Contents

Preface ix
List of contributors xi

1 - Auxins

R S Bandurski and H M Nonhebel

Introduction 1

Methods of biological and chemical assay for auxin 1

Chemical structure of the auxins 3
Biosynthesis of IAA 5
Metabolism of IAA 8

IAA transport 11

Physiological effects 13
Mechanism of IAA action 13
Selected further reading 16
References 16

2 - Gibberellins
Russell L Jones and J MacMillan

Introduction 21

Occurrence and distribution 21
Chemical structures 22
Metabolism 22

The action of gibberellins 34
Suggested further reading 47
References 47

3 - Cytokinins
R Horgan

Introduction 53

Nature and distribution of cytokinins 54
Identification and measurement of cytokinins 57

Biochemistry of cytokinins 60

Physiology of cytokinins 64
Mechanism of action of cytokinins 68
Cytokinins: future perspectives 69
Further reading 70

References 70

" 4 - Inhibitors

B V Milborrow

Introduction 76

Secondary products in plants 76
Abscisic acid 78

Other compounds 99
Postscript 104

Further reading 104
References 105

5 - Ethylene
E M Beyer, Jr, P W Morgan and S F Yang

Introduction 111

Discovery 111

Ethylene production in plants. 112
Plant responses to ethylene 116
Mode of action 119

Commercial importance 124
Further reading 124

References 124

6 - Apical dominance
J R Hillman

Introduction 127
Correlative inhibition 128
Historical perspectives and development of theories on
apical dominance 129
%



-

vi Contents

Patterns of bud growth 131

Removal of dominance 132

Source of bud inhibition in correlative lnhlbltlon 135
Environmental factors 136

Plant growth substances 139

Conclusions 143

Further reading 144

References 144

7 - Phototropism
D S Dennison

Introduction 149

Description of phenomenon 150
Perception of stimulus 154

Signal processing after perception 157
Lateral auxin redistribution 159
Further reading 160

References 161

8 - Gravitropism
M B Wilkins .

Introduction 163

Historical background 164

The gravity-sensing mechanism 164
Reaction mechanisms in growing organs 170
References 182

9 - Nastic movements
G P Findlay

Introduction 186
Oscillatory movements 187
Single-event movements 191
Models of movement 196
Further reading 198
References 199

10 - Circadian rhythms
T A Mansfield and P J Snaith

Introduction 201

Occurrence of circadian rhythms 201

Terminology 202

Endogenous and exogenous control of rhythms 202

Rhythms of CO, metabolism in succulents 203

Control of phase 204

Entrainment 205

Effects of light and temperature 207

The role of membranes 209

Models to explain circadian oscillations and photo-
periodic time measurement 212

Consequences of rhythms for the research plant
physiologist 214
References 216

11 - Photosynthesis
M F Hipkins

Introduction 219

The pigments of photosynthesis 221

The photosystems and electron transport 227
Photophosphorylation 236 :
The fixation of carbon dioxide 241

Further reading 244

References 244

12 - Nitrogen fixation
J I Sprent

Introduction 249

Formation of legume root nodules 251

Biochemistry of nitrogen fixation 257

Gaseous exchange in nodules 259

The role of leghemoglobin 261

Ammonia-assimilating pathways 262

Relationship with photosynthesis 266

Effects of environment on nitrogen fixation 266

Comparison of nitrogen fixation and assimilation of cor
bined nitrogen 268

Is there a future for legumes? 271

Further reading 272

References 273

13 - Translocation of nutrients and hormones
M J Canny

The plant body, its traﬁ‘ics and pathways = 277
Phloem transport 279

Polar transport of IAA 293

Further reading 294

. References 294

14 - Water relations
D A Baker

Introduction 297

Water movement 297

Water relations of cells and tissues 299

Determination of water status 301

Active water transport 305

The significance of transpiration 305

Water movement through the soil 306

Water movement across the root 306

Water movement through the vascular system 308
$ .

N } , } ”



Water movement through the leaf 309

Water movement through the whole system 309
Factors affecting transpiration 312

Conclusions 315

Further reading 316

References 316

15 - Ionic relations
D T Clarkson

Introduction 319

Basic aspects of membrane structure 319

Driving forces on ions 326

Effect of ionic concentration on the rate of transport 340
Regulation of ion transport 343

References 351

16 - Phytochrome
Pill-Soon Song

Introduction 354

Discovery 354

Phytochrome as a photoreceptor: general properties 355
Isolation, purification and assay 356

Structure and properties of phytochrome 359
Photochemistry of phytochrome 369

Dark reversion and destruction 372

Intracellular localization 373

Mode of action 374

References 375

17 - Photomorphogenesis
P Schopfer

Introduction - 380

Phytochrome (a summary) 381

Cryptochrome 388

Phenomenology of photomorphogenesis 389
Cellular aspects of photomorphogenesis 392
Regulatory aspects of photomorphogenesis 396

Contents vii

Further reading 405
References 405

18 - Juvenility, photoperiodism and vernalization
B Thomas and D Vince- Prue

Introduction 408

Juvenility 409

Photoperiodism 412

Vernalization 426

Intermediate physiology of flowering 430
Further reading 435

References 436

19 - Germination and dormancy
A M M Berrie

Introduction 440

Definition and measurement of germination 440
Seeds, water and solutes 442

Seed dormancy 444

Types of dormancy 446

Inception of germination 450

. Germination and growth regulators 452

Respiratory systems and germination 456
Membranes and germination 458

Bud dormancy 460

Further reading 462

References 462

20 - Senescence and abscission
R Sexton and H W Woolhouse

Introduction 469
Senescence 469
Abscission 482
Further reading 491
References 491

Index 499



Water movement through the leaf 309

Water movement through the whole system 309
Factors affecting transpiration 312

Conclusions 315

Further reading 316

References 316

15 - Ionic relations
D T Clarkson

Introduction 319

Basic aspects of membrane structure 319

Driving forces on ions 326

Effect of ionic concentration on the rate of transport 340
Regulation of ion transport 343

References 351

16 - Phytochrome
Pill-Soon Song

Introduction 354

Discovery 354

Phytochrome as a photoreceptor: general properties 355
Isolation, purification and assay 356

Structure and properties of phytochrome 359
Photochemistry of phytochrome 369

Dark reversion and destruction 372

Intracellular localization 373

Mode of action 374

References 375

17 - Photomorphogenesis
P Schopfer

Introduction 380

Phytochrome (a summary) 381

Cryptochrome 388

Phenomenology of photomorphogenesis 389
Cellular aspects of photomorphogenesis 392
Regulatory aspects of photomorphogenesis 396

Contents vii

Further reading 405
References 405

18 - Juvenility, photoperiodism and vernalization
B Thomas and D Vince-Prue

Introduction 408

Juvenility 409

Photoperiodism 412

Vernalization 426

Intermediate physiology of flowering 430
Further reading 435

References 436

19 - Germination and dormancy
A M M Berrie

Introduction 440

Definition and measurement of germination 440
Seeds, water and solutes 442

Seed dormancy 444

Types of dormancy 446

Inception of germination 450

. Germination and growth regulators 452

Respiratory systems and germination 456
Membranes and germination 458

Bud dormancy 460

Further reading 462

References 462

20 - Senescence and abscission
R Sexton and H W Woolhouse

Introduction 469
Senescence 469
Abscission 482
Further reading 491
References 491

Index 499



