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Introduction

Maize is one of the most widely grown crops in the world, both for food and livestock feed,
biofuels and other uses. Cultivated on 184 million hectares globally, maize is cultivated
in 160 countries throughout the continents of America, Europe, Oceania, Africa and
Asia. Maize is fundamental to global food and economic security, providing up to 30%
of total calorie intake in some developing countries. It has been estimated that maize
yields need to increase by 60% by 2050 in the context of increasing competition for land,
water, energy and labour. Maize production is currently held back by factors such as: lack
of available improved cultivars or failure to take up new improved varieties, inadequate
crop management and storage, poor soil quality, the impact of pests and diseases and
more extreme weather related to climate change. Research needs to focus on supporting
more productive, sustainable and nutritionally valuable maize cultivation, particularly for
smallholders in the developing world.

The two volumes of Achieving sustainable cultivation of maize summarise key research
addressing these challenges. This volume focuses on breeding, improving nutritional
quality and ways of supporting smallholders. Volume 2 looks at ways of improving maize
cultivation as well as the management of pests and diseases.

Part 1 Genetic diversity and breeding

It is widely accepted that developing improved varieties which are more resilient to pests,
diseases and extreme weather depends on preserving and exploiting genetic diversity
in maize. As Chapter 1 points out, genebanks and ex situ collections are essential to
conserving genetic diversity and enabling global access to those resources. The chapter
provides a comprehensive and authoritative review of the key issues facing both in situ
and ex situ collections. These issues include better conservation and exploitation of wild
varieties and landraces, as well as identifying broader genetic and allelic diversity in
Zea and Tripsacum. The chapter includes case studies of the use of exotic germplasm
to support breeding of more resilient varieties. As Chapter 1 argues, the future role of
genebanks must continue to evolve from the initial concept as an emergency and long-
term repository of genetic diversity which otherwise would be lost. Genebanks should
occupy a pivotal point in the global flow of germplasm, facilitating both conservation
and providing access for use, as well as providing characterisation data on accessions to
support breeding programmes.

Building on Chapter 1, Chapter 2 provides a review of key challenges in breeding
programmes. The chapter focuses specifically on the challenges facing breeding
programmes in sub-Saharan Africa which are critical to meeting the need for new varieties
suited to local conditions. An example is screening new varieties for drought tolerance
season under carefully monitored conditions of water stress. However, most national
agricultural research system (NARS) research stations in African countries do not have
the necessary weather stations and irrigation systems to conduct high-quality research in
order to develop drought-resistant varieties and boost maize production in the region.
Similarly, for national programmes to make full use of methods such as doubled haploid
(DH) techniques or marker-assisted selection (MAS), adequately equipped facilities are
required and appropriately trained scientist/personnel must be available.
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XVi Introduction

As well as looking at what is needed to improve infrastructure and personnel, the chapter
explores developments such as the improved use of broader germplasm resources in
African breeding programmes. As an example, and echoing Chapter 1, it shows how Striga
tolerance in maize germplasm has been increased by introgression of favourable genes
from teosinte (Zea diploperennis), a wild relative of maize. It also discusses advances in
hybrid development in the areas of heterotic grouping and identification of testers in
maize germplasm and the potential of participatory plant breeding research, including
innovations such as mother-baby trials (MBTs). An MBT involves evaluating a relatively
large number of potential new varieties in a trial (mother trial) and subsets of the varieties
(baby trials) in satellite farmers’ fields. MBTs have been shown to encourage better
interaction between researchers and farmers, resulting in better targeted and adopted
varieties for local conditions. They illustrate the potential of African breeding programmes
given appropriate support.

Picking up on themes in both Chapters 1 and 2, Chapter 3 looks at key challenges facing
breeders in an era of climate change. As the chapter points out, inbred-hybrid techniques
are still widely used in maize breeding but have resulted in a decline in genetic diversity
and have sometimes focused too much on breeding for ideal environmental conditions.
Only maize breeding programmes utilising large samples of genetically broad-based
germplasm have the potential to contribute useful and unique alleles to improve abiotic
and biotic stress tolerance. There is also a need for breeders to improve techniques for
developing traits which are genetically complex, difficult to screen and largely influenced
by the environment. The chapter includes case studies addressing the challenge of using
exotic germplasm and improved techniques to develop more resilient varieties such as
short-season quality maize hybrids, as well as cold and drought-resistant varieties.

Chapter 4 provides a case study of cutting-edge developments in maize breeding,
focusing on improving protein content in maize. The chapter reviews the mechanisms that
limit the supply and quality of protein, including transcriptional and post-transcriptional
regulation of gene expression. It looks in particular at the regulation of storage protein
genes, particularly the synthesis and deposition of zein proteins. It also describes mutants
in maize that interfere with these mechanisms and how genetic approaches can improve
protein quality traits, including ways of maintaining sulphur and nitrogen storage in maize
seeds.

The following two chapters illustrate how developments in breeding can be used to
target and improve particular traits in maize. Depending on the growing environment,
maize grains can be infected by one or more ear rot fungi which may decrease grain yield
and quality. Many of them also produce secondary metabolites, known as mycotoxins,
which can have serious detrimental effects on humans and animals that consume the
infected grain. The successful creation of maize germplasm with resistance to aflatoxin
infection requires the identification of genetic variation for resistance in maize germplasm,
techniques to identify and quantify resistance, and breeding methods or procedures to
develop resistant lines. Chapter 5 looks at these challenges in developing new varieties,
and how they have been addressed in practice in creating Aspergillus flavus-resistant
maize breeding lines.

Inthe light of more extreme weather conditions associated with climate change, Chapter 6
looks at research on developing cold-resistant maize varieties. This chapter discusses the
physiological and genetic background of cold tolerance, the methodology required for
its analysis, and ways of improving cold tolerance by breeding. It begins by reviewing
research on the effects of temperature on maize growth, as well as factors affecting seed
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quality and germination at low temperatures. It goes on to discuss germplasm evaluation
and the Inheritance of cold tolerance before showing how chilling-tolerant hybrids
have been developed by selecting for inbred lines with good early or seedling chilling
tolerance. The increasingly widespread use of molecular breeding methods, MAS and the
discovery of quantitative trait loci (QTLs) linked to chilling tolerance are helping to shorten
the breeding process.

Part 2 Understanding and improving maize nutritional
and processing quality

As indicated at the beginning of the Introduction, maize is a critical part of the diet in many
developing countries. Improving its nutritional quality is an important target in improving
health. Chapter 7 reviews what we know about the protein content of maize, including a
discussion of how protein quality can be enhanced by the incorporation of the opaque-2
gene into elite maize germplasm in order to enhance lysine content. Subsequent sections
review the carbohydrate profile of maize, the qualities and uses of corn oil and the
micronutrients present in maize.

Building on Chapter 7, Chapter 8 looks at ways of enhancing the micronutrient density
of maize through biofortification. The chapter assesses options for biofortification of
maize with provitamin A carotenoids, and looks at methods for breeding of provitamin A
biofortified maize and the ways it can be delivered to consumers. The chapter includes a
case study of the maize biofortification programme in Zambia.

Developing themes in Chapter 4, Chapter 9 looks at ways of improving the starch
and protein content of maize. After reviewing maize kernel composition, it provides an
overview of methods for improving the protein and starch content of maize kernels. The
chapter then goes on to summarise methods for improving the protein and starch content
of maize using mutant lines. It also discusses ways of improving the digestibility of maize
protein and starch, as well as assessing and reducing the anti-nutritional properties of
maize.

Advances in the technologies and methods for analysing the quality characteristics of
maize grains can help us to determine the contribution of maize products to human health,
as well as helping in the development of maize cultivars with improved characteristics.
Chapter 10 reviews the current range of methods for determining important characteristics
of maize grains, with sections covering starch content, protein content, phenolic
compounds (in particular flavonoids such as carotenoids), kernel hardness/texture and
levels of myotoxins.

Part 3 Translating research into practice: improving
maize cultivation in the developing world

The final group of chapters focus on ways of translating the results of research into practical
outcomes that can benefit farmers, particularly smallholders in developing countries. The
adoption of improved technology is essential for increasing productivity in the production
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of maize in Africa. Chapter 11 reviews the importance of increasing the adoption rate
of improved maize technologies, especially among smallholder farming households. It
reviews current research on understanding farmers’ decisions on whether or not to adopt
new technology. It then assesses economic and institutional factors which make adoption
difficult, such as land availability, lack of capital, price fluctuations, poor seed supply and
infrastructure. It also looks at farmer characteristics and attitudes, which affect adoption
such as objectives and goals as well as perceptions of costs and risks associated with
adopting new methods and technology. The chapter concludes by looking at practical
strategies for improving the adoption of improved maize technologies.

One of the reasons that adoption of new varieties, cultivation techniques or technologies
can be poor is the nature of implementation. Paradigms of agricultural innovation have
shifted considerably from linear Transfer-of-Technology (ToT) models to ‘Farmer First’
and Farming Systems Research and, most recently, to the use of Agricultural Innovation
Systems (AIS). An innovation system can be defined as a network of organisations,
enterprises and individuals focused on bringing new products, new processes and new
forms of organisation into use, together with the institutions and policies that affect their
behaviour and performance. The agriculture innovation systems framework maintains that
improved interaction and joint work between stakeholders result in better information
exchange, and more ideas and opportunities for sector improvement. This, in turn, leads to
further collaboration and more opportunities for better and faster innovation. Chapter 12
presents an AlS approach to improving innovation in maize production. The chapter
considers three important stages of an innovation process: the identification of problems
and targeting of interventions, local experimentation, and bringing new ideas into routine
use. The chapter discusses the role of research at each stage, and then argue that an
AlIS approach mandates increased focus on the personal, organisation and institutional
capacities of researchers and research bodies.

The final chapter in the book looks at the role of women in maize cultivation. Woman
farmers are less likely to use improved technologies for maize production than are their
male counterparts. Gender analysis is therefore essential in guiding the design and focus
of research to ensure that women participate in and benefit from growth in the maize
sector. Chapter 13 begins by analysing the way farming households manage maize
cultivation. The following section analyses the ways in which gender impacts agricultural
production systems, including access to resources and decisions about inputs. The next
three sections offer a detailed analysis of the impact of gender on three vital aspects of
maize production: labour, processing and storage and varietal choice. The preferences of
women as urban consumers are also considered. Finally, a brief discussion of the Women'’s
Empowerment in Agriculture Index highlights one tool for monitoring the impact of
research and agricultural change on women'’s empowerment.
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Gene editing technologies 14, 17, 36, 216-217
Genebanks
biological status 28
breeding and germplasm  34-36
country of holding institute 18

ex situ diversity in - 27-30
issues 32-36
political challenges  18-19

Zea species in 29

General combining ability (GCA)  69-71, 155
Genetic diversity
B14A, B73, Mo17, 20-21
breeders, opportunities and
challenges faced by  15-17

characterization of germplasm 33-34

CIMMYT 21

ex situ conservation

exploiting  93-95

Genetic Enhancement of Maize (GEM)
Project 22-23

global regions of  24-25

Kitale Maize breeding programme 20

Latin American Maize Project (LAMP)

Maize Amargo 21

maize lethal necrosis (MLN)

management 3

North Carolina State University 23

political challenges  18-19

and sample sizes 92

of short-season maize hybrids 101

in situ diversity 24-27

taxonomy and phylogeny 13-14

University of Hawaii-Manoa 23

27-32

21-22

23-24

Index

in Zea and Tripsacum  14-15
Genetic Enhancement of Maize (GEM)
Project 22-23,101, 102, 104
Genetic markers
for cold tolerance  161-162
conventional plant breeding 72
Genetic modification (GM) 226
Genetically broad-based germplasm 88, 93-94,
101, 107-108
Genetically modified organism
(GMO) 92,103, 110
Genetically narrow-based
maize hybrids 92, 105
Genome mapping 207
Genome Wide Association Studies
(GWAS) 79,135
Genomic Open-source Breeding Informatics
Initiative (GOBIi) 36
Genomic selection (GS) 17, 34, 35,79
Genotype-by-environment interaction (GGE)
biplot analysis 69
Germ 177,183
Germination
factors affecting 149
high optimum temperature for 144
by hybrids and inbred lines 147
low-temperature germination 164
of maize seeds 54
pathogens 149
soil moisture content 149
Germplasm
African countries 9
breeding and 34-36
characterization of 33-34
cold tolerance improvement  152-155
cytoplasmic male sterility 153
genetic origin = 153
hybridisation  153-154
maternal effect 155
special genes 153
elite germplasm 88
ex situ conservation
examples 23-24
exotic germplasm  15-17, 20-23, 99-104
heterotic group in = 68-72
mass selection 100
migration routes 13
US maize 11-12
GES programme. see Growth Enhancement
Scheme (GES) programme
GGE biplot analysis. see Genotype-by-
environment interaction (GGE) biplot
analysis
Ghana Grains Development Project 268
Gibberella saubinettii 149
GLBs. see Globulins (GLBs)
Global Crop Diversity Trust
(GCDT) report 27, 30-31, 35

30-32
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Global cultivation 6

Global yield trends  6-9

Globulins (GLBs) 116-118

GM. see Genetic modification (GM)

GMO. see Genetically modified organism
(GMO)

GOBIi. see Genomic Open-source Breeding
Informatics Initiative (GOBII)

Government ownership, creating  205-206

Graduate assistants (GAs) 62

Granular-bound starch synthases
(GBSSI) 221,222

GRIN-Global germplasm bank data
management system 31

Growth Enhancement Scheme (GES)
programme 272

GS. see Genomic selection (GS)

GWAS. see Genome Wide Association Studies
(GWAS)

Hands-on experiences for students 58, 62
HarvestPlus Program  189-190, 192, 193,
196-207
Heat shock proteins 244
Heat unit methods 146-147
Heterosis
discovery of  90-91
emergence time, reducing 144
grouping and identification
of testers  68-72
maternal effect 155
spread of 144
Heterotic grouping based on GCA of multiple
traits (HGCAMT) 70-71
Heterotic group’s specific and general
combining ability (HSGCA) 70-71, 80
HGCAMT. see Heterotic grouping based on
GCA of multiple traits (HGCAMT)
Hidden hunger 190-192
High digestibility high lysine
(hdhl) mutant 120, 224
High performance liquid chromatography
(HPLC) 240-242, 244, 248
Homologous recombination 216
Horny endosperm 177
Household characteristics 275
HPLC. see High performance liquid
chromatography (HPLC)
HPLC time-of-flight MS (HPLC-TOF-MS) 244
HSGCA. see Heterotic group’s specific and
general combining ability (HSGCA)
Hybrid breeding 68, 79, 90-91
historical data 4-5, 11-12
in situ hybridization = 26-27
Hypervitaminosis A 194

IgE-binding proteins 227
IHP line. see lllinois High Protein (IHP) line
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[ITA. see International Institute of Tropical
Agriculture (IITA)
lllinois High Protein (IHP) line 121,123
Illinois Low Protein (ILP) line 121
ILP line. see lllinois Low Protein (ILP) line
In vivo haploid induction technique 73
Inbred-hybrid breeding  91-93, 107
Indo-Gangetic plain 307
Industrial Attachment (IT) 62
Infrastructure 273
Innovation platforms (IPs) 297
Institutional factors  269-277
Integrated soil fertility management (ISFM)
technology 268
International Center for Maize and Wheat
Improvement (CIMMYT)
DH technology 74,79
HarvestPlus 197
history 21
inbred lines 12, 71
Kitale Maize breeding programme 20
maize breeding 51
training 61
tropicalized haploid inducer lines 74
International Fund for Agricultural
Development 59
International Institute of Tropical Agriculture
(ITA) 27,51, 61
International Treaty on PGRFA
(ITPGRFA) 19,27
ISFM technology. see Integrated soil fertility
management (ISFM) technology
Isoelectric focusing (IEF) 241
ITPGRFA. see FAO International Treaty on
plant genetic resources for food and
agriculture (ITPGRFA); International
Treaty on PGRFA (ITPGRFA)

Kernel
B-carotene 184-185
carbohydrate 180
composition 213-215
hardness 115-116, 249-251
and moisture content 145
Mp313E and Mp420, 133
physical structures 177
protein and starch content  215-217
texture 121, 249-251
Kitale Maize breeding programme 20
Kjeldahl method 241
KNUST. see Kwame Nkrumah University of
Science and Technology (KNUST)
Kwame Nkrumah University of Science and
Technology (KNUST) 61

Labour
constraining factors 271
DH technology 74
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for harvesting 8
labour-saving technologies 311
LAMP. see International Treaty on PGRFA
(ITPGRFA); Latin American Maize
Project (LAMP)
Land availability 270
LAR. see Leaf area ratio (LAR)
Latin American Maize Project
(LAMP)  21-22, 101
LC-MS/MS techniques 244, 251
Leaf area ratio (LAR) 159
Leucine-zipper class transcription factor 217
Lipid transfer protein (LTP) 226
Living Standards Measurement
Study-Integrated Surveys on
Agriculture (LSMS-ISA) 308
Low non-freezing temperatures 145
Low temperature
antioxidant system 158
photosynthesis 157
phytohormones 160
seed quality and germination at  147-149
Lysine synthesis 219
Lysine-deficient zein 179
Lys-ketoglutarate reductase/saccharopine
dehydrogenase (LRK/SDH) 219

MAB. see Marker-assisted breeding (MAB)
Maize (Zea mays L.)
domestication, in situ and ex situ
diversity 32
enhancement and sustainability 252
ex situ in genebanks  27-30
future trends in 252
in genebanks 29
genetic diversity (see Genetic diversity)
global cultivation 6
global yield trends  6-9
hybridization 4, 11-12
mycotoxins in  251-252
on-farm cultivation 25
phenolic compounds in  244-249
physical properties of 237-238
production
importance 3-4
increasing 9-10
protein content of  241-244
in situ diversity 25-27
spread
in Americas  10-12
in other continents  12-13
starch content of 238-241
Z. diploperennis 16
Z. nicaraguensis 17
Zeam 12,226
Maize Amargo 21
Maize chlorotic mottle virus (MCMV)  23-24
Maize lethal necrosis (MLN) 16, 23-24
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Maize-breeding programmes 94
MALDI-TOF MS. see Matrix-assisted laser
desorption ionisation time-of-flight MS
(MALDI-TOF MS)
Marker-assisted backcrossing 133
Marker-assisted breeding (MAB) 72-73
Marker-assisted recurrent selection
(MARS) 134
Marker-assisted selection (MAS) 51, 72,73, 221
MARS. see Marker-assisted recurrent selection
(MARS)
MAS. see Marker-assisted selection (MAS)
MasAgro 296, 297
Mass spectrometry (MS) 244
Maternal effect 155
Matrix-assisted laser desorption ionisation time-
of-flight MS (MALDI-TOF MS) 244
MBT. see Mother-baby trial (MBT)
MCMV. see Maize chlorotic mottle virus (MCMV)
Mechanical injury test 151
Megazyme method 238
Membrane structure and functions  159-160
Mexican maize
collection 21
domestication 10
genetic diversity for 26
MGD1. see Monogalactosyl-diacylglycerol
synthase (MGD1)
Micronutrients in maize 183-184
Ministry of Agriculture 204, 273
Ministry of Education 204
Ministry of Health 204
MLN. see Maize lethal necrosis (MLN)
Mo17 germplasm  20-21
Moisture stress 56
Molecular marker technologies 164
Molecular markers-assisted selection 207
Monogalactosyl-diacylglycerol synthase
(MGD1) 218
Mother-baby trial (MBT) 52, 76-77
MS. see Mass spectrometry (MS)
Mucronate (Mc) 219
Mucronate1 (Mc1) 120
Multi-stakeholder platform  204-205
Mycotoxin-resistant maize varieties
Aspergillus flavus  134-136
challenges 131-132
future trends  137-138
health problem  129-131
pre- and post-harvest grain yield losses 136
resistant lines 137
techniques for developing 132-134
Mycotoxins in maize 251-252

NARIs. see National agricultural research
institutes (NARIs)

NARS. see National Agricultural Research
Systems (NARS)
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National agricultural research institutes
(NARIs) 58

National Agricultural Research Systems
(NARS) 51, 66

National Food and Nutrition Commission 207

National Food and Nutrition Strategic Plan 207

National Provitamin A Maize Steering
Committee (NPASC) 205

National Varietal Release and Registration
Committee (NAVRRC) 60

National Youth Service Corps 62

NAVRRC. see National Varietal Release and
Registration Committee (NAVRRC)

NCII. see North Carolina Design Il (NCII)

NDSU maize-breeding program. see North
Dakota State University (NDSU)
maize-breeding program

Near-infrared (NIR) hyperspectral imaging 250

NHEJ. see Non-homologous end-joining (NHEJ)

NIR hyperspectral imaging. see Near-infrared
(NIR) hyperspectral imaging

Non-functional seed sector 271-272

Non-homologous end-joining (NHEJ) 216

North Carolina Design Il (NCII) 69

North Carolina State University's maize breeding
programme 23

North Dakota State University (NDSU) maize-
breeding program 91, 98-101, 104,
106, 110

NPASC. see National Provitamin A Maize
Steering Committee (NPASC)

NPGS. see U.S. National Plant Genetic System
(NPGS)

Nutritional quality 123

anti-nutritional properties  225-228
digestibility 223-225
kernel composition  213-217

protein  217-220
starch 220-223

OEE. see Office of Special Studies (OEE)
Off-farm employment 275, 280

Off-farm research 297

Office of Special Studies (OEE) 21

Omics platforms 216

On-farm trials 52, 76-77

Opaque-2,72, 115,119,179

Open-pollinated varieties (OPVs) 8, 268, 269
OPVs. see Open-pollinated varieties (OPVs)

Pan Africa University (PAU) 61
Parent-progeny regression 154
Participatory plant breeding (PPB)
Particle size index (PSI) 250

PAU. see Pan Africa University (PAU)
PBF. see Prolamin-box binding factor (PBF)
PBs. see Protein bodies (PBs)

PCA. see Principal component analysis (PCA)

75-77
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PE. see Potential evaporation (PE)
Pedigree breeding 5, 17, 223
PEPCA. see Phosphoenolpyruvate carboxylase
activity (PEPCA)
PER. see Protein efficiency ratio (PER)
Pericarp 148, 149, 153, 155, 177, 180
Phenolic compounds in maize 244-249
Phenylpropanoid derivatives 137
Phosphoenolpyruvate carboxylase activity
(PEPCA) 157
Photoinhibition  157-158
Photosynthesis 157
Phytoalexins 137
Phytoanticipins 137
Phytohormones 160-161
Pinbar technique 132
Plant breeders
challenges 5
end users satisfaction 75
opportunities and challenges

faced by 15-17
preservation of germplasm 52
training 61

Planting

moisture requirements  55-56

pre-season weather 56

rainfall  53-56

season 55
Poaceae 213
Population-hybrid concept = 91
Post-harvest processing and storage  312-313
Potential evaporation (PE) 55
PPB. see Participatory plant breeding (PPB)
PPP. see Private—public partnership (PPP)
Prices, changing 271
Principal component analysis (PCA) 250
Private—public partnership (PPP) 206
Production

importance 3-4

increasing 9-10
Profit maximization 265
Prolamin-box binding factor (PBF) 119
Prolamins 218, 223-224
Protein(s)

14-3-3 proteins 244

digestibility 223-225

in maize 178-179, 241-244

quality improvement  121-122, 179-180

storage proteins

in maize seed 116-117
regulation 117-120

using mutant lines  217-220
Protein bodies (PBs) 120, 214
Protein efficiency ratio (PER) 179

Proteomics 137, 227, 244
Provitamin A
breeding 194-195

carotenoids 195-197
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Provitamin A carotenoid (pVAC) 193

PSI. see Particle size index (PSI)

Public—private breeding initiatives 94

pVAC. see Provitamin A carotenoid (pVAC)

PVP lines. see Ex-Plant Variety Protection
(PVP) lines

Pythium 149

QPM. see Quality protein maize (QPM)
QTLs. see Quantitative trait loci (QTLs)
Quality protein maize (QPM)

breeding of 122

cultivars 184

development 218

genotypes 104

nutritions and 72, 73, 180, 184
Quantitative trait loci (QTLs) 121, 133, 161, 216
Quantum efficiency of photosystem ||

(QEPSI) 159

‘Races of Maize’ series 25
Rapidly digestible starch (RDS) 181, 224
RDS. see Rapidly digestible starch (RDS)
Reactive oxygen species (ROS) 158
Recombinant inbred lines (RILs) 161
Recurrent selection 223
Regional University Forum for Capacity Building
in Agriculture RUFORUM)  66-67
Reid Yellow Dent lines 153
RER. see Rough endoplasmic reticulum (RER)
Research funding 272-273
Research scientists
hands-on experiences 62
human resources development 66
post-course test 64, 65
pre-course test 64, 65
public and private sectors
STMA Project 63
technical report writing 64
user-friendly computer software
packages 60-67
Research technicians  58-60
Resistant starch (RS) 181, 224
Resource-constrained farmers 317
Reversed-phase HPLC-electrospray ionisation
MS (RP-HPLC-ESI-MS) 244
Ribulose-1, 5-biphosphate carboxylase activity
(RuBPCA) 157
RILs. see Recombinant inbred lines (RILs)
RNA interference (RNAI) 119, 120, 219
RNAI. see RNA interference (RNAI)
Rolled towel method 150
ROS. see Reactive oxygen species (ROS)
Rough endoplasmic reticulum (RER) 120
RP-HPLC-ESI-MS. see Reversed-phase
HPLC-electrospray ionisation MS
(RP-HPLC-ESI-MS)
RS. see Resistant starch (RS)

61-62
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RuBPCA. see Ribulose-1, 5-biphosphate
carboxylase activity (RuBPCA)

RUFORUM. see Regional University Forum
for Capacity Building in Agriculture
(RUFORUM)

SAFI. see Savings and Fertilizer Initiative (SAFI)
Saturated fatty acid 182
Savings and Fertilizer Initiative (SAFI) 268
SCA. see Specific combining ability (SCA)
Scaling test 155, 156
SCAR markers. see Sequence characterized
amplified region (SCAR) markers
SCCI. see Seed Certification and Control
Institute (SCCI)
SCMV. see Sugarcane mosaic virus (SCMV)
SDS. see Slowly digestible starch (SDS)
SDS-PAGE. see Sodium dodecyl sulphate
polyacrylamide gel electrophoresis
(SDS-PAGE)
SEC. see Size exclusion chromatography (SEC)
SeeD. see Seeds of Discovery (SeeD)
Seed
distribution systems 273
industry in SSA 70
protein quality improvement in
quality
injuries 148
maturity 147-148
moisture content and uptake 148
storage 148
soaking 148
storage 52-53
sulphur storage in 122-132
Seed Biotechnology Center 61
Seed Certification and Control Institute
(SCCl) 199
Seed Science Laboratory of Obafemi Awolowo
University, lle-Ife, Nigeria 53
SeedCo 203
Seeds of Discovery (SeeD) 36
Seed-specific methionine storage
protein  219-220
Sequence characterized amplified
region (SCAR) markers 136
Short-season quality maize hybrids
Signal-mRNA 220
SIMLESA program. see Sustainable
Intensification of Maize and Legume
Systems for Food Security in Eastern
and Southern Africa (SIMLESA) program
Simple sequence repeat (SSR) 10, 69
Single-cross maize hybrids 91
Single-nucleotide polymorphisms
(SNPs) 136, 216
Size exclusion chromatography (SEC) 240
Slowly digestible starch (SDS) 181, 224
Small-scale seed processing unit 52

121-122

104-105
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SNPs. see Single-nucleotide polymorphisms
(SNPs)

Social-psychology theory 265

Socio-demographic factors 276

Sodium dodecyl sulphate polyacrylamide gel

electrophoresis (SDS-PAGE) 241-243
Solanum berthaultii 220
Specific combining ability (SCA)  69-70

Spread of maize

in Americas  10-12

in other continents  12-13
SSA. see Sub-Saharan Africa (SSA)
SSR. see Simple sequence repeat (SSR)
Starch  180-181

digestibility 223-225

in maize 238-241

storage proteins 116

using mutant lines  220-223
Starch-branching enzyme Ilb (SBElIb) 222
STMA Project 63
Storage proteins

in maize seed 116-117
regulation  117-120
Striga control 61, 68, 69

Student’ s Industrial Works Experience
Scheme 62
Suboptimal temperature ranges  145-146
Sub-Saharan Africa (SSA), breeding in
climatic variables 57
funding 62
heterotic grouping and
identification  68-72
human resources  58-67
new plant breeding techniques,
application 72-75
participatory plant breeding  75-77
in private sector  61-62
public breeding programmes 61

rainfall  53-56
research facilities 52-58
research scientists  60-67

58-60
67-68

research technicians
tropical germplasm for

Sugarcane mosaic virus (SCMV)  23-24
Sugary1 (sul) 222

Sugary? (su2) 222

Sulphur amino acids 123

Sulphur storage, in maize seed  122-132

Sustainable Intensification of Maize and
Legume Systems for Food Security in
Eastern and Southern Africa (SIMLESA)
program  297-299

Sustainable maize breeding 87-88, 93-96, 98

Svalbard Global Seed Vault 27-28, 30, 32

Sweet maize 222-223

TADD. see Tangential abrasive dehulling device
(TADD)
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Tangential abrasive dehulling device
(TADD) 250
Technical sub-Committee (TSB)
Technician Training Course 59
Temperature
effect on maize growth  145-147
freezing temperature 145
low non-freezing temperatures 145
low temperature
antioxidant system 158
photosynthesis 157
phytohormones 160
seed quality and germination at  147-149
suboptimal temperature ranges  145-146
Tetrazolium test 151
Traditional plant breeding 215
Trait stacking 216
Transfer-of-technology models 299
Tripsacum
domestication, in situ and ex situ
diversity 32
ex situ in genebanks
genetic diversity in
T. floridanum 17
Tropical maize germplasm  67-68
TSB. see Technical sub-Committee (TSB)
Turkish wheat 143
Two-dimensional electrophoresis 241
Two-dimensional PAGE 244

60-61

27-30
14-15

UDP-glucose. see Uridine diphosphate glucose
(UDP-glucose)

United Nations Development Program 59

United States Agency for International
Development (USAID) 315

University of Hawaii-Manoa's Foundation
Seeds 23

Unsaturated fatty acid 182

Urban consumers, women as 315

Uridine diphosphate glucose (UDP-
glucose) 221

U.S. Department of Agriculture (USDA) 98

U.S. National Plant Genetic System
(NPGS) 90

U.S. Science Foundation (NSF) 98

USAID. see United States Agency for
International Development (USAID)

USDA. see U.S. Department of Agriculture
(USDA)

USDA ARS Corn Host Plant Resistance
Research Unit (CHPRRU) breeding
programme 134

Value for cultivation and use (VCU) 61
VCU. see Value for cultivation and use (VCU)
Vitamin A 183

capsules 202

deficiency 191, 201, 205, 246
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requirements 196, 197

WACCI. see West African Center for Crop
Improvement (WACCI)

Water-insoluble granules 220

Waxy maize 181, 222-224

WEAI. see Women's Empowerment in
Agriculture Index (WEAI)

WECAMAN. see West and Central Africa
Collaborative Maize Research Network
(WECAMAN)

West African Center for Crop Improvement
(WACCI) 61

West and Central Africa Collaborative
Maize Research Network

(WECAMAN) 59, 62-63
White maize 200
Women
empowerment, agricultural research
to 315-316

and maize cultivation 305-317
as urban consumers 315
Women's Empowerment in Agriculture Index
(WEAI) 315-316
World Food Program 204

Index

Xerophthalmia 191
X-ray micro-computed tomography (uCT) 205

Yield trends, global 6-9

Zambia Demographic and
Health Surveys 201
Zambia maize biofortification programme
context 200-203
country crop delivery strategy  203-204
evidence-based delivery  206-207
government ownership, creating  205-206
multi-stakeholder platform,
instituting  204-205
status quo  199-200
Zambia's Food Reserve Agency 201
Zeaxanthin 247, 249
Zein proteins 214
amino acid composition 117
classification 116
delta zein regulator (dzr1) 120
RPHPLC 242
solubility 214
synthesis and deposition  120-121
transcriptional regulation 118
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