———— .f B )
Vi G\ ; C
(="
Ca Ob wWOIUL'IONS IN THHE

STUDIs8 OX THu OCCURRAN
YTBERS Or S0 BGYPTIAN OOTTON VARISTIES

\i/\ By

/-"—
NAFESA TAHA ABMAD

B.Bo. (igric.), Ain-Shana University, 1966

Central Library - Ain Shams University



JTINATION XD THHS8IS RAPORT

Major field 3

Title of Thesls 1

By !

Approved by :

Agronony
Studies on the occurrence of convolutiona
in the fibers of some Egyptian cotton

wuthﬂ .

Nafssa Taha shwad .

.m;-&W..HW

"'e-%-'%'.ﬂz Wi

Dave t JA / 12_/1973

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



4 CLIOWLeDG S HENT

The writer expresses h@¥ gratitude to Dr,
M, .. lloursi, pratessar and hesd of AgTronony
Department, Faculty of Agriculture, iin-Shams
Univergity for his supervision, invaluable critigem
and fruitful advice.

Sincere t.a..zg are algo due to Dr.
A. . El-Merskby, Licturer of Agronomy for his

supervision, generous help and precious advice,

Thanks are also due to Dr.M.E.Abdel-Salem,
Cotton Regearch Tech:ologist, Cotton Technology
Regearch Divigion, "inistry af Agriculture, for his
constant guidance, invaluable advice, sincere cri-
ticlsm eand generous help throughout thisg investi-
gation.

Thanks are duse to ¥r. Y. E. Saleh, far
supplying limt samples of Giza 67 variety, and to
the staff of the cotion Technology Reaeerch Divi-
sion, fm:-thty encouragenent and help.

Central Library - Ain Shams University




TABIE OF OORTHNTS

I:TL'ROJMCI‘ION..--...----.-....-..-.----o..a...--a....-.-
R—"‘mn 0‘ mmimoilonoo-‘hl...o.c..C‘.ldl.....l..!.

Cotton fiber growth and atTUCtUT®.ccesvanscanscnsns
mcm‘l R.m"lglﬂui'UC....OI.0.'00000!000001-.

Kfect of gtructure reversals on fiher meChanioal
m‘op“ti‘!..-...noo-o-c-o.c--oo-ooo.aoooo.-coo-uoo-

Th' cmwlutim............l.I'.I.......l'l...‘lli
Rffect of eonvolutiozs on fiber mechanical proper-

ties..oo..00....00....--.¢.on-.-o-..aoo-oo.ooo..oc.

Mmmmws...l.l.l.l.........l..........Ol..

ms m DIBWON-.-o.o..n.nooo.--.o..o-v.o.ooaoc.
I“' Th. smcmal RCWI‘B&].S....-..-...o.-...........

l- Rumber of reversals in REgyptian cotton

mieti‘a &I.ld mrms....-n..noo...-co-.l'

2—- The relationship between number of rever-

Slls &nd. de?ee Of ml_tMOhle”o-oo--o..

%~ Relationship between reverssls fregquency

aml tensile strength unifarmityescsssescss

H.- Tha mnwlutionsll...l.....I.l..l.....l'."l'...

1- Number of convolutions in the Hgyptian

cotton miaties am hybrma.........l.‘..

2= The relationskhip between the rmmber of

convolutions and fiber mAtWrityecceccccses

%~ The relationship betwesen the coavolutions

and fiber strength and strength uniformity
s’mz...............-.00.00.00..0‘-.'.-.b-loooonitloo

mm ml'...'.....l."...........IIC'.........

ARAZIC SUMMARY

Central Library - Ain Shams University

oo}
t—‘ e N
o

-

22
25

33
33



LIIROLT 0 100

—— - e ——

Sav etUse s e o Rl o leadl role 1 the
waticozl cecnony o U Arab Reputlic of oupt. Besices
elels Ve madn can’ crop 1ar tle farer a.. ¢z ain
{ourel . curre..cy ear..or 1or the cow.try, it «; tlhe pri.—-
cipal raw naterial .or tl.e larzest ..ational Ludustry,i.e.

the textile i:dustr: .,

Up to the .e;l.ud..; ot the tue. tietl: century,
cottol wag facliyg (le competition of other ..atural fibers,
sut cotion wvas ceai; cut triumpha:itly without —ueh diffi-
culty, Lecause 0i the relatively easy processesg utilized
far obtainiy; tertiles from it and the acditiozal factor
of low productios costs. But more recently, cotto: have
bee: facing an iicreasingly tougher competitio:z from nen-
Dade fibers. Thils comnpells cotton producers &s well asg

tasuiacturers for i:icreased improvement i:: cobtton quality.

There are several approaches for improving cotton
quality; the most ilupartant of which are througzh breeding
new cotton varieties for better quality, and through chem-
ical processing of cotton fabrics to impart new properties
such as “Wash and Wear". Chemical treatments, for improv-
ing the quality and prospects of cotton fabrics are handi-
caped with the fall ir strength, elongation and toughness
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l- Cotion 1iber ro.th and atructure

The =nogt couplete account oi the ori-in and zrow-
th of cotton fibers has bee. given in tha conprehensive
stucies of Balls(9) ..o worked upon igyptian cotton
(G. barsadense), and \/10ge 1indings were corfirned by
Anderson and Kerr (5), wic worked upon anerican Upland
Cotton (G. hirsutum). .4s & result of this wark, fiber
growth ig known %o occur in two fairly distiact ateges;
the firat growth staze correasponds to the fiber elongation
énu the prinary wall formation, and the gecond growth

stage corresponds to the gsecondary wall farmation.

It is now agreed that the cotton fiber cell aris~
es from the epidermias of the cotton seed~coat (3), Each
cotton iibar originstes a3 an outgrowth from a single
epldermal cell of the geed-coat. The first evidence of
the formatior oi the cotton fiber is the appearance on the
day of flowering of & slight swelling of the ocuter wall of
these epideraal cells. The swellings elongate rapidly and
on the day after flowering they already produced delicate
tubular out-growth, i.e. the young fiber cells. The
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Jderrter of the nniite cotton tiler 19 reaced ancn ailen
1o ds orloliatas, u. glongation ol the cell continues
1oar & pariod ou 15 -- 20 days, when it ceases aLruptly.

in

The wolod of elo..;ation seems to he deterai:od Hy apecles

as well A3 suvironna.tal tactors (34).

At the e:. o. the 1Lirgt grouth stage, when the
elongation ceases a-ruptly, another period of cellulose de-
position, in successive layers on the inner suriace of the
primary all, tal'e place and contimues until a i1ew days
beiore the ball ope:.s. Uncer certain conditions, the de-
position of the secondary wall may be coanpleted on, or
about the thirtieth day after flowering, ar in other cir-
cunstances, it way continmue up to about the sevent-eight
day after flowerin;, The fact that the rate of cellulose
deposiction fallg—-oii about the thirty-iiith day efter
flowverin; bhas been demonstrated by several authors. (3,13,
14). Ceiluloss deposition does not fill completely the
cell ceavity; this results in the presence of the lumen in
almost &1l the fibers. During the period of growth, the
fiber retains its cylindrical shape, and, because of the
limited gize of the ball and the crowded condlitions inside
it, the iiber usually does not grow in a gtraight line,
but ehanges its direction back and forth many times. As
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300 65 vie 01l opean, .z triller dries &.1C &3 & Tesult
it

toose; 1ts cirevlar erosi—aection and convolutes upon

Ft3cll amny tives (17, 14,

A typicel naturs cotson tider cousists of a
prinary wall (covered with the cuticle), a secondary wall,
and [i.ally & lunenr. I the cotton fiber, the primary
wall, together wit': the cuticle, is the orly covering for
the protoplasm during the 1irst period oi cell elongation
and developuert, Tle cuticle is very thin, coasiderably
less than 0.25 u tiick (45). It has been Ceiined ag &
seni-elastic, retaining membrane whis: coniirms +- all
chan;es in the size of the fiber, but doeg not expand past
the predetarmined maximum set when the fiber was growing
axd in & siate of turgor (43%).

The cuticle is extremely tightly moulded to the
priuery wvall, and althoush it has a rough surface (52) ,
it rereirns unbroken, except over the grosgest fiber
Taults. The cuticle consists of waX (5), a large propor-
tion of pectic material (5, 41), and soume incrusting
nineral nettenr.

The primary wall may be defined as the liniting
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25(I)-Raw maiuace Tioer wow.sed in «nter end photographed unler
various ilghting co . itions. “o», ordinary light , showing
convolutions Jfidule , hetwedy crogsed Nicols , showin, Dands
of extinetion , i,s.-.versalc .« Sottom, between crossea Nicols
with selenite plateo,.:owlng J<liferences in color in rejions
adjacent to extinti s bancs{cited From Mathews Textile Fibers, (954)-
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COCLITR LA G s oactwrel reversals

—etam « - U it v prtan: = @ W W W W MU k| ey g, oot

/%0 genercl types of reversals Luvz Lae. ocbgar-
vea {7); a) the corivaeat type oi raversals is tha ous in
viich the spiral sitivants simply change theilr direction
Oy tencing aroun. i  he toarn of un are, (b) the mecond
cype i3 the one ir .hich one set of sgpiral strands end
and & seccad system o. gpiral strands run:din: in the
oppositie direction e ;inz, the tso ends ¢l the thread-l.lwe
strands of the two syntema overlap at the place of the
reversal, althou;h reversals may be fowid alorg the en-
tire length of the irdividval fiber, the iraquency of
raversals, in general, is about S0 % greater in the tip
aue~third of the fiber than in the bage two thirds. The
coefilcient of variation for reversals frequeancy for indi-

vidual fibers was found to b» in the rangze of 20 -~ 25 %.

The average mumbexr nf structursl reversals varies
congiderably and seems o be & varietal characteristicr.
Jdereditu (38, 39), reparted about 20 structural reversaels
per cm. Iar and American Upland cotton, Orr and Grant
(41) reported values varying from 20 to 3L reversals per
cn, for cojtons of & wide range of physical properties.
On the other hend, Detrabet (14), published a table of
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L Lt oaLred o L Liel e tovaraaln Mocel Ll
R N CH AN e salieat (4D venprs the oS e wl gbrue -

nlovayarcals L She LT iAan varieoties and Yricids o

LaLTE s 12,9 s AL reversala ser o L.

T2 onuuaear ox reversais uas fonr. Lo e indejena-
et oo le ame o. t.e Loll (12), ar wch. 43 sECONA&ry

thicieldn s vesing, thie Lull anl 1104l 1wrd @ o, reversel:
] 1

is present.

dakeham (53) iound that the 1ibsrs arom larzs
Uolls posses less reversals than fibers srom gnell Solls
1rom the geme variet - &ad wauder the save environnental

conditions, the Giiferences were statistically significaut.

-any researchers (14, 15, 21, 43) iounl that the
averaze number of the spiral reversals is relased to
renetic origin, an. to a leasser extent to growth environ—
nent. Iyenger (31), iouud that the number oi gtructural
reversals is depen’ et upon heredity and is s guantitative

character.

The effect of environment on the oecirrence of

revarsals within varieties was studied (22). The rumber
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Al LB e AL G e L e e it e
“eoclodong Lnozone varieties, 1y ctler veoigtien e
d4osentee. alge Lhe lunilduy s a4 Tent esiect on U

DU co reversala, ihter hutlifts coiitiont rasult st

Li¢ auLstential ilcreas? i: the rualer of reversale.

ihe frague..cr of reversal: varlec co..giLeratly
with e.vironuernt, .ut environme:tal racicrs respongible
1or the wveriatilo. &re oLiscure and incounsistent anon:
cottons “22). Tue suread of the data wALh mouth ervinc e
nent prevents posi.ive indentiiiratio:. o. vericties by

reversal irequw:ic:.

Structure ot reverszals ;

e e e

Baged on t'ic pains taking resear:l of nany inves-
tigators worliing or the fine structure ol cobtton fiber and
cellulose (7, 14, 25), it was confirmed that the secondary
wall consists of wacro-{ibrils spiralling around the fiber
axis. These macro-fi>rilg, which are wvisible with the
optical nicroscope are nmade up of smaller sub-—m;}lgrosccpic
uicro-fibrils, which in twrn are composed of aeliulose

molecules. The cellulose molecule 23 a chain of glucose

regidues in the form of D-glucopyrenose units linked
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to onlar shrou b b~ pldmncun, GNieh il the Letive cor ..

JAY e L ougands o. rdts Lot Trege ehndnag oviens e
sclven roukly in Jlc¢ ifrection o tle fivril sxia, I.,
80718 re,lona the chal 3 have rsached <uch a Lih cosres

order that they iorm crystalline ragions, Jiich difarent
X-rays in the game uanier ag aacroerystela. lhieae erys-
tallltes are 1218110 tLen the total ler ;th of the averar~
cellulosge mo) ecules. This meAns that the seme chain
melecule may pass thiouch geveral ¢ryatalline rezions,
Setreen these reglo:: %ie chei: molecule w31l be i & 80~

called amarphous re;io:s.

Wakeham e’ Bpwer (54) have reported from evi-
dence obtained from noisture and hydrolysis effect on che
strength of cobton fibers at and between reversalg, thet
the cellulose in the regions of reversals is mare highly
crystalline than the cellulose betwesn the reaversals.
Increasing the moisture content of the fiber wag found to
incresse the fraciion of fibers breaking at the reversals
and alsc increases the strength of the cotton fiber. 1In
sone way ar another this effect takes place by atrengthen~
ing the wealmst linkages, which have been shown to iavolve
fiber reversals at least in some cases. But if the TEVeRy
salg are mwreferentially sffected in this mapner, the frae-
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ST LAl 2b ooe reveranls covid be ey, ole. te
~:honage rather tlarn un i-eoveAse.  Thig Liircates th.at
trince affecens wiloarily those weakest 1irica e which
occlr Latuwean the reverasals. surtheruare Jerary md
structural consideratioc.s sugzzest that sha ncizsure
eliccts take place mainly in the less orierec or non-
crystelline reglo..s Lecausns water molecul .3 ceumot
readily enter the cryrystalline ~ellulose. Toey corclud-
ed, thereiore, thay it is logical to state th.a% the
reversals, whicl. are not prererentiall: stro:sthened,
&re naore highly crystalline than is the remaiider of
the iiber. Also sho aigher crystallinity at she rever-
s&ls is further supported by the experiment i which

fibers were mildly hydrolyzed.

{-ray diliraction patterns taen ior single
fibers at and betwe:n reversals showed that the cellulcse
is nare highly oriented at the reversal points than that
in the remsinder ol the fibers (53). The same inter-
pretation has beexr reached by Orr aud Grant, (41) from
optical evidence.
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