Contents

PrEFACE .

LisT or SYMBOLS

Chapter |

Some Properties of Water and Aqueous Solutions
1. Structure of Water

2. Structure of Aqueous Solutions .
A. Solutions of Electrolytes
B. Soluticns of Non-Electrolytes .
C. Structure of Water on Colloid-water Intcrf&cos .

3. Properties of Water Vapour .
A. Vapour Pressure .
B. Variation of the Satura.tlon Vapour Pressure w lth Elevat:on
C. Influence of Liquid Pressure on the Saturation Vapour
Pressure .
D. Expressions for Wat.er Vapour

4. Some Relevant Aspects of Chemical Thermodynamics
A. Derivation of the Chemical Potential .
B. The Chemical Potential, Water Potential and Aqueous Solu-
tions .
C.  Osmotic Pressure a.nd Related Phenomena

Chapter 2

Environmental Aspects of Plant—VWater Relationships .

1. The Energy Balance .
A. Solar Energy Input ;
B. Energy Partition at the Plant Commumty Surface
C. Dissipation of Energy Absorbed by Plant Communities

2. The Water Balance
A. Partitioning of Premp:tatlon
B. Drainage . o s
C. Evapotranspiration .
3. Determination of Evapotranspiration
A. Water Balance Methods.
B. Energy Balance Methods
C. Vapour Flow Measurements
D. Formulae Used for Calculation of Ev apotransplratlon

ix

vii

SCUD WOWDH

[

12

17
17

19
21



X CONTENTS

Chapter 3
The State of Water in Soils
1. Primary Soil Characteristics
2. Retention of Water by Soil .
A. TRetention by Liquid-air Intuface E orees
B. Retention by Solid-liquid Interface Forces
3. Classification of Soil Water .
A. Some Descriptive Terms and Expressmns
B. Physically Based Terms and Expressions
4. Measurement of Soil Water .
A. Measurements of Soil Water Content
B. Measurements of Soil Water Potential . .
C. Measurements of Matric Potential (or Matric Pl(h&ill()
D. Measurements of Solute (Osmotic) Potential

Chapter 4
Movement of Water in Soils

1. Water Entry into Soil
A. Terminology . .
B. The Process of Inﬁltratlon :
C. Factors Affecting Infiltration
D. Measurement of Infiltration Rate .
2. Movement of Water Within Soils
A.  Saturated Flow
B. Unsaturated Flow
C. Simultaneous Flow or qumd “’a.ter, W’atel Wa,pour and.
Heat . .
D. Capillary R:se a.nd Related Phenomena

3. Movement of Water to Plant Roots

Chapter 5
Water as a Plant Component . . .
1. Distribution of Water in Celis and_ Tmsues
A. Water Content of Tissues and Organs
B. Distribution of Water in Cells
> C. Forces Holding Water in Cells .

2. Terminology in Plant Water Relations
Terminology for the Ideal Osmotic Cell
Other Terms Used to Describe the Chemical Potent[al of
Water .
Expanded Termlnology for Other Cells :md T;ssues ;
Relative Importance of the Various Component Potentials
in Different Regions of Cells and Tissues .
3. Measurement of Plant Water Status
A. Measurements of Tissue Water Content
B. Measurements of Water Potential I S
C. Measurements of Water Potential in Different Tissue
Regions

ce wWpe

(115
65
67
69
70
72

e
i

78
86
86
89
91
93

94
94
94
96
99
100
102
103
105

109
118

121

127
127
127
127
130
137
138

140
143

145

150
150
153

157




CONTENTS

Chapter 6

Water Exchanges in Plant Cells and Tissues

General Aspects of Water and Solute Movement Across Mem-

{2
branes g

A. Combined Expmssmns for Water and Solute Flow .
B. Osmotic Water Movement and Related Phenomena
C. Volume Changes in Osmotic Cell Systems

2. Water Permeability of Plant Cells and Tissues
A. Factors Affecting Permeability .
B. Measurement of Cell and Tissue Permeablhty
C. Active Water Uptake

Chapter 7

Water Movement Through the Plant .

Water Movement Across the Root .

L
A. Water Absorbing Zones of Roots
B. The Water Pathway Across the Root
C. Factors Affecting Root Permeability .
D. Root Pressure and Active Absorption
2. Movement of Water in the Vascular System
A. Pathway Characteristics ;
B. Characteristics of the Water Flux .
3. Movement of Water Through Leaves
A. Leaf Structure and Anatomy
B. Pathways for Water Movement
4. Ovwerall Aspects of Water Movement
A. Factors Affecting Overall Flow
B. Water Supply and Water Demand
5. Absorption of Atmospheric Water by Lca.ves and Shoots
A.. Mechanisms Involved in Water Uptake by Leaves . .
B. Significance of Aerial Absorption under Natural Conditions
Chapter 8

Special Aspects of Transpiration

1.

Energy and Water Exchanges Involved in Leaf Tra,nsplratlon .
A. TRadiant Energy Exchange between Leaf and Environment
B. Dissipation of the Radiant Energy Load by Heat Transfer
C. Latent Heat Transport .

Characteristics of the Internal Water Vapour P&thway .

A. TFactors Affecting Stomatal Aperture . o o

B. Bites of Evaporation Within the Leaf i 3 ;

C. Water Vapour Concentration at the Evaporating Surfaces .

D. Relative Magnitudes of Internal and External Diffusive
Resistances oL

Measurement of Single Plant Transpiration

xi

161

161
162
171
175

178
178
185
195

198

198
198
201
204
210
211
211
212
215
215
219
221
221
226
230
231
235

237

237
237
240
247
248
249
256
258

260
269



xii

Chapter 9

CONTENTS

Development and Significance of Internal Water Deficits
1. Development of Internal Water Deficits

A,
B.
C.
D.

2

Progressive Changes in Wsoi1 and Wpiant

Diurnal Changes in Internal Water Deficits . : .
Relative Magnitude of Water Deficit in Different J‘lssuos :
Differences in Water Deficit within Tissues

Significance of Water Deficits to Physiological Processes

Effects of Hydration on Protoplasmic Properties

Effect of Water Deficits on Cell Enlargement

Effects of Water Deficits on Cell Division and \Jb; ogen
Metabolism

Effect of Water Deﬁmts on Photosynthesm .
Sequential Effects of Water Deficits on Plant Grow th :
Availability of Soil Water for Plant Growth .

3. Effects of Salinity on Internal Water Deficits and Plant Growth

e =EE0 aRp

C.

Bibliography

Effects of Salinity on Plant Growth
Effects of Salinity on Internal Water Deﬁut%
Some Effects of Salinity on Metabolism

Author Index .

Subject Index .

Lo
-1 =3

SN SR S B
1 =1

S S ]
Go Qo oo
Gt WKL Lt ot

89]
(v =]
o

287

289
292
295
299
301
301
303
306

309

349

3569



