Va3

* ]

The Physiology
¢ and Biochemistry
of Herbicides

Edited by

L.J.AUDUS

! Deporiment of Botany, Bedford College, London University

| T _y2o @

LA7S

1964

'1 At "g 4 8
f... A " s ":“»3!‘ Yoo ?‘.&\M'&“" obo v,('i‘_eﬂ w:\ﬂ.") |
i 7 :
: sooscoleildnesorreo Bridall ) hlid §
- ——————— S ——————l)

ACADEMIC PRESS
London and New York




List of Contributors

Preface
1. TaE CLASSIFICATION OF HERBICIDES
AxD Types or ToxriciTy
R. C. BRIAN
I. Introduction
IT1. Classification
A. Inorganic Chemicals
B. Organic Chemicals
III. History
A. Inorganic Chemicals
B. Organic Chemicals
IV. Types of Toxic Action (Introductory Survey)
A. Inorganic Chemicals
B. Organic Chemicals
References
2. DETERMINATION OF HERBICIDES
AND PLANT GROWTH REGULATORS
V. H. FREED
I. Introduction
II. Biological Assay
III. Instrumental Methods
A. Spectrophotometry
B. Spectrophotofluorometry
C. Gas-Liquid Chromatography
IV. Specific Analytical Methods
A. Organic Acids
B. Amides
C. Maleic Hydrazide
D. Substituted Phenyl Ureas
E. Aryl Carbamates
F. Alkyl Carbamates (thiol and dithio carbamates)
G. Nitriles
H. Triazines
I. Amitrole
J. Miscellaneous Herbicides
V. Extraction and Purification

CONTENTS

References




VII.

. Introduction
. Uptake of Herbicides

III.
Iv.

. Absorption by Roots and Upward Transport
VI.

. Introduction
. The Physics of Transfer in Unvegetated Soil

IIT.

Iv.

. Uptake of Herbicide into the Plant

VI.

. The Effects of Soil Micro-organisms on Herbicides

CONTENTS

3. HERBICIDE BEHAVIOUR IN THE PLANT
A. S. CRAFTS

A. Penetration into Foliage

B. Penetration through the Epidermis of Stems

C. Penetration of Bark

Translocation of Herbicides from Foliar Application

Local Accumulation, Binding and Persistence

Metabolism of Herbicides in Plants

>

The Phenoxy-Acids

The Carbamates

The Triazines

The Chloroacetamides

The Chlorobenzoic Acids

The Thiol- and Dithiocarbamates

B
C.
D.
E. The Chloro-Aliphatic Acids
F.
G
H

Amitrole

J. Maleic Hydrazide
References

4. BEERBICIDE BEHAVIOUR IN THE SOIL
G. S. HARTLEY

A. Introduction

B. Diffusion in Porous Solids

C. Transportin Water Downflow

The Mechanism of Adsorption in Soil
Loss of Herbicide from the Soil

A. Introduction

B. Loss by Evaporation
C. Loss by Chemical Decomposition

D. Loss by Cropping

A. Introduction

B. Root or Shoot Uptake

C. TUptake in Relation to Root Depth

D. The Relation of Root Function and Herbicidal Action ...

Transfer of Dosage from Soil to Plant

A. Introduction

B. Behaviourin a Uniform Environment

C. Behaviour in a Non-uniform Environment

Summary.
References
5. HERBICIDE BEHAVIOUR IN THE SOIL
L. J. AUDUS
. Introduction

A. Evidence of Breakdown by Micro-organisms

111
112
112
113
117
129
132
132
133
134
139
140
140
140
143
145
147
147
147
152
157
159

163
165




III.

II.

II1.

Iv.

V.

. Introduction
. Influence on Cell Division

. Influence on Cell Elongation

. Influence on Cell Differentiation
. Influence on Germination

. Introduction

CONTENTS

B. “Enrichment” of Soil

C. The Organisms Concerned

D. The Relationship between Chemical Structure of the Herbicide and its
Ease of Attack by Micro-organisms

E. The Biochemical Pathways of Herbicide Degradation by Soil Micro-
organisms

The Effects of Herbicides on Soil Micro-organism

A. The Soil as a Dynamic System Affected by Herbicides ...

B. Overall Effects on Numbers and Activities

C. Effects on Ammonification.

D. Effects on Nitrification

E. Effects on Nitrogen-fixation

F. [Effects on other Microbiological Processes
G. Effects on Soil-borne Pathogens

References

6. GrowTH REsSPONSES TO HERBICIDES
OSWALD KIERMAYER

A. Primary Meristems

B. Secondary Meristems and other Tissues

A. General View

B. Effect of Auxin

C. Effect of Herbicides

References

7. MOoRPHOGENETIC EFrECTS OF HERBICIDES
CHR. J. GORTER AND W. VAN DER ZWEEP

A. General Considerations of Herbicide Effects

B. Morphogenesis in Normal Plants
C. Correlation

D. Action of Auxin on Root and Shoot

Abnormalities of Roots, Lateral Roots and Root Hairs
A. Root Thickening and Lateral Induction

B. Root Branching

C. Root Hair Responses
Abnormalities of Stems

A. Abnormalities due to Effects on Cell Extension

B. Abnormalities due to Effects on Cell Division
C. Abnormalities due to Effects on the Growing Points

Abnormalities of Leaves

A. The Normal Control of Leaf Growth

B. Effects of Auxins

C. Evidence that Effects are Exerted during the Formation of Primordia
Abnormalities of Flowers and Inflorescences

A. Origin of the Flower

170
175

177

184
190
190
192
196
197
199
203
203
203

207
208
208
212
219
219
219
220
226
228
230

235
235
237
241
242
243
244
246
247
248
248
251
255
256
256
257
262
263




xvi CONTENTS

B. Effects of Auxins on Flowers

C. Effects of Auxins on Inflorescences

D. Fasciations

VI. Abnormalities of Fruits

A. Normal Control of Fruit Set and Growth

B. Abnormalities in Fruit Shape

VIL. Effects of Growth Regulators on Flowering

A. Seed Treatment

B. Applications to the Mature Plant

VIII. Correlative Effects

References

8. ABScissioN RESPONSES To HERBICIDES
F. T. ADDICOTT AND H. R. CARNS

I. Introduction

I1. “Direct’ Retardation of Abscission

ITI. “Indirect’ Retardation of Abscission

IV. Flower and Fruit Abscission

V. Defoliation

VI. Miscellaneous Types of Absecission

VII. Desiccation

References

9. ErrecTs oF HERBICIDES ON PLANT
CoMPOSITION AND METABOLISM

D. J. WORT

I. Introduction

II. Effects on Plant Composition

A. Moisture
B. Minerals

C. Vitamins
D. 0il

E. Pigments other than Chlorophyll

III. Effects on Metabolic Systems

A. Carbohydrate Metabolism

B. Respiration

C. Nitrogen and Phosphorus Metabolism
D. Enzymes

References

10. RESPONSES OF PLANTS TO SUBLETHAL CONCENTRATIONS
OF 2,4-D, WITHOUT AND WITH ADDED MINERALS

D. J. WORT

Deformation and Yield

b g

Moisture Content ; Water Loss

264
267
269
269
269
270
271
271
272
273
273

277
278
279
280
282
284
286
288

291
292
292
295
296
297
297
298
298
308
313
324
330

335




CONTENTS

C. Vitamins 338
D. Minerals; Phosphorus Metabolism 338
E. Carbohydrates and Photosynthesis 339
F. Protein; Amino Acids 339
G. Enzymes 340
H. Disease Resistance 340
I. Wound Healing 341
References 342

11. Tae Errecrs or HERBICIDES ON ENDOGENOUS
REGULATOR SYSTEMS

H. R. CARNS AND F. T. ADDICOTT

I. Retardation and Acceleration of Senescence 343
A. General 343

B. Retardation of Senescence 344

C. Acceleration of Senescence 345

II. Natural Growth Factor Balance 346
A. Auxin 346

B. Abscisin 348

C. Ethylene 349
III. Accumulation of Toxic Metabolites 350
A. General 350

B. Lactones and other Compounds 350

C. Germination Inhibitors 352

D. IAA Inhibitor 353
References 354

12. Tae ErrEcts oFr HERBICIDES ON
B1oraYSICAL PROCESSES IN THE PLANT

R. C. BRIAN
I. Introduction 357
II. Osmotic Pressure and Water Uptake of Cells 358
III. The Properties of the Cell Wall 360
IV. Water Balance, Transpiration and Stomatal Opening 366
V. Permeability : 370
VI. Mineral Uptake and Distribution 374
VII. Protoplasmic Streaming, Viscosity Changes in the Protoplasm ... 378
A. The Energy Supply for Protoplasmic Streaming 378
B. Viscosity Changes in the Cytoplasm 381
VIII. Conclusions 381
References 383

13. SurRvEY OF MECHANISMS OF HERBICIDE ACTION
J. VAN OVERBEEK
I. Introduction 387

II. Action of Herbicides on Growth Processes 388
A. Actionof 2,4-D




