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Preface to the Third Edition

This volume is designed for the student who is interested in the na-
ture and properties of soils and their relationships to higher plants.
A working knowledge of inorganic chemistry and elementary physics
is presupposed as well as some understanding of the colloidal state
of matter. A background of general geology and biology will be
exceedingly helpful.

References are cited for two purposes to establish authority and to
assist the student who may wish to verify or read more deeply into
the various phases of nedology and edaphology. Further than this,
citations from the exceediugly vcluminous literature are not at-
tempted.

v T. L. L. -~ H. O. B.
Cornell University

February, 71937.

Preface to the\ Fourth Edition

Because of the rapid advances ir;i soil science the author has found it
increasingly difficult to cover, even in an introductory text, so broad
a field. The additional attention required by the physics of soil
moisture, by the chemistry of the colloidal state, and by soil genesis
and classification, have of necessity lessened the emphasis on topics
that once were deemed worthy of more extended consideration. It
is hoped that in bringing the book abreast of research, the viewpoint
presented is still a well-balanced one.

This volume is dedicated to the memory of T. Lyttleton Lyon, the
late senior author, to whose judgment and scholarly discrimination
the modest success of the previous editions of this book was due in no
small part. It is the hope of the present author that this, the fourth
edition, is as well received.

H.O.B
Cornell University

February, 1943.
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Absorption by plants
form in which nutrients are taken up, 35
influenced by contact, 38
of ammonium, 36, 374, 408
of carbonates, 37
of inorganic substances, 35
of nitrate nitrogen, 36, 380, 408
of organic materials, 132, 133
of phosphate ions, 36, 301
of water, 179
Acidity, see Soil acidity
Acre-furrow-slice
energy of, 122
living plant tissue in, 101
organic and mineral soils compared, 328,
335
pounds of nutrients in, 23
pounds of organic matter in, 23
weight of, mineral soils, 53
weight of, peat soils, 328
Actinomyces of soil
condition for growth, 106
importance in soils, 107
nature of, 106
numbers, 107
pigment production, 106
relation to pH, 106
Adobe, as soil material, 254
Adsorption by soils
capacity of colloidal clay, 81, 82
capacity of peat, 330, 332
capacity of soils, 88, 89
* “ cation fixation, order of, 79
" exchange capacity, 81
influence of organic matter, 88
mechanism of, 72
of anions, 81
of cations, 72
of hydrogen, 79
Aecolian deposits”
loessial, 254
other than loessial, 254
Aeration of soil
importance, 160, 172
influence of granulation on, 55
influence on nitrification, 376
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Age of soil, explained, 259, 260
Air of soil, nature of, 12
Air space of soil
amount, 7
fluctuation of, 7
regulation, 60, 61, 143, 190
Algae of soil, 102
Alkali in soil
black, 312
control of, 229, 314
effect on plants, 313
origin of, 311
salts of, 312
spots, 311
tolerance of plaats, 213, 314
white, 312
Alkali soils
forms of alkali in, 312
management of, 229, 314
origin of, 311
problems of, 311
solonchak, 312
solonetz, 312
Alluvial deposits
"deltas, 245
fans, 245
flood plains, 244
importance as soil, 246
nature of, 245
of Mississippi river, 245
types of, 244
Aluminum
activity in soils, 301, 357
amount in soils, 23, 269
influence on phosphates, 302, 412
relation to pH, 301
toxicity to plants, 301
Aminization
nature and importance, 371, 372
place in nitrogen cycle, 373
Amino acids
carriers of nitrogen, 118, 119
decomposition of, 119, 373
nature of, 119
produced by nodule bacteria, 385
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Amino acids—Continued
used by higher plants, 372
used by microorganisms, 372
" Ammoniates
inorganic, 407
organic, 406
Ammonification
briefly explained, 126
nature and importance, 372, 373
Ammonium salts
in rain water, 394
used as fertilizers, 407
Ammonium sulfate
as a fertilizer, 407, 408
cause of acidity, 407, 408
source of, 407
vs. nitrate of soda, 408
Ammo-phos, 407, 410
Analysis, see Chemical analysis
Animals in soil
macro, 93
micro, 98
Apatite
as a soil mineral, 9
source of phosphorus, 9
Aridic soils
biological nature of, 269
classification of, 267
* compared to humid soils, 266
general composition of, 23
nature of, 266
pH of, 34, 268
soluble salts of, 312
types of, 281, 282
Artificial farm manure
effectiveness of, 440
how produced, 439, 440
nature of, 439
Autotrophic bacteria
nature of, 109
types of, 109
Available phosphoric acid, 415
Available water of soil, 188, 189
Azofication in soil
amount of nitrogen fixed, 392, 393
nature of process, 392
organisms involved, 391
Azonal soil groups, 259, 266, 267, 281
Azctobacter in soil, 391

Bacteria in soil
aerobic vs. anaerobic, 110
aminization, 371
ammonifiers, 372
auiotrophic vs. heterotrophic, 109
azotobacter, 391

Bacteria in soil—Contsnued
colonies of, 108
competition with plants, 112
conditions affecting, 109, 111
importance, 14
nature of, 107
nitrifiers, 375
nitrogen fixers, 384, 391
nitrogen reducers, 381
nodule organisms, 384
numbers and weight, 14
rate of multiplication, 108
size of, 108
surface exposed by, 108

Bactericidal substances in soils, 113

Balanced nutrient ration
importance of, 404
relation to fertilizers, 397
why difficult to attain, 404

Base exchange capacity
of hydroxide clays, 87
of organic colloids, 88
of peats, 332
of representative soil, 91
of silicate clays, 82,.88
of various soils, 89

Base exchange of soils
availability of nutrients bv. 31, 92
due to H,CO;, 79
due to KCI, 80
explanation of, 79
function of roots, 92
graphically expressed, 79
importance of, 81
liberation of calcium, 30
loss of lime from, 79
reversibility of, 80

Biological cycles of soil
carbon, 125
nitrogen, 373

Biological nature of soil, 13

Black Belt of soil, 277

Bog lime
origin, 336
under peat, 336, 337

Bone meal
as a fertilizer, 411, 413
composition, 406

Boron
an essential element, 19
as a fertilizer, 419, 420
ionic form in soil, 35

Brown aridic soils, 283

Brown podzolic soils, 274

Burned lime
changes in soil, 352

485



486

Burned lime—Continued
composition of, 347
guarantee, 347
nature, 344
source, 345

Calcification in soils, 281
Calcite, a soil mineral, 9
Calcium
amounts exchangeable in mineral soils,
91
amounts exchangeable in peats, 331
an essential element, 19, 21
chapter on lime, 342
compounds used as lime, 343-349
flocculating effects, 59, 84
forms in soils, 27
influence on nitrification, 377
ionic form in soil, 27, 35
loss in drainage, 161
pH and exchangeable calcium, 300
total amounts in mineral soils, 23, 269
total amounts in peats, 333, 334
transfer to available forms, 30
why compounds used as lime, 342
Calcium metaphosphate, used as a ferti-
lizer, 411, 414
Capillary eonductivity of soil water
explained, 168
factors influencing, 169
importance of, 169
Capillary movement of soil water
- explained, 162
factors influencing, 165, 166
formula for height, 163
fundamentals, 162
.influence on evaporation, 176
supplying plants with water, 181, 182
types most common, 163, 164
upward from water table, 165, 167
Capillary water in soil
factors governing amount, 158
nature of, 158, 159
pF limits, 157, 163, 169
Carbon .
an essential element, 19, 20
carbonate source for plants, 37
photosynthesis of, 20
ratio to mitrogen in soil, 133, 134
Carbon cycle
diagram of, 124, 125
importance of, 128
Carbon dioxide
generation in soil, 11, 120, 124
in soil air, 13
. relation to base exchange, 30, 79
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Carbon dioxide—Continued

solubility of potassium, 30, 450, 469

source of carbon for plants, 20, 37

used by autotrophic bacteria, 109, 375
Carbonate of lime, sez Lime
Carbonates, absorbed by plants, 37
Carbonic acid :

base-exchange reaction, 30, 79

developed in soil solution, 37

solubility of phosphates, 30, 450

solubility of potash, 30, 450, 469
Cations

adsorbed by colloids, 72

coagulating capacity, 59, 84

exchange of in soil, 78, 79 -

present in soil solution, 35
Chemical analysis

base exchange capacity, 81

complete analysis of soil, 23

for fertilizer needs, 459

for organic carbon, 138

‘of caustic limes, 347

of chernozem, 269

of dry animal manure, 433

of farm manure, 433, 434

of fertilizers, 423

of granite and its clay, 238

of gray-brown podzolic soil, 269

of ground limestone, 348

of limestone and its clay, 238

of Ontario loam, 465

of peat soils, 333, 334

of silicate clays, 77

of Volusia silt loam, 465

over rated by public, 459

partial for soil, 460

peat vs. mineral soil, 334

rapid tests for soil, 461

representative aridic soil, 23

representative humid region soil, 23

total for soil, 460

various types for soil, 459
Chernozems

described, 281, 282, 283

organic matter of, 137

profile of, 282
Classification of soil, see Soil classification
Clay, see Hydroxide clay and Silicate clay
Clay pan in soil, 8, 262
Climate

a factor in soil classification, 265

age of soils, 259

cause of variation in loess soils, 256

genesis of soils by, 258

influence on soil organic matter, 140

influence on transpiration ratio, 179
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Cohesion in soil
of clay, 83
of peat, 329
relation to structure, 83
Colloidal state of matter
clay, chapter on, 68
defined, 68
general viewpoint, 15
nature of in peat, 330
Colloido-biological concept of soil, 15
Colluvial soil material, 244
Color
of peat soil, 327
of soil material, 240
. of soils, 241
Comber test, 363
Commercial fertilizers, see Fertilizers
Composting, nature of, 439
Conduction of heat
defined, 64
from soil to atmosphere, 64
Conversion factors for lime, 347
Copper
" an essential element, 19
ionic forms in soil, 35
Critical moisture
compared to hygroscopic coefficient,
188
compared ‘0 moisture equivalent, 188
defined, 186
determined, 187
pF value of, 188
Crop rotation, importance in soil manage-
ment, 475, 476
Cultivation of soil
benefits of, 223
Illinois data, 225
influence on granulation, 60
New York data, 225
sacrifice of water by, 224
summer fallow, 227

Decay
energy released by, 122
of farm manure, 436, 437
of green manure, 451, 452
Delta deposits, 245
Desert soils, nature of, 283
Disease organisms
influenced by pH, 112
nature in soil, 111
Drainage of soils
benefits of, 217
influence on temperature, 64, 65
moie drains, 215
layout of tile drains, 216, 218
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Drainage of soils—Continued
loss of nutrients by, 161, 211, 212
open ditch drainage, 214
stone drains, 214
tile drains, 215
types of drainage, 214

Drainage water from soil
loss of nutrients, Aberdeen, 212
loss of nutrients, Cornell, 211
lysimeter studies of, 205, 206
nutrients losses compared to crop re-

movals, 212

Dry-land farming
nature of, 226
use of soil mulch in, 227

Earthworms in soil
conditions favoring, 97
importance, 14, 96, 97
influence on granulation, 58, 96
species, 96

Edaphology defined, 1

Eluvial horizons, 261, 262

Energy in soil
of soil organic matter, 222
release of, 221

Erosion, see Soil erosion

Essential elements
amounts in soil, 22, 23, 24
available by base exchange, 91, 92
case of sodium, 19
chapter on, 17
complex vs. simple forms, 27
contact effect of plants on availability, 39
forms absorbed by plants, 35 ’
forms of in soil, 25, 27
from air and water, 19, 20
from soil solids, 19, 20
interchange between solids, water and

roots, 38 -

ionic forms in soil, 27, 35
list of, 18, 19
losses by leaching, 210
solute forms, 35 o
transfer to available forms, 28
use in trace amounts, 19, 21

Evaporation of water from soil
competition with crops, 221
effect on temperature, 64, 173
factors affecting, 176, 177
magnitude of loss, 220
methods of control, 222

Exfoliation, a weathering process, 234

Farm manure
amounts produced by animals, 434
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Farm manure—Continued -
artificial, 439, 440
average composition, 434
change in bulk, 438
chapter on, 432
composition of, 432, 433
crops that respond to, 446
economic utilization, 444
fermentation of, 436, 437
fire fanging of, 438
handling and storage, 442, 443
maintenance of soil fertility, 447
nutrients lost from, 440, 441
outstanding characteristics, 434, 435
readily available nutrients, 435
reinforcement of, 445
use in composting, 439
variability of, 433
Ferrous sulfate, to make soils acid, 310
Fertility management of soil
a phase of soil management, 459
effectiveness of system, 473, 474
generalization regarding, 477
importance of crop rotation, 475
of lime, 362, 369, 467, 468
of magnesium, 471
of mineral soils, chapter on, 457
of nitrogen, 395, 466, 467
of organic matter, 142, 143, 464, 465
of phosphorus, 301, 302, 412, 470, 471
of potassium, 468, 469
of sulfur, 417, 418, 471
of trace elements, 420, 472
outline of phases, 463
Fertilizer elements
influence of nitrogen on plants, 400, 401
influence of phosphorus on plants, 401,
402
influence of potassium on plants, 403
nutrient balance of, 404
problems of, 398
soil content of, 23
Fertilizers
acidity or basicity of, 423
amounts to apply, 429, 430
brands of, 421
broader aspects of use, 430
chapter on, 397
classification of phosphates, 415
complete, 421 ~
economy buying, 426
farm manure, chapter on, 432
guarantee of, 423
home-mixing of, 426
incomplete, 421
influence on nitrification, 376
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Fertilizers—Continued
" influence of nitrogen on plants, 400, 401
influence of phosphorus on plants, 401,
402
influence of potassium on plants, 403
inorganic ammoniates, 407 ’
inspection and control of, 425
methods of application, 427, 428
neutral, 422 ’
nitrate of soda, 406
nitrogen carriers, 405410
nutrient balance of, 404
objectives of use, 397
open formula, 424
organic ammoniates, 406
phosphatic, 410, 411
physical condition of, 422
potassium carriers, 415, 416
ratio of constituents, 424
sulfate of ammonia, 407, 408
sulfur, 417, 418
three general groups, 405
trace elements, 419, 420
Fixation of nitrogen in soil
amount by free fixation, 392, 393
amount by nodule bacteria, 386
by free fixation, 390, 391
by nodule bacteria, 384
fate of nitrogen in nodules, 387
mechanism of nodule fixation, 385
Flocculation
by various cations, 84
of clays, 84
influence of lime on, 59, 84
inflence on granulation, 59
theory of, 84
Flood plains discussed, 244
Formation of soil, see Soil formation
Forms of soil water
explained, 157-162
shown diagrammatically, 155
Freezing and thawing
force exerted by freezing, 233
granulating effects, 58
Fungi
conditions for growth, 104
forms in soil, 104
importance in soil, 105
mycorrhizal forms, 105
. quantity in soil, 104

' Glacial deposits, 247252

Glacial-aeolian deposits
deposits other than loess, 254
distribution in U. 8., map., 251, 255
distribution of loess, 255
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Glacial-aeolian deposits—Continued
nature of loess, 255
origin of loess, 254
Glacial-lake deposits
formation of lakes, 253
Lake Agassiz, 252
nature of deposits, 253
Glacial pcriods in America, 247
Glaciation
acolian deposits, 253
area covered in U. 8., 251
centers of ice accumulation, 247, 248
drumlins, 250
erosive effects, 249
ground moraine, 250
interglacial periods, 248
lacustrine deposits, 252
length of, 248
outwash materials, 250
periods of in U, 8., 247
terminal moraines, 250
Granite
composition of, 238
composition of clay from, 238
Granulation of soil
conditions encouraging, 58
effect of tillage on, 60
explanation of, 57
influence of lime on, 59, 60
proportion of soil affected, 58
source of granules, 57
Gray podzol soils, 272, 274
Gray-brown podzolic soils, 264, 274
Gravitational water
importance of, 160, 161
loss of nutrients by, 161
movement of, 170, 171
nature of, 157
pF limits of, 157, 163
Gravity flow of water through soil
factors affecting, 171, 172
importance, 160, 172
loss of nutrients by, 161
nature of, 170, 171
Green manures
benefits from, 448, 449
desirable characteristics, 453

influence on microorganisms, 452

influence on nitrates, 451, 452
list of crops suitable, 453
maintenance of soil fertility, 456
nature of, 448

nitrogen increase due to, 450
practical utilization, 454, 455
JSime interval for decay, 452

Guarantee
of a commercial fertilizer, 423
of caustic lime, 347
* of ground limestone, 348, 349
Gullying and its control, 202
Gypsurm, use on alkali soil, 315

Heat in soil
conduction through, 64
equalization, 63
of wetting, 45
radiation from, 64
Hematite
a soil mineral, 9
development of, 236, 240
Heterotrophic
explained, 109 ]
relating to soil bacteria, 109
Home-mixing of fertilizers, 426
Horizons of soil, see Soil profile
Humid versus arid soils, compared,
266
Humus of soil
adsorption of cations, 131
base exchange of, 131
characteristics of, 130
contrasted with clay, 132
controlled by soil nitrogen, 137, 144
definition of, 128, 129
determination of, 129
direct influence on plants, 132, 133
genesis of, 129
ligno-proteinate of, 129
Hydrogen
an essential element, 19, 20
flocculating effect of ion, 84
Hydrogen ion.
adsorbed by colloidal complex, 72, 79 -
as active acidity, 295 .
as exchangeable acidity, 295
determination of pH, 307
effect on plants, 304, 305
pH, expression of, 33
Hydrolysis
alkalinity developed by, 289
in genesis of clay, 85
in weathering, 235
Hydroxide clays
an important type of clay, 69
contrasted with silicate clay, 87
development of, 277, 278
- general organization, 86
pH relations, 279, 280
Hygroscopic coefficient
compared to critical moisture, 188
data of, 160
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Hygroscopic coefficient—Continued
defined, 153
determination of, 153
determination of amount of colloidal
matter by, 88
Hygroscopic water
amount in soils, 158, 160
hygroscopic coefficient, 153
nature of, 157, 158
PF, limits of, 157

Iluvial horizon in soil, 262, 263
Indicators, determination of pH, 307
Intrazonal soil groups, 265, 267, 277, 283
Intrazonal soils

solonchak, 312

solonetz, 312
Ionic exchange, se¢ Base exchange
Ions present in soil solution, 35
Iron .

an essential element, 19

ionic forms in soil, 35

pH and active iron, 301
Irrigation

alkali control under, 229

need for moisture control, 228, 229

Kainit as a fertilizer, 416

Kaolin as clay mineral, 74

Kjeldahl method, nitrogen determination,
134

Lacustrine deposits, 252
Lateritic soils
distribution of, 281
nature of, 280
origin of term laterite, 279
true laterite soil, 280
" Laterization
nature of, 277, 278
soils produced by, 279
Legumes
activation of soil nitrogen, 390
amount of nitrogen fixed in roots, 386,
451
as a green manure, 450, 451
bacteria in root nodules, 384
cross inoculation, 385
do they increase soil nitrogen, 388, 389
mechanism of nitrogen fixation, 384, 385
Lignin, nature of, 129
Ligno-proteinate, in soil and importance,
129 -
Lime )
amounts in soil, 23
amounts to apply, 366, 367
as a cure-all, 362
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Lime—Continued
carbonate of, 346 .
changes in soil, 351-354 -
chapter on, 342 SRR
chemical guarantees, 346-349
conversion factors for, 347 ;.
crop response to, 359 T
effects on soil, 357
fineness guarantee of limestone, 349, 350
forms of, 343-349
forms to apply, 364, 365
hydroxide of, 345
influence on nitrification, 377
interpretation of fineness guarantee, 350
losses from soil, 354, 356
methods of application, 367, 368
neutralizing power, 347
over-liming, 361
oxide of lime, 344
practical problems of, 362
relation to soil fertility, 369
shall lime be applied, 362, 363
Liming )
crop response to, 359
effects on soil, 357
influence of over-liming, 361
method of applying lime, 367
problems of, 367
Limonite
a soil mineral, 9
compounds of group, 240
produced by weathering, 236, 237
soil color, 241
Loam
defined, 47
physical properties, 47
Loess, see Glacial-aeolian deposits
Loss of nutrients from soils
by cropping, 212
by drainage, 211, 212
by erosion, 200
by volatilization, 382, 383
Lysimeters
description of types, 205, 206, 207
loss of nutrients through, 211, 212

Macroorganisms, 93, 95
Magnesium
as a nutrient, 19, 21
content of mineral soil, 23, 269
content of peat soil, 334
controversy as to neutralizing power, 348
exchangeable in mineral soils, 72
exchangeable in peat soils, 331
~ forms in soil, 27
ionic form in soil, 27, 35
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Magnesium—Continued
Icss by leaching, 211, 212
presence in lime, 342, 349
transfer.to available form, 31
. Maintenance of soil fertility, chapter on,
457 ..
Maintenanc® of soil nitrogen, see Nitrogen
Maintenance of soil organic matter, ses
Soil organic matter
Manganest
active in acid soil, 301
as a nutrient, 19
ionic form il’l soil, 35
relationship to pH, 301
suppression by over-liming, 361
Marine soil materials, 246 )
Marl, under peat, 336, 337
Mechanical analysis
data of, 42, 43
explained, 42
international classification, 43
used in naming soils, 49
Meta-phos, a fertilizer, 411, 414
Micelle
of clay, 71
of peat, 330
Microcline
a soil mineral, 9
liberation of potash from, 30
Microorganisms, see Soil organisms
Milliequivalents
calculation of, 91
exchange capacity of soils, 82, 91
explained, 81
Moisture equivalent
compared to critical moisture, 188
data of, 160
explained, 156
Mole drain, 215
Montmorillonite minerals, nature of in
clay, 74
Moraines, various types, 250
Muck
meaning of term, 324
peat vs. muck, 324
Mulch
artificial, 222
effectiveness of soil mulch, 223-
226
natural mulch, 223
Mull, nature of, 273
Mycorrhiza of soil, 105

Naming of soils
by feel, 48
by mechanical analysis, 48, 49
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Nematodes in soil, 98
Nitrate accumulation in soil
in peat soils, 334
influenced by green manure, 451, 452
influenced by lime, 359, 377
influenced by nitrogen-carbon ratio, 135,
136
Nitrate of soda
as a fertilizer, 406, 407
influence on soil pH, 407
vs. sulfate of ammonia, 408
Nitrate reduction, 381, 382
Nitrates in rain, 393, 394
Nitrification
a bacterial monopoly, 111
briefly explained, 126
fate of nitrogen oxidized, 380
influence of green manure on, 452
nature of transformation, 375 .
organisms involved, 375 :
relation to nitrogen-carbon ratio, 378
relation to pH, 303
soil conditions affecting, 376, 377
temperature range of, 62
vigor in peat soils, 334
Nitrogen
activated by legumes, 390
added to soil in rain, 393, 394
aminization, 371
ammonification, 372, 373
amounts in soil, 23, 138, 141
an essential element, 19, 21 .
balance sheet for soils, 395
changes in soil, chapter on, 370
control in soil, 395
control of soil humus by, 137, 144
cycle in soil, 373
fertilizers carrying, 405-410
fixation by azotobacter, 391
fixation by legume bacteria, 384
forms in soil, 27
in farm manure, 433, 434
increase due to green manure, 450
influence on plants, 400, 401
ionic forms in soil, 27, 35
losses from farm manure, 441
losses in drainage, 161, 211, 212
management of, 395, 466, 467
nitrification, 375
simple forms in farm manure, 437
transfer to available forms, 29
volatilization in farm manure, 437
volatilization in soil, 381 ’
Nitrogen-carbon ratio
explanation of, 134, 135
conservation of nitrogen, 136
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Nitrogen-carbon ratio—Continxed
influence of climate on, 140
influence on nitrates, 135, 136
maintenance of soil humus, 137, 144
minimum values, 135
practical importance, 136
relation to nitrate accumulation, 378

Nitrogen cycle
aminization, 371
ammonification, 372, 373
chapter on, 370

Peat deposits

classification, 320
distribution and extent, 318 319

" fibrous types, 321

genesis of, 317

muck versus peat, 324
relation to glaciation, 319
sedimentary types, 320
types of, 320-322

various uses, 322, 323 .
woody types, 321

conditions affecting nitrification, 376— Peat soils

380
control of nitrogen in cycle, 395
diagram of, 373

fixation of nitrogen by azotobacter,

390

fixation of nitrogen by nodule bacteria,

384

nitrification, 374, 375

nitrogen added to soil in rain, 393

two main divisions of, 383
Nitrogen fertilizers, se¢ Fertilizers
Nitrogen fixation

a bacterial monopoly, 111

by azotobacter, 390

by nodule bacteria, 384
Nutrient balance in soils, 404

Olivine, weathered to limonite, 237
Open ditch drainage, 214
Optimum water, control of in soil, 190
Organic acids
amino, 119
carbonic, 13, 79, 124, 235, 352
cause of podzolization, 270
Organic carbon
determination of, 134
nitrogen-carbon ratio, 133—136
Organic deposits
classification of, 320
extent of, 318, 319
genesis of, 317
soils from, 324, 325
Organic matter, see Soil organic matter
Organic soils, chapter on, 317
Organic vs. mineral soils, 6
Organisms of soils,%e¢ Soil organisms
Overliming, effects of, 361
Oxide of lime, sez Lime -
Oxygen
an essential element, 19, 20
influence on bacteria, 109
influence on nitrification, 376
" of the soil air, 13
role in weathering, 237

&,

anomalous features, 334, 336

bog lime, 336

cationic condition of, 331

chemical composition, 333
classification, 325

colloidal nature, 330

discussion of chemical analysis, 334, 33!

. exchange data vs. mineral soil, 332

factors that determine value, 337
fertility features, 334, 336
fertilization of, 341
management, 339, 340

physical characteristics, 327, 329
preparation for cropping, 338
profiles, 324, 325, 328

total exchange capacity, 332

Pedology, defined, 1
Percentage base saturation

explained, 90
of representative soils, 91, 332
relation to pH, 290

Percolation

mechanics of, 169

methods of study, 204

losses of nutrients by, 211, 212
losses of water by, 208, 209

pF of soil

explanation of, 149, 150

graphs for mineral soils, 151, 152

in terms of atmospheric pressure, 150
in terms of vapor pressure, 153

of hydroscopic coefficient, 153

of moisture equivalent, 154

table of equiva.lents, 150

value at field capacity, 156

. valiig for capillary water front, 156, 164

pH of s6il

accufacy of determination, 308
colldidal control of, 290

compérative terms, 34

correfation with active aluminum, 301
correlation with active calcium, 360
correlation with active iron, 301 .
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pH of soil—Continued

correlation with ava.dablc phosphorus,
301

determination of, 307

dye method of determination, 307

electrometric determination, 307

explanation of, 33

for humid region soils, 34

heterogeneity of H ion, 294

important correlations, 300-304

limitations in use, 307 )

major changes in, 292

minor changes in, 293

nutrient significance, 37

of lateritic soils, 280

range of, 34

relation to bacteria, 111

relation to disease organisms, 112

stabilization by buffering, 300

Phosphorus

amount in soil, 23

an essential element, 19, 21

available phosphoric acid, 415

fertilizer problem, 398, 399

fertilizers carrying, 410, 411

forms in soil, 27

in farm manure, 433, 434

influence of pH on, 302

influence on plants, 401, 402

ionic forms and pH, 301

ionic forms in soil, 27, 35, 36, 38

loss by leaching, 211, 212

losses from farm manure, 441

management of, 301, 302, 412, 470, 471

pH and available forms, 301, 302

soluble organic forms, 36

transfer to available forms, 30

unavailable phosphoric acid, 415

Plant roots—Continued
exudates from, 39, 102

influence on nutrient availability, 38, 92

organisms in rhizosphere, 39 -
source of organic matter, 101
Plant tissue
composition of, 117, 118
decomposition in soil, 118
Plants
acquisition of water by caplllarlty, 181,
182
acquisition of water by root extension,
183, 184

influence on avaxlablhty of nutrients, 38

influence on erosion, 199
interception of preécipitation by, 192
magnitude of root extension, 183
nutrient balance of, 404
nutrients removed by, 212
response to liming, 359
suitable for green manure, 453
tolerance to alkali, 313, 314
transpiration ratio of, 180
' Podzol soils
diagram of profile, 271
humus type, 272
iron type, 272
mode of formation, 271
nature of profile, 271, 272
Podzolic soils
classification of, 267
description of brown, 274
description of gray, 274
description of gray-brown, 274
description of prairie, 276
description of red and yellow, 276
description of typical podzol, 272, 273
importance in U. 8., 276
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Phosphorus fertilizers, see Fertilizers
Photosynthesis, process of, 20
Plant growth

regions in U. S., 275
Podzolization
conditions favoring, 270

critical moisture point, 186

factors affecting, 17

influence of nitrogen, 400

influence of phosphorus, 401, 402
influence of potassium, 403

nutrient balance for, 404 - .
optimum water for, 190 o

relation to soil reactions, 304, 305, 306

tolerance to alkali, 313, 314 ’,‘,'5“
Plant nutrients, see Esscnua.l clemeqw
Plant roots i ?
a part of soil colloidal system, 16 o
as true soil organisms, 101 ,
base ‘exchange relations, 92

contact relations with soil, 39, 92

nature of, 270
% profile developed by, 271, 272

Fore space in soil
!+ amount, 7, 54

calculation of, 54

factors aﬁ‘ectmg amount, 53

size and shape of pores, 145

sod vs. cultivated soil, 54 -
Potassium .

amount in soil, 23

an essential element, 19, 21

fertilizer problems, 399

fertilizers carrying, 416

forms in soil, 27

in farm manure, 433, 434

L2
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Potassium—Continued Silicate clay—Continued
influence on plants, 403 hydrous mica type, 74
ionic form in soil, 27, 35 kaolin vs. montmorillonite, 74
liberated by hydrolysis, 236 mineralogical nature, 73
loss by leaching, 161, 211, 212 mixture of various types, 76
losses from farm manure, 441 molecular make-up, 69
management of, 468, 469. order of cation adsorption, 79
transfer to available forms, 30 plasticity and cohesion, 82, 83
Potassium fertilizers, see Fertilizers regional distribution, 76
Potassium sulpho-cyanate test, 363 salt-acid-like nature, 77
Potentiometer, determination of pH, 307 size and shape of particles, 69
Prairie soils, 276 structural formula, 78 .
Profile, .see Soil profile various types in soil, 75
Protozoa in soil, 99, 100 Silicon
amount in soils, 23
Quartz, as nutrient, 19
a soil mineral, 9 Silt, see Soil particles
in sand and silt, 44 Slope,
influence on erosion, 197
Rain influence on soil temperature, 62
influence on soil temperature, 230, 231 Sod
nitrogen in, 393 check on erosion, 199, 200
" sulfur in, 211, 417 influence on drainage losses, 211
Rapid tests for soils, 461, 462 influence on nitrate accumulation, 380
Raw rock phosphate Sodium
compared to superphosphate, 414 adsorbed by colloids, 407
nature and composition, 411, 413 exchangeable in soils, 72
used to make superphosphate, 411 in aridic soils, 313
Red and yellow podzolic soils, 276 of black alkali, 312
Regolith, nature of, 2 of white alkali, 312
Reinforcement of farm manure, 445 Sodium nitrate
Relative humidity, influence on evapora- as a fertilizer, 406
tion, 176 basicity of, 423
Residual soil materials, 243 influence on soil reaction, 406
Rocks, common in soil formation, 8 vs. sulfate of ammonia, 407, 408
Roots, see Plant roots Soil
Rotation of crops, advantages of, 475, 476 a soil vs. the soil, 4
Rotifers in soil, 100 actinomyces of, 105
Rothamsted lysimeters active portion of, 15
described, 205 age of, 259
loss of water from, 208 air of, 12
R alkali of, 312-316
Separates of soil, see Soil particles ¥ amounts of nitrogen in, 138-141
. Silicate clay . amounts of organic matter in, 137-141
acidoid, micelle, nucleus, 71 ... bacteria of, 107

bactericidal nature, 113

base exchange capacity, 81
biological classification of water, 188
buffering of, 296-300

base exchange capacity, 81
base exchange of, 77-81
chapter on, 68

chemical composition, 76, 77

double layer phenomenon, 70 capillary conductivity, 168
exchangeable ions of, 72, 73 chemical analysis of peat, 333, 334
external and internal surface, 70 : classification and survey, chapter on, 257
flocculation of, 84 classification of particles, 42, 43

general constitution, 68 classification of soil materials, 241
genesis of, 85 colloido-biological ccncept, 15

hydration of, 71 complexity of, 16
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Soil—Continued -

critical moisture of, 186

determination of colloids, 88

drainage of, 214-219

dry-land farming, 226 -

carthworms of, 96

edaphological definition, 4

effects of lime on, 357

energy relations of water, 145

erosion of, 193

exchange capacity of, 88-91

feel of separates, 48

fertility management, 457

fine earth of, 9

fixation of nitrogen in, 384, 390

flocculation of; 84

formation of, chapter on, 257

forms of water in, 145

four components of, 4

fungi of, 103

general biological nature, 13

granulation of, 57

gravity flow of water, 169

humus of, 11, 87, 88

in perspective, chapter on, 1

influence of legumes on soil nitrogen,
388, 390

inorganic colloids, chapter on, 68

irrigation of, 227

laterization of, 277

leaching losses, 210

maintenance of organic matter, 142, 143

materials of, chapter on, 232

maximum retention of water, 159, 160

mechanical analysis of, 42

mineral vs. organic, 6

minerals of, 8, 9

moisture control, chapter on, 191

nematodes of, 98

nitrogen-carbon ratio, 133~137

nitrogen cycle, chapter on, 370

organic, chapter on, 317

organic colloids, 87

organic matter, chapter on, 116

organic matter of, 10

organisms, chapter on, 93

original rocks of, 8

peat, 324-341

pedological definition, 2

percentage base saturation, 90, 91

physical nature of particles, 44, 45

physical propertles, chapter on, 41

plant roots m, 10t

podzolic regions of U. 8., 273277

podzolization of, 270—-273

pore space of, 7, 53, 54

Soil—Continuad
profile of, 261-264 .
“protozoa of 99
reaction of, chapter on, 289
retention of water by, 147
silicate clays of, 68
soil and plant relations, 38
soil survey, 286
solution of, 11, 32
specific gravity of, 49
specific heat of, 63
structural managements, 60, 61
structure of, 55, 56
summary of water control, 231
temperature relations, 62-67
textural names, 47
tundra, 269
vapor movements of water, 172
volume composition of, 7
volume weight of, 50
weight of living matter, 14
weight per acre-furrow-slice, 53
weight per cubic foot, 53
Soil acidity
an organic manifestation, 128
chapter on, 289
exchangeable vs. actual, 294, 295
important correlations with, 300——304
magnitude of actual, 295
magnitude of exchangeable, 296
methods of increasing, 309, 310
pH, see pH of soil
problems of, 309
relation to higher plants, 304-306
Soil age, explained, 259
Soil air, nature of, 12
Soil alkali
alkali spots, 311
management of, 314
problems-of, 311
Soil analysis, see Chemical analym
Sail bacteria, see Bacteria in soxl
p buffering
curve of, 298
explmned 286, 297
generalizaum,z?.%, 299
99

mqmtuded' 287 298
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Soil classification—Continued-.- -
categories used, 285 : .
chernozems, 281, 282
chestnut and brown aridics, 282, 283
climatic relations, 263
desert soils, 283
great soil groups, 267
intrazonal groups, 265
lateritic soils, 279
non-calcic brown soils, 283
peat soils, 324-341
podzolic regions of U, 8., 273-277
soil series, 284
soil types, 285
tundra soils, 269
use of soil survey, 286
zonal soil groups, 265

Soil colloidal matter
availability of nutrients from, 91, 92
base exchange capacity, 88
base exchange mechanism, 78
chemical composition of clays, 76
control of soil pH, 290
determination of amounts, 88
flocculation of, 84
general organization of clay, 68
genesis of clay, 85
hydroxide clay, 86
kinds of clay, 74
plasticity and cohesion of, 82, 130, 329
organic colloids, 87, 131, 330
salt-acid-like nature, 77, 86, 87
silicate clays, 68

Soil erosion
accelerated type, 196
by wind, 203
contour strip cropping, 201
effects of crops on, 199
factors governing rate, 197
gully control, 202
loss of nutrients by, 200
loss of soil by, 199
magnitude of, 193
map of U. 8., 195
practical control, 198-202
strip cropping control, 201

Soil fertility e
chapter on control, 457
general inferences, 40

Soil formation
chemical forces of, 235, 257, 258
climatic relations, 265
developments of soil characteristics, 259
factors influencing, 259

Soil granulation, see Granulation of soil

Soil horizons, explanation of, 3, 261, 262

Soil humus | .
acidoid radical of, 46, 131, 132
base exchange capacity, 88
colloidal nature of, 46, 130, 131
colloidal nature of peat, 330
defined, 129
general organization of, 87
genesis of, 128, 129
ligno-proteinate of, 129
precipitated layer in podzol, 272
Soil management, what the system should
‘include, 457, 458
Soil materials
a chapter on, 232
a product of weathering, 232
alluvial, 244
as the C horizon, 263
classification of, 241
colluvial, 244
color of, 240
genesis described, 238
glacial-aeolian, 253
glacial deposits, 247-252
glacial lacustrine, 252
map of U. 8., 242
marine sediments, 246
relation to profile, 3
residual, 243
Soil minerals
list of, 9
of clays, 74, 86, 278
original and secondary, 9
present in soil particles, 44
Soil moisture, see Soil water
Soil-mulches
effectiveness of, 223-226
establishment and operation, 223
Illinois data on, 225
mechanism of, 223
New York results on, 225
types of, 222
use with irrigation, 229
with dry-land farming, 227
Soil names
survey, 285, 286
textural, 47
zonal groups, 267
Soil organic matter
ammonium and nitrates from, 125
amounts in soil, 23, 137-141, 160
calculation from nitrogen, 139
carbon cycle of, 124, 125
composition of original tissue, 117, 118
conditions for turn over, 143
controlled by soil nitrogen, 137, 144
decomposition of, 118-121
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Suil organic matter—Continued
determination of amount, 138
direct influence on plants, 132, 133
economy of maintenance, 143, 144
encouragement of granulation, 59, 60
energy from, 121
general description of, 10, 11
humus, genesis of, 128, 129
influence of precipitation on, 140
influence of temperature on, 140
influence of texture on, 140, 141
influence on soil, 141
level of maintenance, 143
maintenance of, 142, 143
management of, 464, 465
miscellaneous products from, 127, 128
nature of humus from, 129-133
outline of changes, 122
products of decomposition, 121-132
simple products from, 124
source of, 116
sulfates and other sulfur products, 127

Soil organisms
actinomyces, 105
algae, 102
antagonistic interrelations, 113
bacteria, 107 .
beneficial to plants, 113, 114
classification of, 95
correlation with pH, 303
earthworms, 96, 97
fungi, 103
injurious to plants, 111, 112
insects, 94
macro-animals, 93
micro-animals, 98
mycorrhiza, 105
nematodes, 98
nitrifying bacteria, 126, 375
nodule bacteria, 99, 100
protozoa, 99
rodents, 94
roots of plants, 101
rotifers, 100

Soil particles
chemical composition of, 45
classification of, U. S., 42
criticism of classification, 44
feel of, 48
general classification of, 9
general description of, 9, 10
mineralogical nature of, 44, 75
physical nature of, 44, 45
range in size, 9

Soil pores
adjustment of water in, 146

Soil pores—Continued
_macro and micro, 54
size and shape, 145

Soil profile
acquired characteristics, 259, 260
age of, 259, 260
development of, 259, 260
diagram of horizons, 262
general explanation, 3
horizon designations, 261, 262
inherited characteristics, 259, 260
lettering of, 261, 262
of chernozem, 282
of Miami silt loam, 264
of peats, 326, 328
of podzol, 271, 272

Soil reaction
alkali problems, 311
chapter on, 289 .
colloidal control of, 290
important correlations, 300-304
relation to plants, 304-306

Soil regions
explanation, 266
classification of, 267 )
of the U. S., description, 269-283
of the U. S., map, 275
subdivision of, 284, 285

Soil series
explained, 284
naming, 285
subdivision into types, 285

Soil solution

" buffering of, 296-300

~ concentration of, 32
general nature of, 11
heterogeneity of, 12, 32, 294
importance of buffering, 299
ionic nature, 35, 36 _
major changes in pH, 292
minor changes in pH, 293
pF, range of, 158
pH, controlled by colloids, 290
pH, correlations of, 300-304
pH, range of, 34 ..
solutes of, 35 ‘s,

Soil structure ’
defined, 55 :
four fundamental types, 55, 56
genesis, 56
granulation and its promotion, 57
management of, 60, 61
puddied condition, 58, 61
sand vs. clayey soils, 60, 61
types of, 55, 56
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. Sail survey
function of, 287, 288
map and réport, 287
nature of, 287
utilization of, 286, 287
various types of, 286
Soil temperature
bare vs. cropped soils, 63
daily march of, 67
data from Lincoln, Nebr., 66
effect of color, 62
effect of drainage, 64
effect of slope, 62
equalization of, 63
factors governing equalization, 63, 64
importance of, 62
influence on bacteria, 110
influence on evaporation, 177
influence on nitrification, 377
influence on water vapor movement,
174
influenced by evaporation, 64
influenced by water, 230
insolation contingencies, 62
seasonal variations, 66
subsoil lag, 65
surface and subsoil contrasts, 65
Soil texture
defined, 41 .
influence on capillarity, 267
influence on depth and interval of tile,
217
influence on organic matter, 141
influence on percolation, 172
influence on soil nitrogen, 141
soils named by, 46
Seil type
defined, 284
naming of, 286
Soil water
adjustment in pores, 146 "
biological classification, 188, 189
zalculation in percentage, 151
capillary conductivity, 168
capillary movement of, 163, 165
capillary, nature of, 158
classification of, 156
control under jrrigation, 227
critical moisture, 186
desirably available, 189
diagrams showing progressive loss, 184,
185
energy relations, chapter on, 145
erosion by, 193-198
evaporation control, 222
evaporation, factors affecting, 176, 177
evaporation, magnitude of, 178, 220

SUBJECT INDEX

Soil water—Continued
fate of in soil, 194
field capacity, 156, 159, 160
forms of, chapter on, 145
function to plants, 178
graphic representation of forms, 155
gravity flow, 169
hygroscopic coefficient, 153
hygroscopic, nature of, 157
influence on bacteria, 110
influence on nitrification, 377
influence on soil temperature, 230
influence on specific heat, 63, 230
method of determination, 151
moisture equivalent, 153
optimum for plants, 190
percolation and leaching study, 204——213
PF, graphs for, 152
physical classification, 155, 156
removal as drainage, 214-219
retention by soil, 147
summary of regulation, 231
superfluous, 189
types of adjustment, 162
unavailable, 188
vapor movement of, 172, 173, 175
ways lost from soil, 191
Solonchak soil, 312
Solonetz soil, 312
Specific gravity of soil
defined, 49
determination of, 50
figures for, 49
influenced by organic matter, 50
Specific heat of soil
defined, 63
figures for, 63
influenced by water, 63
Stone drains, 214
Structure of soil, see Soil structure
Sulfur
added to soil in fertilizer, 418
added to soil in rain, 417
adsorbed from air by soil, 418
amount in soil, 23
an essential element, 19, 21
fertility management, 417, 418, 471
forms in soil, 27
ionic forms in soil, 27, 35
loss in drainage, 211, 212, 417
oxidation in soil, 111, 127, 304
transfer to available forms, 31
used as a fertilizer, 417, 418
used on alkali soil, 315
used to increase soil acidity, 309, 310
Superphosphate
ammoniated, 411, 412
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Superphosphate—Continued
changes in soil, 412
compared to rock phosphate, 414
composition of, 411
manufacture of, 411
reinforcement of farm manure, 445
Surface tension
defined, 148
pressure developed by, 148
retention of water in soil by, 148

- Temperature, se¢ Soil temperature
Terraces for erosion control, 201
Texture, see Soil texture
Tile drains, 214, 215
Tillage
influence on granulations, 60
influence on pore space, 54
influence on volume weight, 52
soil mulch and moisture conservation,
224, 225, 226
Trace elements
amounts in soil, 22, 23
as fertilizers, 419, 420
deficiencies, 22
essential nutrients, 19, 21
ionic forms in soil, 35
literature of, 419
management of, 420, 472
oxidation and reduction of, 36
Transpiration
factors affecting, 180, 181
magnitude of, 181
Transpiration ratio
defined, 179
factors affecting, 180, 181
for different plants, 180
Tundra soils, 269

Unavailable phosphoric acid, 415
Unavailable water of soil, 188, 189
Urea

acidity from, 423

as a fertilizer, 407, 409

in farm manure, 437

Vapor movement of soil water
evaporation, 175, 176, 177
from moist to dry soil, 174
from warm to cool soil, 174
fundamental considerations, 172
internal adjustments, 173
Russian data of, 175

Vapor pressure
defined, 173
gradient of, 176

influence on vapor adjustments in soil,

174
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Volatilization of nitrogen
from farm manure, 437
from soils, 381

Volume weight of soil
contrasted with specific gravity, 54
data of, 52
determination of, 50
explained, 50, 51
factors affecting, 51
of peat soil, 327
range of, 51, 52
sod vs. cultivated soil, 52

Water

a soil component, 5

activities in weathering, 234, 236
_ as a plant nutrient, 37

forms in soil, 157

optimum for plants, 190

requirements for plants, 180
Water of soil, see Soil water
Weathering

calcification, 281

carbonation, 236

chemical processes of, 235

fresh rock to clay, 238

hydration, 236, 237

hydrolysis, 235

in action, 238

laterization, 277, 278

mechanical forces of, 233, 234,

235

oxidation, 237

podzolization, 270-273

processes classified, 233

soil formation by, 257, 258
Weed control on soil, 219
Weight of soil, 53
Wilting coefficient

calculation of, 188

_considered as critical moisture, 187

determination of, 187
Wind erosion -

an erosive agency, 203

control of, 204

extent of, 195

influence on evaporation, 177

loess deposits, 254, 255 ¢

on peat soils, 204, 340"
Wood ashes, used as a fertilizer, 416

Zinc
an essential element, 19
ionic form in soil, 35
used as a fertilizer, 419, 420
Zonal soil groups, 265, 267 _



