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feeder density 282
fertilisation 137–8, 142–3, 144, 158, 173
fibre development 7–17

desiccation and dehydration 9–13
fibre structures during cell growth

7–9
structural variations 13–15
twist and convolution 15–17

fibre fineness 13, 15, 77–8, 212
measurement 79–80
separating maturity and fineness

80–1
fibre hooks 248
fibre length 13, 15, 40, 70–7, 197, 198,

212, 514
and fibre strength 20–1
measurement 72–5
short fibre content 75–7
uniformity 75

fibre migration 268–9
fibre modulus 46, 55–6
fibre quality xvi, 68–100, 176

colour 84
cotton classing 69–70
development of instrument test

methods 70

future trends 94–5
impurities 85–92
length properties 70–7
microbial attack 94
moisture 92
tensile properties 81–3
transverse properties 77–81
wax content 92–4

fibre-specific promoters 118
fibre strength 17–29, 46–8, 212, 514

relationship to crystalline structure
28–9

single fibre strength 17–23
time effects 50

Fibrogram 73–4
Fibrograph Tester 70, 73–4
field cleaners/extractors 180
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(NAFTA) 448

objectionable faults 393
Occupational Health and Safety

Administration (OSHA) 460,
461

oil prices 441
on-line monitoring 383
open-end friction spinning 266–7
open-end (rotor) spinning 69, 253, 254,

255, 256, 262–5
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open-end yarns compared with ring
yarns 317–18

open lap 283, 284
open-loop autolevellers 235–6, 237,

248–9
opener/pre-cleaner 209–10
opening xviii, 203–5

intensive opening and cleaning
213–15

estimation of effectiveness
215–16

openness value (OV) 216
optical properties 59–60
organic cotton xvii, 130–75

allowed and prohibited substances
171–5

crop production 171–3
textile production 174–5

certification 158–63
cultivation 139–49

disease control/management 147,
172–3

fertilisation 137–8, 142–3, 144,
158, 173

harvesting 148–9
historical background 140–3
insect control/management 146–7,

158, 172
methods to improve 157–8
nematode control/management

147–8
planting seed 143
problems 154–5
production technology 157
soil/land preparation and planting

143
water use 144–5
weed control/management 138,

145–6
global production 131–3
limitations to organic production

154–7
naturally coloured organic cotton

163–4
post-harvest handling/processing

149–54
fabric manufacturing 151–2

ginning 150
preparation, dyeing and finishing

152–3, 174–5
product assembly 154
quality assurance 154
yarn manufacturing 151

rationale 133–9
fibre/fabric/apparel 139
production/farming practices

considerations 135–8
Organic Exchange (OE) 150, 159, 161–2,

174–5
Organic Trade Association (OTA) 150,

159, 162–3, 174–5
overlap 283
oxidation 6

dyes 361–2
ozone test 412

package dyeing machine 364, 365
packaging of lint cotton 195–6
pad-batch process 367–8, 369
Pakistan 438

production 428, 429, 430
trade 443, 448

papers 488–9
Para Red 363
particle detection and extraction 207–9
pattern disk 306, 307
pattern drum 305–6
pectins 4–5
pepper trash 85, 196, 226–7
perfluorinated chemicals 477
perfluorooctanoic acid (PFOA) 477
perfluorooctyl sulphonate (PFOS) 477
periodic faults 232, 233–5, 247
permissible exposure limits (PELs) 469,

476, 478
perspiration test 413
pesticides 136–7, 139, 142–3

worker protection standard (WPS)
463–5

Peyer Almeter AL-101 system 75
phenotype 107
phosphorus 5
physical hazards 478
physical standards 68, 69–70



Index 541

physical structure and properties xv–xvi,
35–67

cotton morphology 35–40
electrical properties 57–9
friction 61–2
future trends 63
mechanical properties 46–57
moisture absorption 40–6
optical properties 59–60
thermal properties 60–1

pick density 334
picking (weft insertion) 333, 338
pigment dyes 153
pilling 322

testing pilling propensity 404–6, 407
plain circular knitting machine 287–8,

289
plain knitted fabric 301–2
plain stitch 276
plant breeding 103

advantages and limitations of
conventional plant breeding
104–7

see also genetic modification
plant diseases see disease
planting 143
plasticised cellulose acetate (PCA)

518–19
pneumatic suction unloading systems

184
polybrominated diphenyl ethers (PBDE)

476
polyester 35, 491

prices 441
poly-D(-)-3-hydroxybutyrate (PHB) 118
polylactic acid (PLA) 519, 520
polypropylene 487
polyvinyl alcohol size 152
positive dobby shedding 335, 336
positive yarn delivery systems 292, 294,

307, 340
powdered dyes 471
power factor 57–8
pre-cleaning 205, 209–10
Premier aQura 75
pre-opening/pre-mixing 205, 206–7
preparation xvii–xviii

chemicals allowed and prohibited
174–5

organic cotton 152, 174–5
processes 470–1

Pressley Tester 82
pressure sensors 236, 237
price support programmes 449–52
prices xix, 425, 427, 447–8, 452–3, 454

price premium of organic cotton 156
relative to other fibres 441

primary wall 37, 38
print bonding 510
printing 369–72
Procions 358
product assembly 154
production xix, 425, 426–34, 456–9

costs of see costs of production
organic 131–3

production equation 224–5
production length 323
production rate 224–5, 511, 512
production technology 157
production weight 323
projectile weaving 343, 346–8
promoters 117–18
proteins 4–5

gene expression 107
protoplasts 111
purification 496
purl knit fabric 280, 302
purl stitch 276
pyramiding 120–1

quality
changes during storage 183
effect of gin machinery 196–8
seed quality 183
sliver quality and quality control

225–38
quality assurance 154, 382–3
Quality Assurance International (QAI)

163
quality control

sliver 225–38
yarn 382

quantitative trait loci (QTLs) 106–7
queen’s cord 316
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quotas 435, 448

rack 284
racked needle bed 299–300
rags 488–9
random card 505–6
random tumble pulling tester 406, 407
rapier weaving 343, 344–6
Rapunzel 156
Raschel knitting machines 309–14

basic fabric types 313, 314
commonly used design techniques

311–13, 314
comparison with Tricot knitting

machines 302–4
properties of machine elements

310–11
ratch 246–7
rayon rinse system 470
reactive dyes 358–9, 375–6

dyes needing less salt 372–3
health and safety 472

reciprocating knife roller gins 191
recycling xix–xx, 484–500

chemical recycling 490–6, 497–8
cotton sources 487–9
future trends 496–8
mechanical reprocessing 489–90
textile life cycle 484–5
waste treatment choices 485–7

reducing oxycellulose 6
reeds 331–2
reflectance 84, 197, 198
refractive index 59–60
regain (moisture regain) 40–6, 92
relative humidity (RH) 185–6

RH-regain relations 40–2
relative permittivity 57
relaxation, fabric 318–19
resin-treated cottons 40

breaks 52
resistance 57–9
resource endowments 430
respiratory disease 469–70
restraining ties 195
retail consumption 436–7
reuse

cotton 485–6
dyebaths 372–3

reversals 9, 12, 16–17, 38, 39
fracture and 51–2
structural mechanics 55, 56

revolving flat card see carding
rib circular knitting machine 287,

288–90
rib knitted fabric 279, 302
rib setting 288, 290
ring spinning 69, 253–8

ring yarns compared with open-end
yarns 317–18

roll-type strippers 181
roller drafting 244–5
roller printing 369–70
roller-type gins 191–2, 194
rotary-knife roller gin 191, 192
rotary screen printing 370–1
rotor spinning see open-end (rotor)

spinning
Roundup 114
Roundup Ready cotton 114
roving 251–3
rubbing fastness tests 412
run-in 284
run-in ratio 284

salt 355
dyeing and the environment 372–3

satin fabric 315
saturation bonding 510
saw gin stands 190–1
saw-type lint cleaners 192–4, 198
scanning, optical 85
scouring 152
screen printing 370–1
seawater colourfastness test 413
secondary wall 37–8

synthesis 7–11
seed cotton 149

cleaning 188–90
drying 185–8
storage 181–3
unloading 184

seed planting 143
seed position 13–14
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and fibre strength 20
seed quality 183
semi-continuous dyeing 367–8
sensitisation 472
sequence tagged sites (STS) 107
setting, yarn 272
sharkskin fabric 316
shear modulus 55–6
shear strain 55
shear strength 51
shedding 333, 334–8

cam shedding 334–5
dobby shedding 335–6
jacquard shedding 336–8

Shirley fabric stiffness tester 406–7
short fibre content (SFC) xviii, 75–7,

197, 198, 230–8
autolevelling at the card 235–8
medium and long-term irregularity

233, 234–5
short term irregularity 233–4, 236,

237
sliver irregularity 230–5

short fibre index (SFI) 76
short-term sliver irregularity 233–4, 236,

237
shredding 489–90
shuttle 333–4, 342
shuttle looms 332–40, 342

installed in selected countries 349
shuttleless looms 342–9
single fibre strength 17–23
single jersey fabric 279
single-lift single-cylinder Jacquard

336–7
single rapier weaving machines 344, 345
single-thread tensile testers 387
sinker loop 277
sinkers 291, 292, 304, 305
SiroMat 81
sizing 151–2, 330
skin irritation 475
skying 361–2
sley 339
slip drafting 245
sliver 204, 217, 222, 242–3, 250

quality and quality control 225–38

neps 227–30
SFC 230–8
trash and dust content 225–7

sliver irregularity 230–5
slubs 392–3
smoothness, surface 404
soaping off 359, 362
sodium hydroxide 152
soil

fertilisation 137–8, 142–3, 144, 158,
173

preparation 143
solvents 477
somatic embryogenesis 112, 113
somatic hybridisation 112–13
sorting 489
South America 433
Spain 449
span lengths 74
specific heat 60
spectrogram/spectrograph 232, 233
spindle picker 178, 179, 180, 184
spinning xviii, 69, 240–74

air-jet spinning 69, 254, 255, 256,
265–6

bicomponent spinning 261
combing 249–51
compact systems 258, 259–60
comparison of spinning processes 253,

254, 255, 256
fibre migration 268–9
friction spinning 254, 255, 256,

266–7
preparation for 242–9
ring spinning 69, 253–8
ring yarns compared with open–end

yarns 317–18
rotor (open-end) spinning 69, 253,

254, 255, 256, 262–5
roving 251–3
spinning limits and yarn irregularity

269–70
two-strand spinning 258–9
winding, clearing and lubrication

271–2
wrap (hollow spindle) spinning 254,

268
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yarn steaming (setting) 272
yarn twisting 270–1

spinning limits 262, 266
and yarn irregularity 269–70

spinning tension 257
spirality 319–20
spray bonding 510
spring-loaded feelers 219–20
spun-laid (spunbonded) nonwovens 504,

507
spunlacing (hydroentanglement) 504,

509, 516–17
stack blender 210–12
‘stacked’ varieties 114
staple cotton 515–16
starch 151–2
steaming 368

yarn 272
Stelometer 82
sterilisation 524
stick machines 189
stickiness 89–91, 230

measurement 90–1
stiffness, fabric 406–7
stitch bonding 508–9, 517
stitch density 280–1
stitch formation

circular knitting machines 287–90
Tricot knitting machines 307–9
V bed flat knitting machines 297–300

stitch length (loop length) 282
stocks-to-use ratio 454, 456–9
storage of seed cotton 181–3
strain energy 55
stress, and deconvolution 54
stress-strain relations 46–50

structural mechanics 53–7
stripper harvester 178–81, 184
structural mechanics 53–7
SU unit 310, 311
subsidies xix, 433, 449–52
substantive dyes 353
sucrose synthase (SuSy) 116, 117
sugars 89–90
sulphur dyes 359–60, 362–3
Sumifix Supra dyes 375
‘superweeds’ 119–20

surface smoothness 404
sustainable production 134–5
swelling 43
synchronised timing 290

table linen 525
tailoring performance 399, 410
take-up motion 340
taker-in speed 255–7
tampons 525
tan d 61
Tanzanian Cotton Board (TCB) 70
taper, in fibres 14–15
tear strength 419
technical textiles 350
temperature

drying and fibre breakage 186
effect on dyeing 357
monitoring during storage 182

tenacity
fibre 20, 21–3, 46, 47–8, 81, 82

and crystallinity 29
yarn 389

Tencel 491
tensile modulus 46, 55–6
tensile properties 46–57, 81–3

breaking extension 54, 83, 386, 387
fracture and fatigue 51–3
knitted fabrics 320
stress-strain relations 46–50
structural mechanics 53–7
tensile measurement 81–3
yarn 386–9

tensile strength 341–2, 418
testing xix, 381–424

development of instrument test
methods 70

fabric testing xix, 398–421
fibre quality see fibre quality
standards organisations 381–2
yarn testing xix, 382–98

tetraploid Gossypium species 104
textile life cycle 484–5
thermal bonding 504, 511, 512

cotton nonwovens 518–20, 521
thermal-mechanical finishing 523
thermal point bonding 507, 511, 512
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thermal properties 60–1
knitted fabrics 321–2

thermoplastic binder fibres 518–20, 521
thiazole 362
thiazone 362
thick places 392–3
thin places 392–3
three-dimensional (3D) weaving

350–1
through air bonding 518
tightness factor (cover factor) 282, 319,

323, 341
tillage 138, 143
time effects 49–50
tissue-specific promoters 117
o-tolidine 474
tongue and groove irregularity sensors

236, 237
torque liveliness 385–6
torsional rigidity 50
total draft 224, 243–4
total fibre draft 224
total mechanical draft 224
total strain energy 55
toughness (work of rupture) 46, 386
tractors 463
trade 434–5, 441–9, 453, 454

biotech cotton 445–6
China 442, 446–7
India 443, 447–8
Pakistan 443, 448
Turkey 442–3, 447
winners and losers 448–9

trailing hooks 248
transfer zone 222–3
transferred loop 299, 300
transgene introgression 119–20
transgenic cotton 110–13

see also genetic modification
transverse properties 77–81

fibre fineness 79–80
fibre maturity 78–9
separation of maturity and fineness

80–1
trash 85–6, 176, 184, 197, 198

content and sliver quality 225–7
trash neps 228, 230

traveller 254–6
treatments 523–4

see also finishing operations
trehalulose 90
trickle washing 368
tricot fabric 315
Tricot knitting machines 304–9

basic fabric types 309
comparison with Raschel knitting

machines 302–4
main machine parts 304–7
stitch formation 307–9

triple licker-in 217, 218, 219, 220
Truetzschler Nep Control (NCT) 89
tuck stitch 277–8
tumble abrasion 417–18
Turkey 133, 156, 350, 429, 430, 438

trade 442–3, 447
turnout 197
twist

rotor spinning 263
roving twist level 252–3
testing 384–5

twist breaks 52–3
twist control 245
twist factor 385

ring-spun yarns 257–8
twist liveliness 385–6
twisting yarn 270–1
twists (fibre development) 9, 10, 15–17
two-for-one twisting 270–1
two-strand spinning 258–9

underlap 283
unevenness see irregularity
uniformity, length 75, 197, 198
uniformity index (UNI) 75, 76
uniformity ratio (UNR) 75
unit cells 36, 37
United States (USA) 350

African Growth and Opportunity Act
(AGOA) 449

Agricultural Market Service (AMS)
160–1

consumption 436, 438
Occupational Safety and Health Act

461
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Occupational Safety and Health
Administration (OSHA) 460,
461

organic cotton 133, 156
allowed and prohibited substances

171–3
National Organic Program (NOP)

155, 161, 171–3
National Organic Standards 160–1
problems with organic production

practices 154–5
production 141, 428, 429, 430, 433

government support 449–52
reuse 485
trade 443–4
WPS 463–5

United States Department of Agriculture
(USDA) xvi, 68, 69–70, 160–1,
162

colour grades 84
leaf grade 86

Universal Cotton Standards xvi, 70
universal testers 418
unloading systems 184
upper-quartile length (UQL) 73
Uster Irregularity/Uster CV% 231–3,

234
Uster Tensojet 388
Uzbekistan 430, 441, 444

V bed flat knitting machines 296–301
arrangement of machine parts 296–7
basic fabric types 300–1
comparison with circular knitting

machines 285–6
stitch formation 297–300

vacuum infiltration 112
varieties 104–5, 176

fibre strength 20–3
naturally resistant 147, 148
staple length 72
suitable for organic farming 157

vat dyes 359–62
ventilation 472
vertical direction faults 316–17
viscose process 490–1
visible foreign matter (VFM) see trash

volume 43
vortex spinning (air-jet spinning) 69, 254,

255, 256, 265–6

wale 280, 281
wale density 280, 281, 323
warp density 332
warp knitting technology 285, 302–16

comparison of Raschel and Tricot
knitting machines 302–4

properties of warp knitted fabrics
314–16

faults in warp knitted fabrics 318
Raschel knitting machine 309–14
terminology 283–4
Tricot knitting machine 304–9

warp sizing 330
warping 329–30
wash boxes 368, 369
washed cotton 469–70
waste fibre feeder 207
waste treatment 485–7

see also recycling
water

irrigation 144–5
testing for colourfastness 412–13
see also moisture

water-jet weaving 343, 344
water spraying moisture restoration

method 195
water treatment technologies 373
water use efficiency (WUE) 145
waxes 4–5

wax content 92–4
wear index 416
wear resistance 416
weathering 176
weathering test 414
weaver’s beam 329–30, 332
weaving xviii, 151, 328–52

future trends 350–1
looms installed in selected countries

349
manufacturing costs 349–50
modern weaving machines 342–9

air-jet weaving 343–4
multiphase weaving 343, 348–9
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projectile weaving 343, 346–8
rapier weaving 343, 344–6
water-jet weaving 343, 344

preparatory processes 329–32
drawing-in and denting 330–2
warp sizing 330
warping 329–30

weaving mechanism 334–40
auxiliary functions 340
beating-up 339
cam shedding 334–5
dobby shedding 335–6
jacquard shedding 336–8
let-off motion 339–40
picking 338
take-up motion 340

weaving operation 332–4
woven fabric 340–2

design and type 340–1
fabric properties 341–2, 401

web bonding see bonding
web formation 503–8

dry laid 504–6
melt blown 504, 507–8
spun laid 504, 507
wet laid 504, 506

weed control/management 138, 145–6
weft 278
weft insertion rate 334
weft knitting technology 284–302

circular knitting machines 285–96
comparison of circular and V bed flat

knitting machines 285–6
faults in knitted fabrics 316–18

comparison between ring and
open-end yarn 317–18

horizontal direction 316
vertical direction 316–17

production calculation 323–4
properties of weft knitted fabrics

301–2
terminology 276–82
V bed flat knitting machines 296–301

wet-laid nonwovens 504, 506
wet processing

health and safety 470–9
see also dyeing; finishing operations

wickability 321
WideStrike 120
wild species 105
winch (beck) dyeing machine 364–5,

366
winding 271–2
wipes 503, 525
wood pulps 492
wool 439–40
work-to-break (toughness) 46, 386
work practices 472
worker protection standard (WPS)

463–5
World Trade Organization (WTO) 434–5,

446, 452
wound dressings 524
woven fabrics see weaving
wrap (hollow spindle) spinning 254, 268
wrapper fibres 264
wrinkle recovery 399–403

X-ray diffraction 23–5

yarn
comparison of yarns spun by different

systems 255
manufacture 151

health and safety 467–70
stages 240–2

spinning see spinning
spinning limits and yarn irregularity

269–70
steaming (setting) 272
twisting (folding) 270–1
winding, clearing and lubrication

271–2
yarn count 323
yarn diameter 324, 393–4
yarn feeding systems 292–4, 306–7
yarn fineness 15
yarn-to-metal friction 397–8
yarn testing xix, 382–98

count 384
diameter 393–4
evenness 389–93
friction 396–8
hairiness 394–5
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linting and fly 395–6
miscellaneous tests 398
tensile properties 386–9
twist 384–5
twist liveliness 385–6
yarn abrasion 396
yarn appearance 395

yellow/blue plane 84
yellowing 183, 197, 198
yields 428, 429, 456–9

losses and their causes 142

zeta potential 355
Zweigle Staff Tester G 556 396


