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Foreword

EZRA TAFT BENSON

Secretary of Agriculture

ALL MY LIFE I have had direct experience of the

importance of soil. As a boy and young man I
tilled it, worked with it, and got from it its bounty or, in bad vears,
wrested from it its reluctant yield. Then and later 1 learned to love it,
respect it, and appreciate its values and limitations.

I LEARNED what every farmer knows—that each of the thousands of
different kinds of soils requires its own care and skillful use, which also
change from season to season as conditions of moisture, temperature,
and crops change.

THESE TRUTHS, 5o simple to say here but so acutely complex when onc’s
living depends on observing them, were brought home to me again, but
more forcefully than ever, when I accompanied President Eisenhower
early this year on a trip to survey the disastrous effects of drought in
the Southwest, the Great Plains, and other sections. Farmers and ranchers
in some of the States had suffered their sixth consecutive year of drought
and necded help urgently.

THE PROBLEM demanded action of several kinds—emergency measures
to provide for feed, refinancing of farm indebtedness, and urgent con-
servation necds; cooperation of State and Federal Governments, farmers
and ranchers, and other citizens whose livelihood depends on agricultural
well-being; and a long-range program looking to the best use of land
and other natural resources.

MORE RESEARCH-—continuing, thorough research—in the management
of soil and water is a vital part of the long-range program. Not only must
we learn more about the management of our soil and water; we must
encourage the wider dissemination and application of the results of this
research.

THAT IS WHY I am so keenly interested in this Yearbook of Agriculture
and commend it to you and your neighbors. The facts in it are the

A%



product of years of patient, useful, practical research, and publishing it
in this form is the best way I know of making it available to all Americans,
wherever they live.

FOR TO ALL AMERICANS, wherever they live, soil is a basic treasure.
Soils produce good yields and keep on doing so if they are well managed.
The management of soil is among the oldest of the arts, but none is
changing more rapidly than it. We know mere about taking care
of soil than our fathers and grandfathers did. There is much more
that we should know.
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Preface

ALFRED STEFFERUD

Editor

THIS BOOK IS, as a plant scientist might say, a

new and adapted variety of Soils and Men, the
1938 Yearbook of Agriculture. The parent, a giant of 1,232 pages and
258,042 copies, is now out of print. That may be a manifest of its popu-
larity and value. Surely it did help make Americans aware of the acute
need to take care of their heritage. It warned: “The social lesson of soil
waste is that no man has the right to destroy soil even if he does own it
in fee simple. The soil requires a duty of man which we have been slow
to recognize.”

A PURPOSE of the present book is to indicate the extent to which that
warning has been heeded—and at times to repeat it—and to describe
the knowledge about soils that scientists and farmers have since gained.

THE 1938 YEARBOOK OF AGRICULTURE devoted considerable space to the
classifications of soils, technical aspects of soil science, and the use of land
(which we take to be different from the use of soil).

BECAUSE OUR KNOWLEDGE of soil has expanded greatly since 1938 and
emphasis and needs have changed, this Yearbook of Agriculture is limited
to the management of soil, itself a big and burgeoning subject. We plan
to devote a subsequent Yearbook to the use and ownership of land. The
material here about soil classification, the soils of the United States, and
basic soil science is suflicient, we think, for the nontechnician to under-
stand the principles of soil management that are set forth in this volume.

WE HAVE TRIED to help a farmer appraise his own requirements and help
him decide which of the many available practices, machines, and mate-
rials are best for his situation. We have explained the continually in-
creasing opportunities for more efficient soil management on a permanent
basis—how the same soils can be farmed more efficiently than our fathers
and grandfathers could farm them and how also more kinds of soil can
be farmed efficiently.
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WE EMPHASIZE that for best results all parts of the soil-management
system for a field must fit together—that systems of crop and timber
management must be geared to the characteristics and requirements of
both soil and plants.

A GLANCE at the table of contents will tell you more about the scope and
organization: The place of soil management within the broad field of
agriculture; how new scientific principles are developed; what we have
learned about soils and the basic principles of their behavior; methods
for achieving specific objectives, such as liming, cultivating, controlling
moisture, increasing organic matter and storage of water, and preventing
erosion; how systems of soil management support one another, and the
requirements and methods of developing farm plans and systems of soil
management for high production with conservation; soil-management
systems for forest trees, gardens, and a few special crops that have re-
quirements somewhat unlike those of the general run of field crops; and
the opportunities for improved systems of soil management in the
different regions of the United States.

THE MATERIAL AND ScOPE were planned by a Yearbook Committee,
whose members are:

Charles E. Kellogg, Soil Conservation Service, Chalrman
W. H. Allaway, Agricultural Research Service
Carleton P. Barnes, Agricultural Research Service
N. C. Brady, Cornell University

V. L. Harper, Forest Service

Carl P. Heisig, Agricultural Research Service

W. H. Pierre, Iowa State College

Harold E. Pinches, Agricultural Rescarch Service
K. S. Quisenberry, Agricultural Research Service
F. G. Ritchie, Agricultural Conservation Program
Alfred Stefferud, Office of Information

Wynne Thorne, Utah State University

C. H. Wadleigh, Agricultural Research Service
Eric Winters, University of Tennessee

TwWo oF THEM, Dr. Kellogg and Dr. Barnes, were members of the 1938
Yearbook Committee. Their devotion and wisdom in agricultural re-
search and their distinguished work in the Department of Agriculture
are reflected in their continuing concern that the results of the research
and achievements of scientists be made public for the benefit of all.
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Glossary

A HOR1IZON The surfacc horizon of a min-
cral soil having maximum biological activ-
ity, or eluviation (rcmoval of materials dis-
solved or suspended in water), or both.

ABC som. A soil with a complete profile,
including an A, a B, and a C horizon.

ABSORBING cOMPLEX The materials in the
soil that hold water and chemical compounds,
mainly on thcir surfaces. They are chicfly
the finc mineral matter and organic matter.

AC sor. A soil with an incompletc profile,
including an A and a C horizon, but no B
horizon. Commonly such soils arc young,
like those developing from alluvium or on
stcep, rocky slopes.

Acip soiL Generally, a soil that is acid
throughout most or all of the parts of it that
plant roots occupy. Commonly applied to
only the surface-plowed layer or to some
other specific layer or horizon of a soil. Prac-
tically, this mecans a soil morc acid than pH
6.6; preciscly, a soil with a pH value less
than 7.0. A soil having a preponderance of
hydrogen over hydroxyl ions in the soil
solution.

AcTINOMYCETES A group of soil micro-
organisms which produce an extensive thread-
like network. They resemble the soil molds in
somc respects but are more like the bacteria
in size.

AppITIVE A material added to fertilizer
to improve its chemical or physical condi-
tion. An additive to liquid fertilizer might
prevent crystals from forming in the liquid
at tecmpcraturcs where crystallization would
normally take place.

ApsorB Rcmoval of a substance in solu-
tion to a solid surface or a scparatc phase; to
accumulate on a surface.

ApsorpTiON The attachment of com-
pounds or jonic parts of salts to a surfacc or
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another phase. Nutricnts in solution (jons)
carrying a positive charge become attached
to lZidsorbed by) ncgatively charged soil
particles.

AERATION, soIL The exchange of air in
soil with air from the atmosphere. The com-
position of the air in a well-acrated soil is
similar to that in the atmosphere; in a poorly
acrated soil, the air in the soil is considcrably
higher in carbon dioxide and lower in oxygen
than the atmosphere above the soil.

AeroBic (1) Conditions with oxygen gas
as a part of the environment. (2) Living or
acting only in the presence of air or free oxy-
gen. (3) Pertaining to the activity of organ-
isms that grow under aerobic conditions, such
as acrobic decomposition.

AGGRECATE (OF so1L) Many fine soil par-
ticles held in a single mass or cluster, such as
a clod, crumb, block, or prism. Many proper-
ties of the aggregatc differ from those of an
equal mass of unaggregated soil.

ArkaAL! soiL.  Generally, a highly alkaline
soil. Specifically, an alkali soil has so high a
degrec of alkalinity—pH 8.5 or higher—or so
high a percentage of exchangeable sodium—
15 percent or higher—or both, that the
growth of most crop plants is reduced. (In
former years this term was also applied loose-
ly to both alkali and saline soils. The term is
also applicd by some to those uncommon
soils that contain highly alkaline salts, such
as sodium carbonatc%

ALRALINE soIL Generally, a soil that is
alkaline throughout most or all of the parts
of it occupicd by plant roots; although the
term is commonly applicd to only a specific
layer or horizon of a soil. Precisely, any soil
horizon having a pH valuc greater than 7.0;
practically, a soil having a pH above %.3.

ArruviaL soms Soils developing from
transported and relatively recently deposited
material (alluvium) with little or no modi-
fication of the original materials by soil-
forming processes. (Soils with well-developed
profiles that have formed from alluvium are
grouped with other soils having the same
kinds of profilcs, not with the alluvial soils.)

Arruvivm Sand, mud, and other sedi-
ments deposited on land by strcams,

ArumiNo-siLICATES Compounds contain-
ing aluminum, silicon, and oxygen atoms as
main constituents.

AMENDMENT Any material, such as lime,
gypsum, sawdust, or synthetic conditioners,
that is worked into the soil to make it more
productive. Strictly, a fertilizer is also an
amendment, but the term “amendment” is
used most commonly for added materials
other than fertilizer.
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AMINO AciDs Amino acids are nitrogen-
containing organic compounds, large num-
bers of which link together in the formation
of a protein molecule. Each amino acid mole-
cule contains one or more amino (—NH;)
groups and at least one carboxyl (— COOH)
group. In addition, some amino acids (cys-
tine and methionine) contain sulfur.

AMMONIA A colorless gas composed of one
atom of nitrogen and three atoms of hydro-
gen. Ammonia liquefied under pressure is
used as a fertilizer.

AMMONIFICATION The formation by or-
ganisms of ammonium compounds from
nitrogen-containing organic materials.

AmmoNiuM 10N The positively charged
NH,+ ion. The form in which nitrogen
occurs in many commercial fertilizers.

AnaeroBic Living or functioning in the
absence of air or free oxygen.

ANHYDROUS Dry, or without water. An-
hydrous ammonia is water free; in contrast
to the water solution of ammonia commonly
known as household ammonia.

ANION An jon carrying a negative charge
of electricity.

ANTHROPIC sOIL A soil produced from a
natural soil or other earthy deposit by the
work of man that has new characteristics that
make it different from the natural soil. Ex-
amples include deep, black surface soils
resulting from centuries of manuring, and
naturally acid soils that have lost their dis-
tinguishing features because of many cen-
turies of liming and use for grass.

AnTiBlosts Opposed to living. Antibiotics
suppress some micro-organisms.

APATITE A native phosphate of lime. The
name is given to the chief mincral of phos-
phate rock and the inorganic compound of
bone.

AQUA AMMONIA A water solution of am-
monia.

AQUIFER A water-bearing formation
through which water moves more readily
than in adjacent formations of lower perme-
ability.

ARID CLIMATE A very dry climate like that
of desert or semidesert regions where there is
only enough water for widely spaced desert
plants. The limits of precipitation vary widely
according to temperature, with an upper
limit for cool regions of less than ro inches
and for tropical regions of as much as 20
inches. (The precipitation-cffectiveness index
ranges from o to about 16.)

ARID REGION Areas where thc potential
water losses by evaporation and transpiration
are greater than the amount of water sup-
plied by precipitation. In the United States
this area is broadly considered to be the dry
parts of the 17 Western States.

Asa The nonvolatile residue resulting from
the complete burning of organic matter. It is
commonly composed of oxides of such ele-
ments as silicon, aluminum, iron, calcium,
magncsium, and potassium.

AssiMiLATION Conversion of substances
taken in from the outside into living tissue of
plants or animals.

AvroTtropHIC Capable of using (oxidizing)
simple chemical elements or compounds,
such as iron, sulfur, or nitrates, to obtain
energy for growth.

Auxins Organic substances which cause
lengthening of the stem when applied in low
concentrations to shoots of growing plants.

AVAILABLE NUTRIENT IN SOILs The part of
the supply of a plant nutrient in the soil that
can be taken up by plants at rates and in
amounts significant to plant growth.

AVAILABLE WATER IN soiLs The part of
the water in the soil that can be taken up by
plants at rates significant to their growth;
usable; obtainable. ’

AzoNAL soILs A general group of soils hav-
ing little or no soil profile devclopment. Most
of them are young. In the United States,
Alluvial soils, Lithosols, and Regosols are in-
cluded in the azonal group.

B HORIZON A soil horizon, usually beneath
an A horizon, or surface soil, in which (1)
clay, iron, or aluminum, with accessory or-
ganic matter, have accumulated by receiving
suspended material from the A horizon above
it or by clay development in place; (2) the
soil has a blocky or prismatic structure; or
(3) the soil has some combination of these
features. In soils with distinct profiles, the B
horizon is roughly equivalent to the general
term “‘subsoil.”

BanpING (OF FERTILIZERS) The placement
of fertilizers in the soil in continuous narrow
ribbons, usually at specific distances from the
seeds or plants. The fertilizer bands are cov-
ered by the soil but are not mixed with it.

Base saTturaTiON The relative degree to
which soils have metallic cations absorbed.
The proportion of the cation-exchange capac-
ity that is saturated with metallic cations.

BASIN IRRIGATION (OR LEVEL BORDERS) The
application of irrigation water to level areas
that are surrounded by border ridges or
levees. Usually irrigation water is applied at
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rates greater than the water intake rate of the
soil. The water may stand on uncropped soils
for several days until the soil is well soaked;
then any excess may be used on other fields.
The water may stand a few hours on fields
having a growing crop.

Basin LisTiNé A mcthod of tillage that
crcates small basins by damming lister fur-
rows at regular intervals of about 4 to 20 feet.
This method is a modification of ordinary
listing and is carried out approximately on
the contour on nearly level or gently sloping
soils as a means of encouraging water to enter
the soil rather than to run off the surface.

BC soiL A soil with a B and a C horizon
but with little or no A horizon. Most BC soils
have lost their A horizons by crosion.

BeppiNg sorL  Arranging the surface of
ficlds by plowing and grading into a series of
elevated beds scparated by shallow ditches
for drainage.

Beprock The solid rock underlying soils
and othcer carthy surfacc formations.

BENCH TERRACES An cmbankment con-
structcd across sloping soils with a steep drop
on the downslope side.

Browour An area from which soil ma-
terial has becn removed by wind. Such an
arca appears as a nearly barren, shallow de-
pression with a flat or irrcgular floor consisting
of a resistant laycr, an accumulation of peb-
bles, or wet soil lying just above a water
table.

Bog soiL  An intrazonal group of soils with
mucky or pcaty surface soils underlain by
peat. Bog soils usually have swamp or marsh
vegetation and arc commonest in humid
rcgions.

Bonps Chemical forces holding atoms to-
gether to form molecules.

BorDER IRRIGATION Irrigation in which
the watcr flows over narrow strips that are
ncarly lcvel and are scparated by parallel,
low-bordering banks or ridges.

BROAD-BASE TERRACE A low cmbankment,
with such gentle slopes that it can be farmcd,
constructed across sloping soils approxi-
mately on the contour. Broad-basc terraccs
arc used on pervious soils to reduce runoff
and soil erosion.

Brown FoREST soiLs  An intrazonal group
of soils that havc dark-brown surface hori-
zons, relatively rich in humus, grading
through lighter colored soil into the parent
material. They are characterized by a slightly
acid or neutral rcaction and a moderately
high amount of exchangcable calcium. They
are commonly developed under deciduous
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forests from parent materials rclatively rich
in bases, especially calcium.

Brown PopzoLic soiLs A zonal group of
soils with thin mats of partly decayed leaves
over thin, grayish-brown mixed humus and
mineral soil. They lie over yellow or yellow-
ish-brown, acid B horizons, slightly richer in
clay than the surface soils. These soils develop
under deciduous or mixed deciduous and
coniferous forests in cool-temperate humid
regions, such as parts of New England, New
York, and western Washington.

Brown soiLs A zonal group of soils having
a brown surface horizon that grades bclow
into lighter colored soil. These soils have an
accumulation of calcium carbonate at 1 to 3
feet. They dcvelop under short grasses,
bunchgrasscs, and shrubs in a temperatic to
cool semiarid climate.

BurreRr, BUFFERING Substances in the soil
that act chcmically to resist changes in
reaction or pH. The buffering action is duc
mainly to clay and very fine organic mattcr.
Highly weathercd tropical clays are less
active buffers than most less weathercd silicate
clays. Thus with thc same degree of acidity,
or pH, more lime is required to neutralize (1)
a clayey soil than a sandy soil, (2) a soil rich
in organic matter than one low in organic
matter, or (3) a sandy loam in Michigan,
say, than a sandy loam in central Alabama.

BurreR sTrRIPS Established strips of peren-
nial grass or other erosion-resisting vcgeta-
tion, usually on thc contour in cultivated
fields, to reduce runoff and crosion.

Burk pEnsiTYy  The mass or weight of oven-
dry soil per unit bulk volume, including air
space. This mass in relation to the weight of
a unit volume of watcr, was formerly called
“apparent density” or “volume weight.”

C morizoN The unconsolidated rock ma-
terial in the lower part of the soil profile like
that from which the upper horizons (or at
least a part of the B horizon) have dcveloped.

CALcAREOUS sOIL A soil containing cal-
cium carbonate, or a soil alkaline in reaction
because of the presence of calcium carbonate.
A soil containing enough calcium carbonate
to effervesce (fizz) when treated with dilute
hydrochloric acid.

CaLicHE A broad term for the more or
Icss cemented deposits of calcium carbonate
in many soils of warm-tempcrate arcas, as in
the Southwestern States. When it is very near
the surface or exposcd by erosion, thc mate-
rial hardens. (Caliche is also used for depos-
its of sodium nitrate in Chile and Peru.)

CAPILLARY POROsITY The volume of small
pores within the soil that hold water against
the force of gravity.
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CAPILLARY WATER The water retained in
the fine pores in soil by surface tension that
moves as a result of capillary forces.

CarBoHYDRATES Compounds containing
carbon, hydrogen, and oxygen. Usually the
hydrogen and oxygen occur in the proportion
of 2 to 1, such as in glucose (CgH;3,04).

CarBoN One of the commonest chemical
elements, occurring in lampblack, coal, and
coke in varying degrees of purity. Compounds
of carbon are the chief constituents of living
tissue.

CARBON DIOXIDE A colorless gas (COyp)
composed of carbon and oxygen and nor-
mally found in small amounts in the air. It is
one of the end products of the burning (oxi-
dation) of organic matter, or carbon-contain-
ing compounds.

CARBON-NITROGEN RATIO The ratio of the
weight of organic carbon to the weight of total
nitrogen in a soil or in an organic material.

CATALASE An enzyme capable of decom-
posing hydrogen peroxide into water and
oxygen: 2H,;O;—2H,040,.

CATALYST A material that increases the
rate of a chemical reaction.

CATENA A group of soiis, within a specific
soil zone, formed from similar parent materi-
als but with unlike soil characteristics because
of differences in relief or drainage.

CATION An jon carrying a positive charge
of electricity. The common soil cations are
- calcium, magnesium, sodium, potassium, and
hydrogen.

CaTioN EXCHANGE The exchange of cat-
ions held by the soil-adsorbing complex with
other cations. Thus if a soil-absorbing com-
plex is rich in sodium, treatment with calcium
sulfate (gypsum) causcs some calcium cations
to exchange with some sodium cations.

CATION-EXCHANGE CAPACITY A measure of
the total amount of exchangeable cations that
can be held by the soil. It is expressed in terms
of millicquivalents per 100 grams of soil at
neutrality (pH %) or at some other stated pH
value. (Formerly called base-exchange ca-
pacity.)

CeLLurose The principal constituent of
the cell walls of higher plants. It is made up
of glucose molecules arranged in long chains
and has the chemical formula (CgH;O;)%.
The long molecules give it a fibrous nature.
Cotton fibers are almost pure cellulose. Paper
is mainly cellulose separated by chemical
processes from wood or other plant remains.

CHELATES A type of chemical compound
in which a metallic atom is firmly combined

with a molecule by means of multiple chemi-
cal bonds. The term refers to the claw of a
crab illustrative of the way in which the atom
is held.

CHERNOZEM soILs A zonal group of soils
having deep, dark to nearly black surface
horizons and rich in organic matter, which
grades into lighter colored soil below. At 1.5
to 4 feet, these soils have layers of accumu-
lated calcium carbonate. They develop under
tall and mixed grasses in a temperate to cool
subhumid climate.

CHERT A structureless form of silica,
closely related to flint, which breaks into
angular fragments. Soils developed from im-
pure limestones containing fragments of
chert and having abundant quantities of
these fragments in the soil mass arc called
cherty soils.

CHESTNUT soILs A zonal group of soils with
dark-brown surface horizons, which grade
into lighter colored horizons beneath. They
have layers of accumulated calcium carbon-
ate at 1 to 4 feet. They are developed under
mixed tall and short grasses in a temperate to
cool and subhumid to semiarid climate.
Chestnut soils occur in regions a little more
moist than those having Brown soils and a
little drier than those having Chernozem
soils.

Cuise. A tillage machine with one or
more soil-penctrating points that can be
drawn through the soil to loosen the subsoil,
usually to a depth of 12 to 18 inches.

CHITIN A nitrogen containing polysac-
charide found in the outer part of insects.

CurororHyLL The constituent responsible
for the green color of plants. Chlorophyll is
important in photosynthesis in plants, the
process by which sugar is manufactured.

CHLoRoOPLASTS Small bodies in cells of
plants in which the green pigment chloro-
phyll is concentrated.

CHLoOROSIS A condition in plants resulting
from the failure of chlorophyll (the green col-
oring matter) to develop, usually because of
deficiency of an essential nutrient. Leaves of
chlorotic plants range from light grcen
through yellow to almost white.

CrLay As a soil separate, the mineral soil
particles less than 0.002 mm. in diameter.
As a soil textural class, soil material that con-
tains 40 percent or more of clay, less than 45
percent of sand, and less than 40 percent of
silt,

CLAay LoaM Soil material that contains 2%
to 40 percent of clay and 20 to 45 percent of
sand.
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Cray MINERAL Naturally occurring inor-
ganic crystalline material in soils or other
earthy deposits of clay size—particles less
than 0.002 mm. in diameter.

CLAYPAN A compact, slowly permeable
soil horizon rich in clay and separated more
or less abruptly from the overlying soil. Clay-
pans are commonly hard when dry and plastic
or stiff when wet.

CrLop A mass of soil produced by plowing
or digging, which usually slakes easily with
repeated wetting and drying, in contrast to a
ped, which is a natural soil aggregate.

CoLLomp, soi.  Colloid refers to organic or
inorganic matter having very small particle
size and a correspondingly large surface area
per unit of mass. Most colloidal particles are
too small to be seen with the ordinary com-
pound microscope. Soil colloids do not go into
true solution as sugar or salt do, but they may
be dispersed into a relatively stable suspen-
sion and thus be carried in moving water. By
treatment with salts and other chemicals,
colloids may be flocculated, or aggregated,
into small crumbs or granules that settle out
of water. (Such small crumbs of aggregated
colloids can be moved by rapidly moving
water or air just as other particles can be.)
Many mineral soil colloids are really tiny
crystals and the minerals can be identified
with X-rays and in other ways.

Corruvium Mixed deposits of soil material
and rock fragments near the base of rather
steep slopes. The deposits have accumulated
through soil creep, slides, and local wash.

COMPANION CROP A crop grown with an-
other crop, usually a small grain with which
alfalfa, clover, or other forage crops are sown.
(Formerly such small grain crops were known
as nurse crops, but because the small grain
does not “nurse” the other crop this older
term is being abandoned.)

CoMPLEX, SOIL An intimate mixture of tiny
areas of different kinds of soil that are too
small to be shown separately on a publishable
soil map. The whole group of soils must be
shown together as a mapping unit and de-
scribed as a pattern of soils.

ComposT A mass of rotted organic matter
made from waste plant residues. Inorganic
fertilizers, especially nitrogen, and a little soil
usually are added to it. The organic residues
usually are piled in layers, to which the fer-
tilizers are added. The layers are separated
by thin layers of soil. The whole pile is kept
moist and allowed to decompose. The pile is
usually turned once or twice. The principal
purpose in making compost is to permit the
organic materials to become crumbly and to
reduce the carbon-nitrogen ratio of the mate-
rial. Compost is sometimes called artificial or
synthetic manure.

ConcreTions - Hard grains, pellets, or nod-
ules from concentrations of compounds in the
soil that cement the soil grains together. The
composition of some concretions is unlike that
of the surrounding soil. Concretions can be
of various sizes, shapes, and colors.

CONDITIONER (OF FERTILIZER) A material
added to a fertilizer to prevent caking and to
keep it free flowing.

Conpuctance Conducting power, the re-
ciprocal of resistance.

CONDUCTIVITY, ELECTRICAL A physical
quantity that measures the readiness with
which a medium transmits electricity. Com-
monly used for expressing the salinity of irri-
gation waters and soil extracts because it can
be directly related to salt concentration. It is
expressed in mhos per centimeter (or mil-
limhos per centimeter or micromhos per cen-
timeter at 25° C.).

ConsisTeENCE The combination of proper-
ties of soil material that determine its resist-
ance to crushing and its ability to be molded
or changed in shape. Consistence depends
mainly on the forces of attraction between
soil particles. Consistence is described by
such words as loose, friable, firm, soft, plastic,
and sticky.

ConsoLIDATE (soiL) To place into a com-
pact mass and thus increase density and re-
duce pore space.

ConsumpTIVE USE The water used by
plants in transpiration and growth, plus
water vapor loss from adjacent soil or snow,
or from intercepted precipitation in any speci-
fied time. Usually expressed as equivalent
depth of free water per unit of time.

CONTINENTAL CLIMATE A general term for
the climate typical of great land masses where
wide ranges in temperature and other weath-
er conditions occur because the area is not
greatly influenced by nearness to the sea.
Much of the United States has a continental
climate.

CoNTOUR An imaginary line connecting
points of equal elevation on the surface of the
soil. A contour terrace is laid out on a sloping
soil at right angles to the direction of the
slope and level throughout its course. In con-
tour plowing, the plowman keeps to a level
line at right angles to the direction of the
slope, which usually results in a curving
furrow.

CoNTOUR BAsINS Basins made by levees or
borders built on contours with occasional
cross levees.

ConvEYANCE Loss Loss of water from a
conduit due to leakage, seepage, and evapo-
ration.
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CREEP, solL. The downward mass move-
ment of sloping soil. The movement is
usually slow and irregular and occurs most
commonly when the lower soil is nearly
saturated with water.

CRUMB STRUCTURE Very porous granular
structure in soils.

Crust A thin, brittle layer of hard soil
that forms on the surface of many soils when
they are dry. An exposed hard layer of ma-
terials cemented by calcium carbonate,
gypsum, or other binding agents. Most desert
crusts are formed by the exposure of such
layers through removal of the upper soil by
wind or running water and their subsequent
hardening.

CyTOCHROME An iron-containing pigment
that plays a major role in respiration.

CytopLasM The portion of the proto-
plasm of a cell outside the nucleus.

D ravER Any stratum underlying the soil
profile that is unlike the material from which
the soil has been formed.

Dawmpinc-orr  Sudden wilting and death
of scedling plants resulting from attack by
micro-organisms.

DeackarizaTioN Removal of exchange-
able sodium (or alkali) from the soil, usually
by chemical treatment and leaching.

DEEP PERGOLATION A general term for the
downward movement of water beyond the
reach of plant roots.

Deepr sor. Gencrally, a soil deeper than
40 inches to rock or other strongly contrasting
material. Also, a soil with a deep black sur-
face layer; a soil decper than about 40 inches
to the parent material or to other unconsoli-
dated rock material not modified by soil-
forming processes; or a soil in which the total
depth of unconsolidated material, whether
true soil or not, is 40 inches or more.

DrrroccuraTE To separate or to break
up soil aggregates into the individual parti-
cles; to dispersc the particles of a granulated
clay to form a clay that runs together or
puddles.

DecrAaDATION (OF soiLs) The change of one
kind of soil to a more highly leached kind, such
as the change of a Chernozem to a Podzol.

DenypraTION Removal or loss of water.

DrenirriricatioN  The process by which ni-
trates or nitrites in the soil or organic depos-
its are reduced to ammonia or free nitrogen
by bacterial action. The process results in the
escape of nitrogen into the air and is there-
fore wasteful.

DesaLiNizaTION Removal of salts from
saline soil, usually by leaching.

DEeseErT soi. A zonal group of soils that
have light-colored surface soils and usually
are underlain by calcareous material and fre-
quently by hard layers. They are developed
under extremely scanty scrub vegetation in
warm to cool, arid climates.

DESILTING AREA An area used for remov-
ing the sediment from flowing water, espe-
cially by vegetation.

DesorpTiON The removal of sorbed ma-
terials from surfaces.

DETAILED so1L MAP A soil map showing the
kinds of soil. The soil boundaries have becen
plotted on a base map or aerial photograph
from observations made throughout their
course and the kinds of soil are classified and
the boundaries shown in all the detail signifi-
cant to soil use and management. Most of the
soils shown on such maps are phases of soil

types.

Drrrusion The transport of matter as a
consequence of the movement of the constitu-
ent particles. The intermingling of two gases
or liquids in contact with each other takes
place by diffusion.

DipoLar Having two poles as a result of
separation of electric charge. A dipolar mole-
cule orients in an electric field.

DispErsioN ofF soi Deflocculation of the
soil and its suspension in water.

D1vALENT MANGANoOUs IoN The chemical
clement manganese (Mn*2) in its lowest va-
lence state.

DRAINAGE (o PrRAcTICE) The removal of
excess surface water or excess water from
within the soil by means of surface or sub-
surface drains.

DRrAINAGE, soiL (1) The rapidity and ex-
tent of the removal of water from the soil by
runoff and flow through the soil to under-
ground spaces. (2) As a condition of the soil,
soil drainage refers to the frequency and du-

‘ration of periods when the soil is free of satura-

tion. For example, in well-drained soils, the
water is removed readily, but not rapidly; in
poorly drained soils, the root zone is water-
logged for long periods and the roots of ordi-
nary crop plants cannot get enough oxygen;
and in excessively drained soils, the water is
removed so completely that most crop plants
suffer from lack of water.

DrIFT Material of any sort deposited by
geological processes in one place after having
been removed from another. Glacial drift in-
cludes the materials deposited by glaciers and
by the streams and lakes associated with them.
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DroP-INLET DAM A dam through which
overflow water is carricd through a shallow,
sloping pipe in order to drop water from one
level to another for gradient control and for
stabilization of a waterway.

DroucuT A period of dryness, espccially
a long onc. Usually considered to be any
period of soil moisture deficiency within the
plant root zone. A period of dryness of suffi-
cient length to deplete soil moisture to the
cxtent that plant growth is scriously retarded.

Dry rarMING Generally, producing crops
that require some tillage in subhumid or
semiarid regions without irrigation. The sys-
tem usually involves periods of fallow be-
tween crops during which water from pre-
cipitation is absorbed and rctained.

Dry sanps Sandy deposits, with low
watcr-holding capacity, in which there has
been no clear development of soil character-
istics since deposition.

DRrRY WEIGHT PERCENTAGE (OF WATER IN
som.) The weight of water cxpressed as a
percentage of the ovendry weight of soil.

Durr The matted, partly decomposcd
organic surfacc layer of forested soils.

Dune A mount or ridge of loosc sand piled
uF by the wind. Occasionally during periods
of cxtreme drought, granulated soil material
of finc texture may be piled into low duncs,
sometimes called clay duncs.

Dust MuLcH A loose, dry surface layer of a
cultivated soil, formerly thought to be effec-
tive in reducing the loss of moisturc from the
underlying soil.

Ecorocy The branch of biology that deals
with the mutual relations among organisms
and between organisms and their environ-
ment,

ErrLuenT The outflowing of water from
a subterrancan storage space. (Also used gen-
crally for gases and other liquids.)

ELECcTROLYTE Any conductor of clectric
current in which chemical change accom-
panies thc passage of the current and the
amount of the change is proportional to the
amount of current passed. Usually clectro-
lytes arc solutions of substances in a liquid,
such as salt in water. A substance that forms
a conductor of electricity when added to a
solvent. Thus, common table salt becomes an
electrolyte when added to water.

EruviaTioN The movement of matcrial
from onec place to another within the soil in
cither true solution or colloidal suspension.
Soil horizons that have lost material through
cluviation are said to be eluvial; those that
have received material are illuvial. With an

excess of rainfall over evaporation, eluviation
may take place either downward or laterally
according to the direction of water move-
ment. The term refers especially to the move-
ment of soil colloids in suspension; lcaching
refers to the removal of soluble matcrials such
as salt in true solution.

ENnviRONMENT All external conditions that
may act upon an organism or soil to influence
its devclopment, including sunlight, tem-
pcraturc, moisturce, and other organisms.

EnzyMEs Substances produced by living
cells which can bring about or spced up
chemical reaction. They are organic catalysts.

Loumisrium A state of balance betwecn
opposing soil forces or actions.

ErobiBLE (so1L) Soil susceptible to erosion.

ErosioNn The wearing away of the land
surfacc by dctachment and transport of soil
and rock matcrials through the action of mov-
ing water, wind, or other geological agents.

Erosive (wiND orR WATER) Used in refer-
cnce to wind or water having sufficient veloc-
ity to causc crosion. Not to be confused with
crodible as a quality of soil.

EvaPOTRANSPIRATION The loss of water
from a soil by cvaporation and plant trans-
piration.

EXCHANGE CAPACITY (See cation-cxchange
capacity.)

ExcuangeaBLE This word describes the
ions in the absorbing complex of the soil that
can be exchanged with other ions. For ex-
ample, when acid soils are limed, calcium
ions exchange for hydrogen ions in the com-
plex; when alkali soils are trcated with gyp-
sum, calcium ions exchange for sodium ions
that can be leached away.

LEXCHANGEABLE sopruM  Sodium that is at-
tached to the surface of soil particles which
can be cxchanged with other positively
charged ions in the soil solution, such as cal-
cium and magnesium.

Farrow Cropland left idle in order to re-
storc productivity, mainly through accumu-
lation of water, nutrients, or both. Summer
fallow is a common stage before ccreal grain
in regions of limited rainfall. The soil is tilled
for at least onc growing scason to control
weeds, to aid decomposition of plant residues,
and to encourage the storage of moisturc for
the succceding grain crop. Bush or forest fal-
low is a rest period under woody vegctation
between crops.

FeLpspars Primary alumino-silicate min-
erals having a three-dimensional framework
structure.

757



FERRIC IRON An oxidized or high-valence
form of iron (Fet3) responsible for red, yel-
low, and brown colors in soils, Fet+++,

FERrROUS IRON A reduced or low-valence
form of iron (Fet?), imparting a blue-gray
appearance to somc wet subsoils on long
standing.

FErTILITY, soi. The quality of a soil that
enables it to provide compounds, in adequate
amounts and in proper balance, for the
growth of specified plants, when other growth
factors such as light, moisture, tempcrature,
and the physical condition of the soil are
favorable,

FERTILIZER Any natural or manufactured
matcrial added to the soil in order to supply
one or more plant nutrients. The term is gen-
erally applied to largely inorganic materials
other than lime or gypsum (mineral ferti-
lizers) sold in the trade.

FERTILIZER GRADE An expression that in-
dicates the percentage of plant nutrients in
a fertilizer. Thus a 10—20-10 grade contains
10 percent nitrogen (N), 20 percent phos-
phoric oxide (P,Os), and 10 percent potash
(K;0). This convention is in common use
even though the nitrogen, phosphorus, and
potassium are present in other forms.

FieLp capacity The amount of moisture
remaining in a soil after the frce water has
been allowed to drain away into dricr soil
material beneath; usually cxpressed as a per-
centage of the ovendry weight of soil or other
convenicnt unit. It is the highest amount of
moisture that the soil will hold under condi-
tions of frce drainage after cxcess water has
drained away following a rain or irrigation
that has wet the wholc soil. For permeable
soils of medium texture, this is about 2 or g
days after a rain or thorough irrigation. Al-
though generally similar for one kind of soil,
values vary with previous treatments of the
soil.

F1eLD MoisTURE The water that soil con-
tains under ficld conditions.

FiLm waTER The water held on the sur-
faces of soil particles that does not drain
away, although it moves rapidly under suc-
tion gradients. Most of it is available to plant
roots,

JFINE-TEXTURED soiL Roughly, clayey soil
containing 35 percent or more of clay.

First BorToM The normal flood plain of a
stream, subject to frequent or occasional
flooding.

Frxation (N soiL) The conversion of a
soluble material, such as a plant nutrient like
phosphorus, from a soluble or exchangeable
form to a relatively insoluble form.

FroccuLaTE To aggregate or clump to-
gether individual tiny soil particles, especial-
ly finc clay, into small groups or granules.
The opposite of deflocculate, or dispersc.

FLoop IRRIGATION Irrigation by running
water over nearly level soil in a shallow flood.

Froop pLAIN The nearly flat lands along
streams that overflow during floods.

FLUORAPATITE A mcmber of the apatite
group of minerals, rich in fluorine. Most com-
mon mincral in raw rock phosphate.

FoLiar pragnosts  Estimation of the plant-
nutrient status of plant or the plant-nutricnt
requirements of a soil for producing a crop
through chemical analyses or color mani-
festations of plant leaves or by both methods
together.

FoLiaR rErTILIZATION Fertilization of plants
by applying chemicalfertilizersto their foliage.

Toop, pLaNT The organic compounds
claborated by a plant within its cells. (Some-
times used loosely for plant nutrients.)

ForacE Unharvested plant material
which can be used as feed by domestic ani-
mals. Forage may be grazed or cut for hay.

Forest LaND Land bearing a stand of
trees at any age or stature, including secd-
lings, and of species attaining a minimum of
6 fcet average hcight at maturity; or land
from which such a stand has been removed
but on which no other use has been substi-
tuted. The term is commonly limited to land
not in farms; forests on farms are commonly
called woodland or farm forests.

Fracipans Dense and brittle pans or lay-
ers in soils that owe their hardness mainly to
extreme density or compactness rather than
to high clay content or cementation. Re-
moved fragments are friable, but the material
in place is so dense that roots cannot penc-
trate and water moves through it very slowly
because of small pore size.

Free Often said of silica, ferric oxide, or
calcium carbonate. The condition of the sub-
stance within a mixture when it is not chemi-
cally combined with thc other components
of the mixture. For example, iron oxide in
soils may be by itself as free iron oxide, or it
may bc combined with other elements in a
mineral.

Funct Forms of plantlife, lacking chloro-
phyll and unable to make their own food.

GEnEsis, soi. The mode of origin of the
soil, with special reference to the processes
responsible for the development of the solum,
or true soil, from the unconsolidated parent
material,
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GLEY soiL A soil horizon in which water-
logging and lack of oxygen have caused the
material to bc a ncutral gray in color. The
term ““gleyed” is applied, as in “modcrately
gleyed soil,” to soil horizons with ycllow and
gray mottling caused by intcrmittent water-
logging.

GRANULAR, FERTILIZER A fertilizer com-
posed of particles of roughly the same compo-
sition, about one-tenth inch in diamcter.
‘This kind of fertilizer contrasts with the nor-
mally fine or powdery fertilizer.

GRANULAR STRUCTURE Soil structure in
which the individual grains arc grouped into
spherical aggregates with indistinct sides.
Highly porous granules arc commonly called
crumbs. A well-granulated soil has the best
structure for most ordinary crop plants.

GRAVITATIONAL WATER IN soILS The water
in the large pores of the soil that drains away
under the force of gravity with frece under-
drainage. Well-drained soils have such water
only during and immediately after rains or
applications of irrigation water. In pcorly
drained soils, this water accumulates in the
pores at the cxpense of air. Under such con-
ditions, the soil lacks oxygen for the roots of
most crop plants and is said to be water-
logged.

Grav-BROowN Popzoric soiLs A zonal
group of soils having thin organic coverings
and thin organic-mineral layers over grayish-
brown leached layers that rest upon brown B
horizons richer in clay than the soil horizon
above. These soils have formed under de-
ciduous forests in a moist temperate climate.

GREAT sOoIL GROUP Any one of several
broad groups of soil with fundamental char-
acteristics in common. Examples are Cherno-
zem, Gray-Brown Podzolic, and Podzol.

Grounp waTER Water that fills all the
unblocked pores of underlying material be-
low the water table, which is the upper limit
of saturation.

Grounp-WATeER PopzoL An intrazonal
group of soils, developed from imperfectly
drained sandy deposits in humid regions, with
thin organic and organic-mineral layers over
light-gray or white leached layers that rest on
dark-brown B horizons irrcgularly cemented
with iron, organic matter, or both.

HarppPaN A hardened or cemented soil
horizon or layer. The soil matcrial may be
sandy or clayey and may be cemented by
iron oxide, silica, calcium carbonate, or
other substances.

Heap Difference in clevation of water-
producing discharge. (Somctimes used in-
corrcctly for the size of irrigation streams.)

Heavy soi. An old term formerly used
for clayey or finc-textured soils. (The term
originated from the heavy draught on the
horses when plowing.)

HorizoN soi. A layer of soil, approxi-
matcly parallel to the soil surface, with dis-
tinct characteristics produced by soil-forming
processes.

Humic acips  Alkali soluble end products
of the decomposition of organic matter in
soil and in composts. The term sometimes is
uscd interchangcably for humus.

Humip cLiMATE A climate with enough
precipitation to support a forest vegetation,
although there are exceptions where the plant
cover includes no trees, as in the Arctic or
high mountains. The lower limit of precipi-
tation may be as little as 15 inches in cool
regions and as much as 6o inches in hot re-
gions. The precipitation-cffectivencess index
ranges betwceen 64 and 128. A climate having
a high average relative humidity.

HuwmriricaTION A process or condition of
decay in which plant or animal remains are
so thoroughly decomposed that their initial
structures or shapes can no longer be recog-
nized.

Humus The well-decomposed, more or less
stablc part of the organic matter in mincral
soils.

HyYDRAULIC EQUILIBRIUM (OF WATER IN SOIL)
The condition for zcro [low rate of liquid or
film water in soil. This condition is satisfied
when the pressurc gradient force is just cqual
and opposite to the gravity force.,

HyvprontuM 10Ns The predominant form
of occurrence of hydrogen ions in solution,
each hydrogen ion being associated with a
single water molecule; H;O+,

Hyprous Containing water.

HyvroxyaPATITE A mcmber of the apa-
tite group of mincrals rich in hydroxyl groups.
A ncarly insoluble calcium phosphate.

Hygroscoric Capable of taking up mois-
ture from the air.

Hvcroscoric coevricient The amount of
moisture in a dry soil when it is in equilibrium
with some standard rclative humidity ncar a
saturated atmosphere (about 98 percent), cx-
pressed in terms of pcrcentage on the basis
of ovendry soil.

IeNeous Rock  Rock produced through the
cooling of melted mineral matter. When the
cooling process is slow, the rock contains fair-
sized crystals of the individual mincrals, as in
granite,
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ILLiTE A series of micalike, nonexpand-
able, or slightly expandable alumino-silicate
clay minerals in which two silica layers alter-
nate with onc alumina layer; also called
hydrous micas.

ILLuviaTioN An accumulation of material
in a soil horizon through the deposition of
suspended minceral and organic matter orig-
inating from horizons above. Since at least
part of the fine clay in the B horizons (or sub-
soils) of many soils has moved into them from
the A horizons above, these are called illuvial
horizons.

IMMATURE sOIL A soil lacking clcar indi-
vidual horizons because of the relatively short
time for soil-building forces to act upon the
parent material since its deposition or ex-
posure.

IMMOBILIZATION (OF PLANT NUTRIENTS) The
conversion of an available plant nutrient in
the soil from an inorganic to an organic form
in living tissue. Thus the addition of fresh
straw or sawdust to the soil may greatly in-
crcase the number of bacteria. These remove
available nitrogen and phosphorus from the
soil and immobilize them within their cells.

ImpERVIOUS SOIL A soil through which
watcr, air, or roots penctrate slowly or not at
all. No soil is absolutely impervious to water
and air all the time.

INHERITED SOIL CGHARAGTERISTICS Any
characteristic of a soil that is due directly to
the nature of the matcrial from which it
formed, as contrasted to the characteristics
that are wholly or partly the result of soil-
forming processes acting on parent material.
For example, some soils are red because the
parent matcrial was red; although the color of
most red soils is duc to soil-forming processes.

INorcanic Refers to substances occurring
as minerals in naturc or obtainable from
them by chemical means. Refers to all matter
except the compounds of carbon, but in-
cludcs carbonates.

INorGANIC NITROGEN Nitrogen in combi-
nation with mineral elements, not in animal
or vegetable form. Ammonium sulfate and
sodium nitrate are examples of inorganic
nitrogen combinations, whilc proteins con-
tain nitrogen in organic combination.

IN pLACE (in situ) (1) Formed or accumu-
lated on the spot. A rock may decay and
break down into small particles where it is
first exposed in the land surface. It is then
said to have weathered in place or in situ.
(2) As a mass appears in the soil before any
disturbance. For example, the deeper part of a
profile may be massive and show no signs of
structure in place but break down into lumps
of regular size and shape when removed.

InTAKE RATE The rate, usually expressed
in inches per hour, at which rain or irrigation
water enters the soil. This rate is controlled
partly by surface conditions (infiltration
rate) and partly by subsurface conditions
(permeability). It also varies with the method
of applying water. The same kind of soil has
diffcrent intake rates under sprinkler irriga-
tion, border irrigation, and furrow irrigation.

INTERTILLED GROP A crop having or re-
quiring cultivation during growth.

INTRAZONAL s0IL Any one of the great
groups of soils having more or less wcll-
developed soil charactcristics that reflect a
dominating influence of some local factor of
relief or of parent matcrial over the normal
influences of the climatc and the vegetation
on the soil-forming processes. Such groups of
soils may be geographically associatcd with
two or more of the zonal groups of soils hav-
ing charactcristics dominated by the influence
of climatc and vegetation.

Ion An electrically charged particle. As
used in soils, an ion refers to an electrically
charged element or combination of clements
resulting from the breaking up of an clectro-
lyte in solution. Since most soil solutions are
highly dilute, many of the salts exist as ions.
For cxample, all or part of the potassium
chloride (muriate of potash) in most soils
exists as potassium ions and chloride ions.
The positively charged potassium ion is
called a cation and the negatively charged
chloride ion is called an anion.

IsororE One of two or more forms of a
chemical element having thc same atomic
number and position in the periodic table of
elements, but distinguishable by differences
of weight.

KaoLiN MINERALS A group of nonswelling
clay minerals in which one layer or sheet of
silicon and oxygen altcrnates with a shect
made up of aluminum, oxygen, and hydrogen.

LacusTrINE DEPOsITS Materials deposited
from lake watcr. Many nearly level soils have
developed from such deposits from old lakes
that have long since disappeared,

Lanp The total natural and cultural cn-
vironment within which production takes
place. Land is a broader term than soil. In
addition to soil, its attributes include other
physical conditions such as mineral deposits
and water supply; location in relation to cen-
ters of commerce, populations, and other
land; the size of the individual tracts or hold-
ings; and cxisting plant cover, works of im-
provement, and the like. Some use the term
loosely in other senses: As defined above, but
without the economic or cultural criteria, es-
pecially in thc expression “natural land”;
as a synonym for “soil”; for the solid surfacc
of the earth; and also for earthy surface for-
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mations, especially in the gecomorphological
expression “land form.”

LAND-CAPABILITY CLASSIFICATION A group-
ing of kinds of soil into special units, sub-
classes, and classes according to their eapa-
bility for intensive usc and the treatments
required for sustained use.

LanpscapE  The sum total of the charac-
teristics that distinguish a certain kind of arca
on the carth’s surface and give it a distinguish-
ing pattern in contrast to other kinds of areas.
Any one kind of soil is said to have a charac-
teristic natural landscape, and under differ-
ent uses it has one or more characteristic
cultural landscapes.

Lanp-usE PLANNING The development of
plans for the uses of land that, over long peri-
ods, will best serve the genecral welfare, to-
gether with the formulation of ways and
means for achieving such uses.

LatTicE The structural framework of a
clay mineral which is made up by the orderly
arrangement of the various ionic components
of the mincral. The mineral is held together
by the chemieal bonds exerted toward each
other by the various ions in the mineral. The
structural pattern repeats itsclf indefinitely
and regularly; the atoms are linked according
to definite angles and distances. I'or example,
micas and alumino-silicatc clay mincrals
have layer lattices consisting of alternate
silica and alumina layers.

Leacuing The removal of materials in
solution by the passage of water through soil.

LEVEL TERRACE A broad surfacc channel
or embankment constructed across sloping
soil on the contour, as contrasted to a graded
terrace, which is built at a slight angle to the
contour. A level terrace can be used only on
soils that are permeable cnough for all of the
storm watcr to soak into the soil so that none
breaks over the terrace to cause gullies.

Levevuine (oF Lanp) The reshaping or
modification of the land surface to a planned
grade to provide a more suitable surface for
the efficient application of irrigation water
and to provide good surfacc drainage.

Levy A term used in English writing for
pasturcs or meadows. A short ley is roughly
equivalent to our ‘‘rotation’ pasturc or
mecadow, and a long ley to our “longtime”
pastures and meadows, often incorrectly called
permanent,

LicHT so1i.  An old term formerly used for
sandy or coarse-textured soils.

LicNIN  An organic substance that incrusts
the cellulose framework of plant cell walls.
It is made up of modificd phenyl propane
units. It is dissolved only with difficulty and

is morc inert chemieally and biologically than
other plant constitucnts. Lignin increases with
age in plants.

Live Gencrally the term lime, or agricul-
tural lime, is applied to ground limestone (cal-
cium carbonate), hydrated lime (calcium hy-
droxide), or burned lime (calcium oxide),
with or without mixtures of magnesium car-
bonate, magnesium hydroxide, or magnesium
oxide, and materials such as basic slag, used
as amendments to reduce the acidity of acid
soils. In strict chemical terminology, lime re-
fers to calcium oxide (CaO), but by an ex-
tension of mecaning it is now used for all
limestone-derived materials applicd to neu-
tralize acid soils.

LiME REQUIREMENT The amount of stand-
ard ground limestone required to bring a
6.6-inch layer of an acre (about 2 million
pounds in mineral soils) of acid soil to some
specific lesser degree of acidity, usually to
slightly or very slightly acid. In common
practice, lime requirements are given in tons
per acre of ncarly pure limcstone, ground
finely enough so that all of it passes a 1o-mesh
screen and at least half of it passes a 100-
mesh screen.

LrraosoL A soil having little or no evi-
dence of soil development and consisting
mainly of a partly weathered mass of rock
fragments or of nearly barren rock.

Loam The textural class name for soil hav-
ing a modcrate amount of sand, silt, and clay.
Loam soils contain 7 to 24 pereent of clay,
28 to 50 percent of silt, and less than 52 per-
cent of sand. (In the old literature, especially
English litcrature, the term ‘“loam” applied
to mellow soils rich in organic matter, re-
gardless of the texture. Asused in the United
States, the term refers only to the relative
amounts of sand, silt, and clay; loam soils may
or may not be mellow.)

Loamy soIL A general expression for soils
of intermcdiate texture between the coarse-
textured or sandy soils, on the onc hand, and
the finc-textured or clayey soils on the other.
Sandy loams, loams, silt loams, and clay
loams arc regarded as loamy soils.

Loess Geological deposit of relatively uni-
form, fine material, mostly silt, presumably
transported by wind. Many unlike kinds of
soil in the United States have dcveloped from
loess blown out of alluvial valleys and from
other deposits during periods of aridity.

Luxury consumvpTioN The intake by a
plant of an essential nutrient in amounts ex-
ceeding what it needs. Thus if potassium is
abundant in the soil, alfalfa may take in more
than is required.

MacroporRE Large or noncapillary pores.
The pores, or voids, in a soil from which
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water usually drains by gravity. Is differen-
tiated from micropore, or capillary pore,
space, which consists of voids small enough
that water is hcld against gravity by capil-
larity. Sandy soils have a large macropore,
or noncapillary, pore space and a small
micropore, or capillary, pore space. Non-
granular clayey soils are just the reverse.

MaNurRE Generally, the refuse from sta-
bles and barnyards, including both animal
excreta and straw or other litter. In some
other countries the term “manure’ is used
more broadly and includes both farmyard or
animal manure and ‘“chemical manures,” for
which the term ““fertilizer” is nearly always
used in the United States.

MARL An carthy deposit, consisting main-
ly of calcium carbonatc commonly mixed
with clay or other impurities. It is formed
chicfly at the margins of fresh-water lakes.
It is commonly used for liming acid soils.

MATURE soi. Any soil with well-devel-
oped soil horizons having characteristics pro-
duced by the natural processcs of soil for-
mation and in near equilibrium with its
present environment.

MECHANICAL ANALYSIS The physical anal-
ysis of soil materials to determine the
amounts of the various soil separates, or
grain-size fractions.

MECHANICAL STABILITY Resistance of soil
to brcakdown by mechanical forces such as
tillage or abrasion from windborne soil
particles; strength of coherence; mechanical
strength,

MEDITERRANEAN CLIMATE A general term
for warm-temperature climates that are dry
in the warm season and moist in the cool
scason.

MEeLLOW sOIL A porous, softly granular
soil casily worked without becoming com-
pacted.

MeTtaBoLism Life functions that are a re-
sult of building up foods within the living
body and using the foods for encrgy sources
for various life processes. The synthesis of
foods and their use as sources of energy.

MeTAamoRrPHIC ROCK A rock that has been
greatly altcred from its previous condition
through thc combined action of heat and
pressure. For cxample, marble is a mecta-
morphic rock produced from limestone,
gneiss is one produced from granite, and
slate is produced from shale,

MzeTHOXYL A chemical grouping com-
posed of a carbon atom linked to an oxygen
atom and 3 hydrogen atoms. The conven-
tional symbol is —OCHj;.

Micas Primary alumino-silicate minerals
in which two silica layers alternate with one
alumina layer. They separate readily into
thin sheets or flakes.

Micro- A prefix meaning very small, as
in micro-organism; one-millionth of some-
thing; that which makes use of a microscope,
as in microbiology. Macro- implies large.

MicrocLiMATE The local climatic condi-
tion near the ground resulting from the modi-
fication of the general climatic condition by
local differences in relief, exposure, and
cover.

MicronuTrIENTs Nutrients that plants
need in only small, trace, or minute amounts.

Micro-orcanisMs Forms of life too small
to be seen with the unaided eye, or barely
discernible.

MicroreLIEF Small-scaled differences in
relief, such as small mounts, swalcs, or pits
that are a few feet across and have differences
in elevation of a few inches to around 3 feet
that are significant to soil-forming processes,
to growth of plants, or to preparing the soil
for cultivation.

Mirrmmaos Units of conductance.

MINERAL sOIL A gencral term for a soil
composed chiefly of mineral matter, in con-
trast to an organic soil, which is composed
chiefly of organic matter.

MIiNERALIZATION The release of mineral
matter from organic matter, especially
through microbial decomposition.

MoisTurRE STREsS The tension at which
water is held by the soil.

Moisture TENsION The force at which
water is held by soil; usually expressed as the
equivalent of a unit column of water in centi-
meters; 1,000 cm. equal I atmosphere cquiva-
lent tension. Moisture tension increases with
dryness and indicates the degree of work re-
quired to remove soil moisture for use by
plants.

MoLecuLE A group of atoms bonded to-
gether in a characteristic pattern.

MonovaLENT caTiONs Ions having a sin-
gle positive charge; having a deficiency of one
electron from the neutral state.

MonTtMoriLLONITE A finely platy, alu-
mino-silicate clay mineral that expands and
contracts with the absorption and loss of
water. It has a high cation-exchange capacity
and is plastic and sticky when moist.

Mor Raw humus; a type of forest humus
layer of unincorporated organic material,
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usually matted or compacted or both; dis-
tinct from the mineral soil, unless the latter
has been blackened by washing in organic
matter.

MorpHOLOGY, soIL The constitution of
the soil including the texture, structure, con-
sistence, color, and other physical, chemical,
and biological properties of the various soil
horizons that make up the soil profile.

MorttLED Soil horizons irregularly marked
with spots of color. A common cause of mot-
tling is imperfect or impeded drainage al-
though there are other causcs, such as soil
development from an unevenly weathered
rock. Different kinds of mincrals may cause
mottling.

Muck Highly decomposed organic soil
material developed from peat. Generally,
muck has a higher mineral or ash content
than pcat and is decomposed to thc point
that the original plant parts cannot be
identified.

MuLcz A natural or artificially applied
layer of plant residucs or other materials on
the surface of the soil. Mulches are generally
used to help conserve moisture, control tem-
perature, prevent surface compaction or
crusting, reduce runoff and erosion, improve
soil structure, or control weeds. Common
mulching materials include compost, sawdust,
wood chips, and straw. Sometimes paper,
fine brush, or small stones are used.

Murcu TiLLace Tillage of the soil and
treatment of crop residucs in ways to leave
plant materials within or on the soil surface
to form a mulch.

MurL A humus-rich layer of forested soils
consisting of mixced organic and mineral mat-
ter. A mull blends into the upper mineral-
layers without an abrupt change in soil char-
acteristics.

Myceria The threadlike bodics of simple
organisms, such as the common bread mold.

Mvycoruiza (MycorrHIZA) The morpho-
logical association, usually symbiotic, of fungi
and roots of sced plants. The feeding roots are
enshrouded and partially penctrated by fine
filaments of fungi; such roots commonly are
more branched and lose their root hairs.

Necrosis Death associated with discolora-
tion and dchydration of all or parts of plant
organs, such as lcaves.

NEMmATOCIDE Any substance that can be
used to kill ncmatodcs.

Nematopes Very small worms abundant
in many soils and important because many of
them attack and destroy plant roots.

NEuTRAL soiL A soil that is neither sig-
nificantly acid nor alkaline. Strictly, a neutral
soil has pH of 7.0; in practice, a ncutral soil
has a pH between 6.6 and 7.3.

NitriricaTioN The formation of nitrates
and nitrites from ammonia (or ammonium
compounds), as in soils by micro-organisms.

NITROGEN FIXATION Generally, the con-
version of free nitrogen to nitrogen combined
with other elements. Specifically in soils, the
assimilation of free nitrogen from the soil air
by soil organisms and the formation of ni-
trogen compounds that eventually become
available to plants. The nitrogen-fixing or-
ganisms associated with legumes are called
symbiotic; those not definitely associated
with the higher plants are nonsymbiotic.

NormaL soiL A soil having a profile in
near equilibrium with its environment; de-
veloped under good but not excessive drain-
age from parent material of mixed mineral,
physical, and chemical composition. In its
characteristics it cxpresses the full effects of
the forces of climate and living matter.

Nucrelc acms Complex compounds found
in the nuclei of plant and animal cclls and
usually combined with proteins as nucleo-
proteins.

NUTRIENT, PLANT Any clement taken in
by a plant, essential to its growth, and used
by it in elaboration of its food and tissue.

OrpeErR The highest category in soil clas-
sification. The three orders are zonal soils,
intrazonal soils, and azonal soils.

ORGANIC sOIL A gencral term applied to a
soil or to a soil horizon that consists primarily
of organic matter, such as peat soils, muck
soils, and peaty soil layers. Organic in chem-
istry refers to the compounds of carbon.

OsumoTic A type of pressure exerted in liv-
ing bodics as a result of unequal concentra-
tion of salts on both sides of a cell wall or
membranc. Water will move from the area
having the least salt concentration through the
membrane into the area having the highest
salt concentration and, therefore, exerts addi-
tional pressure on this side of the membrane.

OxmATION A chemical change of an ele-
ment or compound involving the addition of
oxygen or its chemical equivalent. A chem-
ical change that involves an increase of posi-
tive valence or a decrease of negative valence.
For cxample, if iron is changed from the fer-
rous state (in which it has 2 positive valences)
to the ferric state (in which it has g positive
valences), the iron is said to be oxidized. The
reverse process is reduction. During the burn-
ing of fuel, oxygen is added to carbon to
form carbon dioxide; in the rusting of iron,
the addition of oxygen forms a red iron oxidc.
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OxmE A compound of any element with
oxygen alone,

Pan A layer or soil horizon within a soil
that is firmly compacted or is very rich in
clay. Examples include hardpans, fragipans,
claypans, and traffic pans.

PARENT MATERIAL The unconsolidated
mass of rock material (or peat) from which
the soil profile develops.

PARTS PER MILLION (p.p.m.) A notation
for indicating small amounts of materials.
The expression gives the number of units by
weight of the substance per million weight
units of ovendry soil. The term may be used
to express the number of weight units of a
substance per million weight units of solution.

Peat Unconsolidated soil material con-
sisting largely of undecomposed or only
slightly decomposed organic matter accumu-
lated under conditions of excessive moisture.

Pep An individual natural soil aggregate
such as a crumb, prism, or block, in contrast
to a clod, which is a mass of soil brought about
by digging or other disturbance.

PeporLocy The science that trcats of soil.

PercoLATION The downward movement
of water through soil.

PERMANENT PASTURE Pasture that occu-
pies the soil for a long time in contrast to ro-
tation pasture, which occupies the soil for
only a year or two in a rotation cycle with
other crops. As used in the humid parts of the
United States, the term ““permanent pasture”
is equivalent to the European “long lcy.”

PErRMEABILITY, soiL. The quality of a soil
horizon that enables water or air to move
through it. It can be measurcd quantitatively
in terms of rate of flow of watcr through a unit
cross section in unit time under specified tem-
perature and hydraulic conditions. Values for
saturated soils usually are called hydraulic
conductivity. The permeability of a soil may
be limited by the presence of one nearly im-
permcable horizon cven though the others
are permeable.

pH A numerical designation of relatively
weak acidity and alkalinity as in soils and
other biological systems. Technically, pH is
the common logarithm of the reciprocal of
the hydrogen-ion concentration of a solution.
A pH of 4.0 indicates precise neutrality,
higher values indicate increasing alkalinity,
and lower values indicate increasing acidity.

Prase, soi. The subdivision of a soil type
or other classificational soil unit having vari-
ations in characteristics not significant to the
classification of the soil in its natural land-
scapc but significant to thc usc and manage-
ment of the soil. Examples of the variations

recognized by phases of soil types include
differences in slope, stoniness, and thickness
because of accelerated erosion,

PuorosynTHESIs The process of conversion
by plants of water and carbon dioxide into
carbohydrates under the action of light.
Chlorophyll is required for the conversion of
the light energy into chemical forms.

Prrtine  The making of shallow pits in the
soil to retain rainwater of snowmelt. In short-
grass rangelands pitting is done mainly with
an offset disk or pitting machine,

PrLanosoL An intrazonal group of soils
with eluviated surface horizons underlain by
claypans or fragipans, developed on ncarly
flat or gently sloping uplands in humid or sub-
humid climates.

PraTy soiL sTRUCTURE Soil aggregates
with thin vertical axes and long horizontal
axes. Flat, tabular; a three-dimensional
object that has one dimension much smaller
than the other two.

Prow LAvER Equals surface soil.

PopzoL A zonal group of soils having sur-
face organic mats and thin, organic-mineral
horizons above gray leached horizons that
rest upon illuvial dark-brown horizons de-
veloped under coniferous or mixed forests or
under heath vegetation in a cool-temperate,
moist climate.

PopzoLric sorL  Soils that have part or all
of the characteristics of the Podzol soils, espe-
cially leached surface soils that are poorer in
clay than the B horizons beneath.

PopzovrizatioN The process by which soils
arc depleted of bases, become more acid, and
have developed leached surface layers from
which clay has been removed.

POLYNUTRIENT FERTILIZER A fertilizer con-
taining more than one major plant nutrient.

PorysaccuaripEs Compounds formed by
chemical union of two or more simple sugars.

Pore space The fraction of the bulk vol-
ume or total space within soils that is not
occupied by solid particles.

Porosity, sor. The degree to which the
soil mass is permeated with pores or cavities.
Porosity can be gencrally expressed as a per-
centage of the whole volume of a soil horizon
that is unoccupied by solid particles. In addi-
tion, the numbecr, sizes, shapes, and distribu-
tion of the voids is important. Generally, the
pore space of surface soil is less than onc-half
of the soil mass by volume, but in some soils
it is more than half. The part of the pore
space that consists of small pores that hold wa-
ter by capillary is called capillary porosity.
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The part that consists of larger pores that do
not hold water by capillary and free drainage
is called noncapillary porosity.

PrAIRIE sorLs A zonal group of soils hav-
ing dark-colored surface horizons grading
through brown soil material to lighter colored
parent material at 2 to 5 feet, formed under
tall grasses in a temperate, humid climate.
The term has a restricted meaning in soil
science and does not apply to all soils devel-
oped in treeless landscapes.

PRECIPITATION-EFFECTIVENESS (P—E) INDEX
The sum of the 12 monthly quotients of pre-
cipitation divided by evaporation.

PrivaRY MINERAL A mineral which oc-
curs, or originally occurred, in igneous rocks;
examples are micas and feldspars.

PrismaTIC soiL STRUCTURE  Prismlike struc-
tural aggregates with the vertical axes of the
aggregates longer than the horizontal axes.

PropucTiviTy (OF soiL) The present capa-
bility of a kind of soil for producing a specified
plant or sequence of plants under a defined
sct of management practices. It is measured
in terms of the outputs or harvests in relation
to the inputs of production factors for a spe-
cific kind of soil under a physically defined
system of management.

ProrILE (som) A vertical scction of the
soil through all its horizons and extending
into the parent material.

ProOTEIN Any of a group of nitrogen-con-
taining compounds that yicld amino acids
on hydrolysis and have high molecular
weights. They are essential parts of living
matter and are one of the essential food sub-
stances of animals.

Proroprrasm The basic, jellylike substance
in plant and animal cells; it carries out all
their life processes.

PuppLED soi.  Dense, massive soil artificial-
ly compacted when wet and having no regular
structure. The condition commonly results
from the tillage of a claycy soil when it is wet.

PuLveErRANT A term applied to ungranu-
lated fertilizers, those which arc largely pow-
dered. Pulverant fertilizers are dusty and
blow recadily.

PuriNEs A group of closcly related com-
pounds containing carbon, hydrogen, and
nitrogen. Uric acid, an example, is formed
from proteins as an end product of animal
metabolism. Uric acid is the chicf nitrogenous
compound in the cxcrement of birds.

Quick TEsTs Simple and rapid chemical
tests of soils designed to give an approxima-
tion of the nutrients available to plants.

Interpretations of results depend upon previ-
ous standardization with field trials of fer-
tilizers and vary among different kinds of soil.

Rapiation The propagation of cnergy in
the form of waves.

Rance (or rangeland) Land that pro-
duces primarily native forage plants suitable
for grazing by livestock, including land that
has some forest trees.

ReacTiON, soi. The degree of acidity or
alkalinity of a soil mass, expressed in either
pH value or in words, as follows:

pH
Extremely acid. .......... Below 4.5.
Very strongly acid........ 4.5-5.0.
Strongly acid. . ... R 5.1-5.5.
Medium acid...... e 5.6-6.0.
Slightly acid. .. .......... 6.1-6.5.
Neutral................. 6.6-7.3.
Mildly alkaline. .......... 7.4—7.8.
Modecrately alkaline. . ..... 2.9-8.4.

Strongly alkaline......... 8.5-9.0.
Very strongly alkaline. . ... g.1 and higher.

Rep Popzouic soiLs I'ormerly used for a
zonal group of soils having thin organic and
organic-mineral horizons over a yellowish-
brown leached horizon that rests upon an illu-
vial red horizon developed under deciduous
or mixed deciduous and coniferous forests in
a warm to warm-tempcrate humid climate.
These are now placed in the Red-Yellow
Podzolic group.

RebpuctioN Any chemical change involv-
ing the removal of oxygen or its chemical
equivalent. A chemical change involving a
decrease of positive valence or an increase of
negative valence. The reverse of oxidation.

Recorrtn The unconsolidated mantle of
weathered rock and soil material on the
carth’s surface; the loose earth materials
above solid rock. Only the upper part of this,
modified by organisms and other soil-build-
ing forces, is regarded by soil scientists as soil.
In soil mechanics, however, most American
engineers speak of the whole regolith, even
to great depths, as “‘soil.”

REcosoL An azonal group of soils that in-
cludes those without definite genetic horizons
developing from deep unconsolidated or soft
rocky deposits.

ReLier Elevations or inequalities of the
land surface, considered collectively.

RENDZINA An intrazonal group of soils,
usually with brown or black friable surface
horizons, underlain by light-gray or pale-yel-
low soft calcareous material, developed under
grass vcgetation or mixed grass and forest
vegetation, in humid and semiarid regions.
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RESIDUAL FERTILIZER The amount of fer-
tilizer that remains in the soil after one or
more cropping seasons.

RESIDUAL MATERIAL Unconsolidated and
partly weathered parent material for soils
presumed to have developed from the same
kind of rock as that on which it lies. The term
“residual” is sometimes incorrectly applied
to soils, but it can be applied correctly only
to the material from which soils are formed.

Ruizosia The bacteria that can live in
symbiotic relations with leguminous plants
within nodules on their roots. The normal re-
sult of the association is the fixation of nitro-
gen from the air into forms that can be used
by living plants.

RuizospHERE The bounding surface of
plant roots. The soil space in the immediate
vicinity of the plant roots in which the abun-
dance and composition of the microbial pop-
ulation are influenced by the presence of roots.

Root zoNe The part of the soil that is in-
vaded by plant roots.

Runorr The surface flow of water from
an area; or the total volume of surface flow
during a specified time.

SALINE soIL A soil containing enough sol-
uble salts to impair its productivity for plants
but not containing an excess of exchangeable
sodium.

SALINE-ALKALI SOIL A soil having a com-
bination of a harmful quantity of salts and
either a high degree of alkalinity or a high
amount of exchangeable sodium, or both, so
distributed in the soil profile that the growth
of most crop plants is less than normal.

SavtaTioN The movement of soil and
mineral particles by intermittent leaps from
the ground when the particles are being
moved by wind or water.

Sarts The products, other than water, of
the reaction of an acid with a base. Salts com-
monly found in soils break up into cations
(sodium, calcium, etc.) and anions (chloride,
sulfate, etc.) when dissolved in water.

Sanp Individual rock or mineral frag-
ments in soils having diameters ranging from
0.5 mm to 2.0 mm. Usually sand grains con-
sist chiefly of quartz, but they may be of any
mineral composition. The textural class
name of any soil that contains 85 percent or
more of sand and not more than 1o percent
of clay.

SANDY cLAY Soil of this textural class con-
tains 35 percent or more of clay and 45 per-
cent or more of sand.

SANDY cLAY LOAM Generally, soil of this
textural class contains 20 to 35 percent clay,

less than 28 percent silt, and 45 percent or
more of sand.

SaNDy Loam Generally, soil of the sandy
loam class of texture has 50 percent sand and
less than 20 percent clay.

Sanpy soiLs A broad term for soils of the
sand and loamy sand classes; soil material
with more than 70 percent sand and less than
15 percent clay.

SEDIMENTARY ROCK A rock composed of
particles deposited from suspension in water.
Chief groups of sedimentary rocks are con-
glomerates, from gravels; sandstones, from
sand; shales, from clay; and limestones, from
soft masses of calcium carbonate. There arc
many intermediate types. Some wind-
deposited sands have been consolidated into
sandstones.

SeepaGE The escape of water through the
soil, or water emerging from an area of soil
along an extensive line of surface, in contrast
to springs where the water emerges from a
local spot.

SEMIARID cLIMATE A climate character-
istic of the regions intermediate between the
true deserts and subhumid areas. In the semi-
arid climate the precipitation-effectivencss
(P-E) index ranges between 16 and 32. The
upper limit of the average annual precipita-
tion in cool semiarid regions is as low as 15
inches and in warm regions as much as 45
inches. The vegetation is close-growing or
scattercd short grass, bunchgrass, or shrubs.
Soils in such regions that can take in nearly
all of the rain that falls and that can hold it
for crop plants can be used for crops under
dry-farming methods but irrigation is com-
mon where water is available.

SEPARATE, sOIL One of the individual-
size groups of mineral soil particles—sand,
silt, or clay.

SERIES, sOIL A group of soils that have soil
horizons similar in their differentiating char-
acteristics and arrangement in the soil profile,
except for the texture of the surface soil, and
are formed from a particular type of parent
material. Soil series is an important category
in detailed soil classification. Individual series
are given proper names from place names
ncar the first recorded occurrence. Thus
names like Houston, Cecil, Barnes, and Mi-
ami arc names of soil series that appear on
soil maps and each connotes a unique com-
bination of many soil characteristics.

SERPENTINE ROCKS Rocks consisting of
acid magnesium silicate.

SesQuioxmEes Oxides of trivalent cations,
such as iron and aluminum.

SIEROZEM sOILs A zonal group of soils hav-
ing brownish-gray surface horizons that grade
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through lighter colored material into ac-
cumulated calcium carbonate, developed
under mixed shrub vegetation in a temperate
to cool-arid climate.

SiLica An important soil constituent com-
posed of silicon and oxygen. The essential
matcrial of the mineral quartz.

SiL1cA-SESQUIOXIDE RATIO The ratio of the
number of molecules of silica to the number
of molecules of alumina plus iron oxide in a
soil or in the clay fraction of a soil. The more
highly weathered materials of warm-temper-
ate humid regions and especially of the Trop-
ics generally have low ratios. The clay in soils
with low ratios usually arc less active, physi-
cally and chemically, than those with high
ratios.

Sier (1) Individual mineral particles of
soil that range in diameter between the upper
size of clay, 0.002 mm., and the lower size of
very fine sand, 0.05 mm. (2) Soil of the tex-
tural class silt contains 8o percent or more of
silt and less than 12 percent of clay. (3) Sedi-
ments deposited from water in which the indi-
vidual grains are approximately of the size of
silt, although the term is somectimes applied
loosely to sediments containing considerable
sand and clay.

SiwtLoam  Soil material having (1) 50 per-
cent or more of silt and 12 to 27 percent of
clay or (2) 50 to 8o percent of silt and less
than 12 percent of clay.

Sty cLay Soil of this textural class has
40 percent or more of clay and 40 percent or
more of silt.

SiLTy cLAY LoaM Soil of this textural class
has 27 to 40 percent of clay and less than 20
percent of sand.

SINGLE GRAIN sOIL A structureless soil in
which each particle exists separately, as in
dune sand.

Srick spor A small arca of “alkali’” or
Solonetz soil.

Srip The downslope movement of a mass
of soil under wet or saturated conditions; a
microlandslide that produces microrelief in
soils.

Srope The incline of the surface of a soil.
It is usually expressed in percentage of slope,
which equals the number of feet of fall per
100 feet of horizontal distance.

Soi. (1) The natural medium for the
growth of land plants. (2) A dynamic natural
body on the surface of the earth in which
plants grow, composed of mineral and organic
materials and living forms. (3) The collection
of natural bodies occupying parts of the
earth’s surface that support plants and that

have properties due to the integrated effect
of climate and living matter acting upon
parcnt material, as conditioned by relief,
over periods of time.

A soil is an individual three-dimcnsional
body on the surface of the earth unlike the
adjoining bodies. (The area of individual
soils ranges from less than one-half acre to
more than 300 acres.)

A kind of soil is the collection of soils that
are alike in specified combinations of char-
acteristics. Kinds of soil are given names in
the system of soil classification. The terms
““the soil” and “‘soil” arc collective terms used
for all soils, equivalent to the word “‘vegeta-
tion” for all plants.

So1L associATION A group of defined and
named kinds of soil associated together in a
characteristic gcographic pattern. Except on
detailed soil maps, it is not possible to de-
lineate the various kinds of soil so that on all
small-scale soil maps the arcas shown con-
sist of soil associations or two or more kinds
of soil that are gcographically associated.

SorL cHARACTERISTIC A feature of a soil
that can be seen and/or measured in the ficld
or in the laboratory on soil samples. Examples
include soil slope and stoniness as well as the
texture, structure, color, and chemical com-
position of soil horizons.

SorL cLiMate The moisture and tcmpera-
ture conditions cxisting within the soil,

So1L consirvAaTION The efficient use and
stability of each area of soil that is needed for
use at its optimum level of developed produc-
tivity according to the specific patterns of
soil and water resources of individual farms,
ranches, forests, and othcr land-management
units. The term includes the positive concept
of improvement of soils for usc as well as their
protection and prescrvation.

SoiL MANAGEMENT The preparation, ma-
nipulation, and treatment of soils for the pro-
duction of plants, including crops, grasses,
and trecs.

SoIL PoPULATION The group of organisms
that normally live in the soil.

SomL QuaLiTy An attribute of a soil that
cannot be scen or measured directly from the
soil alone but which is inferred from soil char-
acteristics and soil behavior under defined
conditions. Iertility, productivity, and erodi-
bility are examples of soil qualities (in con-
trast to soil characteristics).

SoiL survEY A general term for the sys-
tematic cxamination of soils in the ficld and
in the laboratories, their description and
classification, the mapping of kinds of soil,
and the interpretation of soils according to
their adaptability for various crops, grasscs,
and trees, their behavior under usc or treat-
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ment for plant production or for other pur-
poses, and their productivity under different
management systems,

SOLONCHAK sOILs An intrazonal group of
soils with high concentrations of soluble salts
in relation to those in other soils, usually light
colored, without characteristic structural
form, developed under salt-loving plants, and
occurring mostly in a subhumid or scmiarid
climate. In soil classification, the term applies
to a broad group of soils and is only approxi-
mately equivalent to the common term
“salinc soil.”

SoLoNETZz soILs An intrazonal group of
soils having surface horizons of varying de-
grees of friability underlain by dark-colored
hard soil, ordinarily with columnar structure
(prismatic structure with rounded tops). This
hard layer is usually highly alkaline. Such
soils are developed undecr grass or shrub vege-
tation, mostly in subhumid or semiarid cli-
mates. This term is used for a broad group of
soils that include many so-called alkali soils
in the western part of the United States.
(Where the hard, clayey layer is overlain
with a light-colored leached layer, the soils
are called solodized Solonctz.)

SoLum The upper part of a soil profile,
above the parent material, in which the proc-
esses of soil formation are active. The solum
in mature soils includes the A and B horizons.
Usually the characteristics of the matcrial in
these horizons are quite unlike those of the
underlying parent material. The living roots
and other plant and animal life characteristic
of the soil are largely confined to the solum.

SpeciFic HEAT The amount of heat re-
quired to change the temperature of unit
mass I degree.

Specrricity Limited to a particular or-
ganism, compound, or set of conditions.

SpHAGNUM A group of mosses which grow
in moist places. By annual increments of
growth, deep layers of fibrous and highly ab-
sorbent peat may be built up. Sphagnum
grows best in cool, humid regions.

StoraGE caPaciTYy The amount of water
that can be stored in the soil for futurc use by
plants and evaporation.

StraTtiFiED Composcd of, or arranged in,
strata, or layers, such as stratified alluvium.
The term is confined to geological materials.
Layers in soils that result from the processes
of soil formation are called horizons; those
inherited from the parent matcrial arc called
strata.

STRESs (SOIL MOISTURE) A term used for
the total energy with which water is held in
the soil, including tension of soil moisture
and additional effects of salts in the soil wa-

ter. It can be expressed in any convenient
pressure unit.

StrircroppING The practice of growing
crops in a systematic arrangement of strips,
or bands. Commonly cultivated crops and
sod crops are alternated in strips to protect
the soil and vegetation against running water
or wind. The alternate strips are laid out ap-
proximately on the contour on crosive soils
or at approximate right angles to the prevail-
ing dircction of the wind where soil blowing
is a hazard.

STRUCTURE, soiL The arrangement of pri-
mary soil particles into compound particles or
clusters that are separated from adjoining ag-
gregates and have properties unlike thosc of
an equal mass of unaggregated primary soil
particles. The principal forms of soil structure
are platy, prismatic, columnar (prisms with
rounded tops), blocky (angular or subangu-
lar), and granular. Structureless soils are (1)
single grain—each grain by itself, as in dunc
sand, or (2) massive—the particles adhering
together without any regular cleavage as in
many claypans and hardpans. (“Good” or
“bad” tilth are terms for the general struc-
tural condition of cultivated soils according
to particular plants or sequences of plants.)

STUBBLE MULCH A mulch consisting of the
stubble and other crop residues left in and on
the surface of the soil as a protective cover
during the preparation of a scedbed and dur-
ing at least part of the growing of the suc-
ceeding crop.

SuBHUMID CLIMATE A climate intermedi-
ate between semiarid and humid with suffi-
cient precipitation to support a moderate to
heavy growth of short and tall grasses, or
shrubs, or of these and widely spaced trees or
clumps of trees. The precipitation-effective-
ness (P-E) index ranges from about 32 to 64.
The upper limit of rainfall in subhumid cli-
mates may be as low as 20 inches in cold re-
gions and as high as 6o inches in hot regions.

SuBirrIGATION Irrigation through control-
ling the water table in order to raise it into the
root zone. Water is applied in open ditches
or through tile until the water table is raised
enough to wet the soil. Some soils along
strcams arc said to be naturally “‘subirrigated.”

Sussoi. The B horizons of soils with dis-
tinct profiles. In soils with weak profile dc-
velopment, the subsoil can be defined as the
soil below the plowed soil (or its equivalent
of surface soil), in which roots normally grow.
Although a common term, it cannot be de-
fined accurately. It has bcen carricd over
from early days when “soil” was conceived
only as thc plowed soil and that under it as
the “subsoil.””

SussoiLING The tillage of the soil below
the normal plow depth, usually to shatter a
hardpan or claypan.
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SussTraTUM Any layer lying beneath the
solum or true soil. It is applicd to both parent
materials and to other layers unlike the par-
ent material, below the B horizon or the
subsoil.

Sussurrace TILLAGE Tillage with a sweep-
like plow or blade that does not turn over the
surface cover or incorporate it into the lower
part of the surface soil.

SucTioN (OF soiL wWATER) The equivalent
ncgative pressure in soil water. It is the pres-
sure reduction required to extract water from
soil. Suction, measured in pressure units, indi-
cates the tenacity with which water is held by
surface force action in soil. Experimentally,
the suction of water in soil is the pressure dif-
ference required across a permcable mem-
brane to produce hydraulic cquilibrium be-
tween water in soil that is subject to surface
force action and free water in bulk on the
other side of the mcmbrane, Also, soil suc-
tion; soil moisture suction.

SUPPLEMENTAL IRRIGATION A general term
sometimes used for irrigation during dry
periods in regions wherc normal precipita-
tion supplics most of the moisture for crops.

Surrack soi. The soil ordinarily moved
in tillage, or its equivalent in uncultivated
soil, about 5 to 8 inches in thickness.

Symerosis The living together of two dif-
ferent organisms with a resulting mutual
benefit. A common example includes the as-
sociation of rhizobia with legumes; the re-
sulting nitrogen fixation is somectimes called
symbiotic nitrogen fixation. Adjective: Sym-
biotic.

SyntHEsIs Combination of simple mole-
cules to form another substance—for ex-
ample, the union of carbon dioxide and wa-
ter under the action of light in photosynthesis.

TeNsIOMETER A device for measuring the
tension with which water is held in the soil.
It is a combination of a porous cup and a
vacuum gage.

TENSION, SOIL-MOISTURE The equivalent
negative pressure of suction of water in soil.

TERRACE An embankment or ridge con-
structed across sloping soils on the contour or
at a slight angle to the contour. The terrace
intercepts surplus runoff in order to retard it
for infiltration into the soil and so that any
excess may flow slowly to a prepared outlet
without harm.

TERRACE (GEOLOGICAL) A nearly flat or
undulating plain, commonly rather narrow
and usually with a steep front, bordering a
river, a lake, or the sea. Although many old
terraces have become more or less hilly
through dissection by strcams, they are still
regarded as terraces.
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TeEXTURAL cLass Kinds of soil material ac-
cording to the proportions of sand, silt, and
clay. The principal textural classes in soil, in
increasing order of the amount of silt and
clay, are as follows: Sand, loamy sand, sandy
loam, loam, silt loam, silt, sandy clay loam,
clay loam, silty clay loam, sandy clay, silty
clay, and clay. Thesc class names arc modi-
ficd to indicate the size of the sand fraction
or the presence of gravel, cobbles, and stones.
For example, terms such as loamy fine sand,
very fine sandy loam, gravelly loam, stony
clay, and cobbly loam, are used on detailed
soil maps. These terms apply only to indi-
vidual soil horizons or to the surface layer of
a soil type, as in the name ‘“Miami silt loam.”
Commonly the various horizons of any one
kind of soil belong in different soil textural
classes.

TexTURE, soi.  The relative proportions of
the various size groups of individual soil
grains in a mass of soil. Specifically, it refers
to the proportions of sand, silt, and clay.

TiLage The operation of implements
through the soil to prepare seedbeds and
rootbeds.

TiutH, soi. The physical condition of a
soil in respect to its fitness for the growth of a
specified plant or sequence of plants. Ideal
soil tilth is not the same for each kind of erop
nor is it uniform for the same kind of crop
growing on contrasting kinds of soil.

TorocraPHY The shape of the ground
surface, such as hills, mountains, or plains.
Steep topography indicates stecep slopes or
hilly land; flat topography indicates flat land
with minor undulations and gentle slopes.

TopsoiL A general term used in at least
four diffcrent senses: (1) A presumed fertile
soil or soil material, usually rich in organic
matter, used to topdress roadbanks, lawns,
and gardens; (2) the surface plow layer of a
soil and thus a synonym for surface soil; (3)
the original or present dark-colorecd upper
soil, which ranges from a mere fraction of an
inch to 2 or g feet on different kinds of soil;
and (4) the original or present A horizon,
varying widely among diffcrent kinds of soil.
Applicd to soils in the field, the term has no
precise meaning unless defined as to depth or
productivity in relation to a specific kind of soil.

TRACE ELEMENTS An old term used for the
elements found in plants in only small
amounts, including several that arc esscntial
to plant growth, others that are essential to
animals even though not to plants, and others
having no known biological functions. (Sce
micronutrients.)

TRACER TECHNIQUES The use of small
amounts of radioactive isotopes to follow nor-
mal clements. The tracer is readily detected
and mecasured by its radioactivity.
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Trarric pans Subsurface layers in soil
that have been so compacted by the applica-
tion of weight (¢. g., by machines, tractors,
etc.) that the penetration of water and roots
is interfered with. Because the traffic of ma-
chines is not the only cause of these pans,
some persons call them pressure pans.

TRANSPIRATION Loss of water vapor from
the leaves and stems of living plants to the
atmosphere.

TyPE, soiL A subgroup or calegory under
the soil series based on the texture of the sur-
face soil. A soil type is a group of soils having
horizons similar in differentiating character-
istics and arrangement in the soil profile and
developed from a particular type of parent
material, The name of a soil type consists of
the name of the soil series plus the textural
class name of the upper part of the soil equiv-
alent to the surface soil. Thus Miami silt loam
is the namec of a soil type within the Miami
series.

Unaumiriep Organic matter prior to its
dccomposition into humus.

Upranp sois High ground; ground ele-
vated above the lowlands along rivers or be-
tween hills.

VaLencE The combining capacity of
atoms or groups of atoms. Sodium (Na+t) and
potassium (K+) are monovalent, while cal-
cium (Cat+) is divalent.

VIRGIN soIL A soil that has not been sig-
nificantly disturbed from its natural en-
vironment.

ViscosiTy, OF FLUID Property of stickiness
of liquid or gas due to its cohesive and ad-
hesive characteristics.

Vorariuization  The evaporation or
changing of a substance from liquid to vapor.

WATER RATIO (IN soiL) The fraction of the
total bulk volume of soil that is filled with
water.

WATER REQUIREMENT (OF PLANTs) Gener-
ally, the amount of water required by plants
for satisfactory growth during the season.
More strictly, the number of units of water
required by a plant during the growing sea-
son in rclation to the number of units of dry
matter produced. The water rcquircment
varies with climatic conditions, soil moisture,
and soil characteristics. Factors unfavorable
to plant growth, such as low fertility, disease,
and drought, increase the water requirement.

WATER RETENTION The physical property
of soil that is based on surface force action and
that makes it necessary to do work in order
to remove water from soil pores and from soil
surface.

WATER TABLE The upper limit of the part
of the soil or underlying rock matcrial that is
wholly saturated with water. In some places
an upper, or perched, water table may be
separated from a lower one by a dry zone.

WATER-HOLDING CAPACITY The capacity
(or ability) of soil to hold water; field capac-
ity is the amount held against gravity or 1
atmosphere tension or pF 2.7. The moisture-
holding capacity of sandy soils is usually con-
sidered to be low while that of clayey soils
is high. Often expressed in inches of water per
foot depth of soil.

WATERLOGGED A condition of soil in which
both large and small pore spaces are filled
with water. (The soil may be intermittently
waterlogged because of a fluctuating water
table or waterlogged for short periods after
rain.)

WATERSHED In the United States, the
term rcfers to the total area above a given
point on a stream that contributes water to
the flow at that point. Synonyms are ‘“drain-
age basin® or ‘“‘catchment basin.” In some
other countrics, the term is used for the topo-
graphic boundary scparating one drainage
basin from another.

WEATHERING The physical and chemical
disintegration and decomposition of rocks
and minerals.

WILTING POINT (OR PERMANENT WILTING'
poINT) The moisture content of soil, on an
ovendry basis, at which plants (specifically
sunflower plants) wilt and fail to recover their
turgidity when placed in a dark humid atmos-
phere. The percentage of water at the wilting
point approximates the minimum moisture
content in soils under plants in the field at
depths below the cffects of surface evapora-
tion.

YeLrow Popzoric soiLs Formerly used
for a zonal group of soils having thin organic
and organic-mincral layers over grayish-yel-
low leached horizons that rest on yellow B
horizons, developed undcr coniferous or
mixed coniferous and deciduous forests in a
warm-temperate to warm, moist climate.
These soils are now combined into the Red-
Yellow Podzolic group.
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in_grapes, 114; iron, Florida

soils, 114; iron, in citrus, 115;
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597; manganese sulfate sprays,

139; sprays for zinc defictency,

120; zinc deficiency, 116, 120
Clark, Francis E., 157, 333
Clay, 14; for dunes, 323;

ticles, 32; percentage, 32
Claypan soils, 572 .
Climate, 173; and nutritional qual-

ity, 265; and regions of U. S.,

452; and water requirements,

61; factor in fruit production,

491; in soil formation, 25
Clostridia, as nitrogen fixers, 88
Clover(s), see also specific kinds;

arsenic poisoning, 166; boron

deficiency, 121; in Pacific

par-



Northwest, 476; potassium de-

ficiency, 104; soil require-
ments, 651, 652

Clover root curculio, 332

Coastal Plain, 139, 369, 455, 620

Coastal Prairies, 454, 531-534

Cobalt, 80, 114; cattle, 261; in leg-
umes, 258; in plants, 146;
sheep, 261; in soil, 146; toxic-
ity, 134

Cockleburs, 392

Colemanite, 127, 206

Collards, soil rcquirements, 694

Colloids, 8, L

Color, significance in soils, 667

Color indicators, pH, 188

Colorado, 28, 43, 189, 194, 203,
350, 361, 482, 485, 486, 490,
510, 515, 637

Colorimetric _indicator, to deter-
mine pH of soil, 178

Columbia River Basin, 339, 361

Colwell, W. E., 655

Compaction, of soils, 279 X

Composts, 237-245; commercial,
240; composition, 238; effects,
239; for garden soils, 673; ma-
terial for making, 674; mcth-
ods for making 241, 674

Connecticut, 136, 194, 602, 617,
618, 631, 657, 658, 743

Conservation plan, 315

Contour cultivation, 353

Contour furrowing, 638

Contour lines, making, 294

Contour stripcropping, and yields
of corn, 613; in crosion, 295

Conzbcare, A. B., 88

Cook, R, L., 216

Copeland, Otis L., Jr., 710

Copper, 80, 111, 114, 128-135;
animal requirement, 261; ap-

plication of, 219; foliar sprays,
227; for production of citrus,
259; in fungicides, 128; in
plants, 171; in plant growth,
43; in sludges, 245; in soils,
131, 171; in sprays, 263; re-
sources of, 203; solubility of,
186; test for availability, 131;
toxicity, 133

Copper carbonate, 336

Copper chloride, 132 .

Copper deficiency, Florida, 597; in
animals, 133; in citrus, 129,
130; in potatoes, 130; in U. S.,
264; Lake States, 551; symp-
toms, 129; treatment in gar-
den soils, 682

Copper nitrate, 132

Copper oxides, 132 .

Copper sulfate, 128, 131, 132; anti-
dote for molybdenum poison-
ing, 171, 266; defined, 139

Corn,_ 66; boron uptake, 126; con-
tinuous cropping, 558; cqrper
toxicity, 133, 134; f{ertilizer
versus moisture, 358; harvest-
ing on terraced land, 304; in-
creased yield by mulches, 356;
need for nitrogen, 222, 499;
nitrogen_ absorption, 93; nutri-
ent uptake affected by aeration,
381; planting time, 328; potas-
sium deficiency, 104; produc-
tion, East-Central Uplands,
555;  production, Midland
feed region, 535; response to
irrigation, 370; response to
nitrogen, 584; root system, 45;
rootworm, 255; soil require-
ments, 664; usc of carbon di-
oxide, 41; yields and nitrogen
fertilizers, 538; yield follow-
ing green manure crop, 253,
255; yield on contoured field,
353; yields, phosphorous, 99;

yield with fertilizer and irriga-
tion, 493; yield with irriga-
tion, 589; zinc concentration,
119; zinc deficiency, 116

Corn Belt, 30, 101, 275, 281, 303,
305, 391, 392, 394, 426, 431,
454; corn yields in, 537; farm-
ing system, 416

Corn borer, control of, 327, 329

Corn root aphid, control of, 329

Corn rootworm, 330, 332

Corastalk borer, control of, 328

Cotton, and salt tolerancy, 288;
and wind erosion, 308; chlo-
rine deficiency, 147; chlorosis,
108; continucus cropping, 387;
crinkle leaf, 591; effect” of ir-
rigation, 522; farming system
for, in South, 412; farming
system on irrigated farm, 420;
fertilization, 224; in dry pe-
riods, 357; _manganese _ de-
ficiency, 591; Mississippi Delta
region, 530; potash fertilizer,
106; potassium deficiency, 104;
response  to irrigation, 370;
response to sulfur, 109; root
system, 45; soil requircments,
64; Southern Coastal Plain,
582; sulfur requirement, 107;
Verticillinm wilt, 334; water
movement in, 63; yield after
green manure, 256; yield on
contoured field, 353; yield on
terraced field, 354; iields with
nitrogen and phosphorus, 521

Cotton Belt, 581

Cotton root rot control, 339, 521

Cottonseed, in composts, 242

Cottonsecd meal, 673

Cottonwood, Fremont, 690, 714

Cover crops, 252-257; apple or-
chards, 701; garden, 675

Cowpeas, as green manure, 253;
soil requirements, 652

Coyle, J. J., 290

Cranberry, 113; on dune areas,
325; soil requirements, 708

Cranberry bogs, insects in, 330

Crickman, C. W., 411

Criddle, Wayne D., 359

Crimson clover, 255; and peanuts,
257; as green manure, 253; as
intercrop, 281; on_fertilized
rangeland, 474; soil require-
ments, 651

Critical level, nutrient, 182

Crocker, R. L., 26

Crookes, William, 7

Crop yields, and salt, 284; and
windbreaks, 718

Cropping systems, and erosion, 390;
and_organic matter, 248; and
land tenure, 438; and produc-
tivity, 386; and soil, 386-395;
choice to conserve water, 357;
definition_of term, 387; East-
Central Uplands, 555; eco-
nomics of, 426-433; factors of
income, 433-440; flexibility of,
437; immediate vs. future in-
come, 436; influence by avail-
able capital, 439; 1-year, 395;
rice and cost ratios, 429; re-
ation to soil moisture, 391; ro-
tation versus continuous, 389;
variation with capital, labor,
and soil, 432

Crops, competitive, 427; comple-
mentary relationships, 426; ef-
fect on soil properties, 387; ef-
fect on soil structure, 388; in
dry lands, 357; Mississippi
Delta region, 530; perennial,
water requirements, 66; pH
ranges for, 677; planting on
terraces, 303; removal of nu-
trients, 18G; responsc to irriga-
tion, humid areas, 370; salt-
sensitive, 289

Crosstimbers, 454
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Crotalaria, and ncmatodes,
_ soil requiremcnts, 654
Crown rot, 564
Crucifers, black leg, 338
Crusts, formation of, 37, 312
Cucumbers, fertilization, 226; root
system, 45; requirements, 694
Cucurbits, soil requirements, 694
Cultivation, effect on crosion, 308;
improper, 173; to control in-

257;

sects, 328
Curculio, clover root, 332
Curly-mesquite, requirements, 646
Curtis, Harry A., 86
Cutworms, control of, 327, 330,
332; in soil, 32
Cyanuric acid, 90
Cypress, and soil moisture, 711;
_ smooth Arizona, 690, 691
Cytochrome C, 130

Dabney, Charles W., 6

Dahoon, soil conditions, 690

Dairy farms, Allcgheny Plateau,
613; boron deficiency, 123; in
the West, 488; New Lngland,
618; Northeast, 598, 602, 608

Dalapon, 351

Dallisgrass, soil requirements, 647

Damping-off, causes, 335

Daniel, Harley A., 352, 354

Daphne, growth conditions, 689

Dark Brown Prairie soils, 429

Dasheen, soil requirements, 694

Date pafm, soil requirements, 709

Davy, Humphry, 5, 11

D-D mixture, for insects, 331

Dcan, L. A., 80, 116, 174

Deficiency symptoms, 173; boron,
123; chlorine, 147; copper, 129;
iron, 111, 172; manganese,
135; molybdenum, 143; nitro-
gen, 86, 172; phosphorus, 95;
potassium, 104; sulfur, 108,
172; zinc, 118

Delaware, 190, 193, 452, 620, 623

Delta soil, 255

Denitrification,
cycle, 154

Denmark, 131, 230, 237

Descrt soils, 484; description, 30

DeTurk, E. E., 388

DeVane, E. H., 585

Diammonium ~ phosphates,  205;

. content nitrogen and P20s, 198

Diatomaceous carth, 150

Dicalcium phosphate, 97, 206

Dichloroethyl, for insects, 331

Dichloropropane, for insccts, 331

Dichloropropylene, for insects, 331

Dick, A. T., 144

Dickson, R. E., 355

Dieback, 129; birch, 713; citrus,

. 597; sweetgum, 713

Dikes, for irrigation, 376

Dillman, Arthur C., 357

Discases, plants, 333 .

Diversion, to control gullies, 316

Diversion terrace, 301

Dokuchaev, V. V., 7

Dolomite, 117, 202

Dore, W. A., 125 L

Douglas-fir, nitrogen fertilization,
714; to control gullies, 316

Drainage, and response to fertiliz-
ers, 613; and saline soils,
282, 284; apple orchards, 700;
as longtime investment, 441;
Coastal” Prairie  region, 532;
difference in arid_and humid
areas, 385; dry mild-winter re-
gion. 471; Florida, 596; gar-
den soils,” 668; in the North-
east, 601; Mississippi Delta re-
gion, 525; North Pacific Val-
ley, 458, 460,462, 465, 466; on
irrigated lands, 365; problems
and methods, 378-385; public
projects, scope and, cost, 379;
requirements in arid regions,
379; requirements, in humid
regions, 379; subsurface, 384;

in soil nitrogen



surface, methods of, 383; wet
lands, 291

Drains, location of, 380; mole,
385; perforated pipe or tubing,
385; tile, 384

Drake, M., 99 .

Dropseeds, soil requirements, 645

Drought, and wind erosion, 308;

amage reduced by nitrogen,

358; explained, 340; in humid
areas, 369; Southern Plains,

518; A

Dry Mild-Winter Region, 453,
467-474

Dry rot, sugar beets, 335

Dry spot, 136

Dryland farming, defined, 484;
moisture storage, 512

DTPA, for iron chlorosis, 115

Dugger, W. M., 125

Duley, F. L., 356

Dumenil, L. C., 99

Dunes, see Sand dunes

Dung, 232

Duststorms, 310, 314

EBarthworms, in soils, 164

East-Central Uplands, 455, 553

Economics of cropping systems,

Economics of fertilizers, 267-276

Edminster, T. W., 378

EDTA, for iron chlorosis, 115

Eggplant, bacterial wilt, 337; soil
requirements, 694 .

Elements, see also Nutrients; toxic
in soils, 165, 171

Ellison, Lincoln, 633

Elm, to control gullies, 316

Eluviation, defined, 23, 24

Emsweller, S. L., 688

Endgate spreader, 192

Endive, soil requirements, 694

England, 2, 3, 4, 7, 11, 89, 102,
121, 142, 146, 392

Ensminger, L. E., 579

Enzymes, 42

Epsom salt, 681

Equipment, fertilizer, 227

Erodibility, index, 312

Erosion, aad cover crops, 254; and
fertilization, 10; and logging,
715; and loss of nitrogen, 93;
and mechanical stability, 312;
and organic matter, 251; cause
of nutrient deficiencies, 173;
control, midland feed region,
546; control, winter wheat re-
gion, 508; cultivated land,
290-307; dryland farming
areas, 514; factors of, 312;
from row crops, 390; hazards,
290; loss of potassium, 103;
Mississippi Delta tegion, 527;
Northern Great Plains, 499,
500; on irrigated lands, 366;
orchards and vineyards, 615;
Pacific Northwest wheat re-
ion, 480; Southern Coastal
%lain, 582; sulfur loss, 111;
U. S. (map), 307; wind, 308~
314; wind, cycles, 309; wind,
Florida, 596

Ethylene dibromide, 331

Ethylene dichloride, 331

Eucalyptus, soil conditions, 690

Europe, 202, 203

European chafer, 327, 329, 331

Evans, Chester E., 340

Evapotranspiration, 366, 562, 728

Everglades, 378, 455

Exchange capacity, acid soils, 187

Extension Service, 320

Fallow, advantages of, 348; and
organic matter, 249; and weed
control, 350; and wind ero-
sion, 308; for moisturc stor-
age, 348

False wireworm, 327, 330, 333

Falsecypress, wilitecedar, 690

Farm, conservation plan map, 403;
conservation planning, 401;
Corn Belt, practices recom-
mended, 417; cotton, practices
recommended, 412; plan for
use and treatment of, 404

Farm enterprises, longtime invest-
ments, 441; maximum income,
433; risk and uncertainty, 437

Farm manure, 229-237 )

Farmers Home Administration,
loans, 450

Farmmfx systems, 411-425; Corn
Belt farm, 416; cotton farm,
Southern Piedmont, 412; fac-
tors in, 621; irrigated cotton
farm, 420 5

Fe-APCA, for iron chlorosis, 115

Federal Farm Credit Acts, 449

Federal Land Banks, 450 |

Fc-EDTA, 134; iron chlorosis, 115

Feldspars, 19, 24, 81, 101, 149,
561; source of potassium, 202

Fennel, Florence, 695

Ferber, A. E., 715, 718

Ferguson, W. S., 142

Fertility, and control of insects,
328; and organic matter, 16;
and soil moisture, 358; and
tree growth, 724; basis of,
11-16; forest soils, 713; in
monoculture, 393; Mississippi
Delta region, 528; Southeast-
ern Coastal Plain, 581

Fertilizers, amounts for single
plants, 685; and insects, 328;
and root diseases, 334; appli-
cation of, 216-229; caking,
208; chemical character, 213;
chemical composition of, 207;
citrate_soluble, 218; composi-
tion, 208; consumption, 194,
546; consumption, Florida,
598; consumption, U. S., 196;
control, 212; cost, 212; &epth,
220; determining need for,
173; development, 210; drilla-
bility, 209; early discoveries,
7; effect on soil organisims,
164; effectiveness, 211, 213;
equipment, 219, 227; evalu-
ation, 208; future role, 210;
garden soils, G80; gaseous,
219; grades, 208, 215; granu-
lated, 199; high analysis, 214;
“‘ideal,” = 211; ingredients,
213; irrigated farms, 488; ir-
rigation water, 219; lawns,
687; liquid, 207, 219; manu-
facturing methods, 203; ma-
terials and mixtures, 200-210;
mixed, 206; new and better,
210-216; particle size, 208;
physical character, 211; physi-
cal condition, 209; plus irri-
gation, crop yields, 493; pres-
sure tanks, 219; prices, 214;
principles, 220; profitable use
of, 267-276; sales, 208; segre-
gation, 209; selecting kind,
272; storage, 199; to increasc
tree and production, 722;
trends, 194-200; volume meas-
ures of, 684; weight of, 684;
yield response to, 268

Fescue, in waterway, 318; saline
and alkali soils, 628; soil_re-

uirements, 645; to stabilize
unes, 324

Fiber crops, soil requirements, 664

Field, terraced, 298

Field beans, fertilization, 223

Ficld corn, fertilization, 225

Field crops, 663-665

Fieldpea, soil requirements, 652

Fig, soil requirements, 709

Filbert, soil requirements, 709

Financing, farm loans, 448; lonF
time investments, 445; meth-
ods of, 447; short-term, 439
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Fir, and soil moisture, 711; Nord-
man, soil conditions, 690

Fire, forest trees, 732

Fire ant, control of, 332

Fireman, Milton, 282

Fireweed, 513

Fireworms, control of, 330

Fish products, 201

Fisher, C. E., 353, 354

Fisher, F. L., 585

Flamephotometer, 180

Flax, 352; soil requirements, 665

Flea beetles, in soil, 32

Fleming, Walter E., 326

Flooding, for leaching of salts, 284;
and diseases, 337; irrigation,
salinity control, 289; rice
fields, 658; to control organ-
isms, 330, 336

Florida, 61, 114, 115, 117, 119,
129, 131, 132, 134, 145, 167,
171, 185, 194, 201, 214, 226,
331, 337, 378, 452, 595, 657,
658, 710, 711, 714

Florida and Flatwoods, 455, 595

Flowers, annual, 691; fertility re-
quirements, 680

Fluorine, 147, 149; bone and
teeth formation, 150; in drink-
ing water, 150; in pfants, 150,
167; in soils, 168 .

Food and Drug Administration,

333

Forbes, R. H., 133

Ford, A. L., 718

Forest, grazing in, 738; harvesting,
740; logging operations, 741;
monoculture, 735; New Eng-
land, 618; Northern Lake
States, 547; soil and growth
of, 721-732 .

Forest practices and productivity,
732-741

Forest Service, 491

Forest trees, soil management for,
710-715

Foxtail, meadow, 646

Fragipan, soils with, 572

France, 3, 4, 12, 121, 126, 134

Francis, C. J., 315

Frank, Bernard, 732

Franklinia, soil conditions, 690

Frenching, citrus, 597

Fricke, E. F., 143

Fried, Maurice, 94, 174

Frost damage, 173

Fruit, climatic factors, 491; fer-
tilization, 226; fertilization in
Lake States, 551; foliar, fertili-
zation, 220; irrigated Woest,

Fruit farms, management on, 542

Fudge, J. F., 96

Fumigants, for insects, 331; to con-
trol organisms, 33

Fungi, see also Microflora; damp-
ing-off, 336; damping-off, tree
seedlings, 724; importance in
decay, 159; in decay of crop
residues, 186; in soil, 159,
333; mycorhizal, 724; root-in-
habiting, plant disease, 333;
use in soil test, 177

Fungicides, treatment of sceds, 336

Furrow planting, 288

Fusarium rot, 334

Fusarium wilt, 337, 338, 655

Futral, J. G., 224

Galleta, soil requirements, 646

Garbage, composting, 238, 240;
nitrogen in, 88

Gardens, home, 665-688

Gardner, Willard, 63

Garlic, soil requirements, 695

Gauch, Hugh C., 125

Geological Survey, 201

George, Ernest J., 715

Georgia, 61, 194, 214, 253, 254,
255, 256, 257, 329, 553, 560,
562, 582, 585, 586, 587, 588,



589, 590, 591, 595, 658, 710,
711, 739

Gerloff, G., 146

Germany, 3, 4, 8, 11, 12, 88, 121,
129, 141, 148, 202, 234

Germination, absorption of water,
39; of seeds, 39; soil temper-
ature, 39; tree seeds, factors
aﬁectmlg., 722

Gerretsen, F. C., 137

Gessel, S. P., 730

Giddens, Joei E., 252

Gilbert, J. H., 11

ish, P._T., 255

Glinka, K. D., 8

Goatweed, control of, 641

Goldenrod, 165 X

Golf courses, insects in, 332

Government lending agencies, 450

Government programs, 439

Government regulations, and crop-
ping systems, 421

Grain crops, soil re‘?uxrements, 663

Grain sorghum, 66

Grains, harvest on terraces, 305;
rotated with legumes, 388;
small, fertilization, 222; small,
sideband fertilization, 223

Gramagrasses, 645

Granulation, fertilizers, 199, 209

Granville wilt, 338

Grape berry moth, control of, 329

Grape colaspis, 332

Grapefruit, soil requirements, 709

Grapes, chlorosis in, 114; North-
east, 613; soil requirements,
709; zinc_ deficiency, 118

Grass seeds, in Pacific Northwest,

7

Grasses, 642-650; ability to use ni-
trogen, 612; and legumes, pas-
tutes, 531; and terraces, 297;
as cover, 313; for lawns, 687;
green manur¢ crop, 252; in
waterways, 293, 318; need for
nitrogen, 222; rotated with
tobacco, 657; to control dunes,
321; use of water, 357

Grasshoppers, 326, 329, 330

Gray-Brown Podzolic soils, 29,
554, 561, 566, 570, 600, 623

Gray speck, 136; oats, 335

Gray wooded soils, 29

Grazing, deferred, 638; forest
lands, 738; intensity of, 637;
on dunes, 326; once-over sys-
tem, 638; rotation, 632

Grazing irrigated region, 453, 481

Great Plains, 21, 28, 184, 340, 341,
343, 347, 349, 350, 352, 357,
358, 428, 431, 437, 444, 453,
454, 496, 636, 637, 716, 717

Great soil groups, 29 .

Green manure, 252-257; in_of-
chards, 492; on dunes, 326

Greenhouse plants, leaves, 220

Greensand, 202

Grevillea, silk-oak, 691

Gris, A., 13

Grissom, Perrin H., 524 .

Groundwater, irrigation in humid
areas, 374

Groundwater Podzols, 623

Grumusols, 30, 465

Guano, imports of, 197

Guar, soil requirements, 652

Guayule, root system, 46; soil re-
quirements, 665

Guineagrass, soil requirements, 647

Guldberg, ¢ M., 1

Gulf States, 95, 192

Gully, control of, 315-320 X

Gypsum, as amendment for alkali
soils, 285; calcium, 202

Gypsy moth, control of, 330

Haas, H. J., 494, 502
Haber, Fritz, 12
Haddock, J. L., 100
agler, T. B., 586
Haise, Howard R., 359
Hanna, William J., 620

Hanway, J., 99, 172

Hardin, Lowell S,, 447

Hardinggrass, 474, 644

Hardpans, 527

Hardwoods, swamp, 711

Harmer, Paul M., 135, 136

Harper, H. J., 521

Harper, V. L., 732

Harrington, J. B., 352

Harvesting, and nutritional quality,
265; forest_trees, 740

Hausenbuiller, R. L., 175

Hawaii, 17, 136, 143, 167, 182,
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Hawkins, Arthur, 84

Hay crops, erosion control, 291;
yield on contoured field, 353

Haynes,EJ. L., 221,

Heady, Earl O., 426

Heart rot, 335 .

Heather, soil requirements, 689

Hedge, A. M., 40

Hedges, Trimble R., 411

HEEDTA, for iron chlorosis, 115

Heiberg, S. O., 730

Helmont, Jan Baptista van, 3

Hemicellulose, 151, 237

Hemp, soil requirements, 664

Henderson, J. R,, 595

Hendricks, Sterling B,, 11

Hendrickson, ., 63

Herbicides, to control grasses in
rice fields, 534; to kill old sod,
629; to kill range plants, 641

Herringbone layout, 385

Hessian fly, control of, 327, 328

Hickory, pignut, 690

Hignett, T. P., 211

Hilgard, E. W., 5

Hill, K. W., 249

Hill, W. L., 210

Hos.glzmd, D. R., 142

Hobblebush, soil requirements, 689

Hobbs, J. A., 505

Holland, 240 .

Hollies, soil re%uxrements, 689

Hollowell, E. A., 642, 650

Holme-Hansen, O., 146

Holmes, R. S., 111

Home gardens and lawns, 665-688

Honeylocust, common, 690

Hopkins, Cyril G., 6

Hops, soil requirements, 665

Horizons, soil, (A, B, C,), de-
fined, 17; clay in, 24

Hornbeam, soil conditions, 690

Hornblende, 112

Horner, G. M., 358, 475

Horseradish, soil requirements, 695

Hulburt, Walter C., 216

Humic Gley soil, 623 .

Humid regions, drainage in, 379

Humus, 16, 81, 151; and manure,
230; effect on wind erosion,
314; forest soils, 713

Huston, H, A., 217

Hydrated lime, 190

Hydrazine sulfate, 138

Hydrofluoric acid, 168

Hydrogen, 15, 80, 140;
soils, 74

Hydrogen sulfide, 109

Hydromorphic soils, 600

Hydroquinone, 138

Hydroscopicity, 208

Hydrosphere, 200,

Hydrous iron oxide, 145

Hydrous oxides, 82, 96

Hydroxides, 71

Hydroxyapatite, 96, 97

Ibach, D. B., 267

1daho, 61, 189, 194, 201, 335, 352,
356, 357, 482, 483, 485, 486,
488, 636, 723

Illinois, 6, 11, 125, 192, 194, 214,
40, 248, 329, 371, 386, 388,
399, 427, 537, 542, 553, 558,
570, 575, 743

Illite, 90, 101, 102, 624; structure

of, 3
Illuviation, defined, 23
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in acid

Immobilization, in
cycle, 154
Incense-cedar, 316
Income, and changes in soil man-
agement, 447-450; Corn Belt
farming system, 418; cotton
farming system, South, 416;
factors of, 433-440; irrigated
cotton farm, 421; irrigated cot-
ton farm, preallotment and al-
lotment, 423; present vs.
future, 436; tenant, 438

India, 239

Indiana, 61, 110, 125, 139,
194, 214, 217, 329, 337,
537, 539, 553, 575

Indiangrass, in waterways, 318; to
stabilize dunes, 324; yellow,
_soil requirements, 646

Indigo, soil requirements, 652, 65

Industry, loss of land to, 474

Inoculants, for legumes, 158; in

_comﬁaosts, 243

Inositol hexaphosphate, 96

Inositol phosphates, 96, 155 .

Insects, and plant growth, 173; in
soils, 163; control of, 326-
333; to control plants, 641

Insurance companies, 449

Intercrops, 281

Intertilled crops, 251

Investments, and interest rates,
443; and shifting costs, 444;
soil management, 441-446

Todine, 80, 147; in plants, 149

Tons, acid, 187; in soil solution, 81

Iowa, 21, 26, 28, 41, 46, 85, 99,
154, 174, 185, 192, 194, 253,
270, 271, 292, 305, 332, 381,
427, 432, 438, 452, 537, 543,
545, 546, 667, 729

Iris, seed germination, 39

Iron, 13, 80, 99, 111-115, 140,
161, 169; ferric_and_ferrous
states, 112; in acid soils, 112;
in plant %rowth, 43; in
sprays, 263; loss from erosion,
173; solubility of, 186

Iron chelates, 111, 113; defined,
114; for copper toxicity, 134;
to increase soil pH, 113

Iron deficiency, 172; chlorosis, 335;
in acid soils, 113; in peaches,
112; in S., 264; irrigated
fruit crops, 492; symptoms,
111; treatment in home gar-
dens, 681; to overcome, 114

Iron-humate, 156

Iron hydrates, 112

Iron oxides, 112

Tron phosphate, 96

Iron pyrites, source of sulfur, 202

Iron sulfate, 167

Irrigation, and drainage, Florida,
596; and riparian rights, 373;
and salt, 282; Arizona, 473;
Coastal Prairie region, 533;
corn, the South, 589; cotton
production, 522; crop responsc
in humid areas, 370; factors
affecting efficiency, 364; fac-
tors to consider, 359; furrow,
salinity control, 289; in arid
regions, 359-367; in _humid
arcas, 368-378; in the dry
mild-winter region, 470; in
the Southeast, 580; in the
East, 368-378; leveling land
for, 360, 487; methods, 289;
methods in arid regions, 362;
methods in humid areas, 374;
Mississippi_Delta region, 526;
North Pacific valleys, 457, 459,
461, 463, 465; pastures, 632;
peach orchards, 705; plus fer-
tilizers, 493; rice, 658; Rio
Grande Valley, 473; salt prob-
lem in, 284; selecting a sys-
tem, 364; sprinkler ~system,
375; sprinkler, salinity con-
trol, 289; subirrigation, 378;

soil nitrogen

192,
378,



system, as longtime invest-
. ment, 442; truck farm, 616
Irrigation guides, 366 .
Irrigation water, and fertilizer,
219; boron in, 128
Isotope, 174, 235
Italy, 122

ackson, T. L., 463

acob, K. D., 200

apan, 13, 203, 239

Japanese beetle, control of, 327,
329, 330, 331,

Japancse millet, 646

Jenny, Hans, 90, 153, 249

Jerusalem-thorn, 690, 691

ohnson, C. M., 139, 147

ohnson, E, W., 715

ohnson, W, A., 257

ohnsongrass, 392, 646

ohnston, E. S., 125

ohnston, J. R., 516

ointworm, wheat, 327, 329

‘ones, Harold, 125

anes, W. R., 217

Jordan, Howard V., 107, 389

ujube, soil conditions, 690

unipers, 640, 689, 691

urinak, J. J., 115

K:O, see Potash

Kale, and salt tolerancy, 288; fer-
tilization, 226; molybdenum
deficiency, 143; soil require-
ments, 695; sulfur require-
ment, 107

Kansas, 61, 90, 219, 349, 350, 352,
427, 428, 433, 437, 454, 508,
513, 515, 542, 553, 574, 640

Kaolinite, 101, 624; structure, 33

Kellogi, Charles E., 1, 665

Kentucky, 95, 116, 117, 136, 193,

. 201, 553, 565, 567, 575, 657

Kikuyugrass, soil requircments, 648

King, F. H., 6, 347

Kirkham, Don, 154

Klingebiel, A. A., 400

Knoblauch, H. C., 741

Koch, Robert, 12

Kochler, F. E., 174

Kohlrabi, soil requirements, 695

Krantz, B. A.,

Kubo, H., 13

Kubota, Joe, 122

Kudzu, for waterways, 293; green
manute crop, 253; soil re-
quirements, 653

Kurtz, L. T., 184

Lacy, M. P, 224 | .
Ladino clover, for building up ni-
trogen, 387; in pastures, 632;
irrigated pastures, 473
Lambsquarter, and tobacco, 257
Land, classification of, 400; lost to
nonagricultural use, 474
Land-capability classes, 400
Land-capability classification, as
uide to control erosion, 292
Land-grant colleges, 9
Land leveling, cause of nutrient de-
ficiencies, 361; change in soil
structure, 361; for irrigation,

, 48

Land use, and tenant farmers, 438;
diversion from rice to livestock
feed crops, 533; New Eng-
land, 619; southern cotton
farm, 413; typical Corn Belt
farm, 419

Langsfortf, E. L, 411 |

Larch, Eastern, soil conditions, 690

Laterites, 29

Latimer, L. P., 122

Latosol soils, 23, 29; color, 30

Lattice clay minerals, 102

Laurel, soil requirements, 689

Lavoisier, Antoine, 3

Lawces, John Bennet, 11

Lawngrass, soil requirements, 646

Lawns, 665-688; insects in, 332;
preparing soil for, 686

fertilizer _control,

materials, 193

n, K., 184, 217, 221

Leaching, 188; and cover crops,
254; boron loss, 122; defined,
23; humid areas, 23; losses,
Florida, 597; of manure, 234;

otassium loss, 103; sullur
oss, 111 .

Leaching requirement, salinity, 289

Lead, poisoning of livestock, 171

Lead arscnate, 331 .

Leaf litter, litter material, 233

Leaf mold, for garden soils, 673

Leaf spot, 136

Leeks, soil requirements, 695

Leeper, G. W.,

Legumes, 650-655; and grasses,
pastures, 531; for sod in or-
chards, 703; green manure
crop, 252; inoculation of, 158;
Mississippi Delta region, 528;
source of nitrogen, 87; sulfur
requirement, 107; to control
insects, 327; tutning under,
387; use of water, 357

Lehane, J. J., 349, 350, 497, 718

Lemmon, Paul E., 721

Lemon, Ec{izar R., 340

Lemon, soil requirements, 709

Leonard, C. D., 115

Lespedeza, as green manure, 253,
257; for watcrways, 293; pro-
duction in East-Central Up-
lands, 555; soil requirements,
653, 654

Lester-Smith, E., 146 |

Lettuce, aluminum, toxicity, 170;
boroa requirement, 126; chlor-
inc deficiency, 147; fertiliza-
tion, 226; Grand Rapids, 39;
soil requirements, 695

Leucothoe, soil requirements, 689

Lichens, 21

Liebig, Justus von, 3, 11

Light and plants, 669

Lignin, 89, 151, 237

Lignite, source of nitrogen, 200

Lilies, soil requirement, 691

Lillard, James H., 632 X

Lime, application, 192; chemical
test to estimate need, 178;
mcthods to determine necd,
188; on pastures, 630

Limestone, 189; amounts to de-
creaseacidity, 68, 678; con-
sumption, 192; dolomitic, 185
189; fineness, 191; for aci
soils, 185; for alkali soils,
286; peanut yields, 587; soutcc
of calcium,” 202; source of
magnesium, 202

Liming, and soil reaction, 184-193;
Black Belt, 594; effects on
zinc, 117; Lake States, 550;
Norstheast, 614; to control dis-
eases, 337 .

Liming materials, 185; kinds of,
189; neutralizing values, 185,
189; quality, 191

Limonite, 145

Lindanc, 332

Lipman, J. G., 88 L

Liquid fertilizer, application, 219,
228

Lister, 281; for seedbed, 627

Lithosols, 554, 563, 572, 576

Lithosphere, 200

Litter, to conserve manure, 232

Litter materials, characteristics, 233

Littleleaf, shortleaf pine, 713; zinc
deficiency, 120, 335

Laws,
limin,
Lawton,

209;

Livestock, enterprises in Southeast,

582; farm production plan,
435; in Corn Belt farming sys-
tem, 419; in cotton farming
system, 414; in dajry farm ro-
tation, 604; in East-Central
Uplands, 558; yield from fer-
tilized grasses, '585; yield on
fertilized pastures, 594

776

Loans, commercial banks, 448;
ealers and merchants, 448;

Farmers Home Administration,
450; Federal Land Banks, 450;
for longtime investments, 445;
insurance companies, 449; in-
termediate, 448; long-term,
448; Production Credit Asso-
ciations, 449; short-term, 448

Locust, black, 88

Logging, 715, 741

Louisiana, 61, 107, 153, 202, 256,
332, 454, 524, 528, 530, 531,
533, 658, 662, 712, 722, 725

Lovegrass, soil requirements, 6463
to stabilize dunes, 324

Low Humic Gley soils, 623

Lowmoor peats, 244

Lump lime, neutralizing value, 190

Lupine(s), blue, as green manure,
253; soil requirements, 653

Luxury consumption, 182

McClung, A. C., 586
McCrory, S. A., 718
McKelvey, V. E,, 201
McQuilkin, W. E., 732
Macronutrient, defined, 140
Madrone, Pacific, 690
Maggots, in soil, 326
Magnesium, 15, 80, 122, 140, 155;
enhanced by liming, 185; for
ia.rogluctmn of potatoes, 259; in
iming materials, 187; in plant
growth, 43; losses by leaching,
188; sources, 202
Magnesium dcficiency, apple or-
chards, 700; Florida, 597; in
Southeast, 586; in U. S., 262;
Lake States, 550; middle At
lantic coast, 624
Magnesium sulfate, 140
Magness, John R., 699
Magnolia, sweetbay, 690
Maine, 41, 61, 84, 194, 253, 257,
427, 599, 601, 605, 617, 618
Major, J., 2
Malthus, Thomas R., 2
Manganese, 80, 99, 111, 114, 135~
139, 156, 161, 169, 223; ap-
plication of, 219; foliar s rays,
227; in plant growth, 43; in
sludges, 245~ resources of,
203; solubility of, 186; tox-
icity, 134, 136, 170
Manganese deficiency, cause and
trcatment, 137; crinkle lecaf,
591; diseases, 335; in U, S,,
262; irrigated fruit crops,
492; symptoms, 135
Manganese fixation, in soils, 138
Manganese sulfate, 135, 138
Manganic manganese, 136
Manometer, mercury, 51 e
Manure, farm, 229-237; fertilizing
constituents, 234; for mulches,
236; in corn-wheat-oats rota-
tion, 498; on ranges, 642; ni-
trogen in, 88; production, 229;
recovery of potassium, 106;
spreaders, 192; storage, 234;
superphosphate, 235; to main-
tain phosphorus, 501
Mavple, red, soil conditions, 690
Magquori, A., 122
Marbut, C. F., 8
Marel, H. W. van der, 102
Marginal return, 270 .
Marl, for liming, 185; neutralizing
value, 190
Marston, H. R., 144, 145
Martin, John H., 663
Maryland, 61, 125, 193, 194, 253,
257, 599, 605, 606, 620, 623
Massachusetts, 61, 100, 194, 330,
602, 617, 618
Mathews, G. R., 224
Mathews, O. R., 350, 716
Matthews, Oscar, 496
May, Curtis, 688
Mazé, P., 121



Mederski, Henry, 221
Medicks, soil requirements, 653
Mehlich, A., 72, 106
Melanin, 130
Melons, fertilization, 226
Mercuries, inorganic, 336
Mesquitegrasses, 646, 647
Methoxyl, 152 .
Methyl bromide, for insects, 331
Micas, 101
Michigan, 133, 135, 136, 137, 139,
190, 194, 214, 217, 219, 221,
323, 378, 537, 539, 540, 542,
. 547, 629 )
Microbes, see also Micro-organisms;
159; activity in soil, 245; ef-
fect in plant growth, 162; in
. composts, 237
Microflora, benefit to plants, 161
Micronutrients, see also Trace cle-
ments; and deficiency dis-
. eases, 335; defined, 140
Micro-organisms, 16, 21; damage
Yy, 333; in organic matter,
151; need for molybdenum,
141; use in soil test, 177
Middle Atlantic Coastal Plain,
455, 620-627 |
Midland_Feed Rcgion, 454, -535
Micars, R. J., 531
Milam, F. M., 254
Milkpea, hoary, 324
Millet, foxtail, 645
Millipedes, control of, 332
Mimosa, soil conditions, 690, 691
Mineral fraction, of soils, 81
Mineral-nutritional diseases, 259
Mineralization, 154 .
Minerals, as holders of ammonia
nitrogen, 90
Minnesota, 28, 38, 61, 153, 190,
194, 217, 378, 494, 535, 537,
. 540, 542, 543, 544, 546, 547
Minor eigments,, see Trace elements
Miat, soil requirements, 665
Mississippi 5, 253, 255, 370, 386,
389, 524, 528, 592, 593, 658,
662, 713, 714, 738
Mississippi Delta Region, 454,
. 524-531
Missouri, 90, 93, 153, 179, 189,
192, 194, 249, 293, 295, 358,
535, 537, 542, 543, 544, 546,
;33, 558, 572, 573, 574, 575,
0

Missouri Limemeter, 189

Mitchell, H. L., 730

Mites, in soils, 163

Mitscherlich, Eilhardt, 85

Mixed fertilizers, 273

Moisture, see also Water; and fer-
tility, 358; and phosphorus
availability, 100; and plant
wilting, 52; and rangelands,
503; and vapor pressure, 53;
at planting time _and cotton
yield, 520; deep tillage to con-
serve, 352; effect of excess on
acration, 381; effect of excess
on soil temperature, 381; evap-
oration by sun, 344; evapora-
tion by wind, 345; factors af-
fecting infiltration, 343; hy-
draulic effects in soil, 54;
methods for conserving, 347;
removal by plants, 64; reten-
tion curves, 51; soil, 49-60;
soil, and tree seed germina-
tion, 725; soil, methods of
measuring, 372; soil, related to
cropping systems, 391; storage,
277; storage by fallow, 348;
suction in soil,” 50; tension in
_soil, 50; use by plants, 61-66

Moisture conservation, 340-359; b;
contour cultivation, 353; mid-
land_feed region, 544; South-
ern Plains, 519; winter wheat
.and grazing region, 511

Moisture stress, 65

Mojave Descrt, 470

Moldboard plow, 488, 627

Molds, 163

Mole cricket, control of, 332

Molybdenosis, 143

Molybdenum, 80, 99; copper anti-
dote for, 171; essential to
micro-organisms, 141; in
acid soils, 143; in alkaline
soils, 186; in nitrogen fixation,
12; in plant growth, 44; in
sludges, 245; 'in soils, 167;
interrelation with copper, 144;
mixed with phosphate, 141;
resources of, 203; toxicity in
animals, 142, 167

Molybdenum deficiency, diseases,
335; in U. S., 264; pasture,
142; treatment in garden, 682

Molybdenum-copper-sulfur, in
sheep diet, 144

Molybdenum fertilizer, 141

Molybdic acid, 141

Monoammonium phosphates, 205

Monoculture, defined, 393; for-
ests, 735; requirements for,

Monosaccharides, 151

Montana, 194, 201, 357, 482, 485,
494, 496, 498, 504, 639, 642

Monterey_pine, on dunes, 325

Montmorillonite, 34, 90, 101

Mor, 160

Morrow, George E., 248

Morrow plots, 248, 249, 386, 427

Mortgages, for financing longtime
investments, 445; real estate,
long-term loans, 447; security
for long-term loans, 448

Mottle leaf, 120

Mountain meadows, 490

Muckenhirn, R. J., 547

Mulch tillage, 280

Mulches, composts, 239; dust, 347;
for home garden, 675; manure,
236; orchards, 702; soil, 348;
to conserve moisture, 356

Multiple-nutrient fertilizers, 273

Mung bean, soil requirements, 654

Munson, R. D., 17

Muntz, A., 147

Musgrave, R. B., 598

Mushrooms, composts, 240

Muskmelons, 695

Mustard, 165, 665, 695

Mycorhizae, 160

Naftel, James A., 122,
Napiergrass, soil requirements, 648
Nashville Basins, 455
National Agricultural
Institute, 193 .
National Farm Loan Associations,

Limestone

National Lime Association, 190

Natural waterways, 317

Neal, O. R., 390

Nebraska, 61, 90, 110, 174, 194,
325, 356, 357, 359, 363, 494,
496, 504, 510, 535, 537, 543,
544, 546, 639

Nebraska Sandhills, 453, 504

Necrosis, 335

Necdle-and-thread grass, 647

Necedlegrass, 646, 647

Nelson, L. B, 267

Nelson, Martin, 255

Nematodes, crops to control, 656;
in soils, 163; tobacco, 655

Netherlands, 12, 102, 130, 137,
85

3

Nevada, 61, 128, 194, 452, 481

New Hampshire, 122, 194, 261,
599, 605, 617, 618, 619

New Jersey, 88, 126, 190, 194,
239, 330, 371, 390, 599, 602,
620, 623, 625, 626, 743

New Mexico, 61, 189, 194, 202,
481, 482, 485, 515, 717

New South Wales, 143

New York, 61, 139, 226, 259, 304,
371, 452, 598, 60!, 602, 615,
616, 620, 631, 722, 729, 743
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New Zealand, 145, 261

Newman, E. L., 210

Newton, J. D., 249

Nickel, 111; in plants, 171; in

. soils, 171; toxicity, 134

Niel, C. B. van, 141

Night soil, 239

Nitrate, 87, 161

Nitrate nitrogen, 486

Nitrate of soda, Chile, 88 .

Nitrification, 161; in soil, 92; in
soil nitrogen, 154

Nitrite, 161

Nitroform, 216

Nitrogen, 11, 80, 85-94, 140; abil-
ity of grasses to use, 612;
and climatic factors, 90; an
corn, 222; and grass, 222; and
microbes, 246; and root dis-
cases, 334; and sulfur, wheat
yield, 110; chemical fixation
of, 203; chemical nature in
so1l, 89; chemical test to esti-
mate nced, 178; Douglas-fir,
730; dryland wheat, 485; es-
sential in plant growth, 42;
for Middle Atlantic Coast,
625; for pastures, 631; for
rice, 660; forest trees, 714;
function in plants, 85; in air,
86; in cotton production, 585;
in cultivated soils, 91; in ma-
nure, 88, 230; in mixed fer-
tilizers, 208; in organic mat-
ter, 81, 86, 152, 155; in scw-
age sludge, 88; in virgin soils,
90; _incubation test to study
availability, 178; liquid, 197;
loss, 5-year solution, 248; loss
from erosion, 173; loss in
Northern  Great Plains, 498;
loss in rice fields, 659; loss
relation to cropping system,
250; on ranges, 641; peach of-
chards, 706; release to corn,
93; response of corn to, 584;
sidedressing, 224; solubility,
208; sorghum and cotton, 523;
sources of, 200; substitute for

d’ry periods, 358; test

water 1n .
for avaxlabxht\é, 179; tobacco,
y

655; uptake millet, 174;
use in Southeastern Coastal
Plain, 582; walnuts, 708;

. wheat yields, 477

Nitrogen deficiency, corn produc-
tion, 499; in subsoil, 361; ir-
rigated fruit crops, 492; North
Pacific Valleys, 459; symp-
toms, 86

Nitrogen fertilizers, 7, 12, 486;
ammonium sulfate, 88; con-
sumption, 194; Corn Belt, 538;

. rates, methods, 217

Nitrogen fixation, by industrial
plants, 87; by legume bacteria,
87; by lightning, 87; by non-
symbiotic organisms, 88; by
rhizobia, 154; enhanced by
molybdenum, 12

Norfolk system, 2

Norman, A. G., 253

North Carolina, 21, 26, 61,
121, 192, 193,
228, 253, 255,
269, 321, 323,
371, 553, 557, 559, 560, 581,
582, 584, 586, 587, 588, 620,
623, 626, 656, 712, 723, 726

North Central States, 192

North Dakota, 17, 24, 61, 90, 194,
252, 349, 361, 452, 494, 497,
498, 499, 501, 642, 667, 716

North Pacific Valleys, 453, 456

Northeast, 455, 598-619

Northeastern States, 90, 192

Northern Great Plains, 453, 494

Northern Lake States, 455, 547

Northwest, 641

Norum, E. B., 494

Norway, 203

Noucleic acids, 89, 155

106,
5 , 224,

256, 257, 263,
324, 356, 369,

ST



Nurseries, forest, 715

Nutrients, see «l/so Elements; ab-
sorption, plants, 83; absorp-
tion, potatoes, 84; and soil
pH, 69; determining need of,
172—184; essential to plants,
80-85; in organic matter, 1595;
in the home garden, 678; pro-
vided by microflora, 161; sup-
plicd by crops, 388

Nutrient deficiencies, diseases, 259

Nutrient interaction, 85

Nutritional quality, in crops, 258

Qak, soil conditions, 690
Qatgrass, tall, 649
QOats, 352; as green manure, 253,
255; mangancse deficiency,
136; molybdenum _deficiency,
142, 143; nutrient interaction,
85; production, midland feed
region, 535; soil requirements,
664; zinc concentration, 119
Obenshain, S. S., 255, 620
Ohio, 109, 123, 190, 192, 193,
194, 214, 221, 231, 234, 235,
236, 248, 253, 290, 295, 378,
387, 390, 535, 537, 539, 553,
565, 575, 599, 601, 605, 611,
613, 615, 629
Qil croFs, soil requirements, 665
Oil shale, source of nitrogen, 200
Qil sprays, in orchards, 492
Oklahoma, 61, 293, 350, 352, 354,
355, 454, 508, 510, 513, 515,
519, 521, 553, 572, 574, 587,
640, 642
Okra, soil requitements, 695
Olive, soil requirements, 709; Rus-
sian, soil conditions, 690
Olsen, Sterling R., 94
Olson, R. V., 122
One-way disk plow, 509
Onion, aluminum toxicity, 170;
fertilization, 226;  Fusarinm
basal rot, 338; soil require-
ments, 695; sulfur require-
. ment, 107
Onion maggot, control of, 332
Onion smut, 382
Orange, soil requirements, 709
Orchardgrass, on fertilized range-
land, 474; soil requirements,
647; to stabilize duncs, 324
Orchards, arsenic poisoning, 166;
green manure  crops in, 492;
irrigated, nutrient deficiencies,
492; soil management for,
699-710; tillage in, 472
Oregon, 61, 194, 322, 323, 324,
325, 329, 453, 460, 461, 463,
464, 465, 466, 482, 485, 486,
636, 704, 708, 714, 728, 730
Organic matter, 151-157; and cash
crops, 614; and fertility, 16;
and nitrogen, 388; and wind
erosion, 314; as acid buffer,
156; composition of, 151; con-
tent of nitrogen, 152; decom-
position, 249; formation, 245;
in garden soils, 673; in north-
ern Great Plains, 498; in
soil, 156; levels, 251; loss in
rice fields, 659; maintaining,
245-252; maintaining in or-
chards, 492; Mx'ssissi[:ipi Delta
region, 527, nature, 245; phys-
ical effects in, 156
Organisms, factor in soil forma-
tion, 25; in the soil, 157-165
Ornamental plants, 688-691
Osmotic pressure, defined, 44
Ostrom, Carl E., 710
Overirrigation, 290, 337
Overtillage, and erosion, 292
Owens, Lowell, 217
Oxygen, 15, 80, 140;
depth, 724
Opyster plant, 695
Opyster shells, for liming, 185; neu-
tralizing value, 190

and root

P203, see Phosphoric oxide

Pacific Northwest Wheat Region,
453, 475-481

Page, J. B., 390

Pahala blight, 136; sugarcane, 335

Palissy, Bernard, 3

Palouse area, 476, 477, 481

Paloverde, blue, 690

Pammel, L. H., 339

Pangolagrass, 647

Panicgrass, blue, soil requirements,
.647; dunes, 32

Panicum grasscs, 647

Paper-mulberry, common, 690

Paragrass, soil requirements, 647

Parks, R. Q., 123

Parsley, soil requirements, 695

Parsnips, soil requirements, 696

Paspalum grasses, 647

Pasteur, Louis, 12 X

Pastures, fertilized, beef gains,
573; grazing crops for South-
east, 583; in rotation with
rice, 532; irrigated, 473 Mis-
sissippi Delta region, 531; re-
sponse to irrigation, 371; re-
sponse to phosphate, 592; soil
management, 506, 628-633

Patterson, J. K., 475

Pavlychenko, T. K., 352 .

Peaches, arsenic poisoning, 166; in
irrigated West, 491; soil man-
agement for, 705; zinc, 116

Peanuts, and wind erosion, 308;
fertilization, 224; lime and
yield increase, 587; Southern
Coastal Plain, 582; yield, fol-
lowing green manure, 256

Pear blight, 704 .

Pearl millet, soil requirements, 648

Pears, 465; in irrigated West, 491;
soil management for, 703; zinc
deficiency, 116

Pearson, G., 119

Pearson, G. A., 723

Pearson, R. W., 579

Peas, and wind erosion, 308; ar-
senic  poisoning, 166; cash
crop, Northeast, 613; fertili-
zation, 226; Fusarium root rot,
338; manganese deficiency,
136; need for boron, 462; root
rot, 334; soil requirements,
696; zinc deficiency, 118

Peat, 237-245; as soil amendment,
243; litter material, 233

Peat moss, litter material, 233

Peat soils, zinc deficiency, 115

Peavine, soil requirements, 654

Pecans, 115; soil management for,
707; zinc deficiency, 120, 586

Pennisetum grasses, 647

Pennsylvania, 28, 61, 193, 194,
387, 598, 601, 605, 606, 607,
611, 615, 629, 631, 657, 743

Peppers, bacterial wilt, 337; soil
requirements, 696

DPeppertree, soil conditions, 690

Perennials, herbaceous, 691

Perici, E., 122

Permeability, soil, 290

Pesticides, in fertilizers, 207

Peterson, H. B., 493, 628 i

pH, alkaline soils, 77; and nutri-
ent absorption, 99; and nutri-
ent availability, 70; and plant
growth, 67-71; and soil-water
ratio, 78; and zinc, 116;
chemistry ~of, 72-79; colori-
metric indicator, 178; indica-
tors for testing, 78; meaning
of term, 67; measurement of,
in soils, 77; meter, 178; ranges
for plants and crops, 677

Phosphate, and molybdenum, 141;
rate of application, 100; re-
action in acid soils, 186

Phosphate fertilizer, band place-
ment, 629; effect on nitrogen
assimilation by sweetclover,
521; effect on zinc uptake,
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117; on -pastures, 630; use in
Nosth Pacific Valleys, 459;
yield of spring wheat, 498

Phospholipids, 96, 155

Phosphoric  oxide, consumption,
194; for small grains, 498; in
manure, 230; in mixed ferti-
lizers, 208; tobacco, 655

Phosphorus, 11, 80, 94-100, 140;
and nitrogen interaction, 99;
and root diseases, 334; and
soil moisture, 100; availability
to plants, 97; chemical test to
estimate need, 178; content in
soils, 95; cycle in soils, 155;
essential in plant growth, 42
cxtraction, 178; for middle
Atlantic coast, 625; in organic
matter, 81, 155; in soil solu-
tion, 97; increase from sweet-
clover, 388; loss from erosion,
173; natural forms in soil, 96;
plaque test for determining,
177; on_ranges, 641; radjo-
active, In test to determine
nutrient needs, 174; removal
by crolp, 95; resources of, 201;
solubility of, 186; uptake,
174; use in Southeastern Coast-
al Plain, 582

Phosphorus ~deficiency, livestock,
551; Red River Valley, 501;
subsoil, 361; symptom, 95

Phosphorus  fertilizers, 217

Photosynthesis, 41, 42, 130

Phytophthora root rot, 337

Piedmont, 28

Pierre, W, H., 535

Pigweed, 279

Piland, J. R., 121

Pimentos, soil requirements, 696

Pine(s), and soil moisture, 711;
littleleaf  disease, 713; pole
blight of, 713; soil conditions,
690, 691; spot die out, 713; to
control gullies, 316; to sta-
bilize dunes, 324, 325

Pineapple, manganese toxicity, 136;
insects in, 331

Pink bollworm, control of, 329

Pinyon, to control gullies, 316

Piper, C. S., 142

Pitting, on ranges, 639

Planosols, 460, 461, 554, 566, 572,
574, 576, 577, 658

Plant diseases, soilborne, 333-339

Plant nutrients, 80-85

Plant residues, and soil organic
matter, 247

Plant wilts, 333

Plants, accumulator, 166; flower-

ing and  maturation, 49;
growth of, 38-49; health of,
172; mineral content, 261;

moistute uptake, 64; ornamen-
tal, 688-691; process of
growth, 40; root systems, 45;
soil acidity, 67-71

Plowing, 280; deep, 281; for water
storage, 352; to control in-
sects, 328, 329

Plowpans, 291, and runoff, 352

Plowsoles, 527 R

Plum, in irrigated West, 491; soil
management for, 707

Plum curculio, 329, 331

Pocosins, 712

Podsol soils, 429, 566, 617, 736;
description of, 29; fungi in,
1?0; leaching of, 23; nitrogen,

9
Pole blight, 713
Polyacrolytes, 671
Polysaccharides, 151
Ponding, 284
Poplar, 316, 690
Poppy, boron uptake, 126
Pore space, in soils, 33
Pores, in soil, 277, 343
Porosity, defined, 50



Potash, 199; and root diseases,
34; applicazion of, 218;
bands, 218; consumption, 194;
exports, 202; imports, 202;
in manure, 230; luxury con-
sumption, grasses, 631; on
pastures, 630; row crops, 106;
tobacco, 655; use in South-
eastern Coastal Plain, 582
Potassium, 11, 15, 80, 101-106,
140, 155; absorption by pota-
toes, 103; and root diseases,
334; and  soil management,
105; chemical test to estimate
nced, 178; cherry orchards,
704; contents in soils, 101;
essential in plant growth, 42;
for middle Atlantic coast,
625; loss by cropping, 103;
loss by erosion, 103, 173; loss
by leaching, 103; plaque test
for determining, 177; recovery
in manure, 106; red pine, 730;
resources, 202; soluble and
exchangeable forms, 101; test
for availability, 179
Potassium-boron ratio, 125
Potassium chloride, 199, 206
Potassium deficiency, 104
Potassium fixation, illite, 102
Potassium phosphate, 140
Potassium sulfate, 110, 199
Potato scab, 159, 185, 339, 597
Potatoes, 257, 259; absorption of
potassium, 103; and wind ero-
sion, 308; bacterial wilt, 337;
black wart, 337; cash crops,
Northeast, 613; copper defi-
ciency, 130; fertilization, 225;
following cover crop, 253;
manganese deficiency, 135;
manganese sulfate sprays, 139;
need for potassium, 267; nitro-
gen requirement, 217; nutrient
absorption, 84; phosphorus fer-
tilizer, 550; potash fertilizer,
106; powdery scab, 337; pro-
duction, Maine, 618; response
to irrigation, 371; Rhizoctonia
discase, 337; root system, 45;
rotation, oats, red clover, 551;
soil requirements, 696; South-
ern Coastal Plain, 582; tem-
perature for, 41; yield follow-
ing green manure_ ctop, 257;
yield on contoured field, 353
Poultry, New England, 619;
Middle Atlantic Coast, 621
Powdery mildew of cereals, 334
Powdery scab, potatoes, 337
Prairie soil, 30, 426, 470, 475, 506,
574; and organic matter, 249;
erodibility factor, 304; organic
matter in, 247; sulfur, 109
Precipitation, and site index, trees,
728; annual, U. S., 342; crop
years, Southern Plains, 519
Presley, John T., 333
Production Credit Associations, 449
Productivity, and forest practices,
732-741; forest lands, 727
Profile, soil, 666; soil, chanﬁed by
land leveling, 361; soil, de-
fined, 17; soil (diagram), 20
Proso_millet . .
Protein, in Iegumes, 258; in soils,
89; organic matter, 151
Protoplasm, 40
Protozoa, in soils, 162
Puerto Rico, 206
Puget Sound lowlands, 458
Puhr, Leo, 499
Pumpkins, fertilization, 226; soil
requireraents, 696
Pyrolusite, 138
Pythium root rots, 334

Quackenbush, T. H., 368
%uackgrglss, 392, 649

uarantine, nursery stock, 331
Quicklime, neutralizing value, 190

Radioactive isotopes, 141, 235

Radioisotopes, use in determining
_nutrient needs, 174

Radish, 107, 126, 335, 696

Ragweed, 171, 257

Ram, and soil nitrogen, 91; dis-
tribution, 341; source of chlo-
rine, 147; source of sulfur, 110

Ramie, soil requircments, 664

Ramig, R. E., 359

Ranch, conservation plan map,
409; conservation planning,
405; livestock, 489

Randomization, 175

Raney, W. A., 277

Range complex, 634

Range seeder, 504

Ranges, extent of, 633; fertilization
of, 641; resceding, 491,
639; rules for good "usage,
636; soil management, 405,
502, 633-642

Raspberry, soil requirements, 710

Rattlebox, soil requirements, 654

Rauzi, Frank, 503

Read, Ralph A., 715

Reclamation disease, 129

Red clover, as green manure, 253;
boron requirement, 126; for
building up nitrogen, | 387;
need for boron, 462; soil re-
quirements, 651

Red Desert soils, 30

Red soils, 251 . .

Red-Yellow Podzolic soils, 29, 554,
559, 563, 566, 572, 576, 579,
600, 623; sulfur content, 109

Redcedar, gullies, 316; soil condi-
tions, 69 . )

Reddish-Brown Lateritic soils, 29

Reddish-Brown soils, 30

Reddish Chestnut soils, 30, 506

Reddish Prairie soils, 30, 506, 516

Redtop, in waterways, 318; soil re-
quirements, 648

Reeve, Eldrow, 125

Rceve, Ronald C., 378

Refuse-lime, 190

Regional Pasture Research Labora-
tory, 631

Regolith, 20, 21

Regosols, 554, 577

Reisenauer, H. M., 107

Reitemeier, R. F., 101

Rennie, P. J., 731

Replication, 175 .

Rescuegrass, soil requirements, 644

Research services, 741-745

Reservoirs, for itrigation, 373

Residue, crop, for nitrogen-fixing
bacteria, 94; crop, nitrogen in,
89; plant, composition of, 151

Reuszer, H. W.,

Reuther, Walter, 128

Rhizobia, 154, 158; discovery, 12

Rhizoctonia, 724

Rhoades, Harold, 496, 504

Rhode Island, 61, 139, 194, 617

Rhodesgrass, and salt tolerancy,
288; soil requircments, 648

Rhododendron, 113, 689

Rhubarb, soil requirements, 697

Rice, and water fallow, 531; con-
tinuous cropping, 387; con-
trol of grasses in, 534; ferti-
lizers for, 534, 660; managing
soils, 658-663;  Mississippi
Delta region, 530; rotated
with native grass, 532; rota-
tions, 660, 662; soil require-
ments, 664

Rice stalk borers, 329

Ricegrass(es), Indian, on range-
lands, 491; requirements, 648

Richards, L. A., 4

Richards, S. J., 49

Ricks, E. L., 146

R;d%f-type terrace, 299

Riccken, F, F., 535

Riker, A. J.,. 72

Rio Grande Plain, 468
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Rio Grande Valley, 361, 467, 473;
. level basin irrigation in, 362

Riparian doctrine, 373

Robinson, R. R., 628, 632

Rock phosphate, 218

Rocks, Cretaceous, 165; factor in
soil formation, 25; metamor-
phic, 561; in soil formation,
19; weathering of, 20

Rodents, in soil, 164

Rogers, H. T., 586

Rogers, T. Hayden, 252

Rogler, George, 502, 504

Romans, early farming manuals, 1

Root canker, 335

Root crops, fertilization, 225

Root diseases, 333

Root-knot nematode, 331

Root necrosis of radish, 335

Root rot, 173; peas, 334; straw-
berry, 339

Rootknot, 338

Roots, absorption of water and nu-
trients, 47; benefit to soil struc-
ture, 389; depth of, 45; in
plant growth, 45; nutrient up-
take, 45; penetration and till-
age, 46; tree, depth of, 717;
tree, effect of burning on, 735

Rootworm, corn, 255

Rose clover, on fertilized range-
land, 474; requircments, 652

Rosette, 120; pecans, 586

Rotation, crop, and diseases, 337;
and_insect control, 327; and
productivity, 387; complemen-
tary relationship, 426; dairy
farm, 488, 550, 602; economic
considerations, 426; effect on
weed control, 391; in main-
taining soil fertility, 392; mid-
dle Atlantic coast, 625; Not-
folk system, 2; sequence, effect
on yields, 389; 3-, 4-, and 5-
year in Corn Beft, 392; vs.
continuous cropping, 389; rice,

0 sod-based, 393;

tobacco, 657

Rotation grazing, 638

Roth, L. B 724

Rothamsted Experimental Station,
4,27, 89, 102, 121, 239, 268,

39

Rots, control of, 333

Roughpea, soil requirements, 654

Row crops, detrimental to soil,
389; erosion from, 390; potash
fertilizer, 106

Ruffin, Edmund, 5

Runoft, and erosion, 291; diver-
sion of, 316; reduction of,
352; reduction on ranges, 638

Rusk, H. P., 248

Russel, Darrell A., 121

Russel, J. C., 356
Russell, M. B., 31
Russia, 7

Russian-thistle, 513

Rutabaga, soil requirements, 697

Rye, as green manure, 253, 256;
boron uptake, 126; root system,

46; soil requirements, 664
Ryegrass, and peanuts, 257; as
green manure, 253; soil re-

quirements, 648
Ryegrass seed, 460

Sacaton, alkali, 645

Sacatongrass, 645

Safflower, 337, 665

Sagebrush, control of, 640

St. Augustinegrass, 648

Salad greens, fertilizers, 226, 682

Saline soils, 282-290; in grazing-
irrigated regions, 484

Salinity, cffects on growth, 283;
leaching requirement, 289

Salsify, soil requirements, 697

Salt(s), concentration, in soils,
282; defined, 139; effect on
plants, 173, 382



Salt sickness, 145 .
Saltation, in wind erosion, 309
Saltgrass, descrt, 644
Sand, 14; particles, 32
Sand dunes, arca of, 321; manage-
ment, 325; stabilizing of, 321
Sandmyrtle, box, 689
Sassaflras, soil conditions, 690
Sawdust, for composts, 240; for
mulches, 675; litter, 233
Sawfly, 498; black grain stem, 329
Scarseth, George, 125
Schreiner, Oswald, 90
Schubert, G. H., 722
Sclerotinia, 564
Scofield, Carl S., 128
Scotch-broom, on dunes, 325
Scoville, Orlin J., 433
Sea-oats, on sand dunes, 322, 324
Sea panicgrass, on dunes, 324
Seacoast bluestem, on dunes, 324
Seatz, Lloyd F., 115
Seedbed preparation, 472
Sced-corn beetle, control of, 333
Seed-corn ma;;(got, control of, 332
Seedling rot of peas, 335
Seeds, and fertilization, 220; ger-
mination of, 39 . .
Selenium, in plants, 165; in soils,
165; poisonous to animals,
165; toxicity, 266,
Serviceberry, soil requirements, 689
Sesame, soil requirements, 665
Sesbania, soil requirements, 653
Sewage sludge, 237-245; as fer-
tilizer, 244; in composts, 242
Shadscale, sodium in, 25
Shaler, N. S., ¢ i
Shales, source of potassium, 202
Shallots, soil requirements, 697
Shantz, H. L., 62, 350
Shaw, Byron T., 106
Shaw, Ellsworth, 116
Sheep, Bluegrass area, 568; 232
Shelterbelts and windbreaks, 715
Sherman, G. Donald, 135
Shive, John W., 126
Shot-hole borer, control of, 328
Shrubs, compost mulch, 239; fer-
tility requirements, 680; for
. .acid soils, 689
Siddoway, F. H., 356
Sideband, fertilization, 223
Side-oats grama, soil requirements,
 646; to stabilize dunes, 324
Sierozems, 30 R
Sierra Nevada foothills, 453
Silicate, 19
Silicofluoride, 168
Silicon, 15, 81; in plants, 150
Silt, 14; particles, 32
Simonson, Roy W., 17
Site index, forest trees, 727
Skoog, F., 119, 146 .
Slag, basic, 190; calcium silicate,
191; for liming, 185
Slaked lime, 190
Slate, 561
Slope, effect on runoff, 304; ter-
racing, 297 .
Sludge, activated, as fertilizer, 244;
nitmien in, 88
Slugs, 16 .
Smilo grass, rangeland, 474; soil
. requtrements,
Smith, Dwight D., 358
Smith, F. B., 595
Smith, F. W', 219, 223
Smith, G. E., 93
Smith, Guy D., 396
Smooth brome, 324
Snails, 164
Snap beans, 226, 257
Snow fencing, for composts, 243
Sod crops, benefit to soil, 389; pro-
tection from erosion, 391; ro-
tated with sugar beets, 540;
rotated with vegetables, 390;
value in soil maintenance and
moisture storage, 391
Sod culture, in orchards, 702
Sod seeding, 280

Sodium, 15, 80; and potassium,
105; in alkali soils, 283; in
plants, 149; sources of, 149;
_substitute_for potassium, 149

Sodium arsenite, 166

Sodium azide, 138

Sodium borates, 122, 127, 203

Sodium-calcium ratio, 287

Sodium carbonate, 128

Sodium molybdate, 141

Sodium nitrate, 205

Sodium silicate, 150

Soil(s), and cropping systems,

386-395; and the growth of

forests, 721-732; biological

processes in, 151; chemical
tests, 178; dry, fertilization,

220; erodibility, factors, 312;

factors in formation, 25; for-

mation of, 19; glacial origin,

541; insects in, 326; known

facts, 10; mechanical stability,

312; muck and peat, 542;

physical properties of, 31-38;

salt-affected, 282; salt-affected,

reclamation of, 286; what they

are, 17-31

acidity, 187; and copper, 132;

and phosphorus, 96; and plant

diseases, 336; and lant
grow, 67-71; measured by

. titrations, 179

Soil aggregates, 34

Soil amendments, 237

Soil and capability map, 401, 407

Soil classes, 396-400

Soil Conservation Service, 286, 320,
367, 379, 397, 421, 474, 487

Soil deficiencies, diagnosis, 172

Soil fractions, 14

Soil-loss factors, 306

Soil management, and insect con-
trol, 326-333; and crop qual-
ity, 258-267; factors of in-
come,  433-440;  financial
changes in, 447-450; forest
trees, 710-715; longtime in-
vestment, 441-446; midland
feed region, 535; orchards,
699-710; pastures, 628-633;
ran%es, 633-642; regions of
U. S., 451455

So

=3

Soil-management system, definition

of term, 387; national stand-
. point, 440 .

Soil maps, availability of, 399; in
conservation planaing, 401;
interpretation, 399; making of,
399; schematic, 22; use of,

 400-410; value of, 396

Soil moisture, see Moisture, soil,

Soil phases, 81; explanation of, 396

Soil reaction, and microbes, 246;
home gardens, 676; to control
organisms, 336

Soil rot disease, 337 .

Soil science, development in U. S.,
4; European contributions, 2,
11; history of, 1-10; Japanese
contribution, 13; Russian con-

.. tributions, 7

Soil separates, 31

Soil series, Amarillo, 516, 518; Ap-
pling, 560, 588; Ashe, 28, 31,
561; Austin, 518; Barnes-Buse,
398; Bates, 574; Baxter, 572,
576; Beaumont, 531, 532, 658;
Bodine, 576; Brackett, 410;
Brookston, 539; Brownfield,
516; Bryce, 538; Bucks, 606;
Callaway, 591; Canfield, 611;
Canfield - Wooster, 428, 430;
Catalpa, 406; Capay, 658;
Cecil, 76, 557, 559, 588, 589,
606, 729; Cherokee, 574;
Chester, Chesterfield,
583; Chino, 52; Cisne, 569,
572; Clarinda-Lagonda, 398;
Clarion-Webster, 432; Clarks-
ville, 572; Clyde, 538; Conga-
ree, 28, 31, 5601; Conway, 588;
Cookeville, 576; Crockett, 518;
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Crowley, 531, 658, 659; Cum-
berland, 590; Davidson, 559,
588, 606; Dayton, 460; Deca-
tur, 557, 576, 590; Dellrose,
576; Denton, 406, 408, 517;
Dewey, 562, 564, 590; Dick-
son, 572, 576; Downs, 28,
398; Drummer, 427; Drum-
mer-Sable, 538; Dubuque, 28;
Duffield, 606; Dunmore, 557,
562, 564; Durham, 559, 560;
Ector, 46; Eden, 568; Edna,
532; Ellsworth, 611; Eutaw,
593; Fairmount, 568; Fannin,
561; Fargo, 501, 502; Fayette,

28, 111, 396, 00, 542;
Frankstown, 606; Gardena,
361; Gilpin, 254; Goliad, 518;
Grenada, 557, 577, 591;
Hagerstown, 568, 576, 606;
Halewood, 561; Hanceville,

588; Hanford, 52; Hartsells,
566, 587; Hayesville, 561;
Henry, 591; Hornick, 417;
Houston, 518, 593; Hunting-
ton, 576; Ida, 417, 545; Ida-
Monona, 416; Iredcll, 76;
Katy Hockley, 518; Kendaia,
614; Lake Charles, 532, 658;
Takeland, 403; Lawrence, 557,
572, 576; Lebanon, 572, 573;
Leetonia, 566; Leon, 597; Lew-
isville, 46; Lindley, 543; Lind-
side, 576; Lloyd, 588; Loring,
389, 577, 591; Lowell, 567;
Tufkin, 585; Lynchburg, 403;
Lyons, 614; Madison, 588;
Magnolia, 581; Manor, 606;
Marlboro, 255; Marshall, 304,
356; Maury, 557, 567; Mem-
phis, 557, 577, 591; Mhoon,
658; Miami, 8; Midland, 532;
Miles-Vernon,  516; _ Miller,
658; Millville, 65; Mimosa,
567; Montrose, 726; Mount-
view, 576; Muscatine, 538;
Muskingum, 231, 566, 577;
Myatt, 725; Napier, 417; Nim-
rod, 517; Norfolk, 8, 403,
405, 581, 583, 587; Ochlocko-
nee, 403; Oktibbeha, 593;
Olivier, 256; Onslaw, 254;
Orangeburg, 581; Pachappa,
52; Parr, 304; Parsons, 574;
Paulding, 390, 539; Pembroke,
576; Penn, 606; Placentia,
641; Portales, 516; Porters,
561; Portland, 658; Quandahl,
28; Ramsey, 561; Red Bay,
581; Rittman, 611; Rowe, 538;
Ruston, 581; Sacramento, 658;
St. Paul-Abilene, 516; Salvisa,
568; San Joaquin, 641; San
Saba, 408, 517; Sharkey, 658;
Sharpsburg, 397; Spencer, 542;
Stockton, 658; Sumter, 593;
Talbott, 568; Talladega, 561;
Tama, 304, 546; Tate, 561;
Tifton, 402, 403, 405, 585;
Tilsit, 557, 566, 577; Tusqui-
tee, 561; Upshur, 566; Valera-
Ector, 517; Victoria, 518;
Webster, 427, 538; Wellston,
566, 577; Willows, 658; Wil-
son, 518; Wooster, 611, 612;
Wynoose, 569; Yolo, 658;
. Zanesville, 566
Soil series, explanation of, 396
Soil solution, and phosphorus, 97;
. cations in, 283; ions_in, 81

Soil structure, and erosion, 291;
and intertilled crops, 389; and
monoculture, 394; ~deteriora-
tion, by tillage, 471; effect of
crops on, 388; effect of excess
water on, 382

Soil Survey, 7, 8; 396400

Soil-testing kits, 180

Soil-testing laboratories, 187

Soil texture, and seedbed, 278;
factor in wind erosion, 313



Soil type, 18, 27; 396
Soil-water ratio, and pH, 78
Solar energy, 344
Solar radiation, 61
Solodized-Solonetz soils, 570
Soluble salts, removal, 285
Solum, 17
Sorenson, S. P. L., 67 .
Sorghum, and nutrients, 222; in-
creased yield by water spread-
ing, 355; in dry periods, 357;
in winter wheat region, 508;
seedbed preparation, 510; to
control insects, 327; weed con-
trol, 509; yield on contoured
field, 353; yield with nitrogen
and phosphorus, 523
Sorgo, soil requirements, 665
Sorrel, soil requirements, 697
Sourclover, . soil requirements,
South Atlantic States, 95
South Carolina, 194, 201,
256, 553, 560, 586, 588,
595, 729, 738
South Dakota, 90, 189, 194,
494, 495, 496, 497, 499,
544, 545, 667, 718
Southeastern States, 90
Southeastern Uplands, 455, 579
Southern bacterial wilt, 337
Southern corn footworm,

of, 330, 332

Southern cornstalk borer, 328

Southern Plains, 454, 516-523

Southern States, 395

Soviet Union, 88

Soybean meals, in composts, 242

Soybeans, 387; fertilization, 223;
production, midland feed re-
gion, 535; soil requirements,
654; yield, 353

Spading, garden soils, 670

Sphagnum, 238

Sphagnum_ peats, 244

Spillway, in gullies, 319

Spinach, aluminum toxicity, 170;
and salt tolerancy, 288; ferti-
lization, 225; iron in, 259;
manganese deficiency, 136;
root system, 45; soil require-
. ments, 697

Split-boot_applicator, 222

Sprague, V. G., 632 X

Sprays, and mineral nutrients, 263;

654

214,
589,

357,
543,

control

arsenical, 166; for zinc de-
ficiency, 120; lead arsenate,
171

Spring wheat area, 495

Springtails, 163; control of, 332

Spruce, and soil moisture, 711

Squash, copper toxicity, 133; fer-
tilization, 226; soil sequire-
ments, 697

Stallings, J. H.,

Stanberry, C. O., 359

Stannous_chloride, 138

Staple, W. J., 349, 350, 497, 718

Starr, W. A., 475

Starr millet, 580 X

State agricultural experiment sta-
tions, list of, 74

Steckel, J. E., 99

Steele, J. G., 290

Steenbjerg, F., 131

Steinberg, R. A., 141

Stephens, J. L., 255

Sterilization and organisms, 336

Stewart, Ivan, 115

Stoa, Theodore, 501

Stockwater, development, 316

Stoesz, A, D., 321

Stone, Earl L., Jr., 721

Stout, P. R., 119, 139, 142

Stover, litter material, 233

Stradaioli, G., 122

Stratigraphy, and drainage, 380

Straw, 233

Strawberry, 461; root rot, 339; soil
requirements, 710;  Versicil-
linm wilt, 338

Strawberry-tree, 689, 690

Strawworm, control of, 327, 329

Streak disease, 136

Stringfield, G. H., 629

Stripcropping, defined, 295; to con-
serve moisture, 353; types, for
erosion control, 295

Struchtemeyer, R. A., 598

Structure, garden soil, 667

Stuart, N. W., 688

Stubble, as cover, 313; to hold
snow, 356; to prevent ero-
sion, 311; wheat, to reduce
runoff, 353

Stubble mulch, wheatland, 480

Sturgis, M. B., 658

Subclover, need for boron, 462;
‘on fertilized rangeland, 474

Subirrigation, and diseases, 337;
and salinity, 289

Subsoil, 18; exposed through level-

ing, 361; nutrients, 180
Subsoiling, 281, 352
Subterrancan clover, 147 = |
Sudangrass, atsenic  poisoning,
166; increased yield by water
spreading, 355; on sand duncs,
322; soil requirements, 649;
zinc deficiency, 116
Sugar bects, aeration, 223; and

salt tolerancy, 288; and so-
dium, 149; and wind erosion,
08; boron deficiency, 121;
oron requirement, 126; chlo-
rine deficiency, 147; dry rot,
335; fertilization, 223; nitro-
gen fertilizer, 217; Pythium
rots, 337; requirements, 664

Sugar-beet root maggot, 332

Sugarcane, continuous  Cropping,
387; in Mississippi Delta re-
gion, 530; leaf analysis, 182;
manganese _deficiency, | 136;
Pahala blight, 335; soil re-
quirements, 664; temperature
for, 41

Sugarcane beetle, control of, 330

Sugarcane borer, 328, 330

Sulfate, 109, 161

Sulfate ion, 107 .

Sulfate of gotash magnesia, 199:
use in Lake States, 550

Sulfur, 80, 107-111, 113, 140, 161;
amounts to increase acidity,
678; as amendment for alkali
soils, 285; crop response, 108;
for manganese deficiency, 138;
in drainage water, 111; in
fertilizers, 110; in irrigation
water, 110; in organic matter,
81, 155; in plant growth, 43;
loss from crosion, 111; plant
needs, 107; source of, 107,
202; supply and requirement,
109; to control organisms,
336; toxicity, 108

Sulfur deficiency, Lake States, 551;
Pacific Northwest, 480; South-
east, 586; symptoms, 108;
treatment in garden soils, 682

Sulfur dioxide, 107, 108

Sulfur fertilizers, on ranges, 641;
Willamette Valley, 461

Sulfur spray, citrus trees, 597

Sulfuric acid, 170; as amendment
for alkali soils, 285

Summersweet, 689

Sunlight, in plant growth, 41

Superphosphate, 11, 110, 111, 141,
205; added to manure, 235;
clover-grass  pastures, 594;
concentrated, 200; consump-
tion, 198; dairy farm rotation,
604; triple, on ranges, 642

Swaby, R. J., 137

Sweden, 132, 133

Sweet corn, cash crop, Northeast,
613; fertilization, 225; nitro-
gen fertilizer for, 682; soil
requirements, 697

Sweetclover, boron requirement,
126; for building up nitrogen,
387; in dryland areas, 52I;
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phosphorus uptake, 388; soil
requircments, 654
Sweetgum, 690; dieback of, 713
Sweetleaf, 170
Sweetpotato, 225, 335, 697
Sweetpotato weevil, 326, 332,
Swiss chard, soil requirements, 698
Switchgrass, in waterways, 318;
soil requirements, 647; to sta-
bilize dunes, 324

Tamarack, and soil moisture, 711;
soil conditions, 690

Tangier pea, soil requirements, 654

Taro, soil requirements, 698

Tarrant, R, F., 725

Tasmania, 143

Taylor, Sterling A., 61

Tea, fluorine in, 167

Tea-trce, Australian, 691

Teart disease, 142, 143

Temme, J., 102

Temperature, and erosion, 309;
and soil nitrogen, 90; seed
germination, 39; soil, and or-
ganic matter, 246; soil, and
roots, 47; soil, effect on trees,
723; variations in soils, 36

Tenant farmer, and fertilization,
274; and longtime investments,
446; crop-share lease, 438

Tennessce, 28, 86, 95, 116, 117,
168, 201, 202, 553, 560, 561,
562, 565, 567, 568, 575, 590,
591, 657, 712

Tennessee Valley Authority, 199,
204, 216; work on sulfur, 109

Tensiometer, 676; for measuring
water suction, 51; in irriga-
tion, 60

Terraces, as longtime investment,
441; channel type, 299; con-
struction, 300; diversion, in
erosion control, 301; for home
gardens, 675; planting on,
303; ridge type, 299; spacing,
298; to_reduce runoff, 354; use,
in erosion control, 297

Terracing, defined, 297

Tesar, Milo, 221

Tests, chemical, 178; chemical, for
amendments, 286; chemical,
for nutrient nceds, 173; cop-
per availability, 131; for
cation-exchange capacity, 179;
incubation, 177; laboratory
analyses for plant nutrients,
181; litmus, pH, 188; Necu-
bauer, 176; plant tissue 172,
180; plaque, 177; pot, 176;
pot experiments, 173; quick
for plant tissue, 181; soil, for
nutrient status, 267; soil, in-
terpretation, 184; soil samples,
175; strip, for nutrient defi-
ciencies, 173; thiocyanate, 179

Tetrahedron, 15, 33

Texas, 46, 61, 63, 107,
353, 354, 355, 356,
454, 470, 473, 510, 515, 518,
519, 520, 521, 531, 533, 581,
585, 642, 658, 662, 710, 739

Thatcher, L. E., 221, 629

Thiamin, 108

Thorne, M. D., 368

Thorne, Wynne, 481

Thysell, J. C., 349, 496

Tidal strcams, irrigation, 373

Tillage, and erosion, 292, 309; and
insects, 329; and weed control,
279; and wheat yield, 509;

202, 350,
361, 453,

3

deep, 281; garden soil, 670;
methods of, 280; on ir-
rigated soils, 362; orchard

soils, 472; principles of, 277—
281; problem in Corn Belt,
538; purposes, 277; stubble-



mulch, for seedbed, 512; sub-
surface, 280; to control salin-
ity, 287

Timothy, soil requirements, 649

Tincal, 121

Tincar, 121

Tissue-testing, 180

Tobacco, 655-658; and  green
manures, 257; and wind ero-
sion, 308; bacterial wilt, 337;
black shank, 655; boron re-
quirement, 126; bright, 655;
burley, Appalachian Valley,
564; burley, Bluegrass arca,
568; burley, soil requirements,
656; chlorosis, 108; cigar, 657;
Connccticut, 618; dark-fired,
575; fertilization, 224; flue-
cured, 655; flue-cured, produc-
tion, Southcast, 579, Fusarium
wilt, 655; manganese toxicity,
136; Maryland, 657; mosaic,
337; nced for potassium, 267;
potash fertilizer, 106; produc-
tion in East-Central Uplands,
555; response to irrigation,
371; root diseases, 338; root
rot, 382; rotations, 657; South-
crn Coastal Plain, 582; sul-
fur requirement, 107; top sick-
ness, 335

Tobosa, soil requirements, 646

Tomato, and salt tolerancy, 288;
chlorine deficiency, 147; fer-
tilization,  225; * need  for
molybdenum, 142; nitrogen
fertilizer for, 682; root sys-
tem, 45; soil requirements,
698; wilt, control of, 334; zinc
deficiency, 118

Topdressing, 237, 332

Topography, and drainage, 380;
factor in soil formation, 25

Tourmaline, 121, 169

Toxaphene, 332

Toxicity, cobalt, 134; from cle-
ments in  soils, 165-171;
iodine, 149; manganese, 134;
molybdenum, in cattle, 142;
nickel, 134; of salts to crops,
284; sulfur, 108; zinc, 134

Trace elements, 13, 80, 139-150

Trailing wildbean, 324

Tree-of-Heaven, 690

Treehoppers, control of, 330

Trees, and soil moisture, 716;
forest, 710-715; forest, burn-
ing, 732; forest, fertilization,
730; forest, site index, 727;
germination of seeds, 722; on
salt-affected soils, 717; orna-
mental, 689; planting, for
shelterbelts, 720; protection
during construction work, 685;
root depth, 717; seced produc-
tion, 722; shade, 689; shelter-
belts and windbreaks, 715; to
control gullies, 315

Trefoil, soil requirements, 654

Triple-superphosphate, 167

Truck crops, and wind erosion, 308

Truog, Emil, 122, 179

Tulip poplar, 731

Tull, Jetﬁro, 2

Tung, 115; bronzing of, 597; soil
requirements, 710

Turf, 198; insects in, 331

Turgor pressure, 45

Turnip, 107, 108, 126, 698

Turnip greens, iron in, 259

2,4-D, 351, 641; to kill weed trees,
711; rice fields, 534

2,4,5-T, 534, 641, 711

Tyrosine, 130

Underwood, E. J., 145
United States Plant, Soil, and Nu-
trition Laboratory, 123

Unslaked lime, 190

Upchurch, M. L., 441

Uplands, East Central, 553-577

Uplands, Southeastern, 579-594

Urea, 87, 111, 198, 205

Urea-form, 198, 216

Use-capability concept, 8

Utah, 61, 62, 63, 64, 100, 118,
189, 194, 201, 202, 350, 481,
482, 485, 486, 488, 493, 636

Vanadium, 148
Vascular wilts, 336 .
Vegetables, 692-698; fertilization,
225; in the West, 493; rotated
with grass-legume sod crop,
390; rotations, and green ma-
nure crops, 257
Veldtgrass, on fertilized range-
land, 474; soil requircments,
648; to stabilize dunes, 324
Velvetbean, soil requirements, 655
Velvetgrass, soil requirements, 649
Vermiculite, 90, 101, 624
Vermont, 194, 237, 323, 599, 602,
23

17, 7

Verticillinm wilts, 334

Vetch({es) and peanuts, 257; ar-
senic poisoning, 166; as green
manure, 253, 255; need for
boron, 462; soil requirements,

| 655; to_stabilize dunes, 324

Vichmeyer, F. J., 63

Viets, Frank, 118, 119, 172

Virginia, 5, 103, 193, 194, 201,
214, 217, 224, 254, 255, 329,
370, 553, 559, 560, 562, 563,
565, 599, 605 620, 623, 627

Vitamin By, 145, 146

Vitamin C, in potatoes, 266

Vomicil, James, 217

Waage, Peter, 14

Wadleigh, C. H., 38

Wagner, R, E., 633

Walker, J. C., 123, 124

Walker, R. B., 730

Walker, R, K., 531

Walnut, black, soil requirements,

710; boron deficiency, 124;
Persian  (English), soil re-
quirements, 708

Wann, F. B., 118

Warburg, O., 148

Ware, L. M., 257

Warington, Katherine, 121

Washington, 61, 110, 117, 118,
143, 166, 190, 194, 269, 323,

325, 335, 339, 358, 359,
466, 482, 483, 485, 486,
728, 730
Wasser, C. H., 633
Water, see also Moisture; amount
to leach salinc soils, 285; and
forest trees, 710; capillary, 59;
content changes in sandy
loam, 56; control of in gar-
dens, 675; field capacity, 62;
for irrigation in castern arcas,
372; home gatdens, 669; in
plant growth, 44, 65; man-
agement in Mississippi Delta
region, 524; measurements for,
59; movement in plants, 44;
penetration in_dry soil, 62;
pressute in soil, 34; relation-
ship of suction to movement,
54; required by plants, 61 °
Water disposal system, 316
Water-elm, soil conditions, 690
Water fallow, and rice, 531
Water-holding capacity, 346
Water spreading, on ranges, 639;
to conserve moisture, 355
Woater table, 283; and gullies, 320;
and root penetration, 46; in
forest, 712 .
Watercress, soil requirements, 698
Watermelons, Fusarinm wilt, 338;
soil requirements, 698
Watershed, and dunes, 325
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Waterways, defined, 293

Way, ., 13

Webworms, control of, 327

Weed control, and tillage, 279;
chemical, 279; chemical and
mechanical means, 351; crop
rotation, 391; in sorghum
fields, 509

Wessel, Gunilla, 148

West Virginia, 194, 254, 553, 565,
599,729 T T

Wheat, ~arsenic  poisoning, 166;
boron uptake, 126; chlorine
deficiency, 147; continuous
cropping, 387; in  Pacific
Northwest, 476; moisturc re-
quirements, 350; nitrogen and
phosphorus, 522; production
in winter wheat area, 508; pro-
tein in, 259; selenium in, 165;
soil requirements, 664; take-
all disease, 339; use of nitro-
gen and moisture, 359; water
requirements, 357; yield, con-
toured field, 353; yield, nitro-
gen and sulfur, 110

Wheat Belt, soil nitrogen, 91

Wheat jointworm, 327, 329

Wheat stem maggot, 329

Wheat stem sawfly, 327, 329

Wheat strawworm, control of, 329

Wheatgrass(es), and salt toler-
ancy, 288; in waterways, 318;
increase through pitting, 503;
on rangclands, 491; saline and
alkali soils, 628; soil require-
ments, 649

Whiptail disease, 143

White, D. P., 730

White-fringed beetles, control of,
327, 329, 331

White grubs, control of, 327, 328,
329, 331, 332; in soil, 326

White-Stevens, R. H., 125

White streak, 136

White tip, 129 X

Whiteclover, soil requirements, 652

Whitney, Milton, 6, 8

Wilcox, L. V., 128

Wild mustard, 352

Wild oats, 352

Wildfire of tobacco, control of, 334

ildrye, on rangelands, 491; on

sand dunes, 321; soil require-
ments, 649, 650

Willard, C. J., 390

Williams, Ralph, 504

Willis, L. G., 121

Willow, 316, 690

Wind erosion, 308-314

Windbreaks and shelterbelts, 715

Winter grain mite, control of, 327

Winter legumes, 255 .

Winter Wheat and Grazing Re-
gion, 454, 505-515

Wintergreen, 689

Winters, Eric, 553

Wireworms, control of, 327-328,

329, 330, 331, 332,333

Wisconsin, 6, 28, 111, 119, 122,
123, 124, 146, 179, 190, 192,
193, 194, 214, 235, 244, 295,
304, 347, 378, 537, 540, 542,
547, 657, 705, 724

Wood products, litter material, 233

Wood residues, for composts, 240

Woodlands, and dunes, 325

Woodruff, C. M., 179, 189

Woods, Frank W., 710

Woodward, John, 3

Woody aster, 165,

Woolly apple aphid, control of, 332

Wyoming, 61, 189, 194, 201, 351,
482, 486, 494, 498, 503, 639

X-rays, diffraction, 15
Yeager, A, F., 717

Yellow disease, 136
Yellow-poplar, canker of, 713



Yellow soils, 251

Yellow tip, 129

Yellowish-Brown Lateritic soils, 29
Yellows, 120

Young, Arthur, 2

Young, Ralph, 501

Zahner, Robert, 728

on, 117; effects of phosphate
on, 117; foliar sprays, 227; for
production of citrus, 259; in
acid soils, 171; in plant
growth, 43; in sludges, 245;
in sprays, 263; loss {rom ero-
sion, 173; resources of, 203;
solubility of, 186; tests for de-

335; Florida, 597; in plants,
118; in Southeast, 586; in sub-
soil, 361; in U, S., 264; irri-
gated fruit crops, 492; Monte-
rey pines, 714; peat soils, 115;
pecans, 586, 707; symptoms,
120; treatment, 120; treat-
ment in garden soils, 682; tree

Zaumeyer, William J., 333

Zinc, 80, 99, 111, 114,_1‘15—121;
ability of crops to utilize, 119;
and soil, pH, 116; application

219; concentration

o
pla’mts, 119; effect of liming

Abics nordmanniana, 690
Acacia, 88
Acer negundo, 690

rubrum, 690
Agropyron, 649

cristatum, 649

dasystachyum, 649

desertorum, 649

elongatum, 649

inerme, 649

intermedium, 649

repens, 649

riparium, 649

sibericum, 649

smithii, 649

spicatum, 649

trachycaulum, 649

trichophorum, 649
Agrostis, 648

alba, 648

palustris, 648

tenuis, 648
Ailanthus altissima, 690, 691
Albizzia julibrissin, 690, 691
Aleurites fordii, 710
Allium ascalonicum, 697

cepa, 695

porrum, 695

sativum, 695
Alopecurus pratensis, 646
Alysicarpus vaginalis, 650
Ambyrosia, 171
Amelanchier, 689
Ammophila, 642

arenaria, 321, 642

breviligulata, 321, 642
Anabaena cylindrica, 149
Andropogon caucasicus, 643

gerardi, 324, 643

hallii, 324, 643

intermedius, 643

ischaecmum, 643

littoralis, 324

nodosus, 643

scoparius, 324, 643

virginicus, 324
Aphanomyces, 334, 335
Apium graveolens, 694

graveolens var. rapaceum, 694

Arbutus menziesi, 690
unedo, 689, 690
Armoracia rusticana, 695
Arrhenatherum elatius, 649
Asparagus officinalis, 692
Aspergillus, 177

niger, 116, 129, 130, 131, 142

Astragalus, 165

Avena byzantina, 664
fatua, 352
sativa, 664

Axonopus affinis, 644

Azotobacter, 141, 158, 177
croococcum, 141, 148

Beta vulgaris, 664, 693
vulgaris var. cicla, 698

ficiency, 116; toxicity, 134;

toxicity to plants, 171
Zinc chelates, 120

Zinc deficiency, and auxin, 119;
cherry orchards, 704; diseases,

SCIENTIFIC NAMES

Betula davurica, 690
Boehmeria nivea, 664
Bouteloua, 645
curtipendula, 324, 646
eriopoda, 645
racilis, 646
irsuta, 646
Brassica alba, 665
arvensis, 352
chinensis, 694
juncea, 665, 695 .
napus var. napobrassica, 697
oleracea var. botrytis, 693
oleracea var. capitata, 693
oleracea var. gemmifera, 693
oleracea var. gongylodes, 695
oleracea var, viridis, 694, 695
pekinensis, 694
rapa, 698
Bromus, 643
arvensis, 644, 705
carinatus,
catharticus, 644
erectus, 644
inermis, 324, 644
stamineus, 644
Broussonetia pap:,l'rifera, 690
Buchloe dactyloides, 644

Calluna, 689
Cannabis sativa, 664
Capsicum frutescens, 696
Carpinus caroliniana, 690
Carthamus tinctorius, 665
Carya glabra, 690
Castanea mollissima, 708
Castanopsis chrysophylla, 690
Casuarina, 88
Ceratona siliqua, 690
Cercidium floridum, 690
Chamaecyparis thyoides, 690
Chlorella, 148
Chloris gayana, 648
Cichorium  endivia, 694
Citrullus vulgaris, 698
Citrus limon, 709
paradissi, 709
sinensis, 709
Clethra, 689
Colocasia esculenta, 694, 698
Coronilla varia, 652
Corylus avellana, 709
Crotalaria, 654
intermedia, 654
lanceolata, 654
mucronata (striata), 654
spectabilis, 65
Cucumis melo, 695
sativus, 694
Cucurbita maxima, 697
moschata, 696, 697
pepo, 696, 697
Cunninghamella, 177

Cupressus arizonica bonita, 690,

691
Cyamopsis tetragonoloba, 652
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crops, 115; western soils, 116
Zinc sulfate, 167; pecans, 708;
sprays, 120
Zingg, A. W., 277, 354
Zubriski, Joseph, 499

Cycas, 88

Cynara scolymus, 692

Cynodon dactylon, 642

Cytisus, 689
scoparius, 325

Dactylis glomerata, 324, 647
Daucus carota, 693
Digitaria decumbens, 647
Distichlis stricta, 644

Echinochloa crusgalli var. frumen-
tacea, 646
Ehrharta calycina, 324, 648
Elaeagnus, 88
angustifolia, 690
Elymus, 649
canadensis, 324, 650
condensatus, 650
giganteus, 321, 650
glaucus, 650
junceus, 650
Eragrostis, 646
chloromelas, 646
curvula, 646
lehmanniana, 646
trichodes, 646
Eremochloa ophiuroides, 644
Ergostis curvula, 324
Erica, 68
Erwinia amylovorus, 704

Fagopyrum esculentum, 664
Fagus, 690
Festuca, 645
arizonica, 645
arundinacea, 645
clatior, 645
elatior var. arundinacea, 324
idahoensis, 645
ovina, 645
ovina var. duriuscula, 645
rubra, 324, 645
Ficus carica, 709
Foeniculum vulgare, 695
Fragaria, 710
Franklinia alatamaha, 690
Fraxiﬁmbs pennsylvanica lanceolata,

velutina, 690
Fusarium, 334, 337, 338, 655

Galactia mollis, 324

Gaultheria procumbens, 689

Gleditsia triacanthos, 690

Glycine max, 654

Gossypium barbadense, 664
hirsutum,

Grevillea robusta, 691

Helianthus tuberosus, 692
Hibiscus esculentus, 695
Hilaria, 646

belangeri, 646

jamesii, 646

mutica, 646



Holcus lanatus, 649

Hordeum bulbosum, 644
vulgare, 663

Humulus iupulus, 665

Ilex, 689
cassine, 690
Indigo endecaphylla, 653
hirsuta, 653
Indigofera, 652
Ipomoea batatas, 697

}uglans nigra, 710
uniperus chinensis pftizeriana, 691
communis, 689
compacta, 691
horizontalis, 691
sabina, 691
virginiana, 690

Kalmia, 689
Kochia, 513

Lactuca sativa, 695
Larix laricina, 690
Lathyrus, 654

hirsutus, 654

japonicus, 324

odoratus, 691

tingitanus, 654
Leiophyllum buxifolium, 689
Leptospermum laevigatum, 691
Lespedeza, 653

bicolor, 653

cuneata, 653

stipulacea, 653

striata, 654
Leucothoe, 689
Linum usitatissimum, 665
Liquidamban styraciflua, 690
Lolium, 648

multiflorum, 648

perenne, 648
Lotus, 654

corniculatus, 654

tenuis, 654

uliginosus, 654
Lupinus albus, 653

angustifolius, 653

luteus, 653
Lycopersicon esculentum, 698

Magnolia virginiana, 690
Matthiola incana, 691
Medicago, 653
arabica, 654
ispida, 654
lugulina, 653
orbicularis, 654
sativa, 650
Melaleuca leucadendron, 690
Melia azedarach, 6
Melilotus, 654
indica, 654
officinalis, 654.
Mentha piperita, 665
spicata, 665
Mimosa, 88
Myrica, 689
cerifera, 324

Nitrobacter, 161
Nitrosomonas, 161
Nostoc muscorum, 146

Olea europaea, 709
Qonopsis, 165
Oryza sativa, 664

Oryzopsis, 648
hymenoides, 648
miliacea, 648

Ostrya virginiana, 690

Panicum, 647
antidotale, 647
maximum, 647
miliaceum, 647
obtusum, 647
purpurascens, 647
virgatum, 324, 647
Parkinsonia aculeata, 690, 691
Parthenium argentatum, 665
Paspalum, 647
dilatatum, 647
notatum, 647
Pastinaca sativa, 696
Pennisetum, 647
ciliare, 647
clandestinum, 648
glaucum, 648
purpureum, 648
Persea americana, 708
Petroselinum crispum, 695, 696
Phalaris, 644
arundinacea, 644
lunatus, 693
phaseolus aureus, 654
tuberosa var. stenoptera, 644
vulgaris, 693 ‘
Phleum pratense, 649
Phoenix dactylifera, 709
Phytophthora, 337
Pinus banksiana, 324
contorta, 325
mugo, 324, 690
nigra, 324
ponderosa, 690
radiata, 325
rigida, 324, 690, 691
serotina, 711
sylvestris, 324, 691
taeda, 712
torreyana, 690
virginiana, 690
Pisum sativum, 652, 696
Planera aquatica, 690
Poa, 643
ampla, 643
bulbosa, 643
compressa, 643
pratensis, 643
trivialis, 643
Populus, 690
alba, 690
fremonti, 690
Prunus amygdalus, 708
avium, 704
cerasus, 704
maritima, 324
Pueraria lobata, 653
Pythium, 334, 724

Quercus garryana, 690
montana, 690
palustris, 690

Radicula nasturtium-aquaticum, 698
Raphanus sativus,

Rheum rhaponticum, 697
Rhizobium,4

Rhizoctonia, 335, 337
Rhododendron, 689

Ricinus communis, 665

Rubus, 708, 710

Rumex acetosa, 697
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Saccharum officinarum, 664
Salix, 690
Salsola pestifer, 513
Sassafras albidum officinale, 690
Scenedesmus, 148
Schinus molle, 690
terebinthifolius, 690
Sclerotinia, 337
Secale cereale, 664
Sechium edule, 694
Sesamum indicum, 665
Sesbania exaltata, 653
Setaria italica, 645
Solanum melongena, 694
tuberosum, 696
Sorghastrum nutans, 324, 646
Sorghum halepense, 646
sudanense, 649
vulgare, 664
vulgare var. coffrorum, 322
vulgare var. sudanense, 322
vulgare, var. technicum, 322
Spinacia oleracea, 697
Sporobolus, 645
airoides, 645
cryptandrus, 645
wrightii, 645
Stanleya, 165
Stenotaphrum secundatum, 648
Stipa, 646
comata, 647
pulchra, 647
viridula, 646
Stizolobium deeringianum, 655
Strophostyles helvola, 324 .
Symplocas tinctoria, 170

Taxodium distichum, 690
Tragopogon porrifolius, 697
Trifolrum, 651
alexandrinum, 651
campestre, 651
dubium, 651
fragiferum, 652
glomeratum, 651
hirtum, 652
hybridum, 651
incarnatum, 651
lappaceum, 651
nigrescens, 651
pratense, 651
repens, 652
resupinatum, 651
striatum, 652
subterraneum, 652
Triticum, 664

Uniola paniculata, 322

Vaccinium, 689, 708

macrocarpon, 708
Verticillium, 334, 335
Viburnum alnifolium, 689
Vicia, 655

bengalensis, 655

dasycarpa, 655

pannonica, 655

sativa, 655

villosa, 324, 655
Vigna sinensis, 652, 696
Vitis, 709

labrusca, 114

vinifera, 114

Xylorthiza, 165

Zea mays, 664, 697

Zizyphus jujube, 690

Zoysia japonica, 646
matrella, 646
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