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in the root, 239-40 cell culture and vascular differentia-
in the shoot apex, 76-82 tion, 305
Coconut milk: cellular changes, 285-90
and cellular totipotency, 358—9 and controlling elements, 257-9
and embryo culture, 34-5 definition of, 3—4
Colchicine: differential gene expression in, 257-9
and the induction of chimeras, 77 and DNA amplification, 256
and micofibril orientation, 289 in the embryo, 7-20
Coleus: experimental studies, 277-82, 301-9
shoot expansion, 211 methods of study, 259-60
vascular differentiation, 300-3, 305-7 potentialities of differentiated cells,
Cork cambium, 1, 311 348-58
and the pericycle, 297 and the promeristem, 59-60
Corpus, 49-51 and quantitative chromosomal changes,
initials, 51 255-7
Cucumis sativus, flower development, in roots, 260-6, 290-8
196-7 in shoots, 66—82, 298—301
Culture: of xylem, 285-301
of cell suspensions, 350-6 DNA:
of embryos, 34-6, 38-9 and differentiation, 256—7, 305
of leaf primordia, 124-32 in endosperm, 29
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DNA (cont.)

in the flowering apex, 186

in the root apex, 235, 239

in the shoot apex, 64-5, 67, 71
Dorsiventrality, in the leaf, 100, 103, 106,

134-6

Double fertilization, 29
Dryopteris:

bud formation, 142

leaf determination, 128

leaf initiation, 104

phyllotaxy, 111, 114, 116-18

shoot apex, 87

vascular development, 277-8

Embryo, 6-25, 26—44
in angiosperms, 7-13
cellular changes, 20-4
completion of development, 39-41
culture, 32, 34—6
definition, 6
environment, 26—36
in gymnosperms, 14—-17
in lower vascular plants, 17-20
nutrition, 34—6
osmolarity and development, 35-6
and physical restraint, 30—4
role of suspensor, 36—9
somatic, 33, 353-60
Embryo factor, 35
Embryo proper, 7, 22—-4
Embryogenesis, (see Embryo)
Embryo sac, 27-8
isolation of, 33
Embryo-specific proteins, 40—1, 356
Endodermis, 297
Endosperm, 29-30, 39
Equisetum:
shoot apex, 57-8
vascular differentiation, 301
Euphorbia esula:
root apex, 233, 237
root system, 230

Female gametophyte:
of angiosperms, 27-9
of gymnosperms, 27-8

Fertilization, 27—-9

Filiform apparatus, 29

Floral development, 66, 76, 179-200
cytochemical studies, 187
determination, 185, 188-94
dimorphism, 183-5
experimental studies, 188-98
floral apex, 179
flowering stimulus, 188-9
and hormones, 189, 196-8

Subject index

lateral appendages, 181
organ determination, 197-8
organ initiation, 179-81, 192-5
organ interaction, 1967
photoperiodic studies, 186, 188—91
reversion, 190-1
ultrastructural changes in, 187-8
Flowering:
and determinate growth of the shoot,
179-83, 217, 225
and shoot elongation, 208, 211-12
Foliar buttress, 102
Foliar helices, 119-20
Field theory of phyllotaxy, 117-18, 120-2,
144
Foot, in embryo, 17-19
Fundamental system, 7
Fusiform initials, 315
anticlinal divisions, 320-3
in conifers, 315-22
in dicotyledons, 3223
ontogenetic changes in, 319-23
pseudotransverse divisions in, 320

Generative spiral, 109
Geum chiloense, vascular

differentiation, 272—73, 280-81
Gibberellin:

in embryos, 38

and shoot expansion, 211-12

and vascular differentiation, 305
Ginkgo:

embryo, 14-15

growth form, 222

root apex, 241-2

shoot apex, 52-3, 55

shoot expansion, 208, 210, 213

vascular differentiation, 300
Gossypium embryo, 20, 22
Grafting:

and the cambium, 343-5

of leaf primordia, 94

of shoot apices, 94
Grain of wood, 325
Growth:

definition of, 3—4

of internodes, 203-214

of the leaf, 147-60

of the root, 231-2, 2606

of the shoot, 203-28

Helianthus annus:
inflorescence development, 181-2
initiation of cambium, 313
leaf culture, 126
shoot apex, 55-6, 63-4, 72—-4, 96
shoot expansion, 205-9
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vascular system, 266
xylem differentiation, 286
Heteroblastic development of fern leaves,
163-7
Heterophylly, 163-72, 210
Hordeum, embryo culture, 35

Impatiens:
floral meristem in I. balsamina, 190-1
shoot apex, 95
Incipient vascular tissue, 275-7
Inflorescence development, 181-2
Intercalary meristem, 207
Internode (see Shoot expansion)

Kalanchoe daigremontiana, regeneration,
362

Lateral meristems, 311
Lateral roots, 245-50
initiation, 245—8
and microorganisms, 248—50
and the pericycle, 245-7
spacing, 245-8
Leaf, 100-35, 147-74
apical growth, 102, 104-6, 147, 149, 156
autonomy of primordium, 125-34
bilateral symmetry (see Leaf, dorsiven-
trality)
clonal analysis of development, 108,
152, 1547
coiling-uncoiling in ferns, 148-9
culture studies, 124-32, 160-7, 172
determination, 124-35, 144-5, 167-74
development in monocots, 104, 157-60
dorsiventrality, 100, 103, 106, 134-6
heteroblastic development in ferns,
163-7
heterophylly, 163-72, 210
initiation, 101-8, 119-20
and internodal elongation, 208—14
marginal growth, 104, 150-1
petiole development in angiosperms,
154
plate meristem, 153
position, 109-21
regeneration phenomena, 361-2
relation to bud development, 139-44
Leaf gap, 268, 278-9
Leaf trace, 266
Linum:
DNA amplification in, 256—7
regeneration in, 363
vascular differentiation, 269-71, 298—
300
vascular system, 2667
Long root, 229, 237

385

Long shoot, 207-8, 213-14
Lupinus:

phyllotaxy, 114-16, 118

shoot apex, 70, 88, 91-5

vascular development, 27980
Lycopodium:

embryo, 19

shoot apex, 57

vascular differentiation, 275, 301

vascular system, 267—8

Malaxis paludosa, foliar embryos, 360—1
Marginal growth, 150-1
Marsilea, leaf development, 164-5
Méristéeme d’attente, 66—7, 70-1, 81, 94,
119
cytological characteristics, 701
and flowering, 182
Méristeme médullaire, 66
Meristem layers, in the root, 233-4
Michelia fuscata, floral development, 183
Microorganisms associated with roots,
248-50
Mitosis (see Cell division)
Mitotic index, in the shoot apex, 63
Musa:
lateral roots, 247-8
leaf development, 157-8
shoot expansion, 208
Mutants, and developmentally arrested
embryos, 41-3

Neoformed leaves, 210
Nicotiana tabacum:
floral apex experiments, 189, 190, 193—
5, 198
leaf culture, 127
leaf development, 150—6
shoot apex, 48—50, 89-90
single cell culture, 349-50, 352

Orthostichies, 109
Osmolarity and embryo development, 35—
6
Osmunda cinnamomea:
branching, 138
bud scales, 168
grafting of leaf primordia, 94
leaf development, 104-5, 109-10, 124
32, 136, 147-50, 160-3, 166
shoot apex, 57-8, 96
sporangia, induction of, 167
vascular differentiation, 275-7, 301

Papaver nudicaule, endosperm digestion,
39
Parastichies, 110—11
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Pericycle, 245, 261, 295, 297
Peripheral zone, 52-6, 63, 71-2, 94
Petasites hybridus, flowering apex, 190
Pharbitis nil, floral meristem, 190
Phaseolus:
leaf determination in, 128
role of suspensor in P. coccineus, 38-9
Phellogen (see Cork cambium)
Phlebodium (Polypodium) aureum, embryo,
18-19, 30-2
Phloem differentiation:
acropetal maturation, 298-301
and auxin, 303, 305
cellular changes, 289-91
metaphloem, 294, 298
protophloem, 294, 298
in the root, 294
in the shoot, 298—-301
Phlox drummondii, embryo, 7-9
Phyllotaxy, 109-22, 267
and available space, 118
divergence angle, 111-15, 120-1
experimental studies, 114-21
the Fibonacci series, 111, 120
field theory, 117-18, 120-2
and foliar helices, 119-20
growth regulators, effect of, 118
and leaf trace differentiation, 120
and procambial differentiation, 120
and the shoot vascular system, 267
Physical factors in development, 30-3,
143, 33640
Pinus:
cambium in P. radiata, 3278
cambium in P. strobus, 314—18, 327
embryo, 14-17
shoot apex, 54
Pisum:
differentiation in the root, 261-2, 264,
291-4
grafting of buds, 94
leaf determination, 129-30
leaf initiation, 105-6
root apex, 234
root apex culture, 241
shoot apex, 62, 72-3
shoot expansion, 212
Pith mother cells, 275
Pits, 286
Plasmodesmata, 24, 286
Plastochron, 62, 73, 106
plastochron ratio and phyllotaxy, 112—
13
Plate meristem, 153
Pollen, embryo development from, 33
Polyembryony in gymnosperms, 14-16
Polyploidy and differentiation, 256

Subject index

Populus:
P. deltoides, cambial explants, 339-40
P. trichocarpa, cambium, 337-9
Portulaca grandiflora, floral development,
183, 193
Preformed leaves, 210
Primary body, 1
Primary pit fields, 286
Primula bulleyana, floral experiments, 192
Procambium (see Vascular differentiation)
Promeristem, 59-60, 238
Proteins, embryo-specific, 401
Protoderm, 7
Provascular tissue, 272-82
Psilopsida, embryos, 20
Pteridium aquilinum:
apogamy, 132
branching, 139
root apex, 234

Quiescent center, in the root apex, 235—
45, 250-51

Ranunculus sceleratus, embryoids, 358-9
Raphanus sativus, root apex, 233
Ray initials, 315, 318, 323-5, 327
Rays, ontogenetic changes in, 323-5
Regeneration: 91-7, 241-5, 360-7

and growth regulators, 364—6

of the root apex, 241-5

of the shoot apex, 91-7

of stem segments in culture, 365

and wounding, 362-3
Reiteration, 223
Residual meristem, 2734, 277
Reversion of floral meristem, 190-1
Rib meristem, 52-6
RNA:

in the flowering apex, 186-7

in the root apex, 235

in the shoot apex, 71-2, 75

synthesis in the embryo, 40-1, 43
Robinia pseudoacacia, cambium, 318-19
Root (see also Root apex)

associations with microorganisms, 248—

50

branching, 245-8

buds, 363

cap, 231

differentiation, 2606, 290—8

formation, in suspension cultures, 350—

2

haustorium, 230-1

horizontal, 229-30

long roots, 229, 237

and regeneration, 363—4

short roots, 229, 237
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vascular system, 261
thorns, 230-1

Root apex, 8-9, 12, 17-20, 22945, 250-2
apical cell, 235, 239
apical initials, 234-5, 238-40, 250-1
autonomy, 241, 251
autoradiography, 235, 237
comparison with shoot apex, 231-2,

238, 250-2
cytochemical studies, 235-6
experimental studies, 240-5
meristem layers, 233—4
mitotic activity, 235-9
origin in the embryo, 8-9, 12, 17-20,
229

quiescent center, 235—45, 250-1
regeneration, 241-5
structure, 232-5
surgical experiments, 241-5

Rosette plants, 208, 211-12

Saintpaulia ionantha, regeneration, 362
Secondary body, 1, 311-31, 333-46
Secondary wall, of tracheary elements,
2867
Selaginella:
branching in S. willdenovii, 138
embryo, 19-20
Sequential gene expression in embryos,
40-1
Sequoia, zygote, 14
Shell zone, 140-1
Shoot (see also Shoot apex):
architectural models, 220—4
branching, 124, 135-44, 217-18
differentiation, 266—-82, 298—301
expansion, (see Shoot expansion)
formation in suspension cultures, 350-2
growth, 203-6
growth, control of, 208-14
growth, periodicity of, 214-17
ontogeny, 218-24
ontogeny of trees, shrubs and herbs,
224-25
vascular system (see also Vascular dif-
ferentiation), 26668
Shoot apex (see also Apical zonation), 7,
46-60, 62—83, 8698, 128-34, 139—
44, 179-88, 250-2, 268-77
autonomy, 86-91
and branching, 136, 139-44
cell divisions in living apices, 69-70
chimeras, 77-80
clonal analysis, 76-82
comparison with root apex, 231-32,
238, 250-2
cytohistological studies, 70-4, 80-1

387

cytological characteristics and mitotic
activity, 70-2, 80—-1
developmental changes in zonation, 75—
6
enzyme distribution, 72-3
experimental investigations, 86—98
and flowering, 76, 17988
integration, 91-7
and leaf determination, 128—34
mitotic frequency in, 62-70, 80-1
morphology, 47-8
regeneration, 91-7
structural patterns, 47-59
ultrastructure, 73—4
and vascular differentiation, 268—77
Shoot expansion, 203-17
cell division in, 203, 205-7, 212
cell enlargement in, 203, 205-7, 212
in dwarf mutants, 212
experimental investigations of, 20814
hormonal control of, 211-14
leaf influence on, 208—11
in long shoots, 207-8, 213-14
in rosette plants, 208, 211-12
in short shoots, 208
Short root, 229, 237
Short shoot, 208
Sieve elements, 289-91, 303
Sieve plates, 290-91
Sinapis alba:
differentiation in the root, 295
flowering, 186
Solanum tuberosum:
leaf initiation and early development,
101-3, 132-4
phyllotaxy, 111
shoot apex, 93, 95
Sporophyll induction in fern leaves, 167
Stem cells, 82
Storied cambium, 318—-19
Subapical initials, 54
Suspension culture, 305, 350-6
Suspensor, 7, 16, 19, 22-3, 36-9
differences from embryo proper, 22-3
and embryo nutrition, 36-9
haustoria, 368
Symplastic growth, 207
Syringa vulgaris:
shoot expansion, 205, 207
vascular differentiation in callus, 303—4

Terminal cell, 7
Terminalia catappa, shoot ontogeny, 218—
22
Thorns, 176-8
in roots, 230-1
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Thuja occidentalis:

vascular cambium, 321-2, 328-9
Todea:

embryo, 17, 19, 32

sporophyll induction, 167
Totipotency:

of differentiated cells, 348—-60, 367

and regeneration, 360—4
Tunica, 49-51

initials, 51

Vascular cambium, 1, 311-31, 333-46
cell division, 316-22, 328-9
in conifers, 314-18
culture, 335-6, 339-40
cytology, 315
in dicotyledons, 318-19
experimental studies, 333—45
fasicular cambium, 317
fusiform initials, 315-23
increase in girth, 319-23
influence of pressure, 336—40
initial cells, 326-30
initiation in the root, 312—13
initiation in the stem, 312—-13

interfascicular cambium, 312-13, 333—

5
in monocotyledons, 312, 318
organization, 313-18
orientation of cambial initials, 34045
and the pericycle, 297
of Pinus strobus, 314—18, 327, 338-9
and the primary meristems, 311, 329-
30
ray initials, 315, 323, 327
terminology, 327, 329
Vascular differentiation:
and auxin, 2801, 302-9
and cell culture, 305
cellular changes in, 285-91
in culture, 303-5
in the embryo, 7-8
experimental studies, 277-82, 301-7
incipient vascular tissue, 275

influence of leaves, 268—82, 301-3, 306—

7

Subject index

phloem, 289-90, 294, 296, 298-301
procambium, 7-8, 261, 270-7, 285-6,
291-5, 298, 307, 311
provascular tissue, 272-82
residual meristem, 273—-4, 277
in roots, 261-2, 290—-8
xylem, 285-309
Vascular system (see also Vascular differ-
entiation):
in the root, 261
in the shoot, 266—8
Vegetative reproduction, 360—4
Vicia faba:
clonal analysis in root apices, 240
shoot apex, 91-2, 95
Vivipary, 40-2

Wound-vessel elements, 301-3

Xanthium:
flowering, 182
and leaf development, 150
Xylem, differentiation:
acropetal and basipetal maturation,
299-301
cellular changes in, 285-9
control of, 301-9
cytological studies, 2867
influence of auxin, 302-9
lignin deposition, 286
metaxylem, 294-5, 299-300
protoxylem, 294-5, 299-300
in the root, 2906
secondary wall, 286-7
ultrastructure, 287-9

Zea mays:
clonal analysis in embryo, 13, 225
controlling elements in differentiation,
257-9
embryo development, 11-13
embryo mutants in, 41-2
root apex, 232-8, 241-4
Zinnia, isolated cell cultures and vascular
differentiation, 305-6
Zygote, culture, 32
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