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THE position of American cotton on the domestic and foreign 
markets depends among other factors on its quo,lity, the mltill­

tenanc!.' or improvement of which requires mpid and aCClIrat(' methods 
of measllrin~ its properties. Inc]'e>ased competition with synthetic 
fibers and with foreign cottons and other natuml fibl'rs culls for Hew 
methods for me!l.Smillg prolwrtic's not heretofore cOJ1sidcrNi. 'rho 
X-ray method may be substituted for strength terhniqu('s where field 
dl1ma~c has occurred, sinct' in such samples it is an l'xc('lLent means of 
(1) selecting good spinning cot,tOllS lIot readily idelltifinble as such by 
other fiber propcrti('s; (2) diffl'n'11 tiaLing un usual varieti('s or strains 
or I'llvironmental con(litions where the usunl strength-structm'e rela~ 
tions may not holtii and (3) measuring relatively mpidly genetic 
differences n,ffl'cting tensile strengths. '1'he ['('suIts of the present 
study on the development of the X-ray method may be sllmmn,rizcd 
as follows. 

I Received for publicatiOIl October 4, 1946. 

2 Now with the Signal Corps Enginnering I"aboratories, Belmar, N. J. 
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X-ray nnd strengt.h measurements. 

iU52359-4S-1 	 1 



2 TECHNICAL BULLETIN 949, U. S. DEPT. OF AGHICUL'iURE 

SUMMARY AND CONCLUSIONS 
In comparing cotton samples for selection in brN'ding, the X-my 

method supplements rather than rerlaces strength methods, W11('l'e 
field damage has occurred'the X-ray anglrs may be more rdiable 
indices of the genetic characteristics or potential fibN' strengths than 
the Pressley values or the Chandler bundle strengths, The X-ray 
teclrnique serves also as a research tool in determining reasons for 
differences in stl-rugth and othrr properties and in comparing natural 
and synthetic fibers, 

Thus far the X-ray mrasUl'emellts have not bern so closely cor­
related with yarn strengths as with fiber strengths, for two main 
reasons: (1) The X-ray angles are not changed matC'l'ially by biologi­
cal decay until after the fiber strength is complete'ly (lPstroyec\, but 
the yarn strengths are af}'rcted by biological decay in much the same 
way, (2) The' structure-strength relationship may be different for the 
various sprci{'s of cotton and evrll for different varieties within a 
specie!';; s('a-islal'd and American-Egyptian, for example, are stronger 
for a \.rl',en X-ray angle than American upland yn,l'ietiC's, and among 
upland strains, ,Vilds may be strt:ngel' than Stoneville 5 for n, given 
cell-wall structure, In general, environmental efl'C'cts within a 
variety do not change the structure-strength relationship. 

In the studiC's of yarn strengths, fiber length and strength were 
found to be more important for 22s yarn, whereas finrness bl'comes 
progl'C'ssively more important at the higher counts and at GOs may 
overshadow fiber strength, 

,Yater strl'ss, as me'astll'l'd hy the d('gl't'(' of wilting of tlll' plant, is 
the' most important fador in tIl<' l'Il\'il'OIlIl1pntnl dj'('C'ts on fibl'l' prop­
eltil's, As tIl(' stress bl'con1l's grl'ut(,I' the {'('Ilulosl' is deposi tl'd wi th a 
smaller an~lp bC'twPcll the lon~ axis of the cellulose crystallites and 
that of the fib{'l', and COJ'l'l'spondingly thore is ~!'('atl'r tensile strength, 
'fhe st]'Pss may also afl\,('t the quantity of N'llulose (\pposited, thus 
changing tlw fineness (w('ight PPI' unit length) of the fibcr, It may 
also afl'e('t fi bl'I' lC'llgth; hO\\,('\'('l', thC' fi bpI' l'Ionga tps to full length be­
fore s('('ondaI'Y dppositioll takC's pla('l', thus milking' it possible' for its 
len~th al1cl stl'png-th to be afi'l'<"ted in(\C'pNld('1l tly by l'IlVirOllmen t. If 
they arc afl'eded similarly, there is a tend{,lley for ('ompellsation, 
i. e" the shortel' the filwr the greater the strC'llgth,,y('ather ('olldi tions thn t promote tIl(' growth of strongrl' ('ottOIlS 
usually ('ausc a lower yil'!d and shol'tl'r staple, thus I'p(iu('ing tIll' I'l'­
hu'ns to the grOWN', It IS log-ienl, tl1('l'pfoJ'~. to (,XIH'd impro\'l'Ill('nt 
in strength of ('litton thl'OlIg-h hl'l'l'ding I'IltlWI' than by spe('lalized 
growing conditions, 

The chnl'llC'teristic filwr stl'lIdlll'(' (jndi('nt!'d by til(' X-my angh') 
of a well-hred vuril'ty 01' -;tl'n ill of {'otton (t'nels to IH' gl'nl'ti('nlly ('Oll ­

stant unll'ss varied by sl'[pdi()n, ,Yhpn two widl'ly diff'l'I'l'nl stmins 
or varieties al'e crossed, tl1(' X-my anglN, of thp I~1 g('n('1'1l tion tt'll.d 
to be eq ual to the' ayL'I'llgl' of thc' two Plll'PI1 ts; howenl', it Il1n~' be 
equal to thL' pal'pnt. hlt\'ing thC' smn.l\(>1' X-rn~' all~\P, '1'h(' 1<'2 and 
sUC'(,N'ding pl'oge'ni('~ t('nd to sC'gl'egat(', llnd tili' f'Xtt'PIl1('S of X-my 
angles among the progeni('s may be ~I'{'n.h'I' tholl thnt 01 thl' two plll'C'nts, 
Selections from such a {'rOSS mn.y l'l'1l1l1in stnble 01' s{'grcgate fUl'thC'J', 

It may he C'onehldl'd thnt thC' X-my m('IlSIII'('nlPllt is a \'l1lunblo tool 
in cottoi:J-bl'ceding and gell!'l'Ill fibe'l' j'{'s{'nl'eh, . 
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EXPEIn~m~TAL BACKGROUND OF X-RAY METHOD 

Vm'ious pl'OpC'!'ti('s of cottOIl fiber's hllYl' bt'('n studil'd in the joint 
pl'ogmrn of thl' Ullitl'd Sl.n.tc's Deplll'tmc'llt of Ag!'iclIltllJ'O Ilnd the Stllte 
ngl'ieultul'!ll experiment stutions fol' the impro\'eml'llt of Amerielln 
cottons, Among thesc prOIH'l'tics hils be(,11 the rpilltion betwecn stl't!e­
tUre ~.f fibel' ns shown by X-rllJ' difl'l'Ilction Plltt('l'IIS Ilnd tlw fibcl' 
strcngth nnd spinning «unlity, It is not the ()tll'pose of this dis('ussioll 
to attpmpt uny dC'lnilNI ('Xplllllntioll of Hi>Pl' Sll'llCttll'(', but m('!'('ly to 
poillt out that, ('ompl!'x und un('pdnill ns it IIlfly nplH'IU', thl' nVl'I'ngc 
or gl'IH'!'nl structure is elosely !'elilt('(1 to the \'nLious physi('111 pro[ll'rtics
of the fibers, 

p" EnOl'S 1~\,EsTIGATIO:'i'S 

Invl'stigatol's hnn' knowl1 fol' SOil\(' time' thnt tit(' OI'iPII tn tion of the 
fibrils, with rc'spt'd to tht' IOIlg nxis of tht' ('ottOIl libp!', \'urips from OI1C 
lot 01' I i1w r!-l to fiIlOlh<'1' nnd fm!1l OIl(' position to nllof.hp!' i!l a gin-n (ibl'I',
If Ol'il'lItntiol1 llWnSIII'l'Illl'llts on individual fil)('l's 111'(' <it'sil't'd, micl'O­
s('opie Ilwthods lin' uSllillly pl'(,fl'I'I'('(\, .\ [Ol'(,,)" (21 Y!'('pol'i.('d ft llH'thod 
for lll('nslIl'lng Mien tn tion by 1l1('ftns of the' di<"ill'oism of fillol'('s('('n t 
<in's thnt II!'!' nbRorlH'd by thl' fii>l'!'s, HI' lilt!'!' l'xll'!lcil'lI this n1l'thod to till' 1lI('IIRlII'('ml'nt of tlil' n \'('('11"(' Yllill(, for' n Inl'<r(, !l'lmlH'1' of filwl's 
nt 011(' tinw (2.2), r< '"' 

X-my difl'l'uetioll t('('ilniqu(' ofl'('('8 n' l'upid find 1)('lldietll nl('Il!lS of 
dt'l(,l'Inining thl' fibp!' Stl'l!dlll'C of ('ottOllS hy usillg bU!Hlh's ('olltnining 
sl'n'1'Il1 thowmnd fi bpI'S ('neh, A !'(,\'it'w of tlH' I.i 1(,1'11 till'(' on X-my 
studiC's of ct'llulost' hm; 1)('('11 giv(,11 by Sisson (20, 2(/, 29), Cllll'k, 
PickPtt, find FIl!'!,' (9) ('('('ogniz('d Oil' liSP oi this !l1('thod. to ('ompIII'C 
dill'l'!'pnt sllmpll's of ('OLtOIl, and SiSSOIl Ilnd Clnrk (30) "'0I'k('(I out n. 
llH'thod for' comparing snmpl('s of !'IlW ('otton, FUI't1H'r l'('fi!1('Illt'llts 
W(,I'l' ('('po!t('d by Sisson (27, 28) nnd by B(,l'kl<,y Illld Woodyftl'ci (li), 
This s('dioll of this bu\\(,tin sllmmnl'izl's til(' d('v('lopn]('llt of tltt' t(leh­
niqul' thllt hil.::; b('('orn(' on(' of the' stnndnrcl p('()('('dul'l's fol' d('sel'ibil.lg 
til(' l'('ln tion of physienl pl'o(H'dil's of ('OUOIl fib('('s to heredity und 
ellvirollmcll t, 

6The lIut horf; lire ind!'bf('d to ('lIrl ~l, ('onrnd, for muny Ilf'lpflll :;1IL.(~('"tions 
during 1'11<' progrC'$R of thi" work, lIod tn ,John I.", Bllrghollt'(,I1, flrlllPrly with the 
Cotton BmlH'h, I'r(Jdll<'liOI1 nod .\lnrktotill~ ,\drninistralion, for IH'!p in dtsigning 
nnd cOl1stntelil1g Ill(' nppnrlltu:I illll$trll[e« in figUrNI 3, 21, lind 25, 

7 lUdic JllIlIlh('rl:! in ptlrcuthc:;('s rt'fer to Lit('ralllrp ('ited, p, U2, 

3 
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FUNDAllENTALS OF x-nAY METHOD 

In considering an the experimental datil to he reoorted here, it 
should be remembered that the microphotometer readings arc in 
arbitrary units that arc direetly proportioIlnl to 1- T, whcr~ T is the 
relr.;tivc transmission, If it is desired to convert the microphotometer 
readings to standard units, it enll be done by using the information 
that the zero transmission reading is 255 and thnt for a trllnsmission 
of 0.439 the reading is 90 (the stfilldard £lItel' setting), .Standllrd pro­
cedure ill mCflsurements by the X-my method is given in the last part 
of this report (pp, 51 to 61), 

VAHIATlONS IN IIECOHDlm X-HAY PATTEHNS 

If diffrnetion paHl'l'ns of tlm'e snmpl(,s of ('otton having diff('n'llt 
physical pl'op('rti('s nre pn'parNI and the photographic blnekl'lIing of 
the eireil' tontllin.ing the arcs from the 002 plane is plotted against 
the angular distalwe around the pattern, the curves ShOWll in figure 1, 
A, may result, The heights, widths, and Iln'as arc seen to be different 
for eaeh ('ur,e. TIH'se curves Ill'e rt'lnted to Olle or more physical 
propertips of the cotton fibers, and the problem is to discover that 
l't'lationship, 

Assuming a bundh- of parall('l fibers 11(,1<1 in a fixed position with 
J'('fel'ellCe to thl' X-my bNI.Ill, the shape anll the siz(' of the l'un"p (fig, 
1, .t1) arc repr('s('ntnlin of the prl'ft'l'l'eci dirpl'tioll of ori('ll tati,on (If 
the cellulose crystilllites in the eylinciI'ienl fib('rs of ('aeil sample ,t'l'pn:'­
sl'nted, The path'rns ar0 influelleed also by distribu tion of ery"tnl­
lites about pref('ITed din'etion, X-ray nbsOl'ption ('oeffieicnt of. flb(\l's, 
thic·kness of bundle of fibers, density of bundle, tension on bUlldl<~, 
int<.'l1sity of X radiation, Il'n~th of (~xposure, sl'llsitiyity of film, ('UIHI,II­
tions of dl'Yl'lopin~, 1l01l('Ij'sbdline purt of fibpr, and probably a nul),1­
bel' of otll('r fa('tors, 

Sinee it is obyious[y dWkult, if not impossib[p, to eliminate P\-p'.-y 
vnrin.bl(' l'x('('pt tha t of ('(\llulos(' ori(,11 til tiOll, so thn t tll(' anglp bphn'PIl 
the ('('Uulose strands and the long 11xis of the fibl'l' ('ould be obtnilH'd 
dirc('tly from the dimensions of the ('urn'S, it wus ne('eSsal'Y to <'stllh­
lish all nrbitn1l'Y IlwaSlll'C of the curves, III establishing such a 
nH'asurc 11 gn'nt Ilumb('r of what seemed to be the most logienl pro­
cedures were iny(·stignted to ddpl'minc eioseness of relationship with 
fibpr tensil(' slI'ength, l'l'pl'odueibility, sp('('(l and fucility of operation, 
and ot/H'I: tl'('hni('al rpquirl'mcnts, ~Jntllno (18) nnd Go alld Kubo 
(11) nttpmptNI ti1f' sO[\ltion of this prohkm, but fllil('d to den-lop 11 

s('I'Vi('('Ilbl(' ITlethod for th(' llll'g(' Illimbprs of ('\11'\'('5 l'('quircd in I'outin(' 
meaSUl'(~men ts, 

In the work I'(lport('(/ h('l'(, th(' bundle' Sillf', tt'llsion, film chnrndN'is­
tics, and deyelopill~ prON'SSl'S w(,I'e all /wld as ('onstant as possih\(', 
This It>ft II group of <'ill'n's still having difl'(,I'('nt /wights, widths, llnd 
nrC'as with variations that, may 1)(' nSS11111l'd to 1)(' d\J(' only to diff('('­
(,IH'es in {'ellulos(' oric'ntntloll, (fistrihlltioll Ilbollt the di('pl'tii)J) of Mit'lI­
tation, and (lPgree of exposure, 

Almost at th(' outS(lt it nPP('lH'ed thnt it wns not prnl'ti(,Jlbll' to 
adjust the (/pgrl'(' of ('xposure for rarying ol'i<'ntntion to gh'c ClHT(,S 

having either llrcnS or lJt'jghts or widths suJIiciently constnnt for using 

• 

• 

• 
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• the other mCIl,cmrement in comparing curves. Theoretically, the most 
logical procedure would be to adjust t.he CUl,\TCS i;o a constant al'Oa, 
w'hich would represent total X radiation. This meant, in terllls of 
the plotted curves, making the arc as the same under all the curves. 
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ured; B, udjllsled so thut. tI' . ..: urea ullder eueh curve is the sume; C, mJjllstcd to 
the SalUe mllximurn height. 
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This produced sds of CUl'YeS similar to those shown in figUt'e 1, B, 
whic'h nTt' from til!' Sl1l11e photonH't('l' 1't'l1dillgs I1S those in figul'e 1, A, 
nft!'t, being ndjustl'd to tIlt' SI1111e nrN\" It wns not pl'lH,tienl to nH'nsllt'(~ 
till' I11'el18 'of til(' 1I\l'p'e ntlll1 b(' I' of eliI've!'; reqllired fOl' It I'outitll, method. 

"\Ylmt pl'oy('(L to be n prnetiel11 lllenSllre of tll(' ('Ul'YeS wns to kN'P 
the 11l'ights fixt'd (i. e., u. stnndl1l'tl degree of rndintion nt u. ('hosen 
point) nnt! to mel1sure thl' vI1ri01ions in widths of eurn's, This 
method would produce u. set of ('UITl'S similat' to the l'xnmples shown 
in figure 1, C, These I1l'e the sml1(, ('UI'Yl'S I1S those shown in figure 
1, Al1nd B, nftl'!' being ndjustl'd to til(' Sl1m(l ml1ximum hl'ight, 

PrelimilllLry tpsts s11owN1 that thCl I1nguil1.r distallCl' from tlu.' position 
of mnximum bln.ckpnh'lg on the onlillntp to thp position of 40 PPl'Cl'ut 
of. tIH' Il1l1ximum ol'dip,Hl.t(' gav(I a sensitivp and r(lliablp m('nfiurc of 
curn' width, Althou~h tIll' choice of tlw 40-pN'Cl'llt n.nglC' instead of 
onl' inrger 01' smnller is sOU1('whnt al'hitrary, it is n(lal' the invl'rsion 
point of tIl(l Clll'VNl wlwl1 }'(Ilatin' tl'l1nsmission is plotted ngaillst 
nngulnr distltl1c(' from titl' po.int of mnximllm bln('k('ning on th(' I1re 
fl'om tlH' 002 ]lImH'. ConsC'qll('ntly, it WitS sC'll'ctC'(\ by the wl'itl'l's itS 
til(' tlX~I'ny D!lgk," 01' the stil.lldnl'd IlwallS of comparing the X-my 
difimctioll patterns. Tlll' 40-ppl'c('nt nngl(' l'eportl'd b}~ Sisson I11H1 
Clnrk (80) fmd by Sisson (27, :28) WitS not the SiLfl1(' ns thiLt giv('n 
he1'(' j IHlw('vl'l', tht'y Wl'I't' both used for th(' sn.me purpose, i, e., to 
me(Lsul'C the length of the 002 arcs, 

AD.1U5T3IE~T TO STAXDAIWI~TE:><SITY 

Sinc(, it is impl'ncti('al to hring thl' mllximum photop'nphic d('ll.<;ity 
of ('I1ch film to IH'('cis('ly t1ll' sl1nw point, it WitS Hl'('('f;sn.r}' to dC'll'l'lllilH' 
the pff('CL that thC' dt'gT(,l' of P:\l)()Sllt'(' Iwd upon thl' h'llgth of thl' 002 
arcs, From this, n cOITPdioll fnctor was evolved to convert nll curves 
to a e110S('11 standard llu1ximum, 

To (It't('l'minp this fltctor, nUI11('rOllS hundl<'s of cotton 111)('l's \\'(lre 
prpp1U'[I(l, l'('pI'Ps('nting tn)('s thnt would gin n wid(l mng(l in the 
length of tIlt' nrc from tht, 002 pIanl', Sl'Y('I,ltl (':"I.l)OSlIl'l'S of difl'PI'('nt 
tinH' I('n~llis W('l'P mltd(l of (,It('l1 bundl(l without disturbing th(' bundl{1 
l)('tw('('I1' ('XPOStll'('S. For a givPI1 bundlC', t\H' C'lltiJ'l' ~:;('ril's 'of l'XpOSlll'C'S 
wen' IlH1(ll' ('ons('cutinly fLnd n8 mpidly ItS possiblP and 1111 \\'('1'(' 

d(""tl'lopt'(l undpl' tIlt' sanw conditions, ~rOl'(IOVl'I', tIl(' timinl! or tit(' 
('XPUSlIt'l'S was 1'!l1lclomizt'd, i, (I" OtH' ('xposur(' might be fol' 5 minutes, 
the lh'Xt 30 mill111 (,S. fUlIL the l1t'xt 15 minut('s, 

ThC' ]'('sults or iiVI' ::;urh s('l'i('s madp 011 four hl'i1.l1d::; of X-my film 
l1yuiillh[(' on llt(' Illill'kl't. nn<l with till' ::;tltndill'\lized ('chni(j'u(' of 
bundlP prp]HU'lttion, film cll'nlopnwnl t ILnd 0[11('1' PI'()C(,lhII'PS fU'P 
giwn in fil!II],(' 2. Hpl!a]'(lI('<:'s of Ow Ipngt h of HI'('sin the' diffl'l1C'tioll 
po,tt('rll, the' sbpl's of lht' lim's within tIll' range' of l'p('onttnc'IHh'd 
1l1nxil1H1111 hlftC'k(llling 11.1'(' i111 ('ss!'ntinll." 111(' SunH', Tid::; irnpOl'tH.llt 
Cl!'eum::;tn.n('p mnkl's it possibl(1 to ('OI'1'('C( nil ftIH'1' pnHf'l'lls. regnnll('ss 
of Ol'i(,ll{ntioll, to It romnlOll oj>neity 11'\'(-1 h,\' mNLrlS of It sirtl!]!' (,OIT('('­
tion (,W'Y('. '1'h(, COI'l'PCJ.iOIl is mos! l'(llldiJ}' mltd(l by PI'p]lfu'i n~ n. tnble 
(8('e tnbl(' 19), to 5ho\\' the an~l(· ill ([<,g-I'/·(.g lhnt is to be' ftddC'(t to 01' 

subtmet!'d ft'om tlH' ohsl'l'wd Iwgle fol' nny pho(otn('tpl' l'('ltding 1'(11)1'('­
s('nting tI\(I nlilximl(l1I blll.('hning /)('tW('<'ll th<' limits sc-t, 
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STRUCTURE AND STRENG1'H OF COTTON FIBER 7 

In the case of the microphotometer with which the observations 
above were made, t.he ISO-scale division was the standard value of 
maximum blackening chosen (corl'('sponding to a pl'('scribed standard 
of 0,20 rcln-tive trn.nsmission) n-Ild the r('comnwuded limits for maxi­
mum bI!\ckenillg were readings of 140 and 220, Pu.tterns of low 
photographic intensity (below 140) were centered on the photometer 
with much difficulty, 

In the preliminary stages of the work, many "density," or e:'l-posure, 
series were made, using different kinds of film, different methods of 
bundle preparation, difl'el'ent developing teclUliqu~'s, and other pro­
cedures, It was found that most of tlws(1 series gave t'sst'ntially the 
same slope, The only noticl'll.blc excepLiolls occlll'rcd when a series 
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PHOTOMETER READINGS 

Frr.URE 2,-X-ray an~lcs, as relat('(1 to thc photometer .rcadin~s nt the point of 
mnximulII blackenin~ of the 002 arcs: A, Composite curvc, using tile snme 
sample of COlton with four brands of film; Bo iIldividunl curves obtained caell 
from a single bundle of cotton and a given bl'l1nd of film. In prn{'t icc, nil 
X-ray angles arc correded to the 180 position on the photomeler scale, 

of films was vt'ry much un!l('nll'v(')opt,d fl.lld \\"11('11 somr· excessively 
fOCTged films Wl're us('d, N('itlll'1' call be tokrat('d in t'xc('ss, 

It is realized that emulsion chamctel'istics ma:y val'y slightly from 
OIlC batch to anotllt'r of th(, SI1.l11(' film, but this is difficult to dt't.('rmint', 
It secms l'('n.solll1bll\ to aRsuml" how('vl'I', tllnt nny variation be­
twc'cn baLchl's of the same kind of film is not so gl'('i!.t ItS till' YUl'iation 
from one kind to another, COllS('quelltIy, if It chn.I1g'(' from one kind 
of film Lo I1noLh('l' dol'S not show a sig'llificllnt dUI'('I'('llc(' in tll(\ 
X-my n.ngl(·s fol' a pal'ticulll.l· bUIl(U(' of fii>(>I', it Illll.y b(' ItsslIllH'd 
that no diffiellltips will 1)(' found bp('ntlSI' of \'al,intiollS bl'l\"('('n 
batclH's of film of tht' snme kind, so long us lilt' o.tlckgl'OlInd is c1l'itl' 
and uniform. 

AUNIDIENT OJ<' FIIII':I1 1Il""DlAg "ITII X-H,\Y IIB'\~I 

Anol;hl'I' SOIlI'('P of vltl'intion is tIl(' nlill(>IlH'lll of t!H' RJ)('cillll'll with 
r('sI)('('l to til<' axis of n\(· X-I'ny hPiLII1 It:> limitl'd by tlit' pinhoh' SYSLI·1l1. 
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Luck of a1in('m('nt of the sampl(' can be consici('rNl as made up of two 
compoU('nts: (1) A linear displacement to one side of the aXIS of the 
benm; and (2) an angular dispiltcl~mcnt of the major fiber axis aWILY 
from the perpendicular to the X-ray beam. •The first tyPe of displaceml'nt is easily recognized by its results 
on the diffraction patt.l'rn-thl' two maximn. points bl'ing of unequal 
intl'nsity. In fI. routine ,method such a dissymmetry occurs to a 
grcat('l' or l('sser extl'llt m lll'fl.rly ev('l'Y pattern, Even the most 
in(':~q)('riehced tcclmician can Cl'nter the bundll' of fibers) however, so 
thnt the two maxima do not diffl'!' by more than 1.0 01' 1.5 pl'!'c(mt, 
Any errol' in the measUl'l'd angles that this dl'gree of variation might 
cause has bel'n shown to be concl'nl<;>d by other fluctuations, 

In the tests. for angular cli~pltJ,cemellt, the bundle of fibers was 
placed perpendicular to the X-l'ay bl'am as accurately as could be 
Judged by an experil'nced tec1miC'ian and three diffraction patterns 
W(lre lnade wit,hout disturbing its position, It was then tUI'U('d out 
of the 90° position, as 1.·'llIch as wus pl'l'mitted by r,he nll,ture and a'r­
rangl'm<mt of thl' equipml'nt, so that the X-ray beam made an angle 
of about 60° with till' bundll' axis, 11.nd tIn'pc more pattpJ'll.8 were made. 
At 90° the aug-ll's rangNl from 43.8° to 44.4°, m('an 44.1.:l; and at 60° 
they 1'fI.ngNl from 44,6° to 45,1°, D1l'an 44.9°, Rl'peatc·d tcsts show 
that the angles increase slightly as the buuclie is displn,ced {i'om the 
pl'rpcndicular in 1'('gard to tI1l' X-ray beam. Even an inl'xpl'l'ienccd 
opprntor can usually judge the position of p(·rpendiculurity within 
5°, how('ye1', so that a rl'asonabll' dl'gl'C'e of cn.re in placing the bundle 
in position will. eliminate any significant error due to this cause. 

nISTOIITIO:-l 0.' IIUNIlI.R 

A bri('f tC'st WfiS mad(' of tl1l' dl'('et of bundIP twist upon thl:' X-ray •
angl('s, A hundl(' wns photogrn.plH.'d in the l'(·gulal' ll1!l.1lIll'I·, and th('n, 
without disturbing its position in HI(' e1nll1ps, one damp \\'as rotn.t('(1 
through 90°. The bundl(' was X-rnyed in this position and again 
with the clamp turn('d 45°. This was l'ept'atl'd with another bundll' 
from it sn.mplc having gl,l'tl.tly diIT('I'eut orientation, The 1'esult.s of 
this ('xpl'rin1('nt are givl'n in table 1. As would be l'xpl'rtcd, the 
X-rn.y n.ngl('s from the samp1l' having a small X-ray allgil' were more 
grMilv oIT<'ctpd than those with a In.l'ger anglp. On til(' whok, this 
is not:a Vl'l';\r likPly SOUl'(,C of l'J'I'OI', but it is well to he conscious of the 
possibility thnt such on (,'ITOr ean occur, 

TA TlLE l.-Elfect oj bundle t1d8t on X-r01! an{/lf,~ 

j X-my angle 

Dc~'l'CC of twist 

I,~SaIl1Pl~J Sample 36 

I Degrce.~ '\ Degrees
entwisl()d_~ _______ ~ ___________________________ i 31. 5 3ft 6 

45°-------------------------------------------1 :)2.2 3(;.!lUOo-__________________________________________ 35. 2 37. S 
1 .-~.- - .'-­ • 
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STRUC'CUHE AND S'r!{EXOTH OI!' COT'l'ON FIDEl! 

PINIIOLE SIZE 

One other variable in e:'''1)OSII1'(' te{'hniq lie-the etrccts of the pin­
hole size that limits the X-my beum-must be considered, 'l'his 
will llOt chunge dUl'hlg tht' ('Olll'so of an exposul'e or be all un('on­
trolled fuetol', but in establishing a routine method it is esscntial to 
}lfi,n~ the intensity of the X-rllY beam as gl't'at as po~siblc, Increasing 
the size of the pinhole il1(,l'ons('8 the width of the difl'l'netion line mor'c 
than it aetuully in(,),(,lls('s the dl'gT(,O of blaekclling 11 t a givell point, 
but so 10llg IlS this in('I'('os(' in width dOt's not ('xtpnd too fill' bl'yond 
thp limits of the mi<-I'ophotonH'tl'l' slit, it hilS [he £.tlll1e plJ't'('i 011 the 
mi(,I'ophotoll1t't('I' l'l'tldillgS as woultl I't'sult from an increase in X­
rudiatioll ill tI:nsi ty, . 

In the eXlwt'imC'tlts r'pporh·d hero, the pinhole systcms wcrc 0.014, 
0,024, und 0,033 in('h in diomctcl'. In ('\'eI'Y ('ase a O,033-in('h hole 
was mountcd in the ('11(1 of tlw ('ollimatol' ncxt to the X-my tuba 
umi the size of the pinhole ncxt to the snmplc wus ('hllngcd, It WfiS 

found thnt the pn'('ision 01' repetition of the .I11eastu'en1l1l1ts is not 
signifiC'ulltIy bel1rfitl'd by n. dC(:l'l'use in pinhole size, It is ('onducled, 
thcrl'fol'l', thnt the ShOl'tN' exposure time rcq ui.l'ed with the lurger 
pinhole is n. l'('al advantllge. 

The smallt'I' pinho!e gu\'(~ a slightly TurgrI' X-my angle (table 2), 
so thot l'('Blilts obtallted on difJ:t'l'l'nt pinhol('s should not b(' lIs(I(L 
togl'tllC'r, although lnuny samplps showt'd no significant diifl'I'l'II('('s 
b('twet'll th(· O,024~ nnLl the 0.033-1nch pinhole, 

rL':\nLI~ 2,· -X~r(ly aJlgles from three cottons] using pinholes of different 
sizes 

Jfinllics I Degrees; I)e(lrl'cs: Degrees 
Li~hL ___________ .. ___ • ___ ._ :H,·~ i0,01·1 ·10 __ .do____________ •• ________ 34.01 3(;' .( I 37, 2 ,02·, 20 3li. \) 37,5 
~r(,(IiUIll_______________ • ____ i 33,S!.033 10 :~5, 5 3,1. 3 

1 

F.ILTI·:H'i 

To trst t1w ('(1'('('t5 of tTl(' I{p rllt/jution, l'SPOSUI'PS of th!' salllr sfunpll' 
\\'('1'(' made, lIsing difl't'I'(,llt thit,klH':1:ws of niekl'l filtt'I', To abBot,!> 
most of tll(' I<p I'ndil1tion, ft slIffi('i('otiy thi('k fill('I' Illll::;t b(' tlsl'd to 
('ouse itt Il·nst it doubling of till' ('XPOSUI'l' timp, }i'OI' t1w (\(IY('lopnwllt 
of a I'olltille i('st metl\(}d, this is of (,Olll'S!' highly Ulld('sil'tlbll' unlt'ss 
('ol1sidpl'ablegnin is IllHch, ill til(' UP('III'IlC')' 01' PI'('c'h;ion of til!' allglp 
(/(·t(·!'rnilliltio/ls. [{ppNI.U,d lll('ilStlrpll1l'llt::; of thl' pnttpl'lls mnd!' with­
Ollt U, filt('I' lllld of thos!' mnd!' wilh thl' optimulll fill<'1' showpd Iwitlwl' 
n 5igrtilic'iUlt gnill ill til(' pn'('i:;ioll of th!' n1I'U:'>(II'l'lIll'llts of the fillIl 
with tht' Illil'l'oplwtollll'tl'l' 1101' n dilf('I'l'nt ynltw vf the tlllglcs, 
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J>JlOTOCHAPIIIC DEVELOPllElST 

All pnttl'l'nS should be dt'Yt'lopNI under identil'nl conditions, but •, the eXllct pro('edlll'l' ndopted muy not be importnnt, 'rhl'!'p Sec'lllS 
110 n'nSOtt, how('\"('!', to dl'l>lUt fl'om Ilett'pted prnctiees, It iJ cOtt­
sidt'I'('(\ the best te<'i1lliq til' to move the' lll'gn tive Ilround in the dt'V(,I­
01)('1' by hnnd in nn il'l'egulnl' mlllllH'I' I'II,the!' thnn by meuns of ml'l~hllll i­
('nl deyi<:l's, Also, film nnd d('nlop('t, l111lnUfuctlll'e1'S spc('if~' tIl(' tiu1P 
unci h'll1pe1'lltlll'(' ('onsid('red best fOl' development und pro\'ide churts 
thut show the !'('In tiOtt hl'tween these two fnetol's, 

The' spt'C'inllilm rnek d('signt'd to develop severn I films ut the sump 
time is shown in figul'c 3, The film 1'Ilcks will bold 12 pn ttel'ns nt~d 

• 


Fwnu: 3,-Film ruck dl'."igned (0 hold 12 patterns, 

enn be' mo\'pt! hnek nnd forth by hnnd ill t/](\ tunk 1'01' ngitntion, Thl' 
tnnk is (,lIbi('nl ill shnpC', 12 ineiH's Oil n sidt" . 

Thl' ngl' or thl' d(,\'plopl'1' mny inlllll'IlC'(, till' X-I'n~' pntll'I'Il, "'lll'tt 
n tH~nll()1l tallk is lIsl'd, n IHlmbl'I' of films ('nil Iw d(,Vl'lop('d ill tlw Iluid 
fol' mnny wt'l'J,s bl'fore it heconws ('xhnllstl'(L It is nln'iolls, hOW('\'{'I', 
thnt thl' (\pn'\opPI' stnnding in tlie' tnlll: 1IIHIl'rgo(';'; {'hpmi('nl t'hnn~(' 
(oxidn lion) during' this Iwl'iod, ('nil though 1I0t hl'ing lIs('d, 

Thl' qu('stion fll'isl'S HS to how Inllf'h till' uging of til(' (\l'Yl'lop('l' nrlu­
nlly nfl'pds Ilw mpfL;illl'l,d X-I'll." IUlglti

;:;. To dl'tPI'milll' this, n purt of 
n butl'h of dl'y('lopl'I' IWlllg <lis(,I1I'<I('<I bl'(,IlIlS(' of nw' ftlld lIot IW(':llls(' 
it hud bl'Pll "lIsed up" WIIS pOlIl'(ld into n hoW!' nnd sn,\'p(1. ~\lt()!!.l'th('I', 
tl1l' stull' dt'Yl'lopl'1' hnd stood ill nil Opl'1l tnnk fOl' Ilbout ~ (llollth" ll11d 
hnd tht'll stood ill til(' ('Iosl'd boUIl' with 1111 ail' spn('(' nhoYt' t/H' liquid • 
sUl'fn('(' fol' ll11othl'I' 2 months. Lutel' Oil. this wns poul'l'd into lUI l'xt\'ll 
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STRUCTURE AND STHENG'l'F! OF COI'TON I~IBER 11 

tank and placed in the same wllteI' bath with 1\ tank of freshly mixed 
de,velopOI'. 

A sel'ies of 10 difl'ruetion patterns of tIl(' sam<> bundle or cotton W(~I'O 
made consecutively without disturbing tht' position of the SILlllpic 
bctwe('ll exposures, so that the conditions of exposure would btl simihu', 
'l'hese were then divided nt random into two equnl pal'ts. TIll' films 
wero then devr.lopod, two at a time (one from ench gl'OUp), simultllllo-· 
ously in the two developel's, 

'I'lle stale developer tended to produce slightly IIlIW'I' X-my ,anglt's, 
As shown in ta.ble 3, hOWlWPI', the difl'el'l'l1ce betWl'Cll ObS('ITlltIOllS on 
t.1w SI1111e bundle with a given developc'r is fl'(l()Ut'lltly grent('r thltn th(' 
difl'erenc('s shown by the two dev('lopel'S, Conslcil'ring the smull 
diffel'l'H('l' in thes(' two groups Ilnd the f!tct that the stale de\Telopel' W!1S 
in milch pool'er condition than would pl'Obnbly bo found in actuul 
prn('tic(', it seems that deteriomtion of the developer is not a majol' 
source of l'1'I'01'. 

~L'ABLE 3,-Variati()n in X-m!/ (U/flll'.~ c((u.ged by aging oj plwtO[lrllphic 
(/ecelojJl'r 

Frl'sh StnleTest No, devclop('r developer 

1_____________________________________________ [)egrec,~ 8 Degrees
2_____________________________________________ 

3~ 

8 36, 0 
3_____________________________________________ 

3~ 

7 35,4
3~ 

35.6 
u_____________ .---____________________________ 34,8 35, !J~---------------------------------------.---.- 3~ 0 35, 1 

l\fcnn •• - _.--------.------------------- ~.- _.~~.. , ~~.~ ~ L.._.__3_5,_li 

1Il'~J)LI': PH EI'·\ HA'fIO~ 

In an Op('l'lItioll of tlH' llatul'(' of tlH' (,olllbill~ techlliqu(' thnt i:,; uSNI 
in pl'('pal'illg the bundles of ('ottOIl thpl'e is nlwI1Ys oppprtullity COl' Il1llny 
unknown and eyen unsIISpt,('tl'f1 SOIIl'('('S of \'!ll'intIOll. 8in('c thl's(' 
cannot be isolated unci l'xl1111iIJPd, it St'('ms most pl'Obn.blc' that the 
sum total of any suell t'f1\'ds ('1111 bl'St be lJotc'd ill it compnrisoll of the 
final product of difl'('I'cnt ,\'orkpI'8, COllspquently, OYCI' the last 
seyel'fl.l 'yeUl'S overy opportulJity has bN'n utilizl'd to compare bundles 
prepnl'('d from thl' snme snmpl<.' by din'PI,t'II!, exp('I'jen('ed tC'('hniehllls, 
The d('gr<'<'s of dC'yiation uSlIlllly obscrn'd an' showll in tuble 4. 
13('(,11115P the pl'epl1I'll tion of the bUIl(lIc's is n. skill thnt., IIlIlSt bt, nllllinl'd 
by ('oilsid('l'I1b\e PI'll di('p, it would be ml'nllill~jpss 1.0 ('OIllPn.I'P the 
I'l'sults obtnillNI by inexppl'iclI('('d tcehnicinns, 

A ('hn.n~(' from the \\Tnppc'd bu 11(11 ('R, itS (\{,:l('rib('d by B(,l'klpy and 
,rOOdYHl'd (6), was d{'sil'll.blr· fol' sl)('('(lin~ up til{' I)I'O('PSS, A sl'I'ips of 
50 SlllllP!.l'~ ('ov('I'ing: fl. wlelt' I'nn~(' of cl'lIulos(' Ol'iPllln.tion \\'('I'P llwns­
UI'Pt! by both wl'itpppd- !Llld tiNl-i>uIHU(' 111('( hodR Itnd the' 1'l'Rults (,X!LII1­
ilwel stnLiRtieully, 'I'll(' cot'flirient of ron'(,lalioll ill'lw(,(,1l X-my ILl1gles 
Itlle[ fiiJPl' sll'(.'~~th f~)!' till', ti('d IHlJHll<'.s wns -O.!)i):') nlld COl' th!' wmpl)Cd 
bundl(·s -O,03'!' Ihe tl(~d bundle cnn be Pl'cplu'cd more qlllCldy t HUl 
the wrapped, 
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TABLE 4.~X-ray angles made in 1937 and 1!J43jrorn duplicate samples 
oj,Stoneville 5 cotion grown at 6 locations in 1935· 

IX-ray a~gle obtained 
lll-

Location Block 

1937 1 1943 2 

DJgtees Degrees
Florence, S. C_____________________________ { 1 31. 7 32.1 

8 32.2 30. 8 
Marianna, Ark. (upland) ____________________ { 1 27.7 27. 8 

8 30.0 28.2 
Marianna, Ark. (delta) ______________________ { 1 26.6 27. 3 

8 31. 0 30.0 
Stillwater, Okla ____________________________ { 1 25.1· 26.1 

8 29. 7 27.6 
College Station, Tex ________________________ { 1 27.7 28.6 

8 27.6 28.4 
Lubbock, Tex ______________________________ { 1 33. 9 ,35.4 

8 34. 0 36.0 

1 Angles obtained in 1937 whilo the X-ray method was in process of develop­
ment. 

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

TENSION 

The natural waviness of the fiber varies with moisture content, and 
paralleling in it is influenced by the crossing d lie to bends or folds. 
Tension applied to the bundle being X-ra.yed tends to remove waves 
or kinks and to draw them more nearly parallel. Several blUldles 
from cottons of different X-ray angles were photographed at a wide 
range of tensions under otherwise comparable conditions. The result­
ing angles were plotted against the tension, giving the CUI'ves shown 
in figure 4. 

As these curves do not become completely horizontal at any point, 
it was necessary to choose arbitrarily a value for a tension low enough 
for all samples to withstimd it without br('aking and high enough to 
avoid the stc{!p slopes of the first part of the curves. Tills value has 
been taken as 10 pounds for the tIed bundle and 15 for the wrapped. 

To test whether maintnining tension on a bundle over a period of 
time will affect the X-my angle, some bun(iles were placed in the ten­
sion device, a tension of 10 pounds was. applied) and they were im­
mediately X-myed. They were then left undisturbeclfor several days 
and during this period were photographed at frequent intervals. The 
results indicate that a tension of 10 pounds is insufficient to cause a 
significant degree of creep. 

SIZE OF nUNDI.ES 

The fact that tension changes the X-ray angles mak('s it necessary 
to control the size of the bundle used. This phase of the study shows 
va.riable results, as the X-ray angle in certain samples varies littlCl 
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STRUCTunE AND S'l'RENG'.rJ:T. OF COTTON FIBER 
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FIOUUE ·1.-Changesin the X-ray angle when tension was applied to the bundle 
being photogrnphed: A, llesults on aile bundle, showing deerense in X-ray angle 
as the ~ension was incrensed and iucrense in the angle as the tenl'ion was released; 
E, curves reprt'J;enting averages of five or more samples-Crom tied and (rom 
wrapped bundles. 

with a 25-pel'cent inCl'ease or decrease in bundle weight, whereas that 
of otlwr cottons val'ies considerably with changes in bundle size. 
An example of the X-ray angle of thl'ee bundles for eflch size for a 
given cotto. n is as fo11o"..s: Av('rage siz(~, 41.8° to 42.2°; 20 perccnt 
below average, 39.3° to 41.7°i and 40 percent above average, 41.70 

to 411.3°. 
In general, howevcr, it is not difficult to check rcsults, irrespective 

of sample, when the bundles arc kept ncar the same diameter. A 
certain deviation of error in bundle, weight must be accepted, and a 
tolerall('e arbitrarily set up. A tolerance of not more than ± 1 mg. 
in bundle weight for a given cotton has bc<.'.1l chosen as the devilLtio.1l 
permitted in the work 01 tbis laborn.tol'Y. This natmaUy is a rough 
control, since the weight for a bUIldle 1 mm; in diameter may vm'y 
from approximately 20 mg. in short cottons to 35 mg. in long sell.­
island cottons. 

MEASUREMENT 01" PATTERN 

Several possibl<.' sources of vlLl'ilLtion must be considered in measur­
ing the X-ray diffraction patterns. Tlwse may be roughly divided 
into erl'ors that arc inhcrNLt in the microphotoIncter, those dua to 
vltrilLtions in tec1miq tH'S of dUfl'r('nt OPl'l'IttoJ's, ILnd thosl' dun to vari­
able factors in the mms themsPiyes. FOl·tUIln.tl·ly, all these sources 
have heen found to be relatively free fl'om el'l'Ol', owing in part to the 

http:devilLtio.1l
http:bc<.'.1l
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fact that many errors tend to cancel out on opposite sides of the 
diffraction arc; i. e., an elTor that raises the value of the angl.:! on one • 
side of a maximum usually low('rs it to the same degree on the other. 

One of the most time-consuming operations, and the one that is 
found most difficult to new technicians, is that of centering the film 
on the stage For this reason, measuremcnts were made OIl sevcl'I11 
films, in t!le manner t.o be described fOl a single mm, to determine 
how much elTor could be allowed in the centering. 

A film was centered accurately by a skilled operator (this can be 
done to within 0.05 mm.), and the angle measured. The film was 
then displaced 2 mm. to one side so that the light beam traced the 
outer edge of one nrc and the inner edge Ot the other, and the angle 
was measured again. This displacement did not change the results 
significantly. since it is less than the ::.tandard error of ± 1° found for 
2,000 observations. Since even an inexperiencl'd worker can centl'r 
a film within 0.2 or 0.3 mm., it was not thought necessary to mitke 
measurements for intermediate displacements. Thl're:s quite dl'fi­
nitely a limit to the cxtl'nt of displncement that can be permitted, 
however, and ca1'('less centering of the film should not be permitted. 

Experiments were also conducted with deliberate rotational dis­
placements from the maxima of /ihe arc on the stage. Oonsidel'l1tion 
of the nature of the measurements readily shows in this instance that 
so long as the galvanoml'ter rl'adings at the true m!lxima and minima 
points are obtained, it dol'S not matter what number is uSl'd on the 
circular scale to cor'r'cspond to thl'se points. Since anyone can find 
these points with the micro}Jhotometer, thl'l'l' is no need for having It 
displacement errol' in the rotational direction. If the galvanometl'1' 
readings at 0° and 90°, however, are used arbitrarily without consid- • 
eration of maxima and minima, an errol' will result. 

From time to timl' , the photocell in the microphotoml'tcr has bel'n 
rl'placed. Photocells of the blocking-laYl'r type of the same and 
different mak:es were compared, but no si~'11ificant differcnce in the 
X-ray angles was observed. 

DISCUSS roN AND CONCLUSIONS 

The X-ray method is l'mpirical and has been developed purely on 
the hasis of whcth('r it would work, i. e., givl' l'l'sults vnluable for it 
specific purpose. There are numerous SOUl'Cl'S of ('1'1'01', but with care 
these errors can be controlled within limits satisfactory for routine 
testing. In the development of the method, the purpose has been to 
use the X-my angles as a measul't' of the tensill' stn·ngth and spinning 
quality of the fibers. Accordingly, many decisions have been influ­
enced by correlations of the results. 

• 
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RE.LATION TO YARN STRENGTHS 

By EARL E. BlmKLEY and II. D. BARKER 8 

GENEHAL BACKGHOUNn 

The yulue of a sampie of ('otton is rdntecl to the quality of product 
into which it can be fabricated. The cotton buyer must estimate that 
yalue rapidly and with considerable precision. As an aid to this, a 
set of standard grades and staples has been adopted by the United 
Stah's Department of Agricultul"C (35,30,37), and Lord (17) discussed 
staple length for lise in England. 

In addition to these, however, for improving Ameriean cottons, 
definite measures of certain fiber charach'risties-Iellgth, tensile 
strength, fineness, and other properties-arc needed by the breeder. 
EaC'h year numerous new strains and progenies resulting from crosses 
or sC'lections must be compared. It is necessary, therefore, that the 
methods be relatively rapid, adaptable to routine procedure, and 
reproducible under the conditions imposed by the tests. 

• 
'1.'he fibrograph, deve10ped by Hertel (12), gives a rapid means of 

estimating length; and the Pressley (23) strength t(\ster will give a 
eomparn,tive index of fiber strength. When fiber strength is ['educed 
by fipld damage, however, it is occasionally desirable to substitute 
for direct strength measurements some type of fiber strength estimate 
based on fiber struetlll'e. 

~li('roscopi(' t('('hniq ues w('re used ill liell of stn'lIgth meusuremen ts 
by Morey (20, 21), who found that tho ol'ientittion of the cellulose as 
shown by diehroism was l'l'!ated to the tensile strength of the cotton 
as measured by the Chandler bundle method (22). The mieroscopic 
methods arc labol'iolls, however, and for this reason studies were 
mude on the lise of X-ray difl'raetiol1 teehnique. The background and 
detail of this method arc deseribod by Berkley and Woodyard in 
another section of this publication (pp. 3 to 14). The use of such a 
method depends 011 the rehttion between the results obtained and the 
lise YUIlle of the cotton. Some measure of usc yalue mllst be chosen, 

8 The authors arc indebted to .r. o. ';Yare, in charge of the bre('ding program 
of this Division, and to the following; rcpr('~entat,iv('s of the field sta.tions who 
furnished sUlllpl('s: Alabama-II. B. Tisdale and .r. B. Dick, Auburn' Arizona­
the late C.•f.King, Sacaton; Arkansas-/). B. Shank, ;'Tarianna; Californin­
G..J. Harrigon, Shafter, ancl E. G. Xoble, Bard; Floridn.-;'L X. Gist., Cinin(':willc; 
Georgia-W. W. Bllllnrd, ExperinH'nt,. and .1. H. Tllrtwr anrl.f. G ..Ienkinii, Tifton; 
Louisiana-C. B. Haddon. RL .108('ph. and H. B. Brown and .1. R. Cotton, Bnton 
Houg('; ]\fississippi-:-.1. \r. N('('ly, Stonoville, and .1. F. 0' Kelly, SLate ColI('ge; 
New ]\[pxico-A.R. Leding;, State ('oll<'ge; North Carolina-I'. H. Kimo, Hnldgh, 
nne! lL n. Tilley, State;wille; OklahLJnlfL--II. .1':. Dunlavy, Stillwa(.<'r, ILnd L ;'L 
Parrott, Tipton; South Carolinn-W. I L ,lonkilH; and E. E. Ii all, 1.~lorence, ancl 

• 
R. S. Bailey, .John Islnnd; 'l\~nn('ss('c-D. M. SiIIlPS(l1l and N. L Hancock, 
Knoxville, and n. P. lia.{('lwood, .Iackson; T(,XflS -D. L..Ionos, Lubbock . .1. n.. 
Quinby, Chillicoth(), II. O. Ii ill, Tf'nlplc, T. R. Richmond and D. T. Killough,
College Station, and D. H.. Hooton, Grccuville . 

15 
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and it was felt that tensile strength of fiber WilS not. sufficient. These 
studies: therefore, include the skein strcngths of son1(' 1,430 samples 
of COttOIL representing morc thiln 100 Yluictil's, strains, find eI'OSS('S, 
during 8 yeilrs of plallting at 29 locadons, repl'('senting both the 
irrigated and the nonb'igat!'cl parts of the Cotton Belt. 

Turner and Venkataraman (88) devci0pl'rl a regl'cssion equation for 
predicting the strength of the higll(lst praetieal warp count from six 
properties of cotton fibers. Kapadia (14) reworked a part of their 
data and criticized their methods and conclusion. He was of the 
opinion that fiber fineness was more important than fiber length and 
that fiber strength was also a major element in estimating the value 
of a cotton. Ahmad (1), discussing Tmner and Venkataraman's find­
ings, stated that "fibre length wp.s most clos!'}y associated with highest 
standard warp count and that fibre weight per inch came next in 
order." 

The correlation coefficients of ribbon width, convolutions, fiber 
strength, and rigidity were doubtfully significant when compared 
singly with skein strengths. The multiple correlatJion coefficient be­
tween two or more properties showed that fiber length and weight pCI' 
inch accounted for 84 percent of the variability, while &li the· six 
properties combined accounted for only 86 percent, Hutchinson and 
Govande (18) obtained relatively high r values when they used mean 
length with fiber strength and fineness correlated with spinning value 
both within and among species. The fiber strength used by the Indian 
workers in their correlations was obtained from single fibers with a 
span between testing jaws of 1 em. and is not identical with the 
bundle strength reported here; furthermore, they did not usc fibel' 
structure as shown by X-ray diffraction l)atterns. 

Length measure is generally recognizee as the most important incli~ 
vidual fiber property ordinarily determined for predicting the strength 
of single;; yarn, particularly at the finer counts. Turner (82) l'evipwed 
the early reports on spinning and Clegg's paper on fiber properties (/0) 
and pointed out that fiber strength is of little value in makingpredic­
tions of the skein strength of singles yarn. Kohler (16) sta/Jed that 
only 10 to 20 percent of the fiber strength is evident in the yarns. 

The present study includes the relations between the fiber structure 
as measured by the X-ray method and: (1) The fiber strength by the 
Chandler bundle method and the Pressley strength index; (2) skein 
strengths of yarns of various counts with fineness and/or length takell 
into account. For purposes of comparison, the fibN' strength was 
substituted for X-ray angl('s in c(,I'tnin of the sets of un.ta.9 

:MATERIALS AND METHODS 

The yarn-strength studies included more than 3,000 indi\ridual sam­
ples of cotton, 1,430 of which W('1'e spun. A certain numl>e1' of the 
spinning samples rept'esented duplicate blocks from the same variety 

9 Since this manuscript was prepared there has come to the writers' attention 
the following processed report, whichincillflps certain of [,he data rt'prpsPllted 
here but is not organized to show variplal and clI\'ironnl(,lltnl elf('cts, which may 
be of primary intcrest to the cot ton br(,Nlprs and prodll('Cfs: 

WEHB, R. \Y., nnd RrCIlARlJSO", fl. B. rtf;r.A'rlO;\,Sllll'!'\nwrW.:ES l.·rt(jI'I~ltT!ES 
OF COT'['O" FIHElts ANO STlt~,':-;(l'('II OF CAltlHJD Y;\ltSS. Oflien of ~[ktg. t;ervices, 
War Food Admin. 58 pp., illus. "\Va:lhington. 1\).15. 
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at a given location. Each sample of cotton in the spinning test was 
spun into tlU'ec counts, and each group spun into common counts was 
examin('d separately. Assuming the same accuracy in the methods, 
skein strength shonld be more closely associated with the fiber strength 
than with the X-ray angles, siJ),ce both the fiber and yarn strengths 
were affected similarly by field damage. The usc of the X-my method 
heretofore has been confined to breeding stock, rather than mill sam­
ples; however, it will be compared wit,h the strength methods on sam­
ples gruwn as nearly as possible under ordinary field or agricultural 
practice. 

The samples used in these studies were divided into four groups: 
Regional variety studi('s, regional spiIming studies, variety and strain 
tests, and special studies. 

REGIONAL YARIETY STUDIES 

Spinning studi('s and fiber m('aSU1'('l1wnts \\'(']'(' made 011 758 samples 
from blocks 1 and 8 of the l'<'gional variety study, which was composed 
of 16 varieties grown at 8 locations for 3 yel1rs, 1935-37. Duplicate 
samples ;"'ere not spun for 9 varieties at ':;tillwater, Okla., in 1936 and 
for 1 at Lubbock, Tex., in 1937, whem blocks 1 and 8 were combined. 
The fiber properties included fiber strength (Chandler bundle method), 
upper quartile fiber lE'ngth, finen('ss by the w('ight-per-inch method, 
and X",ray angles. Ot!ll'r fiber measurements made arc nJt discussed 
here. 

HEGIONAL SPiNNING STUDIES 

The regional spinning studies arc a t'outinuation of the varietal 
strain study, 1938-42, inelusive. They were extended to the irrigated 
belt and werc a pal·t of the coordinated Fecit·rut-Stute cotton research 
program. They included numcrous commercial varieties and new 
strains being developed for commercial plantings. 

VAHIETY AND STHAIN TESTS 

The study of varieties nnd struins WIlS also 11 palt of the coordinated 
Federul-State cotton I'psellrch progl'lll11. It indudpd commel'cial Vll­
rieties Ilnd new struins, and ,'ariolls progenies, bdore they were in­
creased suifieien tly for spinnillg tests. Fot' the most part the sllmples 
submitted fol' X-ruy tests w('re also examined by the Pn'ssley strength 
method so that comparisons of the strll(·tlll'l' and the Pressley strength 
index could bc mllde. The variety-strain tpsts ill\-olveu both the old 
Yarieties, whieh were grown for chce]-s, und th(' Ill'W stl'nins, ineluding 
in somo cases Fl and sllcceeding generations produC'ed from ('rosses of 
widely diffN'ent cottons. They also ine111ded SPieCtiOllS from selfed 
lines of old stmins. 

SPEcrAL STUDIES 

Spf'cial studies included the s(·a-island stl'llin t('sts and American­
Egyptian ('ottons, grown both as varit'tnl and ('l1vironllwntnl tests. 

'rhe methods used Imvc bel·n d{·s('ribcd. The' X-my t('('hnique hus 
been discussed by Berkley and Woodyard ds('wlH'l'l' (6) nlld in this 
bulletin; 10 til(' PresshT method (23) alld the Chandler bundle method, 

10 Experimental Background of X-rny :\[ethod, p. 3. 
i05235'-18-3 
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I X·RAY C;FFRA':: TlON 

PATT~RNS 

X·RAY A'lGl..E 
DE;GREES" 

20a 34.0 

TENsILE STRENGTH 
p,:'lu~a.iS PEi,t> S'.lJA.'H. I~~~A. 

109.000 84.000 

FIG£'1lE 5.-X-tn~· diffraction pattern, X-ray angle, and tensile ,;trl'lI!.(th of a \'t'ry 
strong, an inlerIllNliatC', nnd It H'T)' WNlk cotton. TIl('~(' con'r the range of 
X-ray pattern,; that would 1m expected frolll ordinary field-grown cottOIl;;. 

fiber length (Suter-'\'cbb sort('L' nwthod), und w(,jght-fin('lH'ss (.24) 
hun b('l'11 dis('ussed in l'adier publkfltio\ls. The fil)l'()I!J'llph, on 
whieh the lIPPt'L' hulf 111('fll1 length WfiS dett'l'milll'd, has OPPll dc­
s('ribl'd by Hl'rtl'i (1,2). '1'IH' spinning study '''us Jl1udt, b~- tilt' Cotton 
Brunch, of the .Pl"Oduetion (lnd ~II1I'kding Admlnistl'HtioJl. TIll' 
spinning find. the filwr dutu, othl'I' tlmn II Plut of thl' X-J'(l~~ i1tlglt's
l~lld tlll' Prl's;;it'Y in<li('('s of till' \'nri('ty-stmlJ! t('st SIl.!tlpll':;, han' lH'en • 
reported by the CottOJl Bl'l1llch.lI 

II All in procCF;::cd form, as follows: 

C'.~~lpnf;I.r., )1. E. I'RI·;).DII;o;,\RY 1U-:POH1' OF ('O'rTO=' f;prx:-nxn AXil UF.LATF:n 
FlIlhll ";Tl'nn;,;, IX ('OXXI,CTIOX wnn Tllh 1\1-;1110'0; ,\1. \',H11J';TY ~"·:Rn:,.;. ('rwps 
OF IP3~ AXP 103G. Addr(';;s, Anl('r. Soc.•\groll., Xc\\' Or\(':lIlS, La. 26 pp., illus. 
1!)3!). 

--- unci Lrm. H. L., .Tn. f<PI:-"Xlxn AXil PIIlKll PIWPBII'I'IS:; Of' ",IX ,Un;f!/('AX 
I'PL.\XU ('o'l"rox,.; r.nmq; AT ,.;T{)XE\ n.I.I':, ~II';"., ('ItOI' OF I!J3U. U. o. Dl'pt. Agr. 
17 pp.• ill Ill:;. l!HO 

l'xrrIw :-::rAn:s AnltH'l r:ITR.\L )L\ HI' ~;nxn .\ \)~IIXI,~'rnATIO:-;'. rn;,;n;1' OF TF:STS 
OF' "bY,,;S COT'l'O:>;" GIWWS AT "TOXf;nr.I.I,;, ~n:;:;" cnops Of' WIt!. U. S. D('pt. 
Agr. ,J pp, WI:? 

1lI·;,..!·I;\,:; FlVl\1 :;I'IX;>;IXIl AXll FIIH.;n TI';";TS 0'0;' :;n~n; (,OTTOX';; (lltow:-;, rx 
TIn; ';(11 Tln: ..\,..T. ('llOI'S m' W.!U .\,,1 1\'"'. L M, Dl'pt. AL!;f. R !Ill. 1012. 

rXl'n:/) :-:T,\Tb;'; .\(;)treTr;!', n.\L .\I\HKI·;'nx(; :-:":lInn:. Iu;"cr;l's OF f\lH:1t AXil 
l'l:'TXXI;>;r: 'l'.f;"T,; Of ,..O\lE \ \iHETU;,; !IF ('OTTOX (;nO\\ x IX 'n:x;\s, CHOP (H' lU\(). 
r. H. lJl'pt••\L!;r. "[lp. lIll!. 

L:\IT1~fl :';'J'A'n:,.. 1"0011 l>",'lltIBITlOX .\P~ll·,;[';TH \1'10:-:, ('O'rT<JX Asn FlIn;R 
]\i~A;o;(,I!. ,,1'1:0.'\1'(;''0;1, FIIIt.I( 'It.-.T IU.s'·I.T" nlll "n~Il'; ('trtTO:>;:; "'Ill\\'\ IS 
'rE;XAl' AXfI 11K I. \(10\[\. ('1(01''' ill' 1'111 A:,\O Wt~. L;-;, P,'pl. ,\gr. "(Ill, I!) la. 

--- "l'IX:o.,,\I; .\,11 flln:H 'n.,..T IIt."1 1:1''; rOIl ..enlt: (,OrlO:"" <;nnw, I" ('\I,t ­
FOIlXlA, ARIZ!)S.\, A:o.:ll :"1:,,, )US.l! Il, Cltol',. 01.' 1!J11 ,\:"ll lU12. r.:', i)ppL ,\gr. 
l!)) pp. lIll3, 

nb,..CI:r,.; (W --I'rX:"l:"<: A:Sf) Flln:lt '(',.;" ... " (n' ,..o\n; cOTro,.; (iltoW;>; 1'\ 
)IID-S{)I'T/I, ('11111''' OF 1'1/1 ,\'11 )~/I'!. [', S. l)I'Pt. .\gr. la pp. l!lla. 

In::-'II.T,. IIJ. .. \'1'0;'0; D,n \ :-...) HIH.ltll·;"'T" OF nnTII' <.Itow X I:" on: SOL t'1l- • 
hAST, CHIli'''' Ill' l'11l A'IJ l:JI~. l'.::-i. Ill·pt • .;\gr. 11 pp. l\J 13. 
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RESULTS 

CELL-WALL STRUCTURE AND FIBER STRENGTH 

An cxamplc of thr l'l'lfl tion brtw('('n thr Stl'UctllJ'C of cotton fibcrs 
flS showlI by X-my diil'mdion pattrrns and fibrr stn'ngth is illustmtcd 
in figurc 5, where the length of the 002 a1'('s, as 1l1t'i1,sllrNI by tIll' X-my­
angit's, Yflri('s in proportion to the fiber strength. TIll' pa"tter!l to the 
cxtremc lc·ft 12 with thc short ares is from fibel's in whieh tht, ('cllllioso 
lics csscntlfllly parallel with thc fiber axis, that in the middl(' \\'ith the 
intt'rmNliatc ar('s from ('otton with an Iwel'lIg<, spiml, flnd till' pattern 
on thc cxtrc~1c right with Ycry long ares from a ('OttOil with It Ycry
lo\\' oi"flat spLral stru('ture. 

X-my nngl..:-s and fibC'r strC'ngth,> !lrr giycn tlndeL' ('ach pattrrIl. 
Th(' anglrs sho\\'11 ('oyer the' ('xtr'('me rangt' ordinlll'ily fOllnd in upland 
('ottons. ThcfibpI'-stl'('ngth d('t('rminations lire limitt'Cl, how('\'cr, by 
tlH' t('('hniquc t1st'd and may vfiry outsicil> thesc limits, sin('(' spc('ial 
hybrids and s('a-island ('ottons may be' strongpr by' a gi\'\'n n1Pthod of 
t£'st, itnd badly damaged C'ottons may b(' wpak('I' thfin til(' strrngth 
yalucs gi'nn }wn'. TIl(' ('otton showing til(' 20.8° angl(. and 100,000 
pounds strC'ngth was pJ'obably strongeL' thnn tiwsl' fig-IIl'('s indi('atc, 
sinec only 3 bundh's out of 30 bl'oke, The rest wcre so stl'ong that 
tlwy slippNI in th(' tl'sting- jaws. 

Tlw ge'lH'rnl l'(,lution brtwren £ibN' str-ueturp and stt'png-th, which is 
dU11'U('tc'ristic of the' upland ('ottOY1S, is illllstl'uted in figlll'C' 0, whi(,h 
shows thC' fihl'r stl'('ngth of thC' l'('gionuJ YltriPLY study piottpd on the 
orclinfltl' and til(' X-ray anglps on t}l(' flbs('issn,. End1 plottNI point 
is an aY('I'IH!(' of two bloeks at a gin'n lo('ntion nnd Yrar. I t will be 
obs('1'\"('<1 tlln t til(' hn lid of spots' is ('ollsistC'n t thI'Olighou tits IplIg-th 
and no indicntion of ('UITatllrp was found. Tht' hC'lly}'lin(' l'('pl'rs(:nts 
the l'('grpssioll <'C[uHtion fOJ' ('::ltimnting tlH' str'C'lIgth of til(' filwr [rom 
tht' X-my angirs, ('l'rtuin of th£' vllri('ti('s lI!wd ill this study W('I't' 
sOl11l'whn"t diffl'rent fl'om tIl(' nWI'Ilg"l' uplnnd ('ottOIlS, nnd ::lonip 11('1([ 
dnmag-e WfiS in<ii('/1t('(1 from the ('0101' 13 and low grndl' of t1H' sltm pips. 

The fiher strC'ngth (C'hlllldlC'l' hUlldlC' mt'thod) find til!' stl'('ng-th 
index (PJ'('ssk~' Ilwthod) are rC'pol'ted in difr('J'('llt units; t1l1'l'l'flll'p, the 
l'egrrssion equations fOJ' pl'C'<iiding- tlwir' ynltJ('::l fmIll tlu' X-my n.ng-Irs 
arr difrel'rn t. ,rhen a givC'n strength lll('{hod is ust'd, t1w rein lion 
betwe(,Il strNlg-th and stj·u('tllJ'('. ns shown by the l'('gn'ssion ('quI) tion. 
obtflil1('d for IIplnnd ('OltOllS, is nlso difr('J'(,nt from t1Htt of ::lNI-island 
or of Anwri(·nn-Egyptifll1 ('OttOIl (tflbk ij). SinC'(' th£' llplllnd ('ottons 
arr C'lnssifi('d HS Oossl/pi1Lnl hir,wtum L. Ilnd th(' sen-island nnd :\m1'I'­
iCfln-Eg-yptinn ('OttOI1S fiS O. barbar/ell1'le L" iti::; d<'simbl(' to know the 
sp('ci('s find, if possibl(" thl' "ariety o[ n. sampl(· whC'n exnmining it by 
the X-ray Il1l'thod. 

12 Snlllpl(' of nrnRlry'R (f!) triplr h~'hrid ('of ton furni:;hNI h," Thomn:; Krrr, 
TInlrigh. X. C, For ou(;;tnnding spilluin~ rPRlIits Oil thl;:; c'ot tOil, sr(' t hp folluwillg
T('f('r('IICC: 
(',\MPH!':r.y" ~r. E.RO~n: M'I ~:-;'l:-;n Tt;ST Itt~RI'I:I'R OF' r"'I'I';UF:fiT TO ('()'l'TO:-;' .\1,\:-;­

T'FA("rrru:ns. AddrN:;;, Ann. ('OI1V('lItiO(\ of tl1l' HOllthrrn 'I'('xtilc Assoc. 
l\Iyrtle R(>nch, S. C, C. S. J)ppt. A,l!r. 7 pp. 19·11. [Pro('('s~cd,l 
1: CnplIblisiwd data from (ll(' fiI('s of Dorothy :,\irkrr,;oll, Color Lllbomtory, 

Cotton Bmlll'h, Production ane! ~lnrkctil1g Adlllinistration. 
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TABLE 5.-00efficients oj correlation (r value), regression eqUlltions, and 
standard errors of estimate for the relati()nships of the X-ray attgles 
and the fiber-strength indices, Pressley method,jor three types of cotton • 

[y=Fiber !;tr('ngth, pounds per milligram] 
-----------~~- ~-----------~-----

Number' Stanchml 
Cotton of obser-l r values Regression equation error of 

l'Stimawvations I 
--------11----------------­

Sea-island____ ."_______ 161 -0.6691 y= 16.5286-0. 2286x O. 1532 
American-Egyptian _ _ _ _ 93 ....:...9366 !/=15.8740- . 1800x .1345 
American uplaiJ(L_____ 90ll "-. 6·118 !/=12.3105- .1497x .5336 

Th<! l'£'grC'ssioll for sNl.-island difl'ers significantly from thll.t. for 
American-Egyptill.n cottons, nnd the r('gl't'ssions fa.' both oJ the bar~ 
ba<iense typ~s differ 1l1UrkNUy from that for AmC'l'icl\o uplalHl. If 
combined and compll.l'{'d with American uplnnd c;ott.oIlS, wb~ch.ll.re on 
an entirely c.\ifferent level, as shown in figure 7,'some idea of species 
difference can be obtfl.ined. The difference in 'slopes fl,['(' statistically 
different, but the Iltllnb('1" of samples in the Americll.l1-Egyptianand 
sea-island cottons were ,'platiYl'ly small and sOIll('whnt difrpl'('nt slopes 
would be expC'ctC'd for otlH'r sets of dnta. According to these data, 
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FJ(1('n~; G.-· HCIl\t('r <Iinfl;rnm of thl' rl'~ional vl1ripty iitIHiy, \\.ilh fil)('f .;;trl'nglh in 

tllol\lll'tnd,; of pounds p(!r square inch on til(' ordinaLI' Ilml th(· X-rllr lingle,; I)n 

the nbsci:;sn. 'fhe 1I(.'lw\, ink linl' r('pr(':lpnls the' f('grp"-,,ion N.lUllliou of fii>('r 

strength on the X-my angle. Elich plo(t!'cI point \,ppn':;clr{s the 11\'(,rH~e of 
two samples from II gi\'Cll Vllri<'ty, :ltation, aud year, • 

http:wb~ch.ll.re
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FI(H;HE 7,-Hcgrl~ioll lillcs from PqlllLtiOIlS for AmcriclLn-EgyptiulI, scu-islund, 
n1lu AmcriclLll IIplnl1d coLLonS, 

there is an avcragc diff('I'CllCC of apPl'oximatcly 2 pounds ,. in the 
strcngth ind<'x betwccn th(' AnH'rienn uplmul cottons and thc Egyptian 
and sca-island rottons for Il. giVCll X-my Itug-It', 

• 
The mNUl sq uart's for X-ni.Y nll',lcs nnd fi bel' stl'('ngths, r vitI ues, 

Tt'gression equll.tious, and standltr(l ('ITOI' of ('stimate for LIl(', X-ray 
angl('s and fibc'l' str'pngth of Ull' I'(·gionnl vnl'ipty study ltr('. shown in 
tnblc 6, "11t'n ml'nsun~cl by tIl(' eonv('nLionnl P t('st, nIl the malin 
effects Il.nd intel'll.ctions m'(' signifi('nntly gn·n.t(·r than error, In both 
tIl(' X-I'j~y nnglC's (,viLr'ill.llct.I of x') nnd tIl(' fib(·r strength (1') cllviron­
IIlt'Ilt WM llum('r'ienIly It gr'('iLtl'r conkibu lOl' to vlLrinnCl\ thn.n was 
vll.J'iety, The vltl'ietnl (·ffeet WItS highly impol'tunt, how('v('I', and, 
since th(' vn..l'iCLul chnmc.L(lrisLics can be clllLll~.'ed by cnr'('{ul breeding, 
variety become.s Lhe most important conLrOll,\ble fnetol' in t.he im­
provement of cottons, 
. A smnII pnrt of Ill(' locntion nnd 'yNtdy ('ff('('(s mlty be attl'ibuL('(l to 
fidd <lnmiLge; how('v('l', thC' ellvir'onnH'lltlll eondiliolls of growth 
tmdoubtedly Were l'l'sponsibl(' fM most of it, At TIMon ROUgll in 
1937 and, to n C!,l'lItin ('xt('nL, fOl' nIl yN~I'S, ('onsid('mblc fidel dn.mnge 
was illdicntt'tl. EV('1l wllN'c fi(·ld dnmiLge is not prolloullcNl ill nIl 
stmins, Oll(' va/'i('ty nlll.y show n difl'('I'l'nt str'('ngtb from that of 
nnoth('l' for till' sanl(' X-l'll.y nngl<' simihu' to di1fNl'llt sp('ci('s but on 
n smnlh'l' scnlc', This mny b(, due to tlw fnct that certain sLmins aro 
l'al'li('r tlum onwr's, nnd nil w('rc pick(·t1 on lh(' I:lnm(> dnle', so thnt 
cliff('I'c'ntinl fi('hl damage' ('ou)d llln'(' oecUI'I'('(1. 

• 
U A difT('r('lIcc in Pr(,5sl('yind('x of 2,00:=21 503,2 pounds PN sqllnn' .itwh in 

t('rms of the ('handler bundle Ill('thod. (SCI:' lteporls of Hpinnill~ Tt'sts by t hc 
CoLton Hrnnch, P. :\1. A, (foo(;notc .11), wherc slr('n~th in 1,000 pounds per squaw 
inch = 10,RllOX ~,O.12, whprc X = Prl'ssl('Y iudcx,) This forlllu\n npplies to 
American IIplnucl cOttOIl:; of 1Il('(liUIII- to short-stapll' lengths and doeilnot IlCCCS­
sarilyindicate the differcncc:; 'in tcnsile strengths of the two spccics, 
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'fABLE 6.-Variance analysis and correlatio1/, data jor X-ray angles and 
fiber strength from t/~e 'regional variety study jor 3 years, 1935-31 

(X=X-ray angles, ill dc.u;rct's; Y=fiher stn'ngth, 1,000 pounels per squure ineh •(Chandler bundle method); y= ('slilllnted fibcr strength1 

'0 r ~rean squares I~ '0 B 
f .. gj.§ !I' r \'alltc Hegression ~ :.. gSource 0 yanatlOn : :> Q equation ::: ~ ..3 

Iro'': X y ..., ~ ... III<:l:> .... ! :> 

Q \ 00 
---------' ! _. ,-----
TotaL__________ 7671 12. 585R 60.203-0. R340! l/=141..7HJ-1.824x'4. 283IJ 
Years_________•. 2;438.45201180.138 -.9IJ04:._ •. _. ___________ J _____ _ 
J,OcutiOll_________ 7:1322. 8606i2887. 797 -. 93971 y= 14S.:iO-2.023)( 1. 7508 
Varieties_________ 15:212. 71391001. 167 -.35001 y= 142.41-1.R44:<,,2. 3:l24 
Blocks within 10- ,

cation .. "",,, S 7.8542 31. 509 -.8380; _____ • ________ ."1_ .... 
Y<,ursX hlo('ks 

,,'ithin locution. 1Q 1. 6R31 S.194 .41051.. --- •• -.- •• -._.-1------
Years X locution. __ l 14 32.8267 243. 83]i - .•18R\):II= 158.379-2.3141xll. lUiS 
YearsXvnricti(,s __ ' 30 2.13Hl 40,528 -.0297: .. "...._.••. + .. _._ 
l,ocutiOJlXYlu'i('~i('s 105 1.437] 9.903 -.2209' •• _._. _____ ._. __ ,__ .• 
YearsXlocutionX 7.561 -.26]fliI _______________ ... •vnri(·t irs_ ••• , __ 1. 0141Error••___ • ______ ' 21°1 .6\)04 2.585 -.0065 •• _._____ .-.-._-- •••• " .,36°1 I I 

C('l'tnin '"lIri(·ti('s" for exampl(·, Stonc'yillp 5, Cook 912, Farm 
Relic·f, and HulC nnd Half, usually show low('!' filH'r stn·ngtlls .o.nd, to 
a c('rLain (lxtc1nt, 10\\'('1' skein strengths fo!' n ~iVl'n X.r(~'; angle than 
the other stmins on tIl(' 11Y('l'fLgl', wh('J'l'ns Wilds 5 ILnd D{'ifos (~lissdel) • 
4 are consistently stronger (fig. 8). Furthe!' studi('s on the df('('ts of 
('nvirOllllll'nt on tlu.·S(' relationships n!'(, l)(Iing madl'. A part of the 
(tiff('rc'IWt' (,an no doubt b(l I1Ssign(ld to the m(llho~L of tc·st, sin('(' it is 
possible that ('xtr('n1('S in h·ngth mny infiucll('(' till' CIlIl,ndl<'l' bundle 
method, and filH'!H'SS mny b(' a fnetor in the Prc'ssh'Y method of 
determining strength. l"igUl'P. 8, howcv(':, shows that str'nins of 
cotton may be fUllcll1nwntnlly d!fferent. 

A somewlmt beW'!' rt'll1tionship of stru('ture to str-('ngLh ('ould be 
obtain('d by omitting the sampll's tlULl a!'e fi('ld darnngl'd, but this, 
of COUl'SP, is not possible si11('1' tILl' dnmnge is not nlwavs ,-isibll'. 

'}'he mean lKlunrps for sU'Pllgth ill(kx (Prpsslc'Y n1(~lhod) nnd for 
X-my anglps, tl\(· r vnltlPs, n'gr('ssion ('quntiolls, nnd standard error 
of pstimate wlH'n thl's(' two fndol'S m'e cO!Tl'IMNi for till' Anwri('nn 
upland ('ottons fU'P shown in tahlp 7. Th(' r YahH's m'p 10\\,('!' Umn 
thos(' found whp11 til{' fihp!' stn·ngth WaS dptprrniJl('d by th(' Chandkr 
bundle nwthod. In OIl(' spt of 21 sll1l11)h's of Anwri('fLll·E!-"'Yptian 
('otton where sJ)('('inl ('/l,I"e was tnlH'n to \:('pp th(· nH'thods (,OIi.Stllllt, 
the r yalue was -0.\)7 brtwl'en til(' X-ray angl('s and til(' PI'l'sslc,Y 
indices. 

The r Ylllu('s elin'rr Ilnd J'(·g!·(·ssioll rqun.tions show ('oI1Ridpl'fiblP 
vnrintion in slopp going from totnl to ;;tntioll yl'Il!'S within rl'gions 
to within stilt ion .,"(·nl's (vllri('lnl l'frPI-t) and from (1II!' region to 
Ilnother. Sill('(, till' Il'\'cl of tpst nt dilf('rCllt Inbomtorh's i:'i mOI'(' lik('ly • 
to Ilfl'c(·t the bClw(~(\n groups, tht· n'grC'Rsion ('ql1lltioll for' wi.thiil 
g-l'OUpS would probably be more slltisfndol'Y for pl'('(lil'lion purposes 
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'I'ABLE 7.--1Yariance analysis) 'l'l:alues, and regression equations for X-my angles and jiber strengths by regions and jor 
lite total of all regions 1 

lX=X-ruy nngles, degrees; Y=Pressley index; y=cstimnted fiber strength. The "nmon!> groups" is the station ycnI'$ and the "within 

grr)ups" represents the vnrietal effects] 


l\Iefin squnres !StandardDegrc('s of Hegion and eovnrianee '---I r value Regression cquat.ion error of ~ 
freedolll Qy estimatex \ ,~ 

1----- i--" ---, f-------I----------,----­ >
l2:SOlithellSt; 

1~lnl _~••. ______ •. ___ • _______________ _ 

i 
'=' 400 8. 6233 0.458·j -0.6500 y=12. 2885-0. 149!)x

HlllIiol1 Yl'IlI"S •• _. ". __ .0_______________ _ 11 !HI. 0200 U. 7469 -.7030 y-= 15.381 - . 2387x
\"llril'ly within stillion years ____________ _ ·J·W 6. 3U3!) .2309 ~. 01O-l y=lL 1082- .1l60x 

Mid-South:Totllt.. _____________________________ _ z7.7038 .315! -.6172 y= 11.356 - • 1243x ---------- 0Rillt jOlt YP/lrs. _________ •_. ____________ _ !(lSI·12 32.4833 2.3U6U -.6074 11-:12.995 - . 1710x >-3 
\"lIrit'iY within station ycnrs.: ___________ _ 150 5.8622 .1413 -.6727 y=10.6575- .1045x 1!1 

TcxlIs-Oklllhoma: •'rotal. ______ • ____________________• ___ _ o 
175 I 9.6791 I .6473 -.664,4 1/'= 13. 2196- . 1718x ~Stilt ion yeill"S________________ • ________ _ 

15 I 50.52(;0 I 4.4737 -.7582 11=15.0344- • 224!lx
\'Ilripty withiu station yl'lll"S. ___________ _ 1liO I 5,84U8 • .2886 --.5802 Y"" 11. 7512- • 1289x 8 ---------- >-3

SOllthwl'st: ,{ ..,Tot ILL _____ •• _" ____ • _ _.. _________ • __ _ US I 10.2717 ! .4907 -.5818 1/= 11.515 - . 1272x o 
Stillion Yl'nrs•• _._. ___ ._. ____________ _ 3.3269 -.237!! y.= !} (\57 - • 0735x Z34.8UOO I\'lIrit'ly within station ycnr3. ___________ _ Ur I 8. 3780 .2725 -.8004 y==12. 10\11- • 1444x ~ All f('j.!iOlls:
Totnl . ____________________ .---------- I t:I:l904 . 8,8878 , .4836 -'.6418 I y=t2.3J05- . 1497x 0.5336 l':lStillion yenl"S __ ~. _____________ • __ - ____ _ ;::l48 53 142U ; 5.0243 --. 6!}J} I 11 == 11. 4UOO- . 2125x .3735
\"nriety within station ycnf:1. ____________ j 856 ' 0.4002 ' .2200 -.6374: y=11.2U71- . 1205x .3590 

~ 

I Stntldl!rd error of estimate values arc given for till regions. These dlltll represent both lU41 aud 1942, except {or the Southeast 
where only 1U42 Prcssley index dtlta were available. 

~ 
~ 
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VARIETY 

FIGCRE S.-Comparison of the X-ray angles, fibcr strcngths, and yarn strengths 
divided by the fiber length for the reh>1onal variety study. Each plotted point 
represents the average of two observatiuns for a given variety for i1w~c consecu­
tive years at eight locations. . 

where it is desired to estimate the strength index from tho X~ray 
angles. Since the X-ray method serves best in breeding studies, little 
or nothing will be gained by cOIlYerting the X-i'l'I.y angles in to strengths. 

FIBER STltUCTUnE Al'iD YARN STUENGTII 

The properties of a yarn are dependent upon numerous fiber • 
properties and Pl'o('{>ssing (>{l'{>ds, all of which should be taken into 
consideration. The fiber properties in turn are influer)('ed by her'edity, 
environment, and field or storage damage. It is necessary, therefore, 
in making specific predictions that the data be analyzed in such wa)T 
as to segregat(} as many as possible of these variables. Where it 
wnspra(·tirable to do so these data, consequ('ntly, were broken down 
to show, main efferts and interactions so as to get a measure of the 
various contributors. The datn do not lend themselves to an esamina­
tion of the vllriations due to the spinning process. Tll~so variations, 
according to Campbell (8), nre appreciable, and a part of the val'ia­
bility not accounted for here may be attributcd to the manufacturing 
process. 

Space does not permit the presentation of all the data or thl.' detailed 
analyses. The Q.xamples used, ho\vever, arc, as far as possib1e, 
representative of the results as a whole .. 

Ccrtai)\ of the individual fiber properties, for exampll.', thl' length 
and o('cnsionally the fineness as measured by wl'ight-per-Ullit length, 
showed a ]'('iativdy high coeffiei('rtt of (·orri·lation with the yam 
strength (tabln 8). For the regiollal Yari(,ty study, both ll'ngth and 
fineness gave r values of 0.88 when til(' vari(,tal Ill('ans wer(' ('orT('luted 

• 
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• 
with tile weightcd sl\:('il1 strengths of 22s ynrn.ts When fiber strength 
wns (·orrelnt<.'d with sl\:t'in strpngth (228 yarn), an r ynluo of 0.76 
wus obtained, Wht'/'NtS X-my allgll's and skt'in stl'pngths (22s ~arn) 
gnye nil r yalue of ollly -0.39. Whcll fiber lengths nnd X-ray 
nngles, for eXllmple, wt'rt' eombint'd into the pl'oduet (2-L)X, where 
L=fiber length and X=X-rnv angles, and cOI'reiated with yarn 
strengths, higher correlatiolls w~rc obtained (table 8). Since in these 
stUdies, thp length and filll'I1('SS wel'c so closely associatpd with cadl 
oth£'I' u!l(1 sil1('£, lellgth WIIS highly (,01TPlnt('d with shin strength, it 
was not possiblt, to difrc'l'('ntiate dl'urly bl'twt't'll the stl'llctlll~e and 
thl' stl·t'ngth efrt'<"ts.16 

The rt'sults agl'N' rensonubly well for snmples I'epresented in gl'OUPS 
I, 3, and 4. In group 2, ",hi('h wus spun into 22s, 28s, and 44s, it is 
indi('utcd that ntlmerous ('oUons, which otherwise were long enough 
to spin into 22s, 36s, and 50s but had probably re('cin'tl Lield damage, 
W(>I'C thrown into this group. This is lndic-ated both from the results 
and the gmdt's und ('0101' of the cotton. Sinee gl'OIlP 1 is Ycry small, 
it is suggested that little rrlialJ('C be plnecd in tlie 1'('stIlts from grollps 

• 

1 and 2. 
1'11(' cOt'ffki('nt of correlation (r Yalll(') ohlt~inNl by ,rebb and Rieh­

Il.!·elson (S(I(' footnote 8) for the toto,] or oyer-all mixture of yarirtal and 
enyironmcntl1.1 efr('rts is in rcasonably good I1.gl'('clllC'nt with those 
reportNi heI'(I for "totnl.n 'rhry I'c'port an r vnhlt' of 0.824 wl1('11 
UPPC'l' qUl1rtil(' fib1'r lcngth and fi/)l'r strcngth WCI'(I cOITPlat<,li with 
sl\:l'in strength of 22s yarn. For thc samc data, cxcc'pt that X-my
~ng]es Wrre substituted for fib('r strength, thc '\Tit-PI'S obtainpd an r 
value of 0,712 wllC'n tlw product of llppcr C(ul1rtil(' flb(']' h'llgth and 
X-ray al\glt' W(lI'(' corrcln.tNl with wPighLt'd sl\:cin stl'('ngth of 228 ynrn. 
Thc r 	vnitlt'S. for all cfft'cts, W('I'P found to hp gr('n.t(l)· wh('n Jibt'l' 
stn·ngtl] was us('d in p]a('t' of X-my angIe's in the cOITPJl1.tiOIlS with 
skpin strength of weight('d 225 yarn. 

Siuc(' tIl(' r vnlups r('portNI by 'Y('bb and Hielmrdsol1 "'(II'(' obtn.in('d 
for tIl{' totnl, or owr-all. ('Cf('('ts' tiw,V should not be' compart'<l with the 
r ynitH's calrulatl'd fOl' vnric·tnl Or Plwit'onmPlltnl (.{r('ets I'PT)(Wl('d in 
tnb](·s 8 nnd 9 of this hulJ('tin. 'I'll(' r<'l'1.solt total or ow!'-nll associa­
tions mny b£' mislNl,dillg wlH'1l ~tppli('(l to Spl'dfir tlssoC'intions may be 
illustl'n.U'd by t.h(, following ('xampiP: Ttw l'elMion bctw('('nfibpr 
length and sln'in strC'ngth is stl'Ongly f>ositiy(' fol' Yf1l'iC'tal ('fft'cts hut 
i~ usually nonsignificant or o('('nsionn I.Y n('gntiw Jor "l1yil'onmrntnl 
('fr(,cts. Th(' total, UWI'don', would appear to J'('pn'scnt fill intcl'­
m<'tliate yaluc that may not ill c('l'luin illMltllC(,S meet thc needs of 
cotton 	breeders. ~ 

15 W('ight('d 22s difTer from 22;; ';inc(' they arr ndjllstwl by the p(lrformancc of 
the other 1\\'0 counts, gh'PIl in thl' prc·!iminary rPjlort by ('umpIH'1l 11'('(' foolnQte
1], p. un. 

I~ Fiber k'ngth is dir('ctly rrl/ll\>d to skC'in SITPllLtth. wl1!'rrtl.-l X.rIl.\' aUld!', and 
fineness, nil exprpssNI h~' weight per lu('h, art' illv('rsl'ly n.lalpd . 

• 
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TABLE S.-Gorrelation coefficients (1' values) oj fiber properties and 
weighted 22s yarn stl'ength,1 calculated jrom the varietal mea11S, 
regional val'iety study 

FlDER PROPERTIES ALONE 

Factors used in correlation r values 

Length and fineness_________________________________________ -0.91
X-ray angle and fiber strength 1_______________________________ 85~. 

FlDEn PROPERTIES AND YARN STRENGTHS 

Skein strength of 22e yarn and fiber properties: 
0.88 

-.88Fiber strength 2__________________________________________ _ 
X-ray angle ____________________________________ • ___ ____ _ 
~r~!~~~s~~~~~~~~~~~~~~~:~~=======::::===============:==== .76 

~ -.39 

Fiber strength X length___________________________________ _ .95
Fiber strength X length divided by fineness __________________ _ .94
Fiber strength divided by finoness __________________________ _ .9<1X-ray anglo (2-lcngth) fineness___________________________ _ -.94X-ray angle divided by leugth ________ . _____________________ _ -.93X-ray angle X fineness ___________________________• _________ _ -.90 

1 Sec Campbell citation in footnote 11, p. 18. 
2 Chandler bundle method. 

The regional variety study ,,'as symmetrical i therefore, the variety 
and the environmental effects and their interactions were s(lparnted 
(table 9). Comparing the m('an squares, the vlu'i('lal dYect was 
llum('rically the greatc'st contributor to variance, both in I'(·gard to 
the l('ugth and structural factors and tho skcin-str<mgth effect. 
Location was the second greatest contributor for tho length and 
strllctural factors, whereas y(>ar was the second greatest contributor 
for yarn strength. For yarn str(>llgth, all major effects and all 
interactions were significantly gn·ater than error. In fiber properties, 
all effects W(,1'(, significantly gl'eakr than e11'or, The l' value for total 
was 0.89 without Baton Rouge, find 0.71 including Baton Rouge. 
The l' value for val'iptal t'ff('('t was 0.94 whell Baton Rouge was omitted 
and 0.93 whcn it was .illciudNl. This 111ay ficcount for as much as 
88 percent of the varin,tions in the yarn· stI·(·ngths. The spinning 
teclulique undoubtedly accounts for a large ptH't of the rest. 

In the J'elationship of X-my angles and fiber st['('lIgth the r values' 
for location find senson WPl'(' highc'l' thfin for Yllriety (table 6), wheroas 
in thtl spiuning studies the ('orl'elations bC'tw('('1l fiber propcrtiPs !lnd 
skein strength were higher fo\' the Yllrictal dIN-t. In the fiber studic's, 
strength is influenced by stl11etul'e, which may be altered for finy 
given variety by the environmental factors. In the spinning studies, 
hOWGYl'l', yn,rn st1'(:~Jlgth is dependent on many fac·tol's, among whi('h 
arc fiber length, fineness, and strength. Fiber IPngth is probably the 
greatest single contributor to yurn strength, pUl'tieularly at th(.) highel' 
counts, and it may be lcss afl'ccted by environment than the strength 
01' other fiber properties used in these correlations. 

'. 
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TABLE 9. - variance analysis of fiber properties and skein strength and correlation coefficient& (,. t'a'lles) for tlte 2 replicates 
of 16 'varieties of cotton grown at 7 and 8locations,t respectit1ely, for the 8 years, 1935-37 

,-
Omitting Baton Rouge Including Baton Rouge 

Variance 
Degrees Mean squares l\{ean squaresDegrees
of free­ r value of free­

dOli! domX Y X y 

Total ________________________________ 
661Blocks within locatiou __________________ ------------ ------------ 0.8905 757

7 14.2040Years X blocks within location__________ 38.0557 .4310 8 12.4299 33. 7288
Varieties_____________________________ 14 14.6867 11. 7857 .4362 16 14. 5715 12.2306 
LocatiOll _____________________________ 15 2745. 6521 5110.4573 .9387 15 138.2743 5333.5980
Year_________________________________ 6 996. 2483 2300. 1400 .6333 7 853.9398 5817.9057 
Varie!.y X locatioll ____________________ 2 133.8180 3232.\)850 .7603 2 248. 1870 7344.8300
Variety X yellr _______________________ 90 10. 6725 48.6743 .4866 105 9.8378 68.6730 
Locution X year______________________ 30 6.7834 16.7760 . 284S 30 7.71)15 13. 160312 110.8378Variety X location X year_____________ 1262.8450 .7724 14 107.9413 1842.8686Error________________________________ 180 5.4312 25. 1658 .4272 210 5. 1882 2!i.2231305 2.6533 9.4629 .1066 350 2.4474 9.6243 

, 
1 The sllmplcs from Buton ]louge were low ill f:,'Tade aud showed distinct signs of field damage. 

r value 
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FIGURI!J 9.-Relation of X-ray angles, fiber strength, and yarn strength divided 

by fiber length plotted by location. Each plotted point represents the mean 
of 96 observations including 2 blocks each from 16 varieties for 3 years. 

The relati011ship of X-my angles, fiber strength, and yarn strength 
for the regional variety study is shown in figure 9. Fiber strength 
and X-my angles are mOTe closely correlated than yarn strength and 
X-ray angles. There is poor agreement with both fiber and yarn 
strength at Stillwater, OIda.; Baton Rouge, La.; and Lubbock, 'l'cx. 
At Stillwater, the fibers were very short, whereas at Baton Rouge 
some field damage undoubtedly occurred. So far no adequate ex- • 
planation har, been offered for the discrepancy at Lubbock. The 
cotton at this station was of medium length and strength but spun 
into a stronger yarn tha'1 indicated from the fiber properties. 

The relation of fiber strllcture and strength and yarn strength 

within a variety is shown in figure 10. There is agreement between 

X-ray angles and fiber strengths, even though neither are necessarily 

on the same level from year to yeaI'. In 1938 and 1939 the fibel' 

stTengths were low, but the skein strengths of 22s yarn were Telatively 

high compaTed with the X-my angles. There are no adjustments for 

either fiber length or strength, which accounts for the apparently poor 

r/illationship with skein strength. Although Stoneville 5 is consisten tly 

lower in fiber strength for a given X-ray angle than certain other 

strains 17 the correlation of X-ray angles and fiber strength within this 

variety is -0.90, which is considered good. 


The level of test in the three properties listed varies from year to 

year, as can be seen in figure 10. The X-ray angles and fiber and 

yarn strengths were plotted in such way that the means were all on a 

common level, and a given distt111ce on the scale rcpresents the same 

pereentagc of dcviation from the mean in each measurement, 


J1 See section on Influence of Species and Varieties, pp. 50 to 56. 
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As shown elsewhere, both fiber strength and length affect skein 
strength. There al'e no adjustments for tlwse factors in figure. 10; 
thus the appal'<.:llt lack of agreement between fiber propel'ties Ilnd •
skein strengths. The lines representing the X-ray Ilngles and fiber 
strengths run more or less parallel, but the fiber may be stl'Onger for 
a given structure for dif,;'erent yellrs, as indicated by the X-ray angles. 
The same is true of skein strengths, although they are also intiuenced 
by fiber length, fineness, Ilnd other properties. In 1938 and 1939 
fiber strengths W('l'e lower, 'lVhflrells skein l'>tl'('Jlgths were highe;r than 
expected for tht' X-ray angles on thu Lu::;is of all 6 years. 

Differences between varieties and variations due to environment 
can best be compared in tlll.' regional variety study, but the relative 
effects of fiber length, finell('SS, structure, and fiber strength on yarn 
strength are sho'w11 better when more than one count is spun from the 
sllme cotton. A number of groups of samples were st'lected where 
ench cotton in a group was spun into the same three counts. 

By combining the spinning studies from 1935 through 1942, it was 
possible to obtain a sufficiently large number of Samples in pach of 
these groups for variance analysis. The spinning studies consist of 
foul' major groups of cotton spun into (1) 22s, 28s, and 36s; (2) 22s, 
28s, find 445; (3) 225, 3Gs, and 50s; and (4) 22s, 44s, and GOs. In nil of 

• 

2Bs 36$ 44$ 50. 60s 
YARfJ COUNTS 

F((1n!l~ ll.-('orr<,lutioll coprneiC'lIts or r \'l\11IC'i; hy cOllnts whe'll Ow (,{llllplC'II1PlIt 
of Ipngth (2 - D) times X-ray ang;lC' (X) as a product (2 - D).'( or "'(2 -·1,).'( 
where [i'=fincn(';;,; wa;; c()rr<,lat!'d with thl' skein :-;tr{'ng;th" of variolls ('ount" 
as showlI. Note the d('crl'a::;p in r \'a1(I['8 at; the higher COllnts when (2-- L)X 
was used and the incf(~use in the same direction with P{2-L)X. • 
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these groups the count 22s was common, and in cl'rtain others one 
additional count was common for two groups, III gl'lH'l'llI, the I' yalues 
became smaller as the counts became greatl'r whrn thl' product 
(2-L)X was used, whl're L=fibl'r length and X=X-l'llY- angle (fig, 
11), The r value at thl' ll'yel of 22s was gl'{'atrl' in ('rI'tain groups for 
this factor than ",11('n finl'lll'ss (F) was ine/udC'd in the produd 
F(2-L)X, In the latter casl', howrwr, the r valurs bC'camC' greatC'r 
as the yarn count increasl'd (fig, ll), This indicates that fineness 
becom('s progressively more important as the count incI'ens('s, that 
is, as the yarn becumes finer, This may be expected, since tIll' sUl'farc 
friction on the iibers used at thl' highl'l' counts is undoubtl'clly mOl'e 
important than in the coarsl'l' counts, ",h(lrr a lfirgrr number of the 
fib('rs are in thl' illt('rior of thr cross s('rtioll of thr Yarn, 

It is necessarT to use relatiwlT large numbers in-ol'cl('r to establish 
l'('gl'rssion equations of value for prrdirting the skein strength of a 
rotton from the fiber proprrti('s, In rach of groups 3 and 4, th(' 
numbrrs wrrr sufficiently largt' to justify- com;idC'ratinn, but thr range 
in fiber length WfiS relatiwly small within eithC'r of th('s(l groups, 
The l' vahws W(lI'{' l111'diuIH but highly signifieant., andn'gr(lssioll equr.­
tions dC'l'iwc1 from t1H'm milT b(' lls('d for pI'('(licting sk('in stl'('ngths, 
The correlations ciu(' to envil'onml'ntal l'ffl'ets, howl'vel', wel'l' so poor 
that the J'('b'1'rssion rquations based on them, as w('11 as on total, may 
be considl'recl somewhat ulll'eliablp, In ordl'l' to ('stahlish an oVl'l'-all 
regression equation for prl'dicting the yarn strl'ngths from fibrI: 
propl'r,ties, the 22s of all four groups we1'e combined into a single
analYSIS, 

In order to compare the efT('('ls of X-my 11llg\(.S and fibl'r stl'rngths, 
whc'n used as products with length and/or filH'lleSS, til(' stl'('llgtll WitS 
su bstitutcd for thp X-ray angll's in OIll' set of data, 'rh(, film' str('lIgth 
wh('n used with lrngth alone or in conjunctioll with fin('nl'ss Jts a 
product, gave b('tt('r codficirnts of C01TPIation thnn did till' samo 
coml)ination wherr X-ray angles wpre substitute>d for fihN st/'PIlf!th, 
The dill'l'rrncl's bptween thr two, howPvPI', \\'('/'(' not gl'Pltl, and (.ithl'1' 
formula whpn dC'I'iYrcl from val'il'ty rompnrisol1s l11iL,\" bp uSl'd for 
estimating the yal'll stn'llgths of a gin'lI samplp or vnl'il'l,Y, but whell 
basrd on total or (>llvirOllnlPntul l'fl'('cts may not br of illt(,I'C'st for 
predicting skein strengths within a vfLl'irty, 

DISCUSSION AND CONCLU:iIO~S 

The fibrr-strurture stJ'('nf!th /'pl:ttiollship of AnWl'icfill upland 
COttOIlS was (lxam.iUNi by coval'iance for i66 sampl('s, using the 
Chundlrl' bundle mpthod; and for 90.5 slLlnl)I(ls, using the PJ'esslpy 
index method, Till' eo('fIieiPllt of cOI'rclatioll was gl'eater when the 
Chandler bundle mrthod WI18 usrd, 

The rPgJ'('ssion rquations, wheIl X-ray nngl('s W<'l't' corl'rlnt.('d with 
P}'rsslC'y illdt'x, W('I'(o rompared fol' ('ilch of Anwl'ican uplnnd (D05 
sampl('s), spit-island (1(j) snmpl('s), aml AnH·l'ie!1.n-EgyptillJl (,ottons 
(93 snl11pl('s), Thl' Anl('l'ieltll upland stl'ILins on thl' 1l\'P/'I1.g(' f!:LY(' the 
lowest st/'('ngth, whp/'('ILS thl' .:\nH'l'ican-Eg,vptiILIl ('ot lOllS gn.\'e the 

• gr'eitte'st stn'llgth fol' fi, giYl'1l X-I'u.y angle', '1'11(' r Yn.lu('s find :;lo/H's 
of 1I1(' 1'('f,'1'('ssion ('({ualion diil't'l'edsignifieunlly from olle lot to allot/wI', 
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but larg~r numbers of samplrs in the sea-island and American­
Egyptian groups would be drsirablc to establish dependable regres­
sions. Th<, sN1-islnnd and Ame>ricnn-Egyptin.ll cottons on the iW('rage 
w{')"r fLbotlt 2 pounds (Pressl<,y ind('x) higher than the American up­ •
land strains fOI· a given X-ray angle. 

\YllC'n th(' varietal means of individual fiber properties were corre­
lat{'d with the shin strengths of 22s yarn, fiber length and fineness 
(microgram per inch) gave the highest r vahl{'s, strength thirtl, and 
X-my 'angle least. 

For tIl{' purposrs of this bulletin, it was fdt that a rapid, approxi­
mate method would be adcql1atr for evaluating the relation of struc­
turr, as revNlleel by the X-ray method, and other fibrr properties to 
spinnulg performanc{'. Comprrhensivp multiple C011·plations for 
establishing tIl(' morc pn'cise relations~lips that may serw as a guide 
in the cotton ]"t's('arch p,·ogram are b('rng made. Althollgh not com­
pletrll, tlU'sr studks fi.ppNU· to confirm tIl(' gem'raJ tri'Iuls and CO))­
clnsions lINr pl·eSt'nteel. Thr fiber propel·tirs uSNl wel·e lrngth (L) I 
strength (8), fineness as \\'('ight per inch (F), and X-my angle eX).
In general, wlH'n th(' product L X 8 was correlah,d with skein strength, 
the r vlllu('s w('rC' greatest at tll(' low('r counts and became progressively 
lower at th(' higl1('r counts, the 37 samples spun into 225, 28s, and 365 
heing th(' onl~T exc('ptions. Wll£'ll thc product L X 8jF was cOlT('latcd 
with skein strength, the r vnlues w('r(, kast at the lower counts and 
became progrC'ssiwly larg('l· fLt tll(' higher counts. 

'I.'hese results indicat(' that fib('r finC'n('ss, as well as length, is of 
progressivcl~'" grcater importancc in the finer, yarns. The sk('in 
str('ngth of the coarser yams appears to be dommated by the effects 
of fiber length and str·pngth. 

'The structur(' of thp fibC',·, fiS shown by X-ray angle, may be substi ­ •tuted for thr film· stl"C'ngth in making prog('l1Y s('l('ctiolls. Slightly 
low('r but not l1r('rssarily signifiro,ntly differrnt 7· vahl(,s wrr(' usually 
obtaln('d Wh(,l1 tIl(' X-my angl(·s w('re uSNl instC'ud of til(' fiber strength 
in the products of length and/or finen('ss, This may be due to one 
or both of two Cfiuses: (1) Fipld clamag(' aff('cts tIl(' fib('r and yarn 
strengths considcmbly but has little or no effrct on thr X-ray angl('s; 
(2) cP,·tain varietips or strains of cotton are strongt'r than others with 
similar X-ray IUlgleS. 

Care must be eX('("cised in interpreting X-ray data in terms of 

quality, becausc' of variation in strength-structure relationship from 

OIl(' group of cott'l)lS to anothpr. 


It may be concluc[pd that SOm(' 80 to 90 pc'r('('nt of the variations 

in yarn stn'ngth dppt'J'ld('Jlt on \Tarirtal chamcU'risties can bp accQullt('d 

for by tlIp ,fil)('l· prop('rtips inelu(\('d in this study. (\)[w[ation codfi­

dents of 0.95 I~n<l 0.04 ,,"<'1"(' obtnin{'d for til(' Ylu'i(,tnl ()fl"{,(,t w11('/"(' the 

product of Ipnglh tinws stl'('ngth (L X 8); al\d ll'ngth diddpd by 

X-rON nnulC' (L -;- X" resp('ctinly w('r(, eorn']l1tpd with the wl'itrhll'd
v ~ .), ., J z-,. 

skein stl"('nglhs of 22s yarn. Lower r ....n]u('s may bt' ('xpr('U,d for 

totnl iLnd Pllyil"onI11('ntnl ('fl"C'ct whpn COYllriaIl("(' is applil'd to the dn,ta. 


The X-ril,y nwthod ('ftn be tIspd su('('('s:;fllll~' in cotton-bl"(,('ding 

studil'S llJld might be Pl"PfI'ITl'd to str(,lIgth llwthods Ior 5IU)}p]!'$ tlm.t 
have susUtill<:d diffl'l"l'ltti:d fil'icl dnmng<' xuflic'il'lll to impair t.hl' fiber 
strengths. • 

http:Ame>ricnn-Egyptin.ll
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INFLUENCE OF GROWING CONDITIONS 
By TnoMAS KEnn and EARL K BERKLEY 

STATE~IENT OF PnOBLEll 

It is well known that the fiber properties of cotton vary with the 
environmental conditions under wllich the plants are grown. The 
effects of environmental fluctuations on the strength nnd spiral struc­
ture of cotton fibers 11.rc discussed herein, particularly from the stand­
lloint of extent of variations and causal factors. 

REStTLTS 

The variations in X-ray angles and fiber strength induced by en­
vironmental fnctorsfor the n'giol1nl variety study may be seen in 
figure 12. As shown by the vlll'ialH'c analysis in the prcecding section 
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FIGUIlE 12.-.'1, Fiber str('ngth (C'h:Ulcllf'r bundle llwthorj), and B, structure as 
showll b:' X-ra)' angl('s, for dllpli('a(('s of I!l \'(lriPti(':-; of ('ottem ploit('d by 
loclltion of growth for 3 years. Each plotted point n~prcseflts 32 obs('r\'IL lio II::). 
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FIGURE 14.-RC'lnfion of rainfall to en'slaJli/H' c('lInlo:;(' oriC'Il\lllioll in ('OltOIl 
fibers, Each plotted point rcpn'scnt;; '32 obsl'rvalions on \(i variNi!'s of ('olton. • 
Adjustments for temperature were obtained from the rl'iat.iOlll,hip "hown ill 
figure 15. The rainfall W!IS' acrumlllutC'd over !l period of 45 day:> during the 
time fibers were being prodllCcci, 
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FIGl'Rg 15.-H('llltion of daily low temperatures to fiber structure. Each plotted 
point represents 32 obs('rmtions. rhe adjustments for rainfall were taken 
from. the relationship shown in figure 14. The temperature is the low mean 
for the 45 days when fibers were being produced . 

(p. 23), the effects of location and YC'ar on the fiber strudure and 
st/'(~ngth of these COttOIlS were numerically greatel' than the, varietal 

, effects. 	 It. may be seen forther in figure 13 that when individual 
varieti('s arc examined at a greater number of locations, indudil1g the 
irrigated region, similar diff('t'('nres w('re found. In general, ditrcrcut 
varieties respond similady a t all lo('ations. 

RAI~FALL A~D TEllPEUATUUE 

An examination of w('athC'r records indi('ated that fibt'I'S with high 
strength and small X-ray anglt's were produced at loeations with 
l'(·latinly high temp(,I'atur(' and low I'ilinfall, e. g., College Station, 
Tex. .A rough ('stimate of the rainfall <ill/'ing the period of dcv'elop­
ment of the' fib('I'S (iUustraU'd in fig. 14) was obtainrd by adding the 
daily l'ainfa11 for a period of 45 days during the' p('riod whell most of 
th(' Hbrrs W('J'(' b(ling produced. Haills in (;'x('ess of 1 in('h and no 
11101'e than 3 indH'S in 24 hours \\"(,I'e ('OITN'tc'd for rUlloff by I'(,(luting 
them 15 pc'rC(,l1t and W}WIl mor(' than 3 inches. by l'edllciI~g them 50 
p(,1'e('nt. Figurr 14 for rainfall and figure 15 for t('mIH'I'aturc show 
th(' partial cOrI'dation ('oe(fieil'nts wlll'n both rn.infall and m('an daily 
low temp<'raturc's WC1'(\ ('OIT('l:ltNI with til(' av('rag(' X-ray angles for 
all 1U ,'ari('tics at ea('h of 7 Ioeations for 1935 and S IOCiltiolls for 1936 
and 1937.15 

IS The missing point was from ~rllrillllna (upland), Ark., in 1935, where no 
weather record:> w(,r(' k('pt. 
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Low ruinfall would mean low soil moisture and consequently low 
o;vailo.hle wnt('\' for tht' plant, High t('mpt'ratul'('s, parti(~ullldy (hll'ing 
th(' hot part of th(' day, would result ill high trunspil'ation, 01' high 
watP]' loss, and lilu'wise low IlYllilnble water fOl' the plant, Therefore, 
.it is not ckar wlH'th(>l' the effeds of rainfall and temperature are 
independent fadOl'S. FurtlH'J'more, the soils Ilt the various locations 
differ greatly and it is not dear how much this may afl'ed the moisture 
relationships, 

ADDITIONAl, EXPEHI~IENTS IN TilE RAIN B1~LT 

At the time these data were being studied, II, S('t of experimellts 
known as th,e "crop w('uther study" wer!' bcin rr conduded by Charks 
F, 8111'1e, assisted by A, L, Finkner, Prod~lctioll and ifal'l;:etillg 
Administrution, He furnished the authors ],l'pl'esentative samples 
that made it possible to compare the ('[reet on tbe spiral struetll.l'e 
of Yariety, 10t'ation, planting date, f(lrtilizer tr('!ltments~ Ilnd timl' of 
flowering, Time of Ilowl'ring refers to the pl'riod of sibcr devt'lop­
ment, The l'arly bolls matured during hot summer wt'nthcl', when'us 
the late fruits d('veloped in !wtumn, whieh was chul'lwt(ol'ized in some 
loeations by ('001 nights and nl otht'I's by eonsidernble drought. 
Table 10 contains the X-my nngles for Jottl' vnril'ti('s, three locntiolls, 
two dater.; of plnnting, two levels of fertilizer applicntioll, and four 
datl's of 1lowN'lng. 

Analysis of It part of th{' data, (table 11) indiclLtt's that among the 
mail} t'irl'rts. flow('ring datl' nnd Yaril'ty W('I'e highly signifiC'nllt, 
Whl'I'(\as f('l'tiliz(lI' tI'elttment wns of inh'n'st and 1)('I'hn.ps would han' 
bt'cn signifiC'ant if prollouueed (\efieielleil's in ('SSt'lItilll t'lcl11rnts hnd 
l'XistNl. 'rh(' illtcrn('tion of datl's of planting and flowl'ring waS also 
highly sigllifieant, TIH'se data fUI't1H'l' (\mpho.sizl' till' impol'tullcc of 
tcmprrntul'e and moist1lre in d('tC'rmining fih('l' pl'Opl'l'ties alldindi(,llte 
that the fruiting load also may incrt'o.sc stress. 

TAnLE lO,-X-ray angles 	by rarieiy and location for the era7) 'lceather 
study, 1940 er01) 

\"ari('ties 

]))JICC and timp Fertilizer DatI' 
of plantilll!; tn'lllmcn l tll/!;/!;Nl t'\ . Okla- , n" ! SI ft",onc- ~. h()!1lll' IXIC l' III ~r 

\'illc 213 "I' "1 ,} :Triumph. AcalarI, Illj, L . 

/)C!lr('I'S [)C'OTfCS : DroNcs . Deorees 
30,1
30. 2::~=::==!:=::====i====:=:= 
31. 2 -----r-.------ j 

> ao, 2 .... ~ ..,,,,- ... _-­
~orlllaL__ •. a5.0 -\1. a aa. (i -12. () 

ali, () 3i.2 . 3a,7 -\2.2 
3:L () . ·12, () 35.!) ,II. Ii 
ali. 2 37. (i 43. 0 

42.5 
;{·I. Ii • __ . _ 37. (j ,II. 2 
a;;. 'l - 37, .\ ·12. a 
ali. s .j1. () 31UJ 4;3. 7 
a;;.2. -\2.·1 35. a 43.7 

• 


• 


• 
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TABLE 1O.-X-ray aIlules by mriet!l a:nel location jor the crop weather 
st'lldy, 1940 croll-Continued 

Vnricties 

Plnee nlld tilllC 	 F('rtilizer ))nl(' 
of planting treatment tngged ~-t ~~'In- -r 1)'·' I81 f'

" Oll(,- hOnln:, ~ 1;1:1(', In terI villc 213 TriuIIlph; rrlUll)ph A<:nln 

F R C J 	 1D,,,,~, -D",~ I-~..~" I-""'"' 
lorence,... . (High____ _ .1\11\' 21! 32 .4, 38. 4 34.0, 33.4 

~ 'ontlllllccl __ do_____ :~ .e(o._) 31:6 I 36.2' 
l 

33.9 40.0 
~orlllaL__ ._. -. Low_______ -do----1 32.61 37.9 35.0 40.9 

• do._ •.•••do____ 32.4 37.4i 35.3 42.1 
: High ___ .. ____ .do____ ' 30.2 ' 38.8' 41. 0 38.0 
,_.do•• '._ .•do____ 31.7 35.8 32.2 30;2
ILow____ .. _.c1o__-. 37.3 1 36.4' 33.2 40.1 

It 1 •. do•. ____ <1o_... 31. 0 1 36. 2 34.7 38.S 
,n ~------ •• - High. __ .... Aug. 2 36.9; 40.6 36.8 44.0 

•• clo._ .• , _do__ . _, 35.2! 40.0 35.8 42. 1 
Low _____ • _ .do_•• t 34.7' 39.·1 35.4 42.2 
__do___ ._. _do. __ • 34.7 42.0 36.1 43.2 

J~;l:peri\llent, Gn.: 	 i 
High.__ • __ ••Julv 29 33.4 --------1.--.---- _____ • __ 
••do_., •.• _ •. _cfo__ .. 31).2 • __ • ____ ,________ ".'.__ ._ 
LO\l' __ ' __ "' •. _do __ ._ 35.7 _... ____ ,_ ...• __ •• ____ •• _ 

Xormn1. __ • ____ .do. __ ....... _do._,· 34.4 ""- ••------

High. _____ • i Aug. 9 _ 32.6 38.2 35.3 41.4­
_.do_ ..... ___do__ ._ 3a.2 39." 34.2 37.7 
Low._•.• _, •••clo__ .;: 31. 0 ,._ ••• ___ ' ________ '-______ _ 
_.do_ . ___ ._do.__ ., 32.2 _. _ " .", •••• _. _____ " ._ 
IIigh ___ "" ••• _.dO._ ••1 31.S 40.9 3·1.0 39.!)

I t •• do_" .... ___do____: 33. a 39.4 aa.9 39.8 
.n c ____ • __ ._ Low___ •• __ ;. __do __ ~ 32.3 ._. ____ •.• _____ 1_. _____ _

( _.do_.... ,.,_ ._do.__ 31. 4 ___ •• _. ____ '_" _._ 
High_~_ .•• _1 Aug. 20 30.9 -10.2 33.4 40.2 

Xo I ' .• do.......; .. _do__ •• 33.2 34.2 .... ---- 36.0 
... rJI1R -------. LO\\·_ .. _..... _.. l...... _do __ ".. : 31.0 ...... "''''' ...... - ... f-- ................ ; ...... ---- .. ­{

".do_.... , -'-- .do___ - i 3,1. .\ -3~.· 3-,r. --3'0'.'-1-1•• --3-7-.-2­• lIigh_______ :___ clo___ J 32.6 v 

1 __ do__ .••• .,. __ do__ •. 1 29.6 3RO ' ..... ___ 36.8 ,Low_ •••• __ " _do __ ._' 29.8 --.- .. - •• '- •••• --.'.--_ •• - ­

!
_.do_. __ ~.,.. _do __ •• 1 29.0 _'" • _._._ ....... .I; High•••__ .. ,,: Aug. 26' 30.0 a5.0 29. 3 34. ,1
._do__ ••• _. ___ dO. __ J 29.~ 38.4 31.3 37.0 

L t Low__ • ____ \•.. _do•• *, i 27.•1 ---- ••• -, ••••••••• -.---- ­
/I. c_ --------'1 ..dO.- ....._do__ t 2!l.2 ___ ." ._ ...... _•• _______ _

lligh___ - ••• Sept. 6 ...... __ • 40.2 33.0 39.6 
__do ______ •• __ do___ ••. ___ ._ 38. 0 ".____ ., 36.6 
--do------·l Sept. 9 i. ~1. 8 ___ ... _ ,.- •. - •• _j •••• ---. 
__dO______ .{....dO.__ .1 33.0.--- .• --1....----1--._----
LOW______ .,•• _cto__ "j 32.0 _._ •. '. !' _______,_._.__ _ 

Stoneville, :\fis.",.:! 	 --.do---_ .. t·"dO-~.- 30.2. _._" •• " - .. -··1---·---­
11lf!;h-------! .July 18 3·1. 6 3;>. 6 j 30. 6 39. 0
_.do_______ ,__ .do_.__ :H. G 40.4 I 37.0 42.0

1Low_. _. __ .,._.do____· 37.5 __ • _____ !___ .,,. __ .-.... _.' 
\ (10 clo WI ~) I 

Normn!..._._. ifigh~~:::~ ~-.i~lh· -30- :ri: ii ---3s:sT"s7:0",jo:s 
I-.do.--_ ••••_do••••• 3·1.8 38.4, 36.0. 40.8 
I Low-------,- __do____ 3;i. g --------,--------1'----··--
I __ do_______ ! ___do ____ i, 35.2 _______ •••• __ • ___ ".---•• 
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TABLE lO.--.....y-ray allgles by variety alld lo~ation jar the crop weather 
, ( st1ldy, 1940 crop-Contmucd 

Yariotics • 
l)lacc and timo Fertilizer 

of plan ting treatment t~:S~1 ~;.~;~·l·-DixieStone- II' \ Shaftor 
ville 2B Trium'phlTriumph Acaln 

! J 

8 ton c \' i I I c, . DCflrees Degrees Degrees Degrees


Mis5.--Con. jHigh_______ July 30 35.2 -------- ________1_______ _
Lat __ do__________ do____ 35.1 _______________________ _ 

j
c_______ •. Low __________ do____ 34.6 ________________ '_______ _ 

-_.do _______ I___do____ 35.7 , _________ ---- ___ j_______ _ 
Hlgh_______1 A\lg. 9 34.4 I 38.6' 35.6, 39.6 

Normal_____ ~_ -_dO_______ jl ___cto____ 31. S, 38. 6. 35. -1 , 40. -1 
I.ow __________ do____ 3·1. 6 : ________ . ________ , _______ _ 
-_do__________ do____ 32." _______________________ _ 
High---____I___ do____ 3,'j." 40.7 36.0 39.9 
__do__________do____ il 35.2 38.5 36.2 40.9 ,,Low------_l___ do___ ~l 35." _______________________ _ 


Late~-do-------!---do--_-, 33.5 _______________________ _ 

--------- High _______ Aug. 16 33." 37.6 35.1 3S.4 


__ do_______,___ do____ 35.4 37. S 34.9 39.8 

:;~(16~:====t==~~===: 3~: gl:=:=:=:::::::::: :===:=::Marianna, Ark.: 
High_______: Aug. 3 35.1 1--------,________!_______ _

(__ do__ ..___ -1- __ do____ • 3~. ~ . ________ : ________ ;_______ _ 

LOW _______ •___ dO____ 3". i> ______________________ -_ 


NormaL______ __.do_______,___ do____ ?~. 6 _ 

11lgh_______ Aug. 8 3i>. (i ---40.-4- ---36.-4- ----40:2 
__do__________do____ 34.9 3S.8 37.2 40.9j!.ow__________ do____ , 36.6 ,________ , _______________ _ •
__ do__________ do____ 34.6 '_______________________ _ 


Late_________ {High __________ do____________ ! ·10. 8 3~. ~ _______ _ 

__ do_______ , Aug. 18 ,___ , ____ ;________ 30••") _____ • __ 


NornlllL______ '{Hi~h-------1 Aug. 19 \________ 3~. :' 35.6 40.9
, -_c!o _______ ,___ do____ ________ 3.). .1 _____________ • __ 
II;fitc _________ i High _______L_do____ j 33.2 3\). G ___________ _ 

I.awton, Okla.: ; I I' 

8padng I I ' 
_ {ThiCk ______ July 31. : 33.5NormaL______ ., _______ __ do ____ ! 34.4 -- ------!-------- -------­-_do L 


, 1'hin _______ :___ do____ ' 

I.ate- ________l Thin _______l Aug. 12 i 

33.4 -----_ .. - -- ... - ... _-- ------ ... ­
aO.7NormaL______ , Thick _________do____ : 

Latc '{__ de__________ do____ l 32.0 -- .. _---- ---- ... _-- -.----- ...... ­
32. p,- - - - - ---- __ do_______ ,, __ .do____ : ........ ---- .... -------- -- .......... """- ...

32.!! ___NormaL______ Thin_______ '___ do____ I --- ... -- .. -1----- - __ .. __ ._ 
32. (} I , 

'I'I' k 1 \ ?2'I;ate_________ lie ------1 ~ ug. - I 31. 8{-, dO-- _____I___ do___ _ =:===:::F====:=:::=::=::=
31. 7

Normal {Thin __ ----_,___ do___ _ 
r ------- Thick _________ do___ _ 32. " =:: :=::=1::::=:=: :==:=:=:

32. (} ... _"' ... - ... -- ---_ .. _--'-----..,. ... -I ate ,{'rhiCk ______ ~\ug. 29
• --------- Thill_______ ', __ do___ _ 3·t S ...... _----, ... _------ ... _----- ... 

3·1. 9 .. ""c .. __ ... "' .. ........ __ .. __ ,.. ____ _
~ ~ 

1 Spacing in lieu of fertilizer trcatment was $uperimvoscd on thc cxpcrimCl1tai
design. 
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TABLE 11.-Variance analysis oj X-ray angles jrom the crop weather 
studies at Florence, S. 0.,1940 crop I 

Degrees ofl MeanVariance frecdom square 

Blocks____ 1 1.85~_______________________________________ 

Date of planting ____________ --______________________ 1 1. 62 
Dnte of tagging____________________________________ 1 2278.48
Tagging X planting_____ • __________________________ ~ 1 243.93 
Fertilizers_____ • _". _"" _._ ______ _____ __ __ __________ _ 1 3 15. 26 
Fertilizers X planting. _______ . ______________________ 1 2.64 
PerUlizers X tngging________________________________ 1 3.51
V arieties______ _ _ __ ___ ___ ____ __ __ __ _ _ _ _ ____ _ _ _ __ _ _ __ 3 2 400. 07 
Variety X planting_________________________________ 3 2.25
Variety X tag!{ing ________________ .__________________ 3 3.44 
Variety X fertilizer_ ••••• __________________________ 3 4.17 
Higher order interactions____________________________ 13 2.50
Experimcntal error ____ .• _ _ _ _ ___ __ ___ _ _ _ __ _______ ___ 28 2. 99 
Between duplicate slllIlple:;___________________________ 61 .47 

1--------;-------­
'fotaL______________________________________ 121 I 14.24 

I The samples represent duplientes of 4 varieties of cotton wiih 2 dates of plant­
ing, 2 rate:; of fertilizer treatment, and 2 t.aggings with an interval of 2 weeks. 
Values for 3 plots were mis:;ing, and the values observed in the other plol:; in 
each case were substituted, which Ilccounts for the loss of 6 degrees of freedom. 

2 Highly significant, odds of 99; 1. 
3 Significant, odds of 19; 1. 

It is difficult, however, to correlnte the X-ray angles with either the 
temperature or the rainfall, although it is obyiolls from figure 16 that 
low rainfnll nnd, ill some eases, high temperature existed during tho 
period when the smnller X-ray anl;fles were prndueed. 'l'he X-my 
angles from sampl('s from J.1'lorence, S. C., W('l'e great('st in the snmples 
produced during the wet p(·riod and least dUl'ing the rela.tively dry 
periods. At Experiment, Ga., Stoneville, )'liss., ami Lawton, Okla., 
the weather beean1l' progrpssiydy ell'ierj howeyer, at Experiment and 
Ln,wton the tempprature was apparently low enough late in the sea­
son to reduce the stress on the plants, as indicated by the larger 
angles. 

In another experiment, the usual growing season was extended by 
planting two variptics of cotton in the gl'eenhollse and by transplant­
ing tlwl11 to the flrld as SOOI1 IlS the w('nthl'l' p('rmitted, both nt :Ralpi~h 
und Statesvilk, N. C., in 19·10. Duplieate blo('ks of thl' same Vtll'le­
til's nlso w('ro plnntNl at the usual time and a third group 3 weeks 
Intl'I'. Blossoms op{,l1ed from June 19 untillnt{' in August. J.1'low{'rs 
were tngged nt freqllent int{'rYals and the bolls (·olkt'tc·d nnd studied. 
Tbe X-l'ny angles Ynri('d eonsid('rably from one pnrt of the season to 
anothc'r (fig. 17), and ill th('sc t('sts the combination of moistul'(\ and 
ten1p('ratul~e appeared to be more cffrctive than either n]one. When 
it was hot and dry the angles were vely small; when it wus cool aud 
wet they were largej but late in the senson the angles wercslllall 
again despi te the cool w('ather. There wns li ttle or no l'Ilinfull in the 
latt('r part of the S('ason, howevpr, and the plants W('I'(, badly stressed, 
as dpt{'rmilled by the cxtel1si\'e wilting, despite lower fnll temperatures. 



40 TECHNICAL aULLETIN 949, U. S. DEPT. OF AGRICULTURE 

EXPERIMENT, GA.. 1940 • 

15 15 15 I 15 15 15 15 15 31 
JULY AUG. SEPT. OCT. JULY AUG. SEPT. OCT. 

STONEVILLE, MISS .. 1940 LAWTON,OKLA,I940 
l3~ 
~ ~ 40 ::=::::::,=: til 
~ ffi 35 '=::::::::::::: 4~ 
>-w ~-./ u 

~ ~ 70 '1 ir' ~I 'V~~l~ '~l ~L '" ..j ~J''T- \"';\J\.r"tJ~t·" ,.Ji:.,... ~. 5 
ffi 60 PI; p.: j V i":'i[" ',)1 ~'t. .. i\ I £5~ 50 Yl't / .' J HV h, ;i\-!: •ltJw \ "If· , \.1;>1 • ~. tj 
I- IL {lJ ;lV I. tl 

40, 15 . 15 1 15 1'''15-31 '1 15 I 15 (15 i '7~ 3[0 • 
JULY AUG, SEPT. OCT JULY AUG: SEPT. OCT. 

:FroURE 16.-X-ray angh:s alld weather data frolll four locntions plotted by days
during the summer of 1940. 

r----- RALEIGH, NC. 
UI STATESVILLE, N C.
W - 45rJ f3 /"',__, 
~ l:! 40 ,,\ .,._._. ""--OELFOS 4 

>-b'l35 VV~ 
i2 e,",' STONEVILLE 5x 30 ,I 

_100 ,."A : 

~ :~ Ji"VWyV' ,1J..J /VA:\!l eM 
~ ~ 70 I""'~Ar'rJ'lf1"'\../1 .r'V1r"jf . l,lt ' , : 
>-

[jl l:v ,H\ffi 6,0 'il '" !!i w 50: \ rt\/'• \" 
I- 40 r • 


I 15 I 15 I 15 I 15 I 15 15 1 13 

JUNE JULY AUG. SEPT. OCT. JUNE JULY AUG. SEPT. oct 


FIGURE 17.-X-ray angles and went her data from two locations plotted by days
during the SlImll'ler of 1940. As in figure 16, the X..:ray angles were greatest
during the wet period and [cns!, during the dry, hot period in Jllly and at Lhe 
end of the senson, when there was little moisture left in tho soil. 
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During the progress of this experiment it was observed that the soil 
above a terruce that oxtende<l across the blocks wns rclatiYcJy moist 
compared with the rest of the field. Bolls collected from this area 
were kept sepnrate and found to be different from those from the drier 
area (table 12). At certain periods the X-ray angles were smaller 
from the moist plots than from the dry. This was somewhat COIl­
fusing until similar data wore obtained under irrigation. 

TABLE 12.-X-ra1/ angles by dates oj tagging jor the transplants and 
earl?1 and late planting jar 2 '~'al'ieties oj cation grown at Raleigh, N. 0., 
1940 crop 

TRANSPI,ANTEO FRo~r GHEENHOUSE 

Stoneville 5 Delfos (;\Iissdel) 4 

Date tagged Moisture level :'IIoi!Jture level 

Mean Mean 
Dry Wet Dry Wet 

Degrees Degrees Degrees Degrees Degrees DegreesJune 10______________L_______ ________ 132.6 137.3 
June 22______________ 32.2 3'1. 2 33.2 I 39. 1June 23____________ ______________________ . __~ 

37.1 35.4 36.2 
June 25______________ 31. 8 33.4 32. 6 36. 8 36.8 36. 8 
June 28______________ 33.3 2U.7 31. 5 35.4 38. 0 36.7
July L______________ 25.6 30.5 28.0 

36.0 I 34.4, 35.2 
July:L______________ 20.7 20.6 2U.6 35. 6 37.8 36.7 
July 8_______________ 30.0 31. 3 30.6 30.0 36.6 37.8 
July 13______________ 31. 4 30.8 31. 1 37.8 f 38. 0 37.0
July HL____________ 32.6 32.8 32.7 35.4 38.9 I 37.2 

11:\fean ____,_____ 30.8 31.51 31.3 36.6 37.0 I 37.1 
i 

NOR~IAL PLANTING 

July 10______________! 31..8 I' 34.8 I 33.31July 26______________ , 37 1 38.3 i 37.7 IAug. 2_______________: 34.4 36.1 i 35.2 j 

:'IIean_ - -------f34Al 36.41 35.41 

Aug.. 2______________-' 33. 0 I 36. 7 35. 3 I 40. 1 I 'lI.8 I 41. 0Aug. ]2______________1 3~. 2 I! 36. 5 3·1. 8! 40 5 43 2 : 41. 8Aug. 17______________• 30 6 36. 3 36. 0 I 41: 5 f ,10: 8 I 41. 2Aug. 2L_____________1 34: ,1 35. 2 34. 8, 40.·1! 3U. 6 : 40. 011Aug. 27______________1 33.6, 32. :3 33.0 i 3U.0 1________ : 30.0 
---'----

Meall_ - -- --- --f 34. 1 I 35. 4! 3'1. 8 I '10. a I 41. 4 j 40. 6 
====",'-"""="== 

Over-ull ll1eall __ i 32. 5! 33.7: 38. I 38. 838.7 I 38.8 I 
_______---'I---'____,L_,_ 

1 Not designated if moisture levels were dry or wet. 
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IRRIGATION STUDIES 

Two or more varieties of cotton were grown under variable irriga- • 
tion at two stations-State College, N. :Mex., and Sacaton, Ariz. ­
which varied widely in altitude and, therefore, ail' temperature. 
The X-ray angles from these studies are shown in table 13. For 
the same varieties, irrespective of irrigation, the X-ray angles were 
smaller at Sacaton than at State College. At State College in 1939 
and 1940 the X-ray angles were progressively smaller as irrigation 
became lighter. The same was true at Sacaton in the early part of the 
season of 1940. Toward the end of the summer, however, the angles 
became smaller in the highly irrigated plots and in certain instances 
were less than those from the so-called stressed plots for the same date 
of tagging. The experiments were repeated in 1941 with the same 
results. It was observed for the most part that in the heavily irrigated 
and to some extent in the normal plots, the plants were much larger 
than in the stressed plots (tables 14 and 15). At Sacaton where high 
temperatures prevailed, the larger plants wilted badly, whereas the 
smaller plants on the lightly irrigated plots did not. At State College, 
with an elevation of 3,800 feet above sea level, the plants were not 
subject to such high temperatures, so that the water loss was not ex­
cessive; therefore the lightly irrigated plots continued to produce cotton 
with better structure and strength than the normal or heavily irri­
gated plants. 

TABLE 13. -X-ray angles from cottons grown under various quantities 
oj irrigation at Sacaton, A'riz., where high tempemtures pre~'ail, and 
at State Oollege, N. }'f.e3;., where relatively cool nights are common • 

SACATON, 	 ARIZ. 

X-ray angle under-

Date
Variety Planting tagged 	 Heavy INormal Light

irriga- irriga- I irriga­
tion tion! tion' ! 

---------------!I---- ----)----'---I; i 19;'0 Degrees Degrees Degrees 
,37.7 	 33.6,{.JUlY 8 -------­

i ________;{EUrly________ ~ Aug;. 1 35.0 t 34.4 
Acala (S) _____ "________ . AlII~. 27 30.8 40.4 

~--------:
Lutc _________ {Allg;. 27 30. 3 '10.4 

, Sept. 18 --------, 30. 8 41. 3 
,JIIIY 8 .. ---- 20. 3 28. 8 

-~-

'{EUrly ________ Aug;. 1 _.. -""'---- 27.4 25.4
{Stoncville 5 ____________ .. . Aug. 27 --- .. ---- 30. 5 1 32.0 

Late_________ '{Aug. 27 -_ ... _---- 33.4 31. 0 
; , Sept. 18 _.... ------ 32.6 31. 5 

• 
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• TABLE 13.-X-ray angles from cottons grown under vm'ious q~lantities 
of irrigation at Sacaton, Ariz., where high temperatures prevail, and 
at State Goll~ge, N. j\1ex., where relatively cool l1i,qhts are 
common -Contmued 

SACATON, Amz.-Contimled 

X-ray angle under-

DateVariety Planting tagged Heavy Normal Light
irriga- irriga- irriga­
tion tion tion 

I I ! 
19J,.0 Degrees , Degrees ; Degrees

July 8 ________ 39.2! 35.2 
, Early ________ Aug. 1 ________ 35.4 33. 6 

Delfos (Missdel) 'L___ j{ I ~u~. 27 ________ \ 37.8: 37. 8{

{.\ug. 40. 2Late_________ 27 t--------; 39.9 
Sept. 18 1________ 37.8 40. 2 

19J,.1 I I 
July 15! 37. 2 ! 37.4 36. 0 
July 39 i 38. 3 . 34.8 : 35. 6

Acala (S) ____________________________1 Aug. In, 36.8' 35. 2 34, 4 
{ Aug. 30 ; 36. 5 . 34.9 : 3'1.0 

Sept. 15' 36. 5 ' 36.3 . 39. 2 
JUlY 15: 29.0, 29.1 25. 8 
.July 30. 21l. 0 2!l. 7 28. 6

Stoneville 5 __________________________ ,{ 26.3'. Aug. 15. 26.2 23. 6
I Aug. 30· 25. 4 • 25.4 : 24.8 
. Sept. 15: 20. 4 30.0 . 29. 0
I .• I 

---------:--.--~-.--..--.--.-- -----,1----,---­
34. 6 33.5Acala (S) _______~ ______ -------------- { iggg : g~: g 36.0 31. 6

Do________________ ______________ l!HO 35.7 34.4 30. 7 

19J,.1 
July 14 35. 4 34.5 32.8 

34.4 34.2 30.2Acala 1517 __________________________ ~(~~~. ~g 36. 0 34.9 32.7 
{ Aug. 28 36.41 35.6 35.6 

Sept. 12 30.0 32.1 28. Il 
.JUlY 14 40. 8 30.0 36.2 
.July 2,l 31l. 1 38.0 34.6

Stoneville 5 __________________________ , Aug. 13 ! 37.4 35.7 35.4
I{ Aug. 28 1 37. 8 
I SepL.12 1 37.4 ~g: gj----~~~: 

I Duplicate lots taken from spinning samplcs. 

• 
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TABLE 14.-At'erage height oj plants jor well irngated and lightly 
irrigated (stressed) l)lots for th1'ee varieties oj cotton I 

Heights of plants 
under-Date 


Date planted and variety plants 

measured 
 Normal Light 

irrigation irrigation 

Apr. 12: Centimeter)Centimeters 
Shafter :\cala_________________________ {~~~t. ~ 62.3 56.8 

67.3 57.2 
'11e OJ- ___________________________ Sept. 7 61. 6oneVI {AUg. 4 48. 1 St 68.2 49.4 

Delfos (Missdel) 4__________.___________ {~~tt. ~ 76.0 77.2 
81. 2 77.5 

May 1: 
Shafter :\cala_________________________ {~~t. I 85.0 102.3 

03.2 103.2 
one'll'11e OJ- ___________________________ {Aug.Sept. 74 80.2 68.3St 85.1 70.4 

Delfos (:\Iissdel) 4 _____________________ {~e~t I 86.3 80.6 
03.1 80.4 

-----------------.:'---_.-.-_.._._--=-_._--
I Data taken from King's Data Book on the samples grown for the effects of 

irrigation on cellulose alinement, 1940 crop. 

TABLE 15.-N1l1nber oj leat'es per plant jor 2 varieties oj cotton and 
S rates oj irrigationJ Sacaton, Ariz., 1941 crop 

Leaves per plant under-
DateVariety counted Heavy Normal Light 

irrigation irrigation irrigation 

Number Number Number
Acala ShafteL _________________ _ July 25 69. 5 62.9 73.8Do________________________ _ 

Aug. 26 123.9 95.3 85.0·Stoneyille 5____________________ _ July 25 77. 7 95.6 113.9 
Aug. 26 151. 6 141. 2 143. 4 

Do________________________ _ 

STRESS ON PLANTS 

Stress during the early stages of vegetative growth affe('ts the size. of 
the plants. The extent of water loss at the time. the bolls are. matur­
ing is in turn afl'ected by the. leaf area exposed. In the. experimcnts 
at Sacaton in 1940, the. same quantity of water was supplied all plots 
on September 11, the date of the last irrigation. From that time 
until the end of the season, the larger plants, transpiring more water, 
would be under greater stJ-css, and it is not surprising to find that these 
plants had fiber with smaller angles. In Hl41, min late in September 
produced a similar condition. 

• 

• 


• 
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FIC1URB 18.-X-ray angles and Pressley indices, daily tcmpcrntufl's, rninfall, and 
degree of wilting for two plan lings each of two varieties of cotton grown at 
llaleigh, N. C., in 1\)42. 

In view of tlH'SC ohs('rvations, an attl'mpt WitS made to nwasurc 
the str('ss by obs(,I'ving tIl(' ('~.:t('llt of wilting and by m('!l.suring the 
variations in boll size with auxometers during th(, period of boll 
growth and maturation at Raleigh, N. C., in 1942. Dn.ily records 
were kept and fibers fi'om bolls illitin.ted each day during the flowering 
season were studied. Figure 18 shows in grnph form the X.;ray 
angles, fiber strengths, dnily weatlH'r data, and extent of wiltin~ for 
two varipti('s of cotton, including two pliLntinl:,"S each. It will be 
observed thn,t th(' X-ril.y angles becltme small('r and fiber strength 
greater as the wilting became more pronounced. The auxometer 
meltsurements also indicate that stress existed in the plants. The 
bolls vil.l'ied in size as they lost or gailH'd turgidity. In g('neraL they 
became smaller during the hot part of the day and r('gnined size 
during the night. 

In the greenhouse at Beltsville, .lVfd., four cotton plants were grown 
continuously for 2 y('ars. Adequnte wnter for good gl'owth was sup~ 
pliNl at all times, but thl' s~lmmer tempel'ltt,ul'l's in th(' f,'1'l'cnhousc 

• 
were much higher HUUl winter templ'mliul'('s. The difr('rPllcl' i'n the 
winter and summer strl'ss conditions is l'l'fl('ctl'd in the X-my nngles 
from fibers maturing during these periods (table 16). 
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TABLE 16.-X-rall angles, representing alternate summer and winter, 
from 4- cotton plants grown continuously without transpla.nting, in a • 
greenhouse at Beltsville, nld. 

---.'-..~, ~.----~~----- I 

Summer, Winter, Summer, "Tinter,Variety 1943 1943--44 1944 1944-45 

Degrees Degrees Degrees Degrees
De Ridder ____________________________ 30. 6 44.6 35.1 49. 4Stoneville _____________________________ 28. 8 (1) 27.6 44. 0Cook _________________________________ 

32.2 43.3 34.0 42. 7Delfos ________________________________ 37.4 49. 8 39. 7 48. 0 

1 No data. 

DISCUSSION 


In the data presented, it may be spen that the spiral structure and 
the fiber strength were both affected similarly by environmental con­
ditions. In the course of this work it became apparent that the chief 
environmental factor influencing fiber strength appears to be the 
water stress of the plant. 

Stress in the plant is equivalent to lack of turgor. The turgor of 
the plant cells Las been defined by the equation, turgor=osmotic 
pressure-diffusion-pressul"e deficit. A discussion of the water rela­
tions in plant cells is given by Ursprung (34-) and by :Meyer (19). If 
high stress is correlated with variations in turgor, it would seem advis­
able to measure the turgor and show this correlation. Unfortunately, 
all attempts to measure turgor accurately have failed, and, therefore, • 
the term "stressII in a more general sense has been used. 1Yorking 
on this thesis, however, it has been possible to eJo..-plain in general most 
of the variations in strength that have been found. 

The turgor of the cotton plant may be affected by the quantity 
of available water (i. e., soil moisture) and also by the rate of wat('l' 
loss. Rainfttll gives only a rough estimate of the quantity of avail­
able water, and nothing about water loss. Transpimtion from the 
plant would be influenced chiefly by the temperature and relative 
humidity (or rather the vapor pressure of the air). These factors 
were measured, but unfortunately they tell only part of the story. 
The size of the plant and particularly the leaf surface undergoing 
transpiration (including the unknown root-shoot ratio) are also 
factors to be taken into account. ThiEl was apparent in the late 
tagging of the irrigated cotton at Sacaton, Ariz., find to a lesser degree 
in the samples from the plants in the wet plots at Raleigh, N. C., 
in 1940. Plants growing at a high water level develop low osmotic 
pressures in their cells and wilt more readily. ltil these factors must 
be taken into consideration in working on the problems of water 
stress. 

In addition, the qucstion arises: 'Vhen, during boll development, 
does .water stress afl"ect the spiml stnlCturc and consequently the 
strength? From the standpoint of development, it seems logical to 
assume that water stress should affect the structure during the period • 
of secondary deposition, i. e., from 16 to 40 days after flowering. . 
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• Fruits arc set at diffrl'rnt datrs ovrl' thr srason, howrver, so that tlw 
total crop is afl'C'ctrd by thp, \\'path!'I' during n. longt'I' l)('riod. In 
gl'nel'nl, the Srnsom; mny 1)(' (llth!'I' dlT 01' w!'l. On till' othl'I' hn.nd, 
pnl'ticulnl'ly ill th(' t'n.st('1'Il pn.rt of thl' Cotton Bt\1 t, the w('atht'I' mn.y 
l'hnngl' n.bl'uptly dUl'ing thl' period of boll cievdopmC'llt, Tht'sc 
nbl'upt chnngl's hnvl' shown quit<, c\Pn.I'l,v thnt thl' spintl Stl'tICtU1'l\ is 
n.fl'l'ctC'd by the summntion of the stress during the period of secondary 
dcposition (fig, 18), 

In the dn.bt rolll'ctl'd nt RILh\igh in 1942 thpl'l' WilS a lWl'iod of 
sevel'e wilting (July 15-22) 1'l'li('vNI by cloudy wl'n.thpl' n.nt! light 
mins wllf'Th no stl'l'SS wn.s evicipnt (bu t only tempol'fil'Y I'elil'f OC('U!'I'NI, 
.Iuly 23-2G). folloWNl by incrpn.singly seY('l'o stl'(,SS conditioJL'> until 
August 4, Aft(,1' this dak, thC'l'{, CILnw a period of heavy mins, The 
brl'ak on August 4 was n.n extl'Pll1C' changC', Npvel'thc1C'ss, bolls 
hC'giJUling s('('{JJl(lILry wn.1l d('position in the srv(,I'p drought (July 
2S-August 4) show('d incl'rILsingly In.l'gPI' ILngks as the number of 
dILYs during which tlwy unclrl'went dpposi tion ulldpl' stl'ess condi tions 
diminislH'd, This can only mran tlmt thp final X-I"l,Y unglrs are IL 
summILtion of tllt' spiml structlU'e in thr vnl'ious gl'owth rings; ILnd 
thnt PILch dILY's depositions nrr irJhlrllc('(1 by th(' Stl'pSS ronditions 
pl'rspnt ILt thILt tin1(', Dming thc' pn.l'iy part of spcontin.I'Y thichning, 
the qUILntity of cplhllose dpposited is morp tlll'1n during thl.' Intel' 
stages of mntumtion (5); cons('qul.'ntiy thp summILtion of stress during 
the pt'I'iod of secondary wall d('position ('l1.lUlOt be' c\(\tC'l'I11irH'd ILceu­
mtrly by adding tIl(' strpss for till' totlLl pprioci of boll d('y('Iopmrllt, 

• 
The problC'm of ('stimMing stl'N;S WILS I'xeC'Pciingl,v difficult, In 

view of the tuwxprctc'cl rpsults on tilt' IILtp tnggings of cotton grown 
undrl' il'rigutC'cl conditions it b('cnnw olnTious that if nil." significant 
ml.'asurC' 	of tUl'gor was to be obtlLin('(1 .it would 1)(1 npcpssur,Y to go to 
the plant, mtlH'l' than to att('mpt to eYILlunt(' fact.ol'sin tIl(> pl1\'irOll­
mpnt, Dil'('et IlWiLStll'plt1pnts of till' osmotic Pl'PSStll'P und til(' diffllsiolJ­
prpssuJ'e dpfkit W{'I'(' tILhn, so that thr turgor might bt' cnleullllNI, 
using th(' eq uILtion turgOl'=osmotic PI'('Ssul'p-difl'usion-pl'(\ssUl'P defici t 
(15), In calculuting turgor in gl'owing cotton bolls this rqllILtion 
WILS not YILlicl, sinct' the valurs fol' the diffusion-pl'('sSUI.'P d('ficit 
\\'r1'C found to exc('rd the osmotic pn'ssul'P in bolls l1101.'P th:tll 24 dn.,Ys 
old, ('ven wilell thr bolls wel'(' obyiously turgid, 

Auxom('t('l' ml'ILSUl'pl11c'nts (2) of thr growing bolls also WC'I'{' mILde, 
and till'se show('d quiLp clNl.l'i,Y tho dt'gl'('p of shrinkng(' in the' growing 
bolls unci('l' difl'l'rrnt Stl'(,SS conditions. Th(' quantity of s!tl'inkugp, 
ho\\,cv('1', varkel with ILge of boll nlHI ('XPOStll'C' to sunlight. li'll1't!H'r­
l110re, ILn auxOllwtpl' occll.siolllLiJy broke' down ILt,a (,I'i ti('a11H'l'iod, i15 tIl(' 
sensitivity of tilt' instrument is sllch thn.tit will not ILlwn.ys withslil.nd 
the ruggZ,d wl'ILther conditions found in the fi('ld, In'Mldition, it 
WILS not practicable to OPPI'n.tp 1'1 suffici(\llt numlwr of ILllXOIlWtpl'S Lo 
obtain enough data to corl'platc accuJ'fLt,{y with the X-my anglt's, 

• 
In thr nbsel1('(' of u grJ)rl'!l1 rJwthod for nH'ustll'ing turgor, the f'XU'1I t 

of wilting gfiVC the best ['('suIts us a OWnSlll'(, of str('ss ('onti i tiollS, 
IJlt'ipit'll t wilting l'C'pl'('sen ts til(' n.bsc'l1('1.' of tu rgo[', whl'rt'fiB S('\'(,I'(, 

wilti.ng is uC'tompunic·d by plusmolysis, Hp('ol'ds on wilting gnw no 
idell of the c'xt('nt of stn'ss 1)J'CC'('ding this stu~{', but w11('n wilLing 
oC'C'UlTed it wus eusily n1C'!lsuI'cd ulld the numb,,!, of houl's in the wiltc'd 

http:wilti.ng
http:OPPI'n.tp
http:withslil.nd
http:ILlwn.ys
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condition gnn' an C'stimatC' of thC' strcss on the boll, Stress m!Ly be 
prC'SPll t ('\'('Il though wil ting does Jlot occur, bu t this hus not beon 
measured. 

In yie,y of til(' fnet thnt thc spil'i11 struetul'e is highly inflw'IlcNI by 
stress conditions thnt ('annot bc mC'uSll!'('(1 ae('ul'Htely, it is difIicult to 
dC'tC'rmine wll('thcr other enyironll1ental fuctors also Ofl'l·C't the spiral 
strudul'('. Thus, it is u ppnrell t that ehang('s in tell1lWl'Iltul'e (fig. 15) 
iniluenec the X-ray ungles. .Althougb this influct1(,c OPPt'OI'S ehiefly 
in the form of wntl'l' loss, it is bdien,d that tt'mpern tu 1'(' nlonp may 
110"C' an imkpC'ndcnt e£l'('('t, '1'lw possible in[\U('n('l' of soil ft'dility 
011 Hbt'l' stt'C'ngth hns also l'nt('l'ed in to the pictuI'(', but from the data 
prespntN[ 11('rC', no signifi('nnt ('onC'lusiOIls on this point enn bc drn.wn. 
A diil'Pt'('IH'P in fel'tiliz('r len,l obtoined by using tlw ('rop w('athC'!' 
<In.tn of 1940 O'UVl' yulm's nppl'ooching signifienn('e, when'as yn.lucs of 
dn.tn. on varit{, and dat('s of tugging W('['C highly signi!ieunt. 

'Yater stn'ss inIiuC'l1(,(,s fibl'r propel'ti('s othe!' than spiral structure. 
Lint h'ngth is rN\ll('C'd, w('ight fineIl(,s? n;ay bC' inel'cnsl'd, nnd yiC'ld 
may l)(' lowl'l'c'd by lflck of turgOI' w.lthm tilt' plant. Bopn(,11 and 
othC'rs (7) hn \"l' shown tho t lpngth flnd strpngth are (,SSl'1l tlOlly ('om­
pellsn.tory fado!'s tNlding to mnk!.' yfll'n stl'pngth ('onstunt within fl, 

gh"Cll varit'ty. Whell this ('oI'!'plntion exists, it is nppnrt'ntly eauscd 
by thc in(JUl'IlC'C' of strl's:; conditions during .fibl'r dp\'(·lopnwnt. 

'\'h('n the' situntion is olHtlyzl'C1 mOI'p ('lost']Y it mflV be S(,(,11 thnt 
fibc!' lpngth .is ofr('('tt'd hy stn's5 during the l'nrl~; stflgl'S of boll d('v(,lop­
ml'nt, i. p" during till' pl·riod of fibl'l' l'nlorgl'IlWl1t (10 to 16 dnys Oft('I' 
Ilow('rilJg) (31), whil(' stl'l'ngth vflries with the turgol' during til(' 
pC'riod of boll n1at1ll'atioll (Hi to 40 doys nftt'l' flcnn·ring), [t is pos­
sibl(· thn.t tl1(1 wt'ntlwl' mo~' ('hongo of tel' til{' fib('!'s linn' l'('fi('hl'd tiwir 
maturp 1(lngth and thut thC' fib(,I'S mny d('w]op undpl' two difl'l'n'nt 
sds of l'll\'ironilll'ntnl ('ollditioJ1s. Su('h n ('hnng(' is not ('omI1l011, 
fl1though it is possible- to produ('t' 0 fn.yombh, eombinn tion of high lin t 
ICllf!th nnd hif!ll strpngth Ulltll't· il'rign tion.From til(' growl'l'::;' ::;tand­
POlllt, how('Yl'r, ineJ:('nsl'd sh·(·n.g-th'through stn's::; (,Ollditioll::; \lsunll,Y 
mC'flllS tlp{'n'asN] yil'lds. Thel't'fol'(', furtlll'r Od,"aI1{'('s ill high-stI'l'llgth 
('ottOJl mtlstcome by mcans of plant breeding !Lnd not through cultural 
prnc:ticcs. 

CO:,\CLUSIONS 

Cotton fibNs grown at difr(,l.'pnt locations, in difrp1't'nt sC'asons, and 
in difl'('r('nt pflds of th(, SallH' season fit till' sall1(' IO(,fltioll, olld UIH[('[' 
wid(,ly difr('t'e!l t !c'wls of irl'igo tion at til(' Sllnw nlld difrprvll t lo('ations, 
were ('xnmillt'd for Ylll'iation in cpll-wall strtldllL'C' fllld t('llsile Sb'PlH!th. 
As a. result of the stlldh,s Oil tht' ill {III ('11('(' of growing ('olltiitioIlS on' "the 
fib(>r Pl'op('rties of ('otton, til(' following ('ollc'lusions flrt' possible': 

The ellvlromm'l1tally intiu('ed variations in fiber prolWI·tiC's and 
spinning q ullli ty of cotton are frC'f( lien tly pronounced and Illfly be of 
considerable importanec. 

EnviI'onnwntal conditions that an'p('t thC' wntC'!' rplations in the' plant 
modify thc fiber stt'lIetUI.'P alld st1'l'ngth of till' ('ottOIl. 

Cottons grown lm<iPl' stress usuolly produ('p strong filw[' wi th rela­
ti'\'(']~' fimo11 X-my angkF,. 

• 


• 


• 
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• 
The turgor of the plant during the period of deposition of the cellu­

lose of the secondaty thickening appears to be the controlling fador 
in the enviEonmcntaJIy induced st!'ength and sh'ueture of tIle fiber, 

The turgor oC the plant may be afl'eeted by a low wuter level in the 
soilJ by high temperatures combined with low relativc humidity, 01' 
by any Caetor that creates a grcatcl' water loss from the leaves than 
the supply or movement of water in the plant, 

Plants grown under low irrigation may show less stress during the 
latter part of the season than othet' plants grown undet' high ilTiga­
tiOIl, owing to the cnormolls leaf surface on the latter, 

Sill('e the cllvit'Omnl'l1tal conditions asso('iated with high strength 
llSUlllly l'('(lu('p tho yield and staple length, it is advisllble to Obt~lill 
strong cottons by breeding ra thor thnn' by cui tuml pmctices . 

• 


• 
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INFLUENCE OF SPECIES AND VARIETIES 

B}' EARl. R BERKLEY and 0, .r. KINO 

GENERAL BACKGROUND 

~"raintt'nanc(' of quality and the d('v('lopment of improvt'd varieties 
and strains nJ'(' n('cC'sslU'Y if the' Cnitl'd StatC's is to maintain or improve 
its position in th(' ('otton tl'n,de, TIl(' {'olton br('('(l(,I' is Iimit('(l by the 
measurenl('nts 01' th(' tools he has at his disposnl for differ('ntinting 
vuridi(\s, If it ('hoi('l' Iwtwe(,11 plants 01' the vltl'ious Pl'og('uy groups 
is to Iw made, I'ltpid Ilwtilods for comparing large numbC'rs 0I prog('nies 
must be avn.ilable, An X-ray diffraction method, dt'velopell by 
Berkley and 'Woodyard (6) and d('scrilwd in the first section (pp. 3 to 
14) of this bullC'tin, may b(' uSl'd in spIPcting strains that will produce 
strong fiber. This tt'chniqu(' was us('(1 by "~arp and HaI'l'('ll (88) ill 
tlwir study of inllC'ritan('(' of strl'llgth in upland ('otton, 

In applying this Ilwthod in tIl(' spinning and fiber studies of Ilew 
strt1illS (pp. l;j to 31), it WIlS o"s(,1'v('(1 that varietn.l ('hn.mcteristics 
infhll'ncPll tll(' application of tIll' X-l'fl,y technique. Certain val'iC'ties 
of cotton and all varieties at cPltfiin locfitions gave strongC'r or \\,'('fik(\1' 
fibpl' and .Yltl'llS than e~qwded from the X-rit~T fing!t's, Fidd damage 
is known to l'l·t\u('(' fiber st1'l'ngth n,ppl'('('ifLbly, whcren.s it hfiS little 
efi'P('t on stru('tul'e.1U • 

This wOllI(l u'('('ount 1'01' the low sln'l1gth values fouml at Bfiton 

Roug'p in 1\):37. Obvious ('xplanfilions, how('ver, n,rc not ]'Pn.(lily 

appfil'('nt for ('l'rtn,in hpl'Nlitn.l·y or \"'n.l'il'tal discr('panci('s, u,s in Fu'l'Il1 

Reli('f, Ston('villp 5, aIHI "~ilds (Cok('l') 5 i nor for Cl'rtain l'nvinmmentfil 

pcculiariti('s, n.s for fill Yn.ri('li('s grown at Lubbock, T(·x., in ('ertt'lin 

erop Y('I1I'S,


It sN'm('(l (It-sirabl(', thel'dol'(', to ('xamin(' the relation of vn.riety to 

fiber stru('tul'l', as ml'u'sUl'pd by tIl(' X-ray angh's wilh l'C'sPl'ct to its 

possihl(' utility to tIll' ('otton br(\('(h'l's for mn.king improvement in 

fiber strl'ngth. Any I1wthod uSl'd as fi b:t;:;i5 of s('ll'cting cotton 

v!11'i('ti('s is lik!'ly to b(' fillhj('('t to ('('rtl'lin limitn,tions ('VPn within 

specil's. It is ul1(\('rsto()(l that ('OITPlMioIlS of fib('l' Pl'opt'I'til's for 

cnvil'onnwntnl ('frpcts, i. fl., within n, VlLl'ipty, IUlty gin' an pnUl'ply 

diffN'l'1l t J'(':m It from t1HlSl' for 11('1'(·l1i tn,lT or vari(·tal p{f(lrtS. Till' 

rcspons(' cOlUwqul'ntly b('('oll1('S SDIl1P\\'hd, confusing if lH'ritn,ble fi11(1 

enviJ:(nun(,~ltlLl ('fTpcts fU'l' not C'!t·;trly til·limited and (':;p('('iI111y so if 

"val'lety" I:; not ('I('fir!\- t\('fiI1Pll. 


In tItt' YfI:riptlti-stI'H.ilt studj!,s it was found that the regl'('ssion equa­

tions rOI' pn'diC'ting' till' Pl'l':islp~' in!lif'Ps from tlw X-my fLllglps WI'I'P in 

gCllC'rn.1 fi;:; follows: 1'01' s('IL-i,;lfi)Hl colton, S= 10.i32R(i-O.22SIlXi for 


19 Unpubli"hf'd data ohtaillf'd jointly by Harry Humfcld, Bureau of Industrial 

and Agricultural Chemi:;trj', find Earl E, B('rkley, of this Burefiu. 
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American-Egyptian cottons, S=15.8740-0,1800X; and fol' Anwrican 
upland cotton, S=12,:n05-0.14J17.Y, wlH'n' S=PI'psslpy indl'x and 
~\=X-l'I1Y Itngl('s. Fol' nn." gin'n H.HgI (I , LlIl' Pn'ssl<,'y in<i('x W/lS, 

thcrefore, about 2 pounds gl'l'uLpl' 011 lltt' a\I(II'llgl' fOl' UIP S('11-i~land 
I1l1d Amel'ieltn-Eg'yptinll coltons limn 1'01' U1l' UpllLlld stmins, lL also 
is shown that similnl' but Sill 1I,1l l' I' difl't'I'Pll('('S iLl't' found betw('en the 
regl'ession equntions fl'om Yiu'it'til's 01' strnins within tilt' SIl.nl(' species. 
This stud,\~ <il,ltls j)1'imltl'ily wi th th(1 I'l'latioltships nnd difl'('l'encl's 
existing within n sp('('it's 01' nmollg till' AnH'l'ienn, upltLnd sLl'nins, with 
OIH' cxnmp10 of n. CI'OSS of t\,'O tH' 11101'(' s()(I('i(IS. 

Tht' popUlations c!enlt with nl'(' ndmittll(liy small, nnd, while the 
trc:'uds shown 11('1'(' hllve been confil'lI1(1d in otht'1' limi It'd dttllt from 
hybrid matt'l'ial, it is !'('ILlizNI thitt 11101'(' t'xtpusiv(> g('/tl'lic studil's will 
be l'cquil'(I(l to (If,! ll,hlish dl'fini tl'ly lhl' mode of inheritance for stl'UctW'c 
as reyciLleu by lhl' X-m'y Ilwthotl. 

HESULTS 

A ('omnH'l'cin.1 val'il'ty or stmin of ('otton mn.y be l'(>fl.'l'I'Ni to as a 
populntion of indh·idua!s similal' ill ol'igin and ('lrlLl'nd(·I'isti('s. V!II'i­
etips lLnd stmins 111il.y bl' distinguisill'd J'1'01ll I'll.('h (lUll'l', sinN' till' 
difl'pl'('ll('es within n. population ILl'(' 1('88 tlm,n till' IWI'I'ngl' of thORt' 
b('t\\'('('n gl'OUpS, Cnlt'ss lilt',\' hn.n' lLl'isl'1I :l.S pUl'l' lilll'S, llOW('YP!', thl',Y 
cltnlloL 1)(' l'xppl'll'd to bl'(\('d tl'lJ(1 ill thp 511 iet!'st 8l'IIS(' 1101' to 1'('11111ill 
constant OVl'r 1L long pcdod of ,nILI'S, 
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X-RAY ANGLE (DEGREES) 

FWl'UB tn, Fiber "trell~th (('IUllldh,,. blllltllt' 1lI!'1 hoeO llIl the ordinllt(llllld X-my 
angl('s 011 tim ab,;(,jssll for Wilds ;) (X l uud S[olll'\'illt, 5 !OJ ('oltolls. Tht' dull'S 
imlil'lllP III(' t'rop YPllrs. TIlt' IWIlI'Y JiIlP is till' I'('!.(rt'ssioll lilltl for lnlal ill llw 
eO\'llriall(,(~ of thl' r('giollnt \'lIri<'lr ;;[ lid,}' for IIi \'ari('lic:; ill ~ locutioll:) for D)'('/u''';, 
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Bearing in mind tIl(' l'('strirtions imposNl by the varietal character­
istics, two of the well-known cottons of tlw regional vari('ty t('st arc 
compar('d. In geIl('!"lLI, thl' fibe!" strength of UH' Stont'vilk 5 <,otton 
was low('r than ('xP('<'t('(rfoJ' the X-rlLY angles, whl'!"t'as that of \V"ilds 5 
was strong('}' on th(' basis of all Yarit'tit's (fig. 19). FOr a givt'll X-ray 
anglt', tIl(' Wilds was about 9,000 pounds pel' square inch stronger than 
the Stoneville. -Within each variety, th('l'e was a reasonably good 
nego.tiv(' corrt'lation betw('ell strength and structUl'e, except where 
field damage was pronounced. '\1wn the varietal averages were 
used, however, ther(' was a positiy(' l'('lu.tion between X-ray angles and 
fiber str('ngths. Th(' Ston('vill(' 5 cotton had an averag(' X-ray angl(' 
of 31.1° and a fib('l' stl'('ngth of 80.S (1,000 pounds p('r sqWtl'C inch), 
whereas ,,'ilds 5 had an aVNn.ge angl(' of 33.8° and a strcngth of 84.5. 

CROSS OF TWO STRAINS 

From the point of vi('w of cotton improvement, the cotton brceder 
is interested in the gellt'tic 1'(:sponsc of the progc'ni('s from u giv('n 
cross. The t'xtrt'n1l's and the averagc X-ray Itngles from the patcnts 
and the FJ to F4 g('nerations of a cross of two Acala strains arc given 
in table 17. Th(' parents and tIl(' FJ re})l'psent the same crop year. 
It can be observed that the n.wragc X-ray angle of tll(' FJ wus approxi­
mately th!' sn.mp as the averag(' of the two parents. TIl(' X-rt1.y n.ngles 
from the F2 and In.ter gelw1'ILtions mlty have been mociifit'd by seasonal 
or cultural conditions. TIll')' mn.y hn.v(' been influenced by selection 
also, although no conscious ptfort WIl.S made to select for large or small 
X-my tl.ngks. Desirable plant ItlHl boll types W(,('(, llSNl, mainly ItS 
the basis of s('l('ction. Fr('qu('ntly, the pn.n'nt with th(' bC'st type of 
plant, ItS judged by the bret,del', produces fiber with a_ relatively large 
X-ray angle. 

The F2 sn.mplcs showed a smalJ.er X-my Itngl(' thun the average of 
the two parents 01' the FJ gell('rati rm, wh('l'elts Lhe F3 and F4 gave a 
somewhat Iltl'g('(' Iw('mge Itngle. The distr'ibution of the X-roy Itllgles 
in th(, F2 Itnd F3 hybrids trnds to spread to th(' (lxtreml'S of tht' two 
parents. In tll(' F 4, how('vt'I', in which 9 of the 10 st'lt'ctions were 
derived from the SItIlW parent, the spread of the X-ray angles was 
only from 29.3° to 35.2°. 

TABLE 17.-Thc extreme and mean X-ray angles from the l)arents and 
from the F 1, F2, Fs, and F4 hybrids from a cross 

I Mcan 
;-.rcan I anglesStrain or hybrid Plants Range In angles angle for 

parents 

I -" 
t Number f)egrees Degree,~ _, Degrees

Acala 22 (parrnIL _______________ ' 10 2(\.4 to 30.0 27.8 i} 31 6
Acnln Q (\2 (pllfrl\(1 "'.__________ 10 33. 8 to 3G. 3 35. 5 . . 
1"1 hybricL _____ ••• _... __________ 1.0 I 28. G to a2. l' 31. 0 , _______ _ 
F2 hybrid __________ •• ___________ 3'1 I 27. 5 to 34. (; 30.51--------
Fa hybr!d_______________________ 13 30.2 to 37. 3 _ 34.3 --------
FI hylmd_________________________ 10 2U.3 to 35. 2 I 32.3 - ______ _ 
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STRUCTl.'RE AND STRENG'fH OF COTTON FIBER 

CROSS OF TWO VARIETIES 

A cross of two Yarieti('s appears to follow the same COUl'S(, of in­
heritance as two strains in relation to fibI.'}' strurtU1'I.', In 1938 a cross 
wus madp with Dumngo, a yuriety with small X-I'ny ulIglps itnd AcaIa 
Shuft(,l', a variety witb Inrgl.' X-I'ay nngIl.'s, No n.ttl.'mpt ,,'ns made to 
study till' progl.'ny populations for filWI' structUl'ul cliarart('ristics until 
19'13, and then only a fraction of Hit, fib('r matl'l'ial f!'Om the various 
pl'og('ny populations was ayuilable, A number of samplps tl.'st('cl in 
the F3, Fh F5, and Fe g('!l{'mtions, how('y('r, scellwd wOl'thy of study, 
Thl.' l'l'suHs, including X-my nngll's and (ibN' strength, llrl' shown in 
figul'l' 20, In thl' FI and F2 the data W('1'(' not Mil-quate fm' the stUlly 
of sprN\,d in tlwX-my angles, but in thrF4 lli(' rangp WitS from 29.4° to 
3G.Ro, with a Tlll.'lUl of 33,2°, whi('h was WI',\" ('Ios(' to tlw Tll('an of thp two 
pan·nts. In th(' F5 tll(·rangl.' WitS from 29,2° to 35.0° and till' ml.'itn was 
32.0°, ",h('I'pas thp Fa ('n,ngNI from 28.7° to 38,8°, with a nwan of 33,8°, 
Tlll' stl'rngth data bns(,d on tlw PI'('sslpy ind(lx and cOllv('rtcd to 
pounds Pl'l' squarl' inch follow mu(,h lht· ~anH' distl'ibulion from the 
mpnn ns till' X-ray dnUL (fig, 20), 

In til(' POUI'SP of brpp!iing fin' distinct ty~ps WCl'e s('gr('gMt'd from 
sp\(,rtiolls 0.12,19,22, nnd 25 mad(1 in llH' J~2 generatioll, No, 9 WitS 
dro{)Jwd aft!' I' til(' fourth gel1C'l'Iltion, Till' othl.'l' foUl' hft \~l' b(I(,11 ClLl'­
riN through ::;ix gPllPl'ntioJls, "lLPIl thl' X-ray !in ta from tiH'SP W('I'(' 
stutii('d, it was found thltl No. 25 show('(1 ('onsistl'nt difl'('('pncps ill 
fib('I' st1'uC'lUI'(I from the' otlwr thr('p lint's, In nIl snrnplt'!'lI'('I)I'('spnting 
indh"idun.l plants or SPYC'1'Il1 plants comi>inNl, tht, X-rilY angl(ls WPl'e 
1'('lal1\'piy small nud f('11 within a I1l'UTO,,"mng(' not much high('l' than 
Hl(' DUl'itngo parpnt, 

Anotht'I'linp OI'iginating from s(·l('ction No, 12 showed mo1'P inh('l'C'nt 
chnl'ftc'tp('istics of til{' Acala parpnt than thl.' othpl's, '1'h(' X-my angle 
t(ln(\Nt to bp largp, but with a whil' rang(', which itllowe<! continued 
spll'ctioll for dl.'sirn ble fibpl' stnlcturp, 

Tn making plnnt splpction in the F 2, F3 , and F 4, til(' plant nnd boll 
typP, fibt'r length, and lint in<ipx \\"(,I'l' uSNl as guid(·s without r('sorting 
to X-I'ny or fibpr-strpngth nwaSUI'PIl1('nts, FOI'LIIIIIl,ll·iy. progt'ny linp 
No, 25 was not plimiuntNi, sincp it posspsspd. d('simb)(, plnnt rlw,ractpl'­
istics and high yi(·lcling cnpnri ty ns w(l1I as slIpt'I'ior filH'1' strllctun' and 
strpllgth, The vitlm' of til(' X-m)T is iJl(iiC'!ttt'd in d(·tc'cting such quali­
tips in the ('mly stngps of Sl'g1'('gation, 'I'll(' Iwhn.viot, of th(' No, 25 
linl' in pl'ov-ing fnidy hOInoz,vgous for stnrdl n,nglp nntl high t('nsilc 
strl'ngth sllggpsts tllnt th(' inhpl'ilftnc(' of fiber slru('Lul'ILl Chlll'lLctcris­
tics mn.y not bt' so cornph·x /1,5 its qunntitn,U\"Pl\lttul'l' might inciif'iLtl', 

It is indi(,fLLNi fUI't\wl' (fig, 21 !tnt! tnbh' 17) tlml n, chnractp1'istic 
StI'tICtUl'l' for n giv('11 strain wh('J'e sl'gr!'gntion is not J)I'ollouncNI is 

TABLB lS.-"Y-ro1/ (/ngles from 6 seU-]J()llillaled perli[lf'eed sib lines oj 
cotion, mrietll Xucala, {ll'01l.'n at Greenville, Tu., 1940 cr" 

X-my X-fayPedigree Pedigree
11Il/dc angle 

Degrees iJcgrees
l(j-7-H S-S- 3-2-1 0.. _____ _ 31. 4 In-.!..·.I-I~-Iy-!-§-L-------i 32,0
l(i-7-1-18.-!}-·J.:3-1, plant 10_. 3\. 2 lG-, ·I~ 18. 23 <>-<>...L _______ 32,2 .
W-7-1-IR:!}-4 3 1. plnnt 15_ 32. I If>-T-I-3,' I-I [-7-fL______1 32,2 
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• 
more 01' less stable. Figure.21 gives datfL for two valieties, Stoneville 5 
and Missdel 4, grown side by side for 3 consecutive years at 18 loca­
tions throughout the Cotton Belt. There was a reasonably constn:nt 
difference in the structures of the two varieties irrespective of location 
or seasonal effects. Six similar selections from a single strain, some 
of which had been separatNl for five g(,lll'rations, arc showll in table 18. 
The X-ray angles am within the limits of experimental error. 

CROSS OF TWO OR lIlORE SPECIES 

Because of differences in chromosome numbers, it is necessary to 
usc special technique when crossing certain sp('('ies of cotton. Beasley 
(4) succeeded in crossing widely difrerent cottons by the use of col­
chicine and special culture technique. The results obtained whel! a 
triple hybrid was backcrossed to American llpland cotton and pro­
duced fiber of unusual characteristics is diagrammed in figure 22. 
(See footnote 11, p. 18.) "Unfortunately, no detailed study was made 
of the fiber from plants of the two parents grown with the progenies, 

• 
but such information as is available incli('utl's thnt the X-rn,y angles 
of G088?1piu1n arboreu1n val'. nankin{} would be about 35° and of the 
American uplund ubout 38° Whl'll grown beside the triple hybrid, 
which gave an X-ray angle of 20°. The small angle was apparently 
inherited from the lintless cotton G. thurberii, a wild American species. 

http:Figure.21
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G. thurberii 

26 chromosomes 
G. orboreum vor. nanking 

a6 chromosomes 

sterile hybrid 

26 chromosomes 


I 

doubled with colchicine 

(ovule. ferlile) 52 chromosoles Upland 
52 chromosomes 

Triple hybrid-fertile ------~--
52 chromosomes 
 Upland 

( 26 Upland, 13 Asiatic, and 13 wild American) 

Upland 

Triple hybrid 
second backcross 

FmURE 22.-Diagram of triple hybrid and backcross, showing parents and 
stage where chromosomes were doubled by use of colchicine. This cotton 
was bred by Dr. Thomas Kerr and the late Dr. J. O. Beasley, at the North 
Carolina State College, Raleigh. 

Other hybrids resulting from crosses of widely difl'erent species have 
been successful in producing cottons with small X-ray angles and 
excellent fiber strength. If these characteristics can be combined 
with the high-yielding characteristics of the better American upland 
strains, superior cottons will result. 

DISCUSSION AND CONCLUSIONS 

It may be concluded from the data available that the structural­
strength relationship is somewhat different in different species of 
cotton and occasionally in different varieties of the same species. 
The comparison of X-ray angles, therefore, as an index of the strength 
(n' commercial value of a sample should be limited to a giyen species 
or group, unless a conversion factor is used in going from one to the 
other. On the other hand, the structure of the fiber as shown by 
X-ray angles is suffi.ciently constant within a well-established strain 
for comparisons between strains to be made under a given environ­
ment. vVhen two widely difl'erent strains are crossed, the structure 
of the FJ hybrid may be equal to the average of the parents 01' better, 
with wide segregation in the second and sue'reeding generations. 

The X-ruymethods, as des('l'ibed on pages 57 to 61, can be used to 
advantftge where selections for strength of fiber are desired. Since 
the X-ray angles are not materially afl'ected by the usual field damage 
occurring while the cotton is open on the plunt, the technique should 
be particularly valua,ble to eotton breeders. It is recognized that 
more data are ne('essary for final conclusions on the mode of inherit­
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• 


• 

ance of fiber structUl'e and strength. 
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OUTLINE OF X-RAY METHOD 

By EART, E. BERKLEY 

PREPARATION OF SAMPLE 

SUBSA~lPLE 

A Inborntol'Y samplC' is drawn by taking small pinches (50 to 100) 
at random throughout the bulk snmple. Care should be exercised to 
be sure that the subsample is reprcsentative of the entire sample to 
be studied. The lnboratory sample is divided or pulled a number of 
tin1C's between the hands and drawn into a hand sliver. The sliver 
is folded about three or foUl' times and again divided between the 
hauds several times. 

BUNDLE 

• 

The blended sample> should be broken between the hands and small 
tufts of fiber suffieient to make a hundle pulled from the bl'C'ak. Usc 
care in exeluding lumps or tufts of fibers that were not mixC'd in dt'aw­
ing the sliver, Comb each end of the rough bundle 15 strokes in thc' 
coarse comb (fig. 23) by grasping the bundle about one-eighth inc'h 
from center and combing the long end. Then comb each end of it 
20 strokes on the fine comb and adjust to the appropriate size after 

• FIGVRE 23.-('OllrH' comiJ (A) (Ind fine comb (/3) \lsed in preparing X-ray bundles. 

57 
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FIG em: 24.-IJrcREiurc ciC'vicc for tying cotton i>undlp:5 for u~c in X-my n)('thoci of 
t('Rting fi\)pr st rHelme alld i't fengl h: .:1. Frollt view, bundle of ("OltOIl ill slot wiLh 
plullger holclillg it in pltlC(', Rprinl-{ adjusted to eOll1pr('~s the cotton into a 
compact bundlc; £3, side view, showing detail of slot and plunger. 

weighing. The' rC'C·ommCJ1(!C'd bundle size is npproxirnn.t(·ly 0.12") inch 
in eireumfcn'JH:c, fiS Illt'fiSun'c! by tilt' wT!tpping pTocNlu,·p dl'serib('d 
for the Chfilldkl· bundle mdllod (2.1). A somewhut smnll('r bundle 
mny be used, but lilrgt'l" bundll's nre 1I0t 1"l'l'onHl1endl'd. Aftl'l" ndjust- • 
ing to size, ("omb eneh elld ngaill 15 strokes Oil thl' (illl' comb nnd 
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• reweigh, If fUl'thC'l' udjustnH'nt is 1l('('('SSU1'~', ('omb onl~' sufi1eiC'ntly 
to sll100th out til(' bUIl<ik, PItH'P bUlldlt' in dnmp (fig, 2-1) 20 urld tit' 
('nch Plld dost' to til(' ('Iulllp, usillg Ul1Iillt'I"s knot 01' ('Io\'(' hit('h, This 
should 1)(' dOlle with eHl't' so ns to !l\'oid twistillg OJ' otlH'lwi:ll' distol'lillg' 
the bundle, 

PHEl'AHIXG TilE X-HAY PATTEHXS 

Pluce the bundle in the tension dcvicc (fig, 25), \Ising (,Ul'C not to 
ullow it to twist 01' othl'l'wisl' become distol'tecl 01' l'ought'd up, Apply 
10 pounds' tensicl1 1'01' bundle's of stundul'll size, IH'OPol,tionully 1('55 
fot' }~- 01' %-Si;.~l' bUlldles, nnd pInel' ill positioll on tllP X-my unit ut 
right nnglc's to thl' dil'('dion of thl' X-my benm, A ('ollinntol' opening 
of 0,033 int'h hils bet'll found sutisfnetol'Y fOl' l'outine tl'sts, 

• 


• 
FIGI'IU: 25.-:\, T('II~i()n d('\'ic(' fOl' hlJlclill~ t.he iJulldl" of coltoll whilf' thi' X-my 

pnttprn i" IHncl('; 11, enlnrgcd \'iew of the jaw, shuwillg the !l'lll her grips that 
hold lhe CUttOll, 

~o Thp Hppnraf liS iII list ratpd in figure" 21 nne! 25 wC'rf' c1('"igllPd nud lruilf in thp 
Depnl'llIIl'II( of Agricultllre Ill.irol'lltorit',;. lllld detail" for tilt'lIl Illny 1)(' obtained 
from the lllllhor. 
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Place tbe film in the holder, adjust the distance from sample to 
film, and expose so as to get a photographic density sufficient to give 
approximately 180 scale diyisiolls on the micl'ophotollletcr at the 
darkest poill t in the 002 arc. A distance of 4 cm. fl'om specimen to 
film was used to obtain the datu reported in this bulletin, but greater 
or smaller distances can be used with little change in results. The 
c-'\llosure time varies, however, with specimen-to-film distance. 

Develop film according to manufacturer's recommendation, which 
usually calls for a 5-minutc development period at 65° F., wash for 30 
seconds, fix for 12 minutes, wash ugain for 30 minutC's, and then rinse 
and dry. In rinsing, the film should be swabbed off thoroughly with 
a soft, ccllulose sponge 01' absorbent cotton so as to removc any film 
or sediment dcposited from tbe wash watl'l·. Set film !'acks on edge 
while drying to prevent the water on the clips from running over the 
X-ray pattern. 

MEASURING THE X-RAY ANGLE 

The microphotoml'ter used for ll1l'asuring the patterns has been 
fully described by Berkley and Woodyard (6), and the details on 
calibration will be found on pages 7 and 14. 

Since that time, a few minor changes ha\Te been made that should 
be noted. The most important has been in the galvanoml'ter. A 
new system, using a taut suspension, has been installed. This unit 
has a sensitivity of 0.012J.La. per millimetel' at 15 inches and a period 
of 3.5 seconds. This gives greater stability from mechani('U1 s\lOek 
and permits mOTe rapid Teadings. Thc galvanometer sC'ale has beell 
curved so as to give correet readings at all points. In addition the 
film holder has been replaced by one of a difYt'\'ent design thnt prC'sen ts 
a larger sUI'face in contact with the film and thus holds the film flatterj 
and a shield has bpen installed that protects the photocell from allY 
extC'rnallight that may enter through the trunsitll:cnt gnlyanometer 
scale. 

First check the zero setting of the galyallometer and the intensity of 
the light by adjusting the voltage so that the galYanompter reading 
is 90, the usual setting Oil the standul'(l filter. Place the pattern in 
the film holder of the microphotomett'r so that the ends of the arcs 
arc equally spaced in regard to the (TOSS hait·s OIl the een tering deyice, 
fasten the damp, and center the pa ttl'l'Il, using the Rhotocell system, 
so that both arC's pass oyer the slit when the film is rotated by means 
of the rotary stage. Take the maximum mierophotoll1cter readings 
in the vicinity of the 0° and 180° positions and the minimum readings 
at or near the 90° and 270° positions. It may be ncecssary to rotate 
the film slightly to the left and right of tbest' four positions to make 
sure that the largl'st possible readings are obtllined in the rl'gion of 
0° and 180° and the smallest possible fOT the 90° and 270° positions. 

Subtract the minimum from the mnximnm reading in eueh quad­
rant, calculate 40 percent of the difl'p\'pnce, and add to it the minimum 
reading. Rotate the stage until the microphotometer gives the 
calculated value in ea('h quadrant and record the dClgrees of rotation 
of the stage from zero in eueh quadrant. 'Yht'n all readings on the 
pattern are finished, remove it from the stage and reelw('k tht' micro­
photometer for the zero setting and the rcading from the stalldard 
filter. 
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Calculate the angular rotation from 0° in tiH' first and fourth 
quadmnts and from 180° in the second ami third quadmnts, dC't('rmine 
the mean of the four angll's, and correct it to a giY(,1I r('\atiyc tl'llIlS­
mission, using table 19, by adding the value indicatNI fOl' ('aeh s('alc 
division b('\ow 180 (180 equals a l'l'latiyc tmnsmission of 0.20) alld 
subtracting for ('a('h seale division above 180. Unless all photomt'tt'rs 
in question urI.' of the snmp d('~igIl, the scalp 1.'pudillg ut a tl'llI1smission 
of 0.20 may yury from Oll(' lIlstrum('nt to the othol'. Rl'cord the 
con-ected angular reading. This is tIl(' X-my an~l(' for one bundle. 
The avel'llg(' of two to three bundl('s from n well-mlxNt sample should 
be ample. ~forc are ne('cssary, how(,Y('1:, if th(' sample is not carcfully 
blended. The ('xp(']'imell tal ('ITOI' difl'ers from 011(' lot of sampks to 
another, but an ('1'1'0]' of ± 1.0° is ('ol1sC'I'Yative on the basis of approxi­
mately 2,000 obs('rvations made by difl'erent operators and using a 
wide range of photogmphic intensities. 

TABLE 19.-Correctiol!s jor rariations in film. transmission to be applied 
to the X-my angles I 

Photom- Phot.om-! IPhotom-! 
eter eter , . eter , 

reading, Correction reading Correction. rell.ding, ; Correction 
arbitrary arbitrar)' for nllglc I arbllraryfor nngle for angle 

scale scale scale 
t 

Degrees Degree Degrees
140 +1.4 167 +0.6 194 -1. 0 
141 +1.4 168 +.6 195 -1.0 
142 +1.4 169 +.5 196 -1.1 
143 +1.4 170 +.4 197 -1.2 
144 +1.3 171 +.4 198 -1.3 
145 +1.3 172 +.3 199 -1. 3 
146 +1.3 173 +.3 200 -1. ·l 
147 +1.3 174 +.3 201 -1.5 
148 +1.3 175 +.2 202 -1.6 
149 +1.2 176 +.2 203 -1.7 
150 +1.2 177 +.1 204 -1.8 
151 +1.2 178 +.1 205 -1.9 
152 +1.2 I 

; 179 +0 206 -2.0 
153 +1.2 ISO +0 207 -2.1 
154 +1.1 lSI -.1 208 -2.2 
155 +1.1 f 182 -.1 209 -2.3 
156 +1. 1 183 -.2 210 -2.4 
],57 +1.0 184 -.3 211 -_~ n? ­

158 +1.0 185 -.4 212 -2.6 
159 +1.0 186 -.4 213 -2.7 
160 +.9 187 -.5 21·1 -2.8 
161 +.9 188 -.6 215 -2.9 
162 +.9 189 -.6 216 -3.0 
163 +.8 190 -.7 217 -3.1 
164 +.8 191 -.8 218 -3.2 
165 +.7 192 -.8 219 -3.3 
166 +.7 193 -.9 220 -3.4 

~ -
I The corrections are based on the mi!:rophotoJnrtrr Trudings at the position of 

maximum absorption on thr arc;; from the 002 p1anr;;. A photOlnrter reading of 
180 is equal to 0.20 relative lnln;;lI1i;;,;ion, and a runge of approximatelv ± 0.10 in 
minimum relative transmission call be tolerated when these corrections arc llsed. 
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