
SUBJECT INDEX 

A 

Absorption, see Foliar absorption, Roots 
Activation analysis, 

for cobalt and vanadium, 115 
Adaptation, 

of rhizobia, 586 
to unfavorable conditions, 118-120 

Adsorption, 
of ions by roots, 65 

Alcohol dehydrogenase, 468-469 
Aldehyde oxidase, 

role of molybdenum in, 483, 493 
role of nitrate in, 493 
reactivation by silicomolybdates, 493 

Aldolase, 
iron content of, 482 

Alginic acid, 
composition of, 683 
effect on soil aeration, 691 

Alkali metals, 318-322 
biochemical functions of, 321-322 
see also individual metals 

Allylthiourea, 
inhibitor of soil nitrification, 709 

Aluminum, 3, 52, 326-328 
general effects of, 326-328 
toxicity in soil, 52 

Amines in soil, 
conversion to nitrate, 712-713 
toxicity to plants, 700 

Amino acids, see also names of specific 
amino acids 

as nitrogen sources, 55, 559 
in bleeding sap, 595-596 
effects of nutrient status on, 299-318 
excretion from nodules, 602 
for deficiency effects on, see individual 

nutrients, 305 
in nitrogen fixation, 635 
in nodules of nonleguminous plants, 

634 
in soil, 27, 699-700 
inhibition of root uptake of, 730 
leaching from plants, 96 

metabolism of in soil, 713 
nitrogen sources for rhizobia, 566 
toxic effects on plants, 700 

Amino acid synthesis, 
in plants and animals, 637 

Amino sugars, 
in soil, 27 

Ammonia, 
formation by rhizobia, 566 
inhibitor of nitrogen fixation, 556-557 
occurrence in soil, 49, 699 
product of nitrogen fixation, 635, 637 
role in nitrate assimilation, 393-394 
utilization by microorganisms, 376-379 

Ammonium 
inhibitory effect on nodulation, 607-608 

Ammonium ion, 
product of amino acid metabolism, 700 

Ammonium nitrogen, 
in rain water, 540 

Ammonium sulfate, 
rate of nitrification of, 702 

Amylase, 
calcium ions in, 511 

Apical meristems, 
boron deficiency effects, 241 

Arginase, 
activating ions, 454 

Arginine, 
conversion in soil, 713 

Arsenic, 
in soils, 37 

Ascorbic acid, 
effects of molybdenum on, 284-285 
in root nodules, 617 
non-enzymatic autoxidation, 455-456 

Ascorbic acid oxidase, 
catalytic activity of, 474-475 
reaction in activation of, 475 
reactions of, 472 
role of metal ions in, 456, 475 

L-Aspartic acid, 
as nitrogen source in aseptic cultures, 

602 
in nutrition of peas, 596 
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Autotrophic nitrification, 701-703 
Auxins, 

effects of minerals on, 237-239 
in the rhizosphere, 731-732 
relationships to zinc, 465^66 
removal of calcium by, 510 
role in nodule formation, 573 

Azines, 643 
Azotobacter, 

soil-plaque technique, 77 

Β 

Bacteria, 
essentiality of cobalt in, 506 

Bacteriophage, 
calcium ions in, 510 

Bacteroids, 
function in nodules, 622-625 
morphology of, 624 

Base exchange, 
in soils, 21-22 

Baule unit, 
definition of, 77 

Beneficial elements, 318-329 
functions of, 321-322 

Biliverdin, 
product of pigment degradation, 615-

616 
Biotin, 

growth stimulator for rhizobia, 566 
reactions of in soil, 26-27 

Blue-green algae, 
nitrogen fixation by, 542, 544 

Borate, 
complexing property of, 500 

Boron, 
deficiency symptoms, 240-244, 246-

257, 499-500 
effects on absorption and translocation, 

263-264, 500 
effect on cell walls, 263-264, 501 
effects of deficiency on enzymes, 499-

500 
effect on nitrogen compounds, 308 
effects on nodule development, 609 
enzyme inhibition, 266 
field disorders due to, 36 
in inositol synthesis, 500 

interaction with other elements, 257-
258, 500-502 

occurrence and essentiality of, 34-35, 
102, 499-502 

possible functions of, 499-502 
relation to carbohydrate metabolism, 

261-266 
relation to growth and water content, 

258-261 
relation to nitrogen metabolism, 261 
relationships with calcium, 501-502 
relationship with light, 267-268 
removal from reagents, 112 
role in microorganisms, 425 
role in plants, 268-270, 500-501 
toxicity, 35, 244-246 

c 

Calcium, 
as an enzyme activator, 511 
deficiency effects and symptoms, 30, 

155-172 
effects on chromosomes, 171 
occurrence and availability in soil, 30 
occurrence in plants, 509-510 
relations to certain ecotypes, 30, 118 
replacement by strontium, 106 
requirements of microorganisms, 402-

408 
requirement for nitrogen fixation, 564 
role in phage, 510 
uptake from soil, 57-58 

Calcium status, 
of different leaves, 85 

Carbohydrate metabolism, 
effect of boron on, 261-266 
effect of nutrition on, 186-192 
in soil, 679 
role of magnesium ions in enzymes of, 

512 
Carbohydrate-nitrogen ratio, 

and nodule formation and nitrogen 
formation, 605-606 

as a determinant of nitrogen fixation, 
695, 697 

Carbohydrates, 
as energy source for growth and nitro-

gen fixation, 554-555 
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effects of potassium deficiency on, 180-
183 

in soil, 43, 678-679 
Carbon, 

biological importance of, 3 
Carbon dioxide, 

substances which catalyse the hydra-
tion of, 470 

Carbon metabolism, 
effects of copper on, 226-228 
of nitrogen-fixing organisms, 554 

Carbon monoxide, 
inhibiting effects on nitrogen fixation, 

562 
Carbon to nitrogen ratio, 

in the soil, 27, 674-675 
Carbonic anhydrase, 

in plants, 469-470 
Catalase, 

iron in, 481 
Catalysis, 

types of bonds and, 460-461 
Catechol, 

nonenzymatic autoxidation of, 455-456 
Cations, 

fixation in soil, 48-51 
relationships in plants, 58-60 
role in decarboxylations, 457-458 
uptake by plants, 58, 61-62 

Cell division, 
effects of mineral nutrition on, 249-

253, 500 
stimulation in nodules, 576 

Cell elongation, 
effect of calcium on, 161-162 

Cell permeability, 
effects of calcium on, 170, 510-511 

Cell walls, 
effect of mineral nutrition on, 167-

170, 246-252, 254, 263-264 
Cellulose, 

resistance to enzymatic attack, 680-681 
esters of, 692 

Cellulose breakdown, 
enzymes of, 679-682 
by thermophilic bacteria, 682 
by wood-destroying fungi, 686-687 

Chelate complexes, 
metal ions in, 463-464 
stability of, 461 

Chelating agents, 
to purify media, 114 

Chlorine, 292-299 
deficiency symptoms, 292-295 
essential nature of, 103-104, 517-518 
and nitrogen metabolism, 315-316 
replacement by bromine, 295-296 

Chlorophyll, 
effects of copper on, 478 
effect of day length on, 604 
effects of potassium on, 202-204 

Chlorosis, 
causal factors, 172-173, 192-194, 198-

199, 205-206, 212-213, 215, 498 
induction by metals, 498 

Choleglobin, see Nodule pigments 
Citric Acid Cycle, see Tricarboxylic Acid 

Cycle 
L (+)-Citrulline, 

in nodules of alder, 634 
Clay minerals, 

structure, characterization and function 
in soils, 3 9 ^ 2 , 46, 50, 60, 63 

Cobalt, 
activation analysis of, 115 
availability and deficiency in soil, 36-

37 
effects on nitrogen fixation, 36, 105, 

506, 609 
essentiality for animals, 36, 504-506 
general effects of, 322-326 
removal from reagents, see Reagents, 

111-112 
role in plants and bacteria, 104, 504, 

505, 506 
Complementary ion effects, 56-58 
Copper, 

and plant enzymes, 471-478 
as an essential element, 84, 102, 471 
covalent complex, 475 
deficiency and deficiency effects, 33, 

222-229, 305, 477 
effect on carbon metabolism, 226-228 
in photosynthesis, 477-478 
in synthesis of iron porphyrins, 478 
interactions with other elements, 228-

229 

occurrence in soil, 32-33 
removal from reagents, see Reagents, 
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role in microorganisms, 412-415 
role in oxidation-reduction, 455-456, 

473 
Coumarin, 

breakdown by soil microorganisms, 733 
Covalent linkages, 461 
Culture containers, 109-110 
Culture media, 

impurities in, 109-115 
Culture methods, 

applications to edaphic factors, 116-120 
Culture solutions, 

removal of trace elements from, 368-
369 

Cysteine in soil, 
inhibitor of nitrification, 705 
oxidation to sulfate, 722 

Cytochrome oxidase, 
inhibition of, 476 
role of copper in, 476-477 

Cytochrome system, 613-621 
in root nodules, 621 

Cytochrome Ca, 
role in sulfate reduction, 723 

Cytochromes, 
electron transport capacity of, 479^80 
in nitrate reduction, 491^92 

Cytochrome c reductase, 490 

D 

Decarboxylation, 
nonenzymatic, 457-459 

Denitrification, 
criteria for in soils, 714-715 
definition of, 697, 714 
hydrogen acceptors in, 715 
role of nitrous oxide in, 716-717 

Deoxyribonucleic acid, 
effects of heavy metals on, 119-120 

Depolymerase, 
hydrolysis of polygalacturonic acids by, 

684 
Dextrans, 

affect on soil structure, 690 
occurrence in soil, 685 

2,4-Dichlorophenoxyacetic acid, 
as a selective herbicide, 733 

Diphosphopyridine nucleotide (DPN) , 
467, 468, 487, 494, 496, 499, 512, 716 

DPNase, 467 

DPN-cytochrome c reductase, 481 

Ε 

Electron transfer, 
metals associated with, 521-522 
model of, 456-457 
role of copper in, 473 
role of iron in, 479^80 
role of molybdenum in, 489-490 
role of sulfur in, 517 
scheme of in nitrate reduction, 492 

Enolase, 
inhibition of, 464 

Enzymatic decarboxylation, 459 
Enzymes, 

chelate binding to pyrophosphate, 464 
effects of minerals on, 266-267, 283-

284, 290-292, 454, 467-468 
inhibition of, 428-429 
metal activation, 454, 462-464, 495-

496, 506 
metal requirements of, 454, 464-465 
role of boron in, 499-500 
role of copper in, 471-473 
role of zinc in, 466-468 
see also individual enzymes 

Essential elements, 
classification of, 1-3, 108, 364-366 
criteria of essentiality, 365 
see also individual elements 

Ethylenediaminetetraacetic acid, 92 

F 

Fatty acids, 
products of cellulose degradation, 681-

682 
Ferrous oxidation, 

in soil, 742 
Fertilizer requirements, 

chemical and tissue tests for, 86, 88-89 
Field experimentation, 

development of, 65-66 
limitations on, 71-72 
techniques of, 66-72 

Fixed nitrogen, 
transfer from nodules to plants, 593-

598 
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Flowers, 
effects of mineral nutrition on, 232-

233, 244, 273 
Fluorine, 37, 329 
Foliar nutrition, 91-96 

absorption of minerals, 93-95 
Fruits, 

effects of mineral nutrition on, 244 
Fulvic acid, 

in soil humus, 674 
Fumerase, 

anion activation of, 462 
Fungi, 

effects on rhizobia, 591-592 
species capable of fixing nitrogen, 374 

G 

Gallium, 
role of in microorganisms, 421 

Germanium, 329, 500 
Glycerol, 

inhibitor of nitrification, 704 
Glycine, 

nitrification of in soil, 704 
Glycolysis, 

metalloenzymes of, 518-519 
Growth, 

correlation with S values, 83 
"critical nutrient level" for, 82 
dependence on pH, 568-569 
effects of humidity, temperature, and 

pH on, 553-554 
effects of mineral nutrition on, 82, 184-

186, 194-195 
see also individual elements for their 

effects on growth 
Guaiacylpropane, 

in lignin, 676 
Guanidine, 

inhibitor of nitrification, 709 
Gums, 

production of by rhizobia, 567 

H 

Hematin, 604, 613 
Heme, 

roles of, 457 
structure of, 479 

Hemicelluloses, 
composition of, 682-683 
decomposition by soil fungi, 683 
hydrolysis by hemicellulases, 684 
in microorganisms, 684 

Hemocuperin, 475 
Hemocyanin, 475-476 
Hemoglobin, 

conversion to choleglobin, 617 
occurrence in plants, 480, 612 
role in nitrogen fixation, 563 
see also Pigments 

Herbicides, 
inhibitors of nitrification, 708-709 
selective role of 2,4-dichlorophenoxy-

acetic acid, 733 
Heterocysts, 551-552 
Hill reaction, 

inhibition of, 477-478 
role of manganese in, 221-222 

Humic acid, 
in soil, 672-673 

"Humin," 674 
Humus, 

definition of, 42, 673 
formation of, 672-673 

Humus theory, 19-20 
Hydrazine, 

in nitrogen fixation, 643 
reduction by hemoglobin, 620 
toxicity of, 558 

Hydrogen, 
electron donor in nitrogen fixation, 485 
inhibitor of nitrogen fixation, 485, 556 

Hydrogen bonding, 
in soil, 690 

Hydrogenase, 
iron in, 481, 561, 565 
molybdenum in, 481, 564 
role in nitrogen fixation, 485, 560-561 

Hydroxylamine, 
inhibitor of nitrification, 712 
in nitrate reduction, 391-393 
in nitrogen fixation, 558, 637, 639 
oxidation of in soil, 712 
reduction by leghemoglobin, 620, 639-

640 
Hydroxylamine reductase, 557-558 
Hyponitrite, 

as nitrogen source, 390-391 
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in nitrogen fixation, 559 
Hyponitrite reductase, 557 

I 

ß-Indolylacetic doleacetic acid, 
breakdown by soil microorganisms, 733 
secretion by bacteria, 572 
uptake of by roots, 510 

Indoleacetic acid oxidase, 478 
Inositol phosphates, 

occurrence in soil, 28 
Iodine, 

essential element for animals, 508 
in soils, 37 

Ion exchange, 45, 56, 58-59 
Ion exchange resins, 

in water purification, 110-111 
Ion interaction, 

in microorganisms, 400-402 
Ionic bonds, 

in catalysis, 460-461 
Iron, 

causes of deficiency, 32, 198-212 
deficiency symptoms, 192-198, 306-

308, 482-483, 560 
linkages in heme proteins, 479 
occurrence in soil, 32, 478 
in porphyrins, 478-479 
relationships with other elements, 198— 

212 
removal from nutrient reagents, 112-

113 
role in microorganisms, 411-412 
role in oxidations, 456-457, 481 

Isotopes, 
assay method for cobalt and vanadium, 

115 
in nitrogen fixation studies, 546 
use in foliar spray studies, 91-92 

Isotopic dilution, 
as a measure of nutrients in soil, 76-77 

Κ 

Kaolinite, 
cation exchange capacity of, 42 
crystal structure of, 41 
formation of in soil, 39 

a-Ketoglutaric acid, 
in amino acid synthesis, 637 

Kinetics, 
of nitrogen fixation, 545 

Krebs cycle, see Tricarboxylic acid cycle 
Krilium, 

effect on soil, 694 

L 

Laccase, 
in lignin formation, 677 
reactions of, 472 

Latin square, 
in field experimentation, 68 

Leaves, 
analysis of in nutritional studies, 83-86 
as nutrient absorbing organs, 91-96 

Legcholeglobin, 
green pigment of root nodules, 616 
affinity for oxygen and carbon mon-

oxide, 618 
change into a green pigment, 615-617 
characterization of, 565, 611-612 
conversion to choleglobin, 617 
dark oxidation of, 627 
isolation of, 610-611 
in nitrogen fixation, 579-580, 609-610, 

619-620 
occurrence in plants, 612 
and oxygen uptake, 619 

Legumes, 
growth related to nitrogen, 598-599 
role in nitrogen fixation, 541-543 

Levans, 
effect on soil structure, 690 
synthesis of, 685-686 

Lichenases, 685 
Lichenin, 685 
Ligands, 461-463 
Lignin, 

aggregating effect of, 691 
biosynthesis of, 676-678 
breakdown in soil, 678 
characterization of, 675-676 
occurrence in soil, 673 

Lignoproteinates, 675 
Lithosphère, 

occurrence of elements in, 28-35 
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M 

Macronutrient elements, 2, 27-32, 452 
see also individual elements 

Magnesium, 
as enzyme activator, 512 
constituent of chlorophyll, 511 
deficiency effects and symptoms, 31, 

172-176, 312-313, 511 
effects on plant composition, 175-176 
occurrence in plants, 511-512 
occurrence in soil, 30-31 
removal from reagents, see Reagents 
requirement in microorganisms, 402-

408 
Manganese, 

as an enzyme activator, 494 
biological oxidation of, 741-742 
deficiency effects and symptoms, 34, 

102, 212-222, 495, 498, 740 
essential nature of, 101-102, 220-222, 

494-499 
in the tricarboxylic acid cycle, 495 
interaction with iron, 497-498 
occurrence in soil, 33-34, 740 
in peroxidase-catalyzed reactions, 499 
role in enzymatic decarboxylation, 495 
role in microorganisms, 416-418 
role in photosynthesis, 218-219, 221, 

495-497 
tests for, 115 
toxicity of, 52, 215-217, 498 

Manganese cycle, 
in soil, 741 

Manganese dioxide, 
as an oxidant, 742 
as a terminal hydrogen acceptor, 742 
role of in soil, 724-725, 742 

Manganese metabolism, 740-742 
Manometry, 

use of in soil studies, 739 
Membranes, 

factors affecting permeability of, 236 
Mercaptans, 

inhibitors of nitrification, 706-707 
in soil, 722 

Mercaptoamino acids, 
in soil nitrification, 706-707 

Metabolism, 

effects of mineral nutrition on, 239-
240 

Metalloenzymes, 
model systems for, 455^60 
table of, 494 

Metals, 
activation of enzymes by, 454, 462-

464, 495-496, 506 
as catalysts, 462-464 
combination with proteins, 462-463 
effects on DNA, 119-120 
in coordination complexes, 461 
in electron transfer, 473, 479-480, 489-

490, 521-522 
in nonenzymatic decarboxylation, 457-

459 
role in photosynthesis, 518, 521 

Methionine, 
decomposition of in soil, 722 
inhibitor of nitrite oxidation, 711 
inhibitor of soil nitrification, 705-706 

Methylamine, 
inhibitor of nitrification, 712-713 

Michaelis-Menten equation, 
in nitrogen fixation, 556 

Micronutrients, 
biological tests for, 115-116 
deficiency effects and symptoms, 192-

299 
discovery of essentiality, 99-106 
occurrence in soil, 2, 32-36, 38 
quantitative requirements in plants, 

109 
sources of contamination, 109, 114-115 
see aho individual elements 

Microorganisms, 
culture methods for, 366-372 
effects of mineral toxicity on, 425-429 
fixation of nitrogen by, 543-544, 697 
growth inhibition by urethanes, 707-

708 
in the rhizosphere, 688-689, 697-698, 

726-727, 731 
inhibition of growth of, 707 
importance of cobalt in, 104-105 
mineral deficiencies in, 369-371 
mineral requirements of, 364-365 
nitrate reduction in, 381-382 
nitrification by, 396-398, 702, 714 
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sulfate reduction in soil by, 723 
sulfur oxidation by, 719 
use in bioassay systems, 371-372 
utilization of nitrate by, 380-383 

Middle lamella, 
calcium pectate in, 510 

Mineral nutrients, 
soil tests for, 77-79 
see also Macronutrients, Micronutrients 
history of, 3-6, 16-22 
and mutation, 119-120 
see also individual nutrient elements 

Minor element, 
see Micronutrient 

Mitochondria, 
effect of calcium on, 163 

Mitosis, 
effects of calcium on, 163-167, 170 

Mitscherlich equation, 58 
Molybdate, 

as inhibitor of acid phosphatases, 492 
inhibitor of Neurospora, 492-493 

Molybdenum, 
as an electron carrier, 489-490 
assay for reagent contamination, 115 
deficiency effects and symptoms, 270-

292, 486-489, 492 
effect on nitrogen fractions, 287-289 
effect on phosphorus metabolism, 289 
essentiality in animals, 483, 493 
in nitrogen fixation, 102, 483^86, 563, 

608-609 
in xanthine oxidase, 493 
occurrence in soil, 35-36 
removal from stock solutions, 112 
replacement in plants, 108-109, 484, 

563-564 
role in green algae, 563 
role in microorganisms, 418-421 
toxicity effects, 36, 280-281, 493 

Monophenolase, 
action of, 472-474 

Montmorillonite, 
crystal structure of, 41, 42 

Morgan's reagent, 
extracting agent in tissue testing, 89 

Mucilaginous polysaccharides, 
characterization of, 683 

Ν 

α-Napthylacetic acid, 
effects on root hairs, 731-732 

Nickel, 
relation to iron deficiency, 209-210 
toxicity, 37 

Nicotinamide adenine dinucleotide 
(NAD) , 

see Diphosphopyridine nucleotide 
Nicotinamide adenine dinucleotide phos-

phate (NADP) , 
see Triphosphopyridine nucleotide 

Nicotinic acid, 
as inhibitor of plant growth, 700 

Nitramide, 
intermediate in nitrogen fixation, 559 

Nitrate accumulation, 
effects due to mineral nutrients on, 281 

Nitrate assimilation, 490-491, 699 
ammonia in, 393-394 
inhibition of, 484 
nitrate reductase in, 491 
role of calcium in, 511 
role of manganese in, 498 
role of molybdenum in, 486-492 
see also Nitrate reduction 

Nitrate nitrogen, 
effect on nitrogen fixation, 608, 698 
nodule formation, 607-608 

Nitrate reduction, 
general pathway of, 715 
pathways for electron transfer in, 490-

492 
role of TPNH in, 487, 489, 715 
schematic representation, 383-384 

Nitrate reductase, 384-385, 386, 487, 490, 
492, 557-558 

role of molybdenum in, 455, 483, 486-
492, 564 

Nitrate respiration, 
cytochrome system in, 491 

Nitric oxide, 
as nitrogen source, 388 

Nitrification, 396-398, 701-709 
of ammonium salts, 702, 703 
chemical inhibition of, 701, 704, 705, 

709 
from amino acids, 704-705 
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Nitrifying bacteria in soil, 702, 
see Microorganisms, nitrification by 

Nitrite, 
as nitrogen source, 387-388 
conversion of ammonium cations to, 

698 
heterotrophic formation in soil, 712 
oxidation in soil, 710-711 

Nitrite oxidation, 
inhibitors of, 705, 711-712 
inhibition by nitrourea, 711-712 

Nitrite reductase, 557 
Nitrite reduction, 

activation by copper, 477 
electron carriers and general scheme 

of, 387-388, 715-716 
Nitrogen, 

absorption from soil by plants, 28 
deficiency effects and symptoms, 140-

143 
effects on growth, 140-143, 185 
excretion by free living nitrogen fixers, 

559-560 
in plant and animal nutrition, 6-9 
occurrence and transformations in soil, 

27-28 
oxidation-reduction states of, 394 

Nitrogen compounds, 
chlorine deficiency effects, 315-316 
effects on due to copper, 305 
factors affecting excretion from nod-

ules, 601-602 
industrial production of, 540-541 
magnesium deficiency effects on, 312-

313 
phosphorus deficiency effects on, 313 
potassium deficiency effects on, 308-

312 
sulfur deficiency effects on, 151, 313-

315 
Nitrogen cycle in soil, 697-698 
Nitrogen fixation, 

as a form of respiration, 553 
by Aerobacter, 548-550 
by Azotobacter and Beijerinckia, 372, 

375, 546, 548 
by algae, 372, 375, 484, 542, 544, 551-

552 
by anaerobic bacteria, 555 
by cell-free extracts, 552-553, 628 

by Clostridium, 375, 548 
detection of, 544-546 
determining factors, 518, 545, 569, 571, 

590-591, 553-554, 606, 608 
early developments in, 542 
effects of calcium, 511, 564 
effect of carbohydrate to nitrogen ratio 

on, 697 
effect of cobalt on, 105, 326 
effects of copper on, 229, 414 
effects of ions on, 454 
effects of iron on, 614 
effects of molybdenum on, 273-274, 

418-^20 
energy sources for, 554-555 
in excised nodules, 625-627 
general description of, 372-375, 697 
inhibition and inhibitors of, 484, 548, 

550-551, 560, 562, 606, 697-698 
isotope studies on, 546, 636 
mechanism of, 485, 635-645 
by Myxophyceae, 374 
non-biological, 540 
in non-leguminous plants, 628-633 
pathways of, 639, 644 
relation to growth, 552, 545 
in relation to nodule pigments, 480, 

612-613, 616 
replacement of molybdenum by vana-

dium in, 503-504 
by rhizobia, 571 
in root nodules, 568, 576, 596 

Nitrogen fixing organisms, 
utilization of nitrate by, 557 

Nitrogen fixation by free-living organ-
isms, 544-565 

see also Microorganisms 
see also individual organisms 

Nitrogen metabolism in soil, 
main processes of, 697-699 

Nitrogen metabolism, 
copper deficiency effects on, 305 
effects of boron deficiency on, 308 
effect of boron on, 261 
effects of chlorine deficiency on, 296-

299 
effects of copper on, 226-228, 305 
effects of iron deficiency on, 306-308 
effects of molybdenum on, 287-292 
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effects of nutrition on, 186-192, 270-
271 

effects of potassium deficiency on, 308-
312 

effects of zinc on, 238-239 
manganese deficiency effects on, 305 
role of the dicarboxylic amino acids, 

636-637 
zinc deficiency effects on, 305 

Nitrogen nutrition, 
early developments, 20-22 

Nitrogen status of leaves, 
effect of position and time of sampling, 

85 
Nitrogenase, 485, 561 
Nitrous oxide, 

assimilation of, 558 
inhibition of nitrogen fixation, 558 
product of denitrification, 714 
role in microorganisms, 388-390 

Nitrourea, 
inhibition of nitrite oxidation, 711-712 

Nodules, 
amino acids in (see also Amino acids) 
ascorbic acid in, 617 
causal organism in non-legumes, 629-

631 
climatic effects on excretion from, 603-

604 
cytochrome system in, 621 
cytology and histology of, 575-577 
degeneration processes in, 623 
effect of copper on nitrogen content of, 

609 
excretion of nitrogenous compounds 

from, 598 
factors determining number of, 577-

578 
formation of, 572-576 
occurrence on different plants, 579 
pigments in, absorption spectrum of, 

616 
role of excised, 625-627 
see also Nitrogen fixation 

Nodule bacteria, 
cultivation in synthetic media, 565-566 

Nodule formation, 
effect of auxins on, 573 
effects of boron on, 609 

effect of combined nitrogen on, 606-
609 

effect of phages on, 592-593 
effect of temperature on, 569-571 
inhibition by ammonium, 607-608 
morphology of the causal organisms, 

513-514 
Nutrient culture, 

composition of culture solutions, 100-
101 

history of, 97-99 
in sand, 98 
water culture, 98-99 

Nutrients, 
atmospheric sources, 113-114 
availability in soil, 26, 75-77, 96 
determination of field requirements, 

65-91, 106-109 
fixation of in soil, 47-51 
foliar absorption of, 92-96 
general functions in plants, 453-455 
tests for, 115-116 
uptake from soil, 52-65 
see also individual elements 

Nutrient reagents, 
purification of, 111-113 

Nutrient solutions, 
composition of, 100-101 

Nucleic acids, 
effects of minerals on, 119-120, 171 
occurrence in soils, 27, 28 

Ο 

Oligo-element, 
see Micronutrient 

Organic acid metabolism, 
effects of mineral nutrition on, 204-206 

Organic matter in soil, 
see Soils 

Oxidation, 
role of metals in, 455^Φ57, 472-473 

Oximes, 
conversion to nitrate in soils, 712 
function in plants, 394-395 
utilization of by plants, 392 

Oximino acids, 
biological reduction of, 639 

Oxygen, 
inhibition of nitrogen fixation by, 553 
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effects of on rhizobia, 568 
Oxygen consumption of soil, 710, 739 

Ρ 

Pectase, 
see Pectin methylesterase 

Pectic acid, 
composition of, 683-684 

Pectin esterase, 
see Pectin methylesterase 

Pectin methylesterase, 
action of, 684 

Pectin polygalacturonase, 
action of, 684 

Pectinase, 
see Pectin polygalacturonase 

Pedology, 25-27 
Pentose phosphate pathway, 

metalloenzymes of, 518 
Perfusion apparatus, 

description of, 734-735 
Perfusion technique, 

metabolic studies with, 701-702, 738 
in soil studies, 733-734 

Peroxidases, 
in cell metabolism, 480 
in lignin formation, 677 
properties of, 480 

Phages, 
effect on nodule formation, 592 

Phospholipids, 
occurrence in soil, 28 

Phosphorus, 
deficiency effects and symptoms, 143-

145, 146-149, 313 
fixation in soil, 47-48 
interaction with calcium, 143-145 
occurrence in plants, 508-509 
occurrence in soil, 28-29, 77 
role in microorganisms, 398—4Ό0 
uptake from soil, 64-65 

Phosphorus metabolism, 
effects of minerals on, 175-176, 238-

239 
Photosynthesis, 

in blue-green algae, 551-552 
effects of copper on, 226-228, 477-478 
relation to fixation and excretion of 

nitrogen, 603-604 

role of chlorine in, 296-299 
role of cytochrome f in, 480 
role of manganese in, 218-219, 221, 

495, 497 
role of magnesium in, 511 

Photosynthetic bacteria, 
nitrogen fixation by, 550-551 

Photosynthetic phosphorylation, 
role of magnesium in, 176 

Phytic acid, 
structure of, 509 

Pigments, 
in root nodules, 616 
in nitrogen fixation, 480, 563, 612 
see also Nitrogen fixation 

Plant analysis, 72-91 
see also Tissue testing 

Plant nutrition, 
history of, 3-12, 16-18 

Plasmodesmata, see Foliar nutrition 
Plastids, 

effects of mineral deficiency on, 235 
Podsol profile, see Soil 
Polyelectrolytes, 

effects of on soil, 693-694 
stability of, 695-696 

Polyphenol oxidase, 456, 471-472 
Polysaccharides, 

in soil, 690 
Polyuronic acids, 

composition of, 682-683 
estimation of in soil, 684-685 

Polyuronides, 
characterization of in soils, 691 
composition of, 683 
relation to soil fertility, 683-685 

Porphyrins, 
iron in, 457 
synthesis in nodules, 620-621 

Potassium, 
as an enzyme activator, 514 
deficiency effects and symptoms, 173-

183, 308-312, 514 
essential nature of, 30, 512, 514-515 
fixation in soils, 48—1*9 
occurrence in soil, 29-30 
replacement by rubidium, 106, 515 
replacement by sodium, 514—515 
requirements of microorganisms for, 

400^02 
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Potassium chlorate, 
as a bacteriostatic agent, 703 

Probable error, 
equation for, 67 

Prolidase, 463 
Proteins, 

biological decomposition in soil, 43 
properties of polar side chains, 461-462 
role of metals in, 175, 179, 461^64, 

477, 508, 514 
Protoporphyrin, 

as chlorophyll precursor, 483 
in root nodules, 620-621 

Putrescine, 309-310 
Pyridine nucleotide dehydrogenases, 

role of zinc in, 468-469 
Pyrophosphate, 

in enzyme-coenzyme linkage, 463^64 
Pyruvic kinase, 

activation by potassium, 514 

Q 

Qo2, 

see Respiratory quotient 

R 

Randomized block, 
design of field plot, 68 

Reagents, 
purification of, 111-113, 368-371 

Redox potential, 
influence on nitrogen fixation, 617 

Respiration, 
efficiency coefficient of, 567 
effect of manganese on, 219-220 
effects of mineral nutrition on, 186-

192, 195-198 
effects of molybdenum on, 281-283 
inhibition by hydrazine, 558 
inhibition by urethanes, 707-708 
in rhizobia, 568 

Respiratory quotient, 
of rhizobia in culture, 567-568 
relation to nitrogen fixation, 555-556 

Rhizobia, 
and biotin, 566 
antibiotic effect of bacteria on, 591 
change to bacteroids, 624 

classification based on host plant, 585-
586 

competition among strains, 587-591 
dependence on combined nitrogen, 543 
effectiveness in nitrogen fixation, 580, 

582-585 
growth-pH relationship, 569 
life cycle of, 571 
metabolism of, 568 
nitrogen sources for growth, 566 

Rhizosphere, 
amino acids in, 729-730 
antifungal agents in, 731 
auxins in, 731-732 
definition, 13, 726 
factors affecting microflora of, 730-731 
microorganisms in, 726, 727 
nutrients in, 727 
organic substances in, 730 

Ribonucleoproteins, 
effects of metals on, 119, 120, 218 

Roots, 
cation exchange properties, 60-62 
effects of mineral deficiency on, 159-

162, 233, 235 
effects of mineral nutrition on, 244, 

247-250, 280 
infection by rhizobia, 572-574 
"law of the maximum," 80 
"law of the minimum," 80 
nitrogen metabolism of, 598 
nutrient uptake by, 52-65 

Root hairs, 
effect of α-naphthylacetic acid on, 731-

732 
sites of rhizoboid infection, 572 

Root nodules, 
nitrogenous compounds of, 595 
see aho Nodules 

Rubidium, 
functions of, 320-321 

S 

S values, 
definition of, 83 
in growth studies, 83 

Salt uptake, 
role of zinc in, 471 

Sand culture, 
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early developments of, 98 
Schiffs base, 460 
Sedimentary rocks, 23-24 
Seeds, 

as nutrient source, 98, 113 
effects of mineral nutrition on, 231-

232 
Selenium, 

general effects of, 236, 507-508 
occurrence in plants, 507 
occurrence in soils, 37 
requirement in animals, 506-508 
toxicity of, 37, 507 

Silicates, 
as soil aggregators, 695 

Silicon, 
effects of on growth, 328-329 

Sodium, 
as beneficial element, 37, 104, 318-320 
occurrence in soil, 38 
requirements of microorganisms for, 

400^02 
Soil, 

as a biological system, 687-689 
carbohydrates in, 43, 678-679 
characterization of, 22-25, 38-43, 45 
chitin in, 713 
clay humus complex of, 38-43 
denitrifying bacteria in, 714 
development of, 25-27 
ionic relationships in, 21-22, 44-46, 

56-61, 77 
manometric studies of, 738-739 
podsol profile of, 25-26 
polyuronic acids in, 682-685 
studies of by perfusion technique, 

734-738 
vitamins in, 728 

Soil acidity, 
determining factors, 51-52 
effects on plant growth, 117 

Soil aeration, 
factors affecting, 692 

Soil aggregation, 691-694 
Soil analysis, 72-79 

Aspergillus test, 77, 79 
history of, 72-77 
Mitscherlich method, 77-78 
Neubauer method, 78 

Soil buffering, 703-704 

Soil colloids, 28, 38-43, 45, 49-51, 60 
adsorption of ions by, 28 
cation exchange capacity of, 43 
characterization of, 45 

Soil conditioners, 690-698 
characterization of, 693, 695 
effects on nutrients, 696 

Soil erosion, 696-697 
Soil humus, 42, 672-674 
Soil metabolism, 

studies of, 701-702 
Soil minerals, 

crystal structure of, 22-27 
Soil nitrogen, see Nitrogen, 

Nitrogen compounds 
as fixed ammonia, 28 
effect of climate on, 28 

Soil organic matter, 
carbon to nitrogen ratio in, 672 
fractionation of, 42-43 

Soil pH, 51-52 
Soil solution, 21, 53-57, 62 

characterization of, 53-56 
collection of, 53-54 
definition of, 53 
K:Mg ratio of, 62 
release of cations by, 56-57 
supplying power of, 21 

Soil tests, 72-79 
as a guide for fertilizer practice, 75 
development of, 76 

Spiegelwerten, 
see S values 

Syringaldehyde, 675 
Spurenelement, 

see Micronutrient 
Strontium, 

general effects of, 322 
Succinic dehydrogenase, 482 
Sucrose, 

hydrolysis by soil microorganisms, 685 
in nitrogen fixation by excised nodules, 

627 
Sugars, 

effects of molybdenum on, 284-285 
effects on sulfur metabolism in soil, 

721 
Sulfate, 

activation by ATP, 515-516 
Sulfate reduction, 
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general scheme of, 516-517, 718 
hydrogen donors in, 723 
by microorganisms, 718 
in soil, 723 

Sulfur, 
absorption by plants, 515 
biological transformations in soil, 717, 

720-721, 724 
deficiency effects and symptoms, 31-32, 

149, 313-315, 517 
in manganese deficiency, 719 
and nitrogen fixation, 155 
occurrence in plants, 517 
occurrence in soil, 31, 717-718 
replacement by selenium, 508 
role in microorganisms, 408-411 
Spencer-Harada scheme of utilization, 

410-411 
utilization by fungi, 409 

Sulfur bacteria, 
general reactions of, 720 

Sulfur oxidation, 
reactions in microorganisms, 719 
in soil, 718-719 

Symbiotic nitrogen fixation, see Nitrogen 
fixation 

Synthetic soil conditioners, see Soil 

Τ 

Terminal respiration, 
cytochromes of, 479-480 
metals in, 518 

Tetrathionate, 
oxidation of in soil, 721 

Thiamine, 
effect on growth of rhizobia, 566 

Thiosulfates, 
herbicidal effects of, 725-726 
transformation of in soil, 720-721 

Thiourea, 
in soil, 709, 712 
toxicity of, 709-710 

Tissue testing, 
by acetate extraction, 91 
in plant analysis, 86-91 
with Morgan's reagent, 88 

Trace element, 
see Micronutrients 

Transamination, 459^60, 636 
Translocation, 

effects of boron on, 263-264, 500 
in tissue testing, 86 

Tricarboxylic acid cycle, 
in nitrogen fixation, 556 
metalloenzymes of, 518 

Triphosphopyridine nucleotide (TPN) , 
487, 489, 490, 494, 496, 520, 715 

Trypsin, 462 
Tryptamine, 732 
Tryptophan, 732 
Tryptophan synthesis, 466 
Tryptophan synthetase, 466 
Tyrosinase, 472-474 

reactions of, 472 
role of copper in, 473 

U 

Urea, 
absorption by leaves, 93 
inhibitor of plant growth, 700 

Urethanes, 
inhibitors of nitrification, 707-708 

Uricase, 
copper content of, 476 

Uronic acid, 
in mucilagenous polysaccharides, 683 
relation to soil fertility, 691 

V 

Vanadium, 
activation analysis, 115 
and lipid metabolism, 504 
essentiality of, 105-106, 502-503 
in microorganisms, 36, 421 
occurrence in soil, 37 
properties of, 502-504 
replacement by molybdenum, 484, 

563-564 
role in animals, 504 
role in nitrogen fixation, 503-504 

Vanillin, 675 
Vitamins, 

breakdown of in soil, 728 
in rhizosphere, 727-728 
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synthesis by soil microorganisms, 566, 
621, 728-729 

Vitamin Bi2, 
and cobalt, 36 
in plants, 505 
occurrence in nodules, 609 
role of in animals, 504-505 

W 

Warburg apparatus, 
use in soil studies, 739 

Water, 
removal of trace elements from, 

366-367 
as a source of mineral impurities, 110-

111 
Water content of plants, 183-184, 186 
Water culture, 98 

A7 solution, 102 
A13 solution, 102 
early developments in, 97 

Wetting agents, 
use in foliar sprays, 94-95 

X 

Xanthine oxidase, 
iron content of, 482, 493 
nitrate as an electron acceptor in, 493 
role of molybdenum in, 483, 493 

Y 

Yield curve, 
in plant nutrition studies, 83 

Ζ 

Zinc, 
deficiency effects and symptoms, 33, 

229-237, 305, 465^69, 471 
field symptoms of deficiency, 33 
in tryptophan synthesis, 466 
metal component of enzymes, 470-471 
occurrence and essentiality, 33, 101-

102, 465 
relation to auxin, 465-466 
role in microorganisms, 415-416 


