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Adenosine triphosphate,
requirements for ion transport, 136-138
requirements for dry matter synthesis, 132, 134, 135
Aeration, see oxygen
Aerenchyma, 91, 158
Aegilops comosa, cell division, pattern of, 12
Mlelopathy, 161
Allium cepa,
gravitropism,43
iron, root apex, effects on, 28
mitosis, meristematic cells, 2, 5
oxygen, chromosome replication, effects on, 7
oxygen, nucleolar cycle, effects on, 9, 10
suberin, development in, 82
temperature, chromosome replication, effects on, 6
temperature, nucleolar cycle, effects on, 8, 9
Allium porrum,
carbon translocation to roots of, 128
mycorrhizal infection, carbon cost of, 140
root respiration of, 130
Aluminium toxicity, 36
Apices, temperature, effects on, 16
Apoplast, 72-74, 92
ATP, see Adenosine triphosphate
Ariotida pungens, root sheath of, 55
Atriplex hastata, salinity, effects on, 18,94
Avena sativa,
mechanical impedance, elongation, effects on, 115
mucilage of, 34, 55
roots, anatomy of, 59, 64
temperature, root growth, effects on, 117, 156
water potential, cell structure, effects on, 87
Azolla pinnata,
cell division, pattern of, 10-12
symplast of, 74, 75

Barley, see Hordeum vulgare
Brodiaea uniflora, temperature, nucleolus, effect on, 8
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Calcium
gravitropism, role in, 41-43
intracellular processes, effect on, 5
mucigel, effect on, 36
transport in roots, 80, 81
Carbon
compounds, exudation of, 60, 125-128
nitrogen fixation, requirements for, 139
root systems, requirements for, 170-174
translocation to roots, 128
Cell differentiation, 17-20
Cell division
patterns of, 10-16
processes of, 1-10
regeneration of apices, 16, 17
Cell wall, hydraulic conductivity of, 72
Chromosomes, replication of, 5-8
Citrus spp
exudates, composition of, 126
mycorrhizal infection, carbon requirements, 140
salinity, apoplast, effect on, 92
salinity, cellular control of, 188
Competition
roots, 178-182
root systems, 159-161, 168-170
water, 177, 178
Compositae, cellular pattern of, 14
Cotton, see Gossypium hirsutum
Cowpea, see Vigna unguiculata
Cracks, root growth, effect on, 154
Cress, see Lepidium sativum
Cucurbita pepo
nutrient transport,in roots of, 80
temperature, effects on, 86
Cytoskeleton, 2

Dicotyledons, root system, features of, 103, 104

Electricity, gravitropism, role in, 43, 44
Ethylene, micro-tubules, effect on, 13
Exudation, see root exudates

Faba bean, see Vicia faba
Flax, see Linum usitatissimum

Genotypic variation

nutrition, 194

root systems, 110-112, 159, 172, 173
Glycine max

mycorrhizae, effect of, 140

roots, distribution of, 112

roots, extension of, 120
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temperature, cell metabolism , effect on, 19

temperature, nutrient uptake, effect on, 86
Gossypium hirsutum

mechanical impedance, root elongation, effect on, 152

root growth pressure of, 152

taproot of, 104

water, root distribution, effect on, 116

water, root elongation, effect on, 115
Grass spp

competition, 170, 172

nutrients, root growth, effect on, 117

root systems, size of, 173

water, root growth, effect on, 148
Gravitropism, 37-44,

Helianthus annuus

iron, uptake of, 27,28

temperature, chromosome replication, effect on, 7
Hordeum vulgare

cell division, pattern of, 12

efflux of nutrients, 136

mechanical impedance, cell pattern and size, effect on, 15,
32, 90, 152

mechanical impedance, root elongation, effect on, 152

roots, anatomy of, 72, 73, 77

roots, exudates, 34, 55

roots, genotypic variation, 159

roots, hydraulic resistance of, 79

roots, nutrient transport in, 80

roots, water uptake by, 81, 82

temperature, chromosome replication, effect on, 6

temperature, nutrient uptake, effect on, 85

temperature, root growth, effect on, 156

water, nutrient uptake, effect on, 90
Hormones

gravitropism, 38-40

ion uptake, 193

root/shoot co-ordination, 194

Iron
cell differentiation, effect on, 18
uptake, 27, 28

Lateral roots
anatomy of, 61-65, 105, 106
frequency of, 108-110
mechanical impedance, effect on, 32
nutrients, effect on, 117
Leek, gsee Allium porrum
Lepidium sativum
gravitropism, 41, 44
temperature, cell differentiation, effect on, 17, 18
Light, gravitropism, effect on, 20, 40
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Linum usitatissimum
temperature, cell pattern, effect on, 14
temperature, root growth, effect on, 117
Lycopersicon esculentum
oxygen, cell differentiation, effect on, 17

Maintenance respiration, 133-135
Maize, see Zea mays

Marrow, see Cucurbita pepo
Mechanical impedance

202

cell pattern and size, effect on, 13, 15, 32, 90, 115, 152

lateral branching, effect on, 32

nutrient and water movement, effect on, 90

root elongation, effect on, 32, 115, 151-154
Microtubules

ethylene, effect on, 13

structure of, 2

temperature, effect on, 4
Monocotyledons, root system, features of, 105
Mucilage, see Root exudates
Mycorrhizae

carbon requirements, 140, 160

exudates, effect on, 126, 128

growth, inhibition by, 140, 141, 160

phosphate, uptake by, 160, 181

water, effects on, 161

Nitrogen fixation, carbon requirement, 139
Nodal roots
of Hordeum vulgare, 81
of Oryza sativa, 112, 158
of Sorghum bicolor, 112
of Triticum aestivum, 105, 112, 119
of Zea mays, 54
water, effect on, 148, 156
Nucleolar structure, 8-10, 19
Nutrients
radial movement, 71-84, 137
root branching, effect on, 117
uptake, by cells, 27-31
uptake, competitive aspects of, 180
uptake, respiratory costs of, 135-138

Oats, see Avena sativa

Onion, see Allium cepa
Osmotic potential of root cells, 115

Oryza sativa
oxygen, suberization, effect on, 92
oxygen, nucleolar cycle, effect on, 10
oxygen, root growth, effect on, 158
nutrient transport in roots of, 83, 84
roots, angle of, 119
roots, branching of, 106
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temperature, root development, effect on, 155
Oxygen

cell differentiation, effect on, 17, 91, 158

cell metabolism, effect on, 19, 91

chromosome replication, effect on, 7

nucleolar cycle, effect on, 9, 10

nutrient and water movement, 90-92

root exudates, effect on, 126

root growth, effect on, 158

Pea, see Pisum sativum
Phaseolus vulgaris

mycorrhizae, effect of, 141

root system, morphology of, 108

temperature, root branching, effect on, 106
Phosphate

exudation, effect on, 126

uptake and movement, 80, 180, 181
Pinus spp.

roots, cellular patterns of, 16

water, suberization, effect on, 87
Pisum sativum

cells, division of, 5

gravitropism, 42, 43

roots, growth of, 117

roots, growth pressure of, 152

roots, morphology of, 108

waterlogging, effect on, 159
Plasmodesmata, 75, 76, 77, 80
Pressure, see Mechanical impedance

Rice, see Oryza sativaPu
Respiration, 133-138
Root branching, 61-65, 105-110
Root exudates, 125-128
carbon compounds, 60, 125
composition of, 126, 127
mucilage, 33-37, 54-58, 115, 127, 149
nutrients, 136
Root growth pressures, 152
Root hairs
function of, 77
mechanical impedance, effect on, 32
morphology of, 55
nutrient uptake by, 181
Root systems
distribution in soil, 110-120
genotypic differences of, 110-112, 159
Root tips, 65-67
Roots
carbon translocation to, 128, 170, 171
depth of, 149, 150
extension rate of, 120
length for nutrient and water uptake, 173, 179
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longevity of, 117, 118, 170

overlap of, 174-178

respiration of, 129-138
Rye, see Secale cereale

Salinity
anoxia, interaction with, 91, 92
apoplast, effect on, 92
cell differentiation, effect on, 18
cellular control of, 188
hprmone production, effect on, 194
Secale cereale
temperature, nutrient uptake, effect of, 85
temperature, root growth, effect on, 156
Selagninella spp., cellular pattern of, 15, 16, 19
Seminal roots
of Hordeum vulgare, 80
of Triticum aestivum, 105, 112, 119, 159
of Zea mays, 54, 64, 80
Shoots
co-ordination with roots, 110, 120, 171, 193
water, effect on relative to roots, 173
Sorghum, see Sorghum bicolor
Sorghum bicolor
phosphate, root exudates, effect on, 126
root exudates of, 34, 55
roots, anatomy of, 59
roots, distribution of, 112
symplasm of, 76
Soyabean, see Glycine max
Spacing, root growth, effect on, 174, 175
Suberin and suberization, 60, 73, 80, 82, 86, 90, 92
Sunflower, see Helianthus annuus
Symplast, 74-78

Temperature
apices, effect on, 16
cell differentiation, effect on, 17, 18
cell metabolism, effect on, 19, 85
cell pattern, effect on, 14
chromosome replication, effect on, 5-7
microtubules, effect on, 4
nucleolar cycle, effect on, 8,9
nutrient and water uptake, effect on, 85-86
root branching, effect on, 106
root growth, effect on, 117, 154-158
suberization, effect on, 86
Texture, root growth, effect on, 114
Tomato, see Lycopersicon esculentum
Transfer cells, 28, 29, 30
Translocation, of nutrients, 80-84, 137, 189, 192
Triticum aestivum
root exudates, 34, 35, 55
roots, anatomy of, 59, 64
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roots, branching of, 109

roots, elongation rates of, 114, 120

roots, hydraulic resistance of, 79

roots, nodal, 105, 149

roots, seminal, 105

root system, genotypic variation, 111, 112, 159
temperature, root development, effect on, 156
temperature, root growth, effect on, 156, 158
water, nutrient uptake, effect on, 87
waterlogging, effect on, 159

Vicia faba
root system, morphology of, 108
temperature, root growth, effect on, 117
water, chromosome replication, effect on, 8
Vigna unguiculata, aluminium toxicity, 36

Water
cell differentiation, effect on, 17
chromosome replication, effect on, 7, 8
hormones, effect on, 194
mycorrhizae, effect on, 161
nutrient and water uptake, effect on, 86-90
radial movement to xylem, 71-84
root depth, effect on, 149, 150
root development, effect on, 148-151
root distribution, effect on, 115, 149
root elongation, effect on, 115, 151
root exudates, effect on, 35, 36
root growth, effect on, 148-151
uptake, role of endodermis, 72,73
Wheat, see Triticum aestivum

Zea mays
gravitropism, 40, 42

iron, root apex, effect on, 28

light, cell metabolism, effect on, 20
nutrient uptake, 80, 83

nutrients, root growth, effect on, 117
oxygen, cell differentiation, effect on, 18, 9
oxygen, cell metabolism, effect on, 19
oxygen, nutrient movement, effect on, 91
root cell protoplasts, 188

root exudates, 34, 35, 55

root growth ptessure, 152

roots, anatomy of, 54-67, 106, 108
roots, angle of, 119

roots, distribution of, 112

roots, elongation rate of, 120

roots, nutrient efflux from, 136

roots, respiration of, 135

symplasm of, 76, 137

temperature, apex, effect on, 16
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temperature, cell differentiation, effect on, 17
temperature, chromosome replication, effect on, 6
temperature, nucleolar structure, effect on, 9
temperature, root growth, effect on, 156
temperature, water uptake, effect on, 86

water uptake,81
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