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Technical Bulletin No. 878 » December 1944

Neps in Cotton Yarns as Related to Variety,
Location, and Season of Growth'

By Nopya L. Pearsow, coffon freltnpiogisi. Division of Collon and Other River
Crops and Discuses. Burean of Plund [edustry, Sels, and Agricwdiurdl Bo-
gineering, dAgricultural Kescoreh Adininisiration

CONTENTS
Page Poage
i | Varistlonz in yarn oeppinessns relabed to var-
il in Bher propecties and the pereenfage
ol large motes—Condinued,
Oeneeal velntionshigs. ...
YVieeletal relationships.. . . .

(= - -

Locational und seasonal v |1 Locational relatfonshipe:
Variations i varm neppiness as related Lo s Freoatal relntionslips. ..
iations in fiber propertios and the perepntage Interaction r lationships_ - ..
of Jarpe meted oo . 7

— S

SUMMARY

Neps have always been a souree of trouble in the manvfacture of
cofton yarns aud cloili. Their occwrrence in appreciable mimbers de-
tracts from the general appearance of varn and cloth produets and
lowers thetr quality. especially if they ave to be dyed. Neps may nlso
interfere with economical gpinning and may possibly have some in-
fluence on yarn strengih, It is parcticulurly necessary that cotton and
other fibrous war fabriex be lngh in quality and be produced with
minimum waste of tinie. effort, and substance,

JDilferent ots of yarn may vary greatly.in neppiness. These var-
iafions have been aftributed to the influence of several ditfevent fac-
tavs, but there is little exact information as to the extent of snch
ifluence,

“lo determine the extent to which neppiness in cotton yarn vuries
with variety, loeation, and season and the extent to which these vari-
dfions can Le explamed by vaviatiops in Hber length, fiber weight per
iBeh, and percentages of thin-walled fibers and large motes, the neps
were counted In SU-yard sampies of 225 yarn. representing 2 series
igr each of 16 varieties grown at § lucations for 3 successive years
$1935-37).

# Variety, location. and season and their intevactions affected signifi-
cantly the number of neps in yarn made from the cotton. The effect
of variety was greatest. The tendeney for varieties to show a differ-
‘gntial response to the effect of location and of season was not so great

LN
! Submlitted for publication Mureh 1044, This study is a part of the rexions] variety
investigntion cenducted jeintly Ly the Burenn of Plant Indnstry, Joils, and Agricuiturgl
Eupgineering, Agricultura]l Resenreh Administration, awd the Cotton and Fiber Brauch,
flice of Distribution, War Food Administration, Acknowledgment is made te the arienls
turnl experiment stations of Soutl Carelina, Mississippi, Arkansus, Lovisiang, Oklahoma,
and Texas for providing the semples that made these studics possibla,

BOG448° —4 -7
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as their tendency to rank about the same from station to station or
from year to year,

There was a significant greneral tendency for the number of neps in
yarn to increase with increases in fiber length, decreases in fiber weight
per inch, and increases in percentage of thin-walled fbers.

Varietal differences in neppiness may be accounted for to a signifi-
cant extent by heritable differences in fiber length and in fiber weight
per inch, and to a questionuble extent by the percentage of thin-walled
fibers when each property is considered sepavately. The combined jn-
fluence of these three properties accounts to a consideruble extent for
the varietal differences  yarn neppiness. Beta coefficients, how-
ever, show that fiber length vunks first in importance, with wei ght per
inch nearly as important, but that the percentage of thin-walled
fibers by itself accounts for little of the vacietal differences in neppi-
ness. Varieties having a high percentage of large motes tend to be
neppier than those having a Tow percentage,

The effect of Irzation on neppiness eannot be aczounted for by sta-
tion differences 1 any one of the three fiber properties, though a
small degree of station variance may be accounted for if the fhree
properties are considered together, Station differences in neppiness,
however, follow closely station differences in the percentage of large
motes. Large motes may not be dirvectly related to nep formation, but
their relative nuraber in seed cotton may possibly indicate the nep-
forming potentialities of the lint.

Differences in the number of neps in yurn representing the different
years can be attributed to some extent to yearly differences in maturity
of the fibers, expressed eithier in weight per inch or in percentage of.
thin-walled fibers.

A fairly large part of the varietal variance in neppiness and much
larger parts of the station and yearly varianee remain unexplained, It
Is possible that the solution of the problem may be found in some
other fiber or Jint properties that vary with variety and respond in g
very marked degree to factors that vary with location and season.

EFFECT OF NEPS IN YARNS

In connection with the war program it is very important that cer-
tain fabries be high in quality and that they be produced with as litile
waste In time, effort, and substance as pussible. Any information
that will further these ends is desivable.

This bulletin presents infurmation regarding some of the factors
that affect the occurrence of one of the quality-determining elements
of eotton yarn—namcly, neps.

Neps ave small knots of tangled cotton fibers® Their formation
is dependent upon manipulation, and consequently they are not
found in unpicked cotton3 But they do accur in varying numbevs in
ginned lint and in all the products of the processes through which the
raw cotion passes in the manufacturing of yarn.

The occurrence of neps in any abundande in varn and consequently
in the cloth manufactored from it is considered a serious problem in

*PRALSON, W. T, NEPS AND SIMILAI JMPERFArEIONS 1N eorToN, T 80 Dept Agn, Pech,
Bul, 304, 158 pp.,_ilwe, 3033,

¥ PEARRON, N, L. DO NEI'S OCCUR 1N SEED COTTONT  Coffon Giuners' Jour, T (6) : -6, 17.
1936,
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quality. Neps detract from the general evenness of the yarn* and
appear as specks or irregular piaces in the woven fabric. If the

- cloth is to be dyed they present an additional and more serious prob-
lem. Most neps are composed entirely of thin-walled fibers or at
least contain some of these fibers® Thin-walled fibers absorb less
dye than those that are thick-walled; consequently, neps appear in
certain types of dyed cloth as light specks agamst the surrounding
darker backgrcund.? Such cloth 1s considered very inferior in quality
to evenly dyed fabrics.

Neps that ave closely incorporated in the yarn produce weak places,
for the fibers must pass around these knots; as a result, the close
fiber association that gives strength to cotton yarn is broken. It is
thought also that much of the brenkage or “ends down” that oceurs
in spinning may be due in part to the presence of neps.

Yarns spun from different lots of cotbon may vury considerably in
neppiness. In gencral, thesa variations have been attributed n part
to differences in [iber length, fiber weight per inch, and the percent-
age of thin-walled fibers. Moreover, neppiness has been considered
to vary with variety and with environment. Since there is little
exach information as to the extent to which these various factors in-
fluence yarn neppiness, a study of neps was made in conmection with
that part of the regional cotton variety study ¢ concerned with cotton
spinning and related fiber studies? to ascertain the extent to which
neps in yarn might vary with variety, Jocation, and season of growth
of cotton, and to what extent these differences might be explained by
varietal, locational, and seasonal variations in fiber length, fiber
weight per inch, and percentage of thin-walled fibers.

MATERIALS AND METHODS

The materials studied were yarn and seed-cotton samples represent-
ing 2 series for each of 16 varieties grown at 8 locations for 3 successive
years (1985-37).8

The code numbers for the 18 varieties given in the accompanying
list a;.‘e used instead of dots in the scatter diagrams (figs. 1, 2, 3,
and 4},

Code Numbers and Varielies

1. Aenlz (Rogers). %. Half and Half

2. Arkangas 17. 10. dexican Big Boll,

3. Cleveland {Wannamaker)', 11. Quata.

4. Cook 812. 12, Rowden 40-2088.

9. Delfog (Blissdel) 4. 13, Startex 619.

6. Deltapine 13, 14, Stonevilie 5.

7. Idixie Triumph 759, 15. Tripmph (Okloboma} 44,
8. Farm Relief 2, 18, Wilds 5.

sCaverpns, M. HE, STANDARDS FOR -AUPEBARANCE O corToy YanN., UL 8 Dept. Agr.
Markes Seev,, B pp,, illng. 1048, (Processed. ]

® See foolnote 2, p. 2,

o Bapkry, L W. NATUAR AND SCOPE OF TTIE COOPERATIVE REGIONAT, VAIIETY STUDIEs WITH
corvoN.  {Paper presented before the Amer. Soc, Agron., New Orieats, La., Nov. 3a_24,
1034,y Bur Plant Indus, Soils, and Age Bogin, 5 pp. 10480, [ Procossed.]

TCAMEOBLL, M, B, PRELIMINAKY HBUDRE OF COTYON SUINNING AND RELATED TIHER STUDIES -
IN CONNECTION WILT THE BEGHONAL TARIETY SENIES CROPS, 1086 AND 1836,  (Faper presented
before Amer. Soc, Agron., New Otieabs, La,, Nov, 3204, 1938} Apr. Markef, Serv, 20 pp.,
Mug. 1931, [Processed.]

" Phere were 746 spinning lots instend of TGS {10} 28X 3}, since in two instunces
teplicnte spinning samples were compogited,  To (eeilitate awilysls, twe 50-yard san-
ples of yarn wers exnmined for thoss composited tols, in order {o huve nn ogund humber
of obgervations for all varieries, The degrevs of {reedom used for the total in tihe fipal
analysis, however, ig 7601, or T05.
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Locations of Varietal Studies

Flarence, 8. C. Boton Rouge, La.
Stoneville, Miss, Stitlwater, Okla,
Marinuna, Ark. (apland}. College Station, Tex.
Marianpa, Ark, {delta}. Lubback, Tex.

The study was made on 22s yarns, as 22 counts were the onyy ones
common fe all lots. A 50-yard sample was examined, a yard at a
time, for each of the 766 spiuning lots (except for the 2 composited
samples, for each of which 100 yards were examined), and the neps
were renoved by means of tweezers and counted.? The yurn was
not untwisted, except wheve definite bulges ocenrred; consequently,
only those neps were counted that were actually on the surface or, 1f
closely incorporated, were large enongh to form nbulge. Neps smaller
than the diameter of the yarn and closely incorporated with it would
be missed. Tt is not illogical, however, to assume that the number of
neps missed in the different lots would be propoctional to the total
number present.

It must be emphasized that only one type of small imperfection is
being considered—true neps, which ave small knot. of fbers entangled
with sufficient tightness {o make a structure definite enough {o be
separated from the yarn with tweezers and remain a knot.  Particles
with attached fibers from cither seeds ot motes, loose clumps of thin-
walled fibers, bits of foreign muatter, and other imperfections are not
meluded in this discussion,

Data representing the number of neps in the 50-yard samples of
yarn and data representing fiber length (npper quantile fiber length),
fber welght per ineh, and percentage of thin-walled fibers of the corre-
sponding lint samples* were subjected to variance and covariance
analyses. In addition, an attempt was made o ascertain whether
certain differences in yarn neppiness might be explained by differences
in the pevcentage of lnvge motes ocenrring in the seed cotton, assuming
‘either that Jarge motes are an important sonrce of nep~forming fibers
or that th relative number of lavge motes occurring in a seed cotton
is indicative of the nep-forming potentialities of its lint. The mote-
percentage data were obtained by counting the number of motes in
1,000 seed sumples {1,000 seeds and motes) ot seed cotton,

VARIATIONS IN YARN NEPPINESS

Considerable variation in neppiness was found among the 766 sam-
ples of yarn. Avernges showed that the yarns representing the differ-
ent varieties, locations, and years differed strikingly and it some cases
very consistently (tables 1 and 2); and variance analysis of the data
indli)c.]'ute[§ that many of these differences were very siguificant
(table 8).

®The nep eounts ware made by Mary Butler, junior betunisr, Burean of Plant Industry,
Soils, and Agrienltural Bagiveering.

1 Bee foofnote 2, . 2, .

T The fiher dntn aad samples of yaen were supplied by the Filier aod Spinning Laboratory
of the Cotton and Fiber Sranch, of the Qive of Distribution, War Food Adminlstration,
located at College Siatlon, Tex., and aperated cooperatively iy the Burean of Plant [udus-
%r_v, S¢its, aud Agricgiturai Engiveering and the Agricultural and Mechunicnl Coilege of

exns.




NEPS IN COTTON TARN

. TARLE 1.—Average nwmber of neps in s0-yerd sanples of 223 yarn for 2 series
for each of 16 varietics grown at 8 locations for 3 successive years '

Lioeation 2 Yoeard

Alarianng,
Ark.
Variety

Collegs Statign,

Sroneville, Miss.
Tex.

Florence, 8. C.
Daton Rouge, La,
Blillwater, Okln.
Lubbock, Tex.

o2
i

Acnln. (Rogers)

<

1 3
AN RIS LS T S 2 =1 T In D0 O LT

])eltnniuu 11.
- Pixie Urinmy
Farm Reliof 2.
Hylf and Hall,

EIE=1 LR EE-R S )
Sz eI stenIn

Cal et B
b b
T =TTy

Howden 40—2{183
Siartex B .
Steneville §
Trinmph {0
Wilds Go._. .

[ PR NN BN EAT -T2 RN

=103 b2 0 b

=
o

e | o7
sl
-

Averoge 4 - ~-;[l{j. 110 | 49,7 _123,2_p3l5,‘li
H ]

J-Jierrem I-percent

I Lanst signitiean, dilference hutu T y feve!
Varicly means . .. L s cweem - . 3 27
Sration meuns. N . . . 1.9
Yedr mesns . . e e e aiiean 1.2

2 hIeans of b observations,

3 Aleans of 16 ebservations.

1 XTeans of 45 ohecrvnl ions,

! Gtavions, wesns of 05 gbseevations, yours, weans of 256 abservations,

Taneg Z—Average nnmber of weps in d0-rard samples of 22.5' wern, for voarieties
gran gt § toealtions for 3 suecessice yems

Year? :
Localion Average
1033 10340 ;

Flarance, 5, O T

Stongville, Aliss.. ... oo ...

Marignnn, Ark.:
U;ﬂ:uad......___...,........,

—

~it3

593

Baton Reuge, Lo, .

Stillwater, Okla_..... ..

Qollege Siation, Tex. .. e e
Lubboek, TeXeer .oy vaes o0 oL

BE®

b

e LD S -

b te b
=TT )

Averaped e e

S-percent. I-percent
U Leastsipnilound diJerenca betwern — tevet feeed
Yoor meuns . 0.9 1.2
Stullon meons. | L5 1t
2 Menng of 32 observations: 1 varicties % 2
FAlcang of 238 om,u\'unons 16 vartelics X 5 Jouu.mns X I EeTins.

Vanmmrsn VARIATIONS

Varietal differences were the most striking. The average nomber of
neps in 50 yards of yarn for the 16 varieties ranged from 14.81 for
Cleveland to 89.44 for Wilds {table 1), In general, varietal meuns

by e e 4 e
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(average of 48 observations) should differ by at least 2.73 neps per 50
yards of yarn for a high degree of significance, Thus Wilds 1s signifi-
cantly more neppy than ail the other 15 varieties, and Cleveland is
significantly less neppy than all but Dixie Triumph, Half and Half,
and Startex.

TapLe 8.—Resulls of anatysis of varience of (1) the number of neps i 50-yard

©snanpleg of 288 yara, for B series for cuch of 16 varictios grown for & suoressive
years af 8 localions; end {2) the same dala and thosc of fiber weight per inch,
wpper quartite lengih, and percenlage of in-watied fibers for the corvespond-
g Hink sampes, and the pereentage of forye woles {n corresponding sced-cotion
samples for 7 weations (Stithwalter, Okla., omitted)

8 logutions 7 locations

Mean square ®

Ment
Degrees Sili”:_lr:'cz TIeprocs Percentage of—

ef free- T of free- .y
. neps Weight | Upper
dem ! don 3 per lausstilel e
incli | Jenglh y Large
walled .
Ghers | fotes

Bouree of varianee

68! 815 488 41 . .

15) **16,02G ** 14, 473["*1, 355 . =629, 4
: ; e AL TRESE T UL dpadiend, ie6,

L Tt i L)
*i4, 5, . *17

. E B .

Voriotles X yoars. ... ... a0 e : w5 X : regp
Varictics X station 105, aus TR, X ' bt L X
Yeors X stoljons. ___ R g L 12 e ing ] . o,
Years X Dlovks  witltia ' :
stakiens ... ... .oaoa | 0, EH . **18.
Vaoriclies X yours X slaiions. 2 a1 il A IR ) L L

sl 271 : . Gog2 8

i In two insfuuees rephcales weore composited, (hus reducing the degrees of froedom from Bhe expected
BT ko TG,

2* = Sjpiifeant; ** =highly significant. . )

8 With Stillwaler, Okiz,, cmibied, there remained on jostaner of replicates beine composited, makivg
the degroes of freedonm 670 instoad of the axpected 671,

Although the cffects of varieties, locations, and years upon the num-
ber of neps in cotton eleavly dominate the study as a whole, differential
response to location and season was established {table 3}, These differ-
ential responses may be partly explaived by the fact that certain
varieties are more [imited than others in adaptation. For instance,
Delfos yarns arve relatively much more neppy when the variety is
grown at College Station or Labbock, Tex., than when growa at Stone-
ville, Miss. Most varieties have many more neps when grown at Still-
water, Olla., than at any other location except Baton Rouge. The
inerense, however, is not proportional for all varieties. Acala yarns
for Stillwater are relatively less neppy than for all other lucations,
This 1s true also for Wilds.

Locarional aAnD Seasonal VARIATIONS

Environmenial effects (locationnl and seasonal) as opposed fo
hereditary or vavietnl influences may have a significant influence upon
the nep-forming potentinlities of a cotton {tables 1, 2, and 8). Talken
as a whole, the place where the cofton was grown had a very decided
influence npon the neppiness of yarn, though the effect is not so marked
as for variety. Some stations behaved much more consistently than
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others. Cottons grown at Marianna, Ark. {delta land), and at Lub-
boclr, Tex., were consistently the least neppy, and those grown at Baton
Ronge, La., tended to be very neppy.

The over-all effects of locution and season are exaggerated by the
very bad conditions that prevailed at Stillwater in 1936, Cottons for
that location and year were poor in quality and the yarns very neppy.
When the data for each year are analyzed separately, the importance
of locntion in 1936 far exceeds that of variehy, whereasin 1935 and 1937
variunce due to variety exceeds that due Lo location (table 4). If Still-

Tapoe 4—Analyses of variance of the wwmbor of neps in 50-yard sSrmnples
af 2Rs yarn for 16 varietics grotwn at 8 focalions in 1045, 1934, and 1937

Mean squnes ?
Source of varinneg ]lmﬁdomolr l |
1935 tm ! aeay

J '
T U 255 | 517 815 430
B A . C imee 15 o, 454 oG, 438 a0
Stations._..... . . h w21, 010 *r2, T80 At Arieh
Blovks within sintions § 4] *53 o
Varieties ¥ stotions.. b 2105 35 st
Error JILHE 3 = 4

The numtber of degrees of frecdon for 1936 nad 1937 were 254 for (otal nod 118 for errer. Bee footoote 8.
*=Rignifleant; ** =highly significant,

]
water is omitted from the 1936 data, the mean sgnave for stations be-
cones 2,076.80, a fgure more consistent with those of 1935 and 1937,
and when the Stiflwater data ave omitted from all 3 years in the
combined analysis {lable 3}, the station variance ranks second and
yvearly variance third.

VARIATIONS IN YARN NEPPINESS AS RELATED TO VARIATIONS
IN FIBER PROPERTIES AND THE PERCENTAGE OF LARGE
MOTES

Each fiber property considered diffeved significantly with variety,
location, and season (table 8). Vuwicty has by far the greatest in-
fluence on length, with station and year rank second and thivd, re-
spectively., Fov weight per inch, the influence of variety ranks frst,
year second, and loeation thivd; and for the percentage oi thin-
walled fibers. the effect of locntion is first, variely second, and year
third. Tn other words, length and weight per inch are primarily
varietal charncteristics, whereas the degree of secondary wall devel-
opment, as expressed by the percentage of thin-walled fibers, al-
though associated to some extent with variety, is primarily the result
of the eifect of location.

It is possible that the figure representing the percentage of thin-
walled fibers in a cotton way not necessarily represent the relative
number of important nep-forming fibers.  Although all types of fibers
may be found in neps, the thin-walled arve found most abundantly
and seem to form the basis for entanglement. And of the thin-walled
type, those having the thinnest walls appear to be those that tangle
most readily.?®

2 See footnote 2, p. 20
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The figure representing the percentage of thin-walled fibers in a
cotton,* however, does not take into account vaviations in secondary
wall development within the group classed as thin-walled. Thus it
1s possible for two cottons to have the same percentage of thin-
walled fibers and yet to differ greatly in the percentage of very thin-
walied ones.  On the same basis of rensoning it wonld be possible for
two cottons to possess vory different total percentages of thin-walled
fibers and yot have a similar number of exceedingly thin-waliled ones.

Fibers of all degrees of secondary-wall thickness may be found on
what may be ealled mnture seeds, so mature seeds may contribute
thin-walled fibers to the ginmed lint. ideed cottuns may contain in
varying numbers, however, large motes or immature seeds the fibers
of which are long enough’ to be ginned, The fibers contributed by
these large motes may possess varying degrees of wall development,
but the majority are nsually vory thin-walled.

Bince Jarge motes would contribute at lenst some of the very thin-
walled fibers, it was thought possible that the percentage of such
motes might serve as an mdex to the number of very thin-wulled
fibers present in the lint and thus be related to the nwmber of neps
present 1 yarn. It is very possible, however, that the conditions that
tend to produice many lurge motes may also tend to interfere with the
wall development of the fibers on all seeds, and thus the importance
of large mutes may be due not so much to the fact that they ave
contributors of thin-walled fibers as to the faet that they indicate
the maturity of the cotton as a whole.

Nevertheless, attempt waus nude to ageertnin whether theve is any
relation between the numbers of large motes in the seed cotton and
the numbers of neps in the yarn.

Variance anilyses of the data representing the percentage of lavge
motes in seed cotton indicated that the abundance of these motes may
be attributed in very large measure to the cffects of enviroment—
either Jocational or seasopal (fuble 8). Cevtain varietics, however,
tend rather consistently to produee more of this type of mote than
others,

In making the covariance analyses. the data pertaining to Stillwater,
Okla., for ull 3 years were omitied, since the poor-cquality cottons
and_yarns for 1936 would tend to give a distorfed picture of what
might generally be expected.

The results of vavinnce analysis of nep data, omitting the Still-
water data, ave little different from those obtained when the Stillwater
data were included, except for the velative degree of variability due
to season and to Joeation (table 3). With Stillwater included, the
variance due to years vanks second, that for stations third ; and, when
Stillwater is excluded, varinnee due to station is second and that for
years is third.

Though covariance analysis. simple corvelation coefficients were cal-
culated for ench sonves of varinnee to show the velation between neps
in yarn and fiber length, fiber weight per inch, and the perce.iage
of thin-walled fibers. Beta regression and multiple-correlation co-
efficients were culeualated for vuriety, stations, and years taken as a

#Rrcuanpsax, I B, Barner, T T W., D, and Cosean, ¢ ML MEUIODS FoR TTH
MPASUNEMENT OF CERTAIN CHARACUER PROPENEISS OF AW cotTox, U. 8 Dept, Agr. Pecl.
Bul. 543, 77 pp., Mus, 1927,




NEPBS IN COTTON YARN

whole. Bince little in the way of significant simple correlation was
found for the various interactions, no further calculations were under-
taken for these sources of variance.

Correlation coeflicients showing the relation between neps in yarn
and the percentage of large motes in seed cotton were made for only
a part of the different sources of variability.

GENERAL RELATIONSHIPS

For the data as a whole (672 observations)™ there is a very sig-
nificant tendency for the number of neps in yarn to increase as fiber
length increases (»=0.665) and fo decrease as weight per inch in-
crenses (7= -—0.6064) (table 5). The correlation coeficient represent-
ing the extent to which the percentage of thin-walled fibers is related
to neppiness is small (0.8363) ; nevertheless, beenuse of the large num-
ber of degrees of freedom, it can be considered highly significant.

TanLeg S—Resnlis of covariance analpsis: Stmple corvelalion coeffivicnis vep-
resenling the relation of neps o filer length, fo fiher weight per inch, and tn
percentuge of thin-wulted fbers, and the refalifonship among the 3 fiber prop-
eriics for 2 series for euch of {6 varieties grown b 7 locaiions for 3 succesyive
yeuars

Simple cerreialicn cooficients !

Neps and Frveett” | wetgn
epsan Bge o alght
pereenlt- ;‘giﬁléﬁ thin- | per lreh
et Wafuppe S | ks
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VARIETAL RELATIONSHIPS

FIBER PROPERTIES

Differences among varieties in the neppiness of their yarns can be
accounted for to a very significant degree by vurietal differences in
fiber length (»= 0.828) or in weight per inch (r=—0.837) (table 5)
(fig. 1). The correlation coeflicient representing the degree of
relationship between neps and fiber maturity (percentage of thin-
welled fibers) is significant only at the 5-percent level (»=0.591),
The scatier diagrams (fig. 1), moreover, indicate that a very large
part of the correlation is due to the effect of the one variety, Wilds.

M 472 {0-yard sumples, bog G771 spinning lots,
G0G448°—f4——2
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Fiause 1.—Regression of the average number of neps in 50 yards of 22s ynrn
upon: 4, The average upper guartile fiber length; B, the average fiber weight
per inch; O, the avernge percentage of thin-walled fibers in the ginned lint;
and I3, the average percentage of latge motes in sewd cotton, for 1G varieties.
Euch plotted peinf is represented hy the variety code number and is the
avernge of 42 observations (2 serles X 7 locations X 3 years). Regression
equations—iiber Jength: B=-—116.154-130.98X, 8. E. B, =10.79, r=0.828; fiber
weight per inch: BF=156.25—2.70X, 8§, B. F.==10.50, r=—0.857; percentage of
thin-walled fibers: F=—48.6854283.% 8 F B=i4%, r=0491; percentage
of large motes: B——31.124-18.10X, & B F.=1541, r=0597,

There are very important relations among the fiber properties
themselves. With an increase in length of fiber Tor varieties there is
a decided decrease in weight per juch (»=—0.906). Weight per unit
length is influeiiced by fiber diameter and the thickness of the fiber
wall. This decrease in weight per inch possibly represents to an un-
determined extent a decrease in fiber dinmeter, thaf is, the fibers of
long-fibered cottons are smaller in diameter than those of short-
fibered cottons and therefore weigh less per unit length, Moveover,
with a decrease in weight per inch therve is an increase in the percent-
age of thin-walled fibers, as would be expected {#=--0.043}. Also
there is o decided tendency for the varieties possessing the longer
fibers to have the greater number of thin—w:xlﬁed fibers ﬁ?’=0.534).
This is a very inferesting tvend, but it shonld not be concluded that
the tendency is universal; as it may be simply a cheracteristic of these
particular vavieties.
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The combined effect of the three fiber properties accounts for a
highly significant amount (#=0.858) of the varietal variation in
neppiness (table 6},

Tanre 8.—Resulls of covariance anolysiz: Beta regresaion coeficients and multiple
ecorrelation cocfficients with stundurd ervor of the estbmute for neps in yuri as
reluted to fiber and sced-colton propertics for 16 variclies at ¢ loculions for 8
suceesgive years
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The beta regression coeflicients (table 6) show that for varieties
the effect of length is first in importance and weight per inch sec-
ond, there being actually very little difference in the relative im-
portance of the two. Here, weight per inch may meun, (¢ some ex-
tent at least, fiber diameter, since in the caleulation of the beta re-

-ession coefficients some of the differences in weight per inch due to
%ﬁ'erences in the extent of secondury wall deposition, s represented
by the percentage of thin-walled fibers, have been aliminated. Per-
centage of thin-walled fibers vanks third, but in comparison with the
other two fiber properties this canmot by itself account for any
appreciable varietal differences in neppiness,

LARCE MOTES

The tendency for the varieties having the greatest number of large
motes to prodace the neppiest yarn is significant (table 5). Asin the
case of the percentage of thin-walled fibers, however, a large part of
this corvelation is due to the effect of the one variety, Wilds (fig. 1).
The omission of Wilds, however, in the case of thin-walled fibers
leaves little in the wuay of corrvelation, whereas in the case of mote
percentage considerable correlation would be left, as indicated by
the seatter diagram {fig. 1).

There is no signifieant tendency for the cotton with the greatest
number of thin-walled fbers to huve the greatest number of large
motes. This is interesting in view of the suggestions that were made
earlier—that the single figure representing the percentage of thin-
walled fibers is not sufficient to represent the nep-forming fibers in the
line, and that the percentage of large motes in a seed cofton might be
incicative of the number of nep-forming fibers present in the ginned
1lint.

Althongh there is no significant tendency for sced coiton with a
high percentage of large motes to yield lint with a high percentage of
thin-walled ﬁ%ers, the varieties with a low weight per inch fend to
have more motes than those with a greater fber weight per ineh,
This is what would be expected if the sbundance of large wmotes
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indicates the extent of secondary wall development. But this rela-
tion is not so pronounced as the tendency for the varieties with the
greatest weight per inch to be the most mature (r==—0.643). Since
only 16 varlefies are included, however, too sweeping conclusions
should not be drawn from these results.” The data do justify con-
cluding that varietsl differences in the percentage of iarge motes
should be taken into counsideration in abttempting to explain va-
rietal differences in heppiness.

REGRESSION OF WEIGHT PER INCH ON FIBER LENGTH

Since varietal differences in neppiness can be accounted for to s
significant degree either by varietal diffevences in length of fiber,
weight per inch, or percentage of thin-walled fibers, the differences
that cannot be related to differences in these three properties are of
parbicular interest. Scatter disgrams show that certain cotfons arve
more or less neppy than their fiber lenpth, weight, or percentage of
thin-walled fibers would indicate (fig. I%t. Both Half and Half and
Wilds (shown by Codes 9 and 18) are too neppy for their length and
for their weight per inch. Delfos and Stoneville (Codes 5 and 14
are less neppy than can be accounted for by their weight per inch-
and percentage of thin-walled fibers. Wilds, Acala, and Mexican
Big Boll (Codes 16, 1, and 10, respectively} are much more neppy
than their percentage of thin-walled fibers would indicate.

Since varietal differences in weight per inch and Jength accomnt for
stuch a high percentage of varietal differences in neppiness, and since
these two propertiés are themselves highly covreluted, it might be
logical to assume that, other things being-equal, neppiness would tend
to follow the average regression of weight per inch on length. Vari-
eties that deviate considerably from the regression line would be ex-
gected to have more or less neps than cottons of similar length,

epending upon whether their weight per inch is greater or less than
that expected. If the deviation is not accompanied by a marked
difference in neppiness, some other factor would have to be sought to
explain the behavior. If cottons possess about the average weight per
inch and length relationship but are more or less neppy than varieties
of equal length, explanation of their neppiness might be found in the
percentage of thin-walled fibers or of large motes, or might be attrib-
uted to some unknown factor or factors.

These interrelationships were shown by plotting for variety means
on several different charts the regression of weight per inch on length.
Instend of using dots to locate the points representing the weight per
inch-length relationship, the variety code numbers were placed on one
chart, the average number of neps per 50 yards of yarn on a second
the percentage of thin-walled fibers on g third, and the percentage of
large motes on a fourth (fig. 2). This procedure was followed for
variely means as a whole, for varieties at each station and within each

ear, and for the vavieties within each year at the different stations.
ecguse of space limitations only the charts for the total and for one
station are represented here {figh. 2 and 3).

For the total, several varieties have greater or less weight per inch
- than would be expected from their length (fig. 2). It does not follow
in all cases, however, that cottons the fibers of which are of too light
weight for their length are neppier than cottons of equal length, or
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that coftons the fibers of which weigh too much for their length ave
less neppy than cottons of similar fiber length. Xnconsistencies cannot
be explained ns a generad rule by differences in the percentage of thin-
walled fibers, but some inconsistencies can be expleined by assuming
that the percentage of large motes is an indication of the number of
nep-forming fibers in the lint.
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Irrotms 2—Regression of fber weight per ineh npon upper guartile fiber length
for means of 16 varietics. Motied pomts are indieaded in; A by the variety
code munbers; B, by Che average nomiber of neps i S0 yaeds of 20 yarn; ¢, by
the average peccentage of thin-walled Glbers in the ginned lint; and D, by the
average percentiage of lerge motes in (he seed cotfun,  ach piotted point or
mein ig Ehe avorage of 42 observations (2 sories X locations X 3 yewrs).
tegression enuittion : H=06032—44041X, 8 B [==052, r=—09100.

Cook (Code 4) weighs less per inch and is move neppdy than wanie-
ties of nbout equal length, 'This tendency to have fibers relatively
light in weight was shown murkedly, however, in 1985 and 1936 only,
and in both years Cook tended to have yara neppier than thag of cot-
tons of equal length. In 1937 its weight per inch was not greatly
different from that of cottons of about equal length, and it was about as
neppy as these cottons, Tt behaved consistently in 1985, showing at
all stations a tendency to be lighter in fiber weight and morve neppy
tl;zm cottons of equal length. JT& wus much move variable in 1956 and
1987,

Rowden (Code 12) in genernl tends to have a much greater weight
per inch than cottons of equal length, particularly Qualla and Stone-
ville (Codes 11 and 14). On the whole, especially in 1936 and 1937,
at most of the stations it might be considered to be more neppy than
would be expected from its fiber weight. The behavior cannot be ex-
plained on the basis of the percentage of thin-walled fibers nor con-
sistently by the parcentage of large motes.
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Farm Relief {Code 8) generally weighs more per inch than coitons
of similar lengti and is neppier in some cases. It ustally has a large
number of large motes and o rather high percentage of thin-walled
fibers, despite 1ts relatively high weight per inch, either or both of
which might expluin its neppiness.

Acala {Code 1) is about the same length as Avkansas {Code 2) and
Delfos (Code 8). It has many more neps than either of these varie-
ties bul, differs appreciably in weight per inch from Avkansus only.
According to the percentage of thin-walled fibers, Ielfos would be
expected to be much neppier than Acala. Acaln usually has more
large motes than Delfos; 1t is possible, therefore, that Delfos, although
it has a Iarge total number of thin-walied fibers, has less very thin-
walled ones than Acala and consequently is less neppy.
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Ficurg 3—Regression of fber weight per inch upen upner guartile Aber length
for 16 varieties at 7 locativos, one location only being shown. Plotted points
are indicated 1t 4, by the vorviely code nombers; 8. by the wveruge munber of
neps in 50 yurds of 223 ywn; €, by the average percentige of thin-walled
fibers in the ginned lint; and D, by the sverage pereentare of Inrge motes in
the seed colton, Huch plolled point or mean is the average of § observations
(2 seriesbx 8 vears). DRegression eguation; F=8210—4057X, 8, B. E.=3.30,
r=—0.300.

Mexican Big Boll {Code 10} has about an average length-weight
per inch relationship, yet at all stations in 1935 it had more neps than
Deltapine (Code 6), Farm Relief (Code 8}, or Stonevilie {Code 14},
Mexican Big Boll usually has 2 large number of large motes, but tlns
characteristic was shown 1n all years and so cannof alene explain its
unusual neppiness in 1935,

Stoneville (Code 14) is less neppy on the whole than its weight per
inch- and percentage of thin-walled fibers would indicnte. It pro-
duces few furge motes; its thin-walled fibers, therefore, may be largely
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those having considerable wall depositioh. Nevertheless, it is less
neppy than would be expected from available data,

Apparently there is some varietal characteristic not yet understood
that affects the nep-forming possibilities of the different varieties and
that is subject to modification by seusonal and lecational factors,
Through variance and covariance analyses it is possible to remove from
the data relating to neps, fiber length, fiber weight per inch, and per-
centage of thin-walled fbers all the variance except that due to varie-
tal differences and that ascribed to ervor. After this is done, and
the varietal mean square for neps isadjusted to compensate for varietal
differences in fiber length, weight per ineh, and percentage of thin-
walled fibers, the differences among the va riety means ave still highly
significant. This indicates that though u considerable depree of varie-
tal differences in neppiness of yarns may be accounted for on the basis
of varietal differences in fiber length, fiber weight per inch, and per-
centage of thin-walled fibers, there is still considerabsle varietal varia-
tion for which other factors must be responsible. Such fuctors may in-
clude: Percentage of exceedingly thin-walled fibers, fiber dinmeter,
uniformity of the various fiber properties, and the amount of fuzz
ginned off into the lint,

Locarionar RELATIONSIIIFS

FIBER PLRGPERTIES

Although significant differences exist among the station means for
neps as well as for all three fiber properties (table 1), station differ-

ences in yarn neppiness cannot be accounted for by differences in
fiber length, fiber weight per inch, or the percentage of thin-
walled fibers taken individually (nonsignificant corvelations, table 5).
Length was not expected to be a factor, since station differences in
length ave relatively small. It was thought, however, that station
differences in neppiness might be rejated to the maturity of the cot-
ton representing the different stations, reflected either in differences
in weight per inch or in the percentage of thin-walled fibers, but this
did not prove o be the ease.

Although the three fiber properties taken separately explain little
if any of the station variation in neppiness, the combined effect of the
three, as indicated by the size of the multiple corvelation coefficient,
explains somewhal more {table 6). Apparently the interrelation-
ships among the fiber properties are such that taken as o whole they
cant account for some of the station differences in neppiness. The heta
regression cocflicients indicate that the percentage of tlhin-wailed fibers
is the miost important of the three properlies in this respect {table 6).

It is of considerable interest thuat environmentally induced re-
sponses result in correlations among the fiber properties themselves
that are significant or nearly so (table 5). With an increase in fiber
length for location there is an increase in weight per inch. The sume
trend is shown by the negative correlation between length and per-
centage of thin-walled fibers, the longer cottons being the more mature.
In other wouds, the environmenial conditions thal tend to produce
long fibers also tend to produce well-matured ones, and vice versa,
whereas exactly the reverse relutionships exist among varieties.
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It was thought that perhaps for the stations the cottons of the
poorest quality, as far as fiber length and weight per inch together are
concerned, would be the nepplest, but this was not true. In figure
4 the station data for 8 of the varicties are presented. Since it wouild
be impracticable to show clearly the results for all 16 varieties, S were
selected throughout the range of Bber length, snd the regression of

welght per inch upon fiber length was plotted, using the average num-
ber of neps for the variety-station means to locate the position showing
the relation belween these two fiber properties, Within each variety,
the stations show a fairly definite trend, the weight per inch tending
to increase as length increases; that is, the locational factors that tend
te produce long fibers tend also to favor normal secondary wall devel-
opment and vice versa. No tendency was noted for the shorter and
more immature (lighter) cottons to be neppier than the longer and
more mature {heavier) ones,

LARGE MOTES

There is 2 very definite tenddency for the stations producing seed
cottons with the grestest number of large motes to be those having
the nepplest yarns (r=0.84L table 3). Correlation between the per-
centage of large motes in the seed cotton and the percentage of thin-
walled fibers in the lint or the fiber weight per ineh, however, is not
significant. The exaet wuy in which the lurge motes ave related to
the number of neps in the yarn cannot be judged from these data,
but it is evident that their occurrence is relafed either divectly or
Indivectly in a very signilicant mauner to the nep-forning poten-
tialities of the seed cotton.

SEASONAL RELATIONSIIPS
FIBER PROPERTIES

The differences in the neppiness of varns representing the differ-
ent vears cannot be explained (o any significant degree by yearly
differences in fiber length, fiber weighl per inch. and pervcentage of
thin-walled fibers. The vorrelation cocfficients are large, but because
of the single degree of freedom none of them can be considered
significant {table 5). Within individual varieties and stations, how-
ever, au Increase in neppiness from one year to another is aceom-
panied to a significant degree by a decrease in weight per inch ov
an incrense in the percentage of (hin-walled fibers.  That is, with an
inerease in immaturity, expressed either in weight per inch or as per-
centage of thin-wulled fibors, there Ix an increase in neppiness. Manv
of the differences in weight per inch and percentage of thin-walled
fibers. however, as well as the differences in the number of neps. are
very small,

Aldthough the negative correlation between fiber length and num-
ber of neps is not significant it is of intevest. The corvelation co-
eflicients indicate that certam envirommental conditions that vary
with seasons may produce shorter and more Immature cottons than
those of other vears; and since the more hmmature cottons tend to be
the neppier, it follows that the shorter cottons should also be
the neppier.
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Figure 4.—Regression of fiber weight per inch upon upper quartile fiber length for 8 varvieties at 7 locations:. Bach
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Inrloeation and is the average of 8 observations (2 sevies X 3 years). Regression equation: E=92,10—40.57X
S. I8, I5.=8.50, r==—0,500,
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LARGE MOTES

Differences in neppiness of varn vepresenting the different years
were not related to differences in ote percentages of the seed
cottans,

InTERACTION RELATIONSHIPS

The simple correlution coefficients representing ¢the extent fo which
variations in neppiness assoctated with the varions internctions can
be explained by variations in the three fibey properties are, with one
exception, nonsignificant. In general, thevefore, variations in nep-
piness attributed to the diffeventinl response of vatiety to the eftect
of location and of year, to the effect of location as modified by the
effect of year, or o the differentinl effect of location during the
different seasons upon the cottons as a whole cannot be accounted
for by variations in fiber length, fiber weight, or the perceitage of
thin-walled fibers (table 5).
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