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ABA, see Abscisic acid

Abscisic acid

increase

and stomatal closure, 324-328, 333

in water-deficient leaves, 258
induced deposition of suberin, 242
in maturing dehydrating seeds, 400
production in roots and shoots, 306
related K+ loss, 264
relation to growth changes, 302-304
role in stomatal closure, 273-275
synthesized by roots, 117
transmitted from roots to shoots, 11
treated tissues, 370-371,395-396
Absorption
dew and fog through leaves, 181-182
mechanisms, 167-172
relationship to transpiration, 3
through suberized roots, 128-130, 184
water

importance of root hairs, 122

research development, 8

through roots, 182-198

by xylem associated cells, 77-79
Absorption lag, 246-248

Acclimation, photosynthesis, 336-337
Acetylene, reducing activity, 316-317
Acid phosphatase, 31-kDa protein as, 370

ADBP, associated ATP conformation, 330-331

Aeration
from replanting, 160
root, 193-195
soil, 147-157
Aerenchyma
causes, 150-152
formation, 155-156
Agave sap, flow, 180
Aging, see Senescence
Agriculture, water use, 377-404
Agroforestry, and allelopathy, 159
Air pollution
effect on stomata, 271-272
from fog, 182
Alfalfa, yield associated with rainfall, 233-
234
Algae
Chara, see Chara corallina
Fucus, see Fucus vesiculous
marine
photosynthesis and dehydration, 309
salt tolerance, 72-73
Nitella, see Nitella flexilis
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Allelopathy
mechanisrns, 159-160
during water stress, 193
Aluminum tolerance
from malic acid excretion, 122
by mycorrhizal-forming fungi, 133
Anchorage, role of roots, 116
Antitranspirants, alteration of plant perfor-
mance, 400-402
Aperture, stomatal
affecting factors, 265-273
measurement, 277~281
Apoplast
proton extrusion decrease, 368-369
related radial water movement, 123
water potential, 51-53
water tension, 353-358
Aqueous solutions, properties, 30-37
Aristotle, early plant research, 1-2
Atmospheric conditions, effect on root growth,
161
Atmospheric pressure, in relation to transpira-
tion, 205-207
ATP
conformation, ADP-associated, 330~331
decrease in leaf growing regions, 368

B

Barley
drought effects, 395~396
flooded plants, 154
root system exudation, 196
Basal growing zone, turgor pressure, 358, 363
Basin and furrow, irrigation method, 106
Biochemistry, root competition and infection,
160-161
Biomass
consumed via respiration, 313
root and shoot, 146
Biosynthesis, decreased, 367-368
Blade, hydraulic connection of root, 357-358
Boiling point, water, solute effects, 32-33
Bordeaux mixture, effect on transpiration,
221-223
Boundary layer resistance, 212-214,217,220,
223
Bound water
measurement, 12
NMR observations, 28-29

Breeding programs, for drought tolerance,
391-395
Bulk density, soil, 86-88, 99
Bulk flow ‘
ions carried to roots, 287-290
in leaves, 277
in transpiring plants, 310
Bulk water, application to plant cells, 29-30

C

Calcium, role as second messenger, 271
California, vegetation conversion, 233
CAM, see Crassulacean acid metabolism
Canopy
conductance, 221
crop, energy budget, 402
exposure to sunflecks, 267
temperature, 215
Capacitance
contribution to dehydration rate, 69
electrical, 101
Capacitance effects, 246~249
Carbohydrates, root supply from shoots, 136~
138
Carbon dioxide
dark fixation in roots, 116
effect on water absorption, 194
enzyme fixation, 264
increased pressure, 396
intercellular, 179, 267-268
starvation, 321~328, 341-342
temporary fixation, 378, 385
total resistance for, 212
Cattail, CO, in stem air spaces, 154
Cavitation, blockage of conducting system,
242-243,250-251
Cell enlargement
and cell wall metabolism, 11
cessation, 18-19
Cellulose, surface, uniform water layer on,
27-28
Cell wall
creep, 348
cutin or suberin on, 204
matric potential, 41
metabolism, 11
tensile properties, 61-63
thinning, 352
Cell water relations, 42-83




Chara corallina, internodal cellular growth,
.346-351

Chemical potential

lowering by solute, 50-53

and rearrangement energy, 39—4

water, 35-37 :
Chloroplasts

guard cell, 263-264

Mg?+ stromal concentrations, 334-336

photosynthetic activity, 328-332
Citrus, sensitivity to chlorides, 193
Clay soils ‘

characterization, 85-86

infiltration into, 94

root penetration, 127-128, 143-145
Cohesion theory, sap rise, 249-251
Colligative properties, water, 31, 37
Colorado

plant dry matter, 202-203

subalpine forests, 229-230
Conductance

electrical and heat, 102

stomatal, 196-198,226-227,277-281
Conducting system

herbaceous plants, 239

injury, 240-242

woody plants, 235-237

xylem, 234-239
Conifers

stomatal response to CO,, 267

tracheids, 242243
Contraction, root, during growth, 124
Core samples, soil, 162
Cornfield, transpiration water loss, 202
Cortical parenchyma, root, 186187
Crassulacean acid metabolism

and CO, temporary fixation, 378, 385

plants, 262,281
Creep, cell wall, 348
Crop rotation, related problems, 160
Crops

canopy, energy budget, 402

evapotranspiration, 231-234

major U.S., yields, 378-380
Cultivars

sorghum, 215

soybean, 134
Cultivation, effect on soil structure, 86—88,

94

Cuticle

boer lovegrass, 393-394
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permeability to water, 218-220
rice, 382
Cutin
on cell wall, 204
covering leaves, 257
Cut-shoot method, transpiration measurement,
225
Cyanobacteria, nitrogen fixation, 294
Cycling, stomata, 273-274,282
Cytokinin
synthesized by roots, 117
transmitted from roots to shoots, 11
in xylem sap, 175

D

Darkness, see also Night
and stomatal cycling, 274
Dehydration, see also Rehydration
cellular, rates, 68-71, 82-83
and enzyme activity, 306—311
enzyme responsiveness, 337
by excessive transpiration, 201-204
and loss of nitrate reductase, 299-300
and osmotic potential, 81-81
plant, 301-304
postponers, 390-395
and root—shoot signals, 304-306
signals, 366
soil, 290-291
tolerance, 13
and water-binding capacity, 29
Dehydrins, hydrophilic proteins, 399-400
Desiccation, tolerance, 398-400
Dew, absorption through leaves, 181-182
D/H ratio, in xylem sap, 163-164
Diffusion
equations, 76—79
gas, improvement, 315-317
ions carried to roots by, 287-290
mathematical treatment by Fick, 4
in quiet air, 277
resistances to, 211-214
vapor, in leaves, 205-207
Dipole effect, water, 25
Disease
cause of potential yield loss, 379-383
effects on plant water relations, 223
irrigation induced, 110
resistance of rootstocks, 138-139




486 - Index

Disease, (continued)
root
and aeration, 1 56
effects on absorption, 189-190
Diurnal fluctuations, see also Periodicity
internal CO,, 326
in root resistance to water, 188
sap movement, 244245
in volume of root exudate, 175-176
water potential and content, 247~248
Drip and trickle, irrigation, 106
Drought tolerance
genetic improvement, 390 395
sorghum cultivars, 215
Dry matter
effect on nutrient uptake, 290-292
knowing maximum yield, 386-387
maize, 286-287
plant, 202-203
translocation, 341
Dutrochet, osmotic theory, 3—4

E

Earthworms
channels, and roots, 156
effect on water infiltration, 94
Electrical potential, on surface roots, 139
Electrolytes, water as solvent, 23
Electron microscopy
cell ultrastructure preservation, 81
scanning
stomatal structure, 279
study of roots, 163
Electroosmotic transport, theory of root pres-
sure, 171
Elongation
leaf, and photosynthesis, 18-19
root
dicots and monocots, 192
effect of water limitation, 366-367
reduction by drying soil, 146
Embryo growth, 396
Endodermis, growing roots, 123-124
Energy balance, measurement of evapotran-
spiration, 230-231
Energy budget
for crop canopy, 402
and leaf temperatute, 214215
for transpiration behavior, 208-209

Environmental factors
affecting root growth, 143-162
effect on plant growth, 9-10
root water and mineral absorption, 190-198
stomatal response, 265-273
Enzyme activity
and dehydration, 306-311
desiccation effects, 398-400
Enzymes
controlling growth rate, 349-351
fixation by carbon dioxide, 264
photophosphorylating, 342
photosynthetic, and dehydration, 308 - 309
regulation by inorganic ions, 71-72
responsiveness to dehydration, 337
Epidermal cells, pathway of water supply, 252—
253
Epidermis
growing roots, 120-123
internal tension, 351-352
Ethanol, effect on water viscosity, 27
Evaporation, see also Guttation; Transpiration
measurement, 223-234
from stands of plants, 230-234
Evapotranspiration
calculation, 108
and irrigation scheduling, 107
Evergreen trees, transpiration rate, 228
Evolution, and agricultural water use, 377-
404
External osmotica, alteration of turgor, 348—
351
Exudation
from barley root systems, 196
explanation, 170
root pressure, characteristics, 173-178

F

Fertilization, use of irrigation equipment, 107
Ferulic acid, allelopathic action, 159
Fick’s law, 4
Field capacity, soils, 91-92
Fire injury, to conducting system, 240-242
Flooding
soil
related deficits, 193-195
related injury to roots, 150-155
and soil dehydration, 315-319
Fog, absorption through leaves, 181-182

|
i
!



Forests
deciduous, 202
European, 228
subalpine, 229-230
tropical rain, 177
Freezing
and changes in water volume, 27-28
properties of water, 2223
related blockage of xylem, 242~-243
Freezing point, water, solute effects, 3233
Fruiting, and reduced rogt growth, 136-138
Fucus vesiculous
photosynthetic response, 317-320
recovery, 337-338
water status, 36
Fungus
effect on stomata, 272
vesicular—arbuscular mycorrhizae, 131-134,
160 :

G

Gamma ray attenuation, measurement of soil
water, 101
Gas exchange, between soil and air, 148-149
Genetics, leaf senescence, 340
Geotropism, and hydrotropism, 147
Gibberellins
synthesized by roots, 117
in xylem sap, 175
Grafting, root, 140-142
Grasses, native, genetic improvement, 393394
Gray, Asa, plant physiology studies, 5-6
Growth
in complex tissues, 351-358
dependence on NO; - metabolism, 299
internodal cellular, 346-351
at low water potentials, 360-372
plant, affecting factors, 9-10
role of ABA, 302-304
root, 118-128
during tissue dehydration, 390-391
and transpiration, 358-360
Guard cells
ABA-related K+ loss, 325
behavior, 272-273
characteristics, 259-265
K+ accumulation, 342
Guttation, see also Evaporation; Transpiration
demonstration, 29
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distinction from root pressure, 170
result of root pressure, 176-178

H

Hales, Stephen, measurements of transpira-
tion, 3
Hatdpan layers, natural, 143-145
Heartwood, characteristics, 235-236
Heat
sensible
loss, 402
transfer, 217
sensible and latent, 207-209
Heat pulse, measurement of sap flow velocity,
243-245
Hereditary potentials, effect on plant growth,
9-10
Heterogeneity, in stomatal response, 274-276
Hexadecanol, inhibition of transpiration, 401~
402
Humidity
and evaporation from guard cells, 268-269
relative, enzyme déhydrated at, 307-308
relative and absolute, 209-211
Hydathodes, guttation from, 176-178
Hydraulic conductivity
cell membranes, 355-356
measurement from £, 70-71
membrane, 64-67
root systems, 183-185
soil, 95-96
tropical vine stems, 239
Hydraulic lift, 198
Hydrogen bonds, breakage and deformation,
26-28
Hydrotropism, and geotropism, 147

I

Ice
characterization, 24-25
interstellar, 28
Illinois, cornfield, 202
Infection, root, biochemistry, 160-161
Infiltration
leaves by viscous liquids, 279-280
in soil recharge, 93-94
Insects, and yield loss, 379-383
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Intercellular spaces
collection of CO», 179
formation, 155-156
resistance in, 212
Internal pressure, reduction by solute, 47-48
Internodal cells, growth, 346-351
Ions
inorganic, absorption, 288-290
transport, and nitrogen metabolism, 283~
312
Irrigation
prehistoric, 1
types and scheduling, 105-109
water, evaporation by crops, 382
Isotopes, water, 29

J

Jasmonic acid, enhancement of 28-kDa protein

mRNA, 370-371
Juglone, allelopathic action, 159

K

Kleb’s concept, actions on plant growth, 9-10

L

Latex, exudation, 181

Leaf area '
in calculating transpiration rates, 227-228
correlation with sapwood area, 140, 237-

239

and stomatal conductance, 276

Leaf area index, 215-216,232

Leaf hairs, light reflection, 219-220

Leakage, internal solutes from leaf cells, 338~

339

Leaves
bulk flow, 277
cells, internal solute leakage, 338—339
conduction, 251-253
desiccation tolerance, 398-400
dew and fog absorption, 181-182
elongation, and photosynthesis, 18-19
growth diminishment, 362-366
heat load reduction, 267
light pretreatment, 329~330 -

nonuniform temperature, 324-326
orientation, 218-223
rapidly transpiring, 203
resistances, 211-212,280-281
temperature, 214-215, 384
transpiration measurement, 224-230
undergoing lysis during dehydration, 342
vapor diffusion, 205-207
water potentials, 6263
Leghemoglobin, internal O, binding, 294-295
Leonardo da Vinci, tree trunk observations, 2,
236
Light, see also Sunflecks
effect on stomatal apertute, 265-267
pretreatment of leaves, 329-330
reflection by leaf hairs, 219-220
Livingston, Burton E., plant physiology stud-
ies, 6
Loam soils
drainage, 85,113
root penetration into, 127
London forces, see van der Waals forces
Longevity, toots, 128
Lysimetet
evaporation measurement, 230~231
measurement of soil water balance, 98—99

M

Magnesium, Mg?*, stromal concentrations,
333-336
Maize ‘
dry matter, elemental composition, 286-287
grain yield, 397
mitochondrial respiration, 320
roots, osmotic adjustment, 73-75
root system expansion, 125-126
water consumption, 363
Malic acid, and aluminum tolerance, 122
Maple sap, flow, 178-179
Matric potential
in plant cell walls, 41
soil, 90
tensiometric measurement, 102-104
Membranes, reflectiveness, 40
Mesophyll cells, water movement path, 187,
252-253
Metabolic cost
ion uptake and transport, 285-291
root systems, 142-143




Metabolism
cell wall, 11
growth dependence, 349-351
nitrogen, and ion transport, 283-312
root, interference, 195
Mineralization, increase by mycorrhizae, 130~
134
Minerals
absorption by roots, 190-198
concentration in xylem sap, 175
nutrient ‘
early understanding, 2
soil concentrations, 289-290
Mitochondria, maize, respiration, 320
Monterey pine stand, water balance, 97
mRNA
breakdown, and polyribosome losses, 304
effect of water deficit, 12 ,
28-kDa protein, in polyribosomes, 369-372
Mulch ) :
reduction of soil overheating, 157
reduction of water loss, 96-97
Mycorrhizae, types, 130~134
vesicular—arbuscular, 131-134, 160

N

Natural selection, see also Selection
large root systems, 142-143
Nematodes, increase after replanting, 160
Neutron scattering, measurement of soil water,
100-101
New Zealand, Monterey pine stand water bal-
ance, 97
Night, see also Darkness
temporary CO, fixation, 378, 385
tropical rain forest guttation, 177
Nitella flexilis, internodal cellular growth,
346-351
Nittate, metabolism, 298-301
Nitrogen, metabolism, 291-304
Nitrogen fixation
different forms, 294-298
by roots, 148-149, 159-161
NMR, see Nuclear magnetic resonance
Nodules, in nitrogen fixation, 294-298
Nonelectrolytes
colligative propetties, 31
water as solvent, 23-24
North Carolina
bald cypress tree rings, 17
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Piedmont, 127
watershed
stream flow reduction, 216
water loss, 202
Nuclear magnetic resonance
study of root growth, 163
suberized roots, 184
water flow in plants, 244-245
Nuttition, minerals
early understanding, 2
soil concentrations, 289-290

o

Oceans
photosynthetic activity, 314
supply of salts, 284
Oleoresin, exudation, 181
Oocytes, osmotic swelling, 60
Organic matter
decomposition in prairie soils, 149
effects on soil, 85, 94
NH; released to soil as, 294
Ornamentals, overwintering, 402
Osmosis
and concept of water potential, 7-8
mechanism, 57-61
in plant cells, 47-49
Osmotic adjustment
cell water content, 71-75
and growth resumption, 364369
repartitioning of dry mass, 391-393
in root tips, 146
Osmotic flow, through plant membranes, 58
Osmotic potential
change, 62, 359-360
and dehydration, 8§1-82
in determination of capacitance, 69
effect on soil-root water movement, 90
measured in thermocouple psychrometer,
53-57
and osmotic pressure, 33-35
soil, measurement, 105
soil solution, 192
Osmotic theory, by Dutrochet, 3-4
Oxygen
around nodules, 297-298
low, root tissue adaptation, 149-150
toxicity, 156157
transport to roots, 151-154
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P

Pacific Coast, fog belt, 182
Palm sap, flow, 179
Parasites, use of xylem sap, 253
Patchiness, see Heterogeneity
Periodicity, see also Diurnal fluctuations
root growth, 125-126
in root pressure exudation, 175-176
Permanent wilting percentage, 8, 92
Permeability
plasmalemma, 43-49
root, 119,152~153,184-185
Phosphate, solubilization, 284
Photoinhibition, during dehydration, 332-
333
Photophosphorylation
effect of elevated Mg+, 71-72
occurrence in chloroplasts, 264
by thylakoid membranes, 328-330
Photoreceptors, role in stomatal aperture,
266-267
Photosynthate
diversion from roots to fruits, 138-139
flux, 295298
relation to nitrogen fixation, 310-311.
in root metabolic processes, 142-143
Photosynthesis
acclimation and recovery, 336—341
C,, 378,403
effect of leaf temperature, 215
and leaf elongation, 1819
nonstomatal inhibition, 195-196
related to stomatal closure, 323328
and water availability, 315-319
Phyllotaxy, and water status, 239-240
Phytometer, transpiration measurement, 224—
225
Pineapple, transpiration rate, 232233
Plant cell, structure, 42-47
Plant physiology, eatly, in United States, 5-6
Plants, see also specific plants
alteration of genetic potential, 12
CAM, 262,281
conducting system
herbaceous, 239
woody, 235-237
dehydration, 301-304
herbaceous
toot pressure, 174-175
turgor pressure, 43

as indicators for irrigation, 109
marine, nutrient availability, 284
performance, 400-402
rapidly transpiring, 167-168
resistances in, 188-189
response to dehydrating soils, 372-375
transpiration measurement, 224-2.30
Plant signals, triggering of metabolic response,
332-336
Plant water relations, historical teview, 1-15
Plasmalemma
breaks in, 338-339
changes, and dehydration damage, 79
inner face osmotic force, 59-60
permeability, 4349
solute transport across, 64-65
Plasmodesmata
in protoplast connection, 45
in symplast pathway, 172
Pollen, water potential, 53
Polymers, wall, continual synthesis, 347-348
Polyribosomes
dehydration-induced losses, 301-304
ptesence of 28-kDa protein mRNA, 369-
372
Polywater, anomaly, 30
Pores
in cell wall, 4547
membrane, water-filled, 57-61
Pore space
noncapillary, 145
soil, 86-88
and soil aeration, 147
Porometers, measurement of leaf gas, 280-
281
Potassium
concentration in guaid cells, 263-264
inhibitory concentrations, 334-336
K+, ABA-related loss, 264, 325
Pressure, developed by growing roots, 119~
120
Pressute plate, measurement of matric poten-
tial, 103-105
Pressure probe
for protoplast water potential, 5557
for water exchange, 66-67
Protein synthesis, decrease, 301-304
Pruning, effects on roots and shoots, 217
Pure water
diffusion as vapor, 93
in ideal osmometer, 47




R

Radiation :
energy for water evaporation, 207-209
on land, 314
transmission through water, 22 -
Rainfall
associated alfalfa yield;233-234
source of NH;, 294
used by trees, 163
and vegetation distribution, 16-17
Raoult’s law, 33-34
Rearrangement energy, and chemical potential,
39-40
Recovery, photosynthetic capacity, 337~341
Reflection coefficients, 64—69
Reflectiveness, membrane, 40
Rehydtration, see also Dehydration
rates, 68-71,82-83
and return of enzyme activity, 399
shoots, 194-195
Replanting, related problems, 160
Reproduction
growth as prerequisite, 344-345
vegetative, 142
and water deficits, 395-398
Resistance

boundary layer, see Boundary layer resistance

cuticular and stomatal
species differences, 206
in transpiration, 212
to diffusion, 211-214
in relation to transpiration, 205-207
rootstocks, to disease, 138-139
soil, to root penetration, 84
transpiration path, 359
to water movement, 187-190
Resistance blocks, 102, 108
Respiration
active, and photosynthesis, 341
biomass consumed via, 313
and photosynthesis response, 319-321
seeds, 18
Restriction fragment maps, tomato DNA, 389
Rhizotrons, study of root systems, 162-163
Rhododendron, leaf water potentials, 62-63
Ribulose bisphosphate, regeneration, 332
Ribulose bisphosphate carboxylase, C isotope
fixation, 387
Rice
flooding effects, 154
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genotype differences, 381~382
supply of elements to roots, 293
Root competition, 158-161
Root—fungus system, 284
Root hairs
growing roots, 120-123
increase of root—soil contact, 164
Root penetration
effect of soil compaction, 143-145
limiting factors, 89
resistance of soils, 84
under various conditions, 126-128
Root pressure, and osmotic absorption, 170—
172
Roots
connected to blade, 357-358
effects on shoots, 138-139
efflux of water from, 198
elongation region changes, 366-367
growth, 115-128,372-375
morphology, genetic control, 394
osmotic adjustment, 73-735
resistance, in water-stressed plants, 274
water absorption, 182198
water in, radical pathway, 186-187
xylem, ions in, 286~290
Root-shoot ratio, 88, 139140, 146, 161
Root—shoot signals
biochemical, 11
and dehydration, 304-306
rapid transmission, 365
Root—shoot transition zone, 235
Rootstocks, disease resistance, 138-139
Root system
detopped, 170,172
development, 134-143
efficiency in absorption, 183-187
genetically modifiable, 374-375
maize, expansion, 125-~126
shallow, and aerenchyma, 153
study methods, 162-164
Root tip
flooding injury, 152-156
osmotic adjustment, 146
Root to leaf ratio, 216-217

S

Salt
accumulation
from irrigation, 110
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Salt, (continued) gradual depletion, 362 e
in xylem sap, 171-172 . . measurement, 97-105 e
concentration in soil, 192-193 Solubilization, increase by mycorrhizae, 130- |
uptake in plants, 283-284 - 134 L
Salt tolerance Solutes
in marine algae, 72-73 accumulation in xylem sap, 171
tobacco plants, 12 added to nutrient solution, 111-112 e
Sandy soils, drainage, 85,113 in apoplast of growing tissues, 354 ‘
Sap, see also specific types compatible organic, 72-73
ascent, 234-251 K effects on water properties, 30-36
flow velocity, 226-227,243-246 inhibitory concentrations, 333-336
rise, mechanism, 249-251 inside plant cell, 43-47
Sapwood area, correlation with leaf area, 140, lowering of water chemical potential, 50-53
237-239 ‘ transport across plasmalemma, 64-65
Seedlings Solvent, function of water, 21-24 f
detopped, 173-174 Sorghum |
selection for growth in osmotica, 394— cultivars, drought tolerance, 215 o
395 ) genotype yields, 386-387 :
transplanted to vermiculite, 360-366 Soybean {
Seeds cultivars, yield according to root density, :
bound water in, 28-29 134 SR
desiccated, 57 stems, solute content, 72—74 !
desiccation tolerance, 398-400 Specific heat, water, 22 . (
respiration, 18 Split root systems, for root sensor effect, 117
Selection, see also Natural selection 118 1
genetic, for drought tolerance, 391-395 Spongiole theory, 3 |
Senescence Sprinkler, irrigation, 106 P
leaves, 276, 340 Starch 0
plant cells, 45 in guard cells, 263-264 }
Shoots leaf, analysis, 388-389 !
analysis for water use efficiency, 388-389 Stem pressure, and sap flow, 178-181 L
effects on roots, 136-138 Stems R
growth inhibition, 366 cattail, CO, in air spaces, 154 (
rehydration, 194-195 growth in humid air, 373 ‘
water movement to roots, 73-75 hypertrophy, 150-152 i
Sodium chloride, inhibitory concentrations, soybean, solute content, 7274 . |
333-336 tree, wounding, 180-181
Soil profiles, 8889 tropical vines, hydraulic conductivity, 239 !
Soils, see also specific types Sterility, pollen, 395-396 {
aeration, 147-157 Stomata
composition and texture, 84-86 antitranspirant effects, 401
dehydrating, plant response, 372-375 aperture, 265-273
dehydration, and flooding, 315-319 behavior, 220-221,262-265
and roots, resistances, 187-188 occurrence and frequency, 258-260
structure and pore space, 86—88 Stream flow
temperature, and root growth, 157-158 in North Carolina watershed, 216
water movement in, 93-97 ) precipitation escape as, 233~234 :
Soil water Suberin I
availability, 190-191 ABA-induced deposition, 242
effects on roots and shoots, 145-147 on cell wall, 204

experimental control, 110-112 Suberization, root endodermis, 123-124 |



Substrates, starvation, 321328
Sugars
converted to glassy state, 399
in growing cell walls, 351-352
tissue content, 339
Sunflecks, see also Light
exposed canopy, 267
Sunflower :
leaves, 62-63,271
photosynthesis, 36, 308-309,317-320
recovery, 337-338
Swamp tupelo, flooding tolerance, 152-153
Symbiosis, in nitrogen fixation, 294-298
Syrup, birch sap, 174

T

Talc, effect on transpiration, 223
Taylor expansion, for dilute solution, 38
Temperature
air and leaf, 210-211
effects on
plant growth, 356-358
stomatal aperture, 269-270
water potential, 36—37
leaves, 214215, 324326, 384
soil, 94-97,157-158,195-198
Tensiometers, measurement of matric potential,
102-103
Texture, soils, 84—86, 143-145
Thermocouple psychrometer
development, 7-8
water status measurements, 53-57
Thinning, thylakoid membranes, 329-330
Thylakoid membranes, photophosphorylating
activity, 328-335
Tissues
cells in, water relations, 75—79
complex, growth, 351-358
dehydration, 308-310,390-391
meristematic, growth, 345
root, adaptation to low oxygen, 149-150
water content, 20-21
Tomato, DNA, restriction fragment maps, 389
Tonoplast
breaks in, 338339
leakage, 48-49
protein channels, 60—-61, 80
Tracheids
blockage by tyloses, 236-237
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conifer, gas bubble formation, 242-243
water movement through, 234
Transient extensibility response, 350-351
Translocation, photosynthetic products, 340-
341
Transpiration, see also Evaporation; Guttation
associated bulk flow, 289-290
during dehydration, 322
and growth, 358-360
importance, 201-204
measurement, 3,223-234
plant, passive absorption by, 168
process, 204-214
rate calculation, 227-230
reduction related to leaf area, 216
and xylem sap pressure, 178-179
Transport
ions, and nitrogen metabolism, 283-312
oxygen to roots, 151-154
Transport equation, for water movement, 63—
68
Tree rings, bald cypress, 17
Trees, see also specific trees
competitive capacity, 133
ring-porous, 243
water stress and root removal, 142
Trichomes, see Leaf hairs
Turgidity
maintenance, 21
regained after wilting, 77-78
Turgor
cellular, 56-57
etymology, 4
guard cell, 260-265
loss in cell walls, 80
relationship to growth, 375
role in irreversible growth, 348-351
threshold, 352
Turgor pressure
in equation for water status, 61
herbaceous plants, 43
in internodal cells, 347-351
opposing osmotic forces, 4748
Tyloses, blockage of vessels and tracheids,
236-237

U

United States, see also specific states
Desert Laboratory at Tucson, 13
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United States, (continued)
early plant physiology, 5—6-
major crops, yield data, 378-380
Utah, crop water use, 384-385

\ %

Vacuole
in osmotic balance, 48
to vacuole path, 76 )
van der Waals forces, in water, 25-28, 34
van’t Hoff equation, 34, 38—39, 81-81
Vapor flow, above stand of plants, 231
Vaporization, watet, 22
Vapor pressure
experimental system, 35
gradients, 209-213
in leaf, temperature effects, 384
and measurement of cell water status, 75
and stomatal aperture, 270
water in solution, 31-32
Vermiculite
dehydrated, 73-74
transplanted seedlings, 360-366
Vessels
in angiosperm xylem, 234
blockage by tyloses, 236-237
Viscosity, water, ethanol effects, 27
von Sachs, J., soil investigations, 5

w

Watet, see also Polywater
absorption
importance of root hairs, 122
research development, 8
through roots, 182~198
by xylem associated cells, 77-79
availability, 298, 315-319
bound, see Bound water
bulk, see Bulk water
ecological and physiological importance,
16-19
efflux from roots, 198
epidermal cell pathway, 252-253
flow rate, and resistance, 189
flux in cells next to xylem, 355-358
isotopes, 29

limitation, and continued biosynthesis, 366 —
368
movement in soils, 94-97
physical properties, 21-24
in plants, functions, 19-21
pure, see Pure water
radical pathway in roots, 186-187
readily available, 92-93
starvation, 321
transport, 63-68
Water balance
plant, 9
soil, 97-98,230-231
Water content, various plant tissues, 20~21
Water deficit
and cell enlargement, 18-19
effect on mRNA, 12
plant
eatly indicators, 108-109
and reverse water flow, 246
and reproduction, 395-398
Waterlogging, soil, 109-110
Water potential
determination and measurement, 50—57
diurnal variation, 247
growth-induced, 353-358
low, growth at, 360-372
measure of energy status, 3637
and osmotic pressute, 7~8
soil
components, 89-91
measurement, 102-105
tissue, interspecific differences, 318-319
xylem sap, 168
Water status
changes in, 61-63
Fucus and sunflower, 36
physically defined, 49-57
and plant water balance, 9
relation to phyllotaxy, 239-240
Water stress
associated allelopathic action, 193
avoidance, 13-14
constant level, 112
roots as sensots, 117~118
tree
and blocked xylem, 241
and root removal, 142
Water use, agricultural, and evolution, 377-404

. Water use efficiency, 383-390

‘Water vapor, from leaves, 205-207,226




Wax, deposited on leaves, 218-220
Weeds

allelopathic, 193

and yield loss, 379-383
Wettability, surfaces, 41
Wheat, drought effects, 395-396
Wilting

leaves, and growth, 363

reduction of leaf heat load, 267

and regained turgidity, 77-78

resulting from soil flooding, 150, 193-195
Wind

effects on plants, 212-213

effects on stomatal aperture, 270-271
Wounding

cellular, release of jasmonic acid, 371

induced exudation, 199

tree stems, 180-181

X

Xylem
associated cells, water absorption, 77-79
blockage, 241-243

Index 495

root, ions, 286-290
water, movement into apoplasts, 353—358
water-conducting system, 234-239

Xylem sap

D/H ratio, 163-164

increase of ABA concentration, 118
mineral concentration, 175

salt and solute accumulation, 171-172
use by parasites, 253

water poteritial, 168

Yield

environmental limitations, 380-383
improved, 392-395

Zinc

deficiency-induced stress, 242
toxicity to plants, 223
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Plants use large amounts of water in the growth process, with important conse-
~quences for agriculture and the distribution of plant communities. Water is

involved.in nearly every aspect of plant activity, ranging from the transport of min-
_eral rutrients and metabolites to growth, metabolism, and gene action. Water
. Relations of Plants and Soils discusses the properties of water, cell water rela-
" tions, and soil water and the ways water moves and affects root activities, transpira-
tion, ion transport and metabolism, photosynthesis and stomatal action, and cell
growth. Particular attention is paid to the action of water on the enzymes and
structures of plants and to applications of molecular biology in the context of
whole plants. Principles of plant responses to water deficits are treated in detalil,
and recent advances in the agricultural and ecological management of water are
described along with the historical development of the concepts of water relations.

KEY FEATURES

® Addresses the role of water in the whole range of plant activities
® Describes molecular mechanisms of water action in the context of whole plants
¢ Synthesizes recent scientific findings ’
* ® Relates current concepts to agriculture and ecology
¢ Provides a summary of methods

Water Relations of Plants and Soils provides a comprehensive review useful for
students, researchers, and anyone interested in growing plants.
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