improvements
in measuring fineness.  In group C, an K value of 0.64 percent has
very real significance, leaving a litile more than one-third of the
variefal variability unaccounted for. Heve, as in group A, most
of the variability accounted for is atiributed to upper gquartile
iiber lengih and fineness, upper guartile being considered as rough-
Iy equivalent to upper-half mean length and weight per inch and
pereentage of thick-walled fibers as analogous to surface aren.
Feor envirgnmental differences, the - value indicates that about
one-third of the total variability in varn-appearance grade fov
group A was accounted for by five fiber-property measurements.
Pressley index rankoed fiest but was closely followed by surface
area and X-ray angle. Ng very good explonation is apparent for
the significance of the X-ray angle relationship. Possibly growth
condilions that resulted in lhe large N-ray angle also resulied in
a well-developed fiber wall and a condition thal was not completely
measuretd by the Arealomefer. Certainly the bela for surface arca
assumes greaier velative importance when X-ray angle determina-
Cions are omitied, although the 120 value ifseil is reduced by about
G percent. It is also possible, as pointed out by Berkley and
Barker (), for the laurger angle of orientation to be associated
with better flexibilily of the fibers and less Drittleness during
processing,  The need for further study on this peint is clearly

TSLHTO- 5 - 2
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TABLE 11.—Contribution of fiber properties to yaru-appeqrance
grade for group A, carded yarns (22s and 36s), and for group C,
combed yarns (60s, 80s, and 100s)

GrouP A

Cotrelation results

Fiber Varietal Envircnmental
properties,! comparisons ot parisons

R, and Rt ; I — -
Betaz Muitiple

Betas Multiple : ,
Relative |correlation i Relative lcorrelation
i effect value

effect value
Percent Pereent

0.30* 32 L 8
—.03

29
13
B

Value Value

e

Group C

4 .
14 .
28 ...

39 i N
16 Lo ]

L —4le

18Symbels: UHM =Fibrograph upper-half mean length; ML =Fibrograph mean
length; SA =surfuce area or Areulometer meusurement; PI=Pressley index;
XR =X-ray angle; UQL =upper quartile length (array); M =meun length (array);
CBS =estimated Chandler bundle strength; WI =weight per inch; TW =percentage
of thick-walled {maLure) fibers.

*=RBeta values significant at odds of 99 : 1,

indicated. In group C, environmental influences in yarn ap-
pearance are not closely, or perhaps consistently, associated with
the observed differences in fiber-property measurements. The R:
value is very low, and none of the betas reached significance.
Since R® was only 0.18, it seems scarcely worth while to speculate
on interpretations other than to conclude that for combed varns
environmentally induced differences in yarn appearance and
specific fiber property are not closely related.
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Regression equations which may be of interest are—

. 1. For yarn-uppesrance grade, average of 22s and 36s, of singles carded yarns—
i (¢} Amonyg varieties at a given focation:
YA=474 UHM —1.08 ML+1.09 SA+0.02 PI-2.09.
() Among samples representing different growth conditions for a given
vuriety:
YA=—1.38 UHM —1.52 ML+1.54 SA—0.51 PI4-7.28.
2. For yarn-appearance grade, average of 60s, 80s, and 100s, of singles combed
yirns— .
{g) Among varieties at u given location:
YA =905 UQL—4.58 M —0.90 WI—0.13 TW-+10.97.
(b Among samples representing ditferent growth conditions for & given
wariety:
YA =443 UQL-2.51 M —0.92 WI—0.03 TW +8.77.
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APPENDIX
{TABLES 12 TO 29)

The appendix tables, which ave briefly described on page 6 and
elsewhere in the text, are arranged in order of fiber-length groups,
or rather in order of the smallest varn count into which the
samples were spun. The sequence of the text reforences to the
appendix tables, therefore, may not be consistent with the order
of their listing.

TAusLE 12-—8imple correlelion coefficients jor variclal effects of f‘ber and
gurn dittie ox JO semples® from tie 1346 crop spun by the long-draft roving
und spinning process inte carded yarns of 1is, 225, and 38s

Fiuer and Upper | Muogn | SBurfuee ! reastey X-muy
yarn properiles hulf menn length - ° HE ! ndex utigle
Skein strength of L. . 0.55* [ .18 —0.15
Skein stromeedn of iy -l ST 46 1 Al -2y
Skein streugth of 36 B2 484 a3y —.04
Utaper-hadl mean IL!'I}J.h L B~ A 26
Aenn lomech e Jg2 20
Surfacs areq S e e e AT et emebaa - i1
Prossfey Index. ... . - Lo e e - -1

ihe sampled repredent 5 stations, thua giviey 31 within-stpzion obsorvations for eatimating varietol
effevts, Binge tiwre WG “T (!I“l.‘l'ttll striind nod varketicy, leaving only 2 observations Lhut may boe used
fur estinuting envie ol i 1, dittss For eavironmesti) ofloets dee smif ted.
* e Significant ab odds of 931,

TasrLe Li~—Nean values for fiber and yoarn properlics aud wvariuuces for
racictal cfects of fHber and yurn dala on 36 samplest Jrom He 1946 crop
mrm by the long-drafl voving und spinning process into carded yarns of
138, 225, and J6s

Variute i Maouns Varianee
Shein atrength of s .o WELRY poupds 32200028
Bhen strengih of 22 1 0LA7 pounda 2,220.0440
Bkewn atrength of Hiis 4301 pouwnds 43 25T
ppwr-half mean beagth (B85 tnch D84
Mean Jemgth LTUD Eneh A0
Surlace aren 2372 ahuare centimoelor |=('r mllli;.r im . 10031
Preastey indeg S BT08 5. 106D
X-ray pnglis o34 274, 1148

18u0 fopinute 1, table 12,
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TABLE 14—Contribution of fiber properties to skein strength, as determined
by multiple corrvelation studies of varietal efects, of fiber and yarn data on
¥6 suwmples * from the 1946 crop spun by the long-draft roving und spinning
process into cerded yarns of 148, 222, und J6s

Correlation results with curded yarns

| -
H 14a H 228 l A6n
Fibf{ pmeRt:{m. H
11 : N i : i ]
' [ Betms s Betas  fagq.|  Bews ! Mult-
: ; Rela- ml]u eor- © Rela- _'v!it' cor.. Rela- H'ilﬂ cor-
Y i reidtion 1Y ridution . jvp  relauion
: Value - u:;:‘?t vafue . Value 4 EE;:;;{ - vulue Value e};(\-:t vilae
' Pereent | . Pereent : Percent
Upper hulf megn..,.,...... . 064 I . 855 - a2 X 1] 2y .
Mean length., 0 .04 3o ) e [ boas g .
Burfavemtes. .. ... 1 .25 16 - 1] 25 L 2. 0
Prigsley index.. A A RE B 27 P 1 2 .
Xoruy angle . -y 8 ~25 15 L= [
R N ST - f ers .. & .t oge
fe e e L BT B :§ . .1 5B
Upper k! mesn,.,.... B3 45 N Y O 43 R 36 !
Meun length . 80 (UL PO | ) i} B 4 4o
Burfuce LECh,.. s | 20 [ - 17 40 2!
Prigaley 1odeX ..., I 5as 41 1 ; 40 - 42
SRRV RS ROUUUINN S | S APUOOURS SUPURP L | S 6
4 TP T B ERT L . RO S . I 57
Popor kul! meun,...... . . .65t 15 (U S 424
Surtnee aren ., .. 1 2D 4 ., X ) 38 u6 1 .
Preasoy Index .. . . . 54 4t RPN B i 3 p
R . . P - RO U S ] e LB
g - Se 2l UTITTING sa DI st
Upper hadl meun..., e { L a Jrar 60 i .. .1 T k{1
Urresaley lndex. ... St } 44 RS A 44 oA il .
3 P B ' Tas L. Lo e
BT oo s ¥ S Rt

P See footnote §, tuble 12,
* o Significant at odds of 9911,

TABLE 15.—Simple corvelation coefficients for varictal efccts of fiber and yarn
dale on 57 samples ' from the 1851-54 crops spin by regular-draft process
inlo corded yurng ef 223, 363, awmd 48

Fihrr nnd Lpper Muesn Surfuce ! Preasley X-ruy
yarn propertics hilf mean  tength nria i imdey angle
. 1

Skeln acrengeh of 22 0.50" - 8,53 013 | e.12 —g.10
Skein atrength of 46 30" | g A4 ST - A7
Bkein strength of 41a AT o A0 L — .45l — .41
Upper-hadd mean length N B2 A8 ¢t Ba -.07
AMuan length. . . e ’ =07 | A7 — .68
Burfuce dres. . - — — 4 .id
Presaley index . s L we - 63

1 The aumplea represent |13 atation-yours, thus giving 42 ohacrvntions for estimating varistad cffects,
Sinee there wore 39 different stralns wad variethos, Yeaving oaly 38 checervations Lhat may be veed for
estimating environmentad influenves, duls for envicenmental effeets ure omitled.

* = Hignificunt ut odds of 30115,
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TaBLE 16.—Mean wvalues for fiber and yarn properties and variances for
varietul effects of fiber and yarn drte on 57 semples' from the 1941-44
crops gpun by vegular-draft procvess into carded ywrns of 22s, 368, and 44s

Yuriute I Means Varfunee
Skeln atrength of 228, .. . . ... o 0053 povnd 906,8834
Skein strength of 364, . . . . ... i 4596 it Juc.884d
Skein streagth of d4a, 8 L d: . 326,20t
Uppor-half mesn longlk . . I 3,921 inch,. 24
Meun tongth.., . P L.752 inch .. AT
Surfuge ared. . . - ] STH) aguare eentimetors per milligrom,.., 2.7184
Premaley Index .. . T [P 73668
Xeray gngle . .. ... 2727167

1 Sun footsote 1, table 15,

TasLE 17 ~—~Countribution of fiber properties to skein strength as detersnined
by multiple correluation studies of varietal effects of fiber and yarn data on
37 saemples* from the [851-44 crops spun by regular-draft process inlo
carded yarns of 233, 368, and {48

Corrdalion niaulls with curded yurns

Fib " 229 b 1in
ar propertics,
R, ant;’e B N
Betws | ypanti- Betws  f ule. [ DM pa.
T Rutu- 1118 o Retu- A ¥ tion
Vailue Etétzl U vutue - Value u‘i;:w::t vnlue | Yalue egvecet value
Percent | E Percent Percent
Upper half mesn.,.. . 0.49 34 0,42 21 0,36 14
Mean tength | Rl - 32 1 —.02 1
Surfuce uren . Rl .58 28 46 24
Prosstey indox U § | L 1t L7 9
X-rity anggle . b2 Rily 4 A0 <]
Weight per inch Coe 22 -7 —.3t 17
Thick-willed fher i ;o .5h 27 1. 45 24
I R R AT, -
e R e B2 L
Upper half meun.. o i 33 a2 84
Mean hngth....... I o 1 07 g
Burluew uren., i 47 a7 E1 43
Pronsley index. N [ 4 12 .14 15
i ' '
oI : B 34
Epper half mesn. . . L f N 44 I .39
Surfure arey, : S35 ¢ d6 ¢ 40
Premsley index. . .19 i 26 A4
R e e B b i 59
i [ . - .. k]
Vpper hadf mese . t
Presaiey index 9
- :

1Sue footnote 1, tuble 135,
" Sipnificunt ab adds of $9: 1,
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TasLe 18.—8imple correlalion coefficients for the wvarietal (within-gtation)
and envirenmental (within-variely) effects of Aber and yarn dote on 71
samples from the 1945 erop spun by the long-draft roving and spinwing
procesg into £23 end 368 curded pairna. The third count spun was 508,
exeept for § samples that were spun into 4hs t

Coeificlentn CoefMcients

vl Variates 1 Envi

nvicon- | nvirans
: VYurictal

mentil mental

differences | ditferences | giforoncea

Vuriaten?

i Vurietal
# dilTerenvea

228 with TJHAM 0.34 UHM with L. 0.76°
22a with ML A0+ 1 TTHM with SA A5"
22 wilh A i 08 UHM with PL........
228 with P1. . A0 [} UHM with XTI,
20y wlth X o 8 A2

i ML with SA...

364 with UilM - . ML with PL
JGs with ML, . ML with XR. ..
863 with SBA
I6a with 'L, . . PI with SA.....
36s with X H.... I with XR.......

SA with XR.eere

504 with X

I The dutn presented here iz secordingly limited to the Lwo counta that were commaon to pll aamples,
The sataples represant 20 atutions, thus giving 51 within-station obscrvations for estimuting vurictal
eifes, Thora were 22 dilferent atrains and varicties, glviag 49 within-variety observations for wstimuating
cnvironmenial inflluences.

3 The identity of the symbola used for the variulea are us Inllows: 22a, 363, und B0s = akein atrength of
223, 168, ang 60s curded yurns, respectiveiy: UHM = Fibrograph uB?Br-hul[ mean joogih; ML =Fibro-
gru;lah mean length; 34 =aurface area or Arcalometer mensurement; PI= Fressley index; and XR = X-ray
angle,

*m Signifizant at odds of 98: 1.

TaRLE 19.—Mean measurements for fiber and yurn properties and varionces
for varictal and environmentel comparisons af fiber and yorn data on 71
samples from the 1948 erop spun by the long-draft roving end gpinning
process into 22s and 36s curded yarns., The third count spun weas 50s,
vxcept for @ swmples that were spun inlo 448’

! Yarinnee

Vauriute [ Meana
i H Varletul Environmentul

compurisans comurisans

Shein strength of 22a C, 102,04 pounds. e . 6510046 2,704.2200
Skein strength of Jts - 5432 pounda S - 981.0000% 23,0620
Slecin atrongth of S0s 3179 pounils . [ ) 5197810 B38.522)
I pper-hnll mean length, Bedineh. L o L1818 1482
Mean lemeth & 0 748 inch . . - . L2849
Surfuce nres... ... . . . 2,738 sruare centimeters per milligram, B 2.3398
Dreasley index. L B e e e e 91260
Neray angle . LA e 125,4556 : 213,1848

1 &5ee fostnote !, table 18,




TABLE 20.—Contribution of fiber properties to skein strength as determined by multiple correlation studies of vay‘iet_al and environ-
mental effects of fiber und yurn data on 71 samples from the 1945 crop -spun by the long-draft roving and spinning process into

228 and 368 carded yarns:

The third ¢

ount spun was 50s, except for 9 samples that were spun uto 448*

Correlation results with carded yarns

Varietal compurisons

. Environmental comparisona
Fiber [ . . -
properties, ; C 22 368 22s 36
R, and R? i ! . j Betus j
' o Betms ] Muitiple Betas Multiple Betas Multigle o Multigle
: ative }-correlution i corrclution Relative. | correlation Relative | corre
Value R&‘f‘;& ° value Value RS&,%ZQ value Value offect, value Value effect value
Percent Percent Percent Percenl
Upper hall meun.......... 0.61* 45 0.69* 41 11 —0.28 12 Lrviresirssoion
Mean fength,.. .06 4 -.19 11 A2 {riisrorarasiorconans
Surfiace ure.: .18 13 22 13 19 Liinsarirensrane
Predsley index A47° 35 46* 27 24 Lireirerionsinne
.04 3 ; E: 2 PRV
. 0.74
55
12 Lievsvnrsrrins
42
Surface are: 19 L

Pressley ind
R ..
R .

Upper half mean..

Surface areds,...,

Pressley index,.

e,

Mean length......
Surfuce area,,.

Upper ’}‘1’““ mean.,
Pressley index,........

SN

Mean lengthi.,...
Prissley index
4

.56

emasraes e srpin

a1
.59

60*

.60*

69

48

i See footnote 1, table 18.

* = Significant at odds of 99:1.
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TABLE 21.—Simple correlation coefficients for the varietal {within-station)
aud environmental (within-variety) effects of fiber and yarn date on 228
samples* from the 1946 erop spun by the long-draft roving and apinning
provess into 22s, 368, and 505 singles carded yarns

Coefficients Coefficients

Variutea?

Variates !
Environ-
mentul
differences

Environ-
mental
dilferences

Vaurietn)

Varietzl
differcncey

differences

22s with UHM,. ..
225 with ML,

225 with 8A

223 with P[,

225 with XR...viee

dtn with UEIM..........
dtin with ML......

6 with SA

s with Pf,

36s with XR.,

Gite with IELRL,...
304 with ML..
504 with SA,

a0 with DL

505 with XR,

G.30°
S
23*
A0

—.20

B0

DHM with ML
UHM with SA.
UHM with PI.
UHM with XR

ML with 84,
ML with PIL, 29
ML with XR -3

Pl with 84, B
PLwith XB......ocee —J7"

SA with XR.......ore. —.09

&7
a8*
A1

-2

-

—.iB

! The samples represent 28 stntions, thus glving 208 within-atation observations for estimuting varleta)
elfeeta. There wore 10} strains and varieties, or 127 within-variety olbservations for estimating environ-

moental! influenices.

* The identity of Lhe symbols used for the variates is as follows: 22s, 363, and 505 = skein at renyrth of
228, 363, und 50% carded yurns, respectively: UHM =Fibrograph upper-half mean tength; ML= Fibro-
ter

graph meen Yongeh; 8A =surlzee arew or Ar

gl

t; PI=Presaley index; and Xt = X-ray

*=Signthicant ut odds of 99 :1.

TasLe 22 —Mean

measurenents for fiber aund yarn propertics and varignees

fer varietal and environmental comperisons of fiber und yarn dete on 228
samples* from the 1946 erop spun by the long-draft roving und spinning
process into 22s, 363, and 505 single carded yarns

Yariate

Vuriance

Means
Variatal

L Environmenial
contparisons

eomparisons

Skein gicenygth of 225,
Skein strenpth of 36s
Skein atrength of 50u.,

pper-hail mean length.

Moan length . .
Buelnen arer
Pressley index... .
Xeray anglo ., .

o 1770 pounds.. ... L
63.72 pounds . ..
42.28 pounds,. .
. L377 inches.... .
B2 inch.. .. e
Z.ET2 sgueare conlimeters per mill
q.028., e

e 858

25,358.6465
B,207.0493
4,970.6820

5236
G381
7.8453
61,7604
1,643.0458

B8,410.1484
3,311.2280
1,73G.5283
2663
4023
TA414
25,9818
554.4230

1 See loatnote 1, table 21,




TABLE 23.—Contribution of fiber properties to skein strength as determined by multiple correlation studies of varietal and environ-
mental effects of fiber and yarn data on 228 samples® from the 1946 erop spun by the long-draft roving and spinning process
into 22s, 86s, and &Gs singles curded yarns

Correlation results with carded yarns

Varietal comparisons Environmenta! comparisons
Fiber
. 228 363 S0s 22 368 508
properties,
R, and B2 Betas Muttiple Betas Multiple Betas Multinle Betas Multiple . Betas Multisle Betas Multiple
Relati fom:_ Rel ;mm:- Rek lcorrc- Rel fomp Relat ;:orru— Rel lcot.m'h
7, Relative| lation S elntive] lation elativel lation 5 clative] lation . | Relative] lation clative] - lation
Value effect | value Value effect | value Value effect | value Valee | oot | value Value effect | value Value | “ofreet | value
Percent .| -Percent Percent Percent Percent
3 0.26* 20 18 0.24 18 0.18 12
9 AL 9 11 .28 2t 35 24
12 18* 15 20 25 19 39 27
Pressley indes 44 52 42 37 A2 31 43 31|
X-ray angle. 13 —.17* 13 H 15 1L —07 3
R. 0.91 0.91 {.
2 e 82 .82
Upper half mean.., 24 21 W24 20 21* 18 A7 14 ], a4 10 1.
Moean length... 9 13 10 32 26°9. .36°* 26 |.
Surface area....... 15 24 20 25° 20 i 39* 28
Pressley index. 56 .63 52 49* 40 1 49 5
R 90 .89 .
ool 81 B0 oo
Upper-hall mean 37 A1* 39 37 37 1. A6t 45
Mean length... —02 2 .10 10 [. A3 3
Pressley index 63 63* 59 .52* 53-1. .54 52 1.
R.. .89 87 -
Rz 79 .76
l'ppcr;hqlf mear 37 39 38 46 46 49 48 I
Pressley ind 63 .63* 62 53 54 54 52
AR 89 87 .61
79 76 37
Mean length... b X 24 25 A0* L1 3) — 41* 46
Pressley index 76 .72* 75 48 54 .48
R .86 .85 82
Ji<d 74 J2 .68

1 See footnote 1, table 21

*=Siguificant at odds of 99:1.
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TABLE 24.—Simple correlation coefficients for the varietal (within-station}
ond envirowmental (within-variety} effects of fiber and yarn date on 157
gamples b from the 1945 crop spun by the long-draft roving and spinning
procees inte 22s, 368, and 608 gingles carded yarus

Coefficients Coeflicianls

Variates ?

Variatal i Environ- Varieta} Enviran-

A mental A mental
dilferences | jom o differences | siriconuon

Variates?

E’_:a witl}: E1i£h[..,... . . gi}lti wii% ;IAL - . U.!llg‘
224 with ML, .. .. . M wit — 1%

228 with BA. . . L. A5 UHM with L. . —. 40
@i with BL. .. . .. . UHM with XR...... ... P B0

223 wilh X[t .

ML with 8A. .
365 with UHM ... .. .. ML with L .
J6y with ML, e . ML with XR...
eis with BA.. . . 2
hg with 'L .. . . E FLwith8A
36s with XR ... Pl with XR....

Ebs with UUHM ... ... i SA with XRo..viars
G0 with ML.. .

60w with A,
604 with PL
Atk with XEoeninn 1

I'The sumplea rapresent 24 atations, L}1u.:a wiving 133 within-station comparisons for eatimating vorietal
effpcta, There were 20 straina and varieties or 128 within-variety observationa for evaluating environ-
mental inflluences.

1The identity of the symbols used for the variutes is us follows: £2a, 363, and 60s =skein atrensth of
2%y, 383, nod 604 corded varnd, respeetively: UHM = Fibrograph um_u.r-hal[ mean length; ML =Fibro-

gr.u:h meatt length; SA =dgurfuce nrea or Arenlometer meaaurement; PI- Pressley index; and XR = X-ray
wnple,
* = Significant nt odds of 09:1,

TABLE 25 —Mean meastirentenis for fiber und yarn properties and variances
Ffor varictel end environmental comperisons of fiber and yarn date on 157
semples ! from the 1945 crop spun by the long-draft vovmg ond spinning
process {ito 22s, 36s, and 60s singles curded yoarus

! Vuriance

Variale : Means
i Vaurietul Environmental
compurisons compurisans

Skoin strenpth of 220, 111898 pounds, | e e . % 0676958 9,424.4079
Skein strength of 36 62,07 pounds Lo 3,215,0228 3,138.2165
Skein strength of 604 .. 31.13 pounds, L 1,180.7247 1,232.4604
U pper-hall mean Icngth vt L1030 inchea., . . 0 1 GRuE
Mean fength,,, 826 inch . B800
Surfuee area..,. 2.544 squ.lrr: ‘centimeters |1Lr mtlllgmm . 4.2870
Preasley index..... a0, . 24,5059

Neray nogle. . . e &Y remen - ll](l-I 1045 691.2390

1 Bew (potnote 1, table 2.




TABLE 26.—Contribution of fiber properties to skein strength. as de
vironmental effects of fiber and yarn data on 157 samples > from. the 1945 e

process inlo 228, 86s, and 60s singles carded yarns

termined. by multiple correlation studies of varietal and en-

-op spun by the long-draft roving and gpinning

i
i

Varietal compuirisons

Correlation rés !ts with carded yarns

Environmantal comparisons

Fiber 2% ! 368 { T 229 3be 608
properties, U e e [ P " :
et i } ) . Cli B " Betas . Betas .
R, und 13 o Betws e B Dnvuple B} Multiple e | Multiple! Multiple Multiple
Rel lmm:‘ ; Rel Tation Ttel Icorrb Relati for‘r& Reluti ;:otr on Relati fo‘r;g:-
e | Relntive! lation Al elative! lation . clative} lation .1 Relative] lation 7T elative] lation rone | Relativel lation
falue effect | value Value eifect § value Vulue effect, value Value effect value Value effect | value Value effect value
. Percent Percent Percent | Percent Percent Percenl
TUpper hall mean . . 10 5 11N 7 3
Mean léngth. 18 1 18 {. 29

Surface area

Prossley index

Neray angle
R

I
Upper half mean
Mean length -
Surface area. ..
l’mu}l;- y tndex

I
Ugopwer bl mican
Surltier uren
Pressley index

R

i
Meari length
Surlage area
Pressley index
RO
e
Upper half mean
l’n.-:m[l{uy index R

s
Mean lengih
l'n‘s.ﬂll(-y index...

it

I

TN

enseners

o8
A6

a0

48

FSee footnote 1, fable 24,

*=8ignificant ot odds of 99:1,
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TaBLE 27.—Simple corrvelation coefficients for the varietal (within-station)
aned environmental (within-varicty) effects of fiber and yern date on 57
saumples * from the 1845-46 crops, spun by the long-draft voving and spin-
wing process into 60s, 808, and 1003 singles combed yarus

Cocllicients Coatticionts

Vaurfntes® Enviren-

bl
dilferences

Varletal 1

3 Vorietul
ditferenves #

diferenees mentat

diffurances

]l
i
Il Variztes?

i Enviruen-
!

1
Gy with UHM.......
6du with ML..

G with 5A.

605 with PL... ...

s with UHM.....ceee.
Bils with ML...., ...
Bls with SA...

BOs with 'L ... ..

100s witl LTEINS
100w with ME .
1004 with 84,
160w with P

0.67 UHM with ML .
B3 UHM with SaL.. .

TELAY with P

DML with 8AL .
ALl with P

BT with SA. s

'Tha samplea repreaent 19 stationy, thus giving 38 within-station gbservations for estimating varietal
eﬂi].'ct!l‘ There wore 31 vacletles, leuving 26 within-variety obgervalions for eveluating eovirenmentad
inliucagces,

1 The jdentity of the sy mbols used for the varistes is as {oliows: 60a, 888, iind 103 s akein strength of
&G04, B0a, nnd 1004 conbied yurny, eespectively s UHAL = Fibvograph epper-half monn length; ML= Fibro-
gruph mean lemgtht A = surluce aren or Arcalometer messerement; and '8 = Pressdey index,

*=Signifiennt at odds of 99:1,

TaBLE 28—\ ean measurcments for fiber and yarn properties and variunces
for varictal and envirewmentel compurisons of fiber und yarn deta on 57
samples’ from the 1945-46 crops, spun by the long-draft veving and spin-
ning process infe 60s, 803, and 10Us singles contbed yarus

Viuridnee

Environmental
compgrisona

Variewa!
comparisona

Skebn strength of Gia
Bkein atrength of §iy

Bhein atrength of My
Uprper-half mean lepgih .

Muean bength
Surfaco nrex

Prossley I0deX. i

. AMU1E pounds.
3,97 pounds
v 2034 poundy
1,351 inches
L 1036 inches C
3,280 afjuare centimeierd per milligeram..

441,508
2234409

502.0527
266.0778
152.2887

I Sce footnote &, table 27,
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TaBLE 20.—Contribution of fiber propertics to skein gtrength as determined by multiple correlation studies of varietal and en-
virowmental effects of fiber and yarn data on 57 samples* from the 1945-46 crops, spun by the long-draft roving and spinning
process into 60s, 808, and 100s singles combed yarns

Correlation results with combed yarns

Varietal comparisons Environmiental comparisons
¥

Fiber
. 608 8oy 1005 o0s - 80s 1008
propérticd, . - N . - .
&, and & Co Bt gt B il Bets . ultiple Betas Muttiplel B aurpted B e
H Ret ;:urn,- el fnrre— “ ©eorres Relati lcom_~ Relati corre- il( i ;;urre-
T At élative: tation Relative; lation 4 | Relafive: lation elative! lation elativel lation. ! Relative] lation
' Value effect value effect 1 value Value effect | value Value effect | value effect value Value i effect. | value

Value

Percent Percent Percent Percent Percent, Percent
Upper half mean Y ¢ 7 S - 29
Mean length o 26
Surfacenren .. . R A4
l’nx@’l"cy index ... .. .o p 347

17 . . 10 . . 23

Uppee bialf mean . . . 37
Mean letigth L i 17
l’r(:‘ssll‘f andex L ; 16

i :
Upper halfl menn .
I';miilleey intdex

It
Mean lenigth
Pressley andex
R

!
2 ol Ey
; i

A1

i

NOLLOD 40 SIILYTI0Ud HNINNIIS ANV Hadg1d

1 See footnote 1, table 27, *=Significant at odds of 991,
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