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Amazon 6–7, 11

Amazon region 41
Americas breeding strategy 153–154
amplified fragment length polymorphism

(AFLP) markers 180–183, 186, 220
Anastrepha manihoti 226, 227
Anastrepha pickeli 226, 227
Andean hillside systems 32
angular leaf spot 266
animal feed

imports 316
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types 24–25, 56, 59, 62, 63, 306–307

anthracnose 269–271
antibiotic selection 190–191, 192
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Asia 56–57, 58
India 61
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arthropod pests 209–230
artificial seeds 162
ash disease 269
Asia 55–58, 60, 154, 252–254
Asia-Pacific region, industry 58–65
Australia 65

Bacillus thuringiensis (Bt) 195, 223
backcross hybrids 158, 159
bacterial artificial chromosome (BAC) library

185–186
bacterial diseases 261–266

see also diseases
bacterial necrosis 266
bacterium 195, 263
Baculoviridae, viruses 222–223
bakery products 294
base populations 152
basic resources, efficient use breeding

161–162
Bemisia tabaci 194, 218–219, 246–247, 253,

255–256
see also whiteflies

Bemisia tuberculata 218, 241
BIBAC system 186
biochemical tests 5
biocontrol see also control measures; diseases;

integrated pest management (IPM);
pests; viruses

biocontrol systems 35
biodegradable plastics 197, 314
bioecology damage and management

213–226
biological control

agents 219, 222
cassava mealybug 217–218
classical 52, 229
Cyrtomenus bergi 225
grasshoppers 228
natural 229
pests 213, 215
programme 46
whitefly 220–221

biopesticides 229
biosynthesis genes 186–187
biosynthetic pathway, PHD 187
biosystemic crosses 5
biotechnology 162, 179–197
biotechnology network 30
biotechnology tools 229–230
Bogor Research Institute 61

boron 138
botanical origins 1–6
botany 67–85
Botryodiplodia stem rot 271
branching 150, 155, 156
Brazil

aggregate variations 23
cassava origins 11
domestication 12
NPK trials 132
output 17–19
starch 25
starch production 25–27
studies on taxonomy 1
varieties 158

Brazilian Food Industry Association (ABIA) 27
bread 304
breeding

crop improvement 149–162
high content of protein 158
high yield breeding 154–156
low cyanogenic glucosides 157–158
network 30
objectives 34
to overcome physiological deterioration

286
resistance breeding 158–161
root quality 156–157
strategy 151–154

breeding research 149
breeding strategy 151, 153, 154
brown leaf spot 266–267
bulk segregant analysis (BSA) 184, 186,

220
burrower bug 212, 224–226

calcium 137
Candolle, Alphonse de (1806–1893) 3
canopy establishment 74
Cargill 25
Carib Indians 17
Caribbean 17–39
carotenoids 196–197
cassabe 20, 316
cassava bacterial blight (CBB)

genetic mapping 184–185
importance 261–265
planting material quarantine 265
resistance 47, 181, 265
resistance breeding 153, 159–160
symptoms 264–265
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Cassava Biotechnology Network (CBN) 30,
179

Cassava Breeding Network 30
cassava brown streak disease (CBSD) 52,

158–159, 249–252
Cassava common mosaic virus (CsCMV) 194
cassava common mosaic disease 238–239
cassava cv. Llanera 134
cassava mosaic disease (CMD)

aetiology 245
distribution 243–245, 252–253
epidemic ix
host plant resistance mapping 184
prevalence 243–245
resistance 47
resistance breeding 158–159
resistance to 181
surveys 244
transmission by whitefly 218, 253
yield losses 194

cassava mosaic geminiviruses (CMGs) 158,
194, 243

cassava mosaic viruses (CMVs) 246–247
Cassava R&D Network 30
Cassava Technology Transfer Program (CTTP)

61
cassava vein mosaic disease 239–240
Cassava virus X 242
cationic starches 313
cell division 76
cell expansion 76
Central Tuber Crops Research Institute (CTCRI)

61, 149
Centro Internacional de Agricultura Tropical

(CIAT)
germplasm collections 30, 32, 33, 67
mandate for cassava research xi, 41,

168–169
mite resistance research 213–214
network development 29–30
new technology testing 20
programmes 28, 35
research and extension activities 60–61

Cercospora spp. 266–268
Cercosporidium sp. 267, 268, 269
Cerrado vegetation 6–7
characteristics 52, 67–72, 75, 183–185

see also habit; traits
characters 183–184
chemical control

grasshoppers 228
weeds 97–98

Chilomina clarkei 195
chimerics 190
China 61–62, 132
chipas 26
chips

animal feed 24–25, 56, 59, 62, 63,
306–307

fried 303
citric acid 314, 316
clamp silo 285
clones

cassava genes 186–187
disease resistance 159–160
fertility 150
resistant 47, 159–160, 220
shoot-tip cultures 172–173
see also crosses; hybrids; interspecific

crosses
clones and seeds 248
Cochliobolus lunatus 271–272
co-evolved pests 210–211
Collaborative Study of Cassava in Africa

(COSCA) 43, 47, 286–287
Colletotrichum sp. 270, 271
Colombia 19–20, 32, 121, 132
commercialization 36, 293–294
companion crops 47
compost 139
Compound I, enzymatic breakdown 291
Compound III 291
computer modelling 155–156
conservation 32, 105–106, 167–175
conservation of genetic resources 174
Consorcio Latin-Americano y del Caribe de

Apoyo a la Investigación y Desarrollo
de la Yucca 20, 30

Consultative Group for International Research
(CGIAR) 168

consumption 281–282
see also human consumption

consumption patterns 37
contamination 292–293
control measures

cultural 219
integrated control strategies 264
intercropping 219, 229
soils degradation 109–110
soils erosion 32
see also biocontrol; diseases; integrated pest

management (IPM); pests; viruses;
weeds

convenience foods 27
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Convention on Biological Diversity (CBD) 169
copper 138
cottage scale starch extraction 307
cotyledon explants 192–193
country of origin 28, 29
cover crops 106–107, 140
cowpea 103, 104
CPC International/Refinação de Milho Brasil

25
cradle of domestication 1, 6–7, 8, 9, 11
crate storage 285
cropping cycle 43, 45
cropping practices 248
cropping systems 56, 59, 91–110
crops

cover 106–107
damage 212–213
importance 44
improvement 149–162
loss, cassava mosaic disease (CMD) 246
management 33–36
physiology 67–85
production systems 47–49
residue management 123
rotation 108, 109–110, 264
utilization 49–50, 281

crosses
biosystemic 5
evaluation 154
exotic germplasm 151
intercrossing 248
interspecific 7, 154, 181, 248, 265
polycross design 150
results 6, 7
see also clones; hybrids

cross-linked starches 313
cross-pollination 151
cryopreservation 173–174
Cuba 20
culinary uses 301–305
cultivars 32–33, 61, 152–153
cultivation areas 17
cultural control 219
cultural practices 229
cultures 169
cyanide concentration 78
cyanogenesis 49, 195–196
cyanogenic glucosides 157–158, 186–187,

283, 290–292
see also toxicity

cyanogenic potential 19
cyanogens 162, 290–292

Cyrtomenus bergi 212, 224–225
cytotaxonomy, Manihot genus 149–150

daylength effect on dry matter distribution
80–81

demand-driven approach 295–296
demand-side interventions 37–39
descriptors, morphological 68
dextrin 310
dextrose 310–311
dietary energy 49, 282
dietary nutritional contribution 282–283
dietary potential 100
dietary role 20
diffuse leaf spot 268, 269
diseases

bacterial diseases 261–266
control measures 247–248, 251–252,

254–255
fungal diseases 160, 266–273
genetic mapping 184–185
host plant resistance mapping 184
nematodes 261, 273–274
new sources of resistance to 52
pathogens associated with 262
resistance 155–156, 159–160, 194–195
yield losses 212
see also biocontrol; control measures;

pests
disjunt species 168
distribution

arthropod pests 211
dry matter 81, 117
labour 290
Manihot sp. 167–168
nutrient 115–118, 117
product 289

DNA 162, 169, 180, 186, 188
domestication 1, 6–7, 8–9, 11, 12, 167
dormancy 74–75
dried cassava 57, 292–293, 308–309
drought tolerance 83, 84–85
dry matter 73, 76–77, 81, 117, 156–157
dry root rot 272
dry weight 73
drying 287–288

early bulking 185
East Africa Root Crops Research Network

(EARRNET) 169
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East African cassava mosaic virus (EACMV)
transmission studies 247

Ecologically Sustainable Cassava Plant
Protection 52

ecosystem-specific pests 52
edapho-climatic zones (ECZ) 153–154, 181
effluents 315–316
egg predators 222
EMBRAPA collection 67
emergence of sprouting 72, 94
environmental concerns 38
environmental effects 79–85
environmental resources 31–32
enzymatic breakdown 291
enzymes 78–79, 195, 291
epidemiology, cassava mosaic disease (CMD)

247, 253–254
Erinnyis ello 195, 210, 221–223
erosion 32, 55–56, 59, 118–120
Erwinia caratovora 226, 266
European Community (EC) favourable price and

quota policies 60
European Community (EC) imports 27, 28
ex situ conservation methods, genetic resources

169, 174–175
exports

Asia 60
Australia and New Zealand 64
dried cassava 57
opportunities, Africa 49
products 27–28
starch 57, 61
world 57, 59
see also imports; markets

expressed sequence tags (ESTs) 183
extension work 51, 61, 62, 64, 65
extrusion cooking 303–305

fallow systems 43, 45
FAO/IBPGR technical guidelines for safe

movement of cassava germplasm
265–266

farina 37, 302
farinha de mandioca 294
favourable price and quota policies, European

Community (EC) 60
feed see animal feed
fermentation 288, 290, 292
fermented cassava starch 294
fermented commodity chemicals from cassava

starch 314

fermented foods and drinks 304
fertilization 115–141
fertilizer

application 122, 123, 134
chemical 130, 132
cost ix
methods 35
see also NPK; nutrients

Field Crop Research centre, Rayong Thailand
154

field experiments 129–130
field genebanks 170, 171
field production 47–49
Fiji 64
fingerprinting 180
firefly luciferase 190–192
flour

extrusion cooking 303–304
quality 10, 38
sour 304
starchy, extraction 307
substitute 24, 294
tape/flour tape 305
see also wheat flour substitute

flow diagram
dextrin 310
high fructose syrup 312
sago 311

flower behaviour 150–151
flowering 77
flowers 70–71
Fomes lignosus 272
food

cassava production for 62
convenience 27
fermented foods and drinks 304
frozen food markets 27
per capita consumption 282
processed ix
snack foods 303
types 301–305
see also human consumption

food security crop ix
food security role 49
foreign exchange earner, potential 50
Frameworks For Action (FFA) 51
Frankliniella williamsi 226, 227
freezing 286
fresh cassava 28, 29, 283–286, 301

see also roots, fresh
friable embryogenic callus (FEC) 190–191
fried chips 303
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frogskin disease 218, 240–241, 255
frozen food markets 27
fructose syrup production flow diagram 312
fruit 72
fruitflies 226
fungal diseases 160, 266–273

see also diseases
fungal growth, dried cassava 292–293
fungal pathogen, Neozygites cf. floridana 215
fungi 35, 47, 272
fungicide in polythene bags storage 285–286
Fusarium sp. 160, 273
future 162
future needs 51–53
future perspectives 30–39

gaplek 302, 303
gari 291, 293–294, 304, 316
gatot 303
genebanks 171–173
generalist feeders 210–211
genes

controlling agronomic traits 183–185
herbicide-resistant 36
pools 5, 6
positional cloning 185–187
transfer 162

gene-tagging projects 185
genetic

control, cyanogen production 162
diversity assessment 180–182
engineering 162, 187–197
manipulation 286
mapping 183–186, 230
markers 5, 179–180
origins 17
resources 32, 149–162, 167–175
resources network 30
transformation methods 189

genome mapping 182–183
genotype selection 101
geographical origins 6–7
germplasm

banks 67–68
collections 19, 32, 169, 170, 172
conservation 168–174
cryopreservation 173–174
local adaptation 151–152
resistance levels 153
resistant 158

Global Cassava Development Strategy
295–296

Glomerella manihotis 269
Glomerella stem rot 271
Glomus manihotis 140–141
glucose 310–311
grain legume, intercropping 102–103
grasshoppers 228
grating 287, 291–292, 301–302
green mites

accidental introduction 210
biocontrol 35
host plant resistance research 213–214
introduced pests 46
predators 215, 229
resistance breeding 160–161

green mottle virus 252
greenhouse experiments 129–130
ground cover, plant type 98, 99
growing season 56
growth

control 83
cycle 74
and development 72–78
effect of cassava brown streak disease

(CBSD) 251
effect of cassava mosaic disease (CMD)

245–246, 253
fungal 292–293
habit 10, 95, 155–156

see also characteristics; traits
parameters 72
rate 155
water deficit 82

Guarani Indians 21
gums 309–310

habit 10, 95, 155–156
see also characteristics; traits

habitats protection 32
Haiti 20–21
handling fresh cassava 283–286
handling planting material 91–93
harvest index 155
harvested products 115–118
harvesting

age 284
delay 284
roots 287
seasonal 22
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time 59, 61, 62, 63
timely 53

heat-fermented cassava product 290
Helicotylenchus spp. 273
herbicide-resistant genes 36
herbicides 36, 97–98
heterozygosity 168
high carbohydrate translocation to roots 74
high fructose syrup, flow diagram 312
high yield breeding 154–156
hornworm 35, 195, 210, 221–223
hornworm baculovirus 223, 229
host plant resistance (HPR) 213–214,

219–220, 226, 229–230
household level processing 290
human consumption 24, 56, 63, 64, 65

see also consumption
hybridization techniques 150–151
hybrids 153, 158, 160

see also clones; crosses
hydrocyanic acid (HCN) 157–158, 291–292
hydroxynitrile lyase (HNL) 291
hygromycin 191

imports 27, 28, 29, 316
see also exports; markets

improvement programme 248
in-ground storage 284
India

area harvested 61
cassava mosaic disease (CMD) 244,

252–255
Kerala State, India 121
research 61
varieties 158

indicator tissue 128
Indonesia 61, 132
industrial

analysis 295–296
processing 307–316

see also starch
purposes 62
utilization 25, 59

industry, Asia-Pacific region 58–65
inflorescence development 150
inoculation 133, 140–141, 160
insect pests 162, 195, 292

see also diseases; pests; viruses
Institute of Agricultural Research, Sierra Leone

47
institutional resource base 28–30

institutional support 36–37
integrated cassava R&D project 20
integrated control strategies 264
integrated pest management (IPM) 35, 52,

228–230
see also biocontrol; control measures

Integrated Root Crop Extension Program 62
intercropping

agroforestry 108–109
crops 56, 59, 61, 62, 63, 140
ecological aspects 100
grain legume 102–103
legumes 99, 101
nitrogen amendment 103
nutritional aspects 100
pest control 219, 229
planting density 95, 102–103
production system 100–104
relative planting time 102
shading 81–82
socioeconomic aspects 100
species and genotype selection 101
weed control 98, 99–100
yield response 103

intercrossing 248
see also clones; crosses; hybrids

international germplasm exchange 265
International Institute for Tropical Agriculture

(IITA)
germplasm segregating 154
inaugurated 41
mandate for cassava research and

breeding ix, 168–169
national programmes 35

International Plant Genetic Resources Institute
(IPGRI) descriptors 68

international programmes 51
interspecific crosses 7, 154, 181, 248, 265

see also clones; crosses; hybrids
iron 138
iron deficiency 197
iron deficiency anaemia 197

Kerala State, India 121

labour
distribution 290
force decline 22
productivity 33–34
requirements 47–48, 50, 53
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lacebugs 225–226
lactic acid 314–315
land preparation 93
larger grain borer (LGB) 46–47, 292
Latin America 17–18

distribution 17–18
domestic animal feed industry 316
NPK trials 132
origin 17–18
product exports 27–28
production systems 22–24, 209–210
production trends 18, 23

leaf area index (LAI) 75–76, 155–156
leaf fungal diseases 266–269
leaf spot diseases resistance 160
leaves

agronomic characteristics 71
area development 75–76
characteristics 70, 71
development 74, 76
growth control 83
growth parameters 72
longevity significance 155–156
morphological characteristics 71
retention 196
symptoms, Xanthomonas campestris pv.

manihotis 264
unexpanded 161
youngest fully expanded leaf (YFEL) 128,

130
legumes 99, 101, 102–103, 106–107
Lepidoptera 195, 221–226
lesion nematodes 273, 274
life table data 216
lime 137–138, 139
linamarin 78, 195, 291
live barriers 107–108

magnesium 137
maize production costs 26
Malang Research Institute 61
Malaysia 63, 121
maltodextrin 312
maltol 314
maltose 311–312
manganese 138
Manihot esculenta 32, 265
Manihot Genetic Resources Network (MGRN)

30, 32
Manihot genus, cytotaxonomy 149–150

Manihot glaziovii 152–152, 159, 160, 181,
248, 265

Manihot melanobasis 7, 9
Manihot saxicola 6
Manihot sp. 154, 158, 167–168, 180–181
manipeba 9–12
mannitol 314
mannose 193–194
manures 139–140
markers

biochemical 5
DNA 180
firefly luciferase 190–192
genetic 179–180
molecular 179–187
restriction fragment length polymorphism

(RFLP) 4–5, 181
sequence-characterized amplified region

(SCARs) markers 220
simple sequence repeat (SSR) 182, 183,

220
visual 188

marketing 24–28, 284, 285
markets 27, 37, 50, 294, 316

see also exports; imports
mealybugs 35, 160–161, 210, 215–218, 228
mechanization 34, 48
Meloidogyne spp. 273, 274
Mendel, Gregor Johann (1822–1884)

179–180
Mendelian components 183–184
meristem culture 47, 188, 190
microbial techniques of extraction 307
micronutrients 137–138
mineral nutrition 115–141
modified starches 312
molecular

characterization 68
genetic mapping 159, 182, 230
markers 162, 179–187
tests 5

Mononychellus caribbeanae 216
Mononychellus mite complex 210
Mononychellus tanajoa 210, 213, 214, 216,

243
monosodium glutamate (MSG) 316
morphological characteristics 67–72, 75
mounds 93
mulch 105, 108, 140
mycorrhizae 35
mycorrhizas inoculation 140–141
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mycotoxigenic storage fungi 293
mycotoxin contamination 292–293

National Cassava and Fruit Research Centre
(CNPMF) 19, 32

National Centre for Genetic Resources and
Biotechnology (CENARGEN) 19, 32

national programmes 28–30, 32–33, 47, 152
needs assessment (NA) 295
nematodes 261, 273–274
Neosilba perezi 226, 227, 228
Neotropics 237
Neozygites cf. floridana 215
net assimilatory rate (NAR) 75–76
networks 29–30, 51, 62, 169
Nigeria National Programme 47
nitrogen (N) 48, 103, 115–118, 132–133

see also fertilizer; NPK; nutrients
NPK

annual applications 122, 123, 132
content roots 119
crop production systems 48–49
crop rotation 108, 109–110
intercropping 103–104
requirements 48–49
trials 126, 132–133, 135–137
see also fertilizer; nitrogen (N); nutrients;

phosphorus (P); potassium (K)
nutrients

absorption 115–118
concentrations 129, 130
content, roots 118
critical levels 127, 131
deficiency symptoms 121–122, 124
distribution 115–118, 117
losses, erosion 118–120
management 103–104
removal 115–118
see also fertilizer; NPK

nutrition, mineral 115–141
nutritional

contribution to diet 282–283
disorders correcting 130–138
disorders diagnosis 121–130
elements, root 158
requirements 125
value improvement 307

Oceania 63, 64
Oligonychus peruvianus 161

on-farm conservation of genetic resources 174
organogenesis 192–193, 197
origins

agricultural 8–9
botanical 1–6
close relatives 181
genetic 17
geographical 6–7, 167–168
transitional link 9–12

osmotic adjustment 84–85
oxidized starches 313

Pacific 55–65
Pacific Islands 283
Pacific regions, virus diseases 252–254
Papua New Guinea 63
Paraguay 21
parasites, cassava mealybugs 35
parasitic nematodes 274
parasitoid species complex 221
parasitoids 46, 217–218, 223–224, 225

see also predators
paromomycin 190–191, 192
particle bombardment 162, 188
particle gun method DNA transfer 162, 188
pathogens associated with cassava diseases

262
peeling 287
pellets 306–307, 316
perishability 284–286, 296
Peru 21
pesticides 229
pests

arthropod 209–230
co-evolved 210–211
control measures 217, 218–221,

223–224, 225–226
see also biological control; integrated

pest management (IPM);
resistance breeding

ecosystem-specific 52
introduced 46
major 46, 52, 212, 213–226
management 35
occasional and incidental 227
postharvest 46–47
production constraints 46–47
resistance 157, 230
secondary 226–228
see also diseases

PHD, biosynthetic pathway 187
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Phenacoccus sp. 161, 210, 215, 217–218
phenetic relationships 2, 3
phenogram 6
phenotype 98, 99, 156
Philippines 62
phosphorus (P) 48, 104, 115–118, 133–135

see also fertilizer; NPK; nutrients
photoperiod 80–81
photosynthesis 77–78
Phyllophaga spp. 210
phylogeny 1, 2, 3, 6–7
physiological deterioration 284, 285, 286
physiology 79–85
phytophthora root rot 272
Phytophthora spp. 160, 185
Phytoseiidae predators 215, 216
pits storage 285
plant

architecture 162
developmental stages 72–75
ground cover 98, 99
habit 10, 95, 155–156

see also characteristics; traits
protection research 52
tissue 128, 131
type 156

plant practitioners network 30
planting

density 95–96, 98, 99, 102–103
depth 94–95
distance 171
methods 56
patterns 96–97
position 94
techniques 94–97
time 59, 61, 62, 63, 102

planting material
cassava mosaic disease (CMD)-free 249
handling 91–93
health status 254
production 91–93
quality 34, 45–46
quarantine, cassava bacterial blight (CBB)

265
rapid multiplication 91–92
selection 91–92
storage 92–93
see also propagation; seeds

plastic 197, 314
Pohl, Johann Baptist Emanuel (1782–1834)

7, 8
polycross design 150

polymerase chain reaction (PCR) 220
polyphenol oxidase (PPO) 78–79
population growth 37
positive selection system 193–194
postharvest

deterioration 157, 185, 283–284
interventions 296
life 78
management improvement 52–53
network 30
operations 53
pests 46–47

pot experiments 129–130
potassium (K) 48–49, 115–118, 135–137

see also fertilizer; NPK; nutrients
potato transgenics 187
poverty alleviation 294–295
Pratylenchus brachyurus 273, 274
predators

biocontrol systems 35
egg 222
green mites 215, 229
mealybugs 217
Phytoseiidae 215, 216
stem borers 223–224
whiteflies 220–221
see also parasitoids

pre-gelatinized cassava starch 303
preserving 284
processed foods ix
processing

defined 37
development beyond household scale

293–294
household level 290
industrial 307–309
machinery 50
methods 49–50
poles 36
small scale 286–292
starch 59, 286–292, 307–316
technologies 53
see also production; starch

product groups 50
production

Asia 56–57, 58
constraints 43–47
costs 26
fructose syrup, flow diagram 312
Oceania 64
process, dextrin 310
sago, flow diagram 311
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statistics 42
systems, Latin America 22–24, 209–210
technologies 31
trends 18, 23–24, 41–43, 45
world 57
see also processing

productivity index model 110
productivity-enhancing technology 23–24
products

distribution 289
exports 27–28
heap-fermented 290
interrelationship 288
types by country 287

projections 30–39
propagation

meristem culture 47, 188, 190
novel systems 34
stakes 91, 92–93, 94, 171
stem cuttings 45–46, 56, 62, 63, 67
vegetative 169
see also planting material; seeds

Prostephanus truncatus 46–47, 292
protein 49, 158, 196
protocols 52
Pseudotheraptus devastans Dist. 270
pubescent shoot tips 161

quality characters 171
quantitative trait loci (QTL) analysis

184–185
quarantine, planting materials, cassava

bacterial blight (CBB) 265

raised beds 93
Ralstonia solanacearum 266
randomly amplified polymorphic DNA (RAPD)

technique 186
rapid multiplication 91–92
Rayong series cultivars 61
refrigeration 286
regeneration methods 188–194
relative planting time, intercropping 102
reniforms nematodes 273
research

and development 29, 36–37
and development networks 30, 169
mandate for cassava research and

breeding ix, 168–169

plant protection 52
programmes 51
see also resistance breeding

residues 38
resistance

cassava bacterial blight (CBB) 47,
159–160

cassava mosaic disease (CMD) 47
clones 159–160
concept 158–159
diseases 52, 155–156, 194–195
host plant resistance (HPR) 213–214,

219–220, 226, 229–230
major pests 52
pests 157, 230
screening, cassava bacterial blight (CBB)

265
Xanthomonas axonopodis 159–160

resistance breeding 47, 158–161, 171
see also research

resource base 28–30
restriction fragment length polymorphism

(RFLP) analyses 4–5
restriction fragment length polymorphism

(RFLP) markers 181
ridges 93
ring leaf spot 268–269
root

characteristics 68, 69–70
nutritional elements 158
pathogen resistance 160
primary function 158
rot 47, 185, 272–273
soft rot 266
system formation 74

root-knot nematodes 273, 274
roots

deterioration process 162
fresh 24, 80, 118
harvesting 287
high carbohydrate translocation to 74
nutrient content 118
preparation 287
production 95, 96
quality 156–157, 159, 195–196
transportation 287

Rosellinia necatrix 273
Rotylenchulus reniformis 273
runoff nutrient losses 118–120
rural development 294–295
rust 271
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sago 310, 311, 316
saline-alkaline soils 139
sanitary measures, Cassava bacterial blight

(CBB) 265
scavenger crop 115
Sclerotium root rot 272
scopoletin 293
Scutellonema spp. 273
secondary pests 226–228
seed, local selection 154
seeds

artificial 162
description 72
disinfection 265
genebanks 172
local selection 154
management 150–151
resistant varieties 248
true seed 67, 91
see also planting material; propagation

sequence-characterized amplified region
(SCARs) markers 220

shading 81–82
shelf-life 37, 284, 285–286
shoot dieback, Xanthomonas campestris pv.

manihotis 265
shoot organogenesis 192–193
shoot tips 161
shoot-tip cultures 172–173
shootfly 226, 228
silage 306
simple sequence repeat (SSR) markers 182,

183, 220
size reduction 287
slicing 287
small-scale industrial cassava starch

production 307–308
small-scale processing 286–292
snack foods 27, 303
sodium picrate test 157
soft rot bacteria 226
soft rot of stems and roots 266
soil-borne fungi 272
soils

acid 137, 138–139
amendments 138–141
analysis 123–128
bacterium 195
chemical characteristics classification

125
conservation 104–110
degradation 104–105, 109–110

erosion 32, 55–56, 59
exchangeable K content 122, 136
fertility 34–35, 43–45, 115–121
nutrient losses 120
productivity, long-term effect of cassava

production 120–121
saline-alkaline 139
types 61, 62, 63

solar radiation 81–82
sole cropping

commercialized production 56, 65
common practice 61, 62, 63
planting density 95
planting space 59
weed control levels effect in 99
yield responses 104

somatic embryos 190
sorbitol 314
sour flour 304
source-sink relationship 76–77
South Africa Root Crops Research Network

(SARRNET) 169
South America 17–39
South Vietnam 121
Southern Cone Network 30
species 4
species selection 101
Speke, John Hanning (1827–1864) 41
spiral nematodes 273
sprouting 72, 94
Sri Lanka 63
stakes 91, 92–93, 94, 171
Stanley, Sir Henry Morton (1841–1904) 41
starch

biosynthesis genes 186–187
content 156–157
demand-side interventions 38
derivatives 25
exports 57, 61
extraction from dried cassava 308–309
factories waste management 315–316
importance 56
industrial utilization 25
large-scale production 309
pre-gelatinized 303
processing 59, 307–316
production 25–27, 60, 62, 63
products 26–27
quality 157, 162
setting 308
see also industrial, processing

starch-based applications 25–27
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statistics 42
stem

characteristics 68–70, 75
cuttings 45–46, 56, 62, 63, 67
development 74
diseases 269–272
gall 266
raised lesions and cankers 270
rot 271
soft rot 266
storage 92
transportation 91

stem borers 195, 223–224
stomatal closure, control 83
storage

DNA 169
dried cassava 292–293
fresh cassava 49, 283–286
planting material 92–93
roots 73, 78–79
systems 284–286
technologies, fresh cassava 283–286
temperature 286

subglabrous shoot tips 161
subspecies 4
sulphur 137
super-elongation disease 160, 271
supply-side interventions 31–37

Tanzania 290
taxonomy 1–12, 149–150, 167–168,

237–256
technical guidelines for safe movement of

cassava germplasm 265–266
technology

animal feed 39
peeling 52–53
processing 53
production 31
productivity-enhancing 23–24
storage 283–286
transgene 187–188

temperature
effect on development 79–80
genotype interactions 155–156
growing 151
regimes 80
storage 286

temporal development, cell division 76
termites 228
Tetranychus urticae 161, 216

Thailand 58–61, 121, 132
thrips 226, 227
tillage 105–106
tillage versus no till 93
Tomato golden mosaic virus 195
Tonga 65
toxic potential 49
toxicity 121–122, 124, 131

see also cyanogenic glucosides
traditional processing systems 286–290
traditional storage systems 284–285
traits 17, 32, 33, 183–186

see also characteristics; habit
transfer, DNA 162, 188
transformation methods 188–194
transgene technology 187–188
transgenic tissue multiplication 197
transgenics 186, 187
transitional link 9–12
transmission experiments 252, 253
transportation

roots 287
stem 91

trends 24–28
tropical livestock nutrition 305–307
true seed 67, 91

udaga 290
UK imports 27
United Nations Conference on Environment

and Development, Rio de Janeiro
(1992) 169

United Nations Conference on the Human
Environment, Stockholm (1972) 168

United States of America (USA), imports 27,
29

Uromyces sp. 271
utilization

Asia 56
crop 49–50, 281
growth rates 31
regional variations 24–28
starch 25
world 281–283
world patterns 283

value added cassava 197
varieties

abandoned 48
Brazilian 158
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varieties continued
cassava mosaic disease resistant 248–249
development 32–33
improvement 47, 51–52
Indian 158
lack of well-adapted 46
resistant to cassava mosaic disease (CMD)

248
selection of improved 47
selection to overcome physiological

deterioration 286
Vatiga sp. 225–226
Venezuela 21–22
vesicular-arbuscular mycorrhizas (VAM) 133,

140–141
Vietnam 62–63
Vietnam Root and Tuber Crops Research

Program 63
viruses

Africa 242–252
Asia 252–254
Baculoviridae 222–223
cassava mosaic geminiviruses (CMGs)

158, 194, 243
cassava mosaic viruses (CMVs) 246–247
Central America 237–242
control measures 254–255
green mottle virus 252
indexing 47
Pacific regions 252–254
resistance breeding 158–159
resistance strategy 194–195
South America 237–242
transmission, whitefly 194, 218–219
vectors 218
see also diseases

visual markers 188
vitamin A deficiency 196–197
vitamin and mineral content 158

waste management, starch factories 315–316
waste water 38
water deficit 82–84
water stress 83, 161
waxing 286
weeds 35–36, 56, 97–100
wheat flour substitute 24, 37–38, 50, 294

see also flour
white grubs 228

white leaf spot 267–268
white thread disease 272
whiteflies

adaptation 255–256
cassava mosaic disease (CMD)

transmission 246–247, 253
control 218–221
predators 220–221
resistance breeding, to 160–161
vector 254
virus transmission 194, 218–219, 253
see also Bemisia tabaci

whitefly-borne African cassava mosaic disease
(ACMD), cause 158

whitegrubs 210
wild ancestors 3, 9–12, 168
wild relatives 51–52
wild species 167–168, 169
world exports 57, 59
world production 57
world utilization patterns 283

Xanthomonas axonopodis 159–160, 184, 263
Xanthomonas campestris 264, 265, 266

yield
correlations, associated legumes 101
decline control 109–110
dry root 118, 119
effect of cassava brown streak disease

(CBSD) 251
effect of cassava mosaic disease (CMD)

245–246, 253
effect of fertilizer application 123
effect of NPK fertilizer on 108, 122
effect of two weed control levels 99
levels 24, 45, 57, 121
losses 52, 194, 212–213, 263–264
NPK treatments 136
statistics 42
world 57

yield losses 212
youngest fully expanded leaf (YFEL) 128,

130

zinc 137, 138, 139, 243
Zonocerus sp. 228
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