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PREFACE

written for theee parposes:

Tris hook s first. as a text-hook
for agricultaral stwdents secoml as o veferenee look Tor the prac-
tical Larmers and, thord, as an and o the land owner who desires
mformation  the personal maagement of his lid.

Tt i =0
SNITY 10 ITespass

Sl physics is the appliention ol plivsies o soils,
closely related ta ot selvences that it becotiues s

upon the @round of some of the, notably botan wology, chem-

istry, awd zodlooy, 1o present cortaine subjects clearfy and com-
pletely. Sail plvsies dovetanls oo with the elosely-relafed phases
of agronmuy, as soil biology, soil fertidity, crop production, and
aricultural enmneering, to sueh an extent that i is necessary fa
wive material sery elosely related o all of these.

Anattempt has heens pade o empliasize the principles of soil
phivsics, omitting the details of practice except where necessary for
purposes of lustration,  Alhough the hook §= written in the Middle
West, yet the principles given apply anvwhere,

The arrangement of the matter presented has heen ca
plantied from the te

ol

cfully
ching standpaint, and las been tested in the
Al vears.

resroom oy s¢

Varions zources of tnlormation have leen nsed by the authors
and acknowledsment made accordingly,

Callege of Agricnlture,
University of THinois.
Urbana, 1. October, 1917,
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SOII. PHYSICS AND
MANAGEMENT

CLATTER )
SOIL MATERIAL AND ITS ORIGIN

Definition of Soil.—"The Lunl surfuce of the carth s covered
almost evervwhere with a layer ol uneonsolidated  materm? de-
provesses af wemtherme, This stratum

rived Trom vocks Ty the
viries o thickness Trom a few ehes 1o lndveds of feet and may

even beabsent frong <mall not hecanse 10 was never formed

cncies of trans-

there, hut becanse it has been varried away, The ag
portation have dope o mueh work that o nny instanees mueh
aroall of the loose naterial coveringe the rocks was not derived
from those heneath, Tt from rock= a1 <ome distanee, even hundreds

of miles aways This material varies in composition with 1the rock

From which st was derrved s the
e termed o saoil nnnil oreani=ms have waorked upon i, modifyving

senetes producing it 1 eannot

it o creater or fess extent. The depth of the Taver upon wineh
the organisms have acted is ondy a few feet
From its origing a soll nay be defined ax disintesrated and

e mat

decomposed rock wixed with more or less ar v while
fream Qs use it is defined a< that part of the carth’s surface adapted
ta the mecha support and wmrishment of plants.

Elements of the Earth's Crust.—7he earth bas been studied
by varions means and the composition determined to a depth of
approximately twenty miles. OF the elements known, comparatively
few occur inoany large guantities in this stratum. Bight constitute
about 98,5 per cent. The following table shows {he relative abun-

dance of these elements,

Soil Forming Minerals.— \side from oxygen and nitrogen as
air, and carhon az graphite or diamond, these clements rarely ever
exist in a free state. but are found in combinations a8 minerals,
These are natural substances, possessing definite physical charae-
teristics as, specific gravitv. hardness, brittleness, color, eleavage,
and sometimes ervstalline form and having a more or less definite
chemical composition.
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The hardness of minerals is indicated by the following scale:
(1) tale—finger nail scratches it easily; (2) gypsum—thumb nail
seratches slightly © (3) caleite—can be scratched by common soft
pin: (4) fluorite—soft iron scratches it: (3) apatite—scratched
by a good knife; (6) feldspar—very hard knile scratches it: (7)
quartz—seratehies glass: () topaz—scratehes quartz; (9) corun-
dum—scratches topaz; (10) djamond.

The number of nrinerals that form soils is not large, but they
may be found in many intermediate stages because the process of
decomposition is a gradual one.

1. Quartz, silica (Si0,) is a very abundant mineral in rocks
and the most abundant in soils. When crystalline it possesses a
glassy appearance and is transparent in thin slices, hnt impurities
render 1t mare or less opaque.  The commeon crvstalline varieties
are ‘quartz crystal, rose. smoky and milky quartz.  The non-crys-
talline varicties are usually opague and include flints, cherts.
chaleedony and the different forms o1 agate. In rocks such
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granite, quartz occurs as glassy masses which do not decompose as
most other minerals do, but remain as distinet graing of quartz
when the rock is broken down,  Tu limestones it frequently oceurs
as chert, an impure rather soft form, or as flint. Sand, sandstones,
ad quartzite are formed principally of quartz. The fact that its
harduess i 7, that it is almost insoluble, decomposes very slowly and
s no cleavage, makes it very abundant among the coarser
ituents of soils. It may be distinguished by its glass-like ap-
rance, hardn ghell-like fracture, lack of cleavage and its
resistimee to the action of all acids with the exception of hydro-
fluoric.

2. Feldspars.—The feldspars include deuble silicates of potas-
stum, sadium, caletam and aluminune They possess a hardness of
5. distinet ¢l <l deconipose rather readily in the presence
of carbonated water. The artion of carbonie aeid is 1o dissolve

Posse

o
pe

out the base or hases, forming the soluble carbonates, leaving a
hydrated aluminum silicate, kaoling and finely divided free silica
which constitute the clay of soils. The process is known as kaolin-
ization.  The following table gives the composition of the prineipal

feldspars.

Campasition of Principal Feldspars *
Per cent

Narietios Rz Ahin K0 | NasO CaO

154 1.0

Orthaclasc

Albite 12.0

Oligoel 9.0 5.0
Labradorite. . | 1.0 13.0
Anorthite... ... .. 0.0

As an illustration of the decomposition of feldspar, orthoe
may be taken. Carbonated water coming in contact with this min-
eral dissolves out the potassium, forming potassium carbonate, which
being soluble is carried away. In the process the excess of silica
which amounts to approximately 20 per cent in orthoclase is sepa-
rated as extremely fine particles most of which are classed as clay.
The alumina is lefv in combination with silica as a hydrous alumi-
num silicate forming the mineral kaolin which also constitutes clay.
The result then of the decomposition of feldspar is a light-colored
clay composed of free silica and kaolin.

3. Amphibole and Pyroxene.—These groups of minerals are
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very abundant in some rocks and vary a great deal in composition
and physical properties. They have about the same hardiess as
Teldspar and possess more or less derinite cleavage planes. They
may be cither almnineus or non=aluminons. Magnesiup, caleinm

and iron are newrly always present, The iron i frequently in o he
Terrous condition. neral rule these groups of aniuerals
decompose somewhat readily, o
silivates and soluble carbonates, the latter of whiclh are carried away
in solution. The hvdrous magnesium silicate may be dn the form

8

ving rise to hwlrons magnesinm

ol serpentine or tale, the Tatter of which, because of iis soltness, is
readily broken down into elay. The ferrous iron present |
oxidized md generally gives a yellow or hrownish color o the soil
formed. A= these groups of minerals are frequent]y magnesiay, the
soil resulting i= not generally highly productive.

J. Muscovite—White Mica.—"This wineral is made up of
transparent lamina or folla possessive o hardness of 2 to
fulia are thin, clastic aml tough,

The chemival composition and physival properties of this min-
eral seem fo bndicate that it would deeorapose rathier yeadily, but
ap the other hand it
well that in o<t cases the mica remains in the residue as distinet
shining flakes. giving the soil a peculiar glittering appearance
where the dakes ave of considerable size. The first step in its de-
camposition is hvdration resulting ina hyvilrated mica havine a
pearly tuster. When decomposition is complete the product is the
hydrous aluminnm silicate or lay. Muscovite iz found in granites
to a considerable extent. hat is not very often associated with the
mare basic rocks or those containing a large per cent of magnesinm,
caltium or iron.

5. Biotite—Black Mica.— Diotite differs from the precediug
mica in color, and in the fact that it decomposes more readily. Tt
contains aluminum and iron in both ferrous and ferrie states with
botl magnesinm and potassinm. It decomposes into a misture of
hydrated aluminong and magnesian silieates, both of which con-
stitwie elay,  Biotite occurs associated with the more basic rocks.

6. Zeolites.—The zeolites comprise a group of secoudary min-
erals of doubtful importance, whose function, it was believed, was
to retain the potassinm and caleium in the soil against leaching. It
is now believed. however, that potassium and sodium, liberated dur-
ing the decomposition of minerals are adsorbed and held by the =oil
colloids instead of being carried away in solution and lost. From

njes

These

very =table and resists o lecomposition o
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e colloids thes
plants. The minerals of this group are decomposed by hydrovhloric
acid with the separation of colloidal siliva,

The preceding minerals are silicates, but there are a few non-
silicates that should be considered in the study of soils,

. Calcite (Cal’0).—Calvite is a very common mineral exist-
ine as limestone wnd marhle. s composition is a0, 5
and COL L per cent, when pures Tt posses
i distinet el
120 of wate
§

celements are removed somewhnt as needed by

per cent,
s hardness of about
age and iz soluble in carlionated water, one part in
fornuug the hicarbonate (Call.(C0O,).).  In the
mation of soil naterial from rock made up largely of caleium
carbonate, the insoluble impurities are left aud form the soil. Asa
ceneral vule Jimestone soils are quite fertile,

s Dolomite (CaMo(CO ) ) —"The hardness of dolonmite is !
Tt is composed of o per unl of calehum earbonate and 45.65 pcr
cent of magnesium carhonate. Dolomitic Hmestone is made up of
these minerals, though probably not always in these proportions. It
i= ~howly soluble i carhonated water, leaving the impnrities to form
soil material, - A Jarge amownt of magnesinm carbonate is injurious
to sonue crops and constitutes much of the alkall in soils of humid
areas,

Gypsum ((aSOQ 2[1.0) —Gypsum possesses a Jardness of
2 and the fallowing composition s sulfur trioxid, 16.5 per ceut, lime
G20 aud water 2009 per cent. 1t is found in considerable quantities
i arid regions where salt lakes formerly existed, but is of compara-
tively little importance as a soil former, since the soil derived from
it has very little value. It has, however, some value as a remedy
for Dlack alkali that is so frequently found in arid and semi-arid
]‘e_\_ji(-l).ﬂ.

10, Apatite Ca,(CaF)(P0,),—This mineral is important in
soils hecause of the phosphorus it Turnishes. Fortunately it exists
in all rocks, though in very small amounts, and when these decom-
pose very little of the phosphorus is lost through solution. Heunce
a soil will usuallv show a higher per cent of phosphorus than the
ginal rock. In some cases the fluorine is replaced by chlorine.
11. Limonite (?Te,0,31,0) and Hematite (Fe.0,) —Serv-
eral other minerals might be mentioned, among which are limonite,
the hvdrated ferric oxide having 85.6 per cent of Fe,0, and 14.4 per
cent of water, and hematite 30 per cent of oxygen and 70 per cent
of iron.  One or the other of these and sometimes hoth are found in
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nearly all soils giving the characteristic iron color, the former im-
parting a yellowish or brownizh vellow color while the latter gives
a decidedly reddish color.  Varying proportions of these mixed
togeiher give many shades of red, hrown and yellow.

12. Magnetite (Fe,0,) or (FeO. Fe,0,).—Magnetic iron ore
or magnefite exists in nearly all igneous rocks in small quantities
but in some in suflicient amounts to form a very important soil con-
stituent. Tt does not decompose very readily. hut remains as black
magnetic particles in the soil.  Black sands of some parts of North
Carolina and some of the alluvial soils of California contain this
mineral. It may be easily recognized hy its magnetic properties.
Like quartz sand it is inert and soils formed largely of this mineral
would be sery poor.

ROCKS

Racks are masses of minerals or mineral aggregates and are
divided into three classes, igneous. those formed through the agency
of heat, aqueons, those formed through the ageney of water, and
wetamorphic, where igneous or aqueous rocks are changed through
one or both of these agencies into different forms, but having prac-
tically the same chemical composition,

1. Igneous rocks are divided into two groups, first. infru-
sive or plulonic, those formed at considerable depth in the earth’s
crust where they cooled with sufficient slowness to erystallize. and
later exposed through erosion: second, eruplive or voleanic, those
thrown out on the surface of the ecarth through voleanic agencies,
Both classes of igneous rocks are formed by the fusing and mixing
of rocks, such as limestones, shales and sandstones, due to the heat
developed in the folding of the eartl’s crust in its adjustment to
the shrinking interior. After the adjustment takes place, this
molten mass gradually cools, the minerals crystallize. formiug the
group of crystalline rocks. In this folding, if a fracture =hould
occur extending to the surface of the earth, moch of thiz molten
mass may he forced out on the surface and coustitute the volcanic
rocks. This may cool rapidly and solidifv into a glassy or semi-crys-
telline condition. In some cascs the violence of the explosion that
frequently accompanies volcanoes throws immense magses of this
material into the air which falls in the form of ash in the vicinity
of the voleano, but sometimes as dust is carried over large areas of
the earth’s surface by air curvents. The igneous rocks are divided
iuto several groups according to their mineral compositicn.
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(a) Granite-Khyolite.—This group is composed of quartz,
feldspars, chiefly orthoclase and albite, miea, cither black or white,
and aniplinole or pyroxene. A small amount of apatite is always
present.  Rbyolite is the principal voleanic rock of this group. TIn
the decomposition of this group carhonated water atiacks the feld-
spars, dissohving out the potassium and sodiunm in the form of car-
bonates, leavieg e clay residue. The quartz is broken down into
sand and gravel while the other minerals are decomposed into other
products as given under those special minerals ahove.  The resulting
s0il material formed is a sandy clay. the color depending upon the
amount of iron-hearing minerals in the granite. The soil material
formed from rhyolites and other voleanie granites differs unly in
fineness from that resulting from intrusive graniles.

(1) Syenite-Trachyte.—This group conxists chicfly of the
feldspars, orthoclase or albite. minerals of the mica, amphibole or
prroxene groups anid a small amount of apatite. Tt differs from the
cranites in the absence of quartz. Its decomposition is similar to
that of the granite but gives a clay free from sand, colored by iron
compounds,  This rock is not so commen as granites.  Trachyle is
nic form of syenite.

() Diorite-Andesite.—"These tocks contain oligoclase, mica,
usually biotite, amphibole or pyroxene and apatite.  Quartz nay
be present.  The soil material formed 1 either a rather highly
colored cluy or sandy clay, depending on the absence or presence of
quariz in the original rock.  Andesite is a common voleanic form,

(d) Diabase-Basalt—"['his group of rocks consists of labrado-
vite, amphibole or pyroxene, usually the Jatier, and small amounts of
apatite.  Quarlz way he present in small quantities as in the case of
the diorites. Usually large amounts of magnesium and iron-bearing
minersls are present.  The deconiposition of this group gives a
highly eolored clay containing large amounts of hydrated mag-
nesium silicates. Basalt is the voleanic form.

Other groups of igneous rocks might be given, but these are
sufficient to iustrate the changes that take place in the formation
of soil material from them.

2. Aqueous rocks are divided into three classes, (a) those
whose constituents have heen in solution and have heen deposited
hv ecoling, evaporation, release of pressure or hy direct chemical
precipitation: (h). sedimental or fragmental deposits, those formed
hv the breaking down of preéxisting rocks and depasited by the
action of water; and (c), those formed largely by plants and
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aunuals, 105 quite impossible wodvaw any distinet lines bhetween
the groups.
(1) Chemical Precipitates.—Ilinks furmed in this way are not

of areat deal of importance as soil foroers, hut have great eoo-

noutic value, These inelude the procious stones, the ores hoth of
useful and precious metuds and deposits of plant food, especially
potassinm and phosphorus,

() Sedimentary or Fragmental—'Tli~ division includes
be divided into classes ae-

sandstones and shales. Sandstones nay

cording 1o the naterial that coments the particles together, as
silivenus. Terraginons, or ealearcons,  Siliceons =audstones Lireak
down Lorcely through physical or meelanical acencies, forming a
stnly soil of unnsaally Jow aseicultnral value, A good example of
tiis is the Nto Peter’s sawdtone of vorthery Hlinois. Ferruginms
sitndstones are hroken down i a way similar to the siliceons, exeept
apt o affect the cementing material,

thit chemival agents are mor
The resulting soil = a sand, colored by campouinls of iron and does
nol possess o high degree of Tertility.  Tn the hreaking down of
calearcons saudstones, the lime is dissalved out by the action of
carhonated water. thus (rocing the particles amd forming a rather
poor sandy soil. The decomposition of felspathic sandstones may
give rise to soils of fair fertility hecanse of the potassimm and lme
present, but on the other hand micaceous sandstanes produce sails
of low value.

Shales vary Targely in physical composition. Sonie are composo
of clay while others contain much coarser material, sneh as silt or
even sand.  The indurated charvacter of shales is prineipally due to
pressure and they are consequently easily hroken down into soil
material. The stratification also aids this process. The soils formed
frone shales vary from very heavy elay to silty or saudy oves, and
iy he extremely difficult 1o work.  In general shale soils are not
of high agricultural value,

(¢) Organic.—Thiz includes those deposits that have been
formed through the ageney of organisms.  They consist of coal,
chalk. marl, and limestone.

Caleareous rocks include chalk, marl, and the various limestones
(Fig. 1) Soils are formed from these through the solvent power of
carbanated water which removes the lime and magnesia as the
bicarhonate, leaving the insoluble impurities as soil material. This
may consist of particles of sand or quartz or some of the finest roil
constituents as silt or clay (Fig. 2). Timestones frequently con-
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tain masses of chert, impure quartz, or flint which may constitute
no small part of the soil, thus giving rise to cherty or flinty soils.
The rapidity with which a soil is formed from a limestone depends

M T Y ~;~“‘ IR
~ S iv ‘ s \

Ta. 1.—Limestone composed chiefly of shells of Brachiopods. (Church.)

Fi6. 2.—Limestone containing large amounts of Crinoid stems. (Church.)

upon the amount of impurities present. A limestone containing
twa per cent of impurities could leave approximately two feet of
residue for each 100 feet of limestone removed in solution provided
nothing is lost by erosion. Limestone soils are usually fertile.
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3. Metamorphic rocks include those that have been changed
from their eriginal condition by botlr physical and chemical agen-
cles. These may have been of cither agqueous or igneous ori
+ to marbles from limestones, slates fron

Clianges have given ris
shales. and gneisses and schists frony igneous rocks.

QUESTIONS
L. Deline soil.
2. Wlhich of the clements il fur crops wre taken from the wir s
whieh frem the il -
3. What is the significance of the hardness of a mineral in the formation of
solls?
should quarte be such a conunan constituent of soils:
s litt) feldspar found in sorls when it is so abunduant in rocks?
< the chivl value of zeolites?
. What is the importance of nonesilicaies as soil formers”
. Which are the prineipal non-silienie minerals in soils of humid region<t
9. Tow are igneous rocks formed ¥
10, Give distinetions between granites, svenites. diorites, and diabases.
1L Distingnish hetween chemieal precipitates and sedimentary rocks.
120 low are soils formed from calereous rocks?
13, Where do we find soila formed from chalk?

Trom limestone?

REFERENCES
'Clark, . W, Bulletin 616 U, & Geologiea) Xurvey. The Data of Geo-
chiemistry, 181G, p. 34.
F Merrill, G, I'., Rucks, Rock-Wenthering and Soils. 1906, p. 15,



CHAPTER 11

WEATHERING

Rocgs are broken down info soil material through the processes
of weathering (Figs. 840 nnd 5). These may be divided inte (1)
phivsical agencies that break the rock into smaller pieces without
afecting it chemically, and (2) chemical agencies that change the
composition of the minerals forming the rock and in *v doing exert

| vy

Fra. 3.—Irregular weathering of rock due to joints and stratification. Note talus at base.
(Chamberlain and Sulisbury, Courtesy Henry Holt & Co.)

o marked influence upon its physical character. The work of the
physical agencies is disinlegration, while that of the chemical agen-
cies Js drcomposition. Each is accompanied and aided by the other
in its work and the changes tend to produce more stable forms under
existing conditions. As an illustration, feldspars are not very stable
minerals under ordinary conditions, and hence break down iuto
suhstances that are more stable. The chemical changes produce
hydrous aluminum silicate, carhonates and free silica which are
much more stable than the feldspar from whizh thev are derived.
Physically, the clay is much more stable than the original mineral
11
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areven the coarse soil constituenis he

s¢ it lias approached more
ely the Himit of mechanival division, The wthers may e broken
wi o smaller fragments by the iz

encies of weathering.

T

weatbering than Fig, 8. (Chamberlain and Salisbury,
ourtesy Henry Holt & Co.)

e

“Capitol Rock,” Butte, Montans, The different levels are due to varving hard-
ness of the rock strata.
1. PHYSICAL AGENCIES,
(2) Heat and Cold.—In general, substances expand when
Leated and contract when cooled.  This is true of rocks. Tley are,
however, poor conductors of lLeat and the high temperature of the
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rock extends to only a slight depth. The greater expansion of the
surface produces o strain that frequently causes a laver to break off,
cametimes with cousiderable violence (17 ). In Lower Cali-
fornda, =labs as mueh us ten feet long and from eight fo ten inches
thick lve been obgerved on the southwest side of rock exposures
that were produeed i this wav. Many shilar cases muy be seen in
the arid regions in southwestern Uniteld States. Boulders are some-
timies found in this latitude that show peenliar exfoliation due to
unequal heating.  This action more noticeahle i fine-grained

F1a. 6.—Lxfoliated granite in the Sierra Nevadas, Californin.  Previous glaciation
bas removed the loose material, giving the ageney of heat a better chance.  Rocks, Rock-
Weathering and Soils, Merrill. (Courtesy The Maemillan Compnny.)

thau in coarse-grained rocks, and in higher altitudes where the tem-
perature changes are great and sudden. W. H. Bartlett? has shown
that granite expands or contracts .0000048 of an inch per foot for
cach degree Fahrenheit.  Marble changes 0000056, while sandstone
changes 0000095 of an inch per degree.  Practica) applications of
this principle have sometimes been made in quarrying and in re-
moving rocks in constructing roads. Boulders may be broken up by
heating and cooling suddenly. Rocks are made up of various min-
eral crystals that possess different coeflicients of expansion. The
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repeated differential expausion and contraction of adjacent unlike
minerals due to temperature changes of day and night leosen the
crystals, causing the rock to erumble, This plays o miore prominent
part in the breaking down of coarse- than fine-grained rocks. In this
wuy rocks are weakened and finally reduced to soil material by
other agencies,

(b) Freezing and Thawing.—When

Fro. 7.—Columbin Glacier overriding o forest. Alsskn. (Courtesy Nationa) Geographic
Mugszine, Woshington, D. C. Copy:izght)
liquid to the solid cordition its volume is increased by about nine
per cent, and the force exerted is 130 tons per square foot. or over a
ton per square iuch. Water frequently freezes under conditions such
that part of this force is used in eularging crevices in rocks, break-
iy off emall fragments or displacing masses to such an extent that
when thawing oceurs they may roll down the slope. This is espe-
cially noticeable during & morning thaw on stony sloves free from
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vegetation. Verv porous rocks are frequently disinfegrated rapidly
by freezing. especially when the rocks approach saturation. Rocks
];()SS('\\‘ng vertical joints or made up of inelined strata of different.
material will weather rapidly beeause of greater alizorption of water.
Thig action dees not occur in tropieal or subtropical elimates, but in
temperate regions it is very important in breaking down rocks and
in keeping the subsoil open =o that hoth air and water may enter the
<oil much more readily and earry on their work fo a greater extent
upon the underlying rocks.

Fra. .—Front of Columbia Glacier in 1910 compared in height (o Bunker Hil Mooumeni,
The pinnacle fell a {few minutes after the picture was taken. (Lawrence Martin )

(¢) Glaciers,—At the present time the work of glaciers is lim-
ited to a comparatively small arca of the earth’s surface (Figs. 7
und 8). During the glacial period about half of North America
and Lurope were covered with an ice sheet, and the work of this
agent wag very important iu thut it leveled hills aud filled vallevs,
ground up and deposited large umounts of fine soil-forming mate-
rial.  This deposit is found not onlv on the glaciated arens. but was
carried far beyond the ice sheet hy water and further distributed by
the wind, Glacial areas are now confined to polar and a few moun-
tainous regions.  Greenland with an area of 300,000 square miles is
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Largelv covered Ty an fee <heet. This approaches somewhat the con-
divion that existed over North America and Burope during the
alacial periad.

Glaciers consizt of ive formed Trom extensive accumulations of

il does

snow. The mioving ice oheys some of the Taws ol streams
but the fact that i

the =ame Kind of wo a solid hody gives it
creat grinding power. Tee exerts g pressure of [orty pownds per
square inel Tor every ane hundred feet in thickness. and geologists
stimate the iee to have Teen from a few Tndred to five thousand
feet or more in thickoess during the glucial period. This great
pressure wives the ive nunense denuding and grinding power.
Glaciers move from a [ew inches to 30 or 60 feet a day. the move-

Fra. 0.—The material earrded snd rolled by streams gives them their preat eroding power.
(UL S, Reclumation Serviee )

ment heing more rapid in summer. In their movement large nusses
of ook hecome mbedded i the hottom of the glaciers, grooving
il rinding the solid rock over which they pass. It must be
remembered, however, that the ice did not hold these rigidly.

(d) Erosion of Streams.—Flowing water doubtless is the wost
extensive physical agent in the formation of soil material ar the
preseut time, The streams with their load of clay, silt, sand, gravel,
and even houlders are not only using these tools to deepen and widen
their valleys Tt they also grind the materials into powder fifted for
soil formation.  The work of moving water varies as the square of
the velocity, If the velocity is doubled the work that the stream is
capable of doing will be inereased four times, since by doubling the
velocity, twice the number of particles will strike an ohject with
double the force. The deepening and widening of the stream chan-
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nel is due' mainly to the mechanienl wear or friction of the material
carried by the water (g 9. Clear water abrades very slowly.
A rapidly flowing stream rving large amounts of matenal abrades
its bed very rapidly. This may be illustrated in the valleys that
have heen cut hy streams that contain water only alter very heavy
rains. Level ]»Ia.h-n,lx.c lave been disseeted and ehanged into a rugged
country of hills and vallevs by comparatively small wet weather
arenms.  The entire land surface has been areatly modified by this
process and the transported material used largely in soil formation.

F16. 10.—Inner gorge of Grand Cafion of the Celorado River, Arizona. (Waleott, U. 8,
ieal. Survey.)

Captain C. E. Dutton * estimates that 10.000 fect of rock strata
have been removed from an arca of 13,000 10 13,000 square miles
by the Colorado River (Fig. 10).

When quartz is ground up through the action of moving water
much sand is produced, and after these particles have been reduced
toa certain size the permanent water film protects them largely from
further attrition. On the other hand. feldspars when suljected to
attrition form an impaipable mud or clay accompanied hy cousider-
nble Toss of hases such as potassium, sodium, or talcium. according
to the kind of feldspar.

2
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(¢) Waves,—Wave action i confined to the shores of seas and
the larger lukes. Ty many places this ageney breaks dowy solid ¢liff=
into masses of rock that lecome hroken and worn into rounded
houlders, then to pehbles, and finally ioto Gue naterial that is ear-
ricd away and deposited in deeper water or insheltered inlets to
form la On the Mlantic coast of Britain waves sometimes exert
w pressure of three tons per square foot. The average foree is G611
pounds per square foot in summer and 2036 pounds in winter,
Iach wave results in the movement of more or less material, and

Fra. 11.—Wind-carved granite, The tools were grains of . Camps Bay, 8. Africa.
(Chamberluiu and Salisbury, Courtesy Henry Hoh & Co.)

this movement is accompanied hy attrition producing fine material.
Shaler has observed that at Cape Ann, Mass., granitic paving blocks,
weighing about twenty pounds, when exposed to the action of the
surf for a year, were worn into spheroidal boulders that would indi-
cate a loss of more than an inch.

(f) Wind.—The movement of wind is universal, hut its effect
is destroyed or greatly reduced, at least, at certain seasons of the
vear over large areas of the land surface hy the covering of vegeta-
flon.  Along the coasts, in the arid intericrs of continents, and
during winter and spring in many areas, a large amouut of work is
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done by the wind in wearing down solid rocks and coarse soil mate-
rials o dust. The impact of sand particles against rocks and
st cach other gradually wears them down into fine materials
(i 1), The largest nunibor of particles are moved near the sur-
ground, henee the greatest amount of abrasion will take

face ol the g
place theres A honlder will e worne away slowly on the windward
<de at the hase until it topples over, and the pracess will then e
repeated until it is entirely destroved. Along shores the glass in
witdows of houses i sometimes worn through by the impact of
saml o particles, aml an instance is g

civen by Merrill® where the glass in
alighithouse was ruined during a <in-
slestorm, Sand blasts are used to
produce ground glass. The natural
monuments and * mashroom ™ rocks
in the West owe their origin largely
to the work of the wind.,

(=) Plants.— The  meclianieal
action ol plauts is shown by the
crowth of roois in erevices or fissures
of rocks wnd the prying apart of groag
nutsses, thus giving other azencies
al opportunity for effective work.
The force exerted by mushrooms or
toadstonls is sometimes suflicient to
raise blocks of stone, while cement
wilks are frequently ruined by the
Tlilting action of roots of trees grow-
inz adjacent {Fig. 12).  Flilgard?*
makes this statement. “ Actoal meas-
urement has shown the force with which the root, e.g.. of the zarden
pen penetrates, to be equal to from seven fo fen atmospheres pey
square inch.”

. 12.—~The roots of trees form
wedgos for prying rocks apart. (Gil-
bert, U, 8. Geol, Survey )

L. CHEMICAL AGENCIES,

(a) Acids.—The atmosphere in all Jocalities contains more or
less aeid gases, which in combination with the moisture of the air
form acids that are brought down with the rain. These acids are
much more abundant in the vicinity of manufacturing plants, smel-
ters, and large cities where they are produced, largely by the burning
of coal,  Sulfuric acid is probably the most common of thesc and
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contributes much toward the breaking down of rocks.  Nitric acid is
formed under certain conditions in the atmospliere, and, although
the wmount reaching the surlface of the carth per acre per annum is
small, amounting ar Rothamsted, Eugland, to from 2.81 pounds to
2,95 pounds, yer the long-continued action of this acid during geo-
logneal time has done a great deal toward breaking down rocks into
soif material. In some boealivies hydrochloric acid forms a very
active agent, especially upon lmestone and marble,

(h) Carbon Dioxide.—The most effective acid in decowposing
rocks is that produced by the union of carbon dioxide and wuater, or
carbunic acid. Carbon dioxide s found in the atmogphere in all
localities, but, of course, in slightly greater quantities near cities
and factories than at other places, It is considered a weak acid, yet
vevause of the fact that it is always present, it exerts an bomense
influence in hreaking down rocks, especially those containing lime,
magnesia, potash, and soda. The soil air contains much larger
amounts of carbon dioxide than the air above, thus percolating water
hecomes highly charged before coming in contact with the rocks
beneath.  Carbonated water s an almost universal =olvent. The
anount of carbon dioxide in air under different conditions is shown
by the following table:

Amaunt of Carbon Dioxide b the Nail Uive and G the A twosplicre s

Prarts per million by weight
Urdinary atmosphere . S N5 o BOY
Adr from sandy subsoil of fu 3,800
Adr from loann subsoil of o 12400
Air from surface soil of forg 13,0060

Air from surface soil of vine, 14.G00
Aur trom pasture soil.o.oo. e 0G0
Adr fom sail rieh in humns. ... .0 oL 34300

Iischer Jas shown (hin iy rote and snow water the amount of
carhon dioside varies hetween 0.22 apd 045 per cent by svolume of
water, These figures wevording to Merrill would give for the Atlan-
tie Coust States a depth of 3.76 mm. of carbou dioxide brought to
the surface in rain and snow, for the upper Mississippi valley 2,50
innw, for the Iower Mississippi vallev 4.50 mm., and for the North-
crn Pactfic Staies 6.25 mm. Water percolating tloough soil would
ahsorb additional amoeunts.

{¢) Oxidation.—"The only clement thai free oxyvgen of the air
acts upon is iron when in the sulfide or ferrous condition.  When
the iron of the sulfide is oxidized, iron sulfate is formed, which is
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<oon further oxidized so that the hydrated ferriv ovide and sulfurie
acid are produced. The resulting oxide is much softer, more easily
removed by water and more bulky than the ~ides henee beeames
quite ahsorbent of moisture and is then readily affected by freczing
and thawing,  The expansion produced by the change tends 1

Joogen the erystals of the rock and make it very susceptilibe to other

acenicies. The same s true in the case of iron existing in the ferrous
condition either as a carbonate or silicate. The resnlting prodoets
af decomposition tend 1o color the =oil material, producing a yei-
lowizh, hrownish, or reddish colar,

() Deoxidation.— 1 nder certain conditions oxvgen will he
removed from sonie compounds, bat as a means lor breaking down
rocks this is not very important. The chiel agency in deoxidation

ix organie acids. The great allinity of these acids for oxyvgen enables
them to take part or all of 3t from eertain compownds, espeeialiv
those of iron, as oxides or sulfates producing a different mineral
with entirely different physical properties, the most noticeable of
which are color and hardness. In swamps organic acids freguently
reduce ferric oxides to ferrous oxides and sulfates to sulfides, result-

ing in a grayizh or drab color in the sabsoil. Phe grav <ubisarfiee
and subsoil of many of our poorly drained =oils sre uniloubtedly
due to the process of deoxidation,  The soil wnder a peai bed s
usnally drab, jndicating a reduction of iron.

(¢) Hydration.—During the process of weathering cevtaiu of
the comtpon wiverals that compose igneous and metamorphic rocks
unite with water which not only changes the chemical compo-ition.
but produees very important changes in the physical chavacier of Jin
minerals thai aid greatly in hreaking them down into soil waterial,
Thix change is usually attended with more or less loss by solution.
Oue of the most important changes is the increase in volume, by
which there is a tendency to rupture the rock. 11 uo Joss tuok place
by solution, the change of grauite into soil through various processe-
of weathering would give an increase in bulk of as muel as 88 per
cent.® a large part of which is due to hadration, At the same time
the hardness of the rock ix lowered very materiallv. and this, of
course, gives other agencies a better chanee.  The ahsorpiion of
water will also be increased and [reezing and thawing will be more
effective. The general result of hvdration is o render the rock very
suseeptible to other agencies. The process of hiydration goes on to
great depth. Apparently solid buf hydrated rock taken from many
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Teet bepeath the surface will erumble or = slake ™ upon exposure
1o e air.

(/1 Solution.—Water is
creatly inereased by the prescice of substanees in solution sa that

universal solvent, bui jis power is

1 beeomes a very active agent in hreaking down rocks. hs efficieney
15 oreatly fnereased by the preseiee of carbon dioxjde which is
absarbed by rain water Trom the atmos=phere and s<till more Trom
e soil wir as it percolates through the soily the air of which eon-
amonnts of carbon dioxide. The water thus becomes o

tains larg
Very aetive solvent (see table page 20,

of Constituents from Rocks 3

Beeons
posd | Fresty |1

l
pusec

0.4 0.68
.12 4
150 5

l-rnmnx}( .(')

Total. TO0.R5 100

T01.00 T00.7N 100.8

honated water in dissolving minerals of different
1 for 48 hours in

the power of ¢
kinds.  The minerals were powdered and (i

carhonated water, and from (L4 to T per cent of the whole mass was
dissolved.  When 40 grains of powdered hornblende were digested
for 48 hours in carbonated water at a temperature of 60 degrees T,
the following percentages were dissalved:  Silica, 0,08 oxide of

iron, 0,095: lime, 0. and magnesia, 0,095, Tt is to be under-
siood that this process will not take place so rapidly under natural
conditions hecanse the minerals are more massive, hut at the same
time the process is going on constantly.  Richard Miiller has shown
thar during seven weeks of treatment of minerals with carhonated
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water that 0.533 per cent of the entire weight of oligortase, 1,556

per-cent of ornblende, 0307 per cent of magnetite, 200 per cent
of apatite, 2010 per cent of olivine and 1211 per cent of serpen-
tine were dlissolved. The caleinm, magnesium, and other alkalis
were in sohution in the farm of earhonates. Carbonated water acts
very readily upon limestone, and the caverns fomd in our

Fra. 13.—Stalactites and stalagmites formed ip a cavern from limestone dissolved by
carbonated water while passing through the rocks above.  Rocks, Jtock-Westhering
aud Soils, Merrill.  (Courtesy The Mucmillsn Company.)
evidence of the great solvent power of water. 1t is stated that there
are 150,000 miles of subterranean passagewavs in the limestope
region of Kentucky, and practically all of this material was removed
by carbonated water. In these caves the stalactites and stalagmites
owe their origin to the limestone dissolved by the water hefore it
enters the cavern (Fig. 13). The solution of the limestone has
produced sinkholez on the surface that gives a peculiar topography



24 SOIL PHYSICR AND MANAGEMENT

to cave regions.  These sinkholes or hasins vary in size {rom fen to
fwo hundred feet or more across and from three to fifty Teet in
depth (Fig, 1), They vary in frequency as well as size.  In some
localitics there are only o few small ones that are not ubjectionable,

Fra. 14.—Rinkholes in n rave region—Soutbern Tllinoia. The bottoms of the sinkholes are
still vecupied by brush.  (H. C. Wheeler.)

while in other regions they are so large and Irequent that the land
is entirely worthlegs for cultivation.  When the outlet from these to
the cave hecomes clogged, ** sinkhole ponds ™" result (Fig. 15). In

Fia. 15.—The outlots of sinkholes sometimes become ologged and “sinkhole™ ponda
Tesult, (H. C. Whocler) o o pon
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Hardin County. Hlinois, o luke varying in size from 100 to J00
acres was produced by the stoppine of the smlkhole outlers.

The provess of solution Torms soil material by the removal of
soluble substances, as in Ui case of Hmestone, Teaving the inipuri-
ties, vr

in sandstone, Iy gaking out the cetuenting material, Jeav-
ing the meoberent sand, ad D the case of 2eous rocks removing
somie of the potash, soda. lime, magnesia, or some other compounds,
and leaving a vesidue more or less modified as sofl-forming material.

From the amount of ime carbonate carried by the Thames River
it has been estimated that e sverage amount of vhis material dis-
solved Trom the Pruestone arca drained by tlus streawm is 133 {ons
per square nile inone year It is extimated that on the ayverage
something like one-third as much nwner s carried o the sea
in solution as in the form ol sedimaent, and that by this
process alone land arcas would be Jowered sometbing ke ono
foot in 13,000 vears.”

(v) Plants.—The roots secrete acids that attack (he rocks and
ajd solutrou. The roots of a plant growing on w polished nwrble
surface removed the polish by acid Trom the roots showiig the setion
of the acids on the rock. While this action ny the case of a single
root is very slight, vet it plays a rather important part in ajding
decomposition hecause of the infinite number of roots coming in
contact with the soil particles and their long-contmued action.
This may be shown where the surface of stones arve covered with
lichens.  Linough rock ix broken down to give higher plants, such as
Terus, a chance to grow, aud these in turn by the action of their roots
and other agencies produce more ~oil numterial that encourages still
higher plants to grow. These plants hold the material in place and
allow suflicient accumulation to form soils. The action of the roots
of plants on the miverals in soils is very important while they are
alive, and eveu when they decay they aid wmaterially in the solution
and liberation of plant food and decomposition of rocks.

(h) Animals.—Many animals burrow in the soil, and their
action on the minerals tends to ald decomposition and disinlegration.
This is especially important in the case of earthworms, ants, and
similar animals. Many of these carry vegetable matter into the soil,
which, by its decomposition, aids in the breaking down of minerals.
Tarthworms pass large quantities of soil through their hodies,
the minerals of which are acled upon by the acids in the alimentary
canal and partly decomposed. Jiven the larger rodents, such as
gophers, ground squirrels, and mice exert considerable influence in
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the Tornati ol soils, botls i the breaking dowi ol winerals and 1

soil,

wixing of =oil wnl sulx

QUESTIONS

1. Deline weathering.

20 Distinguish between tie two forms.

A Does Kaolin change info other mineral=r Wiy v

o what ways de heat and cold disintegrate rocks?

S50 Why does not a singde hard Treeze break all frozen raeks into fraginents?
G Give the principal wlacial areas of the present time,

oo Whad is the Taw Tor the work of strewms?

8, Give some good loeal example of erosion.

C How do the waves do their work s

Wy s the wind such an effertive |'ru~\\« aoent
. Whit is the source of eneh of the ac in weathering?

Wy does the sai) air contain more carhon Qioside thun the anosphiere ?

How does oxidation lasten the breaking down of rocks?

Dovs deoxidation aid in mineral decomposifion”

Bring in a saumple of feldspar that <hows hydration,

Calenlate the percentage of Time lost from cach rock given in table an
17 ('ul’: n .l'v the loss of magnesia in the same way.
(= [low s stalactites and stalagmites formed?
19, Why ave limestone =oils so frequently acid?
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COATTER 1T
THE PLACING OF SOIL MATERIAL

1. RESIDUAL, GRAVITY-LAID AND WATER-LAID DEPOSITS

Tre mineral part of =oils is derived from rocks through the work
of the geological forees given,  Only a small part of the disinge-
grated and decomposed rock material produces soil where first
formed. By far the larger partion is moved from the place of ifs
origin a few feet, or it may be thousands of miles, The mate-
rial remaining in place produces sedentary soils.

. SEDENTARY FORMATIONS

Sedentary Formations are those in whicit the greater part of
the waterial was formed in place, as when rocks weather iuto
debris fitted for the Tormation of soils, or when large amounts of
apcapice malter ;u-rnmn]nlr through the growih and partial decay
al mosses, gra and other plants. This cliss of forma-
tons s ‘[mdul into residual and cumulose soils,

. Residual Soils.—\ residual zoil
\\n'nugh the decomposition and disintegration: of rocks and the
action of crganie agencies, 1 varies i composition with the rocks
from which it is derived, and we have in general those materials (a)
from igheous rocks, as granites, syenites, diorifes, diabases and
utbers: () from aqueous rocks, limestones,
shalest and (¢) from metamorphic rocks, i
bles, and slates. By subsequent changes quite different soils result
even from the same kind of rocks. The i impiression often prevails that
mozt soilx are residual. This, however, is not the caze. Not over two
per cent of the soils surveved in the United States hy the Bureau of
Soilstare derived from igneons and metamorphic rocks, and not over
five per cent from sedimentary rovks such as sandsiones and shales.

2. Cumulose Soils.—('umnlose soils are formed by the accumu-
lation of organic matter in undrained areas to such an extent that
it forms a very large portion of the soil.  These are divided info
swamps and marshes. Swamps are {resh water formations, while
the marshes are formed in brackish or salt water areas. The organic
matter of these cumnlose deposits is derived chiefly from mosses,
sedges, and grasses, but almost any form. of vegetation may add to
the deposit. In north temperale and subarctic regions sphagnum

27

s one formed in silu

sueh as sandstones
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moss rives Tise o immense deposits of peat, in some cases probably
Landreds of feet in thickness.  Grasses usually grow with the
mosses and add to the aceumulation. In more southern regions,
s catlails and sedges form a large part of the deposit, while
x constitute the

Lrasses
in subtropical regions the palmetto and saw grz
chiel plants from which the organic matter is derived.

Swamps may be divided into river swamps, peat bogs, lake
, climbing bogs, wet woods and ablation
self-explanatory,  River swan s

swamps. quaking  bog
swamps.  These ferms are almost:
may oceur iu the flood plain where ox-how lakes, represent{ing

Fia 16 —Ox-bow lakes formed by shifting of channcl, &, T and € Sedinentation on
joner side of curve. (Shaler,)
former channels, have heen transformed into swamps by filling with
hoth organic matter and sediment (Fig. 16). In wide flood plainz
low swianpy land way le back toward the bluffs away from the
river. Delta Tands are wsually swanpy.

Teat deposits may he formed (1) in low places where the water
is shallow but the supply constant (Figs. 17 and 18). This type
i found in sand dune or gravelly arcas where the water seeps out
at the hase of saud Wills or gravel terraces.  Peat formed in this
way is rarely of any great dépth. Peal hogs may also he formed
(2) as shown in figure 19, The sphagnum moss begins to grow at
{he margins of the Take and exteuds out over the water, forming a
quaking bog, and up the bank, as a climbing bog. The growth over
the water ig quite rapid and the small pond or lake may become
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covered with a Hoating mass of vegetation which soon becomes suf-
ficiently solid to form a support for other plant< such as rushe

grasses, and sedges.  The growth of these soon so strenethen this
floating mass that still other species of swamyp vegetation, including

5 - .

Fig 17 —=Typical castern swamp land.  The grass will be preserved from decay in
the water, Leaves from the forest will udd tv accumulation. A soil rich in organic malter
will res

f

TFra. 18.—Tlorida everglades.
some shrubs, gain a foothold. Torest trees may ultimately cover
1 While the process above deseribed is taking place partly decayed
vegetation is dropping to the hottom of the luke frow the under
side of the floating mass, and this accumulation may go on till the

Fia. 19.—Section showing one step in the filling of the lake with peat: cc, moss growing
on surface of luke: dd, partly decayed peat thul hus fallen from flonting muss; ee, climbing
bog. (Shaler.)
pond or lake hecomes completely filled. Accuminlations of peat also
oceur around springs, giving rise to quaking bogs (Fig. 20). In
puorly drained areas the moss may grow on the surface of the soil
in sufficient amounts to forin peat. Oftener, however, it forms only

a pndl 2lak e ameamis miattan
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A el woods swamp is where a forest area with a slope of less
than five degrees has been transformed into a swamyp through the
accumulation of vegetable material and the consequent inerease of
moisture. The oviginal forest may be entirely destroyed and re-
placed by plants adapted to swamp conditions,

Awablalion swany 1= produced by the solntion and earrving
away of certain more soluble strata, such as gypsun, salt or even
limestone, between Jess soluble strata, thns cansing o lowering of
the surface and hringing about swamp condiiions.

1T, THANSPORT FORMATIONS

Various agencies are engaged in the movement of =oil material,
namely @ gravity, water, ice, and wind, and the deposits formed by

Fro. 20. —Hummmks 6 to 12 inches high, found in \\'nn)n plm.w produced by tramplug of
stock.  Commonly callea " boy (R. W. Dickenson.

these are known as colluvial, sedimental, glacial, and ¢olial. During
the trausportation of these materials many particles are reduced
in size and other changes brought about.  Over ninety per cent of
the soils surveved by the Burcau of Soils ' in the United States are
Jormed from transported material.

1. Colluvial or Gravity-laid Soils.—Gravity might be said to
be the active agent in the formation of all of the above, but gravity,
wnaided, is very Jimited in its work, being confined to areas of
vertical cliffs or very sfeep slopes. The nmlerml transported by
gravity and depaosifed at the hase of cliffs covsists of a heterogeneous
mixture of detritus that has been loosened by the processes of
weathering and carried downward by gravity. This accumulation
is commonly designated as {alus or (h)‘]’ débris (Figs. 21 and 22).
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P Y
LR

Fic.21.—Weathering of Jointed rock nbove and thin bedded beneath. Note talus deposit
at bade. Near Bluff City, Utah. Rocks, Rock-Weathering and Sqils, Merrill.  (Courtesy
the Macmillan Co.)
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Tt shows very Jittle or vo assorting action, although in some cascs
the finer maferial may he washed ouf hy waier and deposited at the
buse, thus leaving the coarser materal bigher up on the slope, while

1 22.—Rock disintegration apd formation of talus xlnilvc More advanced stage. Mount
Sneffels, Colo.  (Mernill.

)

2y, Copyright lackwelder and Harlan 11, Bamrows.
American Boak Carmpa: Publishers)
Fra. 23.—The side of a ravine near Crawfordsville, Indiana. The more rupid creep of
surface material has caused the trecs to lean down hill.

(From Elements of Geology,

in other cases the coarser material may roll down the slope to a
greater distance. leaving the finer at the top. This process of weath-
ering and downward movement of material will finally transtorm
the vertival cliff into a steen slope which will represent the anele
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of rest of the detritus. The downward movement does not slop here,
for there is a certain amount of * creep ™ duoe to freezing nud thaw -
ing, and the action of wuter aided by gravity (Fig. 23) that wln-
mately reduces the slope so that 1t way be cultivated. These talus
slopes are small o extent and are of very little agrivulfural value
lievause of their stony character.

2. Sedimental or Water-laid Soils.—The materiat forming
these deposits hax been carried in suspension or rolled along the
heds of streasus for a greater or Jess disfance frow their place of
origin.. When a bady is immersed in water, it loses weight eqnal
to the weight of the water dizplaced by it. This buovant effeet
enables fine particles fo yemain in suspension for a Jong fime aml
renders coarser material more casidy moved than whien in the
atmosphere,  The total amount of material carried by running
water varies as the fifth = power of dtx velocity while the size of
purticles carricd varies as the sixth power, so that doubling the
velocity incereases the amount of material thirty-two 1imes and the
size of muterial carried sivty-tour times. 1[0 the veloeity were
trebled the amount s inercased two hundred and forty-three and
tlie size is increased seven hundred and twenty-nine times. Then
il a given current carrics particles .1 . ju diameter doubling
its velocity enables it fo carry material 6.4 nim. in dinmeter, or
trebling the velocity enables it to carry particles 729 nmum. in
dinmeter.  The following table shows the character of material that
may he carried or swept along by the current.

The Meterial Corried by Water of Varied Velocity®
Taches per Miles per
second hour
3........0070 —will just move five clay.
i) 1ift fine sand.
—will 1ift sand as coarse as lingeed.
.. 0.68V9—will sweep alovg fine gravel,
.. 1.3638—will roll rounded ]])ul)hlm 1 inch in diameter.
.2.045 —will sweep along slippery, angular stones the
size of an egg.

Another f{actor in the transportation of soil material is given
by Ring.* Whep a particle is immersed. it attracts a film of water.
which becomes an essential part of the particle. moving with it
wherever it goes. The specific gravity of soil parficles is approxi-
mately 2.65. The immersed solid-liquid hody has such low specific
gravity that very little force is required to keep_it in suspensiou
and so it becomes possible for a particle to be carried hundreds of
miles. This adherent film averages about .05 mm. in thickness. By
computation we find that a clay particle .001 mm. in diameter with

L
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a im0 mm. thick has a specific gravity of Loooe, This s so near
the specific gravify of water that the particle will remain in suspen-
sion indefinitely.  Professor King estimates that a force of only 4.4
pounds is necessary to heep the 11 tons of sediment in suspension
that is delivered at the mouth of the Mississippt River each second.
The inerease of the effective diameter of the particle augments the
effective cross-section 441-fold, and so only a very small vertical
motion would be required to maintain suspension.  The cffective
volume would he inereased 9,2G1-lold hy the adhering film. When
a particle of dust is suspended in the atmosphere it attracts a film
of air which moves with it in the same way as the film of water and
lessens ifs specific gravity, thus enabling it fo be held in sugpension
with a much smaller force than would otherwise be necessarv. The
specifie gravity of a elay particle 001 mm. in diameter, with an
adherent film of air, is 1.2336. For computing the specific gravity
of a particle immersed in waier the following formula may be used:

7d*X sp. gr. =D ad?
& +(ﬁu -

Sp. Gr.= L J— (L> = ',IKQ‘LH'D:‘ (D7 —d¥)

T T aDs
6

wD?

e volume of a sphere.

d=diameter of particle or solid nucleus
%7. gr.=specific gravity of the nuclens
=diameter of solid-fluid svstem
8p. Gr.=specific gravity of the solid-fluid system
The amount of material carried by the Mississippi River and

deposited in the Gull of Mexico anmually is equivalent to the re-
woval in 6,000 vears of a laver one foot thick over the entire drain-
age area.

Amount of Sediment Carried in Suspension Annually ©
| | Mean | \ . Height | Thickness
inage 5 Total Ratio of | inf. of | of sedi-
River | retatn | divebarge | tons sediment | colymn of | ment in
| Sari | imeufr. | anmually | 10 water | sediment, Jin if spread
b e second ) 1 s8q. mi. ‘ age ares
S | {
Potomac.. | 11,043 20,160 | 1 40 | 00433
Mississippi .| 1,244,000 610,000 4 1 2414 | 00223
Rio Grande.| ' 30,000 1,700 , , 1 28 | 00116
Cruguay...| 150,000 150,000 ' 14,782.500 1: 106 | 38
Rhone. .. .. i :34,800\ 85,550 | 36,000,000 1: 3L1 | 01075
Po.........| 27,100 62200  67.000.000 1: 590 | 01139
Danube.. . .| 320,300| 315,200 1108.000.000 93.2 00354
Nile . ...[1,00.000 113000 | 54.000.000 1 388 | 00042
Irtawaddy..| '125,000, 475,000 201,230,000 | 1 209.0 02005

Mean .. .. 334,693| 201,468 '109.640,972 1:
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Classes of Sedimental Soils.—There ave three classes of sedi-
mental soils, marine or sea-laid, lacustrine or lake-laid, and alluvial
or stream-laid.

o

Fig. 25.~Map showing the early stages in the formation of coast marshes. The numbers

indicate the depth of water in {fathoms.  (C. nnd G. Survey.)

(a) The marine or sea-laid deposits are formed along sea coasts
(Fig. 25) and include bars, spits. hooks, and marshes. Bars fre-
guently produce lagoons that ultimately become marshes.  Marine

Fic. 26.—Section of masiae morsh; b grass marsh ¢, vaud Laak, o mud Gate; d, ecl-ems.
(Shaler.)
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and salt marshes are divided into those above mean tde, as the
grass marshes and mangrove mayshes, aud those below mean fide,
mud hanks and eel-grass areas (Fig. 26). The mangrove marshes
vecur along the Florida coast and have played a very important
part in adding to the land arca (Fig. 27). 'The other form of
marshes oceur 1 wore verthern regions, the grass marshes belng

—Mangrove marsh, Biscayne, Florida. This mangrove advances into the
water by throwing out new roots. (From Elements of Geology. Copyright 1911, by
Eliot Blackwelder & Harlan H. Barrows. American Book Compuny, Publishcrs.)

~utliciently high so that they are covered only during the highest
tides. The cel-grass bavks are alwayvs covered, while the mud bank
i» intermediate between these.  Holland is an illustration of what
the marsh lands may hecome when drained and protected by dikes.

(b) Lacustrine.—Lacustrine or lake-laid deposits consis

3 A% - e — u

F16. 28.—Level floor of Lake Chicago, with the sbore-linein the distance. (R W. Dickenson.)
(1) terraces and beaches representing old water lovels and shores
and (2) the beds of extinet lakes. During glacial times. many
lakes were formed by the obstruction of drainage and many more
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were (illed 1o a greater or less eight with gravel and sand,  Lake
Agussiz, covering a large area in Minnesota, North Dakota, and
Cinnda, represents the former, while Lake Chicago (Fig. 28), an

extension of Lake Michigan to the south. and Maumee Lake, an

Fia. 29.—Terraces of Frazier River at Lilloet, B. C. Six in number. (Chamberlnia and
Salishun . Conrtesy Henry Holt & Cod

All of the Greaf lakes were mueh more exfensive then than now
aml subseqnent drainage Jowered the water and exposed parts of the
ald bed which now constitute Jacustrine deposits,  These give us
some of our hest soils. Locss and adabe may be formed, in part
at least, i Inkes.

(¢y Alluvial.—The alluvial. or stream-laid deposits, include.
firat. terraces. commonly called second hottom or bhench lands. that

Fi6. 30.—Terrace along Creek, near Rockford, Illincis, showing stratification. (H. W.
Stew:
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represent the former flood plains of ~treous which now flow st a
lower fevel ; second, first bottdoi Tands, or present flood pladns third,
deltas 3 and fourth, alluvial cones and Tans,
Terraces originate i three ways: (1) those Jormed by depo-
Stian of material from orerloaded streqns giving rise o sand,
v 29), These oceur principally along
fronm the melting glaciers,
Wien the eurrent decercased, the
load was dropped and the valleys
were filled to a greater or fess
height with gravel and saned. In
some cases the valleys were filled
almost to a level with the upland
(Fign, 50 and 313 Farther
down the <tream Hie terrace he-
came Jower and thediner material
was deposited. Whemthe glacier
retreated, the sfream, having na
load {o carry, wonld begin to cat
down through 1he gravel and
goon  ting formation would be
nmucl; above the stream and con-
stitule a ferrace, seeond bhattom,
or beneh land, The same action
might take place down the stream
where the fiuer material  was
deposited,  (2) Those formed
through eleration of land and
consequent rejuvenation of the
stream. thus causing it o cut
Fm'3‘ECI'I‘?;.N(‘fm‘-(ﬁ‘.mi\\(/’.";n’oi?r‘f} terruce  AOwWN througll\ and apanﬂon the
old flood plain and form a new
one. '(3) Those formed by pouding of tributary streoms due to the
Inilding up of the flood plain of the main stream more rapidly than
that of the tributarics. Tn this wav the lawer part af the trihutary
valley is formed into a lake which would receive a deposit af fine
material from the trihutary hut coarse from the inmushing waters
from the main stream Aduring floods. A reduction of the water
supply and the amount of sediment carried by. the main stream
will enahle the trihutary to cat down info the flood plain, drain the
lake, and form a new valley in the fll. Good examples of this are

cravel, or silt terraces (F
e streams that carried the drain
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seen along the irthataries of the Mississippi and Wabash Rivers,

The very heavy soils along these have been formed in this way.

QUESTIONS
. What, are sedentary formations?
2o Istanguish hetween residunl and cumulose suils,
- Uive history of an ox-bow lake ! its fonnation and filling.
L Give tour sways i owhich lakes may become extinet.
What conditions give rise to peal ¥
. How is peat formed ”
SVt is a0 climbing bog and how formed ?
How nay a wet woods become a swanip?
. Droe s diagram showing how ablation swamps may he Tormed.
10, How are colluvial soils formed ¥
11 What is meant by the = ercep ™ of material on hillsides
12, What are the laws for the carrying power of yunning water,
13. Give an example of this power.
14, What is the speeific gravity of a soil particle 00 m in dusneter and
its inclosing film of water .05 mm. thick?
15. How Tong would he required for the Potomae River to rermove 12 i
of muterial from its drainage basin at the rafe given iu table p,
16, What are the divisions made of marshes
17. W hat are the forms of larustrine dejrosits?
18. How are ferraces forme

REFERENCES
*Marbut, € F, Bepnett, HoHL Laphan, Lod wnd Lapham, Mo 1L Balletin
a6, Lulmu af Roils . i AL
¢ l’10uul)|xu~ volume 118, 1894,

"(‘mkw fL\tbn()k of Gealogy, 3rd edition.

*King. F. M. Suspension of Solids in Fluids and the Nature of Colluids
and Rolutions, Transactions Wisconsin Acad. Sei. Arts and Letters,
voluwe 16, part 1, 1008,

® Babh, Sciepce. voliume 210 1803, p. 3430

General References.—McCec. WL Hulletin 71. Burcau of Soils,
U.B..AL 1811 Rail Erosion. Davis, 1000 Fo Bolletin 1850, U.S.DLAL 1915,
Soil osion in the South.  Salishury. R. I).. Agencies whick Transport
Material on the Earth’s Surface, Journal of Geology, voluine iii, p- 170




CHATER 1Y
THE PLACING OF SOIL MATERIAL (Continued)
I1I. GLACIAL OR ICE-LAID DEPOSITS
Tr

< with deposits of material that may be divided into morainal,

glaciers and ice sheets of Tormer tines covered extensive

ur
intermorainal, drumling, kames, and eskers. During the glacial
period, practically all of North Nmerica north of the Olio and
Mizsouri Rivers, amounting to 1000000 square miles, was covered
with an ice sheet (Fig #2) that had gradually pushed southward

Fia. 32.—Front of Cheonega Gludier d with Washi M 550 feet bigh.
(Luwrence Martin.)

Fra. 33. —Vnry swny and grnvelly phuz-uof rd(mnl drift near Whitswater, Wmcrmmn

41
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from three centers of accunmulation in Canada. "The northwestern
hall of Burepe was covered at the sane fime.  Vast quantities of
material of all sizes and all Kinds of rocks were transported and
deposited when the ee meled, leaving a mantle of boulder clay,
drift, or till. varyving from a few inclies to several hundred feet in
thickness.  The average deptlr of the deposit for Tlinois, according
to Leverett, is about 115 feet. These glacial deposits constitute the
material from which the soils were formed over a large area cast and

north of Hlinois, buf in the middle west a deposit of loess has
huried the drift, producing soils of an entirely different character
{ Fig In glaciated Europe the same conditions exist iu regard

Lo soils,

M. 34.—Limestone boulder showing glacial seratches.  Urbans, 1.

The drift left by glaciers ix ouly one of the important things
acvomplished by them. The enormans pressure of the ive, 40 pownds
per square inch for each hundred feet in thickuess, enabled it ta
wear down hills and fill vallevs, especially if they extended nearly
at right angles to the direction of the movement. Otherwise it
might deepen and broaden them, hut on the whole its effect has been
to leave the country more nearly level than before. Many regions
have been transformed from hilly areas of low agricultural value
to undulating or rolling lands well adapted to agriculture. The ice
in its movement southward picked up large quantities of detritus
of all kinds and sizes and ground it into fine material fitted to form
soils. Much of this material was carricd from 400 to 1,000 miles
or more and during its transportation boulders (Fig. 34) and gravel
would rub and grind against each other and against the rock sur-
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N

ices over which they moved (Fig. 35), producing hmimense quan-
ities of rock flour. The whole glacier waz an immense mill that
was slowly grinding rocks into powder.  This rock flour was ih-

grooves or strig on rock surfuce, Northern Ohio.  (From Elements of
& Harlan H. Barrows. American Book Co.y

T . =

Fic, 36.—Typical topography of terminal mornine near Ocomowor, Wiscongin, Wisconsin
Geol. Survey. (Fenbeman.)

crated by the melting ice and was distributed over the land by waler

and wind, forming the very best of soil material. In some in-

stances it was carried much farther than the limit of the ice sheet

and distributed as immense aprons bevond the ice front.
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Fru. 37.—Drundin—Longitudinal view. (U. 8. Geological Surve,

Fra. 38.-—Drumlin-~trans crse view. By Alden. (U. 8. Geologicu) Survey.)

Fra. 30.—-Adelioe eaker, Oglo Counrg, Nifnots. Thia esker is over nino miles in length.
(R. W, Dickenson.)
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The maierial carried and pushed along by the jce is usually very
irregularly distributed, giving the glwiated areas an undufuting
to rolling topography. The ridge formed at the terminus of the
glacier is the terminal moraine (Fig. 36) which, on a level plain
like 1Hinois or lowa, usually presents a steep outward slope with a
very gradual inward slope. Valley glaciers, on the other hand,
leave a steep inner slope with a grudual outwash plain on the outer
side. The surface of the moraine is rolliv . hillowy, or has “rouveded
knol and basin” topography. The height of moraines may vary
from a few fect to several hundred. while the widih may be Trom
a hall mile to ten miles or more. Becessions and advances of the
glacier may build up new moraines or override old ones. tearing
them down completely. Drwmlins (Figs. 37 and 38). tvpiatly are
oval-shaped hills composed of houlder clay. Super- and suhglacial
strenms formed hills of gravel und sand ealled Fames, or ridges of
the sawe waterial called eshers (Vigs. 39 and 40},

Fi16. 40.—The material eomposmg Adeline esker consists of coarse sand and gravel.

The ledee is 1 ormed b, the sand and gravel with curbonate of Lime,
(R. W. Dickenson.)

The Glacial Period.—The three ceuters of accumulation in
North America during the glaciul period were the Labradorean in
Labrador, the Keewatin immediately we~i of Hudson Bay. and the
Cordilleran in the Rocky Mountains of Canada. These centers cov-
ered large areus (Fig. 42), and ice movement started from these in
practically all directions, but probably not from-all centers at the
same time, or at least not to the same extent. Smaller centers of ac-
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cumulation existed in the Rocky and Sierra Nevada Mountains and,
anthe Island of Newfoundland. 1 Europe (Fig. 43) the Scandina-
vian was the principal and the Ural, a sccondary center. The glaciers
of the Alps and Caucazus were much mare extensive than at present.
(a) The Sub-Aftonian or Jerseyan Glaciation and Aftonian
Interglacial Stage.—"I"lic first glacial advance probably came from
the Keewatin center and is ealled the Jersevan or the Nebraskan,
because small areas of surface deposits made by this glacier are
found in those states.  All other deposits of this advance have been
buried hy subsequent ice sheets and it i= diflicult 10 nake a careful
study of them becanse of superposed material. There is no evidenee
that the area between New Jersey and Nebraska was covered

Fie 41 —Map showing extont and southern limit of glaciation m North America.
Alsu Lakes Agossiz, bahonim and Bonneville, (Compiled from s=vera) souroes )

this ice sheet. This glacier receded and the drift dupnsil'ed hy it
became eroded, \\G(IHIPI(‘&I and the surface was changed inio
Fven peat beds were formed in undrained areas.  This mlm—
glacial stage is known as the Afronian.

(b) The Kansan Glaciation and Yarmouth Interglacial
Stage.——The second glacial advance was from fhe Neewatin center
also, and extended into Towa, 1llinois, Nebraska, and Kansas. and
derived its name {rom the exposure ot drift in the latter state.
After the ice receded soil was formed from the surface of the drift
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and organic matter accumuated as peat in some swampy areas.
This stage s Kkuown asz the Yarmouth.

(¢) The Illinoisan Glaciation and Sangamon Interglacial
Stage—The third glacial advance was from the Lahradorean

M7 ,,,m“‘\\) M

(s QO /g\//ﬁ— 3T,
(BT (i

(P s \ }{(\;“1 4 b

Fia. 42.—Map showing the three centers of_ice aceumulation in North America. (Cham-

berlain and Salisbury. Courtesy Hunry Holt & Co.)
center and was the most extensive jn the middle west during the
entire period of glaciation. The greatest arca of surface deposits is
in Illinois. hence the name. It is exposed in Objo. and Lndiana, also.
This glaciation was followed by a long interglarial sfage during
which weathering and soil formation occurred. It is koown as



48 SOIL PHYSICS AND MANAGEMENT

the Sangamon stage (Fig. 44).  Peal deposits have been found as
nmeh as 22 feet in thickness that were formed during this period.

(d) Towan Glaciation, Loess Deposits and Peorian Inter-
glacial Stage.—The Sangamon interglacial stage was followed
by the Towan advance from the Keewatin center and covered a con-
siderable part of Minnesota, Wisconsin, northeastern Towa and the
northern part of Illinoiz. The conditions at the time of the melting
of this glacier gave rise to extensive loess deposits. During sum-

» % ., & : :

Fio. 43.— Map showing extent of jec-sheet, Burope. (Reproduced from Dana’s Manual of
Geology. by special arrangement with American Book Company.)

mer the melting was very rapid so that the flood plains of streams
draining from the glacier received deposits of rock flour during
these periods of overtlow. During times of little melting the
streams contracted fo their ordivary chanpels, leaving the material
exposed an their fiood plains. This was picked np hy the wind and
distributed over the upland where it occurs as a deposit from 3 to
150 feet in thickness over part of the states bordering the Mississippi
and Missouri Rivers. The Joess buried the Sangamon soil.

The Peorian interglacial stage followed the Towan glaciation,
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Fia. 44.—A wection showing the black Bangumon woil with the Illinola glucinl drift
hencath and the Iowsn k above, with the present soil vo the surface. Kpox County,
Nlinvis.  (F. Leverett, U. 5. Geol. Survey.}

F16. 45.—A mection showing (a) Bloomington gravel: (b) She\b)ﬂﬂe ullnhl-ut (¢) lowan
loess; (d) Spngamon soil; (e) Silt below peat. (Dr. Samuel Calvin, U. 8. Geol. Burvey.

4
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during which the surface loess was changed into soil which was
luter buried in part hy subsequent glaciers. The soils and peat beds
ol the Peorian stage confain remains of cedar frees which grew in

the exfensive swamps that existed at that time.

(¢) Early Wisconsin Glaciation, Loess and Interglacial
Stage.—'T'he Peorian stage waz ended by another ice advance known
as the Iarly Wisconsin (Fig, 45), which came from the Labra-
dorean venter of accumulation and formed a very extensive advance
reaching into Towa, Tlinois, Indiana, Ohio, Pennsylvania and cov-
ering practically all of New York and the New England states.
This glacier buwilt up a system of moraines in the mididle west 1hat
ix one of the most characteristic Teatures. The terminal moraine
of fhe greatest advance is usually a distinet ridge. In 1linois and
irdiana it s known as the Shelbyville moraine. This glacier made
severd advances and recessions, huilding up a moraine with each
advance, giving a series somewhat concentric with Take Micligan
and other Great lakes, A deposit of laess covers this drift i
Ihimois and parts of Tadina to adepth ol from three to six feet.
This glaciation was Jollowed by w comparatively short mumamed

interglacial stage.

([ Late Wisconsin Glaciation.—This slage waz terminated
by an dee advance, the late Wisconsin, from all centers of accumula-
tion and in addition from many local centers. 1t was one of the
mwost extensive aud uniform ice sheets during the entire glacial
period.  The ice front did not extend southward as far as some
other advanees exeopt in New England, hut there was prohably a
solid ice front from the Mlantie to the Pacific. The erosive and
transporting power of the ive seemed to huve heen greatest at thix
tihme. as iz shown by the very high and characteristic moraines
formed near <ome of the Great Lakes,

Incidental Features.—(ertain incidental features were de-
veloped in connection with {he glaciers that served to modify the
soils in wany regions. The drainage from the melting ice during
part of the {ome was entirely to the south. The streaws were flooded
andd overloaded with sedinrent, the deposition of which built up ter-
races of gravel, sand. silt. and even elay. When the glacier had re-
ceded so that the region in northern United States was partly eov
ered, the outlet of the lakes, which is naturally to the north and
nortlieast, was ob=trucied so {hat they overflowed the margin of the
basins and drained info the Mississippi River. TLake Apassiz, the
vnlarged Lake Winnipeg, is responsible for the soils of the Red River
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vallev. (Fig. 41).  Lake Chicago, he
Lake Maumee, an estension of Lake I

51

xtension of Lake Michigan,
ie, and other lakes at Green
and Saginaw Bays produced lake-laid soils and formed characteristic
beaches.

The material deposited by the gladers is of every grade from
the finest elay (o boulders weighing many tons (Pig. 16). Lz value

Fia. 46.—Granite boulder weighing about 30 tons, at depat of Northwestern R. R,
Waukegan, 1l

Fia. 47.—Heap of boulders collected from o moraine in northern Nlinois.
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for forming soils depends upon its fineness and (he rocks from
whicli it was derived.  Muny arcas known as houlder belts contain
so many boulders that it is inpossible to cultivate 1he soil, while
in others they were not so abundant but that it is practicable to re-
move them. These boulders are sometimes used for making fences,
or piled up on wasle land (Fig. 47).

Tu mauy cases where the glacier passed over rather soft rocks,
such as sandstones or shales, Jarge amounts of this were picked up
and pushed along and sometimes formed a very large part of the
deposit. The soil formed from it is very inferior. Where the crys-
talline rocks, such as grapites and svenites, are mixed with lime-
stones a very fertile soil results,

Most of the boulder clay is sufficiently fine for good soils. al-
though nearly the entire glaciated arca containg some boulders.
T the middle west the drift is covered with a layer of fine wind-laid
material.

QUESTIONS
What was the extent of the ive shuvt during the placial period?
. To what extent wax matenial deposited ”
What pressure did the ice exert”
How are terminal moraines formed?
Distinguish between Kantes. eshors, and dromiins.
Name and locente the centers of accnmulation in North America and
Enrope.
Tel) about the dersesan or Nehraskon glaciation.
Give the facts In regard to the Kansan advanee.
Tell about the Hlinoisan glaciation.
What was characteristic of the [dwan?
What was the extent of the Tarly Wiscousin advance?
Whaf was the extent of the area covered by the Late YWisconsin?
What efTect did this have on drainage?
Give some illngfrations.
What are boulder belta?
What was the pencral effect of glaciers an soils?  On topography?
. What is boulder clay?
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CHADTER V

THE PLACING OF SOIL MATERIAL (Continued)
I1I. EOLIAL OR WIND-LAID DEPOSITS

TwiE statement has been made that every square mile on the
earth's surface has received particles from every other square mil:
Whether this is absolutely true or not, it shows that a very wide
distribution of material hag been going on, and this distribution
has heen brought about by the agency of wind.  No place on (he
carth’s surface is free from dust.  Lven the snow on fhe great
continental ice sheet of Greenland contains w pereeptible amount.
Dust storms all over the world are carrving fine malerial into the
upper atmosphere. wlere it is transported for thonsands of miles,
falling on all parts of the earth. Dust falls have occurred in which
a measurable amount has fallen in a few houra.  Tn tudinna in 1895
a snow fall was colored hrown by the large amount of dusl it con-
tained.  One sample, collected just after the storm. condatned 37
per cent of dust by weight.  The same year a sample of suow
collected in Tondon contained 10.65 grains of solid material per
wallon of water from the melted snow.  Darwin observed that the
er in the Atlantic 300 miles from the coast of northern Africa
was distinely eolored by the dust, and that dust was fulling in the
ocean in perceptible quantities 1.600 miles from the Desert of
Sahara. The sirocco winds of the Salmra sometimes carry dust in
perceptible quantities as far north as Seotland. Trofessor J. A
Udden * cstimated that during an ordinary breeze a cubic mile of
air will cantain 225 tons of dus{, while in a heavy storm it will
contain 126.000 tons (Tig. 48). The dust picked up hyv winds
together with that thrown into the atmosphere by volcanoes hes
played an important part in the formation of soils.

Classes of Wind-laid Material.—The wind-laidt deposits are
dunes, loess in part. adobe in part and volcanic dust.

1. Dunes.—Sand is the common constituent forming dunes,
but other materials sometimes compose them. Clay and silt dunes
are not upusual. Coffev ® found clay dunes in southern Texas,
while silt dunes are frequently et with in areds of decp loess.
Many of these are found on the eastern borders of the M ippi
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amd Tineis Rivers, notably in Carrol, Whiteside. Rock Island and
St Clair Counties in Hlinols. The conditions necessary for the
formation of sand dunes are a supply of sand and a somewkat high
and constant wind,  Sea and lake shores furnizh excellent conditions
for the formation of sand duncs. The waves throw the sand upon

the beach and the strong winds which so often prevail there carry
it landward.  Shaler estimates thad ninety per cent of the coast line
of the world is fringed with sand. The fotal dune area of Turope
is -£.5G2,000 acres, while the sand wastes add about 9,000,000 acres
more.

Fra. 48.—A dust storm in Kanas, May 26, 1012 (Jardine, Jour. Am. Soc. Agronoms,
; ¥ol.'5.No.4)

Sand 1s not raised far above the surface ax 1n the case of dust,
and a shrub, a tuft of grass or a fence may give lodgincot to the
sand and origin to a dune. After accumulatious have once begun by
means of an ohstruction, the dune itself will furnish the necessary
conditions for growth. In shape, dunes maxy he cither in the form
of hillocks, crescents, or ridges, transverse or parallel to the pre-
vailing winds. The shape of the individual dune is a steep leeward
and a gradual windward slope, especially where the prevailing wind
is constantly from the same direction.

Sand dunes are of two classes. migratory or wandering (Fig.
49). and permanent or fixed. With a constant wind, dunes migrate
or advance a few feet cach year, buryving objects in their paths.
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Even villages and forests cannot withstand the advance of sand
dunes,  The wsual height is from ten to thirty feet, but some have
heen found 300 feet high,  Through some temporary change in
climate, as inereased rainfall or diminished wind velocity, vegeta-
tion may start on the sand and gain such a foothold that the dune
hecomes fired or permanent,  This fised feature is someiimes

Fio, 49.—Sand dune sdvancing over forest, Beaufort Harbor, N. C. (U. 8. Geol. Survay.)

Fic. 50.—A resurrcoted forest, Dune Park, Indinnn  (Chamberlsin and Salisbury, Cbur-
tesy Henry Holt & Co.)
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brouglit about by plantings on the windward side. Tn Denmark,
Prussia, Scotland. Massachusetts, and North Carolima. beach or
marram grass (1 52) whose roots estend 1o n great depth
———e o

Fra. 61.—Wind ripples oo asnd dupe. (Cross, Chamborisin and Sulishury,
Lienry Holt & Co.)

Fra. 52.—Tronsplanting besch or merram graas. (Bureau of Plant Todustry.)
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Fru. 53.—The zms‘; in the forcground holds the arnd which drifty from the “‘waste'”
beyond the fence, (U. 3. Dept of Agriculiuren

F1c. 54.—Sand is helux held by vegetotion, In this way wandering dunes muy be changed
1o permanent onea. (U, 8. Dept. of Agrioultuze.
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has becn unsed quite extensively to hold the sand. This grows
luxuriantlyv as long as the sand drifting. but dies and iz re-
placed by other forms of vegetation as soon as movement ceases.
After fisation is accomplished certain varietics of trees may be

Pia. 55,—Fences being used to oheck the movement of sand. (U.S. Dept. of Agriculture.)

planted, tvansforming these dunes into valuable forest lands.
Permancut or fixed dunes nay be changed to migratory ones by
injudicions  management, such as very close grazing, tillage
or apything that destroys or removes the protecting vegetation.
This has occurred in some western states where close grazing by
sheep has destroyed the vegetation so that sand movement has
begun. Michigan, IHiinols, Wisconsin and Indiana have consid-
erable arcas of sand dunes. .\ large part of these arcas is covered
with a scrubliy growth of Dluck oak and other trees, which furnish
complete protection.  When this growih is removed, however, it
is very difficult to hold ile sand and it is the part of wisdom to
leave even the poor growil of forest for purposes of protection.
The dune areas covered with prairic grasses peculiar to the sand
present different problems. .\s a general rule, there is sufficient
organic matter in the surface six to eight inches to hold the sand
particles.  When the soil is cropped or pastured, some of this sur-
Tace soil may be removed by the wind in exposed places, forming
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what is called a " blowouf” (Fig. 56). The tendeney is for this
fo increase in size and often resulfs in ruining large arcas.  To
recluim these “ blowonts ™ it is necessary to grow legumes, plants

able to take their nitrogen from the air. The black locust (LFig. 57)

Fia. 56.—Large “blowout™ m sand sren.  Numerous small ones may be seen in the dis-
ance.  Mason County, Ilinoiy

Fia. 57.—Black locusts (Robinia preudo acacia gTowing on md to the right, drifting
swnd ou left. (L. A Abbuu.)

is probably one of the best, although if the common sensitive plant,
the partridge pea (Cassia chamu’m'wla) can get a start it will stop
the movement. The trailing wild hean (l},r:. 58) is another plant
that grows Jusuriantly on sand and does much toward building up
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the <o The particnlar advantage of this is that it Teseeds itself
and follows rve and wivat with a good growth of renovating mate-
riul. Buicn grass grows very well upou the blowouts and fre-

3.—The tralling wild bean (Strophostyles helrola, Britton) makes a large
growtl that not only protects the sand againsi blowing but adds prganic mutter sud nitro-
gen to the soil. linois.

A - SEM - - ¥ i = |

Fra. 50.—Pines growing on sand dunes in England at Burry Port. (Carmarthen.)
quently is the means of stopping the movement. The use of pines
for this purpose is shown in figure 59.

2. Loess.—Sand dunes are limited to regions where sand is
abundant and where vegetation does not prevent its being moved.
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1t iz never carried any distance by the wind but is rolled along the
surface of the ground.  Sand dunes rarely travel more than ten or
fifteen miles.  Finer material, however, may be picked up by the
wind and transported for hundreds or even thousands of miles,
This brings about a very wide distribution of the finer =il material,
Ti many cases this is carried in sullicient amounts to form deposits
several hundred feet in thickness. This fine deposit has been called
“loess " by the Germans and the term is applied to the same deposit
country.  Loess i= distributed over a Jaree area in North
sing over 600000 gquare miles, hut is really hmited
to the states hordering the Missis<ippi River and its tributaries. 1ts
depth varies from twy to six feet over the prineipal part of this
loess-covered area, hut near the larger streaws reaches a depth of
5 {0 150 feet.  Tn Iurope the Jocss is not <o generally distributed as
in North America. hut oceurs in somewhat isolated areas and seldom
over 12 fect in depth. Tt extends, however, from northern Franee
across Belginm, Germany, Austria, and southern Russia, where jt
forms the soil kunown as the = black earth.” or chernozem. It con-
tinues eastward across Asia into Ching, where some of the decpest
and most interesting deposits occur that are to be found anvwhere
This deposit covers an area of 100,000 square miles in China, mostly
i the hasiu of the Hoang Tlo, in places to a depth of 1,500 {o 2.000
feet. Tt will he noticed that this belt follows the temperate zone.
Loess deposits are found in Argentina and South Africa, but little is
known of their extent. -

The origin of loess has been muclh discussed and several theories
have been advanced, hut it is very likely that no one theory will
account for the deposit in all cases.  Since a careful study of the
work of the wind has been made it is generally conceded that this
agency is responsible for much the larger part of the deposit.  There
is little doubt but that some loess may have been deposited as a
sediment from water and in some instances both wind and water
have plaved a part.

As evidence of its edlial origin, it is found at all altitudes up
to 5000 feet above =ea level in Europe and probably as much as
3.300 Teet in the United States. To have this deposited by water
would have required these regions to have heen submerged fo that
extent and there is no evidence of such submergence. The depth
of the deposit. iz quite uniform over hills and valleys as if jt came
like a gentle snow.  In the United States, where the =ubject has
received much attenfion, it is believed that the material has heen




62 SOIL PHYSICS AND MANAGEMENT

taken from the flood plains of streams that carried the waters from
the melting glaciers, depositing the rock flour over the flooded
plains of these streams (Fig, 60). During the cold part of the
year the flood plains were bare and dry and this fine naterial was
carried over the upland by the wind.  The depth of the depos

varies with the widih of the flood plain from which the material
was derived and the distanee {ronn the stream. The coarser material
was deposited on the upland adjoining the flood plain, while the finer
was carried to much greater distances. Near the flood plains from
which it was derived it was occasionally deposiied upon the uplands

Fic. 60.—Alluviation by flaciul stream below Hidden Glacier, Aluska, This ocourrod
t & large extent during the Glacial Poriod.  The upland locss was derived from these allu-
vial deposits. (Chumberluin and Salisbury, Courtesy Henry Holt & Co.)
in the form of dunes, either as hillocks or ridges. These frequently
show the typical dune topography. Iu Illinois and other states we
find that along the larger streams the loess deposit is deeper on the
pland adjoining the wide bottom lands. Where no bottom land
s, the deposit on the adjacent upland is very thin. This inai-
cates u, very close relation existing between the loess and the botbom
land. The deposit is deeper on the east side of the flood plains than
on the west, indicating prevailing westerly winds at the time of
deposition. Very mucl of the loess of North America was deposited
at the close of the Towan glaciation. The melting of this glacier
seems to have been accompanied, as Leverett says, by heavy periodic
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raitfall which caused floads that completely covered the flood plains.
These periods of alluviation were followed by those in which the
rivers contracted to their ordinary chanvels and left the sediment

¥1a. 61.—Calcium carbonate concretions (Loesx Kindchen), from the Joess y{ Dlinois.

F16.62.—A road through a deposit of deep loess slong the lower Dlinois River. The deposit
is 30 16 50 feet deep. The vertical walls are characteristic.
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to dry. 1t was then picked up by the wind and carried over the
upland. “Thix Towan Joess wis very extensive, reaching as far east
as sunthwestern Ohio, porth into Wisconsin, and as far south as
Fovisiana on both sides of the Mississippi River.

Lovss is quite uniform in texture, consjsting primarily of par-
ticles of silt mixed with fine sand and a small amount of clay. Since
much limestone was ground up hy the glacier
large proportion of carbonates. as much as 28 per vent in some
Case The percolating carhonated water has dissolved the car-
honate from the upper part and carried it downward, depositing it
in the form of coneretions of various sizes and <hapes as shown in
figure G1. Some of these are tulular. 1t is probable that these were
formed i the openi left after roots had decayed.  Coueretions
of Jron are formed o

The decper loess deposits ghow ¢ deristic vertical cleavage
aud cuts through thi= waintain vertical walls for long periods of
time (Fig. 623, Terrvestrial shells, such as snails, are frequently
found in the deeper ﬂu,m\ll‘. with an occasional fresh water shell.

The following table gives the analvsis of Joess from different
sdurces for comparison with a dust fall in Indiana:

<. the loess contains a

siomally.

Physical Analysis of Loess and Dust ™ (Grades of Bureau of Soils)

U nlnnd ll(n | a P | Dust from
Constituents Virginiu City, | Virginia City, lebrask snow, Rock-
: Tiinois | Tlinois | Nebraska | O .
per cent per cent
Moisture....... 37
Orpanie mafler 11.88
Gravel . ... ..., 0.00
Coarse sand ..., .. 0.00
Medium sand ... . 0.00
Finesand.. ... 0.00
Very fine sand. 0.00
69.37
5.80
9.68
|
94.29 100.00

The chemical analysis of five samples from different places is
ziven in the pext table.  Note the amount of lime and maguesia.
The deposit is usually characterized by o large amount of car-
bonate. )
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Chemical Analyses of Locsx /rom Various Sources ¢

| i
Constisuents Gulona, | Kpnsao | | Vickaburs,| Yy | Neubnd,
l Missolri | | Rbine
per cent : per cent ‘ per cent | per cent per cont
Silica (S10g). ... ........ 64.61 7446 | 60.69 58.97 71.09
Alumins {(AL:Oy) . 1064 | 1226 | 795 9.97 1
Tron sesquiowade (Fe:04) | 261 | 325 | 261 425 |1 16.78
fron protoxide (FeQ) . 0.51 012 | 067 N J
Titanium oxide (’1101) 0.40 0.14 0.52 e
Phospharic  anhydride l
B0 oo 0.06 0.08 0.13 0.11
Manganese (\In()) 0.05 0.02 0.12 e
Lime (CaO)............ 5.41 1.G9 8.96 1.81
Magnesia (MgQ). . 3.69 112 4.56 None
Soda (Na,0). 1.35 1.43 1.17 1.23
Potash (l\»()) 206 | 1.63 1.08 1.30
Water (H 206* | 2.70* 1 1.14* 1.96
Carbon d)o\J ) 631 | 049 9.63 0.80
Sulfurous anhydride (SO 0.11 ’ 006 | 012
Carbon (C)......oovo e 013 1 012 | 019 287+
Total .............. 9989 | ov7y | 954 | 10094 | 9795

* Contains H of organic matter,
Organic matter dried at 100° C.
Ignition.

3. Adobe.—Adobe is a calearcous clay of & grav, gray-brown
or dull vellowish color, very fine grained and porous, friable and vet
standing in vertical esearpments for many years. The adobe soils
are found in the arid and semi-arid regivns and represent both wind
and water deposits. Much of the adobe was undoubtedly formed in
shallow lakes by the deposition of very fine material which con-
tained a large amount of carbonate. resembling locss in this respect.
Trofessor Russell © speaks of this deposit as assorted and spread out
over the valley bottom by the action of ephereral streams where it
hecomes mixed with dust blown by the winds from the neighboring
mountains and rendered more or less coherent hy the cementing
action of carbonate of lime. It occurs from Mexico northward to
Oregon and Idaho and from California to Colorado. In altitude it
varies from sea level in Arizona to 8,000 feet and jn thickness from
a few feet to 3,000 feet or more.

4. Volcanic Dust—During the explosive eruptions of vol-
canoes large quantities of dust and ashes are thrown into the air
which may be carried long distances by the wind.  Voleanoes
existed formerly where no active ones are found at.present. North-
western United States was a Tegion of great volcanic aetivity in

b
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comparatitely recent geologic time. A= a result of thiz action, large
deposits of voleanic dust are found in Washington, Oregon, 1daho,
Montana, Wyoniing, and Nebraska. lu the latter state the deposit
varies from 4 1o 30 [eet in thickness, while in some of the north-
western sfates the deposit is much deeper. To give some idea of the
amount of dust that is transported by the wind during a voleanie
cruption, and the distance to which it may be carried. it jx said that
the dust from a voleano in Nicaragua was distributed by the wind
over 1500000 square miles and that ashes from Nrakatoa fell to
a depth of several joches at a distance of a thousand miles from
the voleano.

QUESTIONS

. Give some examples of dust falls.
2. Give classes of wind-laid material.
. Where are sand dunes found and what is the source of the sand?
- What s the shape of sund dunes?  How muy they vary from this?
5, How muvement stopped on the sho
i. How may fixed dunes be changed to wandering ones?
. What is a " blowout ¥
5. What speeigl advantage does beach grass huse tor preventing drifting of
sand 7
. Where are loess deposits found?
. Uive rensous for believing that Joess is a wind deposit.
. Do dust particies earry a film of nir?
2. 1 so, what is the effect of this an the specific gravity of the particle?
3. What are some of the characteristies of luessy
. How doex it compare with dust?
5. (xive eharacteristies of adobe,

. Where is it found?
" How extensive are deposits of volernic dust?
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CIHAPTER VI

SOIL AND SUBSOIL

TnE soll may be conveniently divided into rwa strata: (1) {he
top soil, consisting of (a) surface 0 to 624 wches and {b) subsur-
face 624 to 20 nches, and (2) subsoil, which extends to an indefi-
nite depth, but s sampled from 20 to 40 inches.  The diTerence
hetween the two divisions, the top soil and =ubsoll, is mainly due to
the action of organisms, both plants and animals, although physieal
and chemieal agencies have played no inconsiderable part in pro-
dueing these differences.

1. The Top Soil.—(a) Surface~The surlace soil is confined
o the part usnally turned by the plow and s the shatnm with
which the farmer is most famitiar.  Organic matter and fertitizers
are incorporated ju this stratun and for this reason the roots of
our common crops are Javgely confined here. The mos{ obyious dis-
tinetion Ny most soils hetween this and auy other lavers is the
darker color produced by the larger content of orgar’c mutfer or
humus.  This brings ahout decided color changes, such as darkening
when moistened.  Hydrated ferric oxide, if very abundant, may
obseure ihe dark color ol organic matter,

The surface soi) frequently differs from the other strata, and
more particularly the subsoil, in being made up of slightly coarser
waterial. This difference 1s not found in arid regions. 1t is due
10 the washing downward of the fine particles by percolating water,
as well as by their removal through surface run-off during heavy
showers. This stratum contains the largest amount of fertility hut
geperally the least of lime. Organisms of a1l kinds, usually [ound
in soils, are more abundant in this layer. Here are found the most
favorable conditions for bacterial growth and activity. The germs
of fungous diseases, if present in the soil, are more abundant in
this stratum. It is the only part of the soil that we can change
materially and hence its importance.

(b) Subsurface.—The subsurface stratum lies between the sur-
face and the subsoil, but usvally resembles the surface more closely
than it does the subsoil. The stratum iz a natural one. extending
from the plowed soil to the line where the change in color. physical
comaposition and structure indicates the beginning of the subsoil.

67
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The thickness ol this stratum varies from 0 to 30 iuches and even
niore, as i the case of peat avd other swamp soils.  That of vormal
upland loessial soils is from eight to ten inches.

The amount of organic matter decreases with depth and varies
with that of the surface soil.  Under normal conditions it is never as
abundant as in the surface because the root development is never
so great and the chances for the introduction of other vegetable
material are not so good.  lixceptions sometimes occur in alluvial
land.  The same downward movement of fine material has taken
place as in the swrface soil, thus giving a slightly coarser texture
thau in the subsoil. The subsurface may be made of distinet layers
that differ in color or texture or both,  The color v prairie soil is
usually due to organic matter, while in timber soils it is principally
due to iron in some forne.

2. Subsoil.—The subsoil extends to an indefinite depth, hut is
sampled to 40 inches in liumid climates. This stratune 1z of great
importance because drainage, capillary movement, root penctration
and resistance to drouth depend largely upon its character, and this
in turn depends lurgely upon its origin. If residual, its character
will vary with the parent rock from which it was derived. It will
be uniform if the parent rock was massive, and variable if the
parent rock was formed of strata of widely differing mineral and
physical composition. Ino cumulose, lacustrine, glacial and alluvial
deposits, the subsoil Js likely to vary to almost any extent. There
may he substrata of gravel, sand, silt, (lay and even peat with alt
their variations. In loessial deposis twe distinet lavers usually
occur in the subgsoil, the upper from G to 15 inches thick consisting
of a clayey silt or a silty clay. formed by the fine material carried
downward from the upper strata by water and deposited in the
upper subsoil, and the lower composed largely of silt and very fine
sand, the very pervious ordinary loess. Subsoils are usually less
pervious and more retentive of moisture thauw other strata.

Tight Clay.—All soils in humid climates permit more or less
water to percolate through them. When a rain falls water passes
into the soil through cracks. burrows, along roots and through the
pore spaces, carrving with it a small amount of very fine clay and
some iron oxide to the depth of percolation. In time the deposition
of this fine material between the coarser particles may produce a
very heary, dense stratum. reducing the pore space to snch an extent
as to make it almost impervious to air and water. This is especially
liable to take place in acid soils where no lime is present to precipi-
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tate or flocculate the suspended clay. These tight elay soils are
found iu Southern linois, Missouri, Arkansas and muwy other
Dplaces.

The tight clay Jayer hecomes very lard when dry, but when
safurated with water it s very soft and posfs may be driven into
1w easily.

The tight stratum prevents underdraimnage and the topography
i< almost fuvariably too flat for surface draingge. Damage to crops
by water is very liable to occur. To remove the excess. plowing is
done in small lands, the dead furrows are left open and by this
mesns water may he removed, especially since these furrows are
nsually connpected with a ditel at the end of the field.  This tight
stratum very seriously interferes with the capillary movement. The
tight layer Jimits the storage of water {o that part of the soil above
it. Even if water is abundant helow, it s cut off hecause ihe rools
cannot penetrate this stratum and capillary movement. through it is
so extremely slow as to furnish but a scanty supply, with the result
that crops are seriously affected by drouth. The effect of tight clay
is very dificult to overcome. For the permancnt improvement of
soils of this kind, large applications of ground limestone, four to
ix tons per acre, with the growing of deep rooting crops, such ag
red, mammoth or sweet clover, are recommended. The puncturing
of the tight clay by these roots will without doubt produce better
conditions of drainage and aération. Dynamite is sometimes used
to break up the tight clay, but this method is too expensive for gen-
eral farm use and besides the subsoil runs fogether again when
saturated. The loess beneath this tight elay, which is from eight
to twelve inches thick, iz ideal in physical composition.

Hard Pan.—Tlard pan proper is formed by the deposition of
substances from solution around soil particles cementing them lo-
zether into a more or less stony mass. The deposition of this
cementing substance is due, possibly, to the stoppage of percolation
by an impervious stratum, evaporation brought about hy some cause,
or loss of carbon dioxide, causing precipitation, as in the case of
flime carbonate. The cementing material is usually derived from
the decomposition of rocks and may consist of sach substances as
iron, magnesia, lime or sodium carbonate and sodiurn chloride.

Since the cause of hard pan is the stoppage of water in its
movement downward the repewal of pereolation. will be sufficient
frequently to destrov the hard stratum. If not too deep it mayv be
broken with plow or subsoil plow, but if bevoud the reach of these
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implements dynamite must be resorted {o. I planting trees on
hardpan land dynumite may he used and thus allow the roots their
wsnal penetration. L0 the bardpan is caused by sodium carbonate,
it may he neces<ary to apply gypsum to destrov this carhonate and
thus break up the hardpan,

Humid and Arid Subsoils.—The subsoils of arid regions do
not. differ materially from the surface and subsurface heeause the
fine pariicles ave nol moved downward to any extent by pereolating
water,  Inoaddition to this, soluble substunces are present, which
flocculate the collodial clay and prevent its movement downward.
The arxl subzoils do vor possess the ** raw ™ or unproductive pature
that chavavterizes the humid ones. In arid regions very Jeep plow-
ing may be dove immedjately preceding the planting of the crop
without detriment s in Tact. it is of great benefit, because it allows
deeper root penetration and greater nwisture retention.  Tn the
process of leveling, preparatory to jrrigating, the soil is sometimes
removed to a depth of several feet without injurious effect on the
crop that follows. In hunid regions the farmer must be careful
not to turn up much of the **

“raw T unweathered waterial, just
preceding time of planting the crop. but if deep plowing is done
rufiicient time should be given for the soil to *“ weather ™ hefore
the erop is put in. This is probably partly due to biological
conditions,

The color differences do not obtain in the arid regions hecause
the organic matter ix derived almost entirely from roots. and these
penetrate very deeply © so fhere is no great accumulation of organic
matfer in the surface stratum. Oxidation of iron has not generally
gone very far beeause of lack of moisture, hence arid soils are not
usually highly colored.

Plow Sole.—Where plowing takes place at a somewhat uniform
depth for a long tine, the tramping of horses and the sliding action
of the plow in the bottom of the furrow have a ten” ¢y to form a
compact Javer or plow sole. The washing of the fir  aterial from
the lovse, plowed soil down on the furrow hottom t s to increare
the tightness of the plow sole. lo order to break this stratum
and prevent the formation of another, plowing sh 1 he done at
varjable depths. and when the moisture condition i ch that pud-
dling will nrt take place.
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QUESTIONS

. What are the most obvivus differences betweey the surface stratum asd
others?

What agencies huve been instrumental in praducing these?

What are the upper and lower limits of the subsurfave stratum?

. Under what condivons might the subsurface be abaent?

. What differences belween it and the surface?

. Wiy s the sulsoil of much importance?

Upon what do the dilferences in subsoils largely depend

What is the origin of the tight clay stratum!

Where are they found?

Does limestone aid or prevent their formation?

What are rome objections to tight clay ¥

. What are (he methods of improvement?

. How i3 bardpan formed?

How muy lardpan be destroyed?

. Give differences in subsoils of humid and arid regions,

. What iz meant by raw” soil material

. What cffect does weathering have ou subwail?

. How do humid and arid soils differ in colors Whot

. How ix & plow sole farmed”

20, What are the remedivs for it?
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CHATTER V11
CLASSIFICATION OF SOILS

Need of Classification—'The formation of =oils hy means of
the various ageucies described has given rise to great corplexity.
As in any other natural group of object~, the study of the relation-
ship existing between the different members of the group is neces-
sary for a complete understanding of them. "Fhix brings about’ com-
parison and classification. A very simple assunmption would be that
all soils derived from the same kind of rocks are the same. Thev
do usually have some points of similarity. bat so wany modifving
factors have heen at work that important differences arc produced
even in these. It must be remembered that soils are very complex
hodice, dne to the infinite variety of rocks from which they are
derived -and the large number of ageucies taking part in their
formation.

By far the larger portion of soil material is moved from the
place of its origin for varied distances, periaps hundreds of miles.
In its travels it may be deposited over and over agamn. and as a
general rule the loose surface of the earth is a mass of drifting
material, here to-day and a hundred or even a thousand miles from
here in the next geological age.

SSIFICATION

BASIS OF CL
1. Geological—Soil ix a geological formation derived from
rocks by geological forces. 1t is very natural, then, that the geo-
Jogical formation should he used as the basis of classification. A
number of States have made general soil maps, basing the arcas
upor the geology. In many cases this may sevve a good purpose, as
where the soils arc eloxcly related to the underlving geological for-
mation. 1n other places the same formation may give rise to a
great variety of soils, and in this case a classification on a geological
basis would mean nothing. In extensive glaciated regions the soil
usually bhears little or po relation to the geological formations
beneath the driff. General soil divisions mayv be based upon the
geological agencies that have produced them, and in this way form
an important factor in classification. This gives rise to residual,
glacial, loessial, alluvial, and other formations.

E2S
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2. Lithological.—In many cases xoils have been classified
according to the rocks frony wlich they have been derived or upon a
lithological basis.
position and are exposed to g0 many and such varving conditions
and agencies of change that they may give rise to very different
sails. A soil derived from a granite may he very fertile under one
set of conditions or almost absolutely sterile under another,

3. Temperature.—Besides breaking down rucks into xoi} mate-
rial and aiding solution slightly, heat does not play sueh an impor-
fant part directly in the formation of seil. bhut indireetly through
its effect and influence upon other agencies, temperature i of the
greatest importance.  Maderately high temperatures influence the
«rm\\th of plants and hacterial action as manifested in oxidation
and )mnnhzahnn of organic matter. "This brings about mast impor-
tant physical, chemical, aud biological differences.  On the basis
of temperature soils may be divided into (a) tropie. () subtropic,
(¢) temperate, (d)} subarctic, and (¢) arctic. These are only very
general and have but little significance in a system of classification.

4. Moisture.—Moisture is not only a very important factor in
breaking down rocks into soil material, but it brings about very
fundamental changes in the soils themselves, both chemically and
physically.  The presence of moisture is necessary for all chemjcal
changes, hence decomposition of minerals can take place only when
water is present. 1t is usually accompanied by the formation of
soluble compounds that are leached out and carried away, and fre-
quently to zuch an extent as to leave the soil deficient in plant food.

Soils are sometimes divided into arid, where the annual precipi-
tation is less than 10 inches; semi-arid, 10 to 20 inches: sub-humid.
20 to 30 inches: humid. more than 30 inches, and super-humid,
including swamps.  There can be no distinet line of difference
between the soils of such groups. In some parfs of India. with
a rainfall of 28 inches, the conditions are exiremely arid because the
rainfall comes in a very few months and ax torrential showers,
resulting in much loss by run-off.  The cvaporation is very great
during the rest of the year. In parts of Texas, with a rainfall of
30 inches, it is much more arid than in North Dakota with the same
rainfall, hecause of the character of the ramfa]] and the greafer
evaporation in the former.

Great differences exist between soils of arid and_humid regions,
primarily due to the amount of rainfall. The meisture as well as
the temperature influences the amount and character of organic

Rocks of the same name are so dilferent in coni-
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natter inosotls. The presence of water in large amounts avresfs
flm-unlymsiliun, as nswamps, by excluding oxygen, while its presence
i oderate quantities stimulates nitrifiention in drained land. In
its movenent downward through a soil, water not only carrics
soluble compounds withe i, but moves the fine particles downward,
s producing differences in physical composition iu the differeut

strata.

(ay Arid Soils.—The agencies of disintegration predominate
over those of decomposition in arid regi Az a result the soils are
characterized by large amounts of original minerals that have heen
changed very little,

Mineral Content of Soils!

R Mineraly other than quartz
Number of in the

Region [ Tsamples | e
Snnd | sile

per cent per cent -
Afid. o | 30 37 [ 39
Trairie (Qul)huml(l and homid). ... | 40 20 29
Timber (humid). . I 160 8 12

The great agency in chemieal changes of yocks Is water. aml is
deficiency in arid regions has protected the minerals from those
profound changes that take place in humid regions.  The minerals
Lave been broken down inle rather fine material, but not into clay,
whieh results fargely from decomposition.  Silt and various grades
of sand predominaie.  Their mineral content s indicated in the
ahoce table.

The low rainfal) renders any large amount of leaching fmpos-
sible, o that the soluble salts formed during the limited decomposi-
tion remain in the seil. They may be moved downward to some
extent by the water, hut when evaporation takes place they ave
hrought fa the surface again, Tf excessive evaporation occurs these
salts may be hrought 1o the surface in sufficient quantities to be
quite injurious as ©alkal
Soluble Salts in Soeils *

Por cent

And
Prairie (subhumid and humid) .
Timber (humid).......oovovoon vt
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Although somewhat casily soluble, lime iz a very nbundani con-
shtuent of soils of arid regions.  The amount v from 0.69 fo
566 per cent. The table below gives the average for arid and humid

and M agnesia in Soils of Different Regions3

Per cent

Numiher of
snmples

| | Lime (Cu0)

Muognesin

[ o)
Arid. . 2.65
Pruirie (sublumid and humid). . 00
Timber (hunud). ......... ... Al f

These arud soils are generally gray ar light in color, with no very
decided change in texture in the subsoil. The rainfall is not sufli-
vient to earry the fine material downward in any large amount.

The organic-matter content of arid soils is generally low,
although it contains a larger percentage of nitrogen than the organic
matter of hunnd regious.

(b) Humid Soils.—Tn this group of soils the agencies of
decomposition have predominated over those of dizintegration. The
feldspar and many other minerals have largely undergone chemical
change, producing the finer soil constituents. [Tence the soils con-
tain large anwounts of clay.  The subsoil differs quite noticeably in
texture from the surface. leaching has done very cffective work
in removing soluble =alts, as shown by the second table on page 74.
Limestone has been learhed out. and most of the soils are acid aud
in great need of this most hmportant constituent. The colors ave
more highly developed, due fo the greater oxidation of iron and the
larger amiount of organic matter.

5. Vegetation~—Not only do bacleria, fungi, and algw play a
very important part in soil formation and soil changes. but the
higher plants, especially grasses and trees, exert a most important
influence upon soil in several wa They are responsible to a very
large extent for the amount of organic matier in soilz. The char-
acter of the vegetation has given rise in humid and subhumid
regions to two great groups of upland soils, (a) praicie, and (h)
timber (Fig. 63).

(a) Prairie Soils.—Prairie soils are usually characterized by a
dark color, due to a large content of organic matter. The prairies
were covered with a rank growth of grasses which produced a dense




76 SO1L PHYSICS AND MANAGEMENT

network of roots whose partal decay has provided the soil with an
abundanee of organic matter. This extends to a depth of 12 to 2
iehes in amounts suflicient to impart the predominating dark color.
The praivie soils contain a larger amount of lime than the timbér
soils, anid this may he one important factor in their origin.  They
usually give an alkaline or neutral reaction. An exception fo tlfis
i found in Southern Tlinois. some parts of Missouri, and Arkansas.
These prairies are acid and have a tight clay or so-called *“ hardpan ™
subsoll.

Prairie soils have had =alicient rainfall to leach out the larger

S oo fores) . oy S 11700 Fores)

o Treucor an Tropaa: et

m— P fic Coost foresT L1

Fra. 63.—Map of United States, showing timber and prairie areas. Unshaded ares,
Peairie. Dack shade i Northesst and Nocth, Centeal foreats.  Lighter shaded ar
sl, Southern forests.  Very lightly shaded ares, Rocky Mountain {orests.

Fucific Coast forests. (Gra! “. 5. D. A. Forest Service.)

part of the soluble salts, so (hat alkali is found only in small arcas,
and then consists principally of the more insoluble magnesium car-
bonate. The second table on page 74 shows 0.048 per cent of solu-
hic salts in prairvie soils, a~ compared with 0.013 for timber soils.

The prairic soils extend from Sow.hern Texas northward into
Canada, widentug to the east into west contral Indiana. A belt which
is vot shown in figure 63 extends across Mississippi and Alabama
and over into Texas.

{b) Timber Soils.—The timber soils are characterized by a
lighter color, due to a small amount of organic matter. This has



CLASSIFICATION OF SOILS 77

been brought about by the growtl of forests, which place large quan-
tities of organic matter, as leaves and fwigs, on the surface of the
soil, yet very little hecomes incorporated in it This material cither
completely decays or is burned by forest fires.  The resulting soils
are light colored.

The relatively heavy rainfall on timber soils has leached ot the
soluble material, including limestone, so that they are noeutral or
Lud Tt is likely true that the leaves have aided in this process,

. Color.—0Omne of the most lllllmllrllll factors in distingwishing
.m»ll.\ is that ol color. This is primarily due to two things, organic
matter and compounds of iron. Color is a fair indication of the
value ol a soil. 1f a large amount of organic matter 1~ prosent the
soil will be black or hrown, while a smaller amount mayv be olweured
by the more highly colored iron compounds.  Dark brown or black
soils are usually fertile. The color imparted by iron compounds
varies with the degree of oxidation.

7. Texture.—The size of the soil particles and the proportion
of each grade are the most important factors in grouping soils into
classes and types.

QUESTIONS
1. Why are soils so complex?
2. Why should the geological formation be used as the hasiz of clagsifi-
cation?

3. What is the value of a suil map based upon tbe geological formation?
4. Are all soils, derived from the same cli-< of youeks, the same?  Whyt
5. What part does heat play in forming soils
G
n
8

i \What 1s the significance of moisture in soil formation?
. \What are the divisious of soils hased on moisture?
. Why may Texas with a 30-inch rainfall be inore arid than North Dukota
with 20 inches?
. What effect does heavy rainfall ave on organic mafter?
10. What ageney predomm'\tes in the formation of soils of arid regions?
11, Why do humid soils have a larger percentage of quartz then arid soils?
12, \\'h\ are arid soils gray or lmhf in eolor?
13, What agency is most active in the formatior of humid =eils?
14. \Why do arid soils bave large amounts of carbonates?
)5, Wh¥ are humid soils mare highly calored than arid ones?
16. Explain the source of organic matter of soils,
17. Give differences hetween timber and prairic soils.
18. Locate the larze prairie region of the United States.
19. Why do the heavy forests add so little organic matter to the soils?
20. What is the significance of color in soil classification?
2]. What is meant by texture of a soil?

REFERENCES
"Coffer. G. N.. A Study of the Soils of the United States, Bulletin 83,
Burean of Soils. U. 8. D. A, p. 15.
*0p. Cit. p. 15.
*0p. Git. p. 14.
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CLASSIFICATION BY THE BUREAU OF SOILS

o results of all the preceding factors involved in #oil changes
find expression and application in the svstem of classification devel-
opeld by the Bureau of Soils. The Tnited States has been divided
into 13 great peographic divisions: the six in the western part are
known as soil regions, while the seven in the eastern part are called
~oil provinees.

A soil province is an area which has the same gencral phivsio-
graphic expression and in which the xoils were produced by the same

(orees ar groups of forces,

A soil region may include several soil provinees which later
study may establish. The gails of @ province are grouped together
into =erjes on the basis of the same range of color, the same character
ol =ubsoil, as regards color and strueture, the same type of relief
and drainage, and a common or similar origin, A =oil series is
divided an the basis of {texture into viasses,

Soil Provinces and Regions.—Area Surveyed up o 1913

Proclnces Estimated Detailed Reconnais Total
area survey sance survey = ares
- o o |
acres acres | weres | per cent
Piedmont Dlatenn .. ... 47,214,000 16,638, 2,388,416 40.3
Appalachian Mounts
Plateau . 10,643,700 23,509,504 | 50.8
Limestone Va | |
land. 11,660,094 2,040,896 | 20.2

Glacial and Lovssial. | 794,608 | 21.1

. 43,475,366 7,
G]qcml LJLL and River |

Tertncs . ..o ovo.. 442,788,000 12,956,602 | 1,297,725 | 45.0
Mlanllr Lud Gull Coz t:x(
Plains . . Loo..0 218,362,000 52,718,882 \ 22,748,096 | 34.6
River Fluorl PLuns ....... I 73,247,000 26 913,813 1 7, 561 216 45.9
Regions ) ‘
Great Plains............. 331,068,000 13,170,108 ‘10' 711,616 | 424
Rocky Mountains 265,575,000 2,674,560 | .. 1.

Northwest, mermounum' 75,984,000  2,322.884

Great Basin........... .| 118,034,000 1,300,072
Arid Southwest. .1 81,148,000 1,674,138 N
Pacific Coast............. . 109,180,000 16,953,491 4, 015 360 I 19.2

Total............... 11,903,290,000 222,201,667 12340430.0\ 23.9
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A soil class inclides all soils having the same Texture, sneh as
vlavs, peats, mucks, clay loams, eteand are divided into soil types.

A soil type is a soil which throughout {he area of its occur-
rence has the same fexture. color. structure, character of sulwoil,
general topographyv, processes and sonrees of derivation,

The =oil surveys are of two kinds, reconnaisance and detailed.
The former Tarishes only general mformation, while the latter
gives the soil types in considerahle detail.

LOTHE PTEDMONT PLATEAU PROVINCE

The Piedmont Plateau comprises the rolling o hilly region
Iving between the eastern foot of the Appalachian Moeuntain: and
the Atlantic Coastal Plain.  The northern end of this provinee lies
in northeastern New Jersey, along the glacial boundary. in the
vicinity of the Hudson River. Tt extends southwestward, and in
Virginia is a belt ranging from 20 to 50 miles in width,  Widening
here It continues in a southwesterly direction to central Alabama
with an average width of approximately 115 miles. The provinee
has a length of 900 miles, and embraces an arca of approxiately
T3.770 square miles. The following are the mosl tuportany serics
of this province:

Alamance Series.—The surfuce soils of this series ave gray to
almost white aud of silty texture.  The subsoils are composed of
vellow, rather compact silty clay. Scattered over the snrface are
fragments of the parent rocks which belong to the ™ Carolina
slat 1t forms a belt in central North Carolina, and extends a
short distance into South Carolina.  The topography varies fron
nearly flat to rolling, or iu some places steeply rolling,

Cecil Series.—The Cecil series include the most important and
widely distributed soils of the Diedmont Plateau.  'I'he heavier
nembers are known as the © red-vlay lands.™  These soils are
residual, derived from gneisses and schists and characterized by
their red-clay subseils and gray to red soils, rangiug in texture from
sand to clay, the lighter colors prevailing in the sandy members. A
characteristic of the subsoil is the content of sharp quartz sand and
the frequent occurrence of the remains of veins ol quartz. Mica
flakes are also wsually present in the subsoil. "Fhe topography is
slightly rolling to hilly. The soils are adapted to general farm
crops and in the Soutl 1o cottun.  Over seven and one-half million
acres have been mapped.
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Chester Series.—The Chester series oceurs in the northern part
of the Piedmant Plateau, having been mapped only in Peunsylvania,
Marvland, and Virginia.  The types in this series differ from those
mn the Cecil series in haviug yellow or enly slightly reddish yellow
subsoils and gray or brown surface soils, the latler being. on the
whole, lighter and more friable than the Cecil. Locally they are
known as © gray lands.” to distinguish them from the * ted lands ”
of the Cecil series. The soils are adapied to general farm crops
and fruit,

Durham Series.—The soils of the Durham series are character-
ized by the grayizh color of the surface and the vellow color of the
whsoils. They are derived from light-colored, rather coarse-grained
rranile and gneiss, consisting principally of quartz and feldspar,
with some mica.

Iredell Series.—The soils of the Iredell series are light hrown
:0 almost black in color and frequently carry small iron concretions.
The subsoils consigt of extremely plastie, sticky or waxy clay of a
rellowish hrown to greenish yellow color. Disintegrated rock is
sften encountered within the three-foot section. The sojls are best
wited to grain and grass.

Lansdale Series—The Tansdale serieg is characterized by the
rray. drab, or brownish color of the soils and by the slaty gray to
sale yellowish color of the subsoil. They are derived from metamor-
yhosed Triassic <andstone aud shale. Moderate yields of hav, corn,
ats, wheat, and Trish potatoes are secured.

Louisa Series.—"he soils of this scries are predominantly gray
o0 Hght gray and ihe subsoils red. The material is derived from
aleose and micaceous schists and imperfect crystalline slates. They
wre suited to corn, grain, forage crops, and cotton.

Manor Series.—The Manor soils are characterized by their vel-
owish-brown to brown surface color and the vellow fo vellowish-
ed or dull red color of the subsaila, Th ries jz also high in mica
n both soils and the subsoil. They are derived fromn wiea and
hlorite schists. Good vields of corn, wheat, oats, Trish potatoes,
ud hayv are obtained.

Penn Series.—The Penn series includes Indian-red soils derived
hrough the processes of weathering from red sandstones and shales
1 Triassic age. Detached areas of these rock formations occur in
hallow basins in the Piedmort Platean from the vicinity of New
7otk to South Carolina. Corn, wheat, oats, potatoes, grass, apples,

w
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and peaches arc produced in the northern and fobaceo and cotton in
the southern states.

York Series.~—The types included in the York series are pre-
domipantly gray to light gray at the surface and have vellow sub-
soils.  They are derived from taleose and micaceons schists and
tmperfeetly ervstalline slates. Crop vields are usuafly Jow and the
soils are excecdingly dillicult fo moprove.

1L THE AUTPALACHTAN MOUNTATN AND PLATEAU PROVINCE

This province embraces {liree subdivisions of the Appalachian
svstem, which extend from New Jersey und northern Pennsyvivania
o ceutral Alabama.  They are as follows: (1) The Blue Ridge
region ot the east aud southeast side: (2) The Cumberland-Alle-
gheny plateau on the west: and (3) the Appalachian ridge and
valley belt between.  The provinee includes twa subordinate divi-
sions lying outside of this general wrea: (1) the Ouachita and
Roston mountuian ridge of the Ozark uplift west of the Missiszippi
River. and {2) the area of Coal Measure rocks in western Ken-
tucky ard southern Yndiana. The Appalachian constituies the
greater part of the province and forms a broad helt approximately
000 miles long. Tt includes the mountains, ridges, and vallevs of
this area. This province is about 200 miles wide in Tennsylvania
and attains a maximum breadth of about 270 miles in Virginia.

Berks Series.—The soils of the series are yellowish-brown to
brawn with yvellowish subsoils.  The sails are derived from the
Hudson River shales, which are vellow, hrowu. gravish, and olive-
colored. They aeeupy rounded ridges and hills with good drainage.
They are suited to corn, oats, wheat, and Trish potatoes.

Canasauga Series.—The Conasauga series are light brown, and
the subsoils are vellow and prevailingly of silty clay loam to silty
clay in texture. These soils are developed typically in flat to gently
rolling valley lands. They are derived from interbedded shale, Jime-
stone, and fine-grained sandstone. Good vields of cotton, corn,
wheat, oats. and forage crops may be secured.

De Kalb Series.—The surface soils of this series are gray to
brown. while the suhsoils are commonly some shade of vellow. The
coils are derived from. the disintecration of sandstones and shales.
The surface features consist of gently rolling tahle lands. hills, and
mountains. The soils are generally not very praductive, but the
stony and sandy members are adapted to orchard fruits, while the

[}
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Sixieen million acres

Leavier ones produce hay and pasiure gras
of this series have been mapped.

Fayetteville Series.—'I'hix scrics consists of grayish brown to
hrawn soils with velowish brown to reddish brown subsoils.  1The
soils are formed by the weathering of sandstones and shales and are
found throughout a large part of western and northwestern Arkan-
sus and easlern Oklahoma. They are moderately fertile.

Hanceville Series.—The Hanceville series has a light brown to
reddish brown surface and a red subsoil.  The topog raphy ranges
from rolling to stecply rolling.  The soils are derived from sand-
stones and shales and are moderately productive,

Meigs Series.—'I'his serics is variable in character and particu-
larly o color, which ranges from Lndian red to gray or pale vellow.
The soils are derived from red, fine-grained sandstones and shales
and from gravish sandstone and shales. The topography is steeply
rolliug. The soils are suited to grass and the production of hay.

Porters Series.—1hix =cries includes the residual woil< of the
Appalachiay mountains derived from igneous and metamorphic
rocks. They occur at high clevations. 'The soils are particularly
adapted to fruit culture.

Talladega Series,—T'he soils of this series are grayizh hrown 1o
light brown. The subsoils are red and have a greasy feel. The soils
are derived from metamorplic rocks, principally micaceous schists.
The topography is strongly rolling to mountainous. They give
moderate vields of corn, forage crops, aud cotton.

Upshur Series.—Tn the Upshur series both soils and subsoils
are Indian red. Some types have the grayish to grayish-red color
in the surface soils. They are derived from Indian-red sandstones
and shales, frequently of calcareous nature. They oceupy rolling
to mountainous regions. They are generally more productive than
the De Kalb series.

Westmoreland Series.—This series is marked by the grayich
brown o yellowish brown color wnd mellow structure of the
curface soils and the vellowish brown to yellow color and friable
structire of the subsoils.  The soils are derived from shales and
sandstones, with interbedded Jimestones and ealeareous shales. The
topography ranges from gently sloping to quite rolling or steep
lands. These soils are very productive, being particularly adapted
to corn, oals, wheat, grass. potatoes, apples, peaches, plums, cher-
ries, berries, and vegetables.
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L LIMESTON

VALLEYS AND UPLANDS PROVINCE

This provinee includes two important topographic divisions—
the limestone valleys and uplands. The limestone vallevs ave most
extensively developed within the Appalachian Mountain System,
and besides these the Central Basin of Tennessee and the bluegrass
region of Kentucky.

The uplands division includes @ large aren estending from
Alabmma through Tennessee and Kentucky abnost to the Ohio
River. The Ozark region of souwthern Missonri, porihern Arkansas,
northeastern Oklahoma, and southeastern Nosas 1s included.

"The principal soil serivs are as follows:

Brooks Series.—The soils are gravish brown to Lrown with
vellowish broww o slightly reddish brown clay subsoils. The soils
are derived from pure limestones, with an oceasional adnuxtuare of
material from assoclated sandstone and shales. ‘These soils have
good drainage.  Wheat, corn, oats and apples do well.

Clarksville Series.—The soils are gray and the subsoils yellow
and nsnally =ity clay i otexture and Trequently nnderlain by a
reddish substratum. The depth fa red terial varies with the
topography, being deeper on the more level areas. The soils are
derived from a cherty limestone and oceur over hoth level and wn-
dulating uplands and yough and hilly country with steep =lopes.
They are adapted to tobaceo, grass, small grains, covu, strawherries
and cantaloupes.  Over five million a have heen mapped.

Colbert Series.—"I'he surface soil is grayish to light brown and
the =ubsoil vellow and frequently plastic. The =eries is derived
from pure lmestone or a limestope mixed with sandstone. The
topography is flat to undulating and dyaiage is generally poorly
established.  With proper drainage wheat, oats, vorn, and f{orage
crops can be grown with good resulis.

Conestoga Series.—These w0il: are yellowizh brown to hrown.
The subsoils are yellow greenish, occasional’. mottled with gray,
and have a greasy feel. These soils are derived from schistose lime-
stone and calcareous shale or shaly limestone. They are adapted
to geveral farmi crops.

Decatur Series.—The <oils are charocterized by a reddish
brown to deep red color and subsoils by an intensely red or Liood
red cojor. They are derived mainlv from pure Hmestone. with some
traces of chert. and are adapted lo corn, small grains and forage
crops. They otcur as early level to gently rolling valley lands.

Hagerstown Series.—The soils of this series are prevailingly
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brown in volor, with light browu te reddishi brown subsoils, bul
never so disunetly red as the Devatur series. The topograpby is
undulating to gently rolling. Thev arve derived from limestone.
The sotls are very productive and well adapled to corn, small graln,
clover, blue grass, vumothy, and apples.  Three mnllion acres have
Leen mappe

IV, TIHE GLACIAL AND LOESSIAL FROVINCE

The glacial and loessial provinee includes that part of the United
States Iving cast of the Great Plains in which the =oils are derived
from (1} 1ee-laid deposits left by the retreat ol the ice at the close
of the glacial period, (2) water-laid material intimately associated
with the ice-laid material, deposited during the advance and retreat
of the ice in the form of ont-wash plains, and (3) silt depozits lald
down by water or wind during, or subsequent to, the retreat ol the
ive. The ice-laid deposits are found north of an irregular line mn-
ning from Cincinnati to La Crosse, Wisconsin, thence southward
to Jowa City, Towa. continuing in a westerlv direction to the south-
eastern corner of South Dakota.  South of that line they are mainly
loessial, presumably wind-laid deposits. The two tengues, the one
rutning down the Mississippi and the other southwestward across
Ransas and Oklahoma, are entirely so.

Bangor Series.—'This serics i characterized by grayish to yel-
Jowish brown surfuce soils, with subseils of lighter gray and yellow-
ish browun. Al of the types are stony and gravelly. The soils are
derived from glacial till containing more or less material from the
Jocal serecitic schist rock. The topography is rolling to hilly.  With
the exception of the stony Joarm and shallow phase of the loam the
types of this series are fuir general farming soil.

Caribou Series.—The members of this serics have vellowish
brown soils which usually rest upon a light gray lower till. The
soil material is derived from glucial till overlving calcareous shales
or shaly limestone, the till itself being devived from the under-
lying calcareous formation, having been transperted for only short
distances. The soils are very productive, being cspecially adapted
to Irish potatoes. grain and peas.

Carrington Series.—These soils are derived through weather-
ing of the glacial till with little or no modification from loessial de-
posits. The soils are generally -prairie, black in color, ranging in
some cases to dark brown. The subsoils are lighter colored gen-
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erally, having a light brown or yellowish color.  “The fopography
is gently undulating to rolling.  Corn and wheat are the priveipal
crops grown.  Nearly four million acr

Cazenovia Series.—These soils are hrown in color with a hrown
to reddish subsoil resting on limestone at a depth of about 3 feet.
Fragments of Hmestone and red sandstone are found throughout
the soil and oceasionally Targe boulders are scattered over the sur-
face.  These soils are derived from glacial Gl containing consid-
erable Jimestone material. The principal crops are grass=. alfulfa,
corn, wheat, and potatoes.

Coloma Series.—The soils of this series are Jight hrown {o
gravish in color with vellow or reddish subsoils.  "Che fopography
is generally rolling to rough and hilly, representing terninal and
aroutd  moraines The series is formed from relatively coarse
alacial materiul modified to some extent by the action of the wind
and water.  They once supported extensive pine forests and are
found in porthern Michigan, Wisconsin, and Minnesota.  Ncarly
two and one-half million acres have been mapped.

Cossaymna Series.—These soils are brown or snufl” colored,
with subsoils of the same color, but of a lighter shade.  Both strata
contain considerable quantities of shale and calearcous =andstone
fragments with a small percentage of foreign honlders. They arc
derived from glacial till and occupy rolling to hilly uplands. The
principal crops are corn. oats, hay, potatoes, apples and other
tree friits.

Dutchess Series.—The Duteliess soils ave hrown Lo light hrown
with bluish, light brown, vellowish or reddish brown subsoils.  The
soils are friable, the subsoils being somewhat heavier in texturce
than the soil. In some types rounded and angular gravel oceur in
Loth soil and subsoil.  'These are varely of limestone. The to-
pography is rolling to undulating and rough.  The soils are adapted
Lo oats, grass, potatoes, and tree fruits.

Flushing Series.—T'he soils are brown iu color and overlie yel-
Towish or reddish subsnils, sometimes micaceous and in some in-
stances resting on erystalline rock. The material is of glacial origin.

Gloucester Series.—The soils of the (HJoucester series are light
brownish or often gravish at the immediate surface and overlie yel-
low subsoils. The soils are derived from a rather local glaciation
of crystalline rocks of granites and gmeiss. The drainage is fair
to good. The topography ranges from gently undulating to rolling
or hilly, Scattered rocks and boulders of large size occasionally

have been mapped.
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oreur, rendering the use of farm machivery somewhat difficult.
They give fair yields of corn, potatoes, cats, hay, and fruit.

Holyoke Series.—1'he soils are brown to dark yellow in color.
The subsols are vellow and somewliat heavier thau the soils,  They
ave of glacial origin and derived from wetamorphic, diabase and
eryetalline rocks,  The topography is rough and the <ails are mod-
erately produetive,

Kewaunee Series.—This series is characterized by grayish to
reddish hrown or pinkish soils overlying pinkizh red silty clay and
rather caleareous subsoils.  They are derived from till and contain
more or less angular pebbles. The topography varies from undu-
lating to hilly, but the underdrainage is generally poor.

Knox Series.—These soils are light browy and are derived from
locssial or other wind blown deposits, The topography is gently
undulating to rolling.  Grain crops constitute the chief agricultural
prodicts. Abene three million acres have heen mapped. N

Lackawanna Series.—Thege soils are derived from glacial drift
that ferins a relatively thin mantle overlving the red shales and
limestones. The topography is shightly rolling to hilly and moun-
tajnons,

Lexington Series.—Lexington soils are gray to vellowish gray
in color aud mellow in structure.  The subsoil is vellow fo brown,
with a tinge of red in places, and is often somewhat heavier than
the soil.  Drainage is good and the topography is moderately rolling
to hillv. The types are derived Trow loess with orange =aud a fow
feet helow the surface. These soils are adapted to carn, cotton.
forage crops, vegetables, and strawberrics,

Marion Series.—These soils are gray, white or ash colored.
The subsoils are white at the top. the white layer varving in thick-
ness from 2 to 12 inches and averaging about five inches. This
layer is compact, impervious, whitish silt or very fine sand, often
containing iron coneretions and locally known as > hard-pan.” Be-
neath this the true subsoll is a gray., light yellow to reddish yellow or
mottied brownish vellow, hard, impervious clay containing occa-
sional concretions of irou and lime. The topography is flat to un-
dulating. Dirainage is poor. They ave derived from modified loess.

Marshall Series.—The Marshall series includes the dark col-
ored upland loessial soils which predominate in the great prairie
region of the central west. The surface so0ils have a dark brown
to black color. The topography is level to rolling and artificial
drainage is vsually necessary to secure best results. They are very
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productive and constitute the great corn soils of the country.
Nearly four nullion acres have been mapped.

Memphis Series.—The Memphis series i< characterized by the
light brown to yellowish brown color and =7ty teature of the sur-
face soils and by the slightly lighter colored and wmore compact
structure of the subsoils, They occur suuth of the latitude of St
Louis and are most extensive in the loessial belt following the
cast bank of the Mississippi river. Erosion has been active and
has resulted in a prevailingly rolling to broken topography. They
are well suited to corn, oats, peanuts, forage crops, and cotton. The
amount mapped s 2,000.000 acres,

Miami Series—'The soils are brown, light brown or gravish
and are underlain by yellowish and brown heavier textured soils.
Mottlings of brown and light gray ate present in ihe subsoils. Sur-
face draipage is usually good. The soils in the main are derived
from the weathering of glacial till composed largely of ground-up
limestone. Dairying is an important industry on the beavier types.
Nearly four million acres have been mapped.

Mohawk Series.—The Mohawk soils consist of dark colored
glacial material derived in part from dark colored calcarcous shales
and limestones, but modified by admixture of glacial till from other
formations. The topography is rolling to hilly and they are con-
sidered good general farming soils.

Ontario Series.—These soils are hrown to chorolate hrown in
color, the subsoils heing lighter and in many cases grading into
vellow.  Toth soil and subsoil usually contain scatfered fragments
of limestone and are derived from glacial till of the drumlin region
of New York. The topography Is undulating to hilly.

Plymouth Series.—These soils are derived from moderately
roarse glacial material largely from granites.  The series includes
the morainal and till deposits found in southeastern New England
and on Long Island. The surface soil is shallow and brown, under-
lain by a pale yellow suhsoil.

Putnam Series.—This series includes dark gray to hlack soils
overlyiug impervious drab or brown subsoils of fine texture and clase
strocture.  One of its prineipal characteristics is the presence of a
whitish silty laver between the soil and the subsoil. The soils
occupy level to gently undulating prairies and are derived from
loessial deposits. Drainage is poor hecause of the dense compact
structure of the subsoil. Theyv are confined fo Missouri.

Richland Series.—The Richland series is characterized by a
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light brown to vellowish brown color and silty {exture of the sur-
Tave soils and the somewhat Jighter eolor and more compact struc-
ture of the subsolls. These soils are derived from the loess and
oceur inoasauciation with the Memphis soils. The topography is
stootl, flat to undulating.  Cotton, corn, peanuts, oats, forage
crops, clover, cabhage aud Irish potatoes give very good results.

Shelby Series.—The soils of {his acries are yellowish grayv or
yellowish brown o brown in color. The subsoils are yellow or red-
dishe vellow or bight brown tepaciaus sandyv elavs. The subsoils
are dervived Trom the Kansas drizt and oceupy steep strean slopes,
They were originally covered with white vak, some hickory, red oak
anef el

Trumbull Series.—The Trumbull series consists of pray sur-
face soils, underlain by light gray or gray mottled with vellow sub-
solle, whicly at an average depth of about IR inches hecomes a mot-
tled gray and yellow. The soils are without limestone to a depth of
3 fect. They are derived from =hales and sandstones.  Corn, oats,
wheal and hay ace the principal crops grown,

Union Series.—Tlic =oils of this series are characteristically
brown to grayish brown in color, of silty texture and friable struce-
ture. with yellowish brown silty and moderately friable subsoils. 1t
is probably partly of loessial origin. The topography is gently roll-
ing to hilly.

Volusia Series.—'The soils of this ceries are the result of leebls
glaciation of the shales and sandstones of the Devonian and the
Upper Carbonilerous rvacks of eastern Ohio, southern New York,
and northern Fenusvlvania. The underlying shales and sandstones
have wihven tise to a large proportion of the soil material, which has
been wodified in varying degrees by other glacial material. The
seriex is well adapted to the production of timothy and small grains.
Wheat and corn give good yiclds at lower elevations, Over six
millivn acres have been mapped.

Williams Series.—The soils of this series are of a dark gray to
brown or dark brown color, geucrally underlain at 8 to 12
inches by lighter brown subsoils which grade quickly into
light gray. ashen or putty colored subsoils of calcareous character
and usually of fine and often of silty texture. They are derived
from glacial material and contain gravel and boulders. The sur-
face is treeless and varics from level prairies to rough hilly terminal,
morainic helts. Nearly 14,500,000 acres have heen mapped.

Wooster Series.—The Wooster series includes the yellowish
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brown glacial shale and sandstone soils, having unmottied brownish
gray subsoils. When dry the surface in plowed fields is a light gray,
but underneath the surface or when moist the soils are always
vellowish or light brown.  The subsoils are of a brownish vellow
with just a slight tinge of red. They wre derived from shales and
sandstones,  Wheat, corn, vats, bay, aud potatoes are the principal
crops gTU\\'II.

V. GLACIAL LARKE AND RIVER TERRACE PROVINCE

The Glacial Lake wid River Terrace Province embraces two
classes of deposits, The first class includes deposits in the hasins
of lakes formed by the advance and retreat of ree during the Glucial
period.  These were temporary lakes which took forn durivg the
period of the retreat of the ice or lakes that were formed then hut
have since been drained through the operation of natural drainuge
forces.

The second class of deposits consists of those left within the
glaciated area by the streams that flowed from the iee during the
Glacial period. These streams were more ahundantly supplied with
water frow the melting ice than at present from the normal rainfall
of the glacial region. They also carried large quantities of gravel,
sand and finer material which were deposited in the valleys, form-
ing new slopes whose grades were determined by the Joad and cur-
rent of the streams.  Since the reduction of the volumes of the
streains Lew vallevs have been formed through the old material.

The province consists of a large number of isolaied arcas, mauy
of them a square mile or less in extent. The river terraces are
developed as small, irregular areas or strips along the streams.  The
larger areas lie within the former basins of the lakes. The principal
series are as follows:

Chenango Series.—This serics consists of yellowish to light
hrown surface soils and brown to vellow subsoils. ['he curface soils
vary in texture. The subsoils pass into stratified gravel or coarse
sand at three fect or more in depth. The series includes terrace
soils occurring along streams. The soils are of high agricultural
value, and are well adapted to corn, alfalfa, potatoes, and truck
Crops.

Clyde Series.—This series is characterized by dark brown to
black surface soils and grav, drab or mottled gray and yel-
lowish subsoils derived through deposition or reworking of the soil
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material in glacial Takes or ponds. The soils of this series grade
into muck and peat. The topography is level and the soil is nat-
urally poorly drained. Thev are highly productive and valuable
for corn, grass, sugur beets, cabbage, and onions.  About 1,500,000
aeres hive been mapped.

Dunkirk Series.—The soilx are derived from the weathering of
glacial Take deposits and include the lighter colored soils formed
from =uch material. The surface oils range from brown to gray
in color and the subsails from broswn to vellow or grav with or
without mottling.  The topography varies from smooth to rough.
An arca of almost two million acres has been mapped.

Fargo Series.—I'lis series oceurs principally in the old glacial
Lake Agassiz, in the Red River Valley, and io other old glacial lake
beds in the same region. They are very black in color, containing
a very large per cent of organic matter, in some cases enough to
make them slightly mucks.  The subsoil contains ree amount of
lime.  The topography is level. The area mapped is nearly 3.000,-
000 acres.

Fox Series.—'These are gray to hrown and of level or slightly
iphy. The material was laid down as outwash

undulating topog
plains or terraces along streams within the glacial area.

Manchester Series.—The ~vi'ls of the Manchester series ave
generally rather saudy jn textare wid the surface soils are ved ur
hrown D color. The subsoils are red or reddish and in the lower
part grade inin the glacial till. They aye fomed Trom old alluvind
ar lacustrine sediments disposed ax terraces i the Connecticut
Valley. They are adapted fo fruit, carly truck. grains, and tobacea,

Merrimac Series.—The surface soils of the Merrimac series
are hrown fo light hrown in color and usually underlain by vellowish
sal and gravel. They constitote the glacial terraces found along
nearly all streams in New England.  The material consists princi-
pally of crystalline rocks which were gronnd up by the ice and
reworked by water.

Orono Series.—The surface soils are light brown and gray and
the subsoile are gray.  The "heavier tvpes oceur as estuarine
and glacial lake plains or outwash plains.  The lighter types are
derived from esker and glacial-delta material. The adaptation to
crops varies with the texture and drainage. The heavier soils are
hest suited to grass and grains, the intermediate, to general farming,
and the light sandy ones to truck crops.

- Plainfield Series.—The surface soils of the Plainfield series
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range in cofor from hrown (o grayish velfow. while the subsoils are
wsually vellow to pale yellow. The series is deveioped in the deep
dettt-covered arcas of Wisconsin, Michigan, and Minnesola, and
are derived from sandy and gravelly glacial débris washed ool from
the fronts of the glaciers. The type i also found in deep filled-m
vallevs,  The greater part of the material of the series has heen
considerably arsorfed by glacial waters and consists mainly of sand
amd gravel.

Sioux Series.—This series vccurs in the glaciated region of
she central and northwestern states and comprises the dark brown
fo Back 1errace soils and with a bed of gravel within three feet of
the surface, 1t occurs as narrow areas aJong streams instead of
broad outwash plains.

Superior Series.—The surface soils are gray, brown or reddish,
with pinkish red to light chocolate red rather dense clay subsolls,
The series comprises w group of  glacial-lake  soils  developed
mostly along the margin of latke Superior. The lopowraphy s
nsually level to slightly undulating,  The weries is well adapted to
the production of grasses, grains und the general farm crops.

Vergennes Series.—I'his series is marked by brown, yellowish
ar gray soils nuderlain at varying depths by drab o blue or light
gray clay subsoils, often calcarcous. [t consists of deep-water sedi-
ments known as the Champluiu elays deposited jn post-glacial times
aver glacial drift during a period of submergence.  Since the uplift
these vlays have been more or Jess modified by the streant action
and colluvial wash from the surrounding highlands.  'F'lhe surface
i~ Jevel to gently rolling.

Waukesha Series.—Thie Waukesha series is characterized by
dark brown to black surface soils underlain by yellow subsoils in
which fine gravel is wsuafly present. They ave derived from water-
assarted glacial déhris deposited in broad filled-in vallevs or as out-
wasly plains and terraces. and are sandy and eravelly in general
character. They are more productive than Plaineld soils.

VI, ATLANTIC AND GULF COASTAL PLAINS PROVINCE
The Atlantic and Guif Coastal Plaius Province constitutes one
af the most important physiographic divisions of the United States.
This province comprises approximately 365,000 square miles of the
predominantly flat to smoothly rolling region hordering the Atlantic
Ocean and extending from the northern end of Long Tsland in New
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York 1o the southern extremity of Flovida and along the Gulf of
Mexico to the mouth of the 1o Grande, There i a broad gap in
the Gulf Plain represented by the Mississippi bottoms and the belt
of loessial solls adjoining the bottoms on the east.

In its general aspect, the Atlantic and Gulf Coanstal Plains
Provinee consists of a broad plain which rises gradually either from
sea level or low Dbluffs along the coast to the border of the high
inland regions of different topographic forms.  The inner boundary,
representing the highest part of the main provinee, varies from
200t 00 or 600 feet above sea level, Thiz region, although
formerly a plain changing to a gradual slope from the sea inland,
has heen croded since its uplift ahove sea level to its present vary-
ing topograplne features of Jow to moderate relief as compared with
the much more uneven surfuce of the Appalachian and Piedmont
regions.  The most jmporiant serics are as follow

Acadia Series.—The surface ~oils are light gray or white, with
mottled gray and yellow, or gray, vellow and red friable subsoils,
carrving Ume nodples and dron covercrions. They are derived
mainly front reworked locssial material.  The surface is gently
ralling, and the series is now tumbered with pine, oak, gum, hickory
and some cypress. It is adapted to the production of corn, cottou,

peas, and oats.

Brennan Series.—This series consixts of gray caleareous soils
conlaining a small amount of humus and a large amount of lime,
They have been derived frow Pleistocene deposits in hroad valleys.
They are of higher agricultural value than the former.

Caddo Series.—T'he soils are grayv te vellow in color.  The sub-
soils are mottled gray und yellow, or gray, vellow and red, and of a
rather stifl structure. Tu sowe places the subsoil has a pronownced
gravish color, while in others it iz a mottled yellow and grav., Low
sandy mounds or bummocks are a feature of the series.  Cotton
and corn are the principal crops.  These soils are most extensively
developed in northwestern Louisiana and northeastern Texas and
are derived from reworked loessial material,

Coxville Series.—The series comprises dark gray to nearly
black soils derived from the quiet or deep-water deposits of the
Columbia formation. The subsoils range from a moderately mellow
friable ¢lay in the upper portion to yellowish plastic compact clay
mottled with drab and bright red in the lower portion. The
topography is prevailingly flat. Thev are well adapted to cotton,
corm, cats, and certain varieties of strawberries.
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Crowley Series.—'The soils range from ashy gray to light
brown in color, with mottled hrown, yellow and red, to almo<i uni-
formly vellow clay subsoils.  Lime aud iron coneretions are present
in the subsoil. which is quite impervious to water.  This feature
favors the production of rice. The topography is tlat.  They are
trpucal prarie sols of Lowsiaua and Avkansas formed or reworked
loessial material,

Durant Series.— e series consi
zurface soils, with vellow to dark brown subsoils

s ol dark gray to dark hrown
They wre derived
from soft sandstone and calearcous warl. The soils wre productive,
giving fair yields of general farm erops,

Duval Series.—'I'lie soils are marked by (heir hright red eolor
aud rather low Jime contenf. They are derived from fluvial de-
posits of red sands and sandy elays.  Three and one-half million
acres have been mapped. «

Edna Series.—The soils of this series are gray io dark gray.
The subsoils consist of gray or mottled gray and vellow, heavy, jm-
pervious clay. The topography is Jevel to gently undulating. They
are derived from the weathering of woncalenveous niarine deposits.
The supply of oreanic matter js low. They are nof very produciive,
bt cotton, corn and general farm crops are grown 1o some extent.
The area mapped comprises 1,500,000 acres,

Elkton Series.—T'he soils are light gray to white and the sul-
soils are mottled whitish grav and vellow. Uravel or coarse sand
usually saturated with water is found at a depth of 214 to 3 feet.
They are of rather low agricultural value,

Goliad Series.—These soils are prevailingly dack gray to hlack
with reddish brown to red sandv loam or sandy clay subsoils, in the
lower portions of which a white, soft, calcareous substratum is en-
countered. The =oil material consists of weathered marine deposits.
They are fairly productive.

Greenville Series.—These goils are reddish hrown to dark red
and generally loamny.  The subsoils consist of red iriable sandy clay.
The tvpes oceupy level to gently rolling areas 1n the Coastal plains
uplands. They are well adapted to cotton, corn, forage crops and
outs.

Houston Series.—The soils are black and high in lime, espe-
cially the subsoils, which in some of the types consist of white
chalky limestone.  The members of the series occur principally in
the black calcareous prairie regions of Alabama, Mississippi and
Texas. The soils have been derived from the weathering of cal-
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eareons clays, chalk heds and rotien limestone, of Cretaceous age.
The sorls of this series are very productive and are devoted chicfly
To cotton and corn, but alfalla will grow on some of the tvpes. The
arca mapped comprises 6.300,000 qeres,

Lake Charles Series.—T'he suils of thix series are gray to
binck i color, with mottled yellow and red subsoils carrving lime
and ron coneretions, The surface i< narked by Jow sandy mounds
or hummocks. The subsoil = quite resiztant to the movements of
moistures, amd drainage is poorly established.  The soils are hest
suited 1o sugar vane aml grass. The series occurs on hoth prairie
and trec-vovered areas and consists mainly of reworked loessial
materia. The sand mounds ure inclined to be drouthy.  Some

Tice s grown.

Leonardtown Series.—1'he soilz of this series are gray io pale
vellow in color. The subsoils are mottled gray, vellow and red and
erdinarily earey elay lenses and pockets of sand. They are gently
rolling to rolling. They are best suited 1o general farm erops,

Lufkin Series.—The surface soils are light gray and underlain
by tpervious plastic and gray to mottled gray and vellow sub-
soids. The difference in texture between the surface soil and sub-
soil in the case of the sandy members is very marked. The to-
pography is flat and drainage is poor. The soils are locally known
as " flatwoods ™ Tand. The timber growth consists largely of serubby
oah and post oak. About two million acres have been mapped.

Maverick Series—The soils are light gray to hrownish in
color and the zubsoils yellowish browy to drab and of heavier tex-
ture.  They are formed by fhe mixing of limestone and sandstone
with calcarcous clays,

Monroe Series.— These soils are gray to brown, with mottled
vellow and red Trinble structure of the subsoils. They veeupy nearly
level to rolling uplands throughout the Atlantic and Guil Coastal
Plaing and have been derived mainly from the Piedmount-Appa-
lachuan material.  The soils are usually deficient in organic matter.
Thet are variously adapted to early, medium and late truck crops.
The area mapped comprises thirteen and one-half million acres.

Nueces Series.—The soils and subsoils of this series are gray
and are underlain by a stratum of stiff, mottled, gravish clay. The
soils are derived from wind-blown materia]l originally from the
residual prairvies. which hag drifted iuland from the coast.  The
surface is prevailing flat. with w few dunes. Thev are poor agri-
culturally. The soils are desoted to corn, truck crops, and pasture.
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Oktibbeha Series.—These suils ure prevailingly dull brown
o vellowish brown. The subsoils are composed of somewhat mot-
ted vellow, gray amd ved, rather ptastic, sdty clay. They are wnder-
lain by soft rotten lnestone. The topography is flaf to gently
sloping.  They are locally known as * post oak lands ™ or “post
wak prairie land<” When properly handled they produce good
cropz: of cotton, corn. Johnson grass, lespedeza, bur clover, and a
number of other erops,

Orangeburg Series.—'I'he soils of this series are marked by
their gray to reddizh hrown eolor and open structure.  The subsoils
vonsist of friable sandy clay. They are contined to the uplands of
the Atlantic and Gulf Coastal Plains, being most extensively de-
veloped in a helt extending from southern North Carolina to ceo-
tral Texas, This ix a very valuable series, its heavier members being
adapted to coru, colton, cowpeas, peanuts, polifoes. and cigar teaf
tobaceo.  Nearly five million acres have heen niapped.

Portsmouth Series.—'T'hese roils are dark gray to black and
are high in organic matter.  The subsoils are light gray to mottled
gray aud yellow and the heavier tyvpes are always plastic. These
soils are developed in flat to slightiy depressed, poorly drained sifus-
fions and require drainage hefore they can he used for agriculture,
They are adapted to corn, strawhberries and truck crops such as
cabbage, omons and celery. Altogether 2410000 aeres have heen
mapped.

Ruston Series.—Tle =uils are gray to gravish hrown, and are
underlain by reddish vellow to vellowish red or dull red moderately
friable subsoils, prevailingly of sandy clay. They are slightly lower
i productiveness thay Orangeburg.

San Antonio Series.—Thesc soils are brown to chocolate brown
in color and have brownish red caleareons subsoils.  They ave de-
veloped in the semi-nrid regions of southern Texas. They are de-
rived from calearcous material of sedimentary origin.  Under irri-
garion they give excellent yields of a number of erops such as cotton,
vorn, sorghum, vegetables, and alfalfa.

Sassafras Series.—These soils are distinguished by their vel-
lowizh hrown to hrosen color and mellow structure,  The subsoils ure
reddish yellow and friable in structure, resting upon beds of gravel
vr sand varving from 214 {o 5 feet in thickness, They are developed
along flat marine or estuarine terraces from 10 to 250 feet above
sea level. They include some of the most produetive soils of the
Atlantic scahoard.  Excellent crops of wheat, corn. clover, potatoes,
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melons, berres and vegetables are secured. "The area mapped is
1717000 acres.

Scranton Series.—These soils are dark gray te black, with
vellow friable subsoils. The topography is flat and the soils are
generally in need of betfer drainage. They are well suited to corn,
vats, forage crops and a number of vegetables.

Susquehanna Series.—Tlese are gray to reddish gray in color
and are underlain by mottled red and gray or red, gray and vellow
plastic heavy clay subsoils. Red is always the predominating color
i subsoils, the other colors appearing as mottlings.  The soils
are developed i the higher portions of the Coastal Plain from
Chesapeake Bay to Central Texas.  The heavier members are
heavy to hawlle on acconnt of the intractable subsoil. Coru and
oats are grown extensively in the northern, wtil cotton in southern
states. More than 2800000 acres have been mapped.

Tifton Series.—The soils are gray to grayish brown in ecolor
and are mnderlain by bright yvellow, friable, sandy clay subsoils.
Small iron concretions occur on the surface and throughout the
soil section. Their presence gives rise to the local name of “ pimply
or pebbly land.™ Theyv are considered very valuable and are adapted
fo cotton, sugar cane, corn, cowpeas, velvet heans, oats, rve. sweet

and Irish potatoes, pecans, figs, plums, and vegetables.

Victoria Series.—Thiz series consists of brown to hlack soils
with grav to whitish, calearcous subsoils, derived from the Dleisto-
cene depusits of the Gulf Coastal Plains.  The topography is rolling.
Over four million acres have been mapped.

Webb Series.—Tlhe =oils of this series are Lrown to reddish
hrown with reddish brown {o red subsoil. Ther are found in the
semii-arid areas of the Coastal Plains of Texas. They are culti-
vated to some extent. Most types are covered with thick growth of
moesquite.

Wilson Series.—The scries embraces dark gray to black soils,
with mottled grav and drab to black subsoils, msually of stiff,
hearvy elav.  They are typically developed in the mixed prairie and
timmbered regions of Texas and apparently hold a position inter-
mediate between Honston and Lufkin series. Red is practically
absent. The surface is frequently flat so that water stands after
heavy rains. The heavier members drv out and bake quickly. Cot-
ton and corn are the principal crops.
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VI MIVEL PLOUD PLAINS FROVINCE

The goils of this provinee oceupy the first boltoms and adjoin-
ing terraces of strewms thronghout that scetion lying east of he
Great Plains region. Somie areas ol flood plains soil cover the bot-
toms and terraces of valleys which have been abandoned by Lheir
main streams.

These soils oecur in continuous and interrupted strips along
the banks of streams. They vary from narrow slrips a few rods
wide along the minor drainage courses and those streams which
pass through gorge-like valleys 1o broad bottoms several miles in
width,  The broadest strip of strictly alluvial land is along the
Mississippi River, where, at its contluence with the Arkausas, it s
75 10 100 miles.

The soils of this province include two topographic divisions:
(1) The first bottoms or present flood plains, and (2) the terraces
ar old flood plaius. The material composing these soils is derived
from very widely distributed sources and from every zpecies of
rock.  The principal series are as follows:

Bibb Series.—Tlis series is marked by light-colored fo white
conipact surface soils and hy compact plastie and white or mottled
white and yellowish subsoils.  The material is derived mainly from
Coastal Plains soils.  They are hest suited 1o grass and pastures
nuder preseut conditions.

Blanco Series—'T'hese have grayv 1o light brown seils and
brownish subsoils which in 1he lower portions clhiange to plastic
beavy materials of a decidedly hrown color. The soil and subsoil
are calearcous.  These soils avenpy terraces mainly above overfiow.
Soils are well adapted fo cotton. vorn. Irish potarees. and alfalfa.

Cahaba Series.—The swrface soils are hrown fo reddish hrown
and the subsoils ave yellowizh ved to reddish hrown.  They are ter-
races principally above overflow. These soils are well suited fo cot-
ton, coru, oats, and forage crops.

Cameron Series.—These are soils of dark brown to Hlack color
and tenacious character and highly calecareous subsoil.  The series
occupies broad, shallow hasins, occurring typically between river
chaunels, and in general is poorly drained. The lower portions te-
main flooded during the greater part of the vear.  Alkali is fre-
quently present in the lower depression. Good crops of corn, sugar
cane, cotton, and vegetables are successfully grown.

Congaree Series.~—The soils and subsoils of this series are
brown to reddish brown, there being comparatively little change in

7
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texture, structure aud color from the surfuce downward.  They
aceur as first boltura of the Piedmont region and in the Coastal
Plain. Soils are productine. yvielding corn, eotfon, cave, oats and
forage crops. '

Frio Series.—1'nese consist of dark-colored soils which have
heens Lrought down from the Bdwards Platcan and deposited in
terraces along the larger streams.  Thev are excellent agricul-
tural soils.

Genesee Series.—Tlic Genesee series cons of dark brown
grayish brown alluvial sediment deposited along the major streams
and their tributaries tliroughout the northeastern glaciated region.
They are subject to overflow. Good soils for corn, oats, sugar beets,
potatoes, cabbages, and grass,

Hoalston Series.—'licse consist
surface soils and ycllow subsoils. 11 is developed in old alluvial
terraces, sometimes sianding 200 feet or mere above the first bot-
tom of streams. The material is derived principally from sand-
stone and shale. The soils give fair to good crops of corn, wheat,
vats, grass, clover, and forage crops.

Huntington Series.—'I'hese are light hrown to brown and the
subsoils vellow to tight hrown.  Vrequently there i little change in
the color or character of the material, Theyv occur in the limestone
and Appalachian Mountain regions as first hottoms. They are ex-
cellent soils and well adapted to corn, oats, grass and forage crops
under proper climatie conditions. More than 1,237,000 acres have
been mapped.

Kalmia Series.—The surface soil< are gray to gravish yellow.
The subsoils are mottled gray and vellow. The series is found along
streams of the Coastal Plain on terraces above overflow. The sur-
face is flat.  When properly drained the soils are suited to corn,
eotton, sugar canc. and forage crops.

Laredo Series.—This series consists of gray to light brown,
calcareous soils with gray, calearcous subsoils. They occur as ter-
races along streams in south Texas, and are yuwite valuable when
irrigated.

Lintonia Series.—The surface soils of this series are light
brown or yellowigh brown and of silty texture. The suhsotls are of
slightly lighter color. They oceupy stream ferraces and alluvial
land. Grass. forage crops. corn, oats, Trish potatoes, peanuts, cab-
bage, and vegetables are grown.

‘Miller Series.—These soils are of chocolate brown to pinkish

af vellowish brown to brown




CLASSIFICATION BY THE BUREAU OF SOILS 99

red color, with chocolute red or pinkish red subsoils. Both strata
are calcareous.  They are first bottom soils in Texas gud are well
adapted to cotion, corn, alfalla, forage crops, and cabbage.

Myatt Series.—The Myatt soils are gray to dark grav. The
subsoils are of gray to mottled gray and vellow color and tmpervious
character.  They represent the poorest drained portion of the
Coastal Plain stream terraces. They lie principally above overflow.
When drained they may he used quite profitably for sugar cane,
corn, and a number of forage crops,

Ocklocknee Series—'These soils are dark gray to brownish,
with brownish or mottled brownish, vellowish and gray subsoifs.
They oceur in the Coastal Plains and are subject te overflow. Corn,
oats, and forage erops are grown.

Osage Series.—They consist of dark gray to almost black
altuvial wash from the sandstone and shale soils of the prairie
regions.  Thev produce good vields of general farm crops.

Podunk Series.—These are dark brown in color and overlie
lighter hrown to brownish gray or vellowish gray subsoils,  They
oceur as rather high bottom lands, but are subject to overflow.
They produce grass and heavy truck crops well.

Sarpy Series.—These soils range from light gray to nearly
black. They possess loose silty or fine sandy subsoils distinctly
lighter than the surface. They occur in the hottoms of the Missis-
sippi and Missouri rivers and their large tributaries. They are very
productive and adapted to grains, grasses, and alfalfa.

Sharkey Series.—'I'hese soils are of vellowish brosn to drab
color, with mortled rusty brown, bluish, draly and yellowish sab-
soils, of very plastic structure, They are very heavy alluvial soils of
the Mississippi river, commonly called = buckshot land.”  They are
well adapted fo corn. sugar canc and cotton.  About 1,600,000 acres
have been mapped.

Trinity Series.—These =oils are dark brown to black first hot-
tom lands mainly derived from the Huston series.  The organic
matter content is bigh and lime i< usually present.  They occur
as flat lands in shallow vallevs. Targe crops of alfalfa, cotton and
corn are produced when the soil is well drained. The area mapped
comprises 1,280.000 acres.

Uvalde Series.—These soils are alluvial and occupy broad level
flood plains in Texas. They are light in color and very floury ta
the feel. '

Wabash Series.—The soils are of a dark hrown to bluck color
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and high ip organic niatter. The subsoils are lighter drah or gray.
They oceur as first hottoms along the Mississippl.  They grow
large crops of grass and corn. One million nine hundred acres have
been mapped.

Waverly Series.—The soils are light gray in color and overlie
gray or mottled yellowish and gravi=li subsoils. They occur as first
hottom land along streams iszuing from the loessial region of the cen-
tral prairie states.  They are fairly well adapted to corn and grass.

Wheeling Series.—These soils are hrown to yellowish hrown
and arc underlain by gravel usually within 3 feet of the surface.
They occupy the gravel terraces along the streams that flowed from
the ice-covered tegions,

Yazoo Series.—The color of the zurface =oil ranges from gray
slightly darkened with organic matier to light brown, while the
subsoils are of mottled grayizh, rusty brown and sowmetimes hiuish,
They oceur in the flood plains of the Mississippi river.  They are
well suited to cabbage, omions, peas, lettuce, Irish and sweet po-
tatoes, encumbers, melons, ete.  Cotton, corn, and forage crops give
good results on the heavy types.

VIIL GREAT PLAINS REGION
The Great Plains Region is bounded on the north and east by
the Glacial and Locssial province, on the east and southeast by the
Limestone Valley and Uplands provinee and the Guil Coastal
Plaing, and on the west by {he Rocky Mountains, It has a maximuny
width of 600 miles. Tn altitude it varies from 1000 io 6600 fect
above sea level. Where not eroded it is a level or gently sloping
plain. There are arcas of excessively croded or “bad land ™ to-
pography. The Great Plains region extends from the Rio Grande to
Canada. The Upland soils are divided into the following as to
origin:

(1) Residual Material.—The residual soils are of widespread
occurrence and constitute the most extensively developed and im-
portant province. Owing to their wide distribution these soils are
rubject to a wide variation of climatic influences that have been
important factors in their formation. The series ate as follows:

Bates Series.—These are of dark gray color, while the subsoils
are yellowish and mottled red or vellowish or huff in the upper part
and mottled with yellow and red in the deeper sections. Thev are
treeless and of undulating topography. The erops are chiefly corn,

wheat. flax, snd oats.
P =
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Benton Series.—The soils are light brown or grayish brown to
gray colored. with light gray subsoils. 'They are derived from lime-
stope and ghale and mostly used for grazing.

Boone Series.—This serivs consists of light gray soils of low
organic-matter content underlain by pale yellowish {o slightly red-
dish vellow and often mottled, parous subsoils.  They are derived
from sandstone and shales. The soils arc often timbered and are
frequently thin and unproductive. The principal crops are corn,
oats, wheat, and hay.

Clark Series.—This series includes dark gray to brown or black
soils and grayish caleareous subsoils. They produce fair crops of
corn, kafir. wheat, sorghum, and alfa, i

Crawford Series.—These comprise residual limestone soils of
dark brown to reddish brown surface soils and reddish brown to
red subsoils. Cotton, corn, wheat, oats, alfulfa, clover, and timothy
are grown.

Englewood Series.—1he soils are of brown to reddish brown
color. The subsojls are usually reddish brown but sometimes brown.
They are denived from shale and sandstone. They are generally
adapted to corn, kafir, sorghum, and hay.

Epping Series.—The soils are white or light gray to bufl and
are underlain by subsoils of similar character. Thev are derived
from shales and ipdurafed clays. Wheat, barles, potatoes, and
alalfa are the principal erops.

Morton Series—The soils are Wrown in color and contain a
high content of organic matter. The subsoils are light brown to
gray and are rich in Jime. 'Thev are derived from sandsfove and
chales. Wheat, barley, and flax are the principal products. More

- than 13.000,000 acres have been mapped.

Oswego Series.—The soils arc light gray to dark gray. while
the subsoils are drab to vellow and are compact and impervious.
They are derived from shale and sandstone. Wheat, corn, oats, flax,
Tve, and potatoes are grown. ’

Pierre Series.—The soils of this series are light brown to dark
brown, the immediate surface often being light gray. They are
usually compact and refractory. The subsoils are brown and com-
pact and grade into a substratum. of partially weathered shale. The
surface is generally irregular, heing dissected or eroded and marked
by hills and ridges. Drainage is generally good. The tvpes fre-
quently contain rather excessive amounts of alkali.

Sidney Series.—The soils consist of brown surface soils, with




102 SOIL PHYSICS AND MANAGEMENT

light gray {o white, calcareous, floury, silty vlay subsoils. They are
derived from calcarcous conglomerate. The more fuamy types are
good for general farming,

Summit Series.—The soils are dark gray to black, with mot-
tled yeliow and gray subsoils. Tliev occupy nearly flat to sharply
rolling prairies and are derived from calcareous shales.  Corn,
wheat, oats, timathy, clover, and alfalfa are the principal products.

Vernon Series.—'T'lie soils are reddish brown to red.  The
subsoils are usually red but sometimes reddish brown or brown in
the upper part. Corn, wheat, oats, cotton, kafir and sorghum are
the chief products. They are derived from sandstones and shales.

(2) Glacial Material.—The soils derived from this material
do not oceur exfensively in this region.  They are represented
by o single series. the O'Neill.  The soils are dark gray to
hrown, underlain by light brown subsoils resting upon sand or
gravel.  The topography varies from nearly level to rough and
broken,  The series is derived from glacial drift which underlies the
foess. Tlie deeper members have a high value for small grains, corn,
potatoes, and forage erops.

(3) Lake-laid Material.—The soils of lacustrine origin are
of only local oceurrence.  They are vepresented hy three series of
gmall extent.

(4) Wind-laid Material —This series oceupies a very exten-
sive arca in Naneas. Nebraska and South Dakota,  The principal
serics are {he Canvon. Colby, and Valentine.

Canyon Series.—These soils are light brown or ashy brown
and the suhsoils are vellowish gray. They are mainly derived from
loessial matorial and arve adapted to grezing and lecally lo corn,
milo, kafir. and sovghum. The series occurs i Kansas and
Nebraska.

Colby Series.—The soils are ashy gray or brownish gray. The
upper subsoll is similar to or lighter in color. They are derived
from loessial deposits. Wheat, corn, and forage cvops are grown.

Valentine Series.—T'he soils consist of brown to dark hrown.
with light brown to brown and usually heavy subscils.  They are
adapted (o corn, potatoes, truck. and hay crops.

(5) Alluvial Fan and Valley Filling Material.—~These have
been derived from the great areas of Tertiary deposits with those
lees extensive areas of local alluvial fan and colluvial material.
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They are unconsolidated, but include corfain zones of material
which 1= caleareons and more or less Induraled or comentiai,

Amarillo Series.—hese include chocolate brown to reddish
brown soils, with brown to reddish brown subspils. Pl subsoil
crades into a white or pinkish white ealearcous maternal within
three feet of the surface.  They are derived from sandsfone. shale.
limestone, and crystalline rock.  More than eleven million acres
have been nupped.

Colorado Series.—1'he soils are of gray to reddish brown color
aud contain fine quartz and feldspar fragments.  Vhe subsoils are
reddish brown.  They grow vewetables, tree {runts, alfalfa, and
mielons.

Dawes Series.—The svils ure ashy gray to light hrown in color,
with white to piukish white subsoils.

Gannett Series.—The suils ave light brown, with yellowish
sand to hght sandy loamn subsoils.  They are mostly utilized for
pasture.

Greensburg Series.—'U'he svils are brown to dark hrown in
color and the subsoils brown to vellowish brown. The soils are
derived mainly from Plainz Mar). They are usually treeless and
prosince wheat, corn, kafir, and sorghum, :

Pratt Series.—The soils are browsn, with dark reddish brown
rather compaet sticky subsoils, vsually Joam o clay loam in tex-
fure.  They refain water well and under favorable conditions the
soils are guite productive, giving good vields of kafir, corn. sorghurs,
and wheat. Nearly 2,000,000 acres have been mapped.

Richfield Series.—The sails ave gravi-l brown, with grayish
hrown caleareous subsoils.  They are yefentive of muoistare and
pracduce wheat, corn, alfalfa, and forage erops.  More thap 8,000,000
acres have been mapped.

Rosebud Series.—The surface soils are dark gray fo brown.
The subsoils are Jight colored, almost white, and very calcateous.
The topography ranges from undulating fo steeply rolling avd
where badly eroded constitutes “bad land.” More than 5,000,000
acres have been mapped.

Zapata Series.—The soils have gray calcarevus surfuce, with
subsoils of similar color and texture. Thev have & very low value
for agriculture. Thev are used for grazing.’

(6) River Flood Plain Material. —These soils are the flood
plaing and terraces along streams. They occur widely scattered
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over the region, but arc especially well developed as the wide
valleys along the larger streams.  The series are as {ollows:

Arkansas Series.—'This scries includes grayish brown or dark
brown soils, with vellowish hrown subsoils resting upon grasvels aud
sauds.  The substratum ix soructimes su near the surface as to
cause deficiency of moisture.  Sofls may be subject to overflow.
Wheat, corn. forage crope, and alfalfa are the principal crops,

Cheyenne Series.—The soils are brown with lighter bhrown or
yellow subgoils underlain by sands and gravels.  The soils occupy
bigh valley terraces laid down while the streams were choked with
ice.  They are productive and adapled tw grazing, small grains,
corn, and potatoes.  Under irrigation they grow alfalfa and fruits.

Laurel] Series.—The soils are dark gray to brown and the sub-
soils are usually lighter in color and are underiain by porous gravel.
Corn, small grains, forage, melons and cantaloupes dare grown,

Lincoln Series.—The soils are dark brown to dark gray or
nearly black, while the subsoils are dark gray to brown. Corn.
forage crops. small grains, and alfalfa are grown. DMore than
2,300,000 acres have heen mapped,

Tripp Series.—The soils are brown to light gray, while the
subsoils ave light gray to white. They are of alluvial origin, They
are adapted to coru, wheat, oats, potatoes. and vegetables.

Wade Series.—The soils are brown to dark gray, drab or dark
brown, while the sulsoils are light Irown, hrown or gray to dark
drab, rather heavy aud compact. The crops are comn, small grain,
flax, potatoes, and allalfa.

IX. ROCKY MOCUXTAIN AKD PLATEAU REGION

This region covers the areas of elevated mountains and plateaus
extending from Canada southward to the lower lving. arid, treeless
plains and isolated ranges of the arid region of Arizona and New
Mexico.

The soils vary widely in character owing to the great variety
of material from which they are derived and the number of agencies
active in their formation. Weathering in places has given rise to ex-
tepsive areas of residual soils, while at the bases of the mountains
large arcas of colluvial soils are found. The stream valleys have
terraces and flood plains, while the broad intermountain basins
have extensive deposits of sediments.

(a) Uplands.—San Luis Series.—The soils are reddish
brown in color and porous in structure and are underlain by sands



CLASSIFICATION BY THE BUREAU OF S01LS 105

and cogrse rounded gravel. They are derived mainly frem vol-
canje tock.

(1) River Flood Plains.—Billings Series.—The soile arc gray
to drab, with the subsoils simlar in color, structure and texture.
They are derived mainly from shales and sandstoues, and are adapted
to o wide range of erops under favorable conditions of irrigation.

Laramie Series.—These sails are light brown to grayish brown
with a slight reddish cast. The subsoils are Jighter gray or more
reddisly, sometinies becoming vellowish gray, and are underlain by
cand or sanly loary with gravel.  They are trecless plains,

Mesa Series.—Tbe soils are pinkish red or reddish gray to
light reddizh brown.  The subsoils are of lighter reddizh gray or
gray color and hesvier texture.  Where irrigated, fruits, alfalfa,
and general farm crops do well,

T. NORTUWESTERN INTERMOUNTATN REGION

This region lies between the Pacific Const region on the west,
the Rocky Mouuntain region on the north and east, and the Great
Basin region ou the south,

The rocks of this region are mostly effusive or voleanic and the
sail material is derived largely from these. either by weathering of
sohid malerial or from fragments cjected from voleanoes.

(a) Uplands—Ephrata Series.—These soils are of light gray-
i=h hrown to yellowish brown color, while the subsoils are porous hut
compact.  They consist largely of glacial subangular or rounded
gravel ¢r boulders.

Quincy Series,—The soils are grayish brown and usually of
loose porour structure. The subsoils are similar in color and tex-
ture but slightly more compact. They are wind-laid material.

Walla Walla Series.—This series consists of sticky. hrown to
dark brown soils about three feet deep underlain by yellow silt loam
subsoils which are often sticky and plastic.  The topograpby is high
rolling hills. The soil material is wind-laid. Wheat, barley, and
oats are the principal erops.

Winchester Series.—The soils and subsoils of this series are-
dark gray to nearly black and consist mainly of dark-colored angular
fragments of basalt. The fine material is wind-laid.

(b) River Flood Plains—Boise Series.—Soils are of light
gray to light brown color. The suhsoils are similar to the soils in
color.  They are under}ain by a caleareous hardpan stratum. They
are of alluvial origin.
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Caldwell Series—7The soils range in color Jrom gray to dark
gray or black.  The subsoils are usnally of somewhat lighter shady,
varving from light gray to drab, and are underlain by gravel.
Small grains, timothy und other grasses. alfalla, potatoes, and
sugar beets are grown.

Yakima Series.— 'l soils range from light to grayish brown
to vellowish hrown or light brown in color. They are usually tree-
less plains and of alluvial origin. The immediate surface material
is derived from basaltic ot other eruptive rovks.

XL GREAT BASIN KEGION

This region embraces practically all of the Great Basin of In-
terior Drainage. 1t includes all of Nevada with the exception of
the extreme southeasteru parts, the western part of Utah, a small
part of southwestern Idaho, the south central part of Oregon, and
the greater part of the eastern margin of California.

The region is characterized hy numerous isolated ridges and
mountain ranges running inoa general north and south dirvection,
arid trecless plaing and infermittent streams which disappear in the
gravelly or sandy soil or discharge into broad lake basins mostly
without outlets, Many of these hasing were lakes in Quaternary time.

The soils are classiflied according to the agencies contributing
to their formation.

(a) Uplands.—Bingham Series.—This serics occupies the
lower mountain and upper valley slopes and valley terraces o plaing
and ix formed from mountain wash and delta cone deposits. They
are quite fertile when irrigated and are adapted to alfalfa, grains,

sugar heets, vegetables, and fruits.

(») River Flood Plains—Jordan Series.—The soils are
usually dark in color but sometimes light gray or reddish, the
Leavier lower Jving members being underluiu by gray. Dlack, yellow
or red compact heavy and often ealearcous subsoils,  They are de-
voted. to grains, alfalfa, fyuits, and truck crops.

X1, ARMD SOUTHWEST REGION

Tlis region covers the southwestern third of Arizona, a large
area in south central New Mexice and in northwestern Texas. Tt
includes also a small arca in southenstern Nevada and the south-
curtern extremity of California.

The region consists of sandv, gravelly sloping or flat treeless
plaing fror: which tise frequent low younded hills and occasional
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flat Lopped mesas and many isolated, elongated mountain ridges.

(a) Uplands.—Glendale Series.—Iliese soils range from light
gray or grayish brown to dark brown or chocolate in color and are
underlain by gray to light brown highly calcareous subsoils.  When
irrigated they produce alfalfa, forage crops, vegetables, graprs and
citrous fruits,

Imperial Series.—'The =oils are generally of light or reddish
color, the licavier members being compact and plastic, poorly
draived and alkaline. The soil material represents old lake deposits
derived mainly from sandstone and shales,

Indio Series.—The suils are light gray to slare eolored, porous,
aud underlain by courser sand.  They are derived from granites
mixed with shales and sandstones. Melons, sweel polatoes, truck
eraps, ete, are grown under irrigation,

Yuma Series.—"[iese soifs are usually rather (-<\m|mtt The
subsoi] is gimilar to the soil except that at a depth of 2 to ¢ feet
layers occur that have the particles slightlyv cemented together with
caleiom carbonate.  They ‘rvm-mll\\ oceupy mesh Jands. They are
adapted to citrous fruits, figs, gr. , and yegelables,

(1) River Flood Plains. —lea Series.—The soils of the
lighter types are prevailingly of light vellewiss hrown, hight grayi<h
hrawn ar slightly reddish brown color and porons ~tructure. The
heavier types range in color from hrown or chocolate hrown to dark
gray or black and are compact. The series oceupies strean flood
plaius and second bottoms or recent terraces,

XITL PACIFIC COAST KEGLON

This region includes the area of Califorma. Oregon and Wash-
ington west of the Cascade, Sierra Nevada, Sierra Madre and San
Jacinto Mountains, A Dhroad valley extends almost the entire
length with only slight interruptions,

(a) Upland.—Altamont Series.—Soils are light brown to dark
brown in color with a reddish tinge when wet.  Subsoil is heavy,
rather compact reddish brown or light brown clay loam or clay.
The series occupies hilly to mountainous regions.  The members
of this series are residual, heing derived from sandstone and shales.
Fay and fruits are grown.

Corning Series.—The soils are of reddish brown or red to deep
red color, rather shallow, easily puddled, and hard to handle exeept
under proper moisture conditions. The snbsoils.are reddish brown
to deep red. of heavy and compact structure and impervious to
moisture. The soils occupy sloping to undulating and hilly and
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ccted uplavd ferraces and valley pleins.  They are poorly
adapted to general farming,

Everett Series.—These soils range from light brown {o light
reddish brown in color and are of silky texture und porous structure.
Large amounts of organic matter often occur in the immediate sur-
fuce.  The subsoils are light brown to gray and usually gravelly and
porous. The material is of glacial origin and s derived from
basaltic and intrasive rocks.  Heavy forests abound.  Seme of the
less porous {1 pes are-adapied to dairving, orchard, and small fruits.

Fresno Series.—The soils vary in color from gray to light ash
trown, the heavier Jow-Iving members sometimes assuming a dark
gray color as a result of accumulations of organic watter. They
are usually free from gravels a layer of white or bluish gray, jm-
pervious, caleareous, alkali-carbonate hardpan varying in thickness
from a fraction of an inch to several inches separates the soil and
subsoil.  The hardpay =lnwly softens under irrigation, but is nor-
mally impenetrable to the roots of growing plants. They occur as
old alluvial or colluvial deposits derived from granite rocks. 17
the hardpun is not too near the suyface and irvigation iz practiced
alfaifa, grapes, fruits, and vegetables do well.

Hanford Series.—The soils are generallv of light gravish
brown or buff to light brown color, the heavier members carrying
considerahle organie matter and hecoming dark gray to nearly black
when wet. They are micaceous, smooth to the toueh. friable, and
of porous structure, generally free from gravel or houlders. The
soil materigl represents reccot alluvial stream deposits derived
mainly from granite rocks.  When irrigated they are well adupted to
tree fruits, raisin and table grapes, nuts, vegetabies and truck crops.

Hesson Series.—The soilx are dark reddish brown and under-
lain by veltowish Lrown to reddish brown subsoils of compact strue-
ture.  Rounded gravel and smull boulders are common on the sur-
face. The series ovvupies evoded terraces of uudulating to rolling
topography. usually several hundred feet above the valley bottoms.
The material has Lbeen derived mainly from hasaltic rocks and con-
sists of old alluvial or marine teryace deposits.  They are well
adapted to general farming and orchard fruits.

Melbourne Series.—These soils are light bhrown to reddish
brown in color and often dark brown jn ihe immediate surface.
When wef they are stickv and untractable, but under favorable
moisture conditions are easily tilled. They are derived princi-
pally from shszles and sandstones. The topography varies from
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rolling to hillv.  Much is too rough for the use of farm machioery.

Maracopa Series.—The soils range from dark gray through
the darker shades of hrown and choeolate to black. They are loose,
porous. ordmarily well deained and free from alkali. The soils
represent assorted, colluvial material, largely derived from granite
rocks.  Whew water Is supplied they are well adapted to [ruits,
vines and general farm crops.

Lynden Series.—The soils are light brown to reddish brown
and i the lighter festured sandy types often lght gray on the
surface. The sulsoi] i sandy or gravelly. Drainage ix usually ex-
cossive.  The soils are devived principally frony stratiGied deposits
af sand and gravel formed by glacial outwazh, They occupy gently
relling upland terraces und plains formerly glacial finod plains,
now dissected and eroded. Al types are suited o asriculture.

Olympic Series.—\These =oils are light broww an{ hrown with
a reddish cast. The subsoils are generally of compact structure and
somewhat lighter in color than the soils. They are derived mainly
from hasaltic rock.  The topography is rough 15 mountainous.
Rainfall i= abundant and the sols are heavily forested. When uot
foo rough vhey may be nsed Sor general Tarming und dairying.

Oxnard Series.—'The soils are geverally of dark color and
compact structure, and though sometimes underlain hy porous
subsoils of light texture, are gencrally underlain by licavier sub-
soils. "The subsoils lack the red eolor and adobe strueture of the sub-
soile of the Placentin series.  Thev represent alluvial delta plain
deposits.  These are particularly adaptled to the production of lima
beans. Sugar beets, barley, and vegetables da well.

Placentia Series.—The soi's are reddish brown or hrown and
underlain hy heavy. compact, red loams or clay Joams of tough,
impervious adebe structure.  The soil muaterial consists of alluvial
outwash, deposits of intermittent or torrential mountain streams.
They are derived from granitic rocks. They are tilled with diffi-
culty but retain moisture well and produce grains, citrous fruits,
and heans.

San Joaquin Series.—The soile are prevailingly red and fre-
quently gravelly. Both the finer soil particles and gravel are
rounded. The soils are underlain at depths ranging from 2 to
3 feet by red or wottled indurated clay or sandy layers and some-
times by gravel and cobbles cemented by iron salts into a dense.
impenetrable hardpan. Some of the members are used in the
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production of vitrous and stone fruils. figs, grapes, small fruits,
and truek erops,

Stockton Series.—'I'he lighter members of this series have a
butl to reddizh or choeolate browa color. The heavier members
enerally exhibit a marked adobe structure, are usually free from
pravel, and range from dark brown to dark grav or black in color.
The heavier memlers are devoted wmainly tu the production of

grams and bay.

Redding Series.—1The soils vange from reddizh gray to decp
red. are usually gravelly and scmetimes carey large amounts of
alkali and pardally indurated clay-iron hardpap.  Swawberries
aud bramble fruits vield abundavtly.

Whatcom Series.—'I'he soils of the Whatcom series are of a
deep reddizh hrown color and prevailingly of fine texture and rather
compact strueture. The surface soil is often dark brown or nearly
Black.,  Rubsoils conzist of drab to gray plastic and compact heavy
~ita the upper portion carrying seme gravel and glacial boulders.
Sails ure derived from coupact glacial drift and occupy areas of
undulating to rolling upland.  The soils are adapted to small aud
orchard frojrs. potatoes, vegetableg and hay crops.

Willows Series.—The =oils range in color from brown to red-
digh brown or dark chocolate Hrown and are free from gravel.
The subsoils are light hrown to reddish brown or sometimes yel-
lowizh and thotded with They have a compact, relatively
impervious structure and often contain fime and gypsum. They
are derived mainly from ealeareous shales, sandstone, and shaly
sandstone rocks. Where well drained aud free from alkali, they are
well adapted to the production of alfalfa. grains and, with the ex-
ceprion of those areas of extremely hieavy testure, sugar beefs.

Yolo Series.—Thiz series embraces ulluvial soils of brown or
dark brown color, underlain by lighter hrown subsoils.  The types
have been derived from schists and other metamorphiv yocks, with
sote material from shaly sandstones wnd shales,  \Where capable
of irvigation, fruits, vegetables, and forage erops can be grown.

(b) River Flood Plains—Chehalis Series.—The roils are of
recent alluvial origin, occupving stream vallevs, traversing the
region of residual hazaltic soils that vary from gray or drab fo
reddish brown. some of the Leavier fypes containing very much
organic matter and showing a dark hrown to black color. The suh-

soils vary from vellow. grav or mottled to light brown, dark brown,
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ar reddizh brown to black in color. These soils are very productive.

Puget Series.—The =ujls are brown to grayish brown or drab
and frequently mottled witl iron stans, The beavier menbers are
of rather cowpact and tenacious structure. contaiing o large
amount of organie matter, and are usvally frable under cultiva-
tion.  The subsoils are light brown to dral or gray marked with
iron stains.  They oceupy tlood plains in the vicinity of estuaries
ar stream outlets. They are very productive and are classed wmong
the very hest soils of the region.  Oats. foruge, Lay and truck crops
and Truits all do well,

Sacramento Series.—7'he soils are dark gray, drab or black.
often contain large quantities of organic matter and are six feet
or more in depth. The series accupies stream hottous and river
Nlood plains.  Alkali salts are sometimes encountered.  Where pro-
tected by levees, the soils are productive and adapted {o the wten-
shve production of sugar beets, truck crops. beane. hops, potatoes,
alfalfa, and prunes, pears and other fruits.

Salem Series.—The soils are dark brown to hlick in caor and
underlain by compact. reddish yellow subsoils or hy snds and
aravels.  They are recent alluvial deposits derived from basaltic
rocks. Grains. trock crops and hops are the principal crops.

QUESTIONS
- What is a soil Region? 3 Provincer
. How many of each?
Define a s i
Delins o soil cla
What is a soil type?
Where does the Ceeil series occur?
What are its characteristion”
What are the characteristics of the De Kalb series?
(vive characteristies of Clarksville series.
Give characteristics of Carrington series.
Clive characteristies of De Kalh series
sive characteristics of Marshall series,
Give characteristics of Miami ser
4. Give characteristies of Volusia series.
15. Give characteristics of Williams series.
16. Give characteristica of Norfalk seri
17 Give characteristics of Orangebury series.
I8, Where is the Great Plains region? Give two series.
19, Where is the Arid Southwest region?
20, Lacate the Piedmont Platean Provinee.
2). Locate the Appalachizn Mountain and Platean Provinee. What are

the two principal series?
REFERENCE B .
Marbut, C. F., Bennett. H. H., Lapham. J. E., and Lapham. M. H.. Bulletin
96, Bureau of Soils U. §. D. A.
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CHAPTER IX
SUB-PROVINCES, CLASSES, TYPES AND SURVEYS

Ix working out the classification of soils in detail in & single
state, 11 may be necessary 10 make other divigions, or sub-provinces,
the soils of which have a common origin, but differ from those of
other sub-provinces in some fundameutal characterisiics.

Sub-provinces.—(n {:i< basis the glacial and loessial province
of Illinois has been divided into the following sub-provinces:
(1) Ungluciated, eomprising three arcas, the lar, being in the
soutll end of the state: (2) llinoisan Moraines, including the
moraines of the Hlinoisan Glaciation : (3) Lower Illinoisan Glacia-
tion, covering the soutl third of the state: (4) Middle Tlinoisan:
(5) Upper Hlinoisan: (6) Pre-Towan. but now helieved to be part
of the Upper JUinoizan: (7Y Jowan Glaciation: (8) Deep Toess
Area, including a zone a few miles wide along the Wabash, Hlinois
apd Mississippi rivers; (%) Farly Wisconsin Moraines: (10) Late
Wisconsin Moraines: (11) Barly Wisconsin Glaciation: (12) Late
Wisconsin Glaciation: (13) OId River Bottom and Swamp Tands.
found in the older or Nlinois Glaciation: (14) Sand, Late Swamp
and Bottom TLands, those of the Wisconsin and Towan Glaciation:
(15) Gravel Terraces formed by overloaded streams draining from
the glaciers and gravel outwash plaing; (16) Lacustrine Deposits,
formed by Take Chicago ar the enlarged Lake Michigan.

Soil Classes.—The soils of these sub-provinces are divided
into classes based primarily on texture. The classes are as follows:
(1) Peats, (2) Peaty Loams. (3) Mucks., (+) Clavs, (5) Clay
loame, (6) Silt Toams. (%) Loams, (8) Fine sandy leams. (9)
Sandy loams, (10) Sands, (11) Gravelly Joams, (12) Gravels, (13)
Stony loams. These are further divided into soil types.

Soil Types.—A soil type is the unit of soil classification. Tt
is a soil unit which throughout the arca has the same physical.
chemical and biological characteristics. In the establishment of
eoil types. the following factors are taken into account: (1) Origin,
whether residual, cumulose, colluvial, sedimental. glacial or etlial.
(?) The topography or lay of the land. (3) The native vegetation,
as forest or prairie. (4) The strate or character of surface, suh-
sarface or suhsoil. (5) Physical composition or texture of the

112
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different strata.  (6) The structure or granulation. (7)) The
cofor of the strata. (5) The uatural drainage. (Y) The wmmount
of organic matter presceut.  (10) The agriculiurad value, based
upon its natural productiveness, (11} 'Phe ultimate chiemical com-
position and reaction, whether acid, neutral or alkaline.

Naming of Soil Types.— At first thought it might seem a very
easy and simple matter to name soil types. It is on a single farm,
but the difficulty inereases with the size of the area, the number of
different soils, and the detail desited. From the standpoint of
everyone voncerned, but more especially from that of the farmer,
the simpler and more expressive the name the better, and the casier
it will be to associate it with the soil. To a certain extent the name
should be descriptive of the type.  According to the nomenclature in
nse by the Bureau of Soils, names of soil fypes usnally consist of
two parts, the series name and the ¢lass name, with sometiines a
modifying word included.  The series name is that of some Jocality
where the soil in question was first found or where it is well de-
veloped. This gives names ax follows: Ceeil silt loam, Marshail
fine sand, Marshall black c¢lay loam, ete.

The above system of naming is applicable to extensive areas,
bat for & limited arca, such as a single state. a more expressive
system may be devised.  After the texture, ove of the most striking
characteristics of soi)s is the color. Tn the namping of soils ip
Illinois, a combination of color and texture together with other
descriptive terms. when necessary, has been adopted as conveving
the most meaning to thoze who use the name,  Without ever having
seen if, the name. so constructed, gives a very pood idea of the
character of the soil. As illustrations, gray silt lnam on tight clay,
vellow silt Joum. brown silt loam on gravel, and medium peat on
rock may he given.

There are such creat variations in color that these color dis:
tinctions do not always strictly apply. The soil on rolling and hilly
land is usually of a vellow color either on the surface ar immediately
heneath the surface soil, so that these are called vellow silt loams,
veilow fine sandr lnams, ete. The undulating timber soils are yellow
or grayish and the term or name vellow-grav is applied to them.
Prairies are either dark gray. hrown. or black. The use of the
term “on” as part of a soil type name indicates the presence of cer-
tain substrata within 30 inches of the surface. . If the term “ over”
is nsed. the materijal, such as sand, gravel, or rock, ie more than 30
inches below the surface.

o
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Classes, Types and Phases in Illinois—{t may Le of interest
tu give the classes of =oils and their Himits, with some of the types
and their phases as used in the Hlinois classification. In numbering
soil types a svstem somewhat similar to the Dewey library s

tem

s heen used, in which the whole numbers represent the sub-
pravinees amd typesaml the decimals, the pliases. To illustrane:

The mamber T omeans that it eeeurs
tn the lowan glaciation, the 26 that it i brown silt Lo, and
that rock fouttd less than 30 inches b
numbers are convenicnt foy use upon the soil maps in oumbering
siall Roil areas.

A soll has the number 725

low the surfuce. These

i~

Peats—consisting of 35 per cent oy mare of organic maiter sumetimes

mized with some sand, silt or clay.

). Decp prot—with peat shore than 30 inehes in o depth. It is hest
drained by open ditehes hecause of the nneqgual settling of tile,
thus getting them out of line.

2. Medium peat on clay—with peat hetween [2 awd 30 inches in depth.
Tile drains are usually below the peat and therefore have a
Lol hed.

2.1 Medium peat on elnyey sind,

2 Medinm pest on sand.

Medinm peat an g

Medhon pert on vo

26 Medinm peat on marl,

3. Rkallow peat on clug—swith peas 6 to 12 inches deep. 1t may be
plowed sulliciently deep fo hring wyp some elay for supplying
potassinm.

3.1 Xhallow peat on elayey sund.

3.2 Shallow peat on saud

3.4 Shallow peat ov gra
3.4 Shallow peat on vock
2.0 Shallow peat on murl

Peaty ]Dams—((‘“\lbtll\" of 15 to A5 per con of organic matter with

alarge proportion of sand and very Tittle silt or clay.

10. Pealy toam on clay.

10.1 Peaty foam on clayey sand.

10.2 Praty loam on sand,

104 Teaty loam on g a\ol

105 Peaty lorm on oc

Mucks—15 to 35 per cent of dm‘nmpowd organic matter mixed with

much elay and silt.

18, Muck on rloy.

131 Muck on clarey saud,
182 Muck on sand.
13.5  Muck on tock

Clays—soils witlt more than

wneh silt.

15. Drab cla

5 per cent of clay, usually containing

1 Sandy drab clay.
152 Gravelly drab ciay.
15.5 Drab clay on sand.
16, Gray clay.
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Clay loams—soils witle from 15 to 25 per cent of clay with nuek
sith and sowe sand.,
20, Kluch clay loam.
L1 Sandy black elay Joam
2 Gravelly Mack ey toam.
21, Drab clay loam
212 Dryab elay toam on waud.
Clray clay toam.
23. Red brawn elay loaan.
24, Yellow gray clay lowm.
Silt loams—soils with more than 50 per eont of silt gind less than 15
per eent of clay, mixed with some sicud.
2. Bluck il loam,
25,1 Black silt loam on clay.
26, Browa silt loam,
26.1  Brown silt laans on cliay.
2 Brown =il loam oy sand.
4 Brown silt Toam on gravel,
5 Brown silt Joawm on rock.
grarcl.

vsilt o ore
-gray silt loam on tight clay.
20, Ovali silt Lo,
200 Drab silt Joam on clay,
W Gray silt loam ou tight clay.
sV Dieep gray silt loam.
520 Light gruy silt lowm on tight rlay.
1 White silt Joum on tipht clay.
Cray-red silt foam on tight clay.
Yellaw-gray silt loam.
341 Yellow gray =ilt lowm on clay,
3420 Yellow gray silt loam on =and.
A4 Yellow gray silt loum on gravel.
345 Yellow gray silt Joam on rock.
‘ellow silt Totw,
I Yellow <t Team on clay.
Yellow silf Joam an sand.
454 Yeltow gilt loam an o
355 Yellow silt Joam on rock.
36 Yellow-gray silt loam over grarcl
37, Vellowr-brown silt loam.
44. Vellow-gray fine sondy silt loaw.
13 Yellow fine sandy silt loan.
Loams—soils with from 30 1o 50 per eent of sand and with legs than
15 per cent of elay. No one constituent predominates sufliciently to impart
very definite characteristics.
30. Rlack miced loam.
501 Black mixed leam on rlay.
a0, Plack mixed loanm on sand.
505 Black mixed loant on rock.
Sl Browa loam.
31.7 Rrown loam on clay.
512 Rrown loam on silt.
1.3 Rrown loam on sand.
51.4 Brown loam on gravel.
A1 S Rrawn laam an rack.
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32. Gray loam.
3, Yellow loam.
54, Mired loam-—usually first boitom lang.
Sandy loams——soils with 50 to 74 per cent of sand and less tbap 1
per cent of elay.
0. Brown sarndy lovm.
0.1 Brown sandy loam on clay.
0.2 Brown sandy loam on sand.
Brown sundy loam on gravel,
Browp sandy loam on rock,
Light brown savdy loam.
Gl Black ‘«mdy loam,
G2, livay sandy loam,
G4, Yellow-grap sandy loam.
G4.4  Yelluw gray sundy Tomm on gravel.
645 Yellow-grsy sandy loam on rock.
63, ¥ eILam sandy loam.
Yellow sandy loam on rock.
66, Rzmon sundy loam orver gravel,
67, Yellow-yray sandy loam over prarvel.
68, Brown-gray sandy loam on tight clay,
Fine sandy loams—soils with from 50 to 75 per cent of fine sand an
with mucl silt and less than 13 per cent of clay.
70. Black fine sundy loam.
T1. Brown finc sandy logm..
1.5 Brown fine sapdy foam on rock,
72. Gray fivie soady loam.
3. Mized fine sandy loam,
T4. Yellow-gray fine sandy lvam.
Yellow fine sandy loam.
Mized sund and locss.
Brown fine sandy loam orver
Sands_xmk» with more than 75 per cent of sand.
80. River sand.
81, Dune sand.
82, Beach sond (Lake Michigan).
83. Residual sand.
8G. Fine dunc sand.
Gravelly Joams—=oils with 25 fa 30 per cent of gravel with muce
gand and little silt,
90, Growelly loam.
Gravels—soils with more than 50 per cent of gravel and much sand.
95, Gravel. .
Stony loams—soils containing large numbers of stones over one inc
in dinmeter.
98. Stony loam.
Rock Outcrop.
The complete type number may be formed in each by prefixin;

the number of the area or sub-province in which it occurs,
SOIL SURVEYS.
In order to make a scientific study of soils and to apply thi
knowledge to practical agriculture, it is very desirable that th
samples studied be taken from areas that are representative of mor
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than a gingle farm.  The study of a sample that is ordinarily seut
in by a farmer for analysis means little to the agriculture of a
state or even a county. The samples must be taken from urcas that
represent some distined type of soil and care must be taken to avoid
errors due o local variations.  Tn order to place the sampling and
analysis of soils upon a traly scientific hasis, a goil survey in which
the different types of soil are located on a map should be made,
and the samiples seewred according to the types shawn by the soil
map.

Noils are sufliciently uniform and constunt iu texturc to he
divided into distinet tyvpes with fairly well defined houndaries, and
a #oil survey consists in working out these boundaries in fhe field
and Jocating them on a map.  The type is the unit of the s0i] sur-
vey.  The soils are examined to a depth of 40 inches by means of
an auger, and {he variations not only of the surface hut also of sub-
surface and subsoil are noted. Tn zome cuses where the decper sub-
soil is peculiar and affects drainage, the examination may extend
to a depth of 80 inches. This applics especially where sand or
aravel subsoils oceur.

Surveys in Different States.—Some soil ~urey work has heen
carried on in every state. It was begun in 1899 and since then
479,059,000 acres, or 25.2 per cent of area of the United States, have
been surveved. The soil survey of one state, Whoede Island, has
heen completed. Nearlv all of the work that has been done has been
in coiiperation with the Bureau of Soils, this organization furnishing
half the men and their expenses, while the state does an equal
amount. In a few cases, as in Kentucky and Tilinois, survey work
has been done independently of the Bureau of Soils. In the latter
state, GO per cent of the entire area has been surveyed.

1. Objects of a Soil Survey.—The objects of a soil survey may
be stated as follows: (a) to take an invoice of the agricultural
resources aof a country, for they depend first of all upon the soils;
(h) to provide a scientific hasis for consistent soil investigation so
that time may be used to the best advantage in studving the various
types and problems: (c¢) to farnish a basis for intelligent recom-
mendations for permanent soil improvement; (d) to give the farmer
who desires to study and improve his sojl the information necessary ;
(e) in many counties to give to the county agriculturist a valnahle
asset to aid in his work ; and (f) fo give a hasis for the introduction
of new crops or farm practices. If the work ceases with the mapping
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of the soils, very little of real value is aecomplished, as the soil
sarvey isoonly prelimipary to o more complete jovestigaton. 11
however, the sails are analvaed, ticld experiments carried o, reports
]yul»ll.\hul ving the results of the work, und recommendations for
improvement and management made. the farmer may avail himself
of all this information for improviog his soil and his farm manage-

ment generally.

Methods of the Survey.—TFor the application of this infor-
mation to the individoal farni, it v that the maps showing
the soils of 1he farm should be accnrate in all details. To accom-
phish this, three things at Jeast are nece careful, well-
trained men to do the work : second. an accurale hase map upon
which to shiow the results of their work : and third. the mcans nee-
v to enable the men to place the soil type boundaries, streanis,
ete. aecurately upon the map.

Tor work in the field each man must be familiar with the soil
types and their variations in the area be is surveving: he carries
an auger for examining the soil to a depth of 40 inches, a map of
the area made to the proper scale mounted upon a small, smooth.
light board.  Where a satisfactory hase map is not available, one
must be made hefore the mapping is begun or as the work pro-
5. .\ compass is carried to enable him to keep his directions,
und hc should be an expert at pacing distances and onplu" his Jo-
cation, The mapper should have pencils for drawing in soil boun-
daries and other featurcs, and coloring soil areas. A traverse plane
table should be within easy reach to be used for getting the divec-
tion of roads and railroads.  1f huggies are emploved the odometer
may he used for measuring distances along roads or the revolutions
of the wivel may he counted.

The party eonsists of two men who work side hy side. Ti bas
beeu found necessary, in ovder {o get the detail with sullicient ac-
curacy, that all aveas must be traversed and every ten acres iu-
spected. To Tacilitate this, cacl =ection on the map used js divided
into +0-acre plots and these form the most convenient unit area for
work.

Certain lines are selected that form the center of the work, such
as a seetion line in one case and a half section line in the other. and
cach man works an area ane-half mile in width. inspecting the soil.
locating zad indieating on his map the soil boundaries, roads,
streams, railroads and any ofher featurcs that should be shown.

EUCess
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i

Ay

BT i

1 2 E 4 5
Fro, 64 —Soil Samplers: (1) opeinch Geld puger: (2) one-and ooe-bulf inch sampling
auger, (3) rody for extension of auger §or examining deop subsuil; (4) King sampling tube,
(5) hamumer for foreing tube into eoil snd bas for Litiug it out ngain.
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In some cases areas of five acres ov even less are shown, but enly
when the area is a very distinct type.  1n states where no land
surveys have been made the roads form convenient lines from which
to work.

3. Sampling of Soils.—[n collecting soil samples for unalysis
cach Tmestigator bas used his own method. Uniformity is very de-
sirable for purposes of comparison.  Nince the samples are to be the
hasis of investigations and plans for soil improvement, it is highly
important that they should be representative of their respective arey
or type. Whatever the stratun divisions made. they should he se-
cured withaut mising or contamination in any wae. Various de-
vices have heen used, hut the soil auger (Fig. G4). -0 iuches long.
seems hest for the purpose in humid climates.

The total depth to whieh the sumple is taken varies with the

Weight of Suil Strata

Pounds per uere

| | Clays, clay
loams, silt

Thickness, inches Sanda | Pents | loams, loams
| | and sandy
[ ‘ { loame
A |
|
6% Surface.................. o 2500000 | 1,000,000 | 2,000000("
i |
1
{
)
i
135 SUbSUTTACE. . v v e ranr e 5,000,000 | 2,000,000 | 4,000,000{2
i
i
|
3
I
h
i
20 SubSOUl. .. e e e 7,500,000 | 3,000,000 | 6,000,000 s
i
I
1
I
i
:
\%
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vharaeter of the soil and purpese for which it i» collevted.  1n arid
regions sampling is Irequently dotie w a depth of 10 feet, especially
for moisture determinations, while in humid regions 40 inches is
sufficient. The divisions are frequently made in G-, 9-, or 12-jnch
depths, regardless of any natural divisions in the soil. At the
Hlinois Experiment Station the samples are taken with a 114
ineh auger to a depth of 40 inches. The samples are divided info
(a) surface soil, inches in depth, about as dw]» as plowed,
and represeuting an approximate weight of 2,000,000 pounds per
acre for the common of it loams, sandy Inqym anid
loams: () the subsurface stratwm, 625 fo 20 inches in depth,
twice the thickness of the surface and representing uppru\nuaie]y
woweight of F00000G pounds per acre s and (¢) the subsoil. 20 to
40 inches in depth and weighing approximately 6.000,000 pounds
per acre. Each of the three samples is put into a separate hag and
analvzed separately.

Sands are the heaviest oils and peats and mucks are lightest,
the latter two being only half as heavy as the former. The weights
of the strata are given in the preceding table.

These divisions do not always represent the natural strata in the
soil, but the depth of 20 inches is usually near the natural line of
change between subsurface and subsoil, and although 1here is no
change at 40 inches yet that is a very convenient point, since it gives
the three strata with a relative thickness of 1, 2, and 3.

The sample should be composite, and this is much more im-
portant for the surface than either of the other strata, sinee it may
have been modified more or less by tillage or other treatment. At
the 1llinois Experiment Station the surfuce sample is secured {rom
12 to 16 different borings at some distance apart, but all from the
same ten acres. The subsurface and subsoll are secured from 6 to §
different borings.

i, clay loams

QUESTIONS
1. Define a sub-province.
2. What is the basis upon which classes are made?
3. What factors are taken into account in making soil types?
4. What is the system of soil nomenclature as used by the Bureau of
Soils?
3. What ig the ~xgn|ﬁcﬂncﬂ 0f cc)or in naming soils?
6. How are “an’ and “over ™ used in naming soils?
7. Define peats.
8. Define deep, medium and shallow peaf. N
9. Define peaty loams and mucks.
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10. How do clays difter from clay loams?
1. Distinguish between silt loams and loans,
12. What are the classes of sands?
13. Why should care be exercised in the selection of samiples for study 7
14, Give the objects of a soil survey,
15, Why should the surveyur examine the soils fo a depth of 30 inches?
16, What is necessary to make the soil map valualile?
7. What apparatus is neeessary for the soil suyveyor?
18. How are samples taken”
19, To what depth are they taken and what divisions are made?
20. What precautions are to he observed in taking samples?
21. What is a composite sinple?
22, What s the weight of the strata of peat 2 Of wond?
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CHAPTER X
MINERAL CONSTITUENTS

T, R0LL PANTICLES AND THEIR SLIARATION

TuiE forees al work on rocks bireak them Jdown into soil material,
the particles of which are of \.Umu~ sizes qud shapes.  The relative
proportion of the different sizes is a very important factor in the
character of a soil. s a gene

1 rule where soils contain large per-
centages of a certain grade of particles, one or two per cent make
very little difference in the plivsical phenomena that take place. Tt
is, however, of considerable importance to know the approximate
physical composition or texture, as it usually gives some idea of the
capillary power, acération, percolation and other properties of the
suil.,

There are frequent exeeptions o this, bowever. Lhe phvsical
composition gives no idea of the arrangement of the particles or
structure of the =oil. The

garecation of the particles into granules
or crumbs plays a most important part in the ph

cal phenomena
that take place. Some expressiou for shewing (his is very desirable.

Mechanical or physijcal analysis, which is the process of sepa-
rating a xoil into the different grades of particles according to size,
is an attempt to accomplish this.

As yet, however, no very scientific gronping of the =oil particles
has been devised. That of Dr. Hopkins i withont doubt ene of the
best, as it recognizes n constant factor or ratio. the square root of
ten- hetween groups. In other methodz or schemes the ratio he-
tween grad aries quite widelv.  The result is that when an
analysis is made of soils of a regularly decreasing or inereasing size
of particles no uniformity is shown.

Several svstems have heen devised, of which the principal ones
in this country are given in the accompanying table.

Tt will be noted that in the Oshorne svstem the factors vary from
2 to 5:in the Bureau of Sails from 2 fo 10 in Hilgard's from 1.3
to 3;in the Hopkins system the constant factor is 3.16 or the square
root of 10.

g
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Different Systems of Physical Analysis, with the Grades and Ratio or Factor
Bauwu (rr(ui,c‘s !

‘ Bureau of Soils

Osborne Hopkins | Hilgard
i | _ S -
Numbcr] Grades | Factor | Grades | Factor | Grudes | Factor ades | Factor
of group | mm. ‘ ™ mm. mm.
1 (3000 .. (LO0GO( .. (2000 . .. 3000 ..
2 | 1.000 303160 | 316 | 1.000 | 2 1.000 | 3
3 500 2 01000 | 316 | 0300 | 2 | 0500 | 2
4 250 |2 00316 | 336 | 0230 | 2 0300 | 1.6
5 050 5 \o.omo] 3.16 | 0.100 ‘ 25 | 0160 | 187
6 .010 5 000316/ 316 | 0.050 | 5 0120 | 1.33
7 . .. 100010 | 3.6 | 0.005 \ 10 0.072 | 165
8 { . | 0047 | 153
9 1 o | 0010036 | 130
10 ( [ | 0.025 | 144
11 ] | 0,016 | 156
12 | | 0.010 | 18

1. Methods of Mechanical or Physical Analysis.—(a) The
Sieve Method.—The sieve method is used as a part of practically
every system for the separation of gravel and some or all grades
ol sand. It consists of using sieves with openings of the required
size Jor making the necessary separation. The separations may
be made dry or by, washing the material through with water.  The
latter is preferable.

(b) The Subsidence Method.——The soil to be analyzed s
thoroughly disintegrated by shaking with water containing a few
drops of ammonia. It i= then passed through a battery of sieves
to remove the sand and gravel. The water with the fine material in
cuspension is then placed in a wide-mouthed bottle and the finer
grades are decanted first.  This s accomplished by filling the bottle
such ag shown in figure 63 to a certain murk with water and allow-
ing it to stand sufliciently long for the coarser grades to settle below
the mouth of the tube. The supernatant liguid with its grade of
0il particles 3s then blown oft through the tube B by forcing air
through the tube A. The contents of the hottle are stirred and
sufficient time is allowed for the coarser particles to subside again.
As the sands tend to carry the fine material down with them this
operation must be repeated several times. The same thing i= done
for each of the other grades. The microscope is used to determine
whether the proper size is heing removed. The great amount of
time required is a serions objection to this method.

(¢) Schéne’s Elutriator Method.*—Tbe method of separating
soil particles by currents of water of varving velocities was first
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applied by Nobel in his apparatus given in figure 66. This was not
very satisfactory and the same principle was applied somewhat dif-
ferently by Schine in his elutriator.  The apparatus consists of a
conical glass tube, as shown in figure 67, The sample. after
thaorough disintegration and passing through sieves to remove the
coarser material, is placed in the tube and a current of water allowed

Fra. 65.—DBotde for Subsidence Method af mechanical analysia By foreing air inta the
bfléle through A. the water with the suspended particlesiaforced out through B o the level
of C.

to enter at G. It is evident that the size of the particles carried
upward and through the outlet tube will depend upon the rate of
flow of the water, and by regulating this the separations are made.
There are some inaccuracies in this method caused by counter-cur-
rents in the elutriation cvlinder and the tendency of the particles
to collect into granules. In order to overcome this, Hilgard devised
his churn elutriator.
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() The Churn Eluwriator Method of Hilgard.*—'I'lix con-

sisls of an apparatus

hown in figure 65, The soil in suspension is

placed it the base of w evlindrical tehe which contains a rapidly re-

volving stirrer. Water ix forced into the base of the tube in

amounts suflicient to create an upward current just rapid enough to

carry out the finest particles. When these are removed the rate of
Fia. 66.

F16. 66.—Nobel’s Elutriator. The suspended soil aced in Coand allowed & flow
through the conical glasses 1. 2, 3, o g five differont grudes, .

Fia. 67.—Schine's Flutristor. The water enters 4t G sud the grades are collected ut K.

Fta. 68.—Hilgard's Churn Elutriator.

the current is increased and another grade is carried out. .\ screen
between the stirrer and the separating chamber prevents the agita-
tion of water in this chamber. In this way all separation except the
finest particles are made. Particles of clay less than 0.0023 mm.
must be separated by subsidence. This is doue hy allowing the
larger particles to subside for 24 hours and then decanting the clay.
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(¢} Centrifugal Method.*—'I'he centrifugal wethod las heen
wrfeeted by the Bureau of Soils and is now used more extensivedy
m this country than any other. The machine for this purpose is
shown in figure 69, 1t consists of a centrifuge suspended from the

F1a. 69 —Machine fur centrifugal analysis of soils. Dureau of Soils, U. 5. D. A,

hiE—_ w

Fi6. 70.—~Yoder's Centrifugal Elutriator.

shaft of an electric otor. The sample io be analyzed is defloccus
Iated by shaking with water containing a few drops of ammonia,
This requires irom two to thirty hours. The clay and silt are sepa-
rated from the sands hy sulsidence and decantation or by sieves.
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The water containing the siJt and clay is put in fest tubes and
whirled at u speed of abouf 1000 revolutions per nuinute. The time
pecessary fo trow down the silt Is determined by microscopic exami-
nation of the material in suspension.  After decanting the clay re-
maining in suspension, the test tube is filled with water, the sediment
i« stirred and the operation repeated until the clay is all removed.
By running the centrifuge at a slower rate or shorter time another
grade may be left in suspension and decanted.

(f}) Yoder’s Centrifugal Elutriator."—One of the Dest ma-
chines for physical analysis is
Yoder’s, in which he has com-
bined the principles of the cen-
trifuge and the elutriator, as
thown in figure 70. The par-
ticles are subjected to two forces,
the centrifugal tending to throw
them down and the hydraulic
carrying them upward. The
centrifugal effect is exerted to a
greater extent upon e coarser
partigles and the hydraulic upon
the finer. By this combination
a more rapid separation may be
accomplished.  The apparatus
consists of an elutriating bottle,
B, inte which the suspended soil
wtor for the determi- 15 Placed after the sands are re-
divmeter of soil parti- yoved,  Water enters at F, and

the overflow with the sediment
is collected in the tube 7. While it docs its work very thoroughly
and quickly, it is a very expensive and a rather delicate piece of
apparatus.

{g) King’s Aspirator Method.*—King was of the opinion that
ordinary mechanical analyses do not furnish a basis for determining
any very important data for soils. The arrangement of the particles
into groups is of much consequence in physical phenomena, but
mechanical analysis does not indicate the structure, In order to
overcome this difliculty he worked out the method for finding the
“ effective diameter ™ of soil particles. The grouping of particles
upon which the percolation of air and water and other phenomiena
depends is taken into account. The rate at which air passes throngh
a column of air-dried soil of a given cross section and length under

T

1 s
nativo of the effe
clea.
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statidard conditions of temperature and pressure gives the data by
which the diameter is determined,  The soil is placed in D, figure
11, a tube having a capacity of 100 or 200 c.e. with a wire gauze
bottom. This is connected by means of a tube to the aspirator A,
A cord with a weight attached exerts suflicient = puli ™ to draw the
wir through the soil.  The “effective diameter ™ is deduced by
means of a formula using ihe data determined.  The flow of water
through the soil computed from the *“effective dinmeter ™ abtained
corresponds very closely to that actually observed, as shown in the
table.

¢ ; Effective diameter
Grade of sand g ppicpes 1)

| mm. ‘ Gma.
5 { 254 { | 2,206
7 1.808 | 1,060
6 | 1451 1 | 756
3vh [ 1.217 ‘ | 542
5 1.095 J 504.6
4 \ 9149 329.2
3 7988 | 210.0
2 \ .7146 l L3RG
] { 6006 ‘ 94.8
0 5169 723

11, MINERAL SOIL COXNSTITUR

N AND THEIR PROPERTIES

1. Colloids—While the colloids of soils arc usually classed
along with clay, their importance justifies scparate treatment. Al
though not as abundant in soils as many other constituents, yel
they possess such distinetive characteristics and impart these so
noticeably that they are of the greatest consequence not only from
a physical standpoint but from a chemical and hioJogical as well.
Non-colloids are called crystalloids.

Colloids are substances composed of Lhe very finest of particles
and when mixed with water appear to go info solution, When con-
taining a certain amount of water thev appear jelly-like or gelati-
nous. Since the colloidal state is dependent upon the size of parti-
cles, it follows that many substancez may exist in hoth colloidal and
crystalloidal forms. Up to the present time only about 400 sub-
stances have been found that exist in both. .

Examples of Colloids.—The word colloid is derived from colla,
meaning gjue. A glue or jellv-like consistency is one of the most
familiar characteristics of colloids. In the inorganic world almost

9
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all ruetals and metalloids have been produced in a colloidal state.
The simplest compounds of these, as oxides, sultides, chlorides.
hydroxides, some carbonates, chromates, phosphates, sulfates, and
silicates, occur in thix form.  Among the organic substances that
accur us colloids are starch. dextriu, gum, rubber, glue, gelatine,
caseins, albumins, humus, and proteins in geveral.

Properties of Colloids.—The difference hetween eolloids and
crvstalloids ik ane of physics and nat of chemistry. The chemieal
composition is the same in whichever state they oceur. Ilence, a
study of colloids is largely a study of their physical properties and
characteristies.

(a) Nize of Parlicles—'The upper limit of size for colloids is
near the limit of visibility with the ordinary high-power microscope.
which is not far from 0.0001 mm. With the most powerful micro-
scope =ome of the largest colloidal particles may be seen: with the
ultra-microscope. particlex 0.000005 mm. in diameter are ahout the
Iinit of visibiVity. Many smaller particles exist, bat their presence
is revealed only by the properties of their suspensions. The parti-
eles larger than 0.0001 mm. give ordinary suspension and nay some-
times show some properties of colloids.  Those hetween the above
eize and the molecule give colloidal suspensions, while the molecules
give true solufions.

The smaller {he particle the longer it will remain in suspension,
This is due to the fact that the specific gravity of the particle and
its adhering film of water have such a fow wpecific gravity that it
varies but little from that of water (see page 35).

(b) Brownian Moremen!.—\ery fine particles in water are con-
stantly in motion. This movement is not a definite progressive one,
but an irregolar, jerky motion from one side to the other. Particles
as large as (.01 mm. sometimes show a slow movement of this kind,
but it is best developed in the very finest particles. The movement
is increased by higher temperature.

(¢) Dialysis—Dialysis is the diffusion of a substance through
a membrane. Experiments show that colloids will not pass through
membranes or at best only very slowly. Separation of colloids from
crystalloids may be roade in this way.

Trom the following table it will be seen that dialysis takes place
about 80 times as rapidlv with erystalloids as with colloids. This
is due to the fact that the parchment itself is a colloid.

(d} Diffusion—Colloids diffuse very slowly and they do not
allow other colloids to pass into them, Crvstalloids may pass into
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v through them quite readily, Because of this Jack of power to
liffuse, colloids possess very little osmotic pressure,  Plefler gives
the osmotic pressure of a one per cent golution of sugar as equiva-
lent fo a column of mercury 51.8 em. high, while that of a one per

Dialysis and Diffusion of Callaids and Crystalloids

. Amoum
Substunees dialyzed in
cqunl times

Crystalloids

Tinwes al
equal diffusion

Sodium chloride. ... ... 1.0
Ammonia .. .. ... 0.6
Alechol. . 20
Glucose REH)
Cane sugar. .. 3.0
Average. ..., . o R - [ ADH 1.92

Colloids

Gum arahie. 0.008 ! 70
Tumnin. .. .. 0.015 11.0
Albumin. .. ....... B . . 0.0003 21.0
Caramel. ., ................. e C0.005 42.0
b
AVEIAge: .t an i b S s sie } 0.00775 20.25

cent of gum iz only 6.9 em. From the ubove table it will be seen that
crystalloids diffuse over ten times as rapidly as colloids.

(e) Freezing and Boiling Points.—The lowering of the freczing
point and the raising of the boiling point by ervstalloids such as
common salt In solution is familiar to every one. The change in
these is in proportion to the amount dissolved. Colloids have very
little effect. Forty-four grams of protein dissolved iu 100 grams of
water lowered the freezing point only 0.06% C;.

(£) Electrical Behavior—(olloids are poor conduetors of elec-
tricity ag compared with crystalloids, and their conductivity de-
creases with the amount of colloid in the disperse medium.  Avy
subsiance in contact with water and many other liquids acquires an
electric charge. Mozt substances become negatively charged in con-
tact with water. The charge can be varied and even reversed hy
electrolytes and may even become zero at certain suitable concen-
trations. If a eurrent of clectricity is passed into a colloidal solu-
tion, the particles migrate to one pole or the other. If they migrate
ta the negative pale (cathode) thev nre positive, and if toward the
positive pole (anode) thev are negative. The calioidal condition
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exizts as long as the charge is the same. Tlis condition is not con-
fined to colloidal particles alone. but to coarser material in sus-
pension.

1 an clectrolyte is added to the solution aod the ifons and
pavticles carry opposite electric charges, loccules are formed which
seftle to the bottom. 1f the ions and colloidal parricles have the same
cleetrie charees the colloidal condition is muintained. 1 two col-
loids of opposite charges are brought together. mufual precipitation
will take place. and if they are the same their stability will be in-
creased. In adding an electrolyte to completely precipitate a colloid
a sufficient amount must be added so that the charge of one exactly
neutralizes the charge of the other,

(g) ldsorplion—Adsorption is a surface phenomenon and
licnee any increase in the total amount of surface area will increase
the adsorption.  Colloids possess this property to a high degree he-
rause of the large total area of the small particles. When a solid
is exposed to & gas a certain amount of gas adsorption occurs. When
a solid and a liguid come in contacl, concentration occurs on the in-
terface between the two. This concentration is known as adsorp-
tion.  All substances are not equally adsorbed by colloids.  The
same is true of all ions, If potassium chioride is passed through a
soil more of the potassium fons will be adsorbed than of the chlorive.

(h) Shrinkage—The property of shrinkage is very character-
istic of cololids (see Tlig. v2).

Colloids in Soils.-—The colloids in soils consist of both orgenic
aud inorganic or mineral substances,

(a) Organic Colloids—Some of the various formys of humusz
constitute the organic colloids and probably form the larger part
of colleids in many soils. These are formed as a result of bac-
terial aetion in the process of humification. TPart of the organic
matter is broken down jnto such minute partieles as to form colloids.
The amount Jis constantly changing in the same soil. Since granu-
lation takes place more pertectly in the spring than at any other
time of the vear, it would seem that there is a greater supply iu the
soil at this time than at other periods. This may apply to mineral
colloids as well.  The adsorptive power of these organic colloids for
water is of greal economic importance in soils. Schlossing states
that one per cent of caleic humate (colloidal) has as much cement-
ing power as 11 per cent of plastic clay.

(b) Mineral Colloids.—Mineral colloids are found meost abun-
dantly in fine-grained soils such as clays and clay loams. The col-
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loids cousist largely of ferric oxide, ferric hydrate, silicic acid and
hydrated alulipwn silicate.  These are formed in the decomposition
of rocks. Iu the decowposition of most feldspars the silicic acid
and aluminuoy sificate are formed, but not all in a colloidal state.
Zeolites casily give rise to colloidal silica. While many substances
cxist in o colloidal state in solls, yet the total amount is not large.
Warrington estimafes it at never over two per cent.

2. Clays and Clay Loams.——Mineralogically clay is com-
posed largely of keolinite, a hydrous aluminun silicate that is
formed from decomposition of aluminous minerals. Tn addition, it
may contaiu sery finely divided particles of quartz, feldspar or other
ninerals.  Tu fact, clay may be composed entirelv of other
minerals than kaolinite, although this is pot usually the case.
Physically, clay consists of particles less than 0.001 mm. io diameter
(Topkins), 0.005 ne (Bureaw of Soils) or 0.0023 mm. (Hilgard)
(see table on page 124). This is divided into two parts, which may
Le called clay proper, consisting of particles large enough to be dis-
tinguished with the microscope, about 0.0001 mpy in diameter, and
a small amouni of hydrous aluminum silicate whose particles are
very small and constitute part of the mineral colloids,

(&) Tenacity.—Tenacity is that quality of cohesiveness by
which sahatances resist disruption. imparting more or less stability
to them. In soils this property is due primarily to colloids. Clays
and clay loams. however, possess this property to a high degree.
Soils hatve becu divided according to their temacity Into “heavy”
and “light™ A “light” goil is one that works easily, as sand or
peat, and incidentally has a high specific gravity, as sand, or o low
specific gravity, as peat, but all possessing very little cohesiveness.
“Fleavy 7 soils, on the other hand, are those containing a great deal
of clay, and hence possessing a high tenacity. Clays, clay loams,
and heavy silt Jonms and some sandy loams are examples of these. In
absolute weight they are not as heavy as the sand soils, but the
greater tenacity possessed by them makes them more difficult to
plow. Hence the term “ heavy ” is applied to them.

A high moisture content decreases tenacity. However, a medium
amount of moisture imparts & high degree. as does also an extremely
small amount of moisture. as where the soil becomes dry and cloddy.
This is due to the hardening of colloids and the deposition of soluble
salts as a cementing material between the soil particles. The tenac-
ity of “heavy” soils may be diminished by the addition of or-
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ganic matler, and in general by anything, as lime, that will produce
granulation.

(b) Shrinkage.—Clay possesses the property of shrinkage to a
remarkable degree, due to the loss of moisture from the particles
in general bul the colloidal vonstituent purticularly.  This shrinkage
is emphasized wheu a large amount of humus is present, hecause
the humus js partly colloidal.  Clay Tas been found to shrink 31.9
per cent, and peat. 32.6 per eent (see accompanying table). 1fence
a soil composed of lioth of these will pussess the property of shrink-
age Lo a great and sometimes injurious degree,

Shrinkage of Souds of Varied Physical Composiiion, with the Moisture and
Organic-Maller Conlert 8

4 | i
Soils s nmn:i:‘?x}mwrf Molsiure l shﬁ;cknnlu

Sﬁ’d N T | ‘pr(r) [7r;|t i i }lrv():?.n;v T p'ni};eg7¥
Sand.. ... .70 1 9.6’ B
Yellow fine sandy loam........... .| 080 | 2139 ! 2.48
Browa sandy losm........ ... ..., { 2.90 17.43 | 4.94
White silt Joam. .. .. ( 079 | 23.69 4.11
Brown silt loam... . ... 488 | 31.93 10.26
Black clay loam. .. . e 5.50 | 40.83 18.00
Drabelay.... ... . ...... . ... 3.60 | 61.94 ( 31.83
Peat... .. . .. ... ... o .. 6440 1 19394 | 32.64

This property is frequently detrimental to crops, because of the
furmation of large cracks that tear the roots of the plauts as well as
cause excessive Joss of moisture (Figs. 72 and 73). The property of
shrinkage is a primary cause of granulation, and this is ouly pos-
sessed by soils which contain colloids. Tt is also an aid to percola-
tion and drainage, because the cracke produced hy shrinkage do not
close entirely, thus leaving passagewavs for water. During the
dry summer of 1914. & clay loam shrauk to such an cxtent that an
inch auger could be pushed into cracks without any effort to o depth
of 24 to 28 inches. The cracks undoubtedly extended to a depth
of 36 inches.

{c) Plasticity.—A moist clayev soil may be molded into any
form or pressed into thin plates, retaining the shape indefinitely.
The property permitting this is called plasticity. The degree of
plasticity varies directly as the amonnt of colloids present. It1isnot
a desirable quality for soils to possess. as such are liable to he more
readily puddied. The amounts of shrinkage, hverosconic water and
adsorption are approximate indications of the plasticity of clay soils,
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IHighly plastic soils become very liard upou drying.  Plasticity way
be diminished hy organic matter, granulation or change of texture.

Plasticity way he inereased by the hreaking down of soil gran-
wes into their individual soil particles, While this is detrimental to
soils, it s of decided advantage to the ceramist.

(d) Puddling.—Clays and clay loams are usually made up of
crumbs or granules, composed of many soil particles united hy a
weak cementing substance, such as humus or some other colloid.  If
the soil is worked or trampled
by stock when wet these granules
are broken down, the colloids he-
come somewhat uniformly dis
tributed throughout the mass
and an impervious condition ve-
sults.  The soil is puddled.
Water or air will not penetrate
it and a worse condition comld
not well be produced. The pres-
ence of sodium carbonate or
Wlack alkali, or the long-con-
tinued application of certain
fertilizers, such as ammoulum
sulfate or sodium uitrafe, brings
ahouta paddled condition. Some
clay and clay Joam soils are’ pud-
dled naturallv. This is likely
to Le the case if they are strongly
acid and low in organic matter.

Water In a soil gets as a Tubri-
v loam after Cant and movement takes place
hed August, mare readily hetween the par-
ticles. It also softens the
cementing taterial so that the granules are easily broken down.
When the coil is turned by the plow a shearing. slipping movement
is produced as it eorves over the mold board. This will pulverize it
if in good condition. hut puddle it more or less if wet. When a
heavy animal steps on the dry soil it is corapacted, but if wet the
foot sinks into the soil, causing a movement which breaks down
many granules, thus puddling the soil.

When puddling is produced in a heavy soil it may be aimost

worthless for a time, but the natural agencies of freezing and thaw-

Fro. 73.—Cracks in hlack
a jong dry period.  Photogra
1016.
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ing and wetting and drying will graduslly restore the soil to its
granwlar condition.  The time required for this depends somewhat
upou the orgauic matter and hme conlent of the soil. 1t is never a
wise plan to permit stock fo run on a moderately heavy svil when
wet so late in spring that itz granular condition will not be rextored
again by freezjng and thawing. In the coru belt considerable dam-
uge is doue to the soil hy pasturing the cornstalks too late in the
spring.

(e) Coagulation or Flocculation.—7The examination of & clay
<01l usually shows it to he made up of fine particles cemented into
granules, crumbg, or grains. 1 a few grams of clay roil be pul-
verized and pul into a liter of water and stirred and allowed to
stand for several weeks, rome material will be found still in suspen-
sion. If some mineral acids or certain salts or lime water are added
to this ligmd coagulation wil ocenr and Hoccules may be seen Torm-
ing, which gradually settle to the bottoni, careving with them the
suspended elay particles,  This may be well shown by putting a
drop of water with suspended clay under the microscope.  Intro-
duee a drop of lime water under the cover glass. Tbe particles will
at once begin to colleet in groups, showing the formation of floceules,
This process takes place in soils due tu the presence of certain sub-
stances i solution in the soil moisture that act as electrolytes. 1n
some cases, fertilizers when added produce this effect, und lime-
stone, which gives rise to the soluhle bicarbonate, produces floccula-
tion. This is, bowever, a sJow process and will not produce granwla-
tion as quickly as is ordinarily sapposd, alibough heavy acid soils
are undoubtedly benefited physically by the application of lime-r
stone.  Common salt produces the same effect and likewise many
other salts. Mozt alkaline substances, however, deflocculate clay
soils and produce a puddled condition.  Ammonia and most of ils
salts are good examples. The black alkali of the West is especially
detrimental because of the physical effect it has on soils in producing
a puddied, impervious condition. This, however, may be temedied
by ihe application of gvpeuns, caleium sulfate. The injurious effect
of sodium carbonate or black alkali is destroved by this reaction
and sodium sulfate and calcium carbonate produced. the latter of
which has a flocculating effect on the sofl and soon changes the
puddled condition entirely. Tt has been ohserved frequently that the
water of glacial streams is extremelv muddy. while that coming from
Jimestone regions is characterized hy clearness. The difference is
due to the lime content of the water from the two sources. In
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regions where linestoue is absent aod where the sediment of streams
cones from acid soils the water 1s rarely clear.  Even stock ponds
iy regions of acid solls where the water is seldom disturbed never
hecome clear.

While tuy soils are dificult to manage, due to the danger of
puddling when too wet and from clods when too drve vet with
proper care, drainage, incorporating organic matter and naintain-
ing the supply of limestone, the condition of these zoils may be im-
proved so they work fairly well.  In additim to the flocculation
produced by the substances mentioned alove, natural causes hasten
it Werfing snd drving, and freczing and thawing, will change the
character of the soil froma cloddy to a granular condition, or canse
it to “slake.” The alternate expansion and contraction of the col-
Joidal matevial, whether of minera) or organic origin, tend to break
the soil into granules.  Fall plowing is especially desirable on
“heavy 7 soils that are well draived, because of the good tilth
developed during winter hy these natural ageneies. 17 a clay woil
becomes cloddy it is practically impossible to reduce it to a eondition
of good tilth by any mechauieal rocans, but if freczing and thawing
oceur, or a shower falls, working it under the right moisture con-
ditions will break the efods easily fnto my of granules

3, Silt and Silt Loams.—Silt i« divided into three classes,
fize, medinm, and coarse, Tauy wosive Trom 0001 to 0.032
mm. in diameter (Haopkins). 0.005 to 0.a3 . (Bureau of Soils) or
0.01 to 0.07 mm. (Hilgard). The particles of fine =ilt are sutficiently
small to give to soils propertics somewhat similar 1o those of clay,
bt without so much danger of puddlivg.  Silt enables soils to
retain much moisture and gives great capiilary power. and hence
forms some ol the best soils for resisting drouth. Thev are suf-
ficiently coarse, however. o permit of fair acration, but not to an
excessive degrec. as in (e case of sands.  The silt loam soils cover
extensive areas in the middle west of the United Sfates and owe
their origin to the loe

Thev possess sufficient tenacity to give the necesearv stability,
but not enough to causetham to work with any great difficulty. The
shrinkage, however, is not usuallv sufficient to produce very in-
jarions effects. Since granulation depends upon the amount of col-
loids present. and sinec organic matter as well as clay may furnish
this constituent, the wilt Joams containing the largest amount of
organic matter granulate beat. Silt soils deficient in organic inatter,
such as.gray or yellow timber soils, show little or no grapulation
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and nmay be casily reduced to a ponder or dust ninde up of indi-
vidual purticles. These run together badly sith heavy rains,

4. Sands and Sandy Loams.—Sand is dnided into three
groups, fine, medium, coarse and sometimes very fine, varyiug
from 0,032 (6} nw. in dinmeter (Hapkins) . 0.05 to L unn, (Burean
af Soils), or 017 to 1 mm. (Hilgard).  Sand possesses very little
tenaeity, henee Dittle stabilitye There s nsuadly great danger of
movement by the wind and i many eases sund soils are seriously
damaged i this way, as i~ scen in the ™ blow-oufs ™ in sad wreas

(st 39y, This movensent may he prevented by incorporating
organie matier which fmparts =ufficient tengeity to hold the sand.
The fine and medivm grades of sand allow fair moisture movement
both up aud down, but the coarse allows too much percolation, while
capillary movement is exceedingly Jimited, It is generally helieved
that sands are very deficient in moisture and that the * firing = of
corn on sandy ands is alwars due {o this cause,  Often, however.
it i= due 1o 2 lack of nitrogen, the drving of the Jower Jeaves heing
produced by translacation of mtrogen to carry ou further grow{iv in
oftier partz of the plant.  This drying of the Jeaves may be almost
entirely prevented by supplving the erop with the necessary food,
The Tact {hat sands do not retain much moistare enables them to
warm up earlt in the spring.

Gravel and Gravelly Loams—2Many types of soil con-
{ain considerable pereentages of gravel. 1t i< of very Jittle use
except that through its extremely slow devomposition it turnishes
A swall amount of plant foad. 1t way form a puri of any type ol
soil, but 1 more commonly azzociated with the conrser constituent

6. Stones.—Stones are quite common in many soils of the
glaciated and residuat aveas, but have very little value except to
modify temperatire and conserve moisture o a =light extent.
Their slow decomposition may provide a small amount ol plant
food.

QUESTIONS '

. What henefit is a knowledge of the physicnl composition of spi)-?

. \WWhat is meant by mechanical or pbysical apalysis?

. Why is the Hopkins method considercd superior to others?

. Note the different factors or ratios hetween the grades. How much do
they vars?

. Should these factors be eonstant? Why?

How is the sieve method used?

- Explain how the separations are made in the subsidence method?

. What is the priuciple of Schéne’s elutriation methnd?

DD e

mq;u



140 SO1L PHYSICS AND MANAGEMENT

9. What advantage does ilgaid’s method possess over Schiine’s?

10. What effect does whirling the sample in the centrifuge havef

T What is the principe of Yader's machine?

12 What ix the advantage of King' aspirator?

13. Desecribe the method uf King.

14 What is the importance of colloids in soils?

I3, What ure colloids 7

1o Why may substances be in hoth eolluidal and erystalloidal forms?

ive examples of inorganic colloids,

18, Give examples of organie colloids,

19, Does collmdal condition depend npon phys

composition

. What about the size of particles in colloids?

. Why do small particles vemain in suspension so loug

What i~ Brownian movement?

What i dinlysis®

Whut difference in the dialysis between colloils and crystalloide?

Discuss diffusion of crystalloids in comparison to colloids.

What elfeet do colloids have upon the freezing and hoiling pointa of
Liquids 7

. What is peculing in the electrical belavior of eolloids?

. What effect does au electrolyie have npon the colloids?

20 When will an elecirolyte completely precipitate clay in sispension?

0. What is adsorption?

s it uniform for all substances?

Mt are the organic colleids in soils?

3. \What are the mineral colloids?

. What may be the mineral composition of cluy?

. What is temacity?

Define a " light ™ soil. “heavy ”oone,

7. What is the eflect of nmutme on tenacity?

. How muy the tenacity of soils be diminished 7

. What canses

. What benefit

. Detine plasti

2. How may plasticity be inereased? Diminished ?

. What is the condition of a puddled soil?

. What effect does water have on case of puddling?

5. Why does plowing tend to pudrﬂe 7 wet soil?

. What agencies destroy a puddled condition?

. Why is fall plowing of Lheavy soils benefieial v

. What advantages do silt coils possess over ¢l

. What abouf shrinkage and granulation of silt

50. Why does sand possess little teracity 7

. What effect does this haver

2. What is © firing ” of corn and what jis the cause?

. What value has gravel in soils?

. What value have stones in soils?

. Define tenacity,

8. Of what value are colloids in soils?

. What property causes black clay loam to “ roll ™ upon wagon wheels?

al condition or chemical

What disadvantage?

oils?
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CHAPTER NI

o ORGANIC CONSTITUENTS OF SOILS

By far the most valuable constituent of soils is the organic mate-
rial derived from the plants and animals that have lived in and
on the soil. The termy organic malfer will bé used to include all
material from organisms, to distinguish it from the term bumus of
more restricted nse.  fluwmps refers, i its restrieted meaning. only
to that portion of erganic matter that is soluble in dilute alkali.

Kinds of Organic Matter.—Organic matter exists in the soil in
every stage of decay. from that whose cellular structure is still visi-
ble, to that very similar {0 coal. 1t may be divided into (a) aclive
or fresh, which decomposes readily; (b} the inerd. which is usually
old and decomposes too slowly for the use of crops; and (c) the
coal-like material that oxidizes with extreme slowness, if at all, and
whose clijef use is to impart a dark color to the soil (Figs. 74 and
T5). The active is the most important and is that form which is
ordinarily supplied to the soil as manure and legumes.  Under Jong-
continued, injudicious systems of cropping the active organic matter
iz largely removed and the result is exbausted, * run-down” or
“worn-ont " land.  To maintain the productiveness the organic
matter must be supplied in considerable quantities and of a form
that will deeay readily. 1t is equally essential to supply organie
matter in a more stable or less readily decayving form, as straw,
corn stalks or other non-leguminous material, since these bevefit the
coil physically for a longer time than legumes,

Amount of Organic Matter in Soils.—The organic-matter
content of coilx varies quite widely in the same loeality, Even in
soils from whirh it has not been removed by erosion a distance of
& few rods may make a great difference in the amount. Soils con-
tain from a small fraction of a per ecent to 90 per cent. Swamp
lands generally cantain most, while sand soils contain least.

How much organic matter a soil should contain iz a question
often asked and onc verv difficulf to answer. A soil may contain
five per cent of arzanic matter and he less productive than one with
only two per cent. Mueh depends upon its activity or rapidity of de-
composition. The chances for large vields are decidedly in favor of
the soil with a large organic content. A soil with a few tons of fresh

142
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or quickly decaying organie mufter, such a5 clover or manare, may
mive better recults than a soll Tull of old, slowly deconiposing erganic
matter utless tie conditions are most favorable.  Therp 310111& be
sufticient organic matier to keep the soil in good physical condition
nnd also furnish nitrogen for maximum crops.  The organic con-
tent depends upon several factors, as follows:

(1) Moisture exerts a double influence in aiding the aceumula-
tion of organic matter fo soils, Tu the first place, it is favorable to
the growth of plauts. 1t makes very litde difference how little or
hew much meisture is present in the soil. some plants have adapted
themselves to growing under those conditions.  Tiven where water
stands pearly all the vear, cat-tails, flags, sedges. and sorne grasses

Fra. 74. Fia. 75,

F10. 74.—Fragments of plants found in seile.  (Bulletin 90, Bureau of Seils.)
Fra. 75 —Frgments of insects found 1o fous.

grow luxuriantly, lp the second place, the preseuce of excessive
moisture tends Lo preserve the plants, which ultimalely form soil
themselves or heeome mixed with the mineral matler and aid in
forming soil, such as prafs, peaty loams, and mucks. Yven soil with!

6 ordinary amount of moisture prevents complete oxidation of the
roots and other fresh vegetable material that becomes incorporated |« »
with it. Soils containing small amoants of water, such as sands
provide very favorable conditions for oxidation, and hence thdl
organic-matter content of such soil is low.

Overflow 1and generally contains more than the adjacent upland
becanse of the grenter growth due to a richer soil. the hetter facilities
for its preservation hecause of greater moisture content, and the
deposition of some organic metter along with the sediment during
periods of overflow. This deposit may cover leaves and grasses, thus
Preserving them from complete decay.
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Arid soils are nafurally low in organic matier because the moist-
ure is not sufliciend to produce a large growth of vegetation,

(b) Vegetation.—"V'he upland timber soils contain miuch less
organic matter thay the wdjacent pmme\ 1t is safe to assuwmc that
the prairies were much more extensive formerly than now. Newly
formed lauds were originally treeless aud covered by swaller plauts,
Tt more especially grasses, Phis was particularly frue in the glaci-
ated wrea. The praicies were covered with grasses whose network
of roots extended to a depth of 8 to 20 inches or more. A sample of
virgin Mlue stem praivie sud ou brown silt loant contained roots at
the rate of 1315 tons per acre to the depth of 634 itnches. Part of
these roots died each year. mnd the partially decayed material
accumulared in the soil, 1'1>x'minng the bluck prairie soils of the corn
hett. Tu Hlinois the analyses of 302 sumples show the surface soil to
a depth of 624 inches to contain } 33 per cent. or about 45 tons of
organic walter per acre.  This includes the rolling and flat prairie
soils, but not the swawps. The subsurface, 624 to ‘20 inches in depth.
showed an orgauic-niatter content of 2.8 per cent.

That this iz probahly true as to the origin of the black carth soil
or chervozem of Russia is well shown by the following table which
gives the relative amount of voots and percentage of humus in six-
inch depths:

Roots and Humus in Three Chernozem Sotls al Different Depths. The Rools
n lhe Surface Siz Inches is Taken as 100 Per cent}

Depth {

\ Humus 1 Roots | Humus

0 6 inches. .| 542 | 100 811 | 100 | 964
8-12 inches . .| 483 | ‘639 | 519 803 | 777
12-18 inches. .. 3.62 48.3 3.92 70.0 6.71
18-24 inches . .. 256 | 850 \ 2,84 584 | 5%1
24-30 inches . | 250 260 | 211 382 | 367
30-36 inches . .. 1.88 181 | 147 330 | 318
3642 inches . . 1.20 6.3 51 162 | 156
4248 inches . .. 78 .70

48-54 inches . . ‘ .36 - P

These determinations are rather tvpical for semi-arid or rather
sub-humid prairie soils where there is a greater tendeucy for the
roots to penetrate deeply. A similar condition exists in humid soils,
with this difference, that the great mass of roots is nearer the surface.

The invasion of the prairies hv forestz has been goinz on very
slowly. The first trees to spread over the prairies were wild cherry,
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black walnut, hackberry, cho, ush, and bur-vak.  The shade ol the
trecs and the unlergrowth that slowly crept in killed the grasses
and the plants that replaced them supplied very little organic mat-
ter 1o the soil.  The leaves and twigs accumulated upon the surface
and decayed completely or were burned by forest fires. The ar,
matter that had accumulated was slowly being removed by oxidation
of nitritication, with the result that the soils were gradually changed
until a light-coloved =oil resulted. When this change had taken
place the tre
ouk. hickory, and others adapted to light-colored soils or soils low in
organic matter. Several geuerations of trees were required to effect
this ehange.  Ro great was the reduction of organic matter that the
timber uils contain less than half as much as the prairie. The unal-

He

s mentioned above were gradually replaced by white

vees of 164 samples of timber soil show 193 per cent in the surface
and 0.37 per cent in the subsurface.

(¢) Limestone.—Soils rich in limestone are usually well sup-
plied with organic matier. due to the fact that limestone enconrages
a larger growth of vegefation, especially of Jegumes, and is very
cifective in retaiuing hurus in the soil against leaching.

(d) Latitude and Altitude.—.\= a general rule soils of north-
ern latitudes have more orgunic matter than those of souther.
Wkile the conditions for a huyariant growth of vegetation are not so
favorable in the north, et the conditions for its preservation are so
much hetter that the result is a Jarger organic content. This is well
shown in Illinois. The deposit of loess in the State along the Mis-
sissippl River is the same throughout the length of the State. The
analyses of eight samples of deep loess from the south end of the
State show 1,11 per cent of organic matter, while four samples from
the north end show 3.%6 per cont. Eighteen samples of timber soil
from the sonth end of the State show 1.5 per cent of organic matter
in the surface and 0.58 per cent in the subsarface. while 1he same
general character of soils in the north shows 2.4 and 0.96 per cent
respectively.  The same is true of the prairie soils.  The brown
prairie soils {rom the Jattinde of the sonthern part of the early Wis-
consin glaciation show 4.5 per cent, while the same type 150 mies
to the north contains 6.1 per cent.

Changes of Organic Matter.—When vegetahle matfer becomes
mixed with soil it undergoes a physical change produced hy bacterial
action in which the plant tissues are destroyed. and it becomes a
hlack or dark brown homogeneons mass. At the same time a chem-
ical change takes place. The process at first is quite rapid, but later

10
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hecomes very slow, and still later ceases almost entirely.  The supply
of oxygen ix somewhat low in the <oil and the conditions are not
favorable for complete oxidation ol the vegetable matter. The
partial oxidation produces organic matter ol varied composition.
I ihis change the hydrogen and oxvgen content of the vegetable
watter hecomes less. while the proportion of carbon and nitrogen
inereases. The organic matter of the soil under different conditions
may contain from thyee to twenty thmes ag mueh nitrogen as the
original material. This change may be cavried 2o far that nltimaiely
carbonized niotertal may be produced that is similar to coal or c¢har-

Fic. 76.

1 and eharcoul-like material found in soil

Specimens of ch 2
found in soils.  (Bulletin 40, Bureau of Soils.)

specimens of co
coal* (Figs. 76 and 77). This doez not undergo further change.
The humu\ aceumulates more rapidly in very moist soils thau in
comparatively dry oues.

The following table from Wilgard shows the changes in the for-
wation of coal; probably zomewhat similar to those changes of
organic matter in soils:

Progress of Humification, and Formation of Coal® (Moisture and Ash Omilled
 From Calculations)

Peat | Couls

[ e
‘ B
LY Black |
G| s e e PR Cignite| Seotch ‘ P
\ | acid \ur~ 10 \h"z:" ephit | \unm
| (llmlni\ inches mvhea (Bovey) m:nauu‘“‘“'h”'

|
57.80 | 62.00 | 64.10 | 69.50 ( 84.20 1 94.80
5.40 .5,20‘ 5.00, 590 5.50| 2.60
= 36.00 | 30.70 | 26.80 | 24.00 | s.so\}%o
Nitrogen. ........ R0 | 2 10{ 4.10| 60| 1.20:
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While this table does not represent exactly the changes that take
place in the soil under all conditions. yet Sehriner and Brown
have shown that many particles of coal and charcoul-like material
st in the soil, indicating that this provess probably oecurs in sols,
Some of thiz may be the result of fives.

Nitrogen Content of Humus.—Muoizture plavs w very imypor-
taul part in determining the compasition of orgame matter of soils,
indieating that the provess of humification is quite varied under
different conditions. This difference is well showp in the nitrogen
content of humus from arid and humid vegions.  Hilgard has shown
that =oils of California vary in humus content with the rainfall, but
their nitrogen appears to be independent of humidity.

Humus and Nitrogen Content of Huwmid and Arid Soils of California®

Nitrogen in Nitrogen in

Humus humus Ao
- I
. . . perecnt | per cent per cent
Arirl soils, Californin. ... .. siepezen o2 ) U U 5 S B
Nub~irrigated arid, California. ..., ' .06 8.38 l
Humid soils, California 2.45 5.20

Tater investigations scems to indicate that the nitrogen content
of the hunrus in arid soils is not as high as the above figures show.
The organic matter of humid regions contains a somewhat vari-
able amount of nitrogen.  Oue hundred and twenty-six surface sam-
ples of prairie woils contained 3.1 per cent of organic matter, the
nitrogen of which was approximately 4.88 per cent. The average
organic-matter content of 39 surface samples of timber soils wa< 1.93
per cent, which contained 5.09 per cent of nitrogen. By multiplying
the nitrogen content of a humid soil by 20 a fair approximation
of the amount of organic matter may be obtained.

The character of #oil humus will alzo depend upon the character
of the material from which it is derived.  Snvder. of Minnesota, has
determined the amount of nitrogen in humus from different cources.

The Amount of N itrogen in Humus from Different Malerials ¢

Humus from meat scraps.
Hurmus from green clover.
Humus from cow manure. .
Humus from oat straw ..
Humus from sawdust. .

10.96 per cent nitrogen
8.94 per cept nitrogen
6.16 per cent nitrogen
2.50 per cent nitrogen

.32 per cent nitrogen

B
1

Distribution of Organic Matter in the Seil Strata.-—The con-
tent of organic matter diminishes with depth in all normal soils so
that at from three to six feet the amount becomes very Jow. In arid
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soils the content runs more wnilorm and 1o greater depth, due te
deeper oot developnient. In swanp soils there is {requently a
ercat wecumulation 1 the surface and upper subsurface, with rather
a sudden decrease at a distinet lipe. Timber soils show a greater
decrese i (he subsarface than prairie soils.  The orgunic matter
is usually deeper in alluvial soils thaw in others. The distribution
depends o a large extent upon the depth of root development, the
effect of burrowing animals, the aceumulations that are taking place
as o bottom and sawamp lands and the cracks produced by shrink-
age, which is especially characterisiic of cluy and clay Jonm svils.

Organic Matter in Soil Strata *

P | ~a. of e
Soil types \“ samples | ,';:r—,f,(.‘,
' PESIEN -
Brown silt lodun. 5 per §8u \ per cent | per L),[n[
Black clay lonm. 29 1.02
Yeliow-gray silt loami. ... . { 51 | 0.84 0.57
Yellow gilt loam. . ... | 35 1.76 ¢+ 0.69 0.48
Gray silt loam on t,mht <~hn R 18 240 131 . 070

Value of Organic Matter to Soils.—It is next to impossible
to assign a definite money value to organic matter ag in the
case of nitrogen, phosphorus, and potassium.  The difHeulty arises
from the fact that vhen incorporated with the soil it has sev-
eral different effects, physical, chemical, and biological, any one of
which 2 of sufficient importance to justify its use. The value of
organic matter must in the end he determined from the value of the
nerease in crops produced.  This has been worked out for manure
and is heing determined for other forms of organic matter, such as
crop residues and legumes. The things for which it is of value are
as follows:

1. Granulation is one of 1he wost important properties of heavy
and medium soils. This gives permeability for both air «nd water,
and very desirable working qualities that heavy, non-granular soils
do not possess. In fact, some of the most intractable soils are clays
that are quite low in organic matter. The granular structure lessens
the tenacity. This Iotter is especially no’nconble in heavy soils.
There i2 no one constituent so beneficial to such a large class of soils
as organic matter. Tts removal from a soil do:tm\: its power to
granulate almost entirely. When the humus is taken from brown silt
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loam and black clay loam by leachivg with dilute anumonia, e
pewer to graunlate is Jost,

 Figure ™8 shows the effect of removal of humus upen the aranu-
fntion of black clay Toam and drab clay. The silt loams granulated
very Dittle even with organic matier. Lach soil has been wet and
dried several times. Cropping with the continued removal of
reanic matter will ultimately hring about w condition of puor
anulation and consequent!y poor tilth,

& .Retaining Moisture.—T'here is no hietfer method of juere
Iz the moisture holding capacity of soils Uan by adding organic

waTE SAY Loam

ORAB CaaY % Aok GLav Loas
s Emavea [ xoss momavio HUR WBAYED

A
b

The effect of the removul of humus and of wetting und drying upon grapula-
i5 the onfy one thut xuows uny tendenes Lo gy nulite when hnmus is e
- of Jlnois. )

Frg. 78
ric Drab
woved. (L my

watter, 1t acts as a sponge itself, and when mixed with the mineral
part of the soil gives higher porosity and consequently wreater water
capaeity. It retards capillary movement in soils, as well as aids in
the produetion of a better muleh, both of which help in retaining
moisture by reducing evaporation.  Sand permits of capid percola-
tian with comparatively small amounts of water refained. If orgamiu
matter is added to sand. the retentive power of sand will he greaty
increased. This tal)e shows the effect.

e Matler on Retention of Moisture in Sand ¢

Grams of l Incrense,
Roil materil water retnined | per cent!
by 100 grama |
_ e 4,, ,,‘ -
Coarsesand........ ... ... ... ... ... . I 133 .

Coarse sund with 5 per cent peat f 186 | 40.0
Coarse sand with 10 per cent peat. ’ 24.7 l 85.7
i | 40.0 200.7

Coarse sand with 20 per cent peat
Peat o
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The movement of capillary moisture is principally along the
surfaces of mineral soif particles that are in contaet, and the wmore
points of contact the larger the amount and the greater the rapidity
of movement.  Orgatic matter introduces wany very irregalar par-
h the number o comact. Ax a result capillary

ticles which dimini
movement < slow in soils rich in organic mafter.,

3. Puddling.—The particles of soils Jow in organic matfer are
not cemented together into crumbs and hencee are free to move.
When these dry soils become wet there 3¢ a rearrangement of the
particles, due 1o the drawing foree of the surface {ilm, hy which they
are brought closer together, and the pore space is o diminished that
wiater cannot pencetrate the wet stratum very rapidly. This is spoken
of as “running together,” but is really one form of puddling. The
change is produced by the fension of the film of water drawing the
particles together.  This action may he seen where drops of water

fall in dust during a shower.

Noils low in organic matter are easily puddled if worked when
wet, and a Tonger 1ime is required for the natural agencics to correct
1his condition than if 1he soil i= well provided with organic matter.
Nince granules are destraved by puddling a correction of this con-
dition i= produced when by any means granulation is restored.

1. Prevents Loss by Erosion.—Irosion causes very serious
Joss on many soilx. A\ vast amount of the richest =oil material is
removed annually from the rolling Jand by the excess of rainfall
that runs off as surface drainage. The more the run-off the greater
the amount of washing. It is practically impossihle fo prevent this
entirely,  The loss mayr he diminished by methods given in

Chapter xsvii,

5. Increases Temperature.—Organic matter imparts a darker
calor ta the soil, thus increasing the absorption of beat. aud raising
the tempernfure, and, as a gencral rule for well-drained soils. the
darker the suil the higher the temperature.  Light-colored soils are
cold. while dark ones are warm. This difference in color mayv
lierease the temperature from four to ten degrees F. at a depth of
four inches during a clear dax and give the crop on the dark =oil &
distinet advantage.

6. Biological Effects~—Biological and consequently chemical
actiou is increased hy organic matter. not anly hecause it provides
a food supply for the organisms, but also hecause it hringe about
phyeical conditions favorable to the action of bacteria which produce

lvemnianl o Llan
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7, Furnishes Nitrogen to Crops.—1'he only source of mt rogen
for our pun-legumingus erops is organic matter,  Nifrogen starva-
tion goes haud i hand with Jow organic content in soils.  This is
evidenced by the yellowish-green color of corn, onts, or wheat on
croded Tand deficient in organic matier in confrast to te dark green
color where this constituent, is abundant, 1t supplics nitrogen, the
most expensive food element used by plants, one that we cannot
atford to buy for ordinary farm crops. .\ 100-bushel crop of corn
T acre requires 150 )mun\ls of nmitrogen, the commercial value of
which at 13 eents per pound iz about . Other erops require
sumewhat similar amounts. Legumes are independent of organic
matter, as they obtain their nitrogen from the air.

8. Binds Soil Particles Together.—On zandy soils well-lecon-
posed organic matter binds the <and grains together anid rednees
moveent by wind. Tt also incereases the water-holding capaciiy, as

seen hefore.

Losses of Organic Matter.—The amount of organic matler
in the serface stratem of the ordinary upland soils varies Jrom
15 to 60 tons per acre. This has required thouwsands of vears
for its accumulation, but through the systems of cropping ger ly
practiced it is heing removed from the soils much more rapidly
than it ever accumulated.

(a) By Cropping.—'The amouut of organic matter removed
anmually from a soil weil supplied with it in reasonably active form,
such as hrown silt loam, is not far from three-fourths to one ton per
acre, .\ large portion of this is used indirectly by the crop, while the
remainder is Jost by the natural processes deseribed below.  In com-
paring a virgin prairie soil with the same soil after cropping for
<ixty vears, it was found that the organic-matter content of the soil
has been reduced approximately fifty tons per acre.  Of course, in
=0ils with a smaller amount of organic matter the total removed is
necessarily lTess,  The amount removed depends to some extent npon
the crop grown.  The inter-tilled crops use more nitrogen, and more
e matter would he decomposed {o produce it than non-tilfed
erans, 16 must be remembered that loss of nitrates either by evop-
ping or leaching means loss of organic matter from the soil.

(h) By Erosion.—Organic matter may he removed f{rom the
soil by erosion.  Very few regions are so flat or have the soil so well
protected that there iz not more or less erosion {aking place, and in
the more rolling arcas this becames a verv active agent in the
removal of the organic mafter along with the soil. In this way in
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certain regions almost all of the surface soil and itz organic matter
have been removed, and yellow * clay points,” are quite comwmon,
These are pothing more than the outeropping of a stratum, aither
ol subsurtace or subsoil. which contains little or no organic matier.
Evea on brown silt Jodane areas much loss of organic matter tukes
place through erosion, and s hecomes wore serious the longer

Cronping continles,

(v) By Leaching.—1n the partial decomposition of vegetable
aatter soluble opranic acns are Jormed. These may be removed in
part by the water which percolates through the soil during hegvy
rains, This is expecially (roe of weid soils. Tt s nof upcommon to
see the drainage water of peat bogs of a Lrownish color, due to the
dissolved organic matter. The presence of small amounts of certain
alkalies, as ammonia and sodimm carbonate, increases the solvent
power of water for humus.

(Jd} By Fires.—Iirex of even moderate intensity destroy large
amounts of organic matter from the immediate surface, and even in
flie burning of straw, stubble, or corn =talks considerable organic
nmatter s logt from the soil. Snvder ™ gives the following: * The
soi] from ”i?u'klv)'. Minnesota, hefore the great forest fire of 1893
showed 1.69 per eent hamus and 0.12 per cent nitrogen. After the
fire there were present 0.41 per cent humus and 0.03 per cent nitro-
gen. The forest fire had causzed a los: of 2500 pounds of nitrogen
per acre, or thirfeen fons of organic matter.” Much organic matter
that should he plowed hack info the seil is burned.

(e} By Oxidation or Nitrification.—The process of oxidation
is carried on through the influence of bacteria which are always
present in fertile soils.  TUnder Tavorable conditions of moisture,
temperature, and aération these organisms are very active agents in
destroving organic matter, They are especially active in-cultivated
and well-aérated soils, and while their work weans destruction to
organic matter, they are at {he same time performing a function
absolutely neces<arv for the growth of plants. In the destruction
of organic matter they are producing plant food exsential for crops.
In the growing of crops, one and one-half pounds of nitrogen are
required for a hushel of carn. one for oats, and two for a bushel of
wheat, and {his must be ohtained from organic matter through the
agency of these hacteria.  The greatest loss occurs when no erop is
erowing, and these soluble plant foods are Jost hy leaching. although
some loss of mitrates is going on whenever drainage fakes place.

(f) By Use of Quicklime. — A very serious objection to
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lurned limestone or yuicklime is that it teuds to destroy the orgamic
matter of the soil, and most soils thal need lime have too bitle
organic matter to begin with, At the Pennsylvania Station the plots
lm\m\r burnt lime (\p]»lud for 25 years rhowed less uitrogen by
375 pounds than the limestone ))Jot Flis difference is equal {o
470 tons of barnyard nunure po A1 the Vivginia Station i
has been determined that the applications of quicklime have reduced
the amount of nitrogen and organic matier when compared with
plots {reated the same except that quicklinme was ommiited.

(¢) By Fallowing.—Tallowing is leaving 1o Jand withou! a
crop for a season during which the soil is cultivated.  'This has been
a very common agricultural practice in Furopean countrics, hui
more especially in Epgland.  The objects of the [allow were to
destroy wewds, to develop an abundance of nitrates for tie succceding
crop. to increase the moisture content of the soil, and 10 produce
good tilth in heavy soils. While all of the ohjects were wecomplished,
vet in regions where heavy fall, winter, oy spring rains oceur much
of the soluble plant food which was produced at {he expense of
organic matter was leached out of the soil and 10st. King found
that in the spring of 1900 land fallowed the previous scason con-
tained 245.7 pounds more of nirrates per acre than the cropped
land. The following table from Hall shows the effect of leaching
from fallowed land upon the wheat crop:

) I(/[fl of Whe al Grown When Pﬂrrn[nlz«»n was Larg(' and S

[ berte | Buelaperuers
tion . T |
| through | Wheat | wyeay | Goin
4oineh | 7 "",A(.';" :ﬁﬁa [ after | due to
gauge - camhent 1 dullow Tallow
. S e
15 yeurs of p(’TCO!a(lO[I 3.90 4 30.1 44.6 4.5
below average | |
16 years of p(-roolu(mn, 892 | 13 27.1 | 203 2.2
ahove average | | o
Lossduetoexcessleaching | ... ... 3.0 15.3 I

Fallowing showld be practiced only where the rainfall is not
sufficient to cause any Joss by leaching, as in sub-hiumid and semi-
arid regions.

Estimation of Organic Matter—No very satisfactory method
has heen devised for determining the organic matter of soils, since
it is impossible to determine it directly.
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(1) Loss on Ignition."—The iguition wmethod sometimes
ased, hut at the bestois only approximate for peats and sands
which contain very little water of hydration,  Five grams of water-
free soil i heated o low redness ina crucible till all organic matier
i hrned away.  Cool and moisten with a few drops of a saturated
solution of ammonium carbonate.  Dry and heat to 1307 C. o
1rht is the organic matter,
water of hydration, and volatile substances.

expel excess of ammonia, The Joss iy we

Loss on I:nu[um (‘nm]nm J u‘z/)x Orgmm A\Iu(m n

7T P — e ——

Belween Between Between
Kind of il 100% und 120 and 130% and
iEnition - dgnition iEnition AR

per cent per cent
Old pastire 850 6.12
New pasture 3
Arable soi)
zubsoil

Thee per vent of loss on dgnition is seen to he much higher than
that obtained rom the actual amount of organic carbon I]«-n-rmium]
taking the organic matter as containing 58 per cent of carbon or
maltiplying the per cent of carbon hy 1724,

(I} Combustion in Oxygen.'—The comhuztion method has
lieen used to some extent. The sail is placed in a porcelain or plati-
num hoat and ignited i a combustion tabe partly filled with cupric
oxide.  The tube is connected with a series of bulbs, these of sul-
phuric acid for absorbing nitrous fumes and water and a weighed
potash hulb for absorhing the carbon dioxide formed during cow-
hugtion. A current of air from which the carbon dioxide has heen
vemoved hy passing through a potash bulb is drawn through the
tube by means of an aspirator. The amount of carbon dioxide pro-
duced is then determined by weighing the bulb. and the organic
matfer found by multiplving the weight of carbon dioxide by 047 L.

(¢) The Chromic Acid Method.""—The apparatus consists
of a train of flasks and hulbs arranged as shown in figure 79, A
current of air is dvawn through the apparatus by an aspivator at /.
The carbon dioxide is removed from fhe air by a =olution of potas
~|um hydroxide in the flask G. "The combustion takes place v fask

h about ten grams of soil are placed, together with five to
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ten grams of pulverized potassium bichromate. 1/ is a condenser.
A eontains @ saturated solotion of silver sullate to absorl any hydro-
chloric acid, sulphur trioside or dioside that nay be generated. B
coptaing concentrated sulfuric acid, € potassiom hydrate, /) acid
to be weighed with € in determining the weight of carbon dioxide,
An achl guard Idb completes the teain. The air s allowed to
pass throngh the svstem for about ten winufes. The =0il and
potassium hichromate are thoroughly mixed in /7 and concentrated
sulfuric acid (specific gravity 1.8

ioslowly admitied through the
dropping funnel antil the end of the tube from € is covered., [f
no vigorous action takes place the flask may then he slowly heated,
The heating should continue fromn five to ten minutes, The bulbs
¢ ond 1 are then weighed and the amonn of carbon dioxide de-

130, 79 —A rrangement of apparatus Tor de ermining oreanic matter by ehromicaeid meidynd
(Bullein 24, Burenu of Noils

termined.  The organic matter is found by multiplying this by 0.471
This method does not seem to give complete combustion. .\ eow-
parison with the dry combustion method shows that the amonnt of
carban found by oxidation with chiromic acid is about T9.9 per cont
of that found by the combustion methad.

Farh(m Found Iy the Tu-a _Uc/hnd\ in \mls Dried al lf»"’ Rk

Combustion ‘ Chromic arid
!

Kind of soil

with oxveen method

per cent per cent
Old pasture B 355 | 281
New pu:turv . . . 241 | 1.93
Arable soil. e 1. 4" ! 1.18
Subsoil. ... . 0.2 0.28
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Determination of Humus.'"—Ten grams of svil are treated
on a filter successively with a ope per cent solution of hydro-
ehloric actd until the lime s removed, as shown by testing a
few cubie centimeters of the filtrate with ammonium oxalate after
nentralizing with ammonia. Wasl the soil with distitled water to
vemove the acid. The filter and soil are placed i a bottle or stop-
pered cvlinder and a definite amount of a four per vent solution of
ammonia ix added. The amonnt added should vary from 150 to
500 cubic centimeters, depending upon the organic-matter content
Pigest with frequent shakmg for 12 hours and allow

of the soil,
Tilter the supernatant lNguid and use an

to stand for 1¥ hours,

aliguat part of the whole for evaporation.  Drvoat 1ou
i The loss by ignition s the humus.  Cal-

anite and weigh again,
culate the umount in the entire ample.

QUESTIONS

ine orgupic mattier.
Distingush between humos and organic matter.
3. Whnt s the souree of mast of the orgavie matter?
Why are uplund forest <oils low in orgunic matter?
5. Where are chernozem soils found?

o What Kinds of organic mutter in soils?

7. What is a " run-down " farm usually?

S What umonnt of organic matter <honld soils cantain?

. What effeet does moisture have on organic-matter content?
14, Are prairies increasing or deeregsing in extent?
U1 Tow mguy tons per aere of organic matter in timber soils to a depth

af G2, inches?

Ty the subsurface?
. Why are soils vick in limestone usnally rich in o
14, Wiy do soils of northern latitudes have more organic matter?
s that organic matter undergoes in the soil,

increase and which decrease in proportion?

in soils?
ons in nitrogen,
per cent, what per ernt

nic matter?

Give the el

16. Which elements

37 What is the origin of the coal-like material

18, Canipare the humus of arid and humid re;

19 11 the nitrowen content of w surface soil is (1.2
of orgnnic matter does the soil containY

20, How many tons per acre?

21, How iz organic matter distributed in the soil strata?

How js the money value of organic matter to be determined?

factors are involved?

23. Of what value is granulation?

24. What effeet docs organic matter huve on retention of wuter? How
many tons of wuter per acre will an addition of 5 per cent of peat
enable the surface to hold?

25. How does organic matter prevent pnddling?

26. How does it aid in correcting ity

27. What effect does it have on temyerature? Fow?

28. How does it nflect biolugical aclivity?

What
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20, Ylow much nitrogen is required for a Ta-bushel crop of corn? For a
G0-lmshel crop of oats?  For a 40-bushel erop of wheat ¥

. What are the evidences of nitrogen starvation

I Of what value is organic matter in binding soil pnrlu ’u- tugether !

What part does erosion play in loss of organic matter

. What are yellow = clay pouints ™7

What part dees leaching play in loss of orguaiv muitec?

. an t\dlﬂ]?l\' of |u~<s by fire.

5. Is nitrification beneficial or detrimental (o o ~0il?

. What are the ohjections ta quicklime?

sa What s meant by fullowing?  Give the oljects to he accomplished.

10, What effect does it have on organic matter?

400 What was the loss of organic matter due fo forest fires?

1. Where may fallowing be lyr.unnd ceonomically? Why ?

32, What objection to ignition for determining orginic mutter of xoils?

43, Describe the dry combustion method.

44. How may the carbon of =oils he determined ?

43, Describe the method for determining the humus.

H6. 11 a woil contains 24 per cent of carbon, Jow many tors per were of

organic matter in the plowed soil?
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CHAPTER NIT

MAINTAINING AND INCREASING THE ORGANIC-
MATTER CONTENT OF 30ILS

T mamtmimmyg of the organie matter in soils is the most Jif-
ficult problem on the aserage farm. i, with the nitrogen it con-
tains, is the limiting factor on most of the farms of the southern
and castern <tates and s fast becoming of primary huportance on
cornand wheat belt farmes of the middle west.

To maintain the orgade matier requires something else than

monev. 1t as vt to he had for any price, because there is no
adequate =upply. It must be grown on the farm and put back
| [ low value for any other purpose
or as manure or bothe T'o maintain this constituent requires very
carveful planning of rotations and the proper undling of the 1-rup._~
arowi, A Tew farmers may huy organic matter as grain or hay
frome their neighlors. but this s a very short-sighted policy for
the Tatter. The Tack of aetive organic matter is the primary cause
of =oil exhaustion. Many Tarmers realize it= value, hut very few
have made any definite plans for its permanent maintenanc To
improve a worn-out farng is not an easy task.  Since the orgauie
matter Tor our soils must he grown on our farms, the first require-
ment is that the =oil shall be in condition 1o grow it.  Tegunes,

Ivoas residues which are «

and more egpecially the clovers, are the hest erops to grow for soil
improvement.  They reguire larger amounts of minerals in the
soil, especially caleium and phosphorus, than almost any other
crop. One or hoth must usnally he supplied.

1. By Addition of Limestone.—Many soils are so acid or sour
that the best sotl-renovating crops, the clovers, will not grow sue-
cessfully.  Before these soils can he improved to any extent. uuless
an unlimited supply of manure available. limestone must he
applied.  Many experiments have shown that the hest form to unse
is ordinary gromnd or erushed limestone.  This neutralizes the
acid. prevents leaching of organic matter and furnishes the plant
with the elemext caleinm.

Timestone is rather readily soluble. Tn humid regions from
500 to 800 pounds ave leached out of the soil each year. In many

158
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soils it has been so completely removed that they are acid and the
vlement caleiun = too deficient o produce mod erops, especially
of legumes, Applications <hould he made onee inevery rotation,
To maintain the limestane at present prices costs from fiffy cents
to one dollar per acre per annum plus the cost of applying it.
Thiz will make possible the erowing of legumes for soil-renovating

purposes.  On eroded Lill land large growths of sweel clover
amounting fo 2.7 tons per acre for the two years of its growth

Fra. 80. —Clover on gray silt loam on tight clay. (Marion silt losm)  Manure gave
grass with pracl no clover, while Jushure with rock phosphste snd lnestone
tons of good clean elover huy. (Ilinois Station. )

were made possible by the application of four tong ol limestone
to acid soil.

2. By Applications of Phosphorus.—I’hospliorus should he
mentioned in this connection hecause so many soils are deficient in
this element, and its application is very necessary for increasing
the growth of legumes. It often more than doubles the growth of
clovers and, of course, gives a larger amount of much-necded active
material to be turned under. The acids formed in the decay of
organic matter aid greatly in the liberation of phosphorus and
potassium that are locked up in the minerals in the soil.  The
average increase of clover at the Iilinois Station at Urbana on
brown silt Joam was 1.05 tons per acre where phosphorus was used.
while on another field on the same t¥pe the increase was 1.51 tons.
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At Fairfield, in southern Ulinois, on gray silt loam on tight clay,
Marion silt Joam, the gain for phosphorus, limestone and manure
over manure alone was 2,65 tous per acre of good clover hay,  All
know that the growing of large legume crops aid the production of
large crops of grain (Fig. 80),

3. By Accumulations in Pastures.—'I'he livestock farmer has
one decided advantage over the grain farmer in that some of his
Innd miust be in pasture and accamulations of organic material
are taking place during this perivd of = rest.”™ 2\ large amount of
the organic matter that grows in the pasture will be eaten and de-
stroved by stock in the process of digestion. but the total result
will he heneficial 10 the soil. From the table on page 162 it will
he seen that ouly 580 pounds of organic matter are r 1 in
the manure for each ton of pasture grass eaten by =tack.  For red
clover pasture. the amount i 680 pounds, while for alfalfa it is 660
pounds. Pasture grasses develop svstems of rontz which add quite
largely to the organic supply in the soil. I[ legumes can be grown
in connection with these pasture grasses much better results will he
secured than from the g alone.  In the case of sweet clover
growing with blue grass, it is found that the amount of blue grass
will be larger than if grawn alone.  In pastures there is very little
organic matter lost by oxidation, since this process is not very act-
ive in sod, there being no more nitrates formed than are used by
the grass.  In old compacted pastures, nitrification is not sufliciently
rapid to maintain a good growth of grass.  Farmers speak of such
pastures as being “sod bound.”  Plowing and reseeding or at
least a thorough disking may be necessary to completely aérate
the soil and bring ahout larger growth.

Pasture grasses are frequently eaten so closely Ty slock that
very little benefit is derived hy the soil.  Clover ix offen pastured
so that o the end of the sea=zon there is nothing left on the ground
to turn unger for soil improvement.

4. Green Manures.—One of the verv important wavs of in-
creasing the organic matter is by the use of green manures.  Almost
any erop may be used for this purpose. but Jegumes are much hetter
bevanse of the greater value of the material for soil improvement.
The erop zelected should depend upon the time of planting, the
period available for growth. the character of the soil fo be im-
proved. and the svstem of farming practiced. The legumes best
adapted to single surumer growth are cowpeas. sovbeans, commor
vetch. field peas. and velvet beans. Red. sweet and mammoth
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clovers are biennmls wind can e seeded one year with & nurse crop
and allowed 10 produce a growtl the nest spring before turning
under.  Hairy or winter vetel may be sceded with rye or winter
oats for early spring pasture and plowed under for corn, cotton or
other crops. 1t is a common practice in the corn belt to sow clover
with wheat, vats or rye and turn it under in the fall or the fol-
lowing spring for corn. Sweet clover is excellent for this purpose
in many focalitics,  One to two tonsg of dry material have been
turned under in time for the corn erop without apparent injury.
There is danger, however, from plowing under a large amount of
green material to be followed hy a crop of corn, cotton, or potatoes,
During the last few vears some complete Tailures have resulted from
this practice.  The green crop takes out much of the available
plant food and moisture and may Jeave the soil so deficient in these
that the crop whicli follows may be seriously injured.  Besides, the
fermentation of the green material may develop heat that will drive
off some moisture and leave the soil still drier, although the large
amount of water turned under with the green crop would tend i
compensate for any lost in this way,

5. Catch and Cover Crops.—Many times it is advantageous
to use crops for some special purpose in which no attempt is made
to grow them to maturity,  Legumes. rye, oats or other crops are
sometimes sown on land that i to lie idle for a time in order to use
the available nitrates and prevent their Joss by leaching.  This
plan is especially advisable on sandyv soils, but it may be applied
to other soils to good advantage. Wheat on sandy land could be
immediately followed by cowpeas, which not only conserve the
nitrates but add nitrogen to the soil. Wheat and oats on heavier
soils, such as silt and clay Toams, are usually followed soon after
harvest by a crop of weeds and grass which act as very efficient
catch crops.  Wherever possible legumes should he grown after
oats, wheat, or harley for this purpose hecause of their double value.
Cowpeas, sovheans or clover are sometimes seeded in corn at the
last cultivation to he nsed as a soil-improving cateh crop.  They
may also be seeded in the hill of corn without serious detriment
to the corn. Rape, cowhorn turnips, or rve may be used as catch
crops. These may be pastured and thus acquire an additional
value. :

The same crops may he nsed as cover crope in orchards to
hasten the matarity of wnod or on hillsides to prevent washing.

6. Barnyard Manures.—Mapure is one of the most valuable

11
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by-products of the Tarm; however, sullicient manure cannot he
produced from the erops grown on the farn to maintain the supply
of organic matter. T'his 1= due to the fact that a large amount of
the organic matter is destroyed during the process of digestion.

Average Digestillity of Some Common Feeds b

Feeds Dy mutter Dry mmtter recovered
digewted in manure
“per vent per cent pounds per ton
Pasture grasses. ... .. L o 580
Red clover, green.... .. . 66 | 680
Alfalfa, green 4 . 67 ! 600
Mixed mesdow lm\ . Gl | 750
Red (luur hay.. . . 61 | 80
Alfalfa . 60 | 800
Oat str B 1040
Whent 8 . 45 140
Carn stoven Lo . 60 300
Shack corn . A G3 740
Corn-and-cob meal. .0 0 ] 79 420
Corn ensilage . .. . . - i [} 720
Oats. .. .. 70 | 600
Corn.. . Lo R 91 | 180
Wheat bran . . B 61 | RO

Trom the abave table it is seen that n Teeding hay about 40 per
cent of the organic matter, or 800 pounds per ton of hay fed. is
recovered in the manure, while with pasture grasses an average of
A2 per cent, or 640 pounds per ton. is recovered.  Tn the feeding of
straw, shock corn or even ensilage, the animals leave a considerable
amount, so that somewhat more organic matter is recovered than
mdicated by the figures.

The amount and composition of manure produced by different
animals vary quite widely.  The following table gives the amount:
Amount and Value of Manure, Solid and Liquid, Excreied by Various Farm

Animals per 1000 Pounds of Live Weight

mima | T [ gmees ] P ren | v
|70 K0 20 | $10.88

7 00 | 30 25.07

7.5 70 | 30 21.75

7.3 60 | 40 | 2548

’ 5.5 | 67 f 33 32.06

In connection with this, attention is cailed to the next table,
which gives the compogition of the manure:
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Composition of Fresh Manure ¢

xerenent Phosphorus
T percent et cent |
Solid 80 4 i
Horse 20 i
| Mixed .. |
i
| Solid 70 &5 40 o 08
Cow | Liquid 30 T3] 106 Traee ‘ 111
‘ Mixed .. NG 0 v 37
| Solid 60 O A5 ‘ 83
Swine ‘ Liqguid 40 7 A0 | 37
| AMixed .. ar H0 ‘ 37
Solid 67 GO 2 37
Sheep Liquid 33 =5 02 1.74
Mixed .. [ 15 .83

7. Loss of Manure and its Prevention.—\ source of great
loss occurs in the handling of manure alter 1t is produced. In too
many cases it i left in the Jot or under the eaves of the barn
or shed until the organic matter is decoruposed and a large amount
of the fertility is carried away. In the process of rotting there is a
Inrge amount of organic matter lost.  To determine the amount
of loss the Outario Station placed four tons of mixed cow and
horse manure in equal amounts in a protected shed and a like
amount in an open bin exposed to the weather. The four tons
contained 1938 pounds of organic matter. The losses are given
in the next table.

LOS\ of Organic 1Inflcr arul Icri:[zlu in the Rouwg of Manure ®

- |A the end o(l\l the end of|At the end of(At the end of
Fresh {three months| six months | nine mont tuilve

Pro- | Ex- | Pro- | Ex- | Pro- | Ex-
wrwd‘ posed | tected posed tected posed
|

I
|
Pro- Ex- | Pro- | Ex-
teted posed | tected ]’)u-vl:d

| pounds [ pounds pounds | pounds
Teight of manure | 8000 8000 2980 13903 12308 14124 | 2224 4189
Weight of organic 1938 1938 %30 | 791 %03\ 65
matter | | | |

pounds

2158 | 3838
/GO‘ 648 | 170\ 607

Loss in per cent

Organic matter [ 55 |60 | 58 |65 |60 |67 |60 | 60
Nitrogen. 417 720 | 19 (30 | 23 (40 |23 | 40
Phosplcrus .|None 3.5 |None| 5.2 |None| 57| 1.7 7
FPotasaium. . .. l\ne; B | 2|2l | 2 |24 ] 25
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It is very important that the manure should be haudled in such
a way as to lose as little as possible.  The best plan is 1o scatrer
it on the lund as soon as practicable after it is produced.  If the
fertility is leached out then it goes tnto the zoil, and if the manure
becomes dry there is essentially no Joss. The farm should e man-
he a place to haul wanure,
11 this is not feasible under the system followed or if the fields be-
vome tov wet to draw the manure upon them, the problem of pre-
venting loss hecomes an important one. 1t is well to remember
that the

(a)
sponsible for loss of nitrogen and organic matter. 1t is practically
impossible to prevent it entirely, It it should be redueed to a
minimum.  When manure, particularly from horses, ig thrown into
a pile 1t soon begins to heat. This indicates that hacterial action
or fermentation is taking place. The organic matter of the manure
is being decomposed and nitrogen in the form of ammonia is given
off, resulting in large losses.  In conuection with this proc
other organisms may work, causing * fire fanging,” resultiug in
a light, powdery form of manure of little value. A process of
fermentation takes place in cow manure or compact manures that
results in rotting without so much loss,  This is known as putre-
faction and is due to anaérobic bacteria or those working without
oxygew, The fermentation may be largely prevented by excluding
the air, since oxygen is necessary for the process. This may be donc
in two ways, first by allowing stock to trample the manure, thus
compacting it so much as to exclude the air, and. second, keeping
the manure very wet.

(b) Leaching.—The greatest Joss of manure is due to leaching.
as it affects all constituents and elements alike. The colored liquid
draining from the manure heap carries large amounts of valuable
materidl away in the drainage waters. The Ohio Station fouud
that manure from steers exposed for three months, January to
April, decreased in plant food value per ton from $3.01 to $1.85, or
there was a Joss of $1.16. or 38.6 per cent. The loss of organic
matter was fully as great. Leaching may be prevented by keeping
the manure in a shed to protect it from the rain. If exposed. it
should he kept in a concrete pit or tank to prevent loss by leaching
and very wet to prevent heating. Horse manure is the most diffi-
cult to keep because of its tendency to heat, owing to its looseness

aged, i possible, =0 there would always

catest Josses are due to fermentation awd Jeaching,

Fermentation—"The process of fermentation = largely re-

S8,




MAINTAINING THIE ORGANIC MATTER 017 SULLS 165

and the free aceess of air. Where possible it should e niixed with
cow manure o render it more compaet.

hed or harn where the manure
will he less loss than in any

17 e animalg are heiuge fed inoa

may he deft (it it is hauled out ther
other wav. 11 a cement floar is uzeld there will be no loss by leach-
ing and the tramping of stock will exclude the air so that very little

swer the question.
he feld. In this wuy there

Fia. 81.—How does this man handle manure? The stuins
Fig. 82.—When the spreader is filled the manure is hauled
is very livtle loss

fermentation will take place. Various experiment stations have
demonstrated the higher value of manure and the Jower Joss when
kept in this way. Compare figures 81 and 82. °

(¢) Absorbents—Substances that act a= absorlients of ammonia
and other constituents that would he removed easily are sometimes
mixed with the mapure. Dry earth or drv peat mav be used to




166 SOIL PHYSICS AND MANAGEMENT

good advantage.  Calelum suitate, land plaster, may be dusted
over the manure.  The sulluric acid unites with the anunonia,
forming ammonium sulfate, which iz readily soluble. Common salt
ix sometimes used, hut hoth it and Jand plaster are too expensive
for general use in view of their slight effect,

Certain substances may be used as absorbents and also for re-
enforeing the manure. 1t the manure 15 to be used on land de-
ficient i the eJement potassium, kainit may be used for this pur-
pose and when the manure is scattered over the land will supply the
needed clement. Finely ground rock phosphate or fluats may be
used as an absorbent apd at the same time supply the element phos-
phorus, in which most soils are deficient. At the Ohio Station the
average annual increase for stall manure and floats over stall manure
ulone was 7.2 bushels of corn per acre, while the increase for yard
manure treated over untreated was 6.4 bushels. The corresponding
incereases for wheat were 4.1 and 3.4 bushels per acre.

The next table shows the amount of loss from manure with
absorbent reénforcement exposed for three months.  The experi-
menis were made at the Ohio Station.

Compaosition of Steer Manure After Exposure for Threc Months—Pounds

Per Ton ¢
Treatment | Organic | )\ | Nitro- | Phos- | Potas-
matter gen | phorus | sium

" Pounds at beginning | 31900 12020 1070 860 7.38

phuaplmtc Pounds at end 0.74 | 98.95 746 7. 37 J 52
Per cent of losa 10 96 | 17.67 |30.28 11 97 1 52.30

Acid phosphate PPounds at beginning ! 357.80 9.86 5.70 } 6.88
Pounds at end ' 269.89 R 718 4.79' 299

Per cent of loss 24.57 30 | 2718 13, 96 | 56.54

Pounds at beginning | .00 2.88 [ 10.70

Kaimt Pounds at end .50 248 | 4.98
Per cent of loss .00 13.89 ‘ 53.48

|

Pounds at beginning 2761 7.86

Gypsum , Pounds at end 2,66 2.36
Per cent of loss | 3.63 | 67.42

Pounds al beginning 416.00 | 79.20 | 1030 324 8.14

Untreated Pounds at end 254.79 | 65.68 S 247 335
Per cent. of loss , 3875 | 17.07 |30.20 23.76 | 58.84

The value of manure in a soil depends upon three things:
first, the beneficial nhysical effect produced : second. the plant food
supplied, and, third, the stimulus given to bacterial activity. Its



i

MAINTAINING THE ORGANIC MATTER OF SOILS 167

real value to the farmer ecan be determined ovuly by the money
returns secured from increased yields. This depends upon several
factors: the soil itsell, the crop grown, the price received for the
crop, the rate of application and the cost of the manure,

As a general rule the better the soil the less need there s for
manure and the smaller the returns per ton from s use.  The
poorer the soil the greater the need and the larger the returns.
Farmers recognize this fact and usually apply manure to the poorer
places on their farms,

Al eraps do not respond cqually well 1o manure.  Tts value
may he increased by applying to the right crop. Timothy, corn
and wheat usually give good returns from applications of manure,

Fro. 83.—Manure spreader in action. The manure is torn apart so as to be acstiered npi-
formly. (J. C. Beavers, Cir. 49 Purdue Station.)

vet corn may be a complete failure after manure. This is not
usually the fault of the manure, but of the amount applied and
subsequent managemeut. Strawy mauure plowed under late in
the spring without disking is very likely to injure corn hecause of
the effect on moisture movement.

The common impression is that heavy applications of manure
are most profitable. "The greatest profit per ton of manure is ob-
tained from light applications when well distributed. Thiz may
hest be accomplished with the manure spreader. At the Ohio Sta-
tion at Wooster an average of twents vears shows a value of $3.48
per ton where four tons of manure were applied, $2.70 with 8 toos
and $2.24 with 16 tons per acre.
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The following table gives data from TPurdue Stution and illus-
trates the value of different amounts:
Average Value of Inerease for Manure Per Crop and  fer Torn for Twendy- Ulree

) ears, 1890-19127

\\rruw amount in | Yalue of increase
| tons per rotation

Rotations

Light | heavy light
..... | &8 |os3aL $3.78

b 4.00
! 4.52
3.90

s 1.54
.00 6.68
R 4.28

5.53
A\‘Lrugr p(r ton af manu 181
Corn. . . | [ 681
Wheat . .. i | 933
Average per ton of manure. . | 2.40
Corn continucusly. . | 6.38
Average per ton of munure. 1.67
Wheat continuously P ! I 5.25
Average per ton of manure. .. ... .. 1.93
1.93

Average per ton of mmnure for a.U\
experiments |

(d) Methods of Applying Morure—~Tor an application of
mannre fo be mosl effective it should be evenly distributed and
then thoroughiy mixed with the soil. 1t is very difficult fo accom-
plish the Rrst by hand spreading. There will almost certainly be
large chunks of manure alternating with bare spots.  The wanure
spreadev (Fig. 83} iv indispensible for this purpose. It tears the
ranare to pieces, scatters it evenly and permits of smaller applica-
tions. The same amount of manure covers a larger aren and, as
seen {rom the above fable. gives it a higher value per ton. The
mixing of the mapure with the soil may be readily accomplished
by the di Tlhis i not so important unless a crop is ro follow
soon, as In the case of spring plowing for corn or swnmer plowing
for wheat. 11 is cspecially desirable for coarse manures which when
plowed under interfere with capillary movement.

The manure should be applied as soon as possible after being
produced. since there is less loss when in or on the soil than if left
in the lot or even the shed (Fig. 82). Some farmers prefer well
rotted manure, bul therc is too much lose in the process of decay to
allow this to go on i any other place than in the soil. Weight for
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weight, well rotted manure wmay bhe wmore valuable than fresh
manure, but the loss ol fertility and organic matter involved in the
process more than overbalances the benefits,  The character of the
rotted manure will depend upon the conditions under which the
decay took place. There is no guestion bur that {wenty fons of
fresh manure applied to soil will produce greater increase than
the same weight of manure would after it is well rotted.  li muny
cases Jf 13 not practical to apply manure as rapidly as produced.
Farmers of the corn belt haul ouf the mannre in summer and
curly spring. That taken out in summer is usually placed an land
to be fall plowed.  This is without donht a good practice. The
nanure becomnes decayed suficiently by spring so that it will not

)
|
5

Fia. 84.—An expensive and wasteful way of haodling maoure op the farm. Do nat put

it in piles.  (Deere & Co.)

interfere with moisture movement. The fall aud winter lass is
avoided.

Coarse manure is best appled in the fall, but if the applica-
tion is made in spring it should be very light.  Heuvy spring appli-
cations may ruin the crop, cepecinlly coru. In the dev summer of
1914 corn on some fields that had received heavy applications of
manure before being plowed in the spring produced no grain
whatever.

Manure is sometimes piled in the field in small heaps and later
scattered with the fork. This is not oply an expensive but a
wasteful process. Much of the fertility is leached into the soil
beneath the heaps and a large amount of maoure is left at these
spots in spreading (Fig. 84). The result_is a great many very
rich spots upon which small grain lodges badly and is frequently
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lost. These =pots are still visible in oats after 25 years on o farm
in the vicinity of the University ol 1llinoeis.

3. Organic Residues of the farm ure of two kinds, those that
fornt no part of the CTOp, as weeds, and thosge that are part of the
crop or harvested with the crop. such as corn stalks, straw and
stubble. Heretofore it has heen helieved by many farmers {hat
most erop residues have little or no value and the easiest way of
disposing of them was the hest 1 consequently much material was
burned and the practice has by no means ceased. 1t iz estimated

ks—in addftion to the organic mavier destroyed in burning the
ome organic matter 1o the soi s burned.

~—Burning corn

Fra.
stall

that W the westernu part of the Tnited States the straw {rom 20,000~
uBe fo 30,000,000 acres of grain is burved every vear, while in the
corir belt the practice of burning stalks is atill somewhat prevalent in
certain sections (Ifig. 83).  This enormoeus waste of organic maf-
ter and nitrogen is to be regretted very much.  Crop residues of
wll kinds have great value. Chemists fell ns that straw has a
manurial value of $2 to &3 per ton, over hall of which is due {n
the plant food which it contains, while the rest is due to the physieal
effect npon the soil.  Corn sialks contain 16 pounds of nitrozen per
ton, and even after exposure during the winter the amount is re-
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duced ouly about 1y pounds, so tlal the burnng of vuri stalks
results in a loss of 14ty pounds ol nitrogen per tou, which at 15
cents a pound would amount to $2.17. There is little doubt but
that the value of the corn stalks for improving the tlth would be
equal to one-half of the value of the nitrogen, so that for turning
Lack into the soil the corn stalks are worth fully %3 per ton. The
value of residues is shown in the yields secured where they have
been returned to the soil for a number of years.

One of the most valuable crop residues is that from legumes,
which are frequently grown for the seed and the straw returned
to the soil. It furnishes organic watter in its most active Toro,
rich in nitrogen, and its rapid decompesition makes it one of the
best amendments for soils in had physical condition,

On the experiment field at Bloomington, Hlinois, where crop
residues had been turned under for five years, the yield of wheat
for 1911 was increased 4.4 bushels over that where the crop residues
had been removed, and in 1912 the vield of corn was inereased 7.9
bushels and in 1913, 5.9 bushels, At the experiment field at Du Bois,
Iilinois. crop residues turned under gave an increase of $19.28*
for twelve crops, or $1.61 per acre annually, while with phos-
phorus applied the increase for residnes war $40 for the twelve
crops, or $3.33 per acre.

The turning under of crop residues ou the grain farm iu the
corn helt iz very essential, since i i« the only means the grain
farmer has of maintaining the organic matter. If he makes use of
residunes and an occasional erop of clover he has even a better
chance of maintaining the organic matter than the stock farmer
who loses so much organic matter during the process of feeding.
(See the table page 162.

9. Growing Non-Tilled Crops.—Tillage increases oxidation of
organic matter hy bringing about fuiorable conditions of moisture
and aération. The compact condition of the soil where non-tilled
crops are growh retards decomposition of organic matter, hence
the henefit of such crops as wheat, oats, ryve, barley and grasses.

10. Rotation of Crops.—Rotation permits the growing of tilled,
non-tilled and soil-renovating erops.  Farmers should plan their
rotations with the thought of soil maintenance. This is funda-
mental. The length of the rotation and crops selected should be
adapted to the soil and to the svstem of farming. On soils well

*The price of corn was figured ‘at 35 cents per~hushel. oats at 30 cents,
wheat at 70 eents, cloverseed at &6 nnd soybeans at $1 per bushel.
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supphicd with organie matter the rotation should be quite different
from that on sotls deficient in this constituent.  In the former
case much of the residues miight be sold from the tarm, while in
the Jatter mueh the favger part should be returned 1o the seil. Ope
essential of a rotation for soil improvement is at least one legume
crop during the evele,  Noilz deficient in organic matter <hould

have a mare frequent recurrence of this crop, as the value of the
rotation in improving the soil depends primarily on the use of it.
The |
I n
nothing is gained for permanent =0i) improvemwent and maintenance.

w=sihle,

e shonld be tarned back inro the soil wheneve

removed and nothing returned in itz place very little or

@

Fra. $6.—Adding organic matter 1o the roi) i the form of awect olover.

Clover and cowpeas are commonly grown, The best one to grow
on the graiv [arm is that which provides the largest amount of
material to turn under. Medinm red clover is most common in the
northern states. but alsike or sweet clover is better adapted to
somewhat poorly drained soils.  Mammoth or Eunglish and sweet
clover probably furnish the largest amount of material to plow
under, aud both plants will furnish a fair crop of seed, upon which
the farmer must depend for his immediate returns. Tt Tequires
the very hest conditions for red clover to produce three tons per
acre for both crops. which is at Jeast onme ton ahove the average.
Sweet clover is an cxcellent lequme for soil improvement becanse of
its large growth (Fig. 86) and deep rooting characteristies.
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The following table gives the amount that has been produced
during the two years” growth:

I neestigation of Sweel Clover { Melilotus alba)*

¢ mntier per a

Nitrogen per acre

Pares of plant Depth

(ineh i Per cent | 1, | p
wehes) | Patnde 4 ol totul | Pouods | 1RO
Total tops. ... ... .. ... | w7 | si w7 | s
[
Total surface roots. ... Oto 7 | 1809 ' 14 22 ’ 10
Subsurface raots......... 7?20 | 601 | 5 9 \ 4
| —_ 1 = —
Total roots .. ... R T I T T
Total fops and roots ... 12777 100 228 | 10D

From the above table it will be seen thai the sweet clover pro-
dueed 6.4 tons of total dry matter. Of this 1.2 tons came from
the roots. ‘The total weight of sweet clover from a single year’s
arowth in the dry season of 1914 on black clay loam was 4.4 tons
per acre.

QUESTIONS

1. Would it be advisable to purchase manure for ordinary erops?
2. What is the first requirement in maintaining orgunic matter?
3. Why is it necessary to add limestone?
3
i

. What is the cost of maintaining it?

. What is the effect of phosphoras on growtlh of clovers?

What advantage does the livestack farmer have over the grain fanners

7. How much arganic matter ix lost in he process of digestion of pasture
grasses? (O alfalfa?

R. YWhat is the remedy for * sod hound 7 pastures?

9. \Why is pasturing often of little henefit to soils?

10. What points shauld he considered in selecting a crop for green mnnure?

11, Give danger to erop arising from green manure turned under in spring,

2, What are catch crops? For what used?

12. Explain under what conditions weeds may have some value.

14. What is the uxe of cover crops?

15. In pasturing red clover what per cent of the orpanic matter is lost?

18, What proportion of the corn fed is recovered in the manure?

17. 1f a farmer keeps 10 horses averaging 1400 pounds cach, 5 cows of
800 pounds and 10 hogs of 100 pounds each. what is the value of the
manure prodneed in & year?

18. What are the sources of loss of manure?

19. Give the experiment conducted hy the Omtario Station.

20. \Why is there no loss from dry magure?

21. What is “ fire fanging ”?

22, What i putrefaction?

23. How may fermentation be prevented? )

24. What parts of manure are affected by fermentation?t .
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What portions sre affected hy Jeaehing”

L What was determined inovegard W loss brom amenure by the Ohio

Statoon

- Whut s the best wuy o Keep manure o prevent loss?

- Wihat are absarhents?  Name sormwe,

< What arc the uses of reénforeing muterials?y

. Upon what does the value of mannre depesid ¥

. How may its real value be determined 7 Upon what does this depend”

. O what kind of soil should manure be applied?

L Wit erops respond hest Lo mapnre?

What amounts of manure are best 1o apply?

Give the resnbts obtuined by the Pardue Ntation.

. What are the advantages to he gained by the use of the munure
sprowde

7. What is the vadue of corn stalks and straw

A8 What increases have heon obtained by the use of crop residues?

A0 What is the advantage of growing non-tilled crops

0. What = essentind in ow rotation for soil improvement

. How shonkl the legume he managed ”

2. Whieh legnmes are hest for sotl improvement Y

L What wax the totad amaunt of orgatic matter produced by oo single

seeson’s growth of sweet clover?
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CHAPTELR NUT

PHYSICAL PROPERTIES OF SOILS

1. Real or Absolute Specific Gravity.—The real spevific
gravity of soils varies with the kind and amount of minerals com-
posing them and the amount of organic matfer present.  The
specific gravity of some of the more important niinerals in soils is
given in the following table:

bp(u/'u Gravity of Sotl-Forming Minerals

Quartz. ... ... Kaolinite
Albile. oo | Amphibole. ..
Orthoclase. . | Pyroxene. .
Oligoclase. ... .. | Muscovite
Labradorite . | Biotite.
Anorthite. | c aleite.
Dolamite | Gypsum. ..
Limonite.. .. .. | Hematite. .
Magaetite. ...... || Epidote
Zeolites ... {

Organic matter is the lightest oi) constituent, its specific gravify
being 1.2 to 1.3. The spec ific gravity of the H\nlmv soil of hrown
silt, Joam, the common prairie soil of the com heli, i2, of gray,
vellow gray, or yellow xilt loam 2.G3, while of I»Lu!\ clay loam it

2.57.

2. Apparent Specific Gravity.-——The rea] specific gravity iz of
very Htthe importance in comparison with the apparent specific
gravitv. which is the rafio between the weight of a unit volume
of water-froc xoil and the same voJume of water.  The expression,
volume weight, is sometimes applied to this and represents the
weight of w unit volume of soil.  The apparent specifie gravity is
numericu!ly smaller than the real specific gravity because, in the
latter, the pore =pace is eliminated.  The apparent specific gravity
varies directly as the kind and amount of minerals and the com-
pactness, and inverselv as the amount of organic matter present
and the porosity of the soil. Tt is abtained hy dividing the weight
of a certain volurne of soil hy the weight of the same volume of
water, or, what amounts to the same thing, the weight of the soil
in grams by the volame of the s0il in cubic centimeters.

175
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Under different systems of tillage of the same soil type, the
apparent specific gravity is an approximate meusure of the tilth
of the =01l when determined under field conditions.  In order to
do this take a tube with a cutting edge and force it into the soil
to w ecrtain depth marked on the tube, thus securing a definite
volume of the soil.  Dry, weigh, and compare with an equal volume
of water, or, in other words, determine its apparent specifie gravity.
The soil having the lowest apparent specific gravity is in hest tilth.
As an iJustration, the apparent specific gravity of brown silt loam
from a heavily eropped field was 1.36, while that of a well treated
field was 1.10, indicating that the latter was in much better tilth
than the former. The apparent specific gravity of soils varies from
1.7, that of sand, to 0.3, that of peat,

3. Weight of the Soil—The weight of any quantity of soil
may he determined by multiplving the weight of an equal volume
of water by the apparent specific gravity of the soil. A cubic foot
of soil varies from 104 pounds to 31 pounds per cubie foof, the
farawer heing sand, the latter peat. Knowing the weight of an
acre-inch of water to be 226.000 pounds, it is easy to obtain the
weight of an acre-inch or auy number of acre-inches of soil.  (See
the table page 120 for weight of =0l strata.)

4. Color of Soils.—The ealor of soils is one of the most notice-
able or siriking characteristics and always appeals fo practical
farmers as one of the best means for indicating soil differences.
Tte importance in estimating the character of the soil must depend
upon the material producing it.  Color is due almost entirely to
the presence of rwo substances. organic matter and iron in some
form.

The color imparted by organir matter varies with the amount
present, the stage of its humification, the moisture corntent of the
soif, and the amount of limestone present. The color imparted
varies from black through brown to grav. The least decomposed
imparts a brownish color, while the organic matter that is thor-
oughlv humified gives a very dark brown or black color to the soil.

The presence of limestone imparts a darker color to the organie
matter and hence to the soil. Tt further aids by preventing the
leaching out of the black humus by forming insoluble eompounds
with it. Soils fairly well drained but deficient in limestone are
usually light in color. The acid of soils bleaches the organic matter
so that its effect in coloring soils is mot so striking as in thoee
containing limestone. In areas of acid soils, the presence of lime-
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glone outerops are indicated by dark soils. Coffev’ speaks of being
able to trace an vuteropping limestone stratum by the dark color
of the soil. and the same thing has been observed in the southern
part of iinois in the acid soils of that region.  In soils of arid
regions lhmestone is frequently so abundant as to impart a Jight
color.

Iron oxides give various colors to the soil, depending upon the
degree of oxidation.  Ferrie oxide (e 0,) imiparts a bright reddish
color, Due to the presence of this oxide, many of the subsoils of ihe
Piedwont Plateau are decidedly red in color. The hydrated ferrie
ovide (2Fe,0,3H,0) imparts a dull vellowish color to the sail, bhut
ametimes mixed with the anhvdrous ferrie oxide, giving a red-
dish yelow or yellowizh red color, depending vpon which predomi-
nates.  In some cases, deoxidation has occurred through the effect
of organic acids, or some other agency, and the higher oxides of
iron have been reduced to the lower form. This gives a hluish,
grayish or drab color to the soil.  This is especially true in acid
soils, in poorly drained oncs, and in subsoils heneath peat, peaty
loam or muck. In the latter case the iron has been deoxidized so
completely that the soi] usually presents a uniformly light drab
color.  The mwst striking effect of deovidation is seen in the acid
soils where drainage is intercepted by an impervious clay stratwi
The iron is so complelely deoxidized that the subsurface stratum
is {requently white.

Soil constituents themselves in some cases may impart color
(o the woil, as where an abundance of quariz sand is found, giving
the soil a grayish or whitish cast. Sometimes mica is sufliciently
abuudant to produce a glittering appearance in the soil.  1n some
parts of the Pledmont Plateau the mica formerly existed v granitic
rocks in large eryetals from one-half to one and one-half inches in
diameter. When the rock decomposed. the niica remained as large
flakes. eiving the soil a glittering appearance. The color of soils
may unaergo some change, nsually due to the loss of organic matter
through cropping. but mostly hecause of evosion, producing yel-
lowigh brown or vellow color.

. Odor of Soils.—As a general rule soils possess a distinct but
feeble odor, due to a very smajl amount of an organic compound of
the aromatic family and apalogous to that of the camphorated
bodies. A very minute quantity is present, there being only a few
wmillionths * of a per cent.

12

i
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. Number of Particles.—Irom the work preceding, espc('iul]y
the tables giving the ditferent gwrades of soil material, 1t will be
seen thal many svi) pariicles ave extremely smal), and l)u- wunher
of these in a certain volume or weight of =oil is very great. I the
lavgest particles of clay, 0,001 millimeter in digeter, were splierieal
and could be arranged in columnar form in a cubical hox one inch
enehi way, it would contain 15.625.000.000,000 particles.  The de-
fermination of the number of particles in a definite weight of soil
can be made Dy dividing the weight of soil hy the weight of a
single averagessized particle, as giveu in the following formula:

N = Weight of soil (grams)
Weight of ¢ uamgk particle

Weight of one partiele ='= D% X Sp. gr.

N =1he nuum(r of particles, D = flie mean diameter of the soil particie
in wnlxnl()c undd 4, 7IR = the volume of & sphere. The specific gravity
tuken 1y 2.65.

This. of course. assumes that the =il particles are spheres and
are all reduced to the average diameter.  The following table gives
the aunther of soil particles per gram of soil;

Number of Partu

$ aud 1 n!crnal Sm /mr uf S‘(ul Se puru{u

l!uruu o( suuu gTOups

Very fine xi x}v) 3
Silt. . 34,722,000 524.5 402.7
46,206,296,000| 9,090.2 | 4,439.4

|0.005 ~0.0001

! \urf‘;(L Intorual
Soil separates Diameter, mm, | Number of particle | surfuce
i one gram one pound
) sl s
Fine gravel. .. .. 213 15.1 7.3
Coarse sand., . 1,709 30.2 14.7
Medium sand. . .. .. 13,668 60.4 29.5
Fine sand. 3 134,480 129.3 63.1
] 1,709,400 302.1 147.5
I

lllinoix& experi

Coanrse eand. .. ... . ] 1.000 -0.320 2,506/ 34.3 | 18.7
Medium sand ... ... 0.320 -0.100 77,821 107.8 52.6
Fine sind. .. . 0,100 ~0.032 5 343.0 167.5
Coarse silt. . .| 0.032 -0.010 i 1, 048 2 526.6
Medinm silt. 0.010 —0.0032 2,506,26 1,675.0
Finesglt... ..... . ] 0.0032-0.0010 77,821, 000 000{ 10.781.6 5,266.4
Clay................ | 0-0010-0.00001 3, 596 00/,270 000/ 44,834.8 | 21,8%.1

8. Shape of Particles.—Particles of many shapes and sizes
exist in all soils. The shape varies with the origin.  Soils formed
from volcanic ash or dust are most irregular in shape and those of
wind origin are more neerly uniform. The former have many
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elongated or lath-like particles, while these of wind origin are
generally rounded.  Figure 87 gives some of these differences, bolh
as to shape and size. The closeness of packing varies with the shape
of the soil grains.  As a general mla. the more nuiform the size
and sbape the closer the packing under normal conditions,

Fig. 87.—(Alter Merrill) A. Showing angular charscter of quartz particles in decom-
posed goeiss. B, Quartz granules from beach sand. C. Showing outlines of shreds of vol-
ranic dust as®een under the microscope. Rocks, Rock-Weathering and Soils, Merdl)
(Courgesy Matmillan Co.)

9. Arrangement of Particles.—There is no definite arrange-
ment of particles in soils. Coarse sands approach more nearly uni-
formity than any others. Theoretically, there arc two general forms
of packing or arrangement, the columnar. figure 88\, and oblique,
fizure 88B. If the soil particles were spheres-and of uniform size,
the rolumnar arrangement would give 47.64 per cent of air space,
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while the oblhique form would give 25.95 per cent. The air space
with colummar arrangement may be caleulated very easily by taking
a one-ieh culneal hox and filling it with marbles of different sizes,
vitrsing from one incli to one-sixteenth inch in diameter, and com-

Fia. 87.
putmg the per cent of air spave lefi iy the box.,  The same calenla-
tion may be made for the oblique arrangement. although it i= much
more diffienlt hecanse of the mathematies involved.

I instead of having solid particles, as in figures 83\ and B,
4 B c

o6
N

e X ]

A, columnar or vertical;

Fia. 88,—Dingram showing the arrangement of soil particles.
B, oblique; C, compound granules.

cach of these should be a compound graunule (Tig. 88C) made up
of manv spherical parcicles with the same arrangerent as the larger
particles. the air space or porositv.would he, for columnar arrange-
wment, (47.64 per cent -+ 47.64 per cent of 52.36 per cent)—= T2.58
per cent, or, for obligue arrangement (25.95 per cent + 25.95 per
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vent of 74.03 per cent) = =517 per cent. The latter pore space,
13,17 per cent, i approximately that possessed by the medium and
fine sandy loams: while the former, T2.5% per cent, is too high for
soils unless under exeeptional conditions.  The coarse sands which
approach to theoretical conditions most nearly show 33 1o 83 per
cent of pore space.  The granular condition developed in u soil in-
cTeases its pore space.

10. Internal Area or Surface—The totul surface of the soil
particles in a given volume or weight ig ealled the internal aren or
surface of the soil, and is usually expressed in square feet, or acres
per cubic foot.  Thix is very important because it confrols to n
large extent the amount of hygroscopic and capillary or film
maoisture. A gystem of grades of soil particles based on the internal
surface would he of great value.  Since the surfaces of gpheres
vary as the squares of their radii or diameters. the internal surface
of a soil varies inversely as these funetions. This mav he shown
by means of marbles as above and caleulating the total surface
with cach diameter for colummnar arrangenicnd.

Arm of bplu—rex ina Om m('/z ( zdrwaI Box with Coluniur Armug: reiend

Nun of spheres iu one | .
Dismeter of spheres | nber o “"‘ U8 I ON® | Tyl aurfuce, squars inches

cubic inch \
1inch 1 |
s mch 8
14 inch (] '
1/8 inch 512 |
1/16 inch 4,006 !
11000 inch 1,000,000

The following table gives the internal area of various soils:

Comp’ulvd Curjace\\ f Seil Parhclu in Dxﬂ'erml K nuia, of Sm.l Ki ing 3

Kind of soil di::mrx

soil grains

[ Pore spuce | s0il grai

per cent square feet
| s | 173,700
| I 129,100
| | 110,500
| 2
Loumy clay soil. | ) 1.64
Clayey loam. ¢ ‘ 123
Loam........ 1.06
1.05
84
36
25
19
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l’rum the preceding table it will be secn that the total surface
area of the particles of a cubic foot of very fine soil is about four
aeres, while aclayey Joam contains an area of .23 acres per cubic foot
and a coarse sandy soil about one-fifth of an acre. Caretul caleula-
5000 square feet

fionx show that a <ilt Toam contains from 65,000 103
per cubice foot.  Taking a soil with an interual surface of T0.000
square feet per cubie foot, the area of the particles in an acre 10 a
depth of one foot would he about 100 square miles, or three town-
ships, o a depth of four feet, from which plants take most of
their moisture, the total area of the soil particles in the il loams
is not far from 136 square miles per acre. or twelve townships,
The capillary water is distrihuted over this surface. Tf the roots of
a vorn plant did not pass hevond the middle of the rows, and no
niere (han four feet deep, cach hill woull have approximately 503
acres af soil particle surface fram which to draw its supply of
moisture and food.

The following table shows the variations in the infernal surface
af some of fhe commen soil types in the Joessial arcas of the middle
west:

Internal Area of Seil Typ

Caleulated from Their Physical Composition

Interoal urea per cubic foot

siuare fret arres
| |

Dune sund .

Brown mm(l\ o
Yelfow gray sift foam, .
Brown silt loam .
Black clay loam
Draby cluy

136,700

11. Porosity of Soils.—Dloresity is the fotal amount of air
space i goils and is usually expressed in per cent of volume. 1t
depends upou the relation of solid particles to the interstitial space.
This is modified to a large extent by the size and shape of the par-
ticles, granulation, tillage and amount of organic matter. Porosity
or lotal pore space varies inversely as the size of the soil particles
and inereases with their irregularity of form. Tor this reason
voleanic ash soils possess great porosity. Granulation and good
tilth increase the porosity of soils, and puddling dimirishes it.
Tillage exerts a favorable influence on porosity, but sometimes in-
creases it to an {njurious extent.” Porosity varies directly as the
amount of organic matter. It is usually lessened by the rearrange-
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ment of the soil particles upon wetting, vapecially i =oids low in
orgunic magter.

I'he porasity may be determived by dividing the difference be-
tween the real and the appareut specific gravity by the real ov by
the following furmula:

_ Read Bpogr~ A Spopr

Porosi
ros Lteal Sp. g

ades ol =and has been determined
aiven in the following table:

The porosity of different
in this way and the results ar

1’./1‘1/\//(/ of /njmm Grades of SNand !

Looxe Compart

per cent per cent

lOﬂ—mLqu L
!l contains «ll of 1he fine
J6.44) 40449

The porosity of the soil under field conditions is of much more
importanee than that of the laboratory sample, after having been
finely ground.  The laboratory determination gives comparative re-
sults, however, that are of some value, The porosity may hest he
obtained hy taking the apparent specific gravity under field con-
ditions, as given on puge and the real specific gravity of the
soil and use these in the formula above.  Soils in good tilth have
high porosity. It is not wniusual for the same type of soil from
different fields to have a difference of 10 per cent or even more
of pore space in favor of the soil of good tilth.  The total pore
space varies inverszely, while the size of the individual pores varies
directly as the size of the particles. The total pore space of coarse
soile as sands is small but the pores are large. The sectional area-
of individual pores vary as the squares of the diamcier of the soj}
particles. In figure 88A there are 16 pares per =quare inch, while
if the particles are one-half as large they number A4, The sectional
area can be only one-fourth as large in the latier case as in the
former.  1F coarse sand whose particles have a diameter of one-
twenty-fifth of an inch is compared with clay whuse particles are
one twenty-five-thousandth of an inch it will he seen that for sand
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with columnar arrangement there will be 623 pores per square inch
and with clay 625,000,000, The former will be one milliou times
as large as the latter. The large size of the pores permits certain
physicul processes, such as percolation and acration. to take place
so readily that they may he detrimental to the crop. On the other
hand, fine-grained soils, as clays and clay loams, with their very
winute pores, but large total pore space, mayv so retard percolation
and alration as to be equally detrimental to the evop.  Medium-
arained soils, as st Joanw or line sandy Joams possessing an inter-
mediate pore space,are best suited to most crops, although both the
coarse and very fine soils have their advantages under certain con-
ditions. The size of the pores in fine-grained =oils is increased by
granulation.

The following table shows the porosity of different types of soils:

I"aruszlz/ in lex of Varied Physical ('mnp«mlmn ‘

Orgunic-
matter content

Loose Cunm act
per ren[
\

per cenl ‘ per frul
Sund. Lo 0.75

Brown hnl\d\ Joam (m(dnun snnd)
Yellow fine sundy loam (loess). .
White siit foam.
Brown silt, loan..
Black clay loam.
Drab clay

The total pore space of soils is rarely less than 30 per cent.
Course, ¢lean gand has about this amount. This means that a cubic
Toot of surh soil will contain 70 per cent of s0lid material. In case
oBsandy loams and =it loams, the pore space amounts to about 50
per cent, or half of the velume of the soil, or, in a cubic foot. there
are approsimately 862 cubie inches of air space, The increasce in
porosity, within certain limits. is beneficial because of the increase
in aération. Lxtremely large air spaces in soils are detrimental
because thev permit of excessive evaporation.

QUESTIONS

. What is specific gravity?

ive specific gravity of a few common woil-forming minerals,
What the apparent specific gravity?

How is it determined ¥ .

How does porosity aflect it? Tilth?

. How is the weight of a cubie foot of s0il determined?

I

=9
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7. If & soil has an appurent «[;oc\ru gruvity of 14, whut is the weight of

the surfaee soil per acre?

8. Why is color of soils s important?

Y. What color is imparted by organic matter?

10, What effect does limestone have on color?

. What colors are due to iron

2. Why are subsoils in swamps so frequently gray or drab?

4. The subsoil above the tight clay stratum is usually gray in color. Why
is this?

14, What is peenliar of the subsoils of the Piedmont Platesu?

15, What soil constituents impart color?

15 Explain how soils underge change in color,

17, What can be said of (e odor of xoils?

IS, 01 woil particles average .02 ineh i dinmeter, how many cauld he pleed

i g one-inel cubiend box with columuur aivrangement . 1f 0.02 mm.¥

19, How many particies in a gram of soil if the particles uverage 0.005 nn,

T diatneter?

20, Upon whit does the shape of the particles depend?

21, What property does this affeet”

Desine internal surface of a soil.

. llow does the internunl surface vary?

24, How do the arcas of spheres vary?

. T a cubic foot of seil has an internnl surliee of 50,000 sqnuare feet, and
it conta.ns 208 pounds of moisture. how thick would the film of
water be if uniformly tributed aver the surfpee?

26, What is the internal surface in acres of an acre o1 conrse sandy soil
4 feet deep? (Table page 191.)

. 0OF an acre of the clay soil as given in the table on paee 1827

. What two arrangements for soil particles?

28, 11 a fwo-ineh eubical hox is filled with shat one-sixteenth of an inch

in diameter arranged in columnar form, how muny will it hold?

. What per cont of wir space will remain?

. How is the parasity modified

What effect does wetting have an total pore space?

. TTow is porosity of o soil determined?

. How is the porosity of a =0i) under field conditions determined?

. What relation hetwen the fotal pore spiiee and the size of the pores?

i I soil particles wre anc-thowsandth of an ineh in diameter, sphereal
and arranged vertivallv in u one-inel cube, what will he the {otal
sectional area of the pores? Of a single pore?

37. In the table on page 18% why is the porosity of the compact in & lews

than in 47
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CILAPTER NIV
WATER OF SOILS

Praxt growth caunot take place without moisture.  Plants con-
sist of from GO 1o over 90 per cent of water. This represents only
a very small part of the water used, since many plants transpire in
twenty-four hours an amount equal to their weight.  Water is of
primary importance in many physical and all chemical changes
that take place in the soil,

Some Physical Characteristics of Water.—Water has cerfain
physical characteristics that shoulil be noted here.  Tts volume
changes \\HI) temperature, Tt mavimum density i attained at 4
degrees 22 1L and expansion takes pl wee either above or below
this T(])ll)(lrl[l”(. and at 15 degrees O30 o the de ll.\ll.\ as com-
pared with water at | degrees (. U,:l!l. At the freezing point the
density of water is 0.99985, while the density of ice at the same
temperature is 0.928. In the melting of iee a large amount of heat
is uged, hut it does not raise the temperature.  This heat becomes
latent or is used in changing the condition of the water from a
solid 1o a liquid. It requirves more heat to melt (fuse) ice than to
fuse metals. To melt one gram of jee requires R0 calories.® whereas
metals require from 3 fo 77 calories.  Lxpressed in Fahrenheit-
pounds, the English =vstem. the figures are 144 for ice and from
4 to 1326 heat units for metals,

In the evaporation of water a similar phenomenon is ohserved.
When the bojling point is reached no further change in temperature
of water occurs, but the heat iz used in changing the water from
a liquid to a gas. To cffect this change in one gram 337 calories
are necessary, or. with the Fahrenheit-pound, 966.6 heat units. Tt
must be remembered that when water evaporates. an amount of
heat equivalent to the ahove is used, regardless of the temperature.
In changing from a higher to a lower temperature, or from gaseous
to liquid form, or from liquid to solid, equivalent amounts of heat
are liberated.

* A calorie, in general, is the amount of heat required to raise the tem-
perature of a gram of water one degree centigrade. A heat unit or o British
thermal wnit is the heat required to raise one pound of water one degree
Fohrenheit.

186
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Specific Heat.—"1he amount of heat required fo raise ouc unit
mass of a substauce one degree in temperature as compared to that
ght of water 1= the specific heat of a substance.  The
specific beat of water exceeds that of cvery other substance and is
used as the standard or LU, Substunces with Jow specific heat
change temperature rapidly.

Viscosity.—T'he fluiidity or viseoshiy of water varies with tem-
perature and with substances in o =olution. I at 0 degrees
Viseugity is 1000 at 50 degrees Ot Qs 31,

Some substances when dissolved in water inerease the viscosity,
while others decrease it

Uses of Water—UGreen plants contain a very large percentage
of water, as stated above. A constant stream dx passing in through
the roots and transpired by the feaves, From 300 {o 500 pounds
of water are required for every pound of dry matier of the plant.
The =oil then must contain s sufficient amount and must he of
such character that it can deliver to the plant this enormous amount.
11 this is not supplicd, the plant is stunted or may wilt and die
hefore maturity. The

(1) Directly as a plant food. faking part in the huilding up
of tissues, either as water or indirectly by being used in combina-
tion witl other elements.

(2) As a solvent for various substances in the soil that may he
used by plants. It was helieved by Jethro Tull that plants fed
directly upon the very fine soil particles, taking them in through
the roots, and that thiz accounted for the better growth of erops in
well pulverized soils.

(3) As 2 means by which these nutrient solufions are brought
to and taken into the plant, either along with the water or hy
diffusion.

(1) As a regulator of certain physical phenomena.

(5) A= an aid io chemical action produeed direct]y or through
the agency of bacteria,

The Amount of Water Required by Plants.—Experiments
liave heen carried on in various parts of the world hy different
investigators to determine the amount of water used in producing a
erop.  More or less trapepiration is going on constantly during
growth, and an enormous amount of water passes out through the
stomates of the leaves. The following table gives the amount of
water required to produce a pound of dry matter, as determined by
differant investioators.

of the same wei

< of water in soilz are as follows:
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Wale’r Trum])zrcd I)_/ CGrowing l)luhlo _/’or One Parl uf

Lnwes and L.nlhul \

Peas

Red clover. ..
Barley..... ..

Average.. ..

T Hellrio
m solution.

were
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|

| Hellrieg,* Germany | Wollny,t Germany

Drg/ Matier [’roduced

King,] Wiscousin

|

214 | Beans (horse)

| W heat(spring)

| Peas . .

249 | Red dover..
262 | Barley

Lupine. .
| Rye (spring). 377

7

Average. .

1% used quartz sand in su
Figures mrludL some loss vl
d

reduced cvaps
bout 400 pounds of nor:
eld. others in greenhouses,

e
orativn wus very slight.

We see from the above table that the water required to pro-
duce one pound of dry matter varies from 214 pounds in the case of

beans, as

determined by

342

inckwheat.

Mustard
Sunflower

Average

T

.. 603

ounts and supphl «d the n
er by evaporation, winch was not prevented

. 233 Corn (maize) 271
. 416 Potatoe 385
Pens. 477
. Y12 Red duwr. 577
774 Barley.. 464
665 Oats. ... .. S
Gi6 )
843 ‘
490 |
Avcmge.. 446

sary pl ant food

Water was added from beneath, so that evap-

Lawes and Gilbert,
pounds for rape, as determined by Wollny, of Germany.
of all determinations shown above is 428 pounds.

England, to 912
The average
King's deter-

of

minations in Wisconsin probably apply better for the humid sec-

tion of this country than any others that have been made.
pumber of trials made by King was as follows:

potatoes, 1 ; ¢lover, 46, and corn (maize), 52.

oats, Y0

The
barley,
With

Peas, 1;

the water requirements as deternuned by King, a 100-busbel crop
of vorn would require approvinmtcly 16 inches of water to produce
a 100-bushel crop of oats, ahout
@ 50-Lushel crop of wheat, 12.7
inches, or 8.7 tons per bushel, and a four-ton ¢rop of clover, 20

it, or I8

inches of

Briggs and shantz have made determinations

water.

8 tons per bushel of grain;
13 inches, or 20 tons per bushel ;

of water require-

meuts of plauts in the arid regions of the United States, and their
results are ghven in the table, page 242,

Dependent Upon Transpiration. —

The amount of water

required by plants is dependent upon the amount of transpiration,
which in turn depends upon severa) factors, as follows:
(1) High temperatures increase and low femperatures retard
transpiration.
(2) Movement of the air increases transpiration from the plant,



WATER OF &O1LS 189

while the movement of the plant itgelf aids the cireulation of the
water within the plant, and so incereases trangpiration,

(3) Low humidity is favorable to transpiration.

(4 The character of the soil i an important fuctor.  More
transpiration takes place [rom plants on poor soils than on those
well supplied with plant food,

(5) Transpiration  increases  with  the  brightness  of  the
sunshie,

(6) 'The more moisture there 1< iu the soil the greaier is the
transpiration.

The Supply of Moisture in Soils.-—1. RainfallL.—The supply
of mosture in soils depends primarily on the rainfall. The excep-
tions are where artificial irrigation is practiced or where water is
brought to a region through some porous substratom and then
reaches the =urface by bydrostatic pressure.  The following fable
shows the awaal precipitation for differeut portions of the earth’s
surface:

Precipitotion on Earth's Surface ®

Percentage of exrth's

Apnual precipitauon
i prec i Jand surfuce

Under 10 inches 25.0
From 10 to 20 inches 304
From 20 to 40 inches. o .. L 20.0
From 40 to 60 inches. . ... . e e 11.0
From60 oS0 inches .. ... . .. .. ..o 0 L 9.0
From 80 to 120 inches L 4.0
Irom 120 to 160 inches 0.5
Above 160 inches ..... | 0.5

100.0

It is scen (rom the table that 35 per cent of the land area
receives less than 20 inches of rainfall annually, while only 5 per
cent receives over 80 inches. In the United States fully 50 per cent
of the total area receives less than 20 inches of rainfall, and over a
very large part of this the growing of crops iz practically impossible
except under irrigation. (See Rainfall Map, Fig. 89.) In almost
ull regions where crops depend upon rainfall, its unequal distribu-
tion, or the frequent recurrence of periods of drouth, results in
reduced vields.

In almost everv season in sonie parts of evén so small an area
as a single State craps are injured to a greater or less extent by
drouth. Tn some cases the dry weuther occurs early in the spring,
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i April or May, but it oceurs move often in July or August. at the
time when the growing crops are in greatest need of moisture, AL
the University of Hlinos® the distribution of ruinfull is so irregular
that m the past twenty-five years seven Aprils have been dry or
have had less thay two inches of rainfall, avd during this same
time Jour Mays, cight Junes, five Julys sis Augnsts, and eleven
Septembers have heen dry, or a wtal of 41 out of 150 growing
wonths for the vears. I the southern third of the State the
distribution is still wore irregnlar, and drouth is more injurious
there, because of the greater evaporation and 1he character of the
soil. - This Mustrates guite well the conditions generally in the
humid area.

2. Soil—The supply of moisture for the erop depends vpoun
the character of the soll itsell. An open porons soil, such as

&G
conrse sandy loam or sand. will lose o great deal of moisture by per-
colation, and hence will not have a large supply for crops. ¥re-
quent rains are necessarv for =uch a soil.  However, the * firing ”
of the crap on sandy soil is nof alwavs an indication of lack of
moisture.  On finer grained soils, however, the moisture is retained
nmuch better and an abundant supply is usunally present for the
evowing crop.  The retentive power of the soil is increased very
materially by the presence of organic matter. Probebly no owe
coustituent pla; greater part in maintaining the supply of mojst-
ure in the soil than that of organic matier.

3. Loss by Evaporation.—In a soil deficient in organic mat-
ter, consisting of medium-sized soil particles, the movement of
moizsture to the surface and ifs evaparation may rednce the supply
safficiently to injure the crop. This factor is of especial importance
in semi-arid and arid sections.  (See Chapter 18] Mulehes, good
tilth. and a fair supply of organic matter reduce evaporation to a
large extent.

Ways of Expressing Moisture Content.—The moistare con-
tent of soils has been expressed in a number of different ways, some
of which have been discontinued hecause of their impracticability.
Some of the methods are as follows: (a) per cent based on weight
of soil; (b) in cubic inches or per cont of volume, and (c) in acre
inches.

(a) Per Cent of Weight of Soil.—Tn expressing the moisture
cantent in per cent various methods have been used. A few inves-
tigators have hased it on the weight of the wet soil ag taken from
ihe field. This is not satisfactory, because the base varies from day
tn dav ac the maictare cantant chanees  Tn some cases the ner rent
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lias heen based on the air-dry soil, and while this i~ somewhat better
than the foruer, yet it is subject to the same objection, sinee the
ar=dry soil varies with the temperature und humidity of the air.
Without doubt the most satisfactory hase for expressing the per cent
is the weight of water-Tree oil ohtained by drying in an oven at
100 to 110 degrees C. Hilgard has used the temperature of 200,
others 140 degrees C., for obtaining the water-free soil, but
in general practice a temperature of 100 degrees (. Is easier to
maintain and just as satisfactory.  Probably pone of these ix the
exact point at which all of the hygroscopic moisture s driven off.
The thing desired is a uniform standard.

(h) Cubic Inches or Per Cent of Volume —Tlxpressing the
water content in cubic inches or per cent of volume mayv have its
advantage in case ol certain soils. such as peats, or mucks, which
are very light, or sands which are heavy., A peat soil with 50 per
cent of moisture may contain no more than a silt lonm with 20 per
vent. A cubic foot of peat, water-free, weighs about 30 pounds, and
30 per cent of moisture wonld mean 15 pounds per cubic foot, while
the silt loam, weighing 75 pounds per cubic foot with 20 per cent,
would have the same amount.  Expressed in per cent of volume, the
wmount would be 24 in each case. To determine the per cent of
volume mecessitates the finding of the per cent of moisture based
ou the water-free soil. '

(¢) Acre-inches.—Tt iz often desirable to express the water
content of soils for convenient comparison with the rainfall.  This
may be dove in square-foot-inches or in acre-inches, the depth of
water in inches over a square foot or an acre. To do this it is neces-
sary 1o determine the weight of water iu the soil per square foot to
the deptl desired. The weight of water in a cubic foot in pounds
divided by 5.2, the weight of a square-foot-inch of water, will give
the depth in inches.

QUESTIONS
I. What emount of water is requirsd by planfs?
2. Give the effects of temperature changes on water.
3. What is latent heat?
4. Give comparison of metals and water as to the amount of heat required
ta change the condition or state.
3. Give differcnces between the calorie and English feat wnit,
G. Define specific heat.
7. How does water rompare with other substances?
8, What factors madify viscosity ?
9. Give uses of water in soils.
10. How much water is required for & pound of dry matter?
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[

- How much for a 50 hushel corn cro A GO-hushel oat erop”

- Upon what does the wmonnt of water uw(l by ||1I|Il\ depend ?

So How el of the carth’s fand surface Ss adapted o ordinary huond
agriculture”

14 Wit part of the United States is haid @ 05ee Rainfadl Map, Fig. $6.)

15, How does the rainfall vary doring different manths®

16 How does sail atfeet the moisture supply s

17, What part does evaporation play in the st

18, What are the advantages and diswdvant
content i per cent of weight of soil?

10, What is the hest base to user Why»

20, Give advantages of expressing muisture content in enhic inches or geer
cent of volinge.

e of water?
ool expressing moeisture

21 Why s it well to evpress Uhe matsture content 1 saere-inches?

REFERENCES
*Lawes and Gilbert, Jour, Hort, Soc.. 18430,
2 Qellriegel. Experiment Station Record. IV o
*Waollny, Experiment Station Reeord, IV, p
*King, F.o o Physies of Agriculture, 1907, p.
nual Reports Wisconsin Station.
“Widtsoe, (1o AL Dry Farming, 1911, .
S Mosier, D€ Pulletin: 208, 1loix Fxperimeni =tation, Climute of
Hlinois, 1917,

alo Tl and 14th An-
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CHAVPTER XV,
WATER OF SOILS

I. HYGROSCOPIC MOISTURE

Warkr a= held in soils by ihe manifestation of atiractive force
under three forms: (1) hygroscopic, or adhesion: (2) surface
tension, and (3) hydrostatic, or vity.  These wive rise fo the
three so-called forms of water—nhygroscopic, capillary, or film, and
wravitational. 1t must he remembered that the water of all iz the
samie in chemical compuosition, the only difference heing in the force
bolding or moving it in the soil,

Hygroscopic Moisture.—All substances have the power of con-
densing moisture upon their surfaces, heoee o very thin film of
ists aronnd all sulstanees expozed fo the air. Thi- phenom-
Svoby ad-

water ¢
enon is known as adsorption. The water is held very firm
hesion or molecular farce, which is estimated as equal to 10,000
atmospheres, and the water may be removed only by a temperature
much higher than the ordinarv.  When normal temperature s
restored, the moisture will again be slowly condensed upon the sur-
face. Briggs’ has calculated the thickness of the hygroscopic film
for quartz particles as 2.66 X 10~¢ centimeters. or 0.00062G6 milli-
meter. The amount of hygroscopic maoistnre iy g soil depends npon

severil factors.

Hygroscopic Capacily of Soils ®
Sl | A | e | e | e
¥ I
‘ percent | per cent ‘ per cent per cent
Sandy soils ... Less than 5 0.79 4.18
Sundy foums.. .. . .. 51010 | 1.84 | 6.12 ‘
Loanis S 10 to 15 2.30 | 9.18 |
Clay lduns 151020 | 5.06 10.26
Clays. .. | Over20 | 4.20 18.60 |

(a) Size of Particles.—The amount of hygroscopic moisture
in soils varies inverscly as the =ize or the particles and directly as
the infernal surlace of the soil. Rince colloids are made up of very
minute particles, a small amount present will increase very mate-
vielly the internal surface and consequently the total amount of

184
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this form of moisture. Sandy soils with a relatively small surface
area contain only small amounts of hygroscopic water.

The preceding table shows the amount of hygroscopic moisiure
as ddetermined by Hilgard. The soils were exposed in satnrated
attnosphere wt 15 degrees Coand dried at 200 degrees (.

This shows the effect of texture and conzequently the infernnl
surface upon the amount of hygroscopie moisture. Tn anofher ease
the hygroscopic eapacity was determined for the whole 0i) and then
for the separates as follows:

Whele soil
Clay
H\dnmln Value lo
Uydranlic \Value 0
Itvdrawlic Value 0.50 m ..

than .25 min. per

(h) Colloids.—The colloids have a very high adsorptive power
for water, and their presence jn soils inereases very strikingly the
hygroscopicity,  Nearly all soifs, and more particularly the heavy
ones, contain considerable amounts of colloids.  They may occur
as humus, ferric oxide, silicic acid, or hydreus alaminum silicates.
Hydrated ferric oxide and some other minerals may unite with
water chemically, hut the common hygroscopic phenomenon is one
of adsorption.  This table shows the effect of colloids on the hygro-
scopic moisture.

Influence of Silt, Sand, Clay, Ferric IIr/rIrnlr' and Humus on Hygroscopic
( ﬂ]lll/‘LlI/

Missiz oLy ) Voo e,

|Ceippi | Washe i']j*;‘l‘ wippi | sippi | Qubu ‘.\m.m.}m\m»-
e | ington S Jc | fat- | forru- | ferru- | osippi | sippi

| hills B Bipo woods g,,,“m ginous | marsh | marsh

| sandy | soll | DPT | oy | Tl |laterite) muck | soil

| Toam | 2 ‘

vam%‘oplbmul\tur( 2.48
Clay 2 15 2 Tr: | Tr

i‘lﬂii)‘lgﬂb‘\’l(x)\]a-l()
1>mf.71(m

Pernc lndl ate.

Humus........ F 50 | little | 19.83
Finest sits  (0.01- | !
0.0250 mm.). ... ... I6C.i0 145.04 ‘ 23.15 68.60 i 40.33 ] ‘?304 B.70
Sands, fine aad me- | | 45 6(‘\‘
dium  {0.0250-0.30 | i
mm..o . 31.20 4240 20 470 1561 ) s, 7018
i |

1t will be seen from the above table that clay, ferric hydrate and
lumus have the greatest effect upon hygroscopic capacity.

(c) Temperature ~— The femperature affects the amount of
hygroscopic moisture, since under temperatures higher than norm+!
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w part of the I driven off. Condensation will
again take place when the temperature hecomes Tower, 17, however,

seopie moisfur

the air js saturated  with moisture an increase in femperature
inereases the amount of moisture adsorbed.

Lidgard has found that a fine sandy soil that adsorhed twa jes
cent of woisture from a saturated atmosphere at 15
adsorhed four per cont when the temperature ws
degre

arees O

raised 10 54
s Co A heavier ol which adsorbed seven per cent inoa satu-
rated atimosphere at T4 degrees €0 adsorbed nine per cont ot 34
degrees (L

() Organic Matter lus o I wdsorptive power for water,
especiglly in the form of colluidal s, A sails contatn this in
stuall amounts, at least, while some have several per centy which
wives them a liigh hysroscopic capaeiny,

(¢) Humidity.—The changes in hnmidity of the air cause a
variation of hygroscopic moisture at the same temperature, 1 a
soil adsarhs one unit of maisture i saturated atmosphere ot a
certain temperature, it will alsorh theee-fourths* of o anit when
the air is three-fourths saturated, md ane-half unit wr one-half
saturation. hut at ope-fourth saturation will adsorl slightly more
than this proportion.

Dobeneck has shown the effeet of various relative humidities
on the hygroscopic content of quartz and humus after an exposure
of 24 honrg at 20 degrees (L

Percentage of Hygroscopic Mowsture (Dobeneclz) @

ity 30 L] 70 a0 100

Relutive |
per

0119 0175
15.676 18.014

Quartz .. |
Humus ]

The Determination of the Hygroscopic Coefficient of Soils.
—The hygroscopic cocflicient of a suil is the amouut of moisture jt
will adsorh when exposed to a saturated atmosphere for a definite
iime at a constant temperature.

The determination of the hygroscopic capacity or hygroscopic
coefficient of soils is of considerable importance, since it gives a
constant for the soil that depends upon the internal surface, thus
aiving a means of comparison.  One of the hest methods for its
defermination is that of Briggs. which iz fo place the soil in a safn-
rated atmosphere at 75 degrees F., approximately 24 degrees C., and
let it remain until no further increase in weight is shown. It is
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then dried at 100 derrees Co The ditTerence gives the hymroscopiv
cocflicient of e soil. Hilgard has used a temperature of 200
desrees Coin the determination of hyaroscopic eapaeily, which
romes nedarer, probably, reaching the pont of absolute dryness of

soil.In thi= determivation the soil should he
thin Jayer, so that as
direetly to the saturated air,

The Divaroseopic corllicient of =oils may be determined indirec{ly
iy nsing other vonstants 1o which the hiveroseopie coeflicient. hears
adefinive velation. The formule are as fflows:

spread out in oa very

o osurface as possible may he exposed

(al Hygroscopic cocllicient " = wilting roe

thi Mygraseapie cocllieient = moisture cquivi

(v) Hygroseapie cocllicient = (moisture . halding  capacity — 21)
X 0. .

Gy Hygroseapic coelicient = 0,007 sands - L0820 <l 4 0,30 (elay

— oruanic wmatter,

For wilting cocllivient sce page 2320 moistare equivalend, page

202 and moisture holding
The Use of Hygroscopic Moisture.—I1 was formerly helieved
that plants were able 1o use <ome hygroscopic moisture, hat lTater

wleity, page 204,

investigations seent 1o show that thi not possible. Permanent
wilting has heen taken as the point at which plants cezse to obitain
sullicient water from the sailo and at thic poing they still contain
somse capillary moisture, althongly the filn iz guite thin.

Determinations of the moisture content of soils at wilting have
heen made by Briges and Shantz, and arve given in the following
table:

Relation of Hygroscopic Coeflicient ™ to the Willing Cacflicient

Amonnt of
capillury water

rewaining
per rent
Coarse sand .. a4
Tine sund. e 1.1
Sandy foam .o L 1.3

['ine sandy Joam
Laam
Chay Joain.

Tn the work of Briggs and Shantz the determination of the
wilting coefficient of soils alwavs shows the presence of some capil-
Jary water. Even at the death point of plants soils show more than
the hyvroscopic water present.
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Ililgard * gives the following uses of hygroscopic moisture in
plant growih: (1) Soils of high hygroscopic power can with-
draw from moist air enough moisture to he of material help in
sustaining the life of vegeration iy rainless summers o in time
of drouth. It cannot, however, maintain normal growth save in
the caze of some desert plants. (2) High moisture absorption pre-
vents the rapid and undue heating of the surface soil to the danger
point, and thus often saves crops that ave lost in soils of low hvgro-

seapie power.”

QUESTIONS
1 What forces acl upon water in soils:
20 What jorms of toisture fornd in soils ws o vesudt of these foreesy
4. Define hygroseopic moistire.
4

- How does size of particles affeet the mmount of hyproseopic moisture?
S What effect do colloids hay
G, What effect does tempers

paratively dry air?
7. What effeet if the air is saturated ©
S What effect does organje matter have on hygrascopic misisfure
: lw|\\.-:»u the adsarption of ~oils fram diflerent de-

< have on hivgraseopic moistare inocon-

grees of satn

10, How do the rn\lm of h\lu.lnln\ e dsorption contpare in the tibie on
ptge 104

11 r-.wn]uiv coellivient.

12 is it determined «

U3 Can plants use iy seopic muisture”

14. Whicl soil in the table on page 197 has the lighest liygrascopir co-
ellicient Why*

15. \Whieh contains the highest amount of eapillary moisture after the wilt.
iug caeflicient is reached ?

Jio I a clay loam soil weighs 80 pounde per cubic foot. how many tons
of nnavailable moizture is in the soil {0 a depth of twe feet per
aere?  (See table on page 197

17. What is the use of hygroscopic moisture?

18, The wilting coeflicient of a elay loam i< 162 per cent, what is the
Iy moscopic covllicient

10,0 the moistare helding cupacity of « soil is 23.2
hygrrascapie coefficient

20, 1 a soi) containsg §3.1 per vent of sand. 8.6 of silt and 7.5 of clay, what
is {he hygroscapic coeflicient

REFERENCES
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WATER OF SOILS

II. CAPILLARY WATER

Tue most abundant and by Tar the mosf important forns of =oil
moisture i capillary or film moisture. T differs from hygroscopie
nmoisture in that it evaporates at ordingry temperatures, is not con-
densed again on the soil particles, and may move from one particle
to another,

The ferm capillary as applied fo this form of water has urizen
from the faet that this movement may be best seen in very =mall
eapillary fubes. When tubes are placed in water the height fo which
it will rise varies with the diameter of the tube,

wam of r‘u,”nun, Rise in Glass Tubes
— T_=—=

Dinmicter of tubes FAeight of water \

| 10 mm.
omm.
1 01 mm,

The faw expressing this action is as follows:  The height fo
which the water rises varies inverselv ax the diameter of the tube.
The reduction of the diameter one-tenth eanses the water to rise
ten times as high.  The movement of water in soils from a free
water surface resembles somewhat the movement of water in a large
number of capillary tubes of varions si In the case of soils
where the water rises from a free water ~11rfaw the amount in the
soil varies inversely as the distapce above the free water. This
would be exactly true of a large number of various-sized capillary
tubes.  The explanation for seils is not quite as simple. however,
as this would indicate.

Surface Tension.—Whenever an air-water surface exists the
malecules of water in the interior are attracted equally in all divec-
tions, The molecules an the surface are subjected to a double hut
unegual attraction of the water on one side and the air on the other,
which has the effect of producing a thin film composed of the sur-
face molecules which is under tension. Tf the film is flal no pres-

199
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sure is exerted inoany direction. I curved the fension will capse
a pressure iy the direction of the center of curvature and in pro-
portion to the radius of curvature. The pressure is equal Lo two
times the tension divided by the radins. "The greater the curvature
the fessowill be the vadins and consequently the greater the pressure,

1T soil particles ave in contact the water will he in two formes;
(1) asa filmaround the particles,apnd (20 as a waist hetween (he
particles as shown in figure b0, The p vain the direc-
tion of the center of curvature and varies inversely as the radine,
The pressure of the fihm around the soil particle is inward, while
that of the wiist s outward. The foree will then be the differenee
hetween these fwo.  As a general rule the waist film exerts the
greater foree hecanse it has the greater curvature or the lesser

reis alwy

radius. The pressurc due to differenee of enrvature i< well <hown
by fwo goap hubbles ™ a anid 4 that have a free air passage hetween
them as in figure 910 The curvature of the smaller. . should eive

Al bubble con-
e grester curvaiure
a until the curva-
ary walef. wire uf ¢ is the sutie a8 a. .

Fia 90 —S0il particle;
and waists of ea)

it greater pressure. That Ohis ix true is hown hy the fact that the
air s foreed from it into the larger hubble, a, till the film, e, across
s that of the large

the end of the tube, has a curvature the same
bubble.

T( soil particles are in contact sa that the water films coalesce,
the films will adjust themselves so as to he in equilibrium, 11, how-
ever, water is removed front one ol the particles. as at d, the equilil-
rium will be destroved, a pull will be set up toward d. and water
will move from other particles until equilibrium is restored. TIn
ficure 90 the film around J is thinner than af a, and this may make
:fsli):ht difference in the curvature of the films, but more particu-
larly of the waists, the enrvature heing much greater hetween ¢ and
d timn hetween @ and b, The greater outward force at e and f
would draw water from the oiher films.

1§ water is added at @ the equilibrium will he destroyed and
readjustment will take place. The smaller the amount of water
present in the soil the greater will be the curature of the films
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Moisture in Soil Columns.—.\ number of particles are ar-
ranged vertically as in figure 920 'The filme around (1) ix held
by the attraction of that particle alone. The film around (2) ix
leld by the attraction of the particle, plus the outward pull of the
watlst at @ The water film ol (3) is held by its own foree, plus
those of wannd b Noo (1) iz held by its force, plus . foand e The
tily of the fower soil particle must he held by the greatest Toree, and
as g result this paricle would have the thickest tilne, H the lower
end ol the sail calumu contains free water the films may be so thick-
cned by the combined foree of the film aliove that nearly all pore
spaces may he filled with water. The pore =paces of the soil colunmmn

i contact with the free water may act as tubes,

Effect of Size of Soil Particles.—1t will lie seen from this,
then, that the movement of capillary water ic due fo the difference
i curvature of the film, and the greater the curv-
ature the greater will be the capillary pull or
pressure. The smaller the amount of water pres-
ent i the soil, the greater will be the curvature
of the film bhetween the soil particles.  As a gen-
eral rale, the larger the number of soil particles
the greater the number of films present, and
consequently the greater pull will he exerted per
unit of volume of the soil.  lence the water
in capillary tubes represented by a single film
at the top of the water column will not rise as
Ligh as in the soil, where the number of films
is many times greater than in the tube.

The height to which the water will rise de-
Usaretigally the/thik pends upon the difference )n:‘lu'r-(-n the 4-:.>n|)>in<-1)
ticul soil column. force of the films and the force of gravity rep-
resented by the weight of the wafer. In coarse-grained soils,
where the total film surface is small, this foree representing the
upward pull will =oon be overcome by the force of gravity or
weight of waler, and hence water will not rise very high. In finer-
grained =oils where the total surface of the films iz very large it
will require the weight of a very high column of water to halance
this force, heuce in fine-grained soils water will rise much higher
than in coarse soils.

Tu two soils, one fine-grained and the other coarse. having fhe
films of the same thickness and the same enrvature, there will be no
tendency for water to move from one to the other when hrought in
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contael, although the finer-gramed <oil nay have many times the
mwisture content of the other. On the other hand, a clay =oil way
extract water from a sand soil when in close confact. even il the
clay containg several times the amount of water that the sand soil
does. The difference will be due to the fact that in the case of the
smatler soil particles in the finer-grained soil the water film will
have a greater curvature, and Lence will be able to pull water from
the sand soil, where the films have Jess curvature.

Moisture Equivalent.*—Rriggs and Melane
ugal wachine by which moist soils could he subjected to a farce of
1000 times that of gravity or more. The soils wnder thix condition
would lose moisture until the capillary foree was in equilibrium
with {hiz foree of 1000 times gravity, when no further loss woul:d
take place. At this point all soils have films of the same thickness,
and if the soils are put in close contact there is no fendency for
wafer to move fram one soil 1o the other. The capillary forces are
in equilibrium.  The per cent of waler present at this point ix
known as the moisture equivalent of the soil. 1t is always higher
than the wilting coeflicient and lower than the optimum water con-
tent. While not representing any critical moisture content, vet it
furnishes o very couvenient constant for comparizon of different
soils. The numericil value of the moisture equivalent depends upon
the internal surface of the xoil.  The following table gives the

siened a centril-

average [or some classes of so

Maisture Equiralents of Some Soil Classes ?

Muximum Minimum

Sands . 0

Iine sunds .. 8

Sandy loams. 3

Fine sandy Joams .8 | R
Lonws. ... . .. 7

Nilt leams 3

Clay loams. ... . a1

Clays ..o R 38. | 9.1 f

Ninee the moisture equivalent bears u rather definite ratio to
other soil canstants these may be used in its indirect determmuation.

Determination of Moisture Equivalents from Other Soil
Constants.—When the other soil constants, as wilting coefficient,
hyvgroscopic coefficient, moisture holding capacity, or mechanical
analysis, are known, the moisture equivalents may be determined
indirectly by the following formule:
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te) Mosture equivalent = (Mostnre holding capacity
th) Moisture cquivalent Hyproscopic o
(a) Muisture equivalent = Wilting cotflicient X J.84

«d) Moisture equivalent = 0,02 sl + 0.22 Si0 4 105 clay.

Movement.—The movement of capillary warer may take place
in auy direction, but with slightly greater fucilits downward thun
upward or sidewise, because of the aid of gravity. The rate and

it of movemwent depend upon several factors,

1. The Thickness of the Film.—One of the most iniportant
fictors in capillary movement is the thickness of the filn of water
er the difference

on the soil particle. A= a general rule, the gre
befween the moisture content of adjacent soil masses, or the greater
the difference in the thickness of films, the =tronger will be the pull
and the more rapid will e the moveuent. "This is very well shown
in soils adjacent {o free or gravitational water.  The distribution
near the free water takes place rapidly through capillary passages,
while at some distance the movement iz by means of thin films and

slow surface distribution. 11 this movement is upward, it is re-

tarded by gravity. but if downward, as after a rain, the movement
becomes somewhat rapid, especially if the films are quite thick.

To determine how rapidly or slowly water moves from a moist
soil into a dry one, bury a drey clod two or three inches in diameter,
I goil with mediwm moisture content, and examine every three oy
four days. Phe movement is very slow. Two or three weeks will
be rcqu}r(\d for the ¢lod to become moistened. Tt 1= without doubt
true Ut the roots of plants go after the moisture rather than wan
for the maisture to move to them by capillarity. This fact controls
to a large extent the root development of plants, [t must he remem-
bered that very little capillary water used by plants is drawn from
the water fable ol the soil, which is usnally many feet beneath the
aurface.  Plants sometimes widt wheo the free water is not more
than three or four feet beneath the surface, which means that the
moisture rising by capillarity s not sufficient for the wse of the
plant. The fact that moisture moves o slowly through a dry soil
i what makes dust niulches so effective.

Tn order to show the rate of movement of water through the
soil, after the dry swmmer of 1889, King, of Wisconsin. collected
samples of soil to a depth of five feet. avd a portion of the dry area
was effectually protected from rain and suow and left in this con-
dition until April the following year. Saraples were then collected
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fram the covered and from the exposed soil and the moisture con-
tent deterniingad. The results are given i the table

Water Per cent of Dry Soil, Covered and Uncovered, al Diflerent Dates (King)s

cred - Soil uncavered

Onpinal soil

April 14, 1800 | April 14

per cenl
Ist fool, sandy elay ... 20.23
2ud foot, ved elay 20.01
3rd foot, elay and N32
th foot, snd and gravel &.63
Sth foat, sand and gravel 6.07
Mean oo 12.65

In the protected soil there was nor only no gain by capillarity
from the sides or from helow, but an actual los< oceurred.

2. Viscosity.—\iscosity iz the rvesistance that liguids offer to
cainst exch ather. This property is

the movement of maolecules
well seen in svrups, but we do not ordinarily think of water as pos-

Jarge amount of viscosity or showing any variation
in this v under different conditions. A somewhat higher
viscosity inercises the surface tension of the film, hut at the same
time retards the rate of movement hy lessening the fuidity and

sessing an

freedom of movement.

(a) Tewmperature. — Variations i the teiperature of water
chiange its viscosity, a higher temperature diminishing and a lower
inereasing if. Inereasing viscosity inereases surface fension. It
liag been determined that il the viscosity of water at zero (. is taken
as 100, then the viscosity at 25 degrees is 50, at 30 degrees 13, and
al &0 degrees 314 This variation influences the capillary move-
ment of moisture in soils o some extent.

The next tahle shows that capillary movement iz more rapid at
higher, temperatures, indicating that the greater fluidity produced

Effect of Temperature on Rise of Capillary Maisture,® University of Illinois.—
Height in Inches in 24 Hours

mporatire, dogroes Browiall, | White silt Yellow, Bnesmads
Fabrenheit oam Joam
11.9 1.9 | 19.7
1 14.0 22.9

13.5 14.5 ‘ 258
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i= of greater importance than an inereased tenston, at Jeast within
the limits of the experiment, While au increase in viscosity gives
ater surfuce tension, the rate of woventent is deereased because

ance.  Under higher temperatures the capillary

of greater resis
limit wonhd b reachied sooner, ver the height attained would be
less than at lower temperatur

Somewhat dry soils frequently become moist in late autumn

without rain.  Thiz is probably duae 1o two hings—less evape

oration due to lowering of temperature and inereased capillary pull
at the surface due to greater surface (ension of the water at this
teniperature.

(h) Nubsfapees in Solution.—"The viscosity aml Jikewise the
surface tension ol water are affected more or less by substances in
solution. Nome inereasec while athers decyease tension. The
beight to which liquids vise in soils varies with the surface tension,
sities of the Jiquids being the sae. The rapidity of rise
tHiguids in the same soil depeds upon the viscosity s the

the de
of thos
more Viscid the Jiquid the slower the oaement. Mineral sub-
soil geperally inerease the surface fension. [

stances added o
potassinm ehloride is addid to the sarface of a soil the capillary
pull af the surface moisture will be iner
be hrought up from the subsoil. This is trae of most mineral
ferrilizers, '

Organic substances lower the surface tension =0 that they would
not cause so great capillary pall, but would inerease the rapidity of
movepent. Soil solutions have a low snrfave tension.

Rains wetting a few inches in depth have a tenmdeney to draw
water up from the deeper suil, as observed by Ning®  He found
that 3.5 pounds per square foot in one trial amd 3.69 in another
had heen transferred from the lower 0il 24 1o 48 inches to the upper
i 26 hours after wetting. This is due in part to the fact that the
surface tension of rain water is greater than that of soil <olutions.

From the next table it will be seen that common =salt gives the
greatest tepsion and that soil solutions are low. If any of the
chemical substances mentioned in the table should Te applied to
the surface of the soil when it passed into solution, the tension
would be increased sufliciently to draw up water from below. Some
recent experiments hy Karraker ® indicate that substances in solu-
tion play little part in moisture movement. The_strengths of the
solutions in the tahle are much greater than probably ever aceur
in soils, unless it should he in the immediate surface just atfer an

e and more water will
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Surface Tension and the Density of Certain Solutions 7

Sohution Density  tension. dynes
| per s e,

\\uur ) . F LUK
Common salt (NaCl) A Lo L1000
Muriate potash (KCl) Lo 1.1000
Ammonium sulfate ((N1,) Nhr Lo 11000
Sadium sulfate (NaNQy) . 1 T(KK)
itrate (NaNOy) . . L. .. o 11(KKY
Irate (KOH). . L 10
um solfate (KRS0 . 1 0=

\\(m(l ashes . e P . 1.

Thomss sl . P . I [)UI L

Mar) L . i (](ll )

Lime A

\mnmnn (NH. U”) ..... B

Urine. e ..

Stahle manure P |
Kentucky blue- -grass 5ol . EE | 1.0
Wheat soil + e L £ ()(K)ﬂ 69.6

Garden =oil .. ... ... ... .. . 1.0000 644

application of =eme mineral fertilizer or i alkali soils.  In either
of these cases some offect would undoubtedly he produced.

Texture, — . The smaller the soil particles the slower the
capillary moveme but theoretically the higher the water will
rise.  This is frue only in theory. The resistance to movement
hecotmes so greal tn very fine-grained soils that the water will not
rise as high as in medinm-grained ones.  Loughridge fouud that
in an adobe soil with 4.3 per cent of clay, a beight of -6 inches
was reached in 195 days, while in a fine sandy soil the water attained
a height of 47 inches u 125 days. Iuo a sand soil the water reached
its limit in six days. The movement of water in clay soils is very
slow, not only due to the extreme fineness of the ordinary clay
particles, but to the presence of colloids which doubtless hinder
the movement.

In experiments with two soils water rose by capillarity 8.5 feet
in 90.days in loess (vellow fine sandy loam), while in white silt
Joam soil with 0.8 per eent of organic matter it rose 9.5 feet in ahout
the same time. The Toess contained practically no orgavic matter.

4. Organic Matter.—The presence of arganic matter retards
capillary movement, due to the colloids present and the grester
porosity produced. The nest table shows the movement of water
in soils by capillarity from a free water surface. The tubes were
ans and one-half inchei in diameter and fve feet long.
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CAPILLARY WATER

1 2 i 0 7 N
| | White
d White |, lt
Time sand | soil 90 | per reat, YBIY | foam 90
L seil | per cent, __H.n_,..,__”“ sandy 2 ! per cent
| . loam | per cent
1 hour .. 75 3.0 2.2 2 86, 4.0 3.2
3 hours ... NG (9.0
6 hours ) 1.2 250

O hours .., i NT S0, 200 _
Zhours ... 1+ ~N D 32.0

Uy, ... . 110 A 395 _
Sdavs ... us 0 s |
Bduys. ... 97 2! [
14 duws. : ,. e |
M "2 162 ! _
8 duys. 10.7 174 1 |
Wdays .0 107 5 "
12 days ” 10.7 w7 | _
Wdays, ...... 107 20.2 )

Rapidity and Height of Rise of Water by Capillarity in Different So

9

ils—Inches ®

Brown
silt
loam

HET |on |

| Brown |

[ *
Ioam Peat

7 virgin

.40 | 26 ”

| :.:,, 3.2 _

| B0 B0
94 42 _

{ |
Pz | s |
_, 18585 |
|

"o 57 '

|

ST 57

L trg | os7

7 00| 57

| 209 | 6.0

A 26 1 6l

224 ﬁ 6.1 |
| 230 , 6.1 ;

Brown
silt
loam

4.5

* The virgin sil was collected only @ few feet from the heavily cropped one
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By comparing columnys Tand 205 and 4,5 and 6,7 and 809 and
10, s then all with 11 i the table, the effect of arocanic matter
iy be seen.

In the coarse-arained soils the organic matier which consisted
of finely ground well-decouposed peat gives a greater range of

ITHE A

Urey S patosi o

S PR TS
—— o]

Fru. 93.—Showiag the effect of various amounts of organic matter on the rise of capillary
. water {rom s free-water surface for a 14-day period.
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movement. It reduces the rapdity at first, but the water in the
nisture, as shown in column No. 2, passes Noo 1 in six hours. Tn
the finer-grained sail the effect of araapdic matter is to ol only
retard the movement fram the first, hut to diminish the heizht, as
shown, b comparing Noso3oand 103 and 6, and 7 oand 8 A com-
parison of Nos. 9 and 10 <hows the effeet of 1
matter by eropping, Slow capillary movement ix desirable iy sur-
face soils fo prevent ex ol moisture by evaporation. The
adapted for more lll]’li] capillary
wmovement which hrings the moisture up where raofs in the surface

moval of ormnic

<ive Toss

suhsurlace and subsoil are hert

sail muay obtain their supply. The peat i< an excellont example of
very slow movement through a very porous zoil, The Timit was
veached in ten days, Figure 93 shows the effeet of oreanie natter
on height of rise of witer.

Maximum Capillary Capacity or Moisture-holding Ca-
pacity of Soils.—Soils possess
ure by capillarity due promarily to texture. Fhe methad of deter-
mining this has been devised by Hilgard and modified by <
A suallocup five centimeters -in diameter and one in [
with the hottom made of very fine holting cloth, is used. The zoi)
is seftled =lightly by jarring .nnl stroked off level with the top of
the cup. It is then ]»!mm,l with the bottom in the wafer, and when
the soil has taken up the maximum amount of water, it is allowed
to drain Tor a fow minwes, and the weight of the waier determined
Dy comparing with the weights of the dry soil. This weight is des-
irnated as the water-holding capacity of the soil. This is much
higher than will be found under fiekl conditions.  The following
table shows the pereeniage of water held by capillarity and the total
wiler al saturation in some soils, all from [linois except the Tast,

varving powers of relaining moisi-

Marinugn Capillary and Meaximwn Waler € u//(zuu/

| Excess of total

‘ Held by
o \.,».r enpillarity

| capilla

et cont per cent

Sand. o0 o A 27.80
Yellow-gray silt Toam. PR | 5.42
Yellow silt loam ... ... .

Brown sili loam. .
Black clay loam.. . .
Palouse voleanie ash ‘lm_l ..... o ‘
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Amount of Water Moved by Capillarity.—1he many experi-
ments made indicate the wovement of large amounts of water by
curfuce tension. Niog used a (ine sand taken {row the subsoll and
@ clay foant D eylinders four feet high, cach with a section equiva-
lent to one square foot. The soils were completely saturaied and
the exlinders were placed so that the waler level was one foat helow
the =avface. A slrowg current of iy passed over the surface
ton letermined. 'he same thing

Tor cight duyvs nd the evapon
was done with the water level wt fwo, three, and four feel helow the
surface.

Water Fraporated Daiy Per Square Foot with the Waler Lowd at Diflerent
//u/a/:«\ [f( Imz '/“ urface **

|

Kind of soil (e fout Two foet ( Three feet | Four feet

puunds pounds l pounds pounds
Fine sand 2.07 123 | 0.91
Clay loum V00 0.0

Tlhese results show that the amouut of water raised four feet
wir equivalent to one tnch of rain in five and one-half day Irom
<ucll experiments the impression s given that capillarity is the
great lactor in bringing water to the crop. Tt does play a large part,
but the conditions i the above experiment were uuch mwore favor-
able than are ordinarily found in the ficld.  The water rose from a
Trec-water surface and the artificial hrecze increased evaporation
cnarmously.  Capillary movement is extremely slow through clay.
loami, and it is very likely that the water evaporated from that soil
when the water fable was 36 or 48 inches below the surface was not
obtained from the water table, but from the reserve in the soil. It
takes more than eight days, as seen in the table, page 207, for water
to be carried -8 inches or even 34 inchies in height.  The results are
without doubt muceh higher than would be obtained wuder normal
field conditions. ]n r(\"mrl to capillary movement, Rotmistrov,
of Russia. “ Ag regards the ruechauical raising of water. how-
cver, hy u\plllz\r\ action. it mayv he assumed that the limit from
which water can make its wayv upward lies much higher than the
limit accessible 1o roots.  Al} the data at my command regarding
woisture in the soil of the Odessa experimental field point only to
one conclusion, namely. that water percolating beyond a depth of
40 to 50 centimeters (16 to 20 inches) does not return to the snrface
except by way of roots.”
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The evaporation from the lysimeters or drain gages at Hoth
amsted, Englund, from bare soil at depths of 20 jnches and 6u

inches; shows of 0.17 of an inch per annum for the deeper

an ex
suil mass as an average for 34 vears, This represents the water

hrought to the surface from the 1o inches of subsoil of the deeper
wage, and amounts to only 12 tons per acre per annum. or nof suffi-
cienl to grow mare than one-hall hushel of wheat,  This indicates
that o very small amount o water is hronght from a depth greater
than 200 inehes by capillarity in a clay lomn soil.

Rainfall and Evaporation at Rothansted, Kngland )2 Average for 34 Years,
INTT o 1o

Evaporation (ar retaiwed by soil)
Rainfull, | _
inchies | 20 G inches

September . .

October. .
November. .
Depember ..

Total per

Results for maxumwn and minimum rainfall
Maximum (1903). ..
Minimum (1898) .. .

21 15.09

The Capillary Pull of Soils.—1t ix quite important to e able
to measure this capillary force for different soils. A method for
doing this has been devised hy Lgude and Dupré. It consists of
placing the soil in a funncl on a cotton cloth filter that is con-
nected with a water column by means of a wick. The water column
Tests upon a column of mercury, the lower end of which ix in a
vessel of mercury. As the water evaporates from the surface of the
=0il the water in the tuhe rises and with it the mercury. The height
of the mercury represents the pull. The capillary lift is quite large
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i fine-grained soils, as shown in the next talile, and would be sufli-
crent 1o sustain o colummn of waler of the height given in the third
column.

The Capillary Lift of Suil Canstitucnts '#

Noil consnituent

Medium sand vé 4 an s

Filue =i L S .
Verv e samb L Lo ,
Sili

Cloy

ohave demonstrated

Osrnosis in Soils.—Lande and Dupré
that sotl containing fine particles act as semd-pernicable membranes,
preobably producing only a fractional part of the pressure of amem-
e, Movement ol this kind takes place when a difference in
concentration of solutions exist= in adjacent soil masses, The diree-
tion of moveme nl ix towand the point or zone of greatest concentra-
tion, The esnios ed by a hicher femperature, so that the
movement ix greater in summer than winter.

Wing * fas found that manure incorporated with ~uli cintsed a
rize of water into the upper three feet of soil. due to a stronger soiu-
fion and greater oxmotic pressure. Fertilizers when applied to a
soil dissolve and cause a greater concentration of the soil solution
as well s a greater surface tension, with the result that water is
drawn to the surface,  [tis probably true that tillage and the appli-
cation of lime, hoth of which may aid bacterial action in developing
plant food and thus produeig stronger soil solutions, may promote
better surface moisture conditions,

Use of Capillary Water.—(apillary waier is the form used by
plants in their growth.  Even in the most severe drouths plants
cannot extract all of the film moisture.  The common crops may
use somé gravitational water, but only to a very slight estent. Rice
and cranberries are naturally adapted to growth in a very wet or
even saturated =oil.  The amount of water in a soil for best growth
varies within rather wide limits, but our common crops make best
growth when soils contain from 40 fo 60 per cent of their tofal
moisture capacity. This is the opfimum water content.

Wilting Coefficient.*—The moisture content of the soil at

I\ ner
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which the plant wilts permanently or at which it eannot maintain
its rigidity is the willing coeficient.  This point does not Vary a
great deal with diffevent plants. not often over three per cent and
wsnally within 1.5 per cent. I, however, varies widely with different
soils,  The work of Bri

and Shantz shows that it is approvi-
mately one and one-half (1.17) times that of the hygroscopic coefli-
cient. It represents the lower limit of available moisture,  In
sands and light sandy Toanms in whichi the hygroscopic coeflicient is
v low the wilting cocllicient is also Jow.  In eluy sols whose
livgroscopic cocllicient viries from 12 (o 20 per cent (he wilting
covflicient is from 18 to 30 per cent, while in muek and peat soils
i ey e as high as 70 per cente The wilting caetlicient of the
e =0l Q= @ constant that may e used in the determijnation of
othier constants, such as the hygroscopic coeflicient and water-hold-
g capacity,

The wilting coellicient is determined experimentally, but may
also e found indirectly from other goil constants to which it sus-
tains a definite relation. The following formulie may he used :

G ey . Muisture equivalent
(1) Wilting Cooffics ot = Rl DG S

1.84
e Itveroseopic Cocflicient
(b)) Wilting Coceflictent = * ‘LE):I"-'-O.{;S-(-'K' gen
o - Muisture holdi neity
(¢) Wiltinz Coefficient = ”I-»“”*)f(,‘r;l)"m Sy

(d) Wikting Cocilieienl = 001 sands 4012 w1 -F 057 elay

The probable errors have been omitted from these formula,
s for Different Planis 7

S

Wilting Cocflicients of Various

Fine Sundy
sand lowms

Corn.. .... . ... . . 107
Sorghum. ........ .. ... 895
Wheat {(Kubank RS
Oats.......... Lot
Barley. . 1.4
Rye... . 91 |
Rice (Jupun) 96
Squash, .. Vo2 |
Pea (Capads | 1.02
Veteh. | 122
Tomato.. ... .... A4 L1
Clover (redj............ 1.00 |

Moisture equivalent. ..
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Available Moisture.—The non-available moisture is that per
cent. found in soils when permanent yilting oceurs. 1t is possible
that a small amount of this may he slowly available hut insufficient
for rapid or even normal growth. T is cupplied to the plant much
foo slow]y. When the capillary foree cquals the osmotic pressure

Waer o fydrtion
Worer free (ot w0 C )

Unovartsble ) |
Norsture ‘ T L Hygroseape Cogfpicien
| (
{ jl ‘ Witnng Cosfficient
\ | Messture Equiotenr
N
Avartable 2| Optrmum Mossture Contorr
’ 3
Moisture X } Sfor Odnary Crops
I’
3§
>
RN
N

Horsture folding @/MC/Z)/
Unavailable J

Morstere N

Fia. 4 —Disgram showing the relation of different forms of moisture 1o the uvailable and
unsavailable moisture of soifs.

2 17/”/7/[’/(_’9/ Serurzred

or force of the plant the water niay be said to be non-available.
The difference between the wiltiug coefficient and the maximum
capillary capacity gives the maximwm amount of available water.
Somewhere between these lies the eritical or optimum water con-
tent. Under field conditions the difference between the amount of
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moisture contained and the willing coefticient will give the avail-
able moisture. A rmall amount of gravitational moisture may he
used by plants. Ordimary plants live but make fittle growth when
the goil i= sacurated. The diagram (Fig. 94) shows the relavion of
the =oil constants and the ditferent forms of motsture.

QUESTIONS

3 s dnes capillary modsire dier from by g oseopie
Give law governing height.

. What cuuses the lilm on g water surfuee:

- Vnder what conditions will the filn exert pressinney

4

G the tension of water fime is TR dvies per sqiare centimeler, )it
ressure will the film exert il the radins of carvature 15 2.5 oo v

i faaplain the movement of moistine from oue soil pasticle (0 anather.

[tustrate,

7. Mow Qg moisture held i soil columns Why §s the dilng thicker on
the lower particles?

KW hat effeet does fineness of particles huve on capillary pull 7

90 What determines the height to whivh water wil rise i soils”

100 Why shonld a clay \\|lh a higher moisture vontent than a sand soil
extruet moisture from the latter when in elose contact with it

Tl What is the muisture cquivalent of soilst

120 Why should clay have such il moistire equivident compared withs
ather soils?

13, Find the moistare squivalent if the by grroseopie coeflicient bs 6.3 per cent.

4 AVhat determines the vapidity of cuapillary movement”

13, What is the signilicance of the experiment with the clad v

6. What effect does capillaury. movement have on root deselopment?

17, Give Ring's expectment with the covered soils,

1. Define viseosity,  What effect an surface tension does it lave?  On

capillary mavement ©

19, Wlhat effect dovs temperature have on capillary movemen(? Why 7

20, What effect do mineral substwnces in solution have njunr fengian?

Organic substances ?

. What effeet will an application of manure have on surface tension?

. Why dnex water rise faxter in nedium- than fine-grained soilsy

23. Compare columms 1. 3, and 5 in the table au page 207 and explain dif-
ferences,

24, Compare 9, 10, 11, and 12 and explain differences,

25, From the slnnrlpmnt of capillary movement. is organic mntter desirable

in soils?

. Tow is the maximum capillary eapuacity of soils defcrmined”

. \What abont the delivery of large amounts of water by capillarity for

crops ¥

. Give the conclusions reached from the drain gnoes at Rothamsted.

. Deacribe the method of determining eapillary pull of woils.

. Will water rise 26.8 feet Il in clav?

. \Uhat part does osmosig plav in mnisture movemen{”

32, Give nses of capillary moisture,

33, What is the wilting coefficient ?

34. If the hygroscopic coefficient is 6.2 per cent, whai is the wilting co-
efficient ?

35, What is meant by avajlable maisture?
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i ow do different soils compare in the wmount of availulle moisture”

A soil in the field contams §per ceme of mmoisture and the hygro-
seopic cocllicient is 6.5 per cent. Mow mieche available moisture does
the soil contain?
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CIHATTER XA
WATER OF SOILS

III. GRAVITATIONAL WATER

GraviTaTios vb water i that wlich may be removed from {he
~oil by the Torce of gravity or drained from the soil under normal
conditions, The possible amount of the gravitational water is the
dilference herween the water hehl by acsoil at its masinm eapil-
Lary capacity and at its maximun water eapacity, when completely
saturated, or when the air <pace i< campletely filled. "This amount
viries with the type of soil.

The determination of the gravitational water capacity of soils
i< very unsatisfuctory,  The mmount depends upon the height above
the waier tuble The oravitational water is the difference hetween
the water vontent, when completely saturated, and when only safis-
ficdd with capillary water. This amount will vary
will he satisfied by a smaller amount of capillavy water the greater
the diztance ahove the water table. King shows the amount of
water at d'Terent heights above the water table with sands of dif-
ferent grades and two soils,

since the <ame soil

Watcr al Different Heighls Ahare the Water Table After Being Saturaled and
Dracned?

Height above

Samd Noo 6t Send Noo 100 Sandy loian Clay loam
water table .

Sund No. 20

nches | per cent per cent nt per cent | per cent

Percolation.—'1'lic movement of eravitational water dovuward
through the soil by the foree of gravity is called pereolation. Tt
depends upon several faetars.

1. Physical Composition or Texture.—The movement of
water {hirough the goil by the foree of gravity varies direetly as the

217
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size of the particles and the pore spaces, bui inversely as the total
pore space or the povosity,  Since these Tactars depend upon the
sizee of the particles, the physical composition is the controlling
fuctor in percolation. It a fine-grained soil has 50 per eent of pore
spitce and a coarse-grained one has it must follow that the pore
spaces in the former must he infinitely more numerous and smaller
tham in the Jatter. 17 the average diameter of the particles of the
fine-grained zoil ix V.01 o, and of the other 1 mn, the nunher
of pares for equal arcas will he approximately 10065 times more
numerons in the fine than in the coarse, and consequently the Tesist-
ance to the movement of the water would he much greater in the
fine-grained soil or throngly the smaller pores. The nearer the par-
ticles approach uniformity in size the more favorable the conditions
for percolation.  1{ various sized particles are present and of sim-
ilar shapes the smaller ones may tend to clog the interspaces between
the larger and may render the soil impervious.  If the particles
are very irregular in shape, regardless of size, the permeability of
the <oil may be increased. This is true of voleanie ash soils. The
strncture of the soil is an important factor in pereolation,

2. Granulation—Iu the case of cluys and other fine-grained
<oilx the cementing of the =oil particles into granules aids pereola-
tion. The large interspaces existing between the granules allow
Tree movement, Fven in soils with considerable amounts of sanl
percolaiion may he aided by granulation.  Heavy soils devoid of
granules are almost absolutely impervious. Sucl soils are puddled.
They may he so naturally. or they may become so hy xome mechani-
cal operation, such as plowing or tramping of stock when wet.
This condition may be only {etgporary.

Any substance that causes or aids granulation will increase per-
weability and consequently percolation. The apphication of lime,
chalk, miarl, or limestone to clay soils ix a well-known practice for
producing hetter tilth. Clay soils are readily permeable to water
anly when their colloids are in a tloceulated condition.

3. Organic Matter.—-.\ verv favorable effect is produced upon
the permeability of medium- and fine-grajned soils by the incorpo-
ration of organic matrer, hut in coarse-grained, sandy soils the effect
of organic matter is to retard percolation, a thing very desirable in
such soils, In silt and clay soils the irregular fragments of unde-
composed parts of plants impart a porosity helpful to the downward
movement of water, while the humified material aids in the pro-
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duction of cracks through its property of shrinkage as well as ils
effect o1t granulation, botl favoring the movement of water.

1. Viscosity —{Changes 1 temperature affect the viscosity or
mobility of water to such an extent that it moves more readily under
high thau low temperatures.  The effect of temperature an capil-
Jary movement was shown on page 204, King found that the
amount of water flowing through soil at 9 degrees C. was 6,15
gratus per minute, and at 32,0 degrees i was 1050 grams. Briggs
explained thig greater flow on the theory ol Jessened viscosity, and
showed that while the ratio between the flows is 151, the ratio
hetween the viscositios s L.T7. These correspond so closely thal
hiere 1= no doubt that his conclusion was right. Water will perco-
late through soils faster in smwmer than winter. Water at 32
degrees Foand at 70 degrees F.owas alowed 1o flow from a milli-*
meter opening under the same pressure in each case. Twice as
much water flowed out at 70 degrees ax al 32 degrees. At 32
degrees (e water did pol come ont in a stream, but dropped rap-
Wy from the tube, while al 0 degrees it Howed in a steady stream.

The viscosiry is frequently affected by substances dissolved in
the soil water.  Some s

Ytanees inerease while others decrease

s shown on page 206, Tn the case of organic substances
i solution percoation may be aided by the lessened viscosity,

5. Atmospheric Pressure—The changes in pressure of the
atinosphere, with it< cxpansion and contraction accompanying the
“lows™ and - highs,” affeet percolation to some extent. The
decrease of pressure allows the air in the soil to expand, thus forcing
out some of the water info the drainage channels. King? found
the discharge from a spring to be 8 per cent greater with a falling
than a rising harometer and a vaviation of 15 per cent in the flow of
water from a tile under <imilar conditions,

G. Shrinkage Cracks.—The movement of water by percolation
is aided greatly by the cracks that are produced in clayey soils by
shrinkage during periods of drouth. These cracks do not fully close
upon subsequent wetting and may thus leave passagewayvs for
water. This ix very iwportant in heavy soils. The burrows of
animals, especially insects and earthworms, penetrate the soil ju
all directions and furnish a ready means for movement of water
both laterally and verticallv. The greatest amount of work done
by earthworms (g in heavy soils where percolafion is naturally
slowest. These animals are not sbundavt in acid soils and those

VISCORITY
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deficient in organic matter. Crayfish aid the downward movement
of water by thenr hurrows,
Roots of plants penctrate the soil and Liter decay, leaving
passagewsys throngh which water may pass guite veadily,
Lysimeters or drain gages have been used Tor determining the
amount of percolation awd evaporation.  The Tongest and most
wds have been alaained at Rothamsted, 'l'fn"]nnd

The gag

interesting r
where records have heen kept for 31 vears,
masses o undisturbed soil of different depths enclosed in cement
tanks with drainage outlers for measuring the pereolation.  The
soil is o flinty clay Toam or heavy Joam and is kept free from all

vegetation.

Rainfull, Pereolative and Evaparation al Rothamsted, England, Average for
34 Years, 1571 to 190]

nt of rainfull

Percolation through | Per

sl pereolating through sail

Months — -
2 i 6o 20 40 | 6u
nehes inches inches | inches | inches

Fobruar
March
April.
May .
June
July .
August .
Septemnber. .
COetoher .
November
December.

Maximum (1903) . L. BR69
Minimum (IRO8)., ... . 2049

It will be noted from the ahove table that the amount of perco-
Jation varies but little for the different depths of soil.  The average
percolation for the 20-inch depth was 13.90 inches, while for the 60-
ineh it was 1279 inches. This shows that only (.17 inch more wafer
was retuined hy the decper soil.
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Waler Drawang from Eight ool of Saturated Sowds. Pereentage Bused on Dry
Noil VK g

B Mushies pet el ol sieves
Tine of pereolution

w4 TN 100
l hour Gt [ 1.4
1 day 11N 6.3
) | 7.5
120 | N
134 9.3

Tl [Il‘l' stows e anoant of water dreainimg fron eight feet

of saturated sand <ofl b 26x dayvs, The drainage, of course, was not
vantinuons during this tines but varial with conditions of 1em-

S0 davs of

perature and atmospheric pressure. During the last
itermittent drainnge the sand lost from 6.56 to 915 pouiais of
water per square foot, or from 1.2 to nearly 1.8 inches of water.
Percolation is only possible when the air can enter the soil, hence
slight rain falling on the surface may retard or entively stop pereo-
Jation by sealing the =urface so that the air cannot get out. "T'his
has been observed at the Bothamsted ilrain raves,

QUESTIONS
. Hiefine gravitutional water.
What is the maxinum water eapieity ?
Which may have the greater gravitational water capacity. sand or cluy ¥
Define water table.
How does the movement of water througl soil vary
. Compare the pumber of pores in a sand soil, purtic Jos 05 i, with a
~ilt soil, particles 0.05 mm,
7. What about the effect of shape and size of particles in the same soil
on pereolation ¥
AV

¥

R What part does granulation play in percolation?
b Give the eflects af organic matter on percolation.

“xplain the effect of viscosity an percolation.

11 \What things affect the viscosity of water?

J2, Explain variations caused by clianges in atmospherie pressure.

12, What other factors aid percolation®

1. Deseribe the Rothamsted drain gages.

15, What conclusions may be drown from the resulfs?

16. Give King's experiment rezarding drainage from sands,
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CITAPTPER XYL
CONTROL OF MOISTURE

1. DRAINAGE

Viny few places on the earth’s surface have ample rainfall so
well distributed that vo attention need he given to the control of
moisture, Ty many lumid and superhumid areas the great prob-
lenn s disposing of the excess of water, while in semi-arid regions
s o conse the rainfall for the erop, while i the still drier
ration s the all-absorhing problem.  Even in the humid
areas some seasons are so dry that the utmost care must be exercised
to fwld the moisture for the crop.

Removal of Excess of Water.—Drainage.—The average soil
hizs about 30 per cent of pore space. A wuierlogged soil is one
laving the pore space filled with water. It hecomes necessary to
remuove fhis excess of water so thai the (ood-producing bacteria
and the roots of plants may he alile fo seeare oxygen.  The water
table in the soll wust he from three to four feet helow the sur-
fave, ~nﬂu ieni to give roonmy for the development of large root

rstems.” T it ds ,l\mw thix it must be lowered hy drainage. Be-
sides the Jowering of the wuter fable many other benefits are de-
rived from drainage (Fig, 95).

(n) Drainage gives «fabilify to the soil.  Ovdinarily when a
Tieavy weight is applied fo a very wet soil the particles arve pashed
fo one side. the excess of water weakews the cementing material
of the granwdes and aets sonewhit as g Jubricant to the particles.
This movement is very injurious ta the tilth of the =oil, since it
breaks down the granules, producing a puddled condition. This is
very likely to oceur oy any soil. but mare particularly in a heavy
one. Preezing and thawing or wetting and dryiog may overcome
in time the condition produced if the soil is drained. Great dam-
age is sometimes done by pasturing wet soils during late winter
and early spring.

{h) Soils containing an excess of water are rarely in good
physical econdition.  Granulation is produoced by alternate wetting
and drying. and’a soil that is saturated practically all of the time
canpot be subjected fo these beneficial conditions. Freezing and

2% -
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thawing is also another means for producing granubuion, if the
right amount of water'is present. 17 there
effect of freezing and thawing is to break down the gravules, -
stead of producing good tilth a > runny,”™ puddied condition resnlts,
The soil of a pond where water has stood during the winter will
be run together very hadly hy spring and hecome gmie compact.
(¢) 1t seems almost paradoxical that the reapaal of the
of water showld inerease the avall ihle moisture Tor plants, vet it o
true.  Lowering the water table ta a deptly of three or Tour feet
enables plant Toots to develop in a larger area than s otherwise

s an excess of water the

F1 —~—The difference in germination and growth on undrained soil (A) and drained
(B) soil, Sume kind of soil and the same kind and number of seds were planted. (University
of 1linois.)
possible, since plant roots do wol penetrate a waterlogged soil.
This will give them a chance to sccure the water from a depth of
three feet or more where otherwise they swould he limited to one
or two feet. Capillary water, vnly, is used by plants, and drainage
Inereases the volume of soil that contains this form of moisture.

(@) The removal of the excoss of water aids aéralion, since the
water is replaced hy air. About 50 per cent of the volume of the
soil as it ordinarily exists is pore space, and sghout one-hall of this
should be occupied by air under ordinary conditions. This, in a
waterlogged soil. would he filled with water. The optimum con-
dition for plant growth is sufficient moisture for the use of the
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plant. bt not =0 wuel ws 1o crowd ont the osvaen, which is
eually essential.

(¢} The temperalure of the =oit will he raised by the removal
W the soil will he Jower with

of the water, since the specific heat
less water. M the specifie heal ol water is 1 and that of soil is
02 then a w W soil having an apparent specifie gravity of
1.2 and 50 per cent of moisture would have a specific heat of 046,
or the amomn of heat requirved 1o raise the remperature ol the wet
soil one degree woull he more than twice as great as for fhe dry
Another factor that affects the temperature is the lowering
Fvaporation iz a cooling process, and

goil.

ol evaporation by drainage.
every pound of water evaporated fram the surface of the soil re-
quires 966,66 ieat units, md Ahis will he fuken Jargely from the
il are “fate™ soils. They may he frans-

sofl. Tlenve wefl =
formed inta s early ™ ones by drainage (Fig, 95).

Drainage lengthens the growing season of certain soils, and
miay possibly permit a complete change of erops. Cowditions are
ware Tavorable for biological activity in the drained sojl hecause
of the inerease in femperature and of hetter agration. King found
that well-drained sandy Toam had a temperature of G6.5 dearees T,
while in an undrained hlack marsh the femperature was 54 degrees
at the same depth,

Experiments conducted with travs filled with the same soil.
ane of which was drained while {he other was not. <how differences

as given in the tahle
Effect of Drainage on Temperature of a Soil '—Degrees Fahr enheit

nometer 2 inches  Thermometer 4 inches

Thermomerer 1ineh  Then
i ) selow surf ) below surfuce

| below suriave

Undrained

|

Druined  Undrained  Drained [ Undrained . Drad

Lrunius oo

1t will be noted that the greatest ditference between the draived
and undrained soil at one inch in depth was 13.7 degrees, at two
inclies 9 degrees, and at 4 inches 6.2 degrees.
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(M "The removal of the exvess of water (rom the soil inere

decom posttion aud wilrificalion, processes necessary Tor the growth

of plints, s a general rudes the mosses and grasses o swamps-
have decomposed toa very slight extent onlye becanse of fhe exeess
of moisture which prevents the aceess ol oxveen. Drainage aflows
afration and the provess of nitrification may then take place.

(g) " MHearing ™ of soil or crops on medium- (o fine-graimed
soils is diminished or almost entirely prevented by the removal
of the water. When a wet soil Treozes it expands e the divection
ol Jeast resistance, which is upward, il the erop, whatever it s,

Ti6. 96,—Pipe heaved nearly G inches during winter of 1915-1916.

is pushed aloug with it. This process heing repeated over and
over may “ heave ™ a crop out of the soil entirely, as in rhe case of
voung alfalfa, clover or wheat. If the soil is draived, the expan-
sion of the smaller amount of water in freezing will be taken care
of in the pore spaces of the soil without expanding upward to
such great extent.  Figure 96 shows the beaving of a gas pipe
slake dnring one winter. and ficure 97 shows the heaving of
alfalfa in a poovly drained soil. Where tight subeoils are present
the danger of heaving is very great. <o that it is practically im-
possible to grow alfalfa and clover,
15
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th) The effectiveness of thorough  drainage in preceniing
erosion hag beens observed in many mstanees, but this point s dis-
cussed under the subject of erosion,

(i) Drainage is ove of the most effective neans for removing

alkali rony Tnwd under irrigation, mind thus preventing its =y
and consequent injury to erops. 1 in conjunction with flooding,
i also an effective method for reclabning land that confains so much
alkali s to render it unproductive,

Types of Drainage.—'I'wo general types of drainage have been
emploved, open and tile drains.

(2) Open Drains.—In a great many cases, the open drain is
an wbsolute necessity, because the large amount of water to be
rried off precludes the possibility of using covered drains at a
Henee there will always be a large number of

Z.

w
reasonable cost,

Fre. 97.—Alfalfa that was completely killed h_\]‘ heaving.  Nole roots lviog oo surface.
(8. V. Holt)

open drains, such as dredge ditches. In some cases open ditches
are necessary beeapse gnicksand is present which enters the drainos
thraugh the openings hetweey the tiles and fills them so as to re-
dure their efliciency ar even clog them entirely. 1 other places
the full or glope of the land is so slight that tile drains would he
of very little use and hence the open ditch becomes a necessity.

A form of open or surface drainage that is effective and adapied
o certain types of soil is that practiced on sols with hardpan or
Light clay subsfria. Sueh soils occur in varions paris of the
country and the form of drainage adapted fo them is that of dead
furrows or shallow difchies about 20 or 25 feei apart. These are
emploved to a large extent on arcas with tight clay subsoils,

There are several serious objections to opey drains. They are
almost invariably expensive forms, because constant care is needed
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to keep the ditches open and i good condition ( Figs, 98, 949, 100).
In o few years the fall may become very uneven, due to more rapid
er

sion at ne place than at anather. Obstructions nay get into

TF1g. 98 Fie. v

98, —The obstrurtions interfere sith the eumrent and canse deflections. (. C Wheeler )
9. —Ditch gradually being filled by soil due 1y current being retarded by gross.
(C. C. Comstock

Fic. 100 —A neglected ditch often seen in heavily wooded areas. (A. C. Wheeler.)

the ditch which will cause deflections of the current and result in
wearing away of the bank. There is alwave a considerable wasfe
of land in connection with open drains even at the very hest, and
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an open ditclo s always i the way,  [uivterferes very eriously o
many cases with tillage of Jand, hut one of the most serious uh-
Jecetions i= the fack of physical henetit to the sotl from open ditehes
i comparison with tile drains. This i principally due o the
Sl that small open drains are never as deep as the corresponding
tile drain and do not remove the water as completely. The growth
the diteh and renders it ess effective.

sinee the ohiject of drainage is to lower the

of weeds and grass clogs

(k) Tile Drains.—
water Lable, the tile should he amply large and the lnes sulliciently
close together and at such depth that the water may be removed
hefore the crop sullers serious injury. IF the tile is laid decp
enough o lower the water table to only two [eet beneath the sar-
face on e average, a rain ol two o three inches will raise it in-
Juricnsly wear the surface, and if frequent rains follow the erop
will be dataaged in spite of the fet that the land is tiled. 10
the 1ite i doo small thiz slow removal may permit very serious

Sukface of Sor/

and at bb, soon
or table between

aagths Haray .\\np: of the

ries with the pery o e sl
injury. I the water table ix three feet heneath the surface and
the Toot of soil above it is two-thinds suturated. a rainfall of two
inches will raise the water table a foof at least and damage w the
eTop Mmay result;

The topography of the water iable in tile-drained land consistx
of a serics of ridges. with the crests about midway between the
lines of tile. “The height of these erests above the tile depends upon
the texture und character of the soil ztrata, the distance between
the lines of tile and the amount of rajnfall (Fig. 101). In laying
tile the character of the soil should be taken into account and the
Iines placed close enongh together so that the water table will be
Jowered fo at least 30 inches heneath the surface at it highest
point. Tt must he rentembered that the most of the water does not
simply pass downward into the file. bul il must mave laterally
from two to five rods, depouding ipoan the distance hetween the
lines. The lateral movement is comparatively slow, so much so in
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many soile that the crop is frequemly damaged hefore the water
table i lowered heyvond the point of injury.  The lines of e

should be faid closer in somewhat impervious soils than in pervious
ones. In tight clag subsoilx the tile drains should be oot over tour
rods apart, and no douht two rods would be better.

Course-textured soils generally drain better than fine ones,  Au
oveasional tight styatum only a few inches thick may serionsly -

terfere with drainage.  Ino general, lmestone soils drain hetter
than strongly acid ones heeanse of the granufation produced by the
limestone, Heavy soils are especiadly aided by shrinkage and the
formation of cracks to a depth of several feet which may not com-
pletely close, Barthworms, eraxvfish and other animals do wuch
to open up the soil for free movement of water, hoth Taferally and
vertically,

QUESTIONS
). What problems come up in the control of meistu
2. Define o waterlogeed soil. What objections to it
1

Explain some of the vesudts of lack of stability in a soil.

Wiy are permanently ~4l(|l)<l‘|x| soils usually in l.mu tilthe

affect the luble moisture?

ation is ll".!‘lkd by drainage.

7. What is the etfect of drainage ou the specific boat of a soil? Wy ?
S Wiy does drainage atlect evaporation?”

o How may drainage affect crops and the hn H| of frowing scisoen
0. Why are decomposition and nit i

L How does drainage prevent hea

2. Why doex a tight subsoil cause hea
3. Why are open drains necessary
4. How are tight clay soils usnally drainedy

5. What are some objections to open ditehes 7

G. \\ hat precautions should be observed in tiling? Wiy ?
;

N

. How does drai
. Explain how

Upon what does the topography of the water table depend 7
. “(7\\ low should the water tabie he?
AN s ateral movement of water throngh soils so <luw?
200 What are some of the soil conditions that aid drnmage”
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CHAPTER NN
CONTROL OF MOISTURE

I1. TILLAGE
OxE of the means for cantrolling moisture that 1 quite uni-
versally practiced s that of tillage, 1t find= application in arid and
semi-arkd sections at all times and i humid and  superhumid
regions, more particularly in periods of drouth. Any form of

mplement tat stivs the soil, Jrom the erudest form of hoe to
the powerful tractor with s dozen plows and itz harrows, will
accomplish the same objecet,

Increasing the Moisture Capacity of Soils,—Drobably one of
the miost important factors in supplyving soils with suflicient moist-

wre for crops is by inereasing their water holding capacity. This
may be accomplished by several methods:

(1) By Tillage—=ujls Irequently hecome so compact that they
will not absorh water readily, hence there will he a large run-off
and a eonsequent loss ot only of water bt of soil material due
1o erosion. Only the water that is absorbed can be of any benefit
to crops. Henee jt becomes very vecessary o put the soil in
coudition to ahsorh as much water as possible. This can best he
accomplished by stireing the =oil to conziderable depth with some
form of plow. The best implement for this purpose ix the com-
won mold hoard plow.  ITn plowing, the soil is not ouly inverted,
hut pulverized. and this ix very beneficial if the =oil iz in proper
condition with respect to moisture. To increase the storage capacity
to the greatest extent plowing should e as deep as possible.  The
storage capacity niay easily be doubled by this means and the soil
pui in condition to absorh water veadily so that very little runs oft.
This practice iz especially advisable on rolling land and in semi-

arid regions.,

(1) Compacting the Soil.—In the process of plawing the soil
i left too Joose for retaining inoisture to the highest degree. either
against pereolation or evaporation. and in order to hring about
proper conditions a corfain amwoennt of compacting is necessary.
This may be doue by various implements. such as the spike-tooth
liarrew, the disk harrow, the rotary harrow. the corrugated roller,

230
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or the subsurface packer. The nse of these implements closes any
large air spaces that exist in the soil thar would tend 1o inerease
vither vvaporation or percolation and henee renders the soil much
maore ritentive of muoisture than it woulld he otherwise.

(¢) Organic Matter.—'T'he water holding capacity of the soil
may e largely inereased tirough the addition of organic mafier.
This constituent acts as a sponge, absorbing large quantities of
water which are held against the force of gravity,  Capillary
movenient ix retarded, thus decreasing surface evaporation.

(1) Deep Rooting Crops.—The effect of deep rooting crops
i~ sumiewhat similar 1o deep plowing ar subsoiling exeept that the
openings minde by the roots hecome partfy filled with organic
matter, which initgelf is beneficial. - "The openings Turnish a
passageway for warer and air to greater depths than any practical
tillage could do, thus enlarging the water reservoir. The decay of
the organic matter produces a sumewhat granalar candition in the
decper subsoil that aids in the absorption aind retention of moisture,
Often the cubsurface and sulsoil became so compact that the water
is prevented from percolating through them fo any greal extent.
and this permits the surface stratun to hecome saturated and then
a large awount of run-off awd evaporation mnst necessarily ocear,

Removing the Excess of Moisture by Tillage.—The re-
moval of water Iy tillage 5 not often practiced and its applica-
tion is very Jimited.  Yet if a few inches of surface soil con-
tains foo much water this may he removed {o some extent hy
tillage, whiclt encourages evaporation from the stivred soil, hut
the greatest care is pecessary. The =oil may be plowed or culti-
vated and left somewhat rough, thus giving it a chanee to dry
out.  ‘I'lns may permit seeding carlier than if left in s orig-
inal compact condition.  Tn certain soils ralling way he of henefit
because of the effect it has in compacting the soil and [acilitating
capillary movement of moisture to the surface where il is evapo-
rated.  Frequent cultivation may also have a similar effect in
drying out the cultivated =oil, since every cultivation will bring to
the surface moist soil that will become dry, and hetier conditions
for seeding may be produced in this way. This should not he
practiced with soils that ave casily puddied, hat may be advisable
Tor sandy =0jls or those having an abundance of organic matter.

Decreasing Losses from Soils.—Water is lost from soils
by percolation to depths helow the capillary limit by drainage or

e
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spiration from leaves of plants and by evapora-

pervolation, byt
tien from the surface of the soil.

(i) Decreasing Percolation.—I'he amount of percolation de-
pends very Jargely on the sexture of the soil dtxell. s a general
rule. the coarser the texture or the larger the air spaces the greater
of caurse. ay be madified by

the amount of perealation. This,
the amount of compaction and also by the organic-matter content.
The awount of percolation depends, too, on the openness of the
essive pereolation

wiven above. 3
of soil texture is very difficult 1o

sail - produced by tilla
where a1t ds due to coarseness

provent.

The incorporation of some water-retaining material such as
clax or any of the finer soil constituents or organic matter with
the sand or gravel will aid in accomplishing the results desired.
The Tormer is an expensive process. but has been done on a simall
seple with exeellent results. The use of organic matter a
clical but somewhat slower process unless under condi-

more pr
frons where abundant supplics of farm manure ave at hand. Com-
pacting is very henelicial in case of sandy soils. hut must be care-
fully dene in the vase of heavy soils,

(") Decreasing Transpiration from Plants.—All plants in
their growth require cnormous amounts of water, s practically all
of which must be secured from the soil.  We have seen that from
300 {o 300 pounds of water are required Tor each pound of dry
mitter produced. This tweans tliat cvops ramove large quantities
of water from the soil,

The refative antaunt of water reqaired auay be reduced by an
abwmlance of plant food  provided through eultivation, rotation
and fertilizatios. Weeds and other plants foreigu to the crop
A to prevent thewm [rom depriving it of the

should he destre
moisture necessary lor its growth.

(¢) Preventing Evaporation by Mulches.—JA mulch is any
material placed on or produced from the surface soil by tillage.
Its object is to prevent evaporation. To he effective a mulch must
be dry. Since moisture films pass very slowly into dry, loose soil.
practicaliy all of the moisture that js Jost is by interstitial evapo-
rtion and diffusion through the muleh air to the atmosphere above.
This diftusion takes place very slowly.

Phie following table gives the results obtained by Buckingbam
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with different depths of air-dry mulches. 1he soil nsed beung the
Leonardtown loant:

Loss of Water by Interstitial Evaporation wmd Diffusion Through Mulehis of
Varwd Theckness of Leouardtown Loane b

Mudstane fost Depth of itk Mostyre lust

Depth of muleh e per ye

inches | tnchox mchivs nchex
| 271 i 0,05
2 | )6 15 0.6Y

| | |

With a 12-inch mulel of Takona Jawn soll the loss of moisture
amounted tooone dneh inosinovears, The amounts ost are so
stall that they need not be taken into account,  Under field con-
divions o muleh Js rarely ever perfect. There will be some places
where capillarity is at work,  Hencee under field conditions labora-
tory results ave seldom attained, but they Turnizh principles to
guide ju farm practice. All mulches enclose air of high humidity,
thus retarding or preventing evaporation from the moist soil bes
neath.  The dry layer prevents capillary movement fo the surface
and is made much more effective by its looseness,

There are two kinds of mulches, artificial and soil mulches.

(a) Artificial mulches are formed by the application of
wanure, straw, chall, peat, leaves, sawdust and other niaterials
to prevent evaporation.  This method must necessarily be very Hin-
ited in its application because of the expense attached and labor
mvolved.  Such mulches are. however, very effective.  Af the same
time other objects are accomplished, such as preventing the growth
of weeds and adding plant foad.  Strawherries and bush fruits are
sometimes mulehed with straw, mavure or Jeaves. “ Straw ™ pota-
toes are grown quite extensively on the deep loessial soils along the
Mississippi river. The potatoes are planted three or four inches
deep in the soil.  After the soil hecomes warm and hefore the
potatoes come up they are covered with straw to a depth of six or
cight inches. It keeps down the weeds, conserves moisture and
furnishes some plant food which is leached cut of the straw into the
soil.

In Europe and otler countries stones are placed upon {he sur-
face of the soil in hillside vinesards to conserve the moisture.
Gravel is sometimus applied for the same purpose,

(1) Soil mulches are by far the most praciical and common
meaus of conserving moisture.  Thexy are applicable to all climates
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and conditions, The soil el consists of a dry laver of soil,
vither loose or compact. The Toose muleh is far more effective und
common than the compact (Fig. 102). Thiz latter results only
after much moisture has been lost from the sotl, and should not he

depended upon.
Some soils are self mulching to a certain extent.  Nands, peats

and highly granular soils are of this character.  The hest way of
producing a soil muleh is by tillage, the kind of implement depend-
ing upon the soil, its tilth and moisture content, aud the kind and

condition of the crop,
Fineness of the Mulch.—Mulches may be made {oo fine to he
of greatest value nnder all conditions. I fine- or medium-grained

FrG, 102.—A good method of conserving moisture.

w0ils contain Tittle organic mafter. culrivation tends to produce a
mulel of indnidual particles or a dust muleh, whiel, while it serves
very well for preventing evaporation. yet serves equally well For
preventing absorption of rainfall. Hence the first dash ol a leavy
shower causes these particles to run together and produce an alnost
Jmpervious stratom.  If the mulel is not o fine or is somewhat
cloddy or granular this running together does nel take place so
readily and a much larger proportion of the rainfall will be ab-
sorbed. This in arid regions hecomes a very serious prablem where
it is desirable that a1l of the rainfall should he absorbed. Henee
a mulch should wot be made with an implement that reduces the
goil to dust.



TILLAGE 235

The Depth of the Mulch.—The deeper the muleh the more
effective iis, Ring has shown very conclusively that evaporation
1= prevented (ooa very lurge extent by deeper mulehes, The fol-
fowing table gives his results:

Eflectivencss of Sail Mudehes of Difierent Kinds and Deplle *—Water Loat i
ltwe Ilu_//x

) ] Muleh Muleh Mueh \ Muleh
Nu muleh I ey Zinches | dinches [ A inches
i __‘~_r leep (ltL‘ o \\\) . teep
Black marsh soil: . ; |
Tons per acre. .. G880 o [
Inches of water. 5148 |
Per cent saved by | |
nmulches ! . I P | ‘J
Sandy Joam:
Tons per acre .~ 7415 3787
Inches of water G548 33 !
Per cent saved | |
by wulches . . 4.6 57.47
Virgin clay loam.
‘Tons per acre 2,414 L L2e0 8539
Inches of water [ 2131 ‘ 1.3 7.805
Per cent saved
by mulches. | . B i 63.13 63,34

Tt will be noted from this table that the four-inch molel was
no more cffective than the three-inch.

Decp mulehes are very effective in conserving moisture, hut
fhere ure serious objections to their use where crops are grow-
ing. The objections apply more directly to Tarming in humid
than i semi-arid and arid regions. 11 in humid areas 2 mulch
three or Jour inches deep is produeed on a =eil withy an intertilled
crop, serious root injury will occur which will materially decrease
vields.  Deep mulehes are practical only on hare soils. The effec-
tiveness of a muleh depends upon ifs looseness and dryness. A
three-inch muleh means the loss of a large amount of water if it
i< to be effective to itz fall depth. To maintain a muleh of this
depth more frequent cultivation iz necessary than for shallow
ones.  Frery eultivatinn turns under dry soil and brings moist soil
to the surface, vesulting in losx of maisture. Shallow mulches are
easily maintained with a minimum of cultivation. Tn humid
climates, if the crop is free from weeds. there is little necessity for
cultivation of sands. sandy loams and «ilt loams.

Besides the moisture Jost from the muleh the plant food that
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it contains is unavailable for the use of the crop. 11 the muleh is
three mehes deep it means that ahoat one-half of the plowed soil,
the most fertile part, has littde value except for the conservation
of moisture; and T hwmid climates this fayer is of much greater
vahte to the erop for the plant Tood it contains than for the meiziure
I cOn=erves,

Maintenance of the Mulch.—Uuder certain conditions the
soil muleh may be cutirely destroyed or rendered much less effec-
tive by a shower, so that jt becomes necessary to renew it Tillage
of some kind must be resorted to in order to reproduce it. - After o
Jight shower a lurrow or weeder may he effective in renewing it.

The case with which a muleh may be nmintained depends o a
large extent upen the kind of soil. Sands and sandy Toams respond
readily 1o tillage and the muleh is casy to produce.  Soils confain-
ing large amownts of organic matter are granular, and a loose,
mellow surface muleh jx maintained without difficulty.  Tleavy
soils, low i organic matter, present the greatest diffieulty, since
they are likely fo he cloddy and deficient in granulation.  To pro-
duce a good muleh in these soils by mechanical means alone is
almost impossible.  Anything that encourages flocculation will
materially aid in the formation of mulches.

The maintenance of a muleh s especially important in arid
and semi-ariid sections where so mueh depends upon the eonserva-
frion of moisture. Tven with =mall grain the muleh is maintained
by means of a light spike-tooth harrow or weeder until the grain
by shading the soil preven{s eveessive evaporation.

QUESTIONS

. What effect does eompacting have?

L What forne of tillage increases the moisture eapacity of soils to the
greatest degree”

- How does organic matter affeet the water-holding capacity of soils?

. Explain the effect of deep rooiing rrops on water eapueity of soils,

[low may water be vemoved by tillager

. How muay excessive perealation he overcowe ar prevented ?

Japlain how transpivation way be redneed.

. How much maisture is Jost by interstitial evaporation and diffusion

through the nuleh?

L AWhy s it impossible to have o perfeet mudel under field conditions?

tHlow does the humid soil air of {he mulcl prevent evaporation?

Deline an artificial muleh.

Give advantages and disadvantages of its use.

What ix a soil muleh?

14, How ix it effective in retaining moisture?
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. Give fuets regarding fineness of mulches.
. Wit vonclusion way be druwn from King's work as given in table on

pigre 2457

- What are some disadvantages of a threeeineh muleh?

. Haow deep shauldd the mudele he s

. Bow does ashower destroy a muleh?

. What part does texture play in the case with which aownlel may be

maintained o

- How often should enltinvation he dune fo maintain a muoleh?
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CIEAPTTER XN
CONTROL OF MOISTURE

III. DRY.-LAND AGRICULTURE

Tane: distritaion of rainfall over the surface of the carth s sery
rresnlar, so that extensive arcas are deficient i moisture and
special cultural methods and special crops must be used. Many
regions are so poorly supplied with woisture that crops cannot be
grown. even under the best conditions, without frvigation. 1t wil)
he well to consult the table, p 189, on the annual precipitation
ou the carth’s land snrface. The map, figure 89, may be of further
to the location of the humid and

help in giving a correct idea
dry areas,

From the table, page 189, it is seen that approximately 65 per

s than 30 inches of

rainfall.  About 25 per cent receives less than 10 inches, while 40

per cent has from 10 to 30 inches,  In the United States alone the

drv-lid vegion covers about one-hall 1he entire area, and 1,135,000

square piiles of this ix suitable for dry Tarming.  Australia has

ahout the same amount, and extensive aveas are found in Africa

cent of the land arca of the carth receives Je

and Asia and =maller ones in Furope and South Anieriea.

Adaptation of a Region to Dry Farming,—In dry-land
farming, while the amount of moisture supplied by the rainfall
is by far the most important factor, vet there are secondary
ones that must be taken into consideration.  These are frequently
of suflicient importance to hring absolute failure if overlooked or
neglected.  These include evaporation and the character of the
soil, which are of almost equal significance with the rajnfall.

(a) Rainfall.—The adaptation of a region to dry farming de-
pends upon several factors. one of the principal ones being the
amount of rainfall and its distribution through the vear (Fig.
103). Dry farming is not practical with less than 10 inches of
rainfall annuallv. hot fhere are modifving factors.  With ihis
amount the moisture must. he earefully stored and conserved for
the erops.  The margin is so narrow that a year or two with a
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rainfall but shightly below the vormal will resulf in failure.  The
distribution of this rainfall iz guite important, although not so

SOB PAGRE TYPI

Fra. 104.—Sage brush on land well sdapeed to dry farming. Utan,

much so ax in humid regions. since by practicing the best methads
of conservation the moisture mav be beld in the soil. 1t is. how-
ever, desirable to have the rainfall during the growing scason.
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105.—A gravelly =oi! not well adapted to dry farming (Dry Farming, Widtsoc,
Courtesy Maemillan Company )
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(h) Evaporation.—The amount of evaporation is onc of the
factors that determines in o measure the value of a region fur dry
farming, since, other things being equal, that place is best adapted
to this practice which has the Jeast evaporafion (Fig. 161}, North
Dakota with a rainfall of I3 inches bas 31 inches of evaporafion
from a free-waler surface during the sis summer months, while
northern Texas with a like rainfall has 55 inches. Hois very
evident that the former would e betler adapted fo dry farming,

Ralnfall and ftammlwu Jrom a Frec-Water .\uz/acc

Pl [ pre ?.';.'il“u“\".,., . ov if.il:’yii'ful,
inchex inches
Lost River, fdaho ... ... ... | 347 7
Laramie, W yoming. . P P - 9.81 | 70
Fort Duchesne, U tah. 6.49 | 75
St. George, Utah. ... .. } 6.46 a0
Tucson, Arigona . ..... .. ... Lo ‘ 11.74 ‘ 90
Mohave, California.............. ... ... 4.97 Q5
Fort Yuma, Arizona..... ......... s 2.84 100

(c) Soils.—Tle character of the soil is of much impartance,
since many arc entirely wnfit for dry farming, berause of some
peculiarity they possess which renders thent fncapable of retaining
the woisture necessary for crops. In selecting land for dry farm-
ing, it should not be an acid soil and should neither be loo open
nor {oo impervious.  Coarse-grained soils (Ilig. 103) and very fine-
grained ones arc equally objectionable for this kind of agriculture.
Layers of gravel or coarse sand or hardpan are serious obstacles,
since in the one case the water passes beyond the range of capillarity
and in the other the storage reservoir is small and the moisture
canoot percolale deep enough to be retained against evaporation.
Medium-grained soils (Fig. 106) with uniform texture to a depth
of eight or ten feet furnish best conditions.

Water Requirements of Plants.—The amount of water used
by plants in arid regions is about ove-half more thau in hurid
regions. In Utah experiments were carvied on for six vears on
lertile soils, and the conclusion is that an average of 750 pounds of
water per pound of dry matter was required.

Briggs and Shantz have made determinations of the moisture re-

16
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quivements of a lurge vumber of plants. The results of their inves-
tigations are given in the following table:

Water Required (o Produce One Powd of Dry Matter at Alron, Col.?

Millet Ve w. 310 Potato .

Sorghun e 322 [ Cowpen..........
Corn 36 Royhean

Sugar beet

2ed clover ...

Sweet clover. .,
fulfa. ..
P 1nh ed ..

...... . 905 Russian thistle

Sunflower .
Wheat

It will he seen that the amount of water varies from 287 to 905
pownds per pound of dry matter. The average of the above js 550
pounds of water for each pound of dry matter. Some crops are
hetter adapted to-dey Taopd agricultuee than others beeause of the
Tact that they require less water, while =ome have habits of growth
that enable them to resist drouth. Many plants must be acelimated

before hest resulis can he oblained.
The Utah Station found that cultivation lessened the amount of
water reguired.

Pounds of Water Required (o Produce a Pound of Dry Matter of Corn?

B |

S;A:(I loam.
Clay lowu. ...

Clay... . 20 . .
Type not given...... « e 5. M 26 -

Loss of Water.—Rainfall is lost from the =oil in four different
wavs, nawely o oruo-off| pereolation, (-\'upnrleiqu aud transpiration.

{a) Run-off.—0nc of the essentials of dry farming is to pre-
vent loss of water through surface run-off by putting the soil in con-
dition to absorh the rainfall. It is impossible to prevent some loss
heeause of the torvential rains in arid regions. The soil should
be kept in a loose condition, so as to absorly water as rapidly as
possible.

(b) Percolation.—Tt i rarely-the case that there is so much
rainfal) on soils wel) adapted to.dry farming that water gets beyond
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the range of capillary action. Therefore loss hy percolation iz -
significant,  Percofation info the upper soif layers must take place
very rapidly to check complete saturation of the <ur
eause this would result in more or less run-off.  For this purpose
the Tooser the soil the hetter.

[aee =oil, bo-

Fia. 106.--A deep, medium-grained soil well adapted to dry farming.  Utah. (Dry
Farming, Widisve, Courtesy Macmillan Compuny.)

(¢) Evaporation.—Arid conditions are very well adapted to
evaporation of water from the soil surface, due to the v fow rela-
tive humidity, the rarity of the atmosphere and the Jayge air move-
ment taking place in arid regions. This is the most serious source
of loss. At Salt Lake City the relative humidity in summer iz about
35 per cent, while in humid vexions the average is from 75 to 80
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per ceat. s a genern] rule, the surface soils are dry o arid regions,
amd this prevents, b a measure at least, a large loss of waler, since
the mevement ol water through dry soil is very slow.  Very Iittle
evaporation fakes plice within the interstices of the soil itsell, as
tiws heen shown by the table on puge 2530 Buckinghan has shown
fhat 1l amount of water Jost by transfer upward along with the
air o the proeess of acration amounts to no more than ane inch
in s vears, 1ois true, however, that coarse soils lose a larger
atonnt i (his way than fine-grained ones, but the loss in either

case may he neglected,

(d) Transpiration.—All plants take water through the root
hairs and o very large part of it is transpired through the leaves.
The amount ol water used in this way constitutes practically all that
is faken up by the plant except that used in building up tissues,
which generally awounts o only a small fraction of the total
amoupt.  Trepspiration varies with certain conditions, both of
weather and soiland in general the Tactors that aiflect evaporation
from the soil affect transpiration from the plant (sce page 188).
This applics fo plants growing in humid regions as well as under
arild conditions. Transpiration varies inversely as the relative
hundidity, directly with temperature, with wind velocity and direct
sunshine: bui it is deereased by alarge amount of plant food mate-
rial dissolved in fhe soil woisture.  Arid conditions are especially
favorable Tor transpiration.

It must be remembered also that weeds. like useful plants,
transpire Jurge amounts of water and may be one of the greatest
zources of loss unlesg the =oil is kept free from them. Weeds have
no place on any farm. but more especially on a dry-land farm.
Rotmistrov * savs, © Weeds are the bitterest enemy of field culfure
and the hest friend of drought.”

METNOD OF PREVENTING LOSn OF WATER

In drv-farm practice every means must he nsed for preventing
loss of mdisture.  Other erop factors sink into insignificance i com-
parison with this one. The moisture must be sufficient not only to
start the crop. but there must he enougl stored in the soil to mature
it. The farmer knows that every pound of moisture taken from
the soil that does not go through the crop will lessen the vield.

The loss of moisture by evaporation is prevented fo some exfent
hy the crap irself.  After the crop hecomes large enough to shade
the ground evaporation is greatly retarded. "This is cspecially troe
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of son-tilled crops. ‘The air enclosn) i masses of vegetation, such
ax wheat, oats, millet. clovers and similar crops, lias & comparatively
high hunndity, so that evaporation from the soil is refarded aod
probably almost entirely prevented during a large part of the day.
It 1= a matter of common observation that the dew remains in
lieavy oats or wheat many hours after sup-up and is deposited agaio
This will effectively prevent much
evaporation from the soil. Whie the hunndity of the air in these
crops of semi-arid regions would not be as high as in bumid ones,
vel the difference would he suflicient {o lessen the evaporafion.

With tilfed crops, shading aids o some extent. but the muleh
is {he important Tactor. When the crop has grown fu suel size thal
the roots are well distributed through the sod, moisture s very
little chance of reaching the surface heeause of the network of
roofs which are absorbing all moisture that comes within reach.

Tillage.—"The best means for preventing loss of water is by
tillage, bnowhich a muleh is maintained.  Various experimenters
liave Tound that cultivation will save from 22 Lo 55 per cent of {he
water that wauld otherwise evaporate

(a) Depth of Tillage.—T'illage produces conditions in the soil
that permit very slow capllary movement by forcing soil particles
apurt =0 (hat ihe films of water cannot pass freely from one fo
another. As a general rule, the deeper the muleh (he miore effec-
tive it is in preventing evaporation.  1n arid regions the plowing
is one of the most fundamental operations, since it plavs two very
important functions, fi in producing a Joose muleh for retarding
capillars movement, and. second, in forraing a deep stratum for
absorbing the rainfall and retaining it afterward. The Tral Sta-
tion has conducted a number of experiments upon depth of plowing
and the vesulfs show that eight to  ten inches is the hest depth.
When increases for greater depths are obtained thev are uswally
too low to cover the additional expense,

several hours belore sun

Yields of Wheat for Different Depths of Plowing. Ulah Station.—Bushels
er Acre ®

Jusb w nnhmp— Tooele Bevier

County |ton County unty County
Plowing 8 inches deep. 116 147
Plowing 10 inches deep. 12.0 14.9
Plowing 15 inches deep 15.2 143

Plowing and :ubsoxlmg 18-20 inches
ABED .o 15.4 15.2 16.2 64
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Moderately deep plowing is very essential, since 1t prevents Joss
by surface drainage, . s

() Fall Plowing.—Summer or fall plowing is especially ad-
vintageous hecitse it permits the absorption of winter rai

suows, and A0 cultivation 5 then dope ax carly as possible in the
spring a large wmmnount of moisture may be lield in the soil for the
wse of the crop in the Jall or the following scason. If the plowing
must he done i the spring it <hould be done as early as possible to

catelr the rains ol holil what 1= alrewdy in the soil,

The disk can be nused to good advantage on cither {all or spring
plowing to produce deep mulehes. Even on stublle the disk can
he nsed fo advintage as soon as the grain is removed. 1 a crop is
seeded in the [all, ane af the very necessary things is to praduce
amulel as early in the spring as possible with some implement
adupted fo thad purpose,

(¢) Summer Tillage and Cultivation.—Alicrnate cropping
provides far g crap every other vear. Ta leave the Jand idle or
neenpied with weeds would be of no henefit. The object of not
cropping during one season is to store mwisture for the crop the
following vear, 1t is necessary then fo puf the soil in condition not
onfy to absorh the rain that may fall. but to conserve it afterward.
11 weeds are allowed to grow the maisture will he lost.  To avoid
this loss summer fillage or fallowing is practiced.  This fits the
soil for absorbing water, for couserving it from evaporation by a
wuleh and kills weeds thaf use jt,

Cultivation ol crops s as important as summer tillage and
should he done to a greater depth than in humid regions. It may
be done without injury to the roots of the crops, hecause the root
svstems of plants develop deeper inarid than in humid soils.  The
mulch produced on the surface should not be tao fine, but made up
of small ¢lods mixed with fine granular material. It a dust muleh
is produced. the first dash of rain causes the soil particles to run

,together and produces a somewhat impervious stratum which pre-
vents rapid absorption and water is lost through surface run-off.
Every effort must he made to maintain a muleh until a network
of roots iz developed and the crop is large enough to shade the
eround.  Another objeetion to the dust muleh is that the fine mate-

rial ig so easily moved by the wind that serious loss of soil may

result.
After a shower fallz, the mulcli should be renewed as soon as
possible.  Experiments have shown that of the water lost during
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the first week after a rain GO per cent vecurred during the first
three days, henee the necessity for cultivation as soan as possible,

(d) Subsurface Packing.—Ncwly plowed soil containg nuny
large air spaces and is too open for retaining water against evapora-
tion.  Subsurface packing is resorted 1o for closing these air spaces
and preventing excessive lTess of - water by evaporation.  This ix
accomplished in a varicty of ways. Figure 107 shows the subsars
face packer which is used for this purpose. The wedge-like wheels,
five inches apart, crowd the soil to hoth sideg, thus compacting the
subsurface, hut leaving a muleh on the surface. This implemen
was jnvented by Mro LW Camphells of Lineoln, Nebraska, one
of the pioncers in dry farming.

Other methods are resorted to [or mmp;m‘m:’ the <ubsurlfee.

Fre. 107 —Carapbell Subsurface Packer.

such as using the disk set straight.  The ordinary smonth roller
would not be desirable for this purpose, because the compaction
that it produces renews capillarity at the surface and would cause
a loss of moisture unless a muleh were again produced on the sur-
face. In fact, the smooth roller should never be used on a dry farm,
as the flat surface produced encourages the soil to blow, The cor-
rugated roller leaves the soil rough and this prevents or at least
greatly lessens hlowing.  The rolling should not be done parallel
to the direetion of the prevailing winds, but at right angles to it.
(¢) Storing of Rainfall—A very important factor in dry farm-
ing ie the storing of the rainfall of one vear in the soil for the
use of the crop the coming season. The major- part of the zone
in whieh the water is stored should be sufficiently deep so that it is
beyond the depth of ready capillary movement to the surface and
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within the limit ol the root zone for plants under arid conditions,
This virjes fron vight 1o ten feet or more in depth,  Mxperiments
in Utah showed as much as 9514 per cent of the water whieh fel]
as rain and snow during the winter was found stored i the first
eight feet of sail in the spring.  Atkinson found that at the Mon-
tana Stafion soil which coutained 7.7 per cent of moisture in the
Tall contained 11.5 per cent in the spring and alter proper summer
1Magre contained 11 per rent in the fall. The Tollowing talle shows
the amount of water that may he stored in the <oil during the
winfer:
Pereentage of Waler in Kach Fool of Soil to a Depth of Eight Feet®

| i
| Eighth|

| Firt  Second) Third | Fourth] Fifth | Sixth [Seventh Aver.

foot | foot | foot | foot | foot | foot | foat | foor | nge

Scp(u 8002 6 8 26| 9.20/10.10 | 1038 | .56

April 24, 1903 | 1€ 12,62 | 1224 | 12.37 | 15.63

Incrense. . 1 3.33 | 1.99 | 7.07
Aug. 24, 1906 { X | 10.75] 9.59
May 1, 1907 18, ‘ 17 16 fs‘s 18 50 | 16.25 [ 14.98

16
Increase. . ... 084 0101 954 722! 599 550| A39

Jtowill be noted fhat the increase of moisfure amounted 1o exghd
inches for the cight feet of soil.  Water storage in a soil is impos-
gible when a crop of weeds is growing.

System of Cropping.—There can be no continuous cropping
in dry-land agriculture as in humid regions, because the ruin-
fall is not weually suflicient to grow two c¢rops in succession.
However, if the rainfall of two seasons can be used for growing &
single crop. prefitable results may be oblaiued. The conservation
of this moisture from one season fo the neat iz the most important
problem in this kind of agriculture.  The possihilitics of raising
grain under dry farming methods are scen in figures 108, 104
and 110,

Continuous Cropping vs. After Fallow.  Average Results for AN Years Tested,
Montana S Station”  (Bushels P Prr 4rre)

Kubanka White hulless Jixty-day
spring wheat arley onts
Sub-station Con- After Con- After Con- After
tinuous | fallow | tinuous | fallow | tinuous | fallow

Dawson County.... ....| 1518 | 17.57 | 1597 | 20.90 | 31.17 | 51.00
Rosebud County ..} 1608 | 20.80 [ 15.02 | 28.31 | 30.31 40.03
Yellowstone County.....| 7.73 | 19.327( 14.90 | 20.33 | 13.75 | 47.94
Chouteau County ... ..., 1418 | 17.35 | 13.20 | 11.95 | 28.90 | 34.50




--'m‘g\ﬁ

Fia. 108.—Turkey Red Fsll \\'heul without m'mmon ymld B8 busbela per acre. (Mon-
tana Station, Bul 7
Fia. 109.—White Hulless Barley on land mnuuununlv rropped
Fra. 110.—Whito Hulless Barley oo land fallowed the orevious vear. (Bul. 74, Montans
tion.
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Fhe results show that fallowing gives considerable increase over
coutinuous cropping.  The longer this is continued the greater the
difference. Whether alternating crops with summer tillage s
profitable will be determined largely by Jocul soil and climatic con-
ditions that influence the cost of production.

Summer Tillage With Aliernale Cropping vs. Continuous Cropping,* Noth
l_)u/\.ulu Station (/)uslu Ls l’c: Acre)

Sl |
Station ’I Tentment

‘(C unlmuuu-:

Ldgeley “HSummer tillage. .
S Continuons. .. . ..
Dickinson. ﬂ)(‘umm(r tillage . .
Al (Continoous.. ...
Wilbston. ... ... [{Summer tillage
(Continuous -

Heltinger..o '\ Summer lillzu:(-.‘

Average increase for Sumimer tillage. .. ..

*Pounds.

It will he seen from this table that summer tillage gave an
increase for wheat, oats and barley. hut best results were obiaiued
for cornt by contiuuous cropping.

Crops for Dry Farming.—bn wo kind of agriculiure i< the
adaptarion ol the crop 1o fhe vuvironment of greater consequence
than ju dry farming. dn general, the crops should be such that
a maximum growtl is secured with minimum water requirenients,
and the -crops that meet this condition will be hest adapted to
drv-land agriculture.  Alfalfa is an exception, but its deep-root-
ivg character has fitred Jjt for securing a large amount of water.
Most crops have the power of adapting themselves to some extent to
the conditions of climate after a fow years, but the dry-land farmer
rieeds a variety of crops thal huve heen tried and developed by
selection so that thev resist the unusual conditions to which ther
are subjected. Tpon the selection of the ¢rop aud seed masy depend
the suceess or failure of his efforts.

(1) Wheat is the principal crop for the dry-land farmer.  All
aver the arid and scmi-arid regions wheat has proved to be one of
the best drouth-resistant crops that can be grown.  In the dev-land
regions of other countinents wheat has lheen grown for many cen-
turies, and certain varieties have been developed which are well
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adapicd to and condivions. Betlr spriug and winter wheats are
grown, the latter being much more desirable where the climaie is
suitable.  Spring wheats are grown lurgely Jrom Nebraska north
through the Dakotas because of the severe winters, T'wo varelies
of spring wheat are grown, the common spring wheat and the
Durum or Macaroni. The latter was introduced from Russin and
has proved to be an exeellent variets.  Me semi-hard winter wheats
are grown over extensive areas. the most havdy varieties being
Turkey Red, Kharkol and Crimean, all originating in sciur-arid
Russia.

The vield of wheat on the dry farm is of a great deal of conse-
quence hecanse it is the chiel money crop.  Winter wheat vields
better than spring wheat. 11 usually pays o grow cither an summer
tilled fand.  In the dry-farm experiments 1y Moptana the average
vield of Turkey Red was 37.7 bushels per acre. while the spring
wheat, Kubanka, was 154 bushels, or about half as much. In
Ttah Turkey Tted produced 28,1 bushels, while the hest spring
wheat for the same vears produced 14.6 hushels per acre.

(b) Oats are beginning to he recognized a< a gond drv-land
crop, cither fur hay or grain.  Of the spring varicties the Sivty Dag
has proved to he best, principally because it ripens two weeks carlier
than other varieties. A winter variety. the Boswell, that has heen
tried in Ttah, promises well.  In 1907 and 1908 Sixty Day oats
vielded 42.3 bushels per acre, while the Boswell gave 40.1 hushels.
At the Montana Station the vield of Sixty Day was 37.6 hu-hels.

(¢) Rye iz one of the hest dry-land grains. [l resists drouth
better thau almost any other cereal.  The fall rye ar Montana
vielded 285 bushels per acre.  The most serious objection to it is
its persistence in the field after once seeded. Tt miay be used to
good advantage as a green manure.

(d) Barley is one of the cereals well adapted to dry-land if
seeded very early in the spring so that it gets a good start hefore the
dry. hot weather begins.  The hulless varieties secm to do best. In
Montana as an average of all tests on different fields the yvield of
the White Fulless was 17.8 bushels per acre, while the California
vielded onc bushel more. Tn North Dakota an average of 23.8
hushels was ohtained. One winfer variety has heen grown.

(¢) Corn has not heen grown very extensively on dry-land
farms becanse it Js not well adapted to the termperature condi-
tions found in arid yegions.  Corn does hest where the nights
are warm, and iu arid regions the radiation is so great as to lower
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the fempermiure vers much during the night. Corn has com-
parainnely low water requirement and produces mere dry matter
for the water wsed than alwost any other crop.  Several strains
ixt dronth well.  When acelimated

have been developed that r
seed is used, seed bed properly prepared and the erop well culti-
vated, a failure rarely ever ocen I almost every season suf-
ficient fodter i nroduced o pay for the evop, and in the more
favorable veurs good vields of grain are obtained. Ttz principal
value les in the forage i produces.  [Migure 111 =hows corn grown

B -

Fya. 111,—Com grown on dry land farm,  Note Jow i

ou a dry-lawd farm. The stalks ave nol so coarse ax in humid
ateas aml make better feed.

(1) Spelt and Emmer have heen recommended as erops wel)
adapfied to semi-arid conditions,  They were imported from Russia,
where they have heen grown quite extensively as feed for stock.
Thex are very closely related to wheat, but the hall remains attached
as with harlev.

(o) Sorghum js one of the principal drouth-resistant erops and
vields as much as seven tons per acre. Tts chief nse is for forage.

(I} Kafir and Milo Maize.—These are well adapted to the
Great Plains south of Nebraska ‘and parts of California.  The
temperature of the higher altitudes is too low for its growth. These
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are used both for forage and grain.  In the southern part of the
Great Plains in Kansas, Oklahoma, Texas and New Mexico these
form a very important crop. Jardine " s
of shelled grain from milo maize was 10 bushels per acre i the
Panhandie of Texas,

Where a severe drouth oevurs these crops stop growing bl re-

ates that the average vield

main alive.  They slart quickly again when rains come,

(i} Alfalfa—No crop has heen of greater value on the irn-
gated land of the West than alfalfa, and it is proving to he a very
viluable crop on the dev-land farm as welll Tt is0 however, very
difticult to start under acid conditions. The fact that the roofs
penetrate to such a great depth in these drv-land areas mokes it

Fra. 112.—Dry-furm potatoes.  Ctah

adapted to using the moisture stared {0 a great depth in the sub-
soil, and no single scason’s drouth will affedd it serionsly alter it
Lecomes thoroughly established iu the soile Thick seeding must
be avoided. 1t is hetter adapted to light and medium soils than
to heavy clavs. Cualtivation is as essential in growing alfalfa as for
any other crop.  The seed erop is one of the most profitable of the
alfalfa field.  For producing seed it is hesi to plant the alfalfa in
hills or tows =o that it mav be cultivated. Tt may he necessary
ta thin it to one plant every six to twelve inches.  The second crop
is usually left for sced, the amount of zeed produced varving from
150 ta 300 pounds per acre.

(i) Potatoes (Fig. 112) are eoming to he looked upon as one
of the staple crops of Arv-land agriculture.  With a rainfall of 12
inches or more potatoes produce excellent crops. both in vield and
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quahity.An average vield of 123 bushels per acre was produced
on the Montaona Experiment stations in the dry-farming areas.

Seeding,—In semi-arid regions seeding must be done more
carefully than in bumid regions. A deep mellow seed bed must
e thoreughly prepared and too much work cannot be expended
upon it The seed hed <hould he snch as (o act as a storage reser-
voir for water and sufliciently compact o that the moisture will he
near the surface to germinate the seed. After the seed is planted
ar during the process of planting the soil shanld be compaeled
around the seed. For this reason the press drill should be used
quite “'\‘ll(‘l';l”\' i seeding, Tt permits uniform distribution and
covering of seed. Broadeast seeding invites failure.

Yieds of Lofthouse Wheat With Different Methods of Seeding® Ulah Station
(Bushels Per Acre)

County

o " [ Broadeast. .
Tooele... s Drilled
H( ross drilled.

Methad of -«m]uu. 1904

[Broadeast ...,
Juab. .. [{Driled. . . 24.5
‘\( ross drilled . 18.0

Front the preceding table it will be seen that the drilled wheat
gave an inerease of 5.0 bushels in one case and 13.6 bushels
anather over the broadeasted.

On semi-arid land it might be suppased {hat deep seeding would
he necessary.  The depth must depend upon the character of the
soil and the amount of moisture it coutains.  In heavy clay plant-
ing should he from one to one and one-half inches, while ]"lan[ing
in sandy loams may be as deep as three inches. Where wheat was
planted three inches deep in beavy elay the yield for an average
of five vears was 183 bushels, while where the planting was done
at one anil one-half inches the vield was 26.9 bushels per acre

The amount of seed to the acre should be a little more than half
that required in humicd regions. A heavy sceding resulfs in almost
certain failure. It very frequently Lappens thar the moisture in
the soil will be sufficient to start.the plants of a light seeding in
fine shape, while those of a heavy seeding would all be stunted.
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The Colorado Rtation recommends the following amounts, al-
though this may vary with the condition of the =oil:

Pourulss of Sced Per Acre for Different Crops ¥

. Pounds . )

Crap Do [‘ ‘ o
W heat L. 30t ‘ ;\lilu muize for grain 510 E\
Barley. .. .. a0 Dwarf Essex rupe. \ 3w b
Flax. ... o2 Hrome pgrass 20
Spelt and emmer . ) Alfulfa for hay . |12t 20
Millet. o lU | Alfalfa cultivated for secd 2w 3
\urghum for r'um"v [ & Nueet clover. .. / 20 to 25
hafir corn for [um"r Ji 25 1n 20 \

Corn, single grains, 15 10 18 inches npart.

Merrill of Utah recommends that oats and harley be seeded al
the rate of three pecks per acre: rye, two pecks s alfalfa, six pounds,
and other crops in proportion.

Acclimated Seed.--The seed to be planted on a dry-Jund
farm  should  bave heen grown under semi-arid  conditioms.
Farmers from hamid regions frequently take seed with tiem when
they o on the dry farm and crop failure Tesults,  Usually several
vears are required for a crop from humid regions to hecome
thoroughly adapted to its new conditions so that it will produce well.
I is Tar hetter for the farmer to obtain seed already accustomed
to dry conditions,

QUESTIONS
. Upon what three things does the adaptation of land for dry farming
depend ¥
What conditions af seil are besty What are objectionuble?
From the standpoint of water reguivements. what are some of the good
crops for dry farming?

4. How does cultivation lessen the water requirement of crops?

5. Wiy do crops on summer fullow produce more than where cropped con-
tinuously ?

6. What conditions in arid vegions make a large run-off possible?

7. What conditions allow a large evaporation ?

8. AThat is the most desirable depth to plow in dre farming?

9. Why is fali plowing more desirable under drv-furm conditions?

10. Give the advantages in the use of the subsurface packer.

1. To what extent may the fall and winter rain and snowiall be stored
in the soil for erops?

12, What ahout weeds on a dry- Innd farm?

13. How does transpiration vary?

14. What important points should be observed in selecting crope and reed
for the dry farm?

1
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TS Give (he advants wes of wheat for the dry l.md farns,
To. Wiy 1

TS, Wy ix Alfalfn nwx xlr\ nd (-m].’: Pl 1. 1 e erop produced
oo Whin wtions must be taken o seeding the erop i dry-faod

200 What s neeant by weehimated e Wy is it dmpeartant ¢
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CHAPTER  XXNT
CONTROL OF MOISTURE

IV. IRRIGATION

Tewigariaon nue be practiced inoany region where the normal
rainfall is not sutticient to grow masimum erops or where the
rainfall is deficient during any part of the season. The profit
realized will depend upon the crop grown, the fnerease in gield over
no irrigaticn, the cost of applving water and the price of the erop.
The practice is usually contined to arid regions hecause irvigation is
absolutely vecessary under those canditions to praduce auy crop
whatever, or to sewi-arid remions where irvigation will @ive Jar,
vields and in some very dry yeurs wonbd dnsipe a erop where othe
wise there would be none.  Treigation is practiced tooa very linsited
extent in humid climates, even i Florida with {rom {ifty to sisty
inches of rainfall and i other states with thirty to forty inches.
In these reginns water is applicd i a very intensive form of agri-
culture or to gpecial crops which command a high price. thos jus-
tifying the expense
times applied (o soils, thus furnishing hoth water and plant food.
In China and Japan irrigation is an almost universal pracfice, even
where much of the land receives a fair natural supply of water in a
well distributed rainfall.

©r

In some European countries sewage is some-

Some Irrigation Projects in Western United States

‘ Approsimate Acren 1o be

1 irfgated

219.000
130,000

........ 1 $10,000,000
7.000.000

Sult. River, Arizona. ..
Yuma, Arizona—Califor
Uncompahgre, Colorada &(}M),l’)ﬂ(l 140,004
Boise, Idaho.. ..... P e 8,700.000 24:4,000
'\Ilmdnkn Idaho. ... . . . R 4 400 000 1 118,000

Flathead, Montana . ...... 0.000 152.000
Milk River, Montana 1 060 000 219,000

Sun River, Montana. . 1,000,000 216,000
North Plafre, Nebraska-W \om_mg. st 6200000 - 129,600
Shoshone, Wyoming. . I 3800000 164.000

17 ' 257
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The arca of land that may ultimately be brought uoder irriga-
fron i small i comparison with the total dry-land area. because
the total =upply of water is not sullicient for more than ove-tenth
of the dry Jund. At present only ahout one per cent of the land in
the we sated. The building of such reservoirs
e given in the preceding table is extending the irrigated area
maore than was supposed (o be possible a few vears ago,

Area and Projects—In 1008, 1373 of laud were

tern states = v

NI HE R TE
irrigated i the arvid states. This was an increase of 82 per cent in
fen v In 3910 the projects, then started. will be capable of
irrigating 19355717 acres when fully under way. The total area
included in the projects is I addition to the

Fra. 113. Fra. 114,
Fi0. 113 —Conduit for condurting water to where it moy be used for irrigation.
Reelamation Serviee,
Fio. 134 —Conerele-lined ennul that permits no luss by seepuge. (U, %, Reclamation
Herviee))

(1. 8.

above, T24,800 acres of land were ivrigated in humid areas, nearly
all of which was for the growing of rice.

The United States Reclaruation Serviee, established in 1902,
was to use the money from the =ale of public lands in the arid states
in the construction of irrigation svstems. Under the direction of
Dr. F. JT. Newell immense projects have heen started, many of
which have been completed. and by which large areas have been
reelaimed and added to the countrs as some of it most valuable
asxe18.

Sources of Water.—(a)Diversion of Streams.—The corn-
mon source of water for irrigation has been the diversion of parts
of streams at a height above where it iz fo be used and conducting
it by means of canals, tunnels, conduits and ditches to where
it is to be -Qistributed over the land (TFigs. 113 and 114).
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Water is sometimes conducted for many miles, passing through
hills and over valleys and gorges.  In the case of the Gunuisou
tunnel of Colorado. the Gunnison river is diverted from its course
and earried through a funnel almost six miles Jong, pourmyg inio
the Uncompahgre Valley, where it iz used to irrigate 110,000 seres,

(L) Reservoirs.—ln many places in the arid regious ol this
and other countries dams have heen built across gorges or narrow
valleys, producing lakes or reservoirs whose water s used in the
irrigation of tillalle Tand farther down the valley,  lu this way
the rains and snows of winter. which would otherwise he lost, are
held Tor the use of crops at a time when the water of the stream
is entirely ins ullulnm for \In- purpuse.The Roosevelt dann aeross
the Nalt River in - wul ilTusteation (e 115y, Here
sullicient water i Fricating 219,000 aer This damn,
curved upstream, is 281 feet high and 910 feet Jong, with a thick-
ness at its base of 168 feet wind 20 feet at the fop. 1 forms a lake
or reservoir 25 miles long and from one fo {wo miles wide and con-
taing 1,367,000 acre-feet of water, Many similar svstems have heen
constructed by the government, or are under way, that will irrigate
from 10,000 to 225000 geres cach, making a tofal of aver 3,000,000
acres irrigated by these projects (Fig 1163

(e) Pumping from Some Subterranean Supply.—In some
localities in arid regionz extensive undergrowind rexervoirs of water
accur sufficiently near the surface to he pumped far irrigation pur-
poses.  In other regions artesian wells wmay furnizh a bountiful
supply.  Where irrigation is praciiced in humid regions pumping is
the usual method.  The rice fields of Arkansas and Louisiana are
irrigated in this wayv.

(d) Pumping from Streams or Canals.—In Egvpi. India,
China and Japan much of the water for irrigation is pumped on the
land by means of hand or fooi power.  Sometimes cattle or donkeye
arc used for this purpose.

Preparation of the Land for Irrigation.—Tle firsi step in
preparing the land for irrigation is the removal of {he vegetation
(Mg, 117).  The character of this varies with the amount of rain-
fall from stunted grass, sage hrush, greasewood, and mesquite to
the remains of heavy forests. The cost of clearing varies frow two to
five dollars per acre for most lands fo as much as one hundred and
fiftv dollarz per acre for forests.  After the vegetation is removed
the land must be graded so that the water may he uniformly ap-
plied. Many tracts are so flat that very little grading is necessary.
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Fra. 116.

Arizon
1t

Fra. 115.—Roosevelt Dam, Salt River. (U, 8. Reclumution Service.)
Fra. 116.—Granite Recf Diversion Dam River Project, Atizona, (U. 8. Reclamation
Servire )
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ht elevations to

sually there are depressions to e filled or shg
The oliject is nat to level the land. but to reduoee

he removed.

Fra, 117,

Fia. 118
Fra. 117.—Desert lands and Homestesd, FHuntley Project, Montana.
Bervice.)
freld, Minidoka Proj Jdako.  Yield G0 bushels per aere. [A65
R

celamation Serviee)

(7. 8. Reclamation

Fia.
it to a uniform glope so that water will gpread over it uniformiy

(Pig. 118).
Character of Water Used for Irrigation.—[n humid regions
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the water of streams carries but Htile soluble material, but in wrid
and sewi-arid regions, where the grear necessite lor irrigation
exists, both soil and water muy contain alkali in considerable abun-
danee. While the exeess of alkali in irrigated lands is Jue usually
to the salts in the soil, vet it is in many cases due in part, and some-
times whollv, 1o the =alinity of the water which is being used for
i tion, Phe salis thus carried accumulate in the soil, prro-
g overy injurious vesults, Forty grains of salts per gallon is
usually assigned as the limie for irrigation waters,  This, however,
depends npon the character of the substances in solution.  In Cali-
fornia the limit les in all cases helow 70 grains. The danger of
using irrigation witer comtaining considerable s
largely upon the drainage of the land irrigated or the methads of

duein

ts depends very

tecimulation,

preventing the

Nuspended Mattvr in River Walirs?

Hiver

[ Minimuni | Maxinum

Belle Four t le e ! nl)l(‘])l South ])ll\nl 1.
Bighorn, at Fort Cu Montana, .
Colorado, af Yuma, Arizom ...

Red, at Mangun, Oklahoma .
Gunnison, at Whitewater, Coloradn. ..
Pecos, ut Carlsbud, New Mexieo
Pecos, at Dayton, New Mexwen. .
Rio Grande, at Bl Puso, Tevas .. ... .
Salt, at Roosevelt, Arisona ... . ... i
North Platte, at Larnmic, Wyoming . . . . 62 3,450

tion CArry more

Many streams whose waters are used [or irrig
or less material in suspension which hecomes a very important factor
i maintaining the fertility of the o "Fhe anonnt of sediment
carried in suspension by varjous streams is given in the above
table.

Composition of River Sediments.—Many river sediments have
Leen analyzed in the United States. in Lurope, and in Bgypt, The
results show that river muds are somewhat richer in the essential
plant food clements than the ordinary fortile soils from which the
water comes. It has been estimated by Foybes that the market
value of the fertilizing constituents in three samples of Salt River
nud, ta the acre-foot of water, varied from $7.98 to $25.51.5 When
the fertilizing value of these sediments ix considered in connection
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with the value of the dissolved waterials, one of the great advantages
of irpigation = nade evident. By this addition of plant food from
Sedr Lo yedr eropping may continue idetinitely without depleting
the s0il. Some streaans are exceptions to this rule, lowever,

Time of Irrigation.—I'he irrigation of crops may take place at
various times, depending upou the crop prown aml the object to
be accomplished,  Theoretically the =il should he supplivd with
Just suflicient water 1o maintain optimum cowditions Tor grawth
and maturity. This is acondition 1o be desived, whether ever at-
tained or not s however, this is rarely possibles sivee the supple of
water frequently runs so low that during part of the growing
season it is not adequate for the purpose.

Irrigation nuay be done cither when the crop is not growing, in
the fall, winter or early spring, or when the erop is growing during
the summer. Tu the former case the olijeet is to obtain the water
when the demand for it is not g0 great and stare it in the soil Tor
n. It may be done immedintely after harvest and
from then till spring. Winter irrigation is not advisable when the
soil is frozen, as much of the water may be lost, buf where the win-
ters are mild it may be practiced to good advantage.

Alfalfa and wheat <hould not he flooded during the winter in
cold clinmates.

Irrigation water ay he applied early in the spring to save some
of the water of the spring floods caused hy the melting snows of
the mountains.  This would be largely lost unless reservoirs have
heen built to store it for summer use.  The fime and requeney of
irrigation depend upon the erop.  In Arizona orchards receiving
fall and winter irrigations have produced well without any further
application of water. Alfalfa should he irrigated several times, a
few days before cutting and again soon after the crop has heen
harvested.  Wheat and other small grains, beans and peas if planted
i a soil well filled with moisture need little or no irrigation till
fluwering time. This permits a good root system to develop.  Farly
irrigation lessens the proportion of grain to straw.

Amount of Water to Apply.—As a general rule the more
water that Ix applied to a soil, within practical liniits, the larger
amount of drv matter it produces. The problem is not to go beyond
the paint of mest profitable returns. This point has not vet heen
determined. Tt is very difficnlt of determinatiori, since it varies
with the evop. the soil. rainfall and other conditions.

Tsually more water is applied than is necessary and certainly

use the nest se

a



LMENT

ND MANAG

SlCs A

SOIL 1'ily

64

sus w00 uj }

BUM €100 U] 4

Z]1

00 0¢ OOk 7 00°CE 000k

§41
rog - [eoy
0828 01£2
AT )

|

¢ 430 4 :::cE.t\ JU sayuIng) buy

DA YR DY o] spuno ] ul SR hac] fo sppotg

© agaw aad sponsng wr ppi ﬂ
1 Jo your sad pjaig

SO0 0]
2u08 1ad guoy wl plar g
S worpea joyaut 2ad ppt g

1p jo ppRIk 30,
;E.: [los puv f[rjul

2198 Jad s[pysnq ut pory
UL JO ot 2ack pai g
dojjuie A1p jo pRis o,
) 40yBAL [LOS PUR [[BJUIBY]
o)y
010u xl soysnq uy po! w

:m

u .CL S{OUSNC| ur p[arg
out ‘_c; Ea T




IRRIGATION 2065

more than is ceonomival. dnothe tble the additional amonnts of
water applied gave an increase in the total dry matter produced,
yeb the dperease of ey matter per acre-ineh of water decreased.
The inerease obtained was not always profitable,  Tewill he noted
that the yicld of wheat
of water we

Nohushels per aere where five inches
applicd. while 7.5 inches gave a vield of 115 bushels,
oraninerease of LS bushels per acresineh, When

25 inches more
0.8 Lushel per acre-inche wnd when five

were dadded the increase w

inches more were applicd the inerease was 04 bushel per aere-ineh.

The next fen inches gave less than ope-tenth of a bushel inerease
per acre-inch. It i< very evident that the point of profitable appli-
cation of water has heen passed.

The Producing Power of 30 Aere-fuches Whon Applied to Diffecent Areas
of Latred !

30 Acre-inebes sproad over

One acre neres
Crop 30 inches 5 inches
deep deep
Wheat: | |
Grain, bushels . .. 47.51 91.42 130.59 166G 16 226,86
Straw, pouads . . 4533 7008 | 10356 15204 oG
Corn. - ‘
Grain, busbels ... . 7.2 IRTSG
Stover, pounds. .. 10390 16358
Timothy: ‘
Hoy, pounds........ . 6054 0 7688117391l
Sugar beets* |
Tons... ... ... |20082, 3890 ‘ 5380 GLSE 820
Potatoe | 5 |
Bushels. .. .. 195 | 373 456 5H 691
Alfalfa: ! |
Hay, pounds R840 15003 26653

The one ohject fo he kept in mind in irrigation is to grow the
masinium amount of dry matter with an acre-inch of water. [x-
periments show that 10 to 20 inches is the most practicable amount
to apply. Larger amounts Jower the quality of the grain and do not
give proportionate inereasvs.

The above table shows the value of small applications over more
oxtensive arcas in comparison to the same application on smaller
areqas.
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Returns from Sugar Beets Where 30 Acre-Inches are Distributed Over Different
Arcas

- . Inches of | Yield of | Total
30 nfr:n:l‘_ff""l water on beels per | vield of
spread OVEr (wons) heets (tons)

| Price Groxs Net

per ton | returps |

1 acre ().00 8105 £§60 | 843
2 acres. . ... 5.0 | 195 120 75
3acres.....| 10.0 | 280 150 100

7.5 325 2100 55

4:1L'rr~s.....‘ 75 ‘

From the above table it will he seen that 30 acre-inches spread
aver three acres gives the greatest net returns, The results of the
Utali Station indicate that where the annual rainfall = 12 to 13
mches an application of 10 1o 20 inches is suflicient for ordinary
crops, and the best amount lies near the lesser quantity, Tiec I 1L
Newell is of the opinion that 12 acre-sinches is suflicient fo produce
goad eropg of all Kinds exeept alfalla and a few other similar erops.

Loss of Water from Canals.—It is evervwhere agreed that a
very large part of The water diverted from streams ix Jost before it
reaches the place whore it s to be applied o the land, Tt is esti-
mated that 3.7 per vent of the water is lost for each mile of canal
throueh which it is carvied. This means that all the water would
he tort o 17 miles. The Joss is raused hy evaporation and seepage.
The canals pass over all kinds of soil, hoth porous and impervious.
Large amonnts are lost where the canal passes over gravelly or
sandy soil. This seepage water not only does very little good, but
in many casex does much harm by causing the water tahle to rise
injuriously near the surface and also brings up the alkali.  Some
expedients are used to diminish this logs.  The soil is sometimes
puddled by dragging chains in the bottom of the eanals (Fig. 119),
thus rendering the soil less pervious. The bottom and sides of
canals are sometimes covered with erude oil to lessen leakage.  The
large canals are sometimes lined with concrete (Fig. 114). which
limits the loss to the evaporation. Tven fine soil constituents, such
as clav or silt, have been used for lining the canals to render them
Jess pervious,  This is accomplished in part by the sediment carried
by water.

Tt is estimated that in India the loss is from 20 to V5 per cent
from the canals. The iuvestigations of the Department of Agri-
culfure in this country show that nearly 60 per cent of the water is
lost between the head gates and the laterals and a considerable por-
tion of the remaining 40 per cent is lost before it reaches the land
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to be irrigated.  Fortier savs that less than one-third of the water
diverted from the streams is actually used hy the crops,

The Duty of Water.—" The duty of water.” a term long since
catned, means the quantity of water needed fo mature crops. It
may be expressed in varions ways. Sometimes the duty of waler
i~ expressed as the number of pounds of water reguired to produce
onte pornd of the dry matter of the crop: under other conditions,
as the depth of water over the field required during the growing
scason o produce the erap,

More commaonly, however, the duty of water ix expressed as the
uumber of acres that muy be ireigated by a definite quantity of
water, sav a sceond-foot, flowing continuously throngh the growing
season® A second-foot of water means that o cubic foot of water i

e =

Fia. 119.—Chains for puddling the mud of tapals to prevent scepage.

delivered cach second and may be easily reduced fo acye-feet or acre-
inches. since at this rate an acre-inch will be delivered cach hour.
The absolule dutv of water is the tota) amount that the crop
erves by drrigation, by rainfall, and that coptained in the soil.
1t is expressed as acre-inches. The nel duty of water is the amount
actually delivered fo the farmer through Lis head-gate,

One second-foot serses fo irrigate from 25 fto over 300 acres
during the growing season. An average i from 75 to 100 acres.  Tf
the aereage irrigated by a second-foot i small. the duty of water is
low, while if the acreage iz large the duty iz high.

The duty of water varies with several factors: (1) The rainfall
virias in irrigated reaions from almost nothing to 30 or 40 inches.
The acreage irricated by a second-foot will necessarily vary with
the rainfall.  (2) Soils that are qunite porons will require more
water for the ¢rop than the less pervions nnes. since much will
he lost by pereolation.  Tven hardpan soils require more water than
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those of unilorm texture. (%) Different crops require different
amounts of water, Forage crops, especially alfulfa, vequire more
water than cereals. (4y .\ Tertile soil requires less water than a
run-down sotl,  (3) The amount of water required depends to some
extent npon the amount ol water applied and the means taken fo
conserye it

Duty of Water in Different Countries.—Trrigation i~ pruc-
ticed on all continents, The daty of water in Feovpt is 115 aeres
for cotton ad other dey crops and 60 acres for rice. This is for an
irrigation period of 75 days. Inosouthern Africa. where the annual

120 —Rectangular weir.

rainfall is [rom 20 {o 335 inches, the duty of water is, for vegetables
10 1o 150 acr for cercals 140 1w 200 yer for sugar cape 50 to
3o oaeres. In India the duty from June to October is 80 fo 1570
aeres, while from Nevember fo March it is 90 o 200 acres. Under
als 160 acres have been adopted as the vormal duty.

urope the duty is somewhat higher than in most countries,
for Spain is 172 acres,
39 acres. Investigations

Kol

In
hecause of higher rainfall. The aver;
“while that for France, Spain and Ttaly is
in Norih America show that the duty of water is about 100 acres
for an irrigation seasou of 90 days.

Measurement and Distribution of Water.—Since water is a
thing of such great value in irrigation, its measurement hecomes 2
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necessity to profect the farmer who is the purchaser or consumer
and the company that furnishes the water.  Many devices have been
used, but the most common wiud most satisfactory is the weir or
overfall (Fieo 12000 The weir should be installed where the canal
is long, straight and level, .\ box is placed in the canal <o that all
water must flow through it A hoard with a notel i placed in the

box and across the stream. This notel may he several inclies or even

Fto. 121 —Trupezvidst or Gippoleuti weir, showing method of dividing the stream.  (Uinh
Agricultursl Experunent Station

severa) feet long and the depth of water flowing through this may

be easily measured and the total amount determined from a table.

These notches may be either rectangular, trapezoidal, or triangular.

The trapezoidal is coming into most general use,

For purposes of distribution to different laterals the streams
are frequently divided at the overfall hy placing a hoard with a
sharp edge so as to separate the stream into fwo or mare parts (Fig.
121). Tach part is then conducted off in a separate lateral to the
region desired.
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Methods of Irrigation.—'I'he manner of applyving water to
soils determines ooa Lhuge extent the influeuce it has hoth upon
the plant and soil as well as the effectiveness of the water itself.
ation are [o]lowed.
flooding and furrowing, cach of which has it advantages under
certain conditions,  The determining factors are (1) the character
head.”

In arid regions two general systems of i

of the soil. (2 the amount of water per unit of fime or
() the contonre or Lay of the buodaned (0 the kind of erop,
(a) Flooding.—\ common method for applying water is by

i 1 s T

F1o. 122.—Basin or check system nf irrigating orchards. Principles of Irrigation-Practice,
Widtsoe. (Courtesy Macmillan Company.;

flooding the entire area, This requires that the land shall be prac-
tically flat and the soil one that does not erode badly nor bake
upon dryving. Fleavy soils are best adapted to this method, so that
when the large volume of water is turned on the soil will not wash.
If the volume of water is too small it will sink into the =oil hefore it
veaches the other side of the field. Alfalfa, pasture and meadow
land and wheat and other small grains may be successfully irrigated
in this way. Three principal modifications of this method are
flooding closed fields. flooding open fields and basin flooding.  The
closed-field flooding or check flooding, as it is sometimes called, is
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where a levee or dike is built avound the ficld and into which the
water is turned and left Gl it 1= all absorbed. This s o common
practice in China and Japan.  Tu open field flooding a canvas dam
is placed in the diteh and the water {oreed to run over the hunks
of the diteh into the field. A woderate slope permits it to run
slowly over the field where the surplus water runs into another
ditel at the lower side.

Basin flooding is praciiced in orchards, the levee being thrown
up so as to occupy the space allotted fo cach tree. The water ix al-
lowed to enter the enclosure and feft G it is absorbed (i, 122),
Dirt is piled aronnd the laze of the tree =0 the bark will not get
wet. This method is gradually passing out of nse.

Fic. 123.—Irrigating potatoes by furrows. L. S. Reclamation Service.

(b) Furrow Irrigation.—Tle furrow method of irrigation is
ouc of the most common and for most conditions one of the hest
micthods practiced.  Small furrows lead from the supply ditel and
the water ig absorbed by the soil (199 123y, The furrows are from
five to ten inches deep and from three {o eight Teet apart, the dis-
tance depending upon the soil and the crop. By this method the
ircigator may contre. the quantity of water and a comparatively
small anount may be spread vver a large area of land. Only a
small amount of the soil becomes wet, so that injury from puddling
is not iraminent. The furrows may soon he covered and thus reduce
nvaporation, preventing or retarding the rise of alkali. Tt is very
Qifficult to ohtain uniform distribution. due to the difference in the
absorhing power of the soil or length of furrow or both.  This



272 SOIL PHYSICS AND MANAGEMENT

nmiethed s specially adapted fo inter-ti)]ed crops, such as corn and
potutoes, and is used extensively for cereals, alfalfa, and orchards,

(¢) Sub-Irrigation.—The method of sub-irrigation is prac-
ticed only (o a very limited extent because of the great initial cost
nutking it almost prohibitive.  Iron, conerete or wooden pipes may
be used. hut digging the trenches for placing these is expensive.
The roots clog the openings and in time impair the usefulness of
the system,

A Jorm ol natural sub-ivrigation is practiced in the West where

T T R T T R T T Ty

F1a. 124.—Method of irfgetiog by overhead spravs. Adapted to emsll {ruits aod
vegetables in hu ureas. {Fortier's Use of Water in lrnmtmu) (Courtesy MeGruw-
Hill Book Company.)

the =oil s sufliciently porous <o that no underground pipes are
necessars. Former drrigation has brought the waler table near
{he surface, and now the ohject ta he accomplished is to keep the
water table sutliciently near the surface so that capillary water from
i will supply the eropa An impervions stratum is necessary at a
depth of a few feel. A tract of 60.000 acres is irrigated in this way in
the upper Snake River Valley, Tdaho. Tarts of the Qan Luis Valley,
Colorado, are irrigated in the same manner. The ditches are from
50 to 250 feet apart.

(d) Surface Sprinkling and Overhead Sprays.—This method
is adapted only {o small areas and is one of the most expensive as
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well as ineffective ways of applying water. 1t is distributed under

ssure throwgle pipes. the water escapiig by weans ol nozzles or
by small openings. Tt is usal priseipally o supplement the rain-
fall (I

A48 ves

124) i humid regions swhere crops of bigh value, suely

tables and small fruits, are growi Usaally the application
uflicient to penetrate only toa slight depth, ienee it soon evapo-
vites. T has a tendeney to produce shallow rooting of the plants,
The wethod has the advantage of casy control, littde waste Tand,

il ay be used o very uneven Ll
Cultivation After Irrigation.—Wlere possible the irriguted
land should he cultivated as soon as the soil is in proper condition,

The foss by evaporation fullowing iy ton 1= enormaus, espeeially

cenongh to shade i Tohe U

where no crop is on the land la
Station found that where Tand was not cultivated il seven days
after irrigation the loss of water hy evaporation wis 143 inches ar
164 tonz per acre, while T days gave a oss of 193 fnches or 219
The

1ees,

nehes or 305 ton:

tons per acre, and 21 days gave a loss of 2

cultivation should he as deep as possible apder the eirenns
As the result of an experbment w loss of L35 inehes occurred in
28 days where there was no maleh, When o liver of dry genudar
soil three inches thick was placed upou the surfaee the evaporation
was reduced to 038 of an inch or 577 per cent, whilie a ten-ineh
nlch practically stopped evaporation.

Crops for Irrigated Lands.—I'ractically all crops adapied to
the climate will grow under irrigation.  Some require more water
thau others, but this is easily adjusted by the applications of water,
(Fig. 125.)

Cereals.—WW/eat.—The best
While it 2 primarily a crop for dry
well when irrigated and is a good erop to fit in with rotations nsed
on irrigated lands, and is grown guite éxtensively. The amount of
water required by wheat depends upon the pervionsness of the soil,
hut in a deep, fertile. well-tilled soil 12 inches will he saflicient.
The Utah Station found that an application of 7.5 inches of water
gave 11.5 hushels, 10 inches gave 43.5 bushelg, and 15 inches gave

tion is wheat,

under irr
and agriculture, vet it yields

45.7 bushels per acre.

Oats.—The growing of oats on irvigated Jand probably will
never hecome very extensjve. although it will be vsed to some extent
{0 give variety it rofations. Tt produces well and requires about {he
same amount of water as wheaf.

Barley—The harlev crop is a valuahle one under irrigation.
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peoducing well aud requiring a less amount of water than other
cervads. After an application of 7.5 inches of water little inerease
was obtained with more.  The harley produced under irrigation is
of Letter guality than that produced on dry land.

Fra. 120,

Fia. 126.
Fa. Mallin Ranch, Salt River Project, Arizona. ] U 8. Reclamation
¥ic. lalfa ficld.  Yuwma Project, Arizons Servi

Corn produces more dry matter in proportion to the water
applied than almost any other crop. 11 iz not yet grown exten-
sively under drrigation. but its avea is increasing, especiallv in
regivns where stock raising is a promivent industry. Tt has a
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Jonger irrigation period than small grains thercdore rogunes more
wuter. Cultivation alter cach irrigation i sery essential. - An appli-
cation ol 25 inches gave 9900 hushels per acre ar the Crali Stton.

i
ditions, but irvigation or looding is necessary The check svstem i=
used.  Levees are thrown ap sutliciently high to retain a layer of
witter toa depth of three to ten inch The water is nearly always
applied by pumping from wells or canals.

Forage Crops.—.1/fu/fa ix not only the most importaut erop for
It t the most valuable ol all crops grown
under ireigation (Pig 12600 s value s enhaneed by the [act that
it is a nitrogen matherer anl actaally builds up the =oil during its
wrowth, )

Water may be applicd by furrows, flooding, or hy checking.
When water iz abundant flooding is the method used. 1§ the soil
bakes or tends 1o run together, the furrow method is preferable. In

ce is o crop that ds grown under humid, semi-tropical con-

forage purposes,

this case the Tand 1= marked off or furrowed immediately after seed-
ing and the Turrows become permanent. Alfalla vequires somewhal
alss and I8 to 21 inches shonld be applied.
Fortier found that 30 acre-inches applicd o one acre producel
T4 400 peunds of T
applied to five acres G4,100 pounids were produced.

11 seed s to be produced but linde water should Tie applied 1o
the growth that is to produce the seed.

more water than cer

while when the sime amount of water was

Other Farage ! raps—Tiwalhy, ovchard grass and brome grass
are crops that thrive under irrigation. hut are very inferior to
alfalfa in this respect.  Clover does well under irrigation, hut pro-
duces much less hay than alfalfa.

The sugar beet is ane of the most profitable of irrigated erops.
1t prefers a deep clay loam soil and dry summers. Three to five
irrigations are suflicient and on some =oils only two are deemed
necessary,  From four to six inches are applied at each irrigation.

Potatoes are a very important crop on irrigated land.  Their
water requirements are somewhat like sugar beets. The furrow
mcthod is practiced,  Fifteen to twenty-four inches of water should
e sufficient.

Peas, beans, melons, tomatoes, onions. cotton, and nanv
other crops may he grown very successfully under irrization.

Fruits of nearly al] kinds mav be grown where climatic con-
ditions are right.

Irrigation in Hurmid Climates.—An annual precipitation of
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S inches or more gives suflicient woisture for producing fair crops
ol nearly all Kinds if the rainfall i= distributed properly. Drouthy
prrids are quite common. At Columbia, 8. C. 62 fifteen-lay
periods with loss than one ineh of rainfall during the mrowin
ason April pe Octoher, vecurred from T00=T008 Nt Vinelad,
at Oshikoslio Wis 27 periodsand at Ames. Towa,

JooG ].<-,-im|\

23 similar pertods ovcarred during the same times At the Hlinois

Stution (ron IHOG=1915 there were 19 periods of ddronth 15 days
long, while 16 were ore than 25 days and six more than 30 days
in Jength.

While this uneven distribution indieates that irrigation might
b practived Juring some years with profit, it is very doubtful, how-
ever, whether it will ever be profitable for the ordinary cereals.

four-year rotation ™ of corn, oats, and clover was Tollowed on hrown
st fnamg the commuon pradvie soil of the eorn helr, for 10 vears,
Without irrigatien a ten-year wverage vield was 43.5 hushels, while
awljoining plots, irrigated when necessary, gave a vield of 9.9
bushels per acrecan inerease of 6.4 hushels. During the dry seasons
of 1411 1913 and 1911 the vield of vorn averaged 32,3 bushels
without and 30,8 bushels with irmgation, an increase of 155 bushels,
Fxen with this large increase for dry seasons the average increase
is insuffcient to pay for irrigation.

Irrigation of truck and some froit erops, without doubt. could
he practicod profitably.and i general the more valuahle the crap
the more profitable i ttion becomes. Strawherries and  bush
fruits respond well to irrigation, hoth with a finer quality of fruit
and a lonzer fraiting period.

QUESTIONS

! Upon what factors does the profit from irrigation depend?

20 Why is the brrigable area so Jimited

3. Look up some of the projecis given in the table on page 257,

4. What are the sources of irvigation water?

A What preparation is necessary before the land can le irrigated

6. Why should not saline water be used for irrigation?

7. Is U sediment earried in suspension detrimental or not® ]
ficial, why ¥

S, What are the advantages and disadvantages of irrigation when {he
crop s not growing?

9. May too much water he used in jrrigation?

it is meant by the ** duty of water "7

11. What is a second-fout of water?

12, What is the absolute duty of water?- How is it expressed?

3. How much will a second-foot irrigate?

14. What causes this variation?

bene-
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V5. How mneh water shonld be applied fo a0 crop
16, Nudy careiully the proportionate inerease ot yield for ivereased appli-
ention of water in the table un page

17, Compare the yield per acre whe re
S inches, Did the large

CHow s water lost from the ution (u||<|l.~’

- What s the sigmificanee of this loss

20, How s this Toss prevented s

210 Hlow is the water measpred »

What are the advantages and ohijections to surface sprinkling

\\'h.ll i check-floading

Give slyantages of furrow irrig

Why shonjd the irrimted Tad T

26, Under what conditions is irr

inches were applicd with that wr

Jon.
eultivated soon after irvigation”
tion 1 humad elims

s profitable?
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ALKALI LANDS AND THEIR RECLAMATION

Ao lands ave found inall regions of deficient rainfall. They
usually oceur where the ramtall is less than 20 inehes, but in lodia
alkali Buds exist even with arainfall of 28 jnches. The effectives
ness of rainfall moremoving alkali depends upon its clhwracter. 17
the rainfall comes in very heavy showers, as i< the ease in India,
much will run off 1he =urface without entering the soil, and lenve
will do Tittle voward removing the alkadi. X small rainfall comine
ax gentle showers so that it will enter the soil will he more effective.

The effect, oo, of the vainfall depends somewhat upon the char-
acter of the soil. - Rainfall will penetrate a loose, sandy loam soil
much more readily than a clay.  Henee, under the sume rainfall a
clay soil or a clay loam soil mav contain alkali, while the sandy loam
or sand would be free Trom it. The amount of evaporation, too.
plays a somewhat important part in the amount present. TUnder
conditious of great evaporation the alkali may be brought to the sar-
face, while with less evaporation, as in o more northern elimate, the
alkali would not he fronhlesome at all.

Alkali does not usually occur in hill lands, although in small
level vallevs among hills alkali may e found in considerable
amounts. 1t oveurs abundanmly in level uplands if the drainage is
in any way interfercd with.  Alluvial Tands frequently contain
alkali, due to seepage from the upland and also from the water of

the stream.

The Origin of Alkali—In the decomposition of Tocks and the
further decamposition of soil material. many soluble substavces are
formed which mayx not be leached out by the small rainfall of the
region hut may he brought to the surface by capillary movement.
Many of the stratified rocks confained mucl salt, due to the fact
that they-were formed in salt or brackish waters. When these be-
came dry land the salt was leached out later and carried into tem-
porary lakes. This accumulation continued and wltimately the
lake became dry and a deposit of alkali was left (Fig. 127). Salt
springs sometimes oceur, the waters of which carry considerahle
amounts of alkali into depressions, where they may accumulate in
Jarge quantities. Whatever the source of the alkali. its existence

218
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is wsually due to climatic comlitions. T narally resulis from a
rainfall insnfficient to varry soluble material out of the soil, which
ultimately hecomes <o lmpregnaterd with 1t as to be unproduc-
tive (Fig 128).

Fro. 128 —Alkali sres showing the mbsence of vegetation. (U S. Dept. af Agricalture
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Kinds of Alkali—'I'lic alkalies of arid regions are commaonly
elassifivd as black, white, and brown, The black cousists of forms of
sadium carbonate, which owe their name 1o the color produeed by

the solution of orgunic watier and s deposition an soil particles
durimg evaporation,  There are at least 1wo fornis of sodium car-
hovate ineluded in the black alkali, the hicarbonate (ITNaC0O ) and
the normal carbonate (N0,

I'he white alkalies are composzed mainly of common <altt (Nacn)
and sodimm <ulfate ( NaSO )L fogether with some nmgnesiung sul-
fate (MasO0) 0 potassium chloride (KCH L magnesiim chloride
(MgCLY and snuall anounts of wany others. The hrown alkali
consists of it
ing quantities.  Different alkalies usually oceur as mixtures in
various and mdetinite proportions. .\ careful study of the Tollow-
ing table shows this Tact. Thar [rom Kernocounty, nwmler one,
contains =odinm =ulfate principally, hut with some potassium sul-
fate: number two, sodiwm =ulfate and chloride with some nitrate:
nunther theee contains sodinm and potassiune carhonate or hlack
alkali Largelv s while Tour is a mixture of sodinm sulfate, chloride,
carbonate, and nitrate,

ex. whicl are found only oceasionally in damag-

Percontage Com position of Some Typical Alkali Salts ' (Hilgard)

Kern Tulare
County, County,
Culifornin California

Potash . B

1.34
4.07

Sili e ..
Organic matter and water

The amount of the different kinds of alkali is not constant, hut
changes from week to week.

Effect on Physical Condition of the Soil.—The black alkali
defloceulates the soil. producing a puddled condition due to the
solution of the orzanic matter. A vers close rearrangement of the
particies occurs Ly which the soil becoraes impervious to water and
practically untiflable. This closer arrangement -of particles de-
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creases the volume, producing a shght depression m whieh water is
fikely to stand. It also temds 1o form tough and inpervions strata
at duferent depths in the =il

The white alkalivs have no fnjurious .l!u\ on the =il hut, on
the ather hand, tend 1o prodoce o grnmdar claracter that s very
fivorabie o tilih.

Vertical and Horizontal Distribution.~— 1 distribution ol
alhali safts 4= very irregulie, hoth fncamount and Kind. "Phe Toflow-
ing table gives the vertical dizteibntion ooone place, wlich may he
somewhat representative ol most alkali are There is a zone of
greatest concentration at about the depl of annnal pereolation.
Thiz zone s moved downward slichily Ty the winter sl spring
rains and = hraugh upward by <unmmer
it will be neaver the surface than in permeable ones,

il

aporation. In heavy soils

Vertical Distributivn of Allali Pofore and After Trerigation at Variows Depths,
Tulare, California.  Powsds per Aere ilgard 2y

Bare land, irrie

Nul sl unirrieated
atural sail. i e, e

September, ISO3 May, 1895

30 to 36 inches
36 to 42 inches. .. ... ... |
42 to 48 inches

Oto 6 inches | 420
610 12inches ... 440
12to IS inches . ....... 1710
I8 to 2 inches .. ... ...
24 to 30 inches ‘
I

lN‘l

The wmoant of alkali inan area or even in a small field varies
almost jufinitely. 11 secms to move from place to place, so that an
area. with abundant alkali max in <hort time, perhaps not over a
week or two, have much le The kind of alkali varies even more
than the quantity. A spot of black alkali may change to white, and
vice versa.  Low places in Irrigated land will usnally contain most
alkali, and are frequentiy called alkali marshes.

Effect of Irrigation on Rise of Alkali.—The tendency of irri-
gation is to increase the amounf of evaporation from the surface
of the soil. The water applied enters the soil, dissolves the salts and
carries them downward, When evaporation hegins the water moves
upward, carrving the salts with it and depositing them at the sur-
face. The effect of successive irrigations and the excessive evapora-
tion that follows is to transfer large quantities of salts to the sur-
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face fool of soil. This ix spoken of as the = rise of alkali ™ and the
effect is 1o ruin the land for ordinary crop The result is well
shown in the table on page 281, where the sur foot comrained
19,760 pounds, while the same depth under natural conditions con-
tained 8GO pounds,

Amount and Composition of Salts in Alkali Spot from Cender ta Cireumforence,
4 Fea Spart and | Fool Decp®

Centerof — Four Eaht Outer
ot

Mineral salts feor

Potassinm sullate
Sodium sulfate
Magnesium sulfate, ..
Sodium chilorid
Sodium earbonate
Sodium phosphate
Sodium nitrate

= through a
rather open soil that permits considerable seep [t is extimated
that 30 per cent of the water taken inoat the headgates is lost by
seepage from the canals themselves and another third is gone hefore
it is used for irrigation.

The irrigation canals and ditches sonetimes pass

This scepage water passes through the soil, dissolving the alkali,
and finally botl water and alkali come to the surface in some slightly
lower place in the field. This alkaline water gives rise to alkal
marshes which, although very small at first, gradually inerease i
size until el of the fand s affected. The ™ rise of alkali ™ has
ruined large amounts of land because of the excessive use of irriga-
tion water.  The desire of farmers to get their © money's worth ™ of
water has hastened their ruin.

Effect of Alkali on Plants.—.\ few plants have become adapted
fo growing where large amonnts of alkali are present and are in-
Jured only when the soil becomes very strongly alkaline. There arc
small local areas where the alkali is <ufficient to kill all vegetation.
A= a general rule, these alkali-resistant plants are not of much eco-
nomic importance,

s a result of this poisoning. cultivated plants are injured io
varving degrees (Fig. 120}, Where the alkali is very strong the
plants show a sickly growth and finally die without fruiting. If
less in amount they mayv become dwarfed and produce rather
scantily.  Affected trees show a scamty leafage with small fruiting.

The external injury done to plants is confined to a narrow zone
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at the surface of the soil or near the root crown. The hark is
turned to a brown or black color Tor about a hall inch and may
asily be peeled ol To other words, the plant has heen * givdled.
I the plant does not dice iv becomes unprofirahle.

The roots are not injured pereeptibly to any depth, as a genera)
rule, bot it is very Hikely that the entive plant is poisoned more or
less. 0 is onlye where common sali is very alundant in the subsoil
thiet the deeper ronts are injured.

Limit for Germination and Growth.—Germinating plants are
st sensitive 1o alkalic henee o comparatively small jinount in the

Highest Amount of Alkali in Which Plants Were Found 1Uvaflected ‘—Arranged
Srom Hghest to Lowesl. Pounds Per Acre Four Feet Deep

Taral
alkali

11,540
;I \\()

Onions
Potatoes
Barley ;
Gluten wheat .

‘ ‘540 1,240
9GO0

young

J),m\ )) aln

surface =oil at that period wmy produce very serious vesults.  As an
illustration. young alfalfa will not stand more than 13.000 pounds
of alkall in the =01l 1o a depth of fonr feet, while old alfalfa wil)
flourish where vearly ten times that amoeunt exists, and this is true
more or less of all plants.

In the growing of certain crops special methods are employed
for reducing the amount of alkali in the surface soil until the plant
becomes old enougly to resizt its effect.  All plants are not equally
injured by the same amount of alkali. Rome will grow and flourish
where others will die. In the case‘of the tussock grass, it will grow
where the =oil to a depth of four feef contains 499,000 pounds of
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alkall, while Tooi op sooo poasds will injare the lemon tree. The
preceding table gives the highest amount of alkali in which plants
were Townd unafVecred.

Asa general rule plants canpot withstaml more than 0. per ceny
af sodinm carlonate or 16000 pownds s deptle of 4 Teet, 0,25 per
cent or 40000 poutnds of sodinme elidoride or common salt, nor
more thay 0.5 per cent or S0000 patnds of sodivm sulfate, 11 the
amownts inerease to any extent beyond these, the plants are very
serionsly injured,

Utilization and Reclamation of Alkali Lands.—'T'he Jarze
exteut and great valne of alkali lands make their utilization anl
reclamation some of the most iportant problems in irrigated
regions,  While w great many methods have heen tried with partial
success, vet the removal of the alkali i the only remedy that will
pernumently reclaim the fand. Ty e well 1o notice some of
the more or less femporary expedients for utilizing these soils,

1. Growing Alkali-Resistant Crops.—All plants are  nof
cqually sensitive to alkali, and the prablem here is to find the crop
of highest value that will he alTeeted Jeast by the salts. The salt
crass and salt bushes grow upder extreme conditions and they are
of considerable value for forage.  Sweet cJover (Meilol) grows
well where alkali is quite abunidant and furnishes very

gond pasture
and [forage when cut carly,  In some places it iz crowding out other
plants. For gaining the requisite knowledge, the Kinds and amounts
of cach alkali must be determined il different erops grown to learn
the effeets of varving quantities of =alt= upon them.  After getting
this information the determination of the alkali of new lands will
give a very good idea of the crops to wrow.  Many plants are most
sensitive to alkali when voung and some special precautions must
be taken in starting them. A= a general rule shallow rooting erops
are more sensitive than the deeper rooting ones, such as alfalfa and
melilot. whose roots extend hevond the zone of greatest concen-
tration.

2. Retarding Evaporation.—Alkali salts do most of their in-
jury when near the surface. They are brought there by the upward
movement and evaporation of water, and anything that will prevent
this will retard the accnmulation of salts in the zone of greatest
injury. This may be done in two ways—by mulehing and shading.
The efficiency of a layer of soil in fine tilth to prevént evaporation
bas alveady heen discussed.  This should be three or four inches




286 SOIL PHYSICS AND MANAGLMENT

deep o be most ceffective (Fig. 1303, This muleh i maiutamed
will prevent excessive capillary movement until the crop s safhi-
ciently large to shade (he ground. The maintenance of the mulch
then hecomes of less importance.  Alfalfa during three-fourths of
the time of i owth Turnishes a very effeetive shade. Evaporation
from <oil of orchards is prevented very materially by the shading of
traw, leaves. sawdust. and manure,

the trees. Artificial mulehes,
may be used, hut are too expensive Tor Jarge areas and only possible
Tor high-priced erops under a very intenzive svstem of agricnlture.

5. Deep Plowing and Turning Under Alkali—The practice

ing evaporation i< sometimes resorted 1o for hringing

of encour
the alkali to the surface wnd then turning under so deeply that it

Pio. 130 —Aa orchard well cultivated preveats the rise of alkali. (U. S. Reclumation
(e

will not rise to the surface until after the voung crap has passed

through its most sensitive stage. By this means alfalfa and other

crops may be started. When the crop attains such =iz that it shades

the xoil and the roots take up the water {rom heneath, comparatively

little mwoisture evaporates from the surface and the alkali is not

carried up to any extent,

4. Neutralizing Black Alkali.—'U'he black alkali when present
i amouunts of one-tenth of a per cent prevents the growing off most
crops. Sodium sulfate may be present in amounts five times as
@reat before it hecomes injurious. By treating the black alkali
spots with gvpsum (land plaster) a chemical reaction takes place
when moisture is present, producing sodium sulfate and calrinm
carbonate. The former is not sufficiently soluble to he njurious,
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while the latter is very heneficial 1o the soil in its puddled coudi-
tion. The reaction is as follows:

Na, (O, 4 CaN0,  Na,80, 4- CaCo,,

The amouni to he apphed depends upon the amount of alkali
present. Twice as much gvpsum as black alkali is needed, hut it is
hest Lo apply 2ot to 400 pounds per acre annually.  Moisture ix
ary for the reaction to fake place. The change in the phy-
sical condition of the soil 1= ax important as the chemical effect. The
impervious soil begins to swell up, beconses porovs and soon the de-
pressed spot is bronght to the general Jevel,

3. Removing the Salts from the Soil.—The removal of the
stz s the only permanent remedy Tor rveclaiming alkali lands,
This is accomplished in several wa

(a) By Seraping—When excessive evaporation has bronght
large quantities of alkali to the surface it may be serapel off with
1wo or three inches of soil and thrown into drain

HIEREEY

s xvslems Hiat
will carry them off the Tand. Large smounts of alkali mav he re-
moved in this way, but this applies to small areas only.

(b} Floading—The alkali may be leacked downward inta the
soi] to a depth of three or four feet by flooding so that the crop may
be temporarily relieved from any danger of injury.  Afttempts huve
been made to wash the salts off the fand, but since they =oak o
the soil as soon as dissolved this is impossible.

(¢) By Cropping.—This method i to produce erops that take
up large amouunts of alkali in their growth which will he removed
with the crop. The Australiau salt bush when matorve contains 20
per cent of ash and vields as much as five fons per acre, A single
crop will rersove approximately a ton of alkali.

(Y Underdrainage—leaching ont the salts through nnder-
drainage is the most practical and permanent remedy that has been
devised. This, of course, requires a thorough drainage system as
complete ag for draining the swamps of humid regions.  After the
drainage svstem is installed, the soil must he flooded to Jeach out
a large per vent of the salts, zo that there will he little danger from
alkali later. This requires a large amount of water, as the flonding
must continue for several months (Fig, 131).  With every irriga-
tion svstem a corresponding underdrainage svstem shonld be in-
stalled to carry off the water from excessive irrigatien and seepage.
which ig largely responsible for the rise of alkali.

To give an idea of the way reclamation is accomplished by
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Jeaching let us consider hrictly the work ona Ju-acve ract reclaimed
near Salt Lake Citye "The soil was badly alleeted by alkaliy there
heing Trom 2.5 1o 5 per cent to s depth of four feet. The salts
were principally sodium chlorid and sodium sulfige, and sinee 0,25
per cent ol the former and 0.5 per cent of the Tatter represent the
upper i of resistinee ol wost Jar crops it will e seen that the
land was worthless,

The work hegan in 1802, the Rurcau of Soils and Utah Station
cobperating.” A svstem of underdrainage was installed. the laterals
being threc-inelr and Tour-ineh tiles, 150 feet apart and placed four
feet deep.  The soil was a sandy and silty Joam from 12 to 18

Fig. 132.—Wheat on reclaimed atkali Jand near Frosno, Cal.  Rerluimed by one yoar of
Bovding with underdrainuge. (U S Dept. Agr

inches deep; the underlying material varied from Leavy lopm fo
clav. The total volume of water used io flooding was 17.896,866
cuhic feet or 10.2 feet deep over the 40 acres. The fotal salts re-
moved in the 8.775.940 cubic feet of drainage water was 10,634,000
pounds of 5317 tons, or ahoni one and one-fourth pounds per cubie
foat of water.  The wmount of alkali in the soil at the heginning
was 6651 tons.  About &0 per cent was removed,

The cost of installing the drainage system was $16.50 per acre,

A 20-gcre tract at Tresno, California, was reclaimed in a similar
way, the cost of installing the drainage svstem being the same as
for the Utah area (Fig. 132). This land had been purchased for
$350 per acre and was alandoned 10 years after its purchase.

19
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Flooding was begun on Marel 1, 19030 and i Noverher, Tons,
allalfa was seeded on three acres, which was cut =iy tinies (he nest

vear, producing a total of 25,000 pounds of alfalfa hay.

Other tract orth Yakima, Washington, Billings, Montana,
amd Tampe, Arizona, were reclaimed. The cost of installing the
drainnge svsiem varied from $21 1o $35 per acre.

Hardpan.—Where hardpan occurs in the subsoil reclamation is
a nmeh more diflicult process. This layer wsually varies in depth
from one to four feet or even more. The comenting material may
be caleinm carbonate, iron compounds or other substances and may
be from a few inchies to several feet in thickness. T some instances
the action of the water is fo disintegrate the hardpan, and where
this occurs little difliculty is caused by i1, Caleinm carbonate some-
fimes acts i this way, Usually this does not ocenr and it hecomes
practically impossible to leach out the alkali because the hardpan
will not permit the water to pass downward.  The alkali may he
leached to the depth of the bardpan, but much of it remaing in this
stratum and soon rises. JI the hardpan is due to black alkali it is
necessary 1o neutralize this with gypsum hefore floading.

Most soils, especially gilt Joams, clay loams, and clays, are
injured more or less by flooding.  The granules are destroved. so
that when the water is removed the soil hakes ar is partly puddled,
and it hecomes necessary to use some means for restoring the tilth.
Thix may be accomplished by turning under a green manure crop
or by an application of farmyard mauure,

Value of Alkali Land.—Alkali lands inclnde some of the most
valuable lands in the West, but more especially those that are
vapable of being irrigated.  They are worthless as thev are. hut
after the alkali is removed they have a very high value. Where
witer ay he had in abundance the cost of reclaiming is not-exces-
sive.  Tn doiug this reclamation work drainage distriets should he
organized similar to those in humid regions for draining swamp
land.  The expense would in this way be reduced to a reasonable
amount” per acre.

Alkali Soils of Humid Regions.—In arcas where the rainfall
would scem fo preclude the possibility of alkali. seils are sometimes
found to contain considerable amounts of soluble material.

Darsey ® speaks of the patehes of alkali at the Marsland Station,
where a ihin Javer of soil showed 1.83 per cent of water-goluble salts.
such as nitrates of ealeinm, magnesium, sodium, and potassium,
togéther with some chlorides and sulfates.
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Small spots a few rods i dianeter oceur i southern Hlinois in
hich the soluble salts form a deposit that looks like a heavy
dliite frost or light snow,  An
t has heen brougdn 1o the surf,

In the glaviated arca of the Middle West alkali soils oceur i
nany Jow, swampy places, usually in small patchies of a few square
ads, but in some cases extend over many acres, During dry spells
shitish inerustations appear on the surface of (he xofl that disap-
war with rains (Fig. 133).  These alkali areas almost alwavs con-

six <hows this to be sodium sulfate.

>y seepage from higher Jand.

soil of humid area,

“eorn plant growing on al

Firo. 133.—A dwarfed bushy or I
She! Iways indications of alkali.

hells are ne

tain large quantities of magnesium carbonate, and when this com-
pound amounts to more thap one per cent eyops such as corn and
aats are badly affected. The corn does not grow well, and where
strongly impregnated with the carbonate is hushy and the blades
turn brown or reddish. If a smaller amount is present the hlades
are striped with vellow. Very little grain iz produced. Oats
make a rank growth, but almost invariably lodge.

Drainage is the ultimate remedy. but the process is slow when
onlv the natural rainfall is depended upou.
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Howeser, for dnmuediately correcting the offeet of the alkali
applications of From 75 to 200 pounds o potassinm salts may be
used when they can be obtaned at regsorhle prices (Figo 184,
Coarse stable nanure s as ellicient as potassinm salts, and even
straw or greent wanure trned ouder Jis acvery benelivial effeet.

QUESTIONS

- What conditions give rvise (o alkali

- Op what Kind of Jands as (o topozraphy s alkali most abindant 7

CWhat is the souree of te alkali salis:

- What is the ullll“«ulll““ al ldaek alkalr?

- What salts constitute the white adkali:

Note effeets ol black alkali npon the soil and organic matier.

. How wmany pounds alkuli in the surface toot of ~oil in cacl colinun
iy the table of pay N

s How do igen R~

9. What are i marshes 7

00 What s the first effect of M”\.l]l on plants

1

>

3

|

)

a rise of wlkali?

- What is the matore of the eftect of alkali wpon trees?
- Is the effect of alkali the swme on all plants?
- What effeet does alknli have on germination

4 Why are shallow rooted erops more affected by alkali®

. What juethods are adopted for proventing evaporation?

G, What means are taken to start crops whose young plants are very
sensitive to alkali?

17, How is black alkali nentyalized ?

I8, What objections to removal of alkali by seraping?

300 Why cannot alkali be washed off of land?

20. How may the Australian salt bush be used to remove wlkali?  Doew
this plant have any value?

. Deseribe the reclamatiom of the Utal tract,

What percentage of the water applicd was carried off by drainage?

Why is a hardpan detrimental in removing alkali?

What is the cffect of flooding on tilth? How muay the condition be

corrected 7

5. What is the importance of reclamation of alkali lands from au economic
standpoint

26. Why do alkali soils ocenr in himid regions?  Uow does the alkali differ

from that of arid resions*

27, What is the suhstance that dees the injury?

28, How is corn affeeted by mammesinm carbonute

20, What are the remedies to he used?

REFERENCES

‘Hnlmrd E. W.. Soils, 1906, pp. 44243
W, Report of California Station, 1894-05,

Bul]otm 5. Bureau of Plant Industry. U, & D. A, Alkzli
of Lho United Qm(ez 1900, pp. 174-194.
*0p. \.lf. p. 157,



CHOAPTER NN

TEMPERATURE

Tue vital funetions of plants require o cerfain temperature for
their hest performamice. Plants may gvow at other temnperatures, but
they wrow most vigorouslyv at the oprimnm temperature, which for
different plants varies {rom S0 g0 100 deayees 1o Below tins growth
diminishes till at about 10 degrees 100t conses Tor most plants. At
feuperatar Vigarous till a
point is reached ar Frone 29 to 1150l Foowhere it practieally
crises, S\ knowledae of the funetions of heat in relation 1o germi-
nation, growth, physieal phenomena, and bacterial activits, and the
means ol its vontrol s of considerable practieal iiportanec fo fhe
agrigultnrist,

The Sources of Soil Heat—1. Direct Radiation from the
Sun.—T'he sun gives ofl hoth light and heat . and some of the
latter. striking the earth, are absorbed. This s the chiel source
of heat.  The amount reconved {rong the =un is enormous.  Lang-
ley gives it as equal to 1,000,000 calories per hour per square
nicter of surface from a vertical sun dnoa clear sky. T all of this
energy were absorbed by the plow
foot jtx temperature would he raised v 205 degrees in an hour,
The soil 1g always radiating heat. consisting of waves of Jower pifeh,
These are casily held by glass ar water vapor, which is fransparent
to waves of higher pitch or vefrangibilivy, Thence the excessive heat
of the glass house and the appressive heat when the air is laden
with moisture in the summer.

The heat received hy anuy part of the carth’s surface from the
sun depends upon the transpareney of the atniosphere to heat.  Dust
particles and water vapor in the atmosphere intereept same, while
dry air, free from dust, absorhs very little.

Comparing the highest temperature reached by a hlackened
thermometer in vacno at Greenwich, Encland. near sea level, and at
Davos, Switzerland, 5400 feet ahove sea level, the temperature at
the Jatter place was 20.1 degrees T higher in November, 36.2 degrees
in Decemher, 37.2 degrees in January, and 24.2 degrees in Feb-
ruary. The ground was continuously covered with snow at Davos.
While more heat is received from the san at high altitude per unit
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wrea, it s radiated into space muel more rapidly because of the
sl amount of vapor in the air 1o hold it

Precipitation.—When warm rain falls upon and penetrates
the cold soi) it carries with it Jarge amounts of heat. This may
growth ol plams after a shower in spring,
cos warmer than the soil would raise the
wee six inehes of soil 4.6 degrees if 10 per

wecount for the rapid
Ao dneli of rain 10 de
temperature of the surf
cent of wmoisture existed 1 the soil 1o hegin with.

Chemical changes in the =oil resuli in the production of
Beat,  This is especially true of all chemical changes v organie
ntter, but particularly =o of green erops and fresh farmyard
manure. The results of some experiments at the Jmperial ‘allege.
Tokio, Japan, with different amounts of manure applied and thor-
oughly mixed with the soil, are given for five-day intervals in the

accompanying table:

Influence of Farmyard Manure on Temperature of Soild  Degrees Fahrenheit
- - = = .

To.n.\’ per uere SE T et ... Nome 10 20 40

Temperature, October 273
Lixcess over unmanured . .
uperature, November 1-5 R H8.5
L\Lr\~ over unmanured. . R .
perature, November 6-10 ... LohT.2
ess over unmanured . B .
Temperature, November 11-15. ... . . 547
Fxcess over unmanured. . .
Average s with manure in hr~! twenty
days

083 LT0

Yo wall be noted that the heavier the application the greater the
inerease i temperaiye.

4. Physical Changes.—When a sl absorhs water its {enpera-
ture i dncereased.  This is true for hoth water vapor and liquid
water, the former producing the highest temperature hoeause of the

Increase in Temperature by Absorption of Water Vapor al 86 Degrees F.
(i// 1)um.u et

Quartzsand . ... ... ... .. ..., LaE. s
Caleium carbonate (prum]ulntm) .....
Keolin. . B
H\’drnled ferric oxide.
Peat... ... P
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latent heat given off during condensation.  The greater the hvgro-
scopic capacity of the soil the higher is the temperature produced,

From the preceding table on page 294 10 will fue seen that peat
and ferric oxide gave the highest temperature, while quartz sand,
with its low hygroscopic capaeity, gave the loast inerease.  In
the next table the inereases are not =0 large.

[nucrease of Temperature by the A pplucation of Liguid Water af 50 Degroes £
0 Degrees COF

1d

Quartz AU
wrhonate (pr

Calejum
Kaolin.. .. . .
Hydrated ferrie oxide

ipitated)

Loss of Heat.—\While the soil iz receiving heat through these
vitrions sources it is losing it in several different wavs,

1. By Radiation.—["hc amount of heat radiated from soilz is
not direct)y alected by their color. The statement js made in
physies that good absorbers are good radiators,  This 1= also true
that the heat lost by radiation and convection by one hody to another
surrounding it is proportional wo the tempermure difference between
the two.  Dark soils are gooil absorbers of the sun's heat, but they
have no tendeney to lose it more rapidly hecnuse of their color, but
beeause they are warmer than poor absorbers or light colored soils,
and at night they all tend to cool to the temperature of the sur-
rounding atmosphere.  Black soils baving absorbed more heat will
have more to radiate, but there is no tendeney for dark soils to
become lower in temperature at night than light-colored ones upder
the same conditions.

In order to determine the effect of color on radiation Bouvoucos
colored white sand and determined the radiation ratio a~ given in
the following tahle:

The Radiatwon Ratio of Different Colored Sands

Colored sand Radintion ratio

Red......
Yellow. ...
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The results seen 1o Tndicate that radiation is slightly better from
white saud, but the dilferenees are <o small that they come within
the experinmental error, and <o the conclusion is reached by the
experimenter that color does nop adleet vadiation, .\ large amount
of the heat vadiated Tronn the sail 1 brought to the surface by con-
duction. Jt i< absorhed during the day and is comducted downward
to a depth of Troneone to twelve inches, A= the temperature of the
air becomes Tower at night the heat o part s condueted back o the
surface and as rvadiated into the aire From Fehroary 1o August
niore heal i eived Iy othie soil thanis radiated from it but during
the rest of the yer radiation is greater fhan absorption. and as a
resull the temperature of the sal js lecoming lower. (See the

T

table, page 307.)

2. By Conduction Downaward Into the Soil.— e process of
conduetion is a very slow one, sooslow thal the soil at a depth of
36 inehes has an average annual range of only 283 degrees ) for a
ten-year average. while atadeptloalone ineh the aver
15,8 degrees. Some of the heat i cotduetald o sueh a depth that i
cannot intnence the growtle of plants inany way and nay be con-

> rize Was

sidered Jost.

5. By Evaporation of Water.—When water is evaporaded large
amounts of heat are carvied away as fatent heat in the vapor,

4. By Convection Currents of Air.—'T'he heated soil warms
the adjacent air, causing it to expand and rise. These carrents of
wardr air are constantly carrving large amounts of heat upward.
The effeet of 1his in comparison to rdintion may he seen by placing
thermometers at equal distances above and on the side of a heated

abject.

Soil Temperature for Vital Functions of Plants.—1. Tem-
perature for Germination.—"Vhe temperature at which ger-
mination {akes place varies with  dilferent classes of  plants,
Slow germination in a cold soil brings about favorable con-
ditions for the action of fungi and hacteria upon the seed which may
feay, Some of our cultivated erops. as corn and heans, are
egpecially susceptible fo injury in this way. This may bring ahout
a Jow percentage of germination and a poor stand results, - Tloth *
found ihat certain seeds, one of which was wheat, would germinate
in a dark cellar on a eake of ice. the rootlets descending into the ice
to a slight depth by melting cvlindrical eavities.  The rootlets of
Norway maple descended into the ice to a depth of 7.5 centimeters.
The next table gives the minimum. aptirum. apd maximum tem-
perature at which germination takes 'ace.
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Minimum, Optimum, and Mazimum Tonperatures for Germination of Varwous
Seeds as Determined by Different Tnvestigalors (Degrees Fahrenheit)

| Mimmum i Optimum [ Masitum
Iy
) : um.p | Hnber- YE faer
Investigntor = Sachs Nacha ng- Suchs 1 Tieg
ks und | Pk | landt [k lndt

41 41 8800 [oou oo

41 41 -88 1041000 100

PO I T T P 54 80 TT-EN 102 100
S & 49 0403 NS T00 115 115 111-122
12 00 771000 . N2odo-111
l‘unup B . S0 T7-88 10N NS- 100
Mustard | coen f 82 s1 - 9 8K 100
Melon S 09 SN-1K T11-122
Pumpkin .. | 100 .. R B 32
Oats ... T NS 100

By consulting the following table it will he scen that we
long ago adapted our agricultural practices to conform in a measure
to the temperature requirements of plants for gertaination.  The
temperatures for growth are very similar to those for germination.

Tume Required for \/qmuuuu of Kadicle at Different 7(”!]1’1‘&’1“’(\ &

Termperatures. .. ... . . .. 407 1. 5190 60° K. 657 I
= —
Rye 4 | 25 | !
Wi G | 1.75
Oat L 7 “ |2
Vetehes . o0 L 6 |2
Alfalfa. 6 2
Red clover. . A ! 1
Beans.. .. ... 7 | 1. 4.25
Mustard. . R 1 0.75
Peas ... ... 0 ... . A [ 1.75 1.75
T e G2 ! 1
Turnip.. 3 |4 2
Sugar heel 22 9 3.75
¢ 3 ‘ 4.5 2
11.25 3.
{ 10.77

11 will be seen from the preceding table that the time for germi-
nation is controlled largely by the temperature and emphasizes tbe
ne(:o.ssit_\' of not seeding until the temperature is high enovgh.

2. Temperature for Growth. — With most plants. and espe-

(mH\ with our cultivated ones, growth does not begin until a tem-
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perature of 40 1o 50 degrees I, the zero point of growth, is reached
by the ol Growth is mest vigorous at from St 1o 90 degrees F.
TIns meaus that the temperature must reach that point during the
day, even if it does [all helow this during the night. The amount
of growth depends upon the proportion of the day that ix above the
zero point of growth or the beat hounrs. 14 will he seerr from the
folfowing table that corn requives a medium high temperature before
growth begins, while melons require a still higher one,

Temperature of Soil fur Growti *

Crops Minimum Optiman Muximuin

..... 419 1. .
Muize . B 40° F. ‘ 03.6° F.
Kidrey besn .. L. - . 49° F. 92,6° F.
Melon' ... L . 63°F. | 914° K.

3. Temperatures Favorable for Osmosis and Diffusion—
Ospuosi> i w0 process upon which germination of seeds and the
crowtl of plants depend. Tle seed coat ix the osmotic membrane.
and the rapidity with which water passes through this depends upou
the temperature. Osmotic pressure s the power that sends the soil
morsture inte the raots of plants. At low temperatures plants may
wilt, amd Sachs found that av 55 degrees F.opumpkin and tobaeco
plants did not receive suflicient moisture {0 compensate for even slow
transpiration.

Diffusion of substances in solution is tnBoenced by rempera-
ture i the same way, being much more rapd at high than low
temperalures.

4. Temperatures for Nitrification. — Our ordinary crops
depend 1o a large exteul upon the activity of hacteria in the soil,
wlueh by means of the process of witrification use the nitrogen iu
the organic matter to produce soluble nitrates. The soil bacteria do
not work to any large extent if the temperature of the soil is below
41 degrees T, nor above 130 degrees F.  They are most active
ut temperatures between 60 and 35 degrees T\

Conditions Affecting Soil Temperature.—1. Specific Heat.
—It is a very interesting ax well as an important fact that the same
amaunt of heat applied to different substances raises the temperature
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unequally.  Of all substances, solid or liquid, water requires {he
greatest amount of heat to change its temperature one degree. T'he
quantity of heat required to change the femperatore of 4 unit mass
of any substance one degree is the specific heat of the substunce.
Water is taken as unity.

Specific Heats of Some Common Substances’

Aluminum ... .. . 0.219 | Lead . L () i()o
Brass . & . 004 Quartz . ... . . .. L0
Copper ... .. . . 00086 . \'i]\‘( B

Glass, .~ . ... 0117 .

Granite .. .. . (l l‘l to 0.20 i /m(

fron. . 19 s Mereury

This means that one pound of iron requires 0,114 us much heat
fo change its temperature one degree as is required by a pound of
water, or that the heat ne ry to effect a change of one degree in
a pound ol water would raise 8.4 pounds of iron one degree, ov one
pound 8.4 degrees,

Dryv soils generally posse
fo 0.3, with an average of 0.215, or. in other words af requires from
one-seventh to one-third as much heat {o raise the femperature of dry
soil one degree as of water.

a low specific heat, varyiug frow 0,15

Specific Heat nf Soil (‘musmumm

\' 7]5[)\1,\'0urn5'
Equal | Equal | Equsl Fqual
welghts \ volumes | weights  volumen
- PO |
{

0.189 | | 0.1929

0.233 | 0.206 \

0.214 \ 0.215

0.477
Ferric ovide. .. 0.163 | !
Calcium carbonate 0.206 ( |

55 - \

Gravel..........,. 0.2045

The figures for peat vary a great deal, because in some cases no
allowance was made for the heat of wetting. The specific heat of
equal volumes may be obtained by multiplving the specific heat of
equal weight by the specific gravity.
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Patten has made determinations of the specific heat of soi} types
ol varions classes as given in the following table:

Kpecific Heat of Soils ( Fqual Weights) ®

Noviolk sand .00 S o o000 00848

36

Hludson Kiver sand. .. .
Fine sand (soil sepuiarer ..
Fine guartz fioar

Coarse sand  Cpariz)

Podunk fine sandy lonm L0828
Leonardtown sift dow. .. RN HEES
Hagerstown Jonm ... NIREUF]
tialvesion cluy L2007

Muck soil, 25 per eent of organic matler. .

Humus has the bighest and sand the lowest specific heat of soil
constitnents. Wet soils require wuch more heat to raise their tem-
perature than dry ones. In case of a dry silt loam whose specific
heat is 0,23 if 20 per cent of moisture is added, its specifie heat will
be raized 1o 0,36, One hundred pounds of dry soil would require the
application of 23 lieat units to raise its temperature one degree,
while the same weight of the wet soil would require 36 heat units.
The latter would warm up mueh more glowly thau the former. The
effect of varying amounts of moisture on the specific heat is here
shown :

Effect af Moisture on Specific [Teat, Podunl: Fine Sandy Loam 10

Maisture content, > Moisture eontent,
per cent of dry Specific heat nt of dry Specific heat

weight weight

2. Evaporation of Water.—'I'lic temperature of soils is lowered
by the evaporation of water from thew. 1 the change from « solid
to a liquid or from a liguid to a vapor heut is required to effect the
change.  Whey the oppusite change takes place lieat is liberated.
When ice melts 80 calories (centimeter-gram svstem). or 144 heat
units (English system), are used in producing the changes in a unit
weight, When water passes into vapor, 537 calories or 966.6 heat
uwix are required, and when condensation takes place this heat is
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liberated.  When water esaporates from a soil, the larger part of
the heat used in the process is taken from the soil. This has a
tendeney to lower the temperatare, and henee wet sotls do not warm
up rapidly {n the spring and are spoken of us * late ™ soi)s, They
heconie warm nllll\' when the greater part of the water lias evaporated
or when properly drained.

If one-half pound of water i evaporated dailly from o squure
foor of soil, 855 heat units or 121390 calories are rogired. (e
larger part of which wauld e when from the soil. 10 all of the heat
necessary for this were taken from a cubic foot of Joam soil having
at apparent specific gravity of 1¥5 and containing 20 per cent of
moisture it would lower the temperature 155 degrees I

Clays, peats. aml undrained soils are cold and late partly hecause
of this evaporation.

Anything that diminish
temperature of soils,  Mulche
evaporation, and hence ine

)

evaporation aids in inereasing the
windhreaks, and drainage decrense
temperature.  The strong winds of
spring iucrease evaporation, henee tend o keep the soil cooler until
it becomes fairly dry, when it warms up rapidly.

The effect of the wind npon evaporation has been well shown
by King. who determined the evaporation at 200 150, and 300 feet,
to the leeward of a hedgerow. The amount was 24 and 33 per cent
greater for 150 and 300 feel respectively than at 20 feet, When
the air came across a field of standing clover 780 feet wide the
evaporation was 301 per cent greater at 130 feet, and 40 per cent
preater at 300 feet than at 20 feet from the field.

3. Drainage.—"The cffect of drainage on temperature at differ-
ent depths is shown in the table. The soils are the same. Drainage

The Effect of Drainage on Temperature 1t

] bermometer rermometsr \ hermometer
1 inch below 2 inches below 4 inches below
Titne surface | surface | suriuee
- i ]
Drained | Undrained | Drained | Undrained i Drained {Undrained
Bany.... ... .|4B.0°F. | 49.0° F. l 48.0° F. [ 49.0° V. | 4
Maximuwn. .. 25° F. | 70.0° F. | 80.0° F. | 69.0° F.

5
G e L TLOPE. | 63.0°F. | 73.0° . 65.0° F.

removes the gravitational or free water, thus lowering the specific
heat so that the same amount of heat applied will raisc the iempera-
ture more than if the soil contained much moisture.
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Lt b very interesting to note the effect of drainage in the ahove
experiment upon the germimation of seeds and early growth of
pl,mh in the drained and undrained seil (g, 93).

Presence of Water.— \side from the lowering of tempera-
ture \»_\ evaporation of water from soils. the presence of water keeps
the remperature down because of the slowness with which it changes
ar because of its high specific hear. This is partly the cause of
clavs, and undrained land heing cold and late. [ a cubic foot
sail having a specific heat of 0.2. weighing 100 pounds, shauld

have 100 heat units applicd 1o 7t its temperature wonld he inereased
five degrees Fahrenheit. 1 a cubic foot should contain 20 pounds
of water, its temperature would be inereased two and one-half
degrees, or the specific heat of the soil would be doubled. Sand
<oils ure early ™ beeanse of the small amount of maoisture which

they contam and their low specific heat.

Absorption and Radiation of Heat.— The absorption of
heat by soils and consequently their temperature depeuds largely
wpon their color. The dark colors absorh more heat than light ones.
Black, blue, brown, and red absorh heat in the order given, while
creen, vellow, gray, and white absorb less, white heing the slowest
alisorber of all.  Bouvoucos cojored whire sand with dyes and deter-
mined the comparative absorbing power as measured by the tempera-
ture obrained. This table gives the results:

Effect of Color on Temperature of Sands 2

Black ... ... . ...|
Blue ... e
Red ... . C
Green. .. . .. ...... '
Yellow - ¥
White

A verv interesting demonstration js ro fill a tray three by six
feet with soil, plant an equal number of seeds in cach half of the
tray. and cover one-hall with very dark soil and the other half with
white soil and place in the sunshine (Fig. 134). For hest results
this should be carried on v spring or fall. Plants come up from 24
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10 72 hours sooner in the part of the tray covered with dark soil.
The table following gives the temperature mothe two parts of
the tray:

Effect of Color on Seil Temperasure

Thert -r bulb
1 L

Time

Light | Durk

SF. 50.0°F.
of s o

Fie. 134.—Differener in zrowth vn light and dark eolored suila. AL corp. B whest; O witer-

The time and the number of plants coming through the soil
are governed fto some extent by the colar of the scil, as is shown in
the following table.
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Tume Reguired wud the N undier of Plants that Came Up in the Soils of Different
Colars. One Hundred -Seeds Were Planted i Each

Wheat Oatn f Corn Melons
Dups wfter plan g =

Light  Dark |1 Laght  Dark hi | Dark

t
R |
..... i 86 20 Lwa L |6 X
86 70 ‘ 100 1 pes ‘ 21
Sh ho 00 66 95 60
ST [ o7 05 32 | 85
N 51w 95 AT st

With black the ab=orption i< almost complete. The soils of wlat-
ever color tend o cool o the fewperature of the surrounding
atmosphere during the night or in cloudy weather.  “The tabie on
page 302 <hows that the lowest temperatures of the dark-colored
sands were nof as low as the light-colored ones,  Colar has little
influence in very wet soils since evaporation is a greater faetsr in
lowering temperature than color is in raising it.

6. Latitude or Angle of the Sun’s Rays.—All flat areas of
the carfh’s surfuce have the same number of hours of possihie sun-
shine annually withoul regard fo location on the earth. The eflect

Verrical
1300
9
S
—
< N
<

T~
3
4 BC D E

Fia. 135, —Showing the comparative areas covered by the sun's rayvs when vertical, 30, 60,
. and 80 degrees from the vertical. Compure AB, AC, AD, nud AE.

of the ravs in warming the soil depends upon fhe angle at which
they strike (Fig. 135). 1f a sunbeam striking the earth’s sarface
perpendienlarly covers an area of 1. when this same bean strikes
at an angle of 30 degrees from the vertical, it will cover an area of
1175 at 60 degrees it will cover an area of 2, and at Xt degrees
an area of 6. The heat will e epread over a larger area the grealer
the distance from the vertical. and the effect on temperature would
be inversely as"the: angle. The atmosphere absorbs some heat. The
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vertical rays pass through a thinner <tratum of air than the other,
and more heat will reach the surface from o vertical sun. ‘I'he
effect of greater inclination ix compensated for e swmmer to some
extent by the fonger sunshine period in twenty-four hours for high
latitudes.

Slope.~The slope of Tand Tas somewhat Ilw same effect
Iﬂ[llllll(' on the concentration and disirilanion of heat. The effect
ix to cause the ravs fram the sun v seeihe the <outh <lope at a less
and the north at a greater angle from the perpendicnlar (Fig, 136)
With the sun 45 degrees above the horizon and the hill having the
two slopes of 20 degrees of equal Tength, the south one would reccive
twice as mueh hieat frome the sun as the norily one,

Wallny found that the average temperature of the south <lope of
a 15-degree hill was 15 degrees Foligher than the north slope.

FiG. 186.—Efect of slope on the ares covered by the sun's ro Angle of sun's rays
30 degrees from vertical. FF is 100 per cent greater than DF. BC is 40 per eent grester
than AB.

King found that on July 31 a south slope of 18 degrees had a tem-
perature 3.1 degrees I, higher than the level at a depth of one foot;
2.7 degrees at two feet, and 2.8 degrees at three feet. For early
crops a south slope ix desirable. Plants that are liable to injury
from spring frosts should be placed on north slopes so that growth
will be retarded as much as possible.

20
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5. Conductivity of Soil Material and Soils.—~Wef =oils are
hetter condurtors of heat aban dry opes and conpact ones better
than lovse ones. These differences are due to the fact that air is a
very poor conductor, even poorer than water.  Soils should uot con-
duct heat downwaed very rapidly in spring, bat should cause coneen-
tration of heat iu the curface two Lo {our inches to hasten germina-
tion and aid the growth of the yvoung plant. O all soil materials
quariz shows the liighest rate of conductivity, while (dry powdered
chalk shows the Jowest.

I the following table it will be well to noie the difference
between loose and compast, wet and dev, and fine and coarse,

Relatire Conductivity of Soil Material 3

Noil material

with quartz s R
tz sum‘l, fine . VE e
sand, medinn. .
and, conre L
Quartz sand. ... ..

moist
174 1890

The next table shows the dength of tine required after the air
temperature bad hegun to rise for the heat 1o penetraic the soil to
fhe depths given in the table. The conductivity of seils does not
play a greal part in practical agricniture except varly in the spring
when the greater conductivity of sand soils permits them fo warm
up earlier and to a greater depth. thus giving the erops grown upon
thew the advantage of several hours of warmer soils each day.

Itelative Time for Heal lo Pmrlmlr the Snil Under Field Conditions 4

Date ‘ Depth | Gravel | Sund Loam | " Clay | Peat
mrlAu \hrs. min. | hrs. min. | Ars. min.(krs. min. Ars. min.
July 27 Iy |4 4 30 |6 9
y 2. ‘) 7 7 9 309 30| ..
5 14 4 6 5 308 30
August 5....... { o |7 7 10 9 30| ..
o \ 5 |4 304 307 6 9
August 26. 12 7 7 10 30 (10
6 |4 4 6 5 309
August 27. 12 |6 6 0 000 3 ...
6 |5 4 6 306 9 30
September. . 12 |5 3005 30l9 9 |
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The following table gives the average soil femperatwie at varying
depths for ten years:

Average Soil Temperature, 1905-1914  10-Year Avcerage in Blucgrass Sod M

Depth—Inches | B | Fels Mur - Ape | May e duly Aug Seps | Oet Now ‘M-r.

39.9/
41.1‘

It will be noted that the lighest average temperature to a
depth of nime inches is reached in July, while for greater depths Ue
highest is reached io August. This is due to the slow conductivity
of the sml.

0. Tillage.—in general, tillage las two effects upon soils ax
regards temperature. 1t increases evaporation at first, but when the
surface hecomes dry this layer acts asa muleh, preventing the moist-
ure from coming to the surface when the heat is used in evaporating
it Tillage loosens the soil, making it a poor conductor of heat.
This concentrates the heat in the surface two or three inches of
soil, and gives better conditions for germination carly in the spring.
Tater in the season, when the untilled soil has become somewhat
dryv, the conditions are reversed, and the tilled soil is cooler than the
untilled.

QUESTIONS
1. Why is a knowledge of the functions of lieat and its control inportant?
2. Hlustrate the amount of heat received fron the sun
3. Wiy do high altitudes receive more heat from the sun than low ones?
Why are high altitudes colder?
4. After the manure becomes thoroughly decompored and mixed with the

goil, what effect will it have on temperature?

5. Why should water vapor raise the temperature of soil material nore
than liquid water?

6. What effect does ¢olor huve on radiation of heat

7. Why s conduction of heat downward into soll o slow?

8. Why is slow germination of secds undesirable?

9. ls the temperature of the zoil usually at the optimuni, as shown in the
table on page 298, when the sceds are plunted?

10. What part does osmosis play in germination?

11. How does temperature affect it?

12. What effect dees color of soil have on a clondy dav?

13. How does the specific heat of soils compare with other substances?
(See tables, page 299.)
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14 How does the specifie heat of Timus compare with otlier ~ubstauees
found in sorlsy

150 What s the effecr of evaporation on temperature of soile”

Hic Fapluin the effect of moisture on apecitic beat of soils.

170 tdive the tirures in rezurd Lo the effvets of windbreaks.

IS, Tlow gnany heat units wonld he required to raise the temperature of »
cabie foot of soil five degrecs i it weighs 80 pouwnd=, water-free, and
cantainal 20 per cent of water? \Im.m. heat of soil, 0.2].

T ive conelusion of experiments of Bouyoucos in table on puge 802 with
calored sands,

200 Try the experiment with seeds planted i different colorved soils.

21, What effect did coler have on different seeds?  Why did melons show

lower germination

\\lmt inthienee does color Tuve on very wet soils?

Explain effect of Tutitnde on temperatire of soils,

xplin action of atmosphere in alsorption of heat.

What i the effeet of slope on temperadure?

2000 Whatt payt does copduetivies pliny i temperafure

27 Which will warm up quicker in spring. a enltivated =oil or a camparct

soilr Whar

Ty . louse ehalk a poorer conduetor of Iu'u| than quartz powder?

~eositnd 7

5 luw sind @ poorer carslaetor than e
is wet soil a better conductor than dry 7
A1 For truck erops do we need good or poor conductors ¥
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CILATTER NNTV

SOIL AIR AND AERATION

Every individual who Las grown crops knows that a soil must
contain air as well as water, and the amount of one will vary with
that of the other.  In other words, the air of a soil oceupies that
space not oceupied by water, aud when the proportion of the two
iz about ('l]lhl' upl(mmll conditions [ wail,

Use of Air in Soils.— Il nw=t mmportant element in soil
en. s necessary for the vital |\1I|ll|(l|l\ that take
place in plauts, and in the ease of witer-l in whielr the
oxygen is reduced to a minimuwm, the effect can readily be seen.
Oxygen ix necessary for root resprration.  We find fhut there s an
1n|uuhzuw1- in the roots, the earbon dioxide heing given ofl and the

reen taken in. Oxidation, with or without the ageney of hacteria,
necessary for furnishing svailable plant food for the erap. The
process that supplics available nitrates is known as nitrification, and

s place throngh the agency of arganisms. This s ahsolutely
son oavgen is prevenfed from

air s o)

e soi

ry in soilzcand if for any
entering the soil, or it the supply heeomes low, the lack of nitrates
is shown by the vellowish-green color that the plant soon as<unes.

A supply of oxygen is necessary in the «oil for eermination also,
Certain chemical processes take place in the <eeld Tor which oxvgen
is necessary,  In extremely wet soilz seeds cerminate very poorly.
Air is necessary in the =oil for supplving nitrogen to the nitrogen-
fixing bacteria, both svmbiotic and won-symbiotic.  The carbon
dioxide of the soil air is of importance heeause of its effeet on min-
erals.  These are slowly decomposed by the carbonic acid that is
formed, and plant food is liherated.

Amount of Air in Soils.—The amount of air in soil depends
upon the porosity, and this upon the texture. Tt would naturally
be supposed that the greatest mmount of air would be in the soil
having the highest porosity.  This may nof always be trae. since
soils with high porosity have also a high retentfive capacity for
moisture, and it would not he an unusual thing for a soil to retain
so much water that it wonld reduce the actual ameunt of air present
to & point less than that held hy sand.  (See the table on composi-
tion of soil air, page 310.)

300
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Ilw seructure of the =oil plays some part in the amount of air.
Thi expecially true of fine If granulation exists
the space between the granules will be largely oceupied by air, even
when the soil as well supplied with water. This may increase the
amotnt of gir so that it will compare very favorably with that in
sand. "Phe amount of organic matter present influences hoth the
water retained and 1|n porosiLy, but as a general rule it wilj in-
erease the amount of air in soils, since it also inereases the granu-
lution.  The most |mlmrL:u|1 factor in determining the amount of
air in soil is moisture. whicly varies from week to week,  After a
heavy rain air may oceapy ondy asmall fraction of the total pore
space, With the removal of the water by pereolation, evaporation.
amd by roots the amount of air inereases,

Composition of Soil Air~—While the soil air contains sub-
stances (hat are not found to any extent in the air above, vet in
ceneral the same elements and constituents are found in it as in the
atmosphere. Thus we find the atmosphere composed of oxygen,
nitrogen, and carbon dioxide, with a few other elements or com-
pounds.  In the xoil air we find the «ame clements present, but not
in the same proportion. The carhon dioxide i« mach more abunidant

ained so

{ir as Determined by Bou nqrmll and Lew l/’

Composition of So

Volume in one acre . . )
ol Ml Compositivn, of 1) parts of s
Churacter of ol St S S
A | Corbon | oo |
eun fy | sl | diide | Owxen | Nitrogen
Sandy subsoil of fores 14 |
Loamy subsoil of forest. 28
Surface soil of forest. 5,801 | a7
Clav soil .. 10,310 71
Soil of lsmr Lmh hed not |
manured for one year. [ 11,182 | N6 074 10,02 “ 80.24
Soil  of asparagus  Ded | i |
freshly nmmlred wonp 11,182 1720 1 IS8R0 | 79.66
Sundy 1 !
anuring 11,783 ! 221
Sundy soil, ten days after | I
manuring (three days of | |
rain) . 11,783 ‘ 1,144 0.74 | 10.3% 7
\’wnt.ah[e mold c‘ompmt 21,049 772 1 364 | 1645 79.91

Per cemt by volume

Ordinarv air (above the surface) ... .. o 03 | 2093 | 704
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in soil aiv thav in the atmosphere, while the oxygen varies inversely
with the amount of carbon dioxide, the nitrogen remaining prac-
tically the same.

The above table shows the amount of carbon dioxide in soils
wwder different conditions with the comparative amount of oxveen.

Aération or Soil Ventilation.—A\cration as spoken of in con-
pevtion with soils 1 an interchange between the atmosphere and
the soil alr. 1t s necessary, first, to supply the oxygen needed by
roots and soil or
vitrogen-fixing hacteria, and. third, to remove the carbon dioxide,
e exeess of which hecomes injurious lecause of the fact that it
exeludes oxygen. Soil ventilation may be accomplished ina variety
of ways.

(«) Diffusion is the mixing of gases of different composition
due 1o molecular movenient. [t may be well illustrated by filling
a bottde with earbon dioxide, and although this gas is heavier than
ordinary air, yet if the hottle is left unstoppered for a short time
it will gradually diffuse into the sarrounding atmosphere. Az seen
i the preceding table, soil air contains a larger amount of carbon
dioxide than the atmosphere and it is constantly, but slowly, heing
removed by diffusion.  This process takes place more rapidly in
soils of large fotal pore space than in those with large indjvidual
pores, so that for heavier soils with a high porosity and a high air
content, diffusion will take place more rapidly than in sandy soils
with larger pores and a smaller total pore space. This scems con-
trary to the fact that sandy soils are betfer aiérated than clay soils,
but it nwst be remembered that other agencies are at work that
bring about better aération in sandy soils.  Compaeting a soil, by
any means, tends to lessen diffusion beeause it Jessens the {ofal
pore space.  For this reason a soil in good tilth permits more rapid
diffugion than one in poor tilth.  Temperature affects diffusion in
that a higher temperature produces greater molecular activity,
which results in more rapid interchange of the gases,

(h) Removal of Water.—The removal of water from the soil
by any process permits air to enfer, thus bringing into the soil a
new supply of pure air.  As the water is carried out by drainage
the air follows downward from the surface. The removal of water
he the roots of plants has the samc effect, hut the change is very
slow.

(¢} Changes in Atmospheric Pressure.—Barometric pressure
is not constant. Regular cbanges fake place in the region of the

anisms s second, the supply the nitrogen needed by
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prevatling weste alies eve vy three or Tour days, corresponding to the
muoyeent of  highs T and S Jows” These variations amount to
ancaverage of about one-half inelcin the height of the merenry, At
the Hhnois Station the average weekly «h.m--v for five years ]|;1.~
been 0015 inehs The minimum x|\|1||1j_' thi= thoe was 0.20 ek,
while the maxinumy wis 1S inchess Necording to Bovle's law, a Je-
while an increase in
pressure diminishes it and in proportion to tie inerease or decrease,
A difference of 05 dneh dn pressure s cquivalent fo 160 of an
atmosphere. 1a cubic Toot of =0il withi 50 per cent of pore space
hag ope-hall of this oceupied by air, it will coutain 132 cubic inches
of air. An inerease jn pressure of 160 6of an atmosphere will
foree seven cubic inches of air jnto the =oil. With a corresponding
decrense o pressure (he soil air expunds, forcing out the same
anount.

(1) Temperature Changes.—Wlen gases are healed they ex-
pand, and when coaled they contract. The amount ol expansion or
contraction is a delinite quantity. iy n-h:nmm in volume 17491
for cach change of one degree Falirenheit, or 17273 Tor each degree
Centigrade. 11 a cubie foot of =oil contains 432 cubic imches of
air. a change of one degree will result in a change of approximately
one cybic inel in valume.  During the growing season the average
daily range for soils to a depth of four inches is about twelve degrees,
as shown in the table below.

crease o pressive inereases the volume of o g

Rawyge of 7rm/rmnlu7r of Plnuv'rf nml lulzh.uwd Lend u( Different Depths
Y

Depth B WmE 3 - Two inches du\p

Treatipent ... Plowed

Not ]7lu\\'<-d le\ud

103
1

0

* Average of 2 yeurs

This would give a change in volume of about 12 cubic inches in
a cubie foot of soil, and this amount would be expelled duriug the
day and taken in at night, The aération brought ahout by changes
in pressure and temperature produces almost a complete change of
the air in the surface few inches of soil each week.
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(e) Tillage is the most effective method Tor producing a change
of soil air. The best tmplement for acemmplishing this purpuse is
the plow,  When the furrow slice is turned aver the shearing pro-
duced pulverizes the =oil and brings ahout a consplete change of aic
abiout u

ircall except the gravules. and breaking the soil up bring
muel better chanee for a chauge n these. Any form of tilluge,

ro will materially aid adration,  Plowing cloddy ground ac-
pulverized
much better inferchange tukes place, and this is one of the great
advantages of thorough pulverization of the =oil.

(f) Wind Movement.—The wind as w ceneral rule moves in

< and these passing over a field have a tendeney 1o draw out
the arr [rom the soil and aid atration 1o some extent in ths way.
Any exact determination of this effect of wind would be very difli-
cult, vet it is probable that on soils having large air spaces, such
as cloddy or sandy ones, this plavs quite an important part in
agration.

Water-logged Soil—>Muny suils which have hperfect drain-
age due to a high water table or an impervious stratum may con-
tain =uch a large amount of water as to exclude the air, vesulting
in a very serious condition, so far as the vital soil activities are con-
cerned.  The remedy, of conrse. is drainage, and the drainage
should be sufficiently complete so that a heavy Tainfall will not
saturate the soil for any length of time. 1§ the water table is fwo
ot three feet from the surface, a heavy rain may raise this sufficiently
to injure the crop unless the soil is thoroughly drained. Many
systems of drainage have not heen sufficient to lower the water table
rapidly and the result is that in wet scasons the crop is badly
damaged.  Fven in moderately wet seasons the erop in the Jower
places where the water table is near the surface will assume a
yellowish-green color, indicating that injury is being done by lack
of airation.

Running Together.~—Soils that are deficient in organic matter
arce in condition to be easily puddled, especially the fine and mediumw
grained anes. A heavy rain may be sufficient to do this. The
beating of the rain drops breaks the granules into individual par-
ticles that render the surface impervious hoth to air and water, thus
cutting off ‘he supply of air. If this condition continues for any
length of time, the crop may be retarded ir 'its growth and he-
come of a greenish-vellow color, indicating nitrogen starvation.
The remeds, of course, is tillage for hreaking the crust and aérating

hiowess

complishes the le: When these clods are thoroughly
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the soil. 10 a heavy sol ar a soil rich in organic matter should
s, upon drying, shrinkage

Lecome puddled i this way by a show
cracks will he formed through which air may enter. Tillage would
e In light sundy soils this puddling

not he so necessary in that cas
will not tuke place.

QUESTIONS

1. Give uses of air in sotls.

2. What are rose indieations by the plant that oxygen is deficient ?
3. Upon what dues the amount of air that the soil will contain depend ¢
4. What causes Soiations in the composition of soil air?

S In tavle on page JHW wihat is the aversge amaount of nitrogen?

6. How does this comwpure with the normal wnount in air?

7. Define aération

& Why is it ne 'y

9. What is ditfusion?  Ilustrate,

10, What effect does porosity lve an dilfusion

1. Jlew does temperatire wdlect ity

12 low does rewovad of water aid diffusion?

13, How muel change in atmospheric pressure in a week?

14, What is Boyles lawy

15. What. part of an almaezphere is represented by oa ehange of 045 inch

of pressure?

1. Hlow does atmasplberie ehange offect adération

17, Eapluin thie effect of temperature chinges on ai

18, Give average change for the four months for cel depth and for each
treatment.

19, How much of a change in volume would veem for cach if e
volume were one-fourth air?

20, Fxplain the effeet of tillgre on adration.

. Give effeet of wind movement.

What is a wuter-logged soil?

Tlow may it he avorded s

24, Why ix it defrimental to the erops

25, What effect does running together have on adration?

s soil
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CHAPTER XXV

SOIL ORGANISMS

TiE soil containg la
animuls of various kinds

ze numbers of organisms, bolh plants and
. that act upon both the orgwne and min-
eral constituents of the soil, They produce changes, many of whicl
are highly heneficial, while others are detrimental. For convenience
they may be divided into maero-organizms, sueh s rodents and m-
sects, and nnero-organisms, those of microseopic size, such as fupgl
and bacterin.

MACRO-ORGAN IV

1. Rodents.—Lavge numbers of rodents, such as squirrels, rais,
mice, prairie dogs and gophers, have the habit of burrowing in the
soil. thus Tacilitating the action of cortain agencies.  These varry
soil upward and a more thorongh mixing of the surface and sub-
soil is thus brought about.  Later these openings arve filled with
surface soil. Mueh vegetable watter also s carried into these
burrows, which helps in decomposition of the minerals with which
it comes in contact. Aération and pereolation are aided by the work
of these animals. 1t is interesting to note that very few burrowing
rodents are found m regions of tight clay subsoils,

2. Imsects.—A great many insects Tive in the earth during their
larval state or even the whole of their lives,  The larval stage ol in-
sects is their most active period. They are constantly working
their way through the soil and in this way aid aération and drainage.
Seventeen-year Joeusts are very abundant in soifs in some Jocal
arcas,  Over 500 exuvimw, or cast-off chells, of these insects were
counted upon a hawthorn bush not over three feet high. Anis
work up their hills, filling them with vegetable matter, and when
they arve abandoned form very rich spats of soil,

3. Worms.—Farthworms are most comnimon organizms  and
are found in medivm and heavy soils of humid arcas that are well
supplied with orgauic matter. They do not scem to be so abundant
in acid soils, evidently preferring those containing come limestone.
They do net live in sands, light sandy doams, arid or semi-arid
soils. They aid in aération and their huarrows improve drainage.
They pass large quantities of soil through their bodies. The min-
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crals are acted upon by the acids of the alimentary canal, producing
chemical chiunges resulting in the liberation of plant food.  They
carry large amounts of soul from the subsurface and subsoil and
deposit it on the surface of the ground, where it may be seen as
custs, especially i the morning after a rain.  Darwin states that
where carthworms ahound the amount brought by them forms a
layer from 0.1 to 0.2 inch in thickness cach year.  This amoouts 1o
frome 15 to 30 tons per acre. Some comparative experiments have
been conducted which show that earthworms inerease the yield of

Crops.

4. Plants.—The soil iz modified to a large extent hy the roots
of all plants, whether large or small. The short-lived annuals and
hicunials have the greater effeet, hecause new root: arve formed every
one or Awo vears,  The roots of perennial prairie grasses are great
factors in modifying =oil becanse of their great abundance and
deep penetration. While most of the roots of trees and shrabs live

for vears, yvet many die every season. Roots of all plants add some
organic matter to the soil, but they have another important effect.
They make the soil more porons after they deeay and thus improve
adration and drainage.  Frequenily when timber spreads over a
prairie arca having a tight clay subsoil the ultimate effect of the
roots is fo lessen the impervious character of the subsoil so that
drainage takes place with mueh less diffieulty.

Many fungi live on and in the soil and affect it to some extent.
Some aid in the early decomposition of vegetable matter.  Others
are diseases, such as some smut and scab.  Others Jive in sym-
biotic relation to certain higher plants. These through the agency
of large numbers of hypha or fungi rootlets, called michoriza, trans-
fer the food to the companion plani.

MICRO-ORGAN TSRS

The group of micro-organisms, consisting of hacteria. fungi.
protozoa,alge and veasts, is of special importance o soils. They
aid in the transformation ol the vegetable and animal remaing into
the humus-like residue, which really constitutes part of the soil.
They carry on many other operations thut benefit soils chemieally
and to some extent physicallv. However, the physical condition of
soil< and the vhenomena that oecur in them which influence the
work and development of these micro-organisms ave so important
that they merit considerahle attention. How the farmer may in-
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fluence the work of these organizms is a question that every one
interested in agriculture should know. The micro-organismes m the
~oil are of two generul kindsg injurious and benetienal.

1. Injurious Organisms.—Alter a =oil has been erapped for a
number of years it is frequently Townd to contain numbers ol or-
manisms of various kinds, some of which are not only of no benefit
to the crop. but are actually injurions. The number and char-
acler of these depend Jargely upon the crops grown and the rora-
tion practiced. A single evop system is likely o encourage the de-
velopment of vrganisms injurious to that crop. Henee a rotation is
advisable,

Some ol these are the will of cotton, flax, vowpeas, probably
clover sickness, the =cali ol potatoes, the rots of many plants. These
perish when by rotation they are deprived of their host plants for
a few vears.

Beneficial Organisms.—The heneficial organisms comprise
a considerable number of forms. but the gronp of bacteriy is of
special importance, 1t would be impossible 1o grow erops with-
out these. They are the farmer’s best friends. They aid him in
getting plant food into the soil in the process of nitrogen fixation
and are of vital importance in making plant food available, as in
the process of nitrification.

(a) Fixation of Nitrogen.—Rome hacteria in Hm soil live in
symbiotic relation with legumes, producing nodules or tubercles upon
the roots, Their function as they grow in {his connection is fo take
nitrogen from the soil air and put it inta the plant. in this way
storing up or fising nitrogen. These organisms live in this relation-
ship with Tegumes and this explains the importance of this class of
plants to the farmer. Turning under the legumes enables the
farmer to get a supply of nitrogen into the soil with little expense
and in a form that is readily available to other plants which can
use only soil nitrogen. In general each legume has its own
special bacteria.

Another class of hacteria known as Azotobacter have the power
of fixing nitrogen in the soil directly or independent of any other
plant. To what extent thix is done iz not definitelv known, but no
doubt it is of sufficient consequence to justify careful consideration
in producing favorable conditions far their activity.

(b) Nitrification.—The nitrogen of s0il ovganic matter cannot
he used directlv by our erops. Tt must first he changed into same
readily soluble form, usually nitrates. Some crope, such as rice and
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potatues and possibly others, may use more or less ol it in the form
ol animoniu compounds. By far the Jarger part is taken np hy
plints ax mitrires. The soil nitrogen must he chaged to this form.,
The provess of nitrification i the cha ¢ of the nitrogen of soil
organte watter into nitrates, and is accomplished through the ac-
tion of certain classes of lacteria. The steps in the process are as

follows :

(1) Anomonification, in which the organic matier is decom-
posed by hacteria and the nitrogen changed into ammonia or com-
pounds of ammonia.

(2) Nitrificafion proper, which consists of the formation of
uilvous acnd or nitrifes from the ammonia or ammoninm com-
pounds and the subsequent chauge to nitrie acid or nitrates. This
is essentially oxidation.  The nitrous and nitric acids unite with a
base of the soil. A« ealeium is one of the most common and readily
availuble bases, calciwu nitrate is usually formed.

DISTRIBUTION AXD CONDITIONS

1. Distribution.—The bacteria concerned in nitrification are
very widely distributed in all Kinds of soil, with the possible exeep-
tion of swaurp or Joug flooded suils. They are muel more abundant
in ~oils containing limestone than in strongly acid ones. The sym-
hiotie bacreria for Jegumes are found practically evervwhere, but
not the specific forms for all legumes. The bacteria for alfalfa are
very wadely diztributed over western regions of the TTnited States,
hut in the eastern region inoculation, which is the process of sup-
plying the proper bacteria, is necessary.  The =ame is frue of many
other Jegumes. Wild legumes sometimes carry the same bacteria
as our cultivated ones.

The number of bacteria changes with the type of soil. On the
same kind of soil the number of hacteria varies with the degree of
fertility, the tilth. and the rotation practiced.

In vertical distribution the bacteria inercase in pumber from
fhe surface downward for four to six inches and then decrease rap-
jdlv with depth and are found several feet below the surface only
as thev are carried downward by percolativg water. The zone of
greatest number of bacteria is from five to six inches beneath the
surface, but it will vary somewhat with the =011 fype. being a little
deeper in well-nérated soils. The optimum conditions of tempera-
ture, moisture and aération are found at this depth. The following
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fable gives the numher of hacterte at various depths under different
syatems of eropping at the Towa Stution:

Bacleria per Gram of Air-Dry Soil '—Rotutions

+ o Corn, onts,
Carn, corn, outs, | claver turned Corn, onts,
and clover under first clover

|
Depth of sumpling | Continuous cora
! i

4 inch
N inches
12 inches

I | 53,775
41600 AT F500

36 inches

T will be noted that the number of hacteria al four inches in
depthy is greatest in the rotation whieh brix
the Jand more frequently. The difference
compired with continuous corn,

The Kansas Station found that the nomber vavied diveetiy with
the fertility of the soil.

2. Conditions for Development.—Tt i« generally known fhat
most plants require very favorable conditions for therr growth, ~uch
us foud, molsture, heat, air. Hght, and the physieal condition of the
soil. The same conditions that are favorable to higher plants are
fuvorable for the activity of bacteria, with the exception of light.

(a) Moisture.—Bacteria]l activity involving chemical eliange
censes in dry soil. The oflier extreme, a waler-logged =ail. i= almast
equally inliihitive of the action of hacterin. When a soil lus ap-
proximutely lialf of its air space filled with moi-ture the conditiobs
are most favorahle for lacterial activily and their growtl g most
rapid.

(h) Food.—Organic matter is a very important fond for most
hacteria, but some of the heneficial organisms obtain their supply
of carbon from earbon dioxide. They develop in great numbers in
drained soils having an abundance of organic mafter.  Small
amounts of mineral foed are required. but soils nsnally contain
sufficient quantitics for the use of these organisms.  Soluble organic
matter in considerable quantities tends to inhibit nitrification. Nor-
mal soils contain verv little. Targe amounts of sewage are not de-
sirable on land because if furnishes soluble organic matter.

the clover erop on
very striking when
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(¢) Temperature—The optimum femperature for bacterial
activity lies hetween 63 and 95 degrees F. (18 and 335 degrees C.).
Ut diminishes as the temperature inereases, and at 130 1o 140 degrees
I action ceases and many are killed. Below 65 degrees I the bae-
teria hecome less active and cease at 32 degrees Fooalthough they
are not killed, Farly tillage, drajnage and a dark color maise tem-
perature and encournge hacterial action.

(d) Aération.—Bacicria are divided into two general classes,
airohic, those requiring oxyeen for their growth aud activity or
work, and the anacérobie, which require no oxyvgen. .\
essentinl 1o the first group.  Ninee nitrifieation is the most im-
|»url:m1 work of bacteria in soils the amount of nitrafes produced
may he taken as a measure of their activity,  Ixperiments show
that in the abscuce of axygen not ouly were no nitrates formed, hut
the nitrafes present were reduced with evolution of free nitrogen,
When six per cent of oxyvgen was present the amount of nitrates
formed was double what it was with 1.5 per cent”

{v) Reaction.—Soils giving acid reactions are not very favor-
alile 1o the work of hacter) They are more active in soils that
arve neutral or shightly alkaline. The witrifying bacteria produce
nitrous amd nitric acids. whiell fend to inlibit their action. 1f
hages are present in the soil these will wmite with the acids pro-
duced, thus keeping the ol neutral or alkaline, and in good con-
dition for their work.  Timestone should be applied to the soil to
neutralize the acidity.

Crops growing on water-logged soils are wsually yellow, This
is due to a lack of available nitrates. The water excludes the air
and the bacteria ennnot do their work., The same condifions exist
whon a sail in paor {ilth runs together and hakes, forming a erust
impervions to air. When adration is produced by cultivation
nitrates are formed and a ¢rop suel as corn resumes its normal dark
green color.

Anotlier important function of adration ie to remove the carbon
dioxide of the soil air. This is necessary because it excludes oxvgeu.
Tn the process of nitrification carbon dioxide is formed. Tillage is
fhe best means of bringing about atration. Deherain * conducted an
experiment which shows the effect of tillage on atration and con-
sequently upon the action of nitrifying hacteria. A quantity of
s0il was thrown upon the floor and worked daily for six weeks. At
fhe end of this tine the stirred soil contained 23.7 {imes as much
niteie witraoen as the sail not disturhed  “ Nitrate farming ¥ as

ation 1= very
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formerly practiced is an application of this principle.  The soil rich
in organic watter was stirred and moistened to develop a large
amount of nitrates, whieh were then leached out and used for com-
mercial purposes, principally in the manufacture of gonpowder,

Efiect of Different Amounts of Lime Upon the Number of Bacleria per Gram
of l)n/ .\ml i

‘\ Number of I ——

terin at lneteria nfter
osiraleon B £ pipolss)
| experimens |
DEOHE. & . g, . ki S50 ok s S £ 43 5 05 ‘)04 000 417,000

1000 pounds lime § g
2000 pounds lime per acre
4000 pounds lime per 4

This table shows the effect of lime carbonate upon the nunber
of bacteria amd indicates a much greater development for the igher
linie content,  An excess of lime is not injurious, as in the case
ol sume other alkaline carbonates as chown in the next table.

Lffect of Alkaline Carbanate Upon Amount of Nitrates Produced —
1000 Grams Aeid Noil

Treatment

None | 70 milligrams
1 gram I(:C(,)J 160 milligrams

3 | 230 milligrams
250 milligrams
4 "Tam bt (()1 I 130 milligrams
5 gram K.CO: ‘ 73 milligrams

(f) Physical Composition.—Uertain physical phcnomena upon
which bacteria depend for their greatest activity aund development
take place Letter in the medium-grained soils than in very fine ones,
Very sandy soils are well aérated, but usually do not contain suf-
ficlent moisture and food.  Granulation overcomes this in the
heavier soils to some extent.  Even with this aid aération and the
moisture conditions are not so favorable and nitrification is usually
slower. Tillage is more essential for these soils. Where limestone
is absent heavy soilz av he unfavorable for bacterial activity.
Limestone aids fn granulation and thus indivectly Jn aération.

(g) Light.—Direct sunlight greatly weakens or even kills hac-
teria. The zone of greatest numbers is sufficiently deep so that

21
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cuntight does nof penetrate 1o it All inoculating material and
tnucnlated seed shoukl be kept fromy divect sunlicht, because of is
dryving eilect.

Loss of Nitrates.—3uils Tose nitrates in three wa)
ing. denitrification aud hyothe growth of weeds or other plants
foreign to the crop.

1. Leaching.—The greatest loss of nitrates is through leach-
wmg. Nitrates are very readily soluble in water.  During rains those
tormed iy manure heaps or <oil may be carried into drainage sys-
fems and lost, That this does oceur to a considerable exfent is
shown Iy analyvsis of drainage waters,

Deherain collected drainage waters from cement tanks with
resnlts as given in the following table.  The tanks had been filled

w leach-

several vears before.

Loss of Nitrates by Leaching ©

Cropping Drsinage, inches

Fullow, no cultivation
Rye grass .

Onts.
Maize. . . B
Wheat Tollowed by vetebes,

Wheat ... FS .
Falow. hoed .. .. . .0 ool
Fallaw. nu caltivation

Fallow, hoed smd rolled

Vine....... PP .
Sugar beet . ... R .

The rainfall during the season was 28.8 inches. It is very inter-
esting to note the effect of the crop on the amount of drainage and
also on the nitrogen removed with the water. Cateh crops arc of
value in preventing loss of nitrogen in this wav, Even weeds may
serve as a catch erop after the main erop is removed.

Fallowing (leaving land without a crop and cultivating during
summer) in humid areas is a very expensive operation and should
never he practiced. Tt will not be necessary if the organic matter is
properly maintained.  Fallowing is resorted to when the active
organic matter has been largely removed hy cropping and some
special means must be faken to render the less active form avail-
able.  This is accompanied with too much loss of the most expen-
sive plant food, nitrates in soils, to he profitable. Tn the above table
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the loss of nitrates by leaching from fallowed land is 1811 pounds
per acre, while the cropped Japd shows an average loss ol 156
pounds, or ouly one-tenthy the wmount of the fallowed.

2. Denitrification.—Nitrification is an oxidation process, while
denitrification is one of reduction or deoxidation by whicl uitrates
are broken down and free nitrogen given ofl. In other cases the
change may be such as to form vitrites or ammonia, o the latter
the nitrogen way not be Jost from the soil by it. 1 takes place in
soils when poor adration results inoa deficiency of oxveen, as in
heavy, eompact, puddled. or water-logred soils. Manure contains
large numbers of denitrifying bacte ind extremely heavy appli-
calions of coarse manure may resuit in some loss through the action
ol these organisms.

QUESTIONS

1. What Kinds of orgunisms are found in the soil?

What are mucra-ar s Micro-arganisms?

Give the effects of rodents on the soil.

L Give the work of insects in soils.

S Where are worms moat abundant?

- What work do they perform in soil=?

. Give Darwin's statements of the wipount of material hronght to the

surfuce.

S Give the effeets of plants on soils,

o What s the work of micro-organisins in soils?

100 What part do fungi play?

11, Tell about the injurious forms.

12, Give the two methods of fixation of nitrogen.

13, What is nitrification?

14, Tell about the steps in the process.

15, Where are =oil bacteria most alnnulant ?

16, What about the distribution of Aeria?

7. How do the number of bacteris ?

. How are they distributed vertically

What effect do different systems of crapping have?

2. What two general classes of bacterin ¢

Give the characteristics of cach.

OF what use is afration to bacteria?

. Give the experiment by Hall,

24 What was “ nitre farming " ? .

. Why should hacterial activity almost cease in zoila of extreme maoisture

content? .

26, What temperatures arc nest for the work of bacteria?  Whal are
detrimental 7

27. What are the foods of hacteria® .

98 What part does the reaction of the soil play in bacterial activity?

20, What conclusion do vou reach from tables on page 3217 .

30. Why should the physical composition of the soil affect lLacterial
activity ?

31. Give the eflect of sunlight on bacteria.

3%, How are nitrates lost from soils?
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Give conclusions from table on page

. What effect did crapping have on d

What is fallowing?

- Why shonld there be suel o large loss of nitrates from the fallonwed
Lind

7. What s demitrification

38. Under what conditions does it veeur?

mage
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CITATTEIR NNV

TILLAGE

Ix the time of Jethvo "Foll (10T4-3711) 1he present theory of
plant putrition had not been advanced, and this well-known hus-
Bandman frequently made the statement that 1illage is manure,”
While his theory was wrong, vet his practice was right. He believed
that the object of fining the soil was 1o enuble the plant to take up
the small particles for growth.  The poractice resulting from this
heliel was as good as would lhave heen hrought ahbout had the real
theary of plant nutrition been known, We know now thal the pnr-
pose of tillage is not 1o furnish fine particles of soi) for the plant.
However, tillage accomplishes a number of objects, many of which
are closely related to the production of plant food for the crop.

Tillage is the practice of working the soil for the purpose of
bringing aliout more favorable conditions for germination and plant
growth. Al operations that affeet the soil by stirring, inverting,
fining. ar firming are ineluded in tillage. The moest commuon arc
plowing, harvowing, rolling, and cultivating.

TITE OILCECTS OF TTLLAGE

I. Pulverizing and Locsening the Soil. — The natural ten-
dency ol soils is to become compucl, principally through the action
of rain, and in spite of the influence of the rovts of plant« and the
organisms in the soil whose tendency is to keep the soil loose and in
wood tilth, Tt is necessary, then, to stir the soil to allow the funda-
mental processes that are vital to erops to take place.  On the brown
silt loam of the corn belt a rotation of corn, corn, cats, and clover
was practiced. The soil was plowed preceding the oat erop and at
no other time. The two erops of corn were planted in the unplowed
sail. and 8 sield of 35.2 bushels per acre was produced as g nine-
vear average. The plowed land produced 13.7 bushels more.?

2. Turning under vegetable matter and incorporating it and
other fertilizers with the soil.  Tn our farm practice it is necessary
to maintain the supply of orzanic matter, and this can he done only
by incorporating larze quantities of vegetable materia) in the soil.
When plants die and fal} to the surface of the ground, unless some

. 325



326 SOIL PHYSICS AND MANAGEMENT

meens s {aken for mixing them with the soil they decompose
almost entirely, Jeaving little more than the ash of the plant to mix
with the soil.  Fven if this mixing were not necessary the vegetable
material would interfere with enluivation i lefi on the surface.
The plow is the best implement for covering all organic material,
such ax crop residues, weeds, and farmyard manure,

3. Killing Weeds.—A\ most important oliject of tillage iz kill-
ing weeds.  We see demonstrations everywhere of the fact that ordi-
hary crops amount to very little when in competition with weeds,
A weed is a befter forager thaw a cultivated plant, and hence will
deprive it of both moisture and fool, and it is nec -sary for sue-
cessful crop production that the weeds he destroyed. Tillage is the
best means so far devised for accomplishing this purpese.  In some
cases, however, sprays have been used successfully, and if sprays
could be found which would not injure the erop, hut would kill the
weeds, there is no question but that much of our tillage could be
dispensed with.

1. Storing and Conserving Moisture.—TPlants require an
abundant suppdy of maisture for theiv germination and growth. In
nearly all elimates through uneven distribution of rainfall the neces-
sity exists for storing moisture in the soil when it can he obtained
and for conserviug this for the nse of the crop later. The early
preparation of the soil by Joosening and compacting slightly is the
Lest means for storing the supply of this for future use.  Loosening
the soil allows rapid absorption with Jittle run-off, while stirring
the surface soil Jater prevents any excessive Joss through evapora-
tion.  Of these two under ordinary humid conditions, the prepara-
tion of the soil for storing the moisture is of much more importance
than subsequent tillage for retaining it when a crop is growing.
Previous to the plunting of the crop the soil should he kept stirred.

5. Compacting the Soil—It frequently hecomes necessary
after a soil has heen plowed to compact it in order to close any
large air spaces that may exist in the plowed soil and also bring the
furrow-slice in close contact with the soil beneath it so that capillary
action may not be cut off. At the same time that the cumpacting
is done the soil should he pulverized. thus making a better seed bed
for the crop.

6. Planting the Seed.—While there is not much of what we
usually call tillage in the ordinary seeding of crops. vet all seeding
is accompanied by more or less working of the soil.
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IMPLEMENTS QF T L.

Tillage mplements are divided into five classes—plows, har-
rows, conpacte seeders, and cultivators.

1. Plows.—Tlie mold-bonrd plow ix one of the nost common

as well as one of the best implements for foosening the xoil and

A I C
am showing the thearetical setion of the plow.  The sliding or shearing in
y mare or less of a roling netion, ull of which pulverizes the soil.  (Kimg)

turning under vegetable material. It brings about almost a com-
plete inversion of the furrow-slice, and in dving this pulverizes the
soil. - The niold-board is of such u curvature that when the soil
passes over it, it produces a shearing foree in the soil as if made up
of different layers somewhat similar fo the effect of bending several
leaves of a book and brings about pulverization (Fig. 137) if the

Fra 137 —Dis
accupaniod

B
Fra. 138.~Showing the three types of mold-boards. A-Sod. B-Geoeral purpose.
C-Stubble,

soil is in good condition for plowing. If too dry so thai the soil
is cloddy little pulverization is accomplished. Tf the soil is too wet
for plowing this shearing breaks down the granules, producing par-
tial puddling, very injurious to the soil. The plow should be set
so that the furrow-slice will he cuf free from the soil beneath and
practically all inverted. Mold-hoard plows are divided into stubble,
general purpose, and sod plows.

’
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The stubble plow (Fig. 138C) has a short, strongly curved
maold-board and i< probably the best form to wse in old land. In
genern) the more curvature or twist there is 1o the mold-hoard the
greater the pulverization, the hetter is the condition of the soil after
plowing, provided it has the proper moisture content. This plow
is not desirable to use in bhreaking sod, hecanse of the rongh con-
dition in whiclt it leaves the surface. The jointer is sometimes used

Fro. 139.-—Plow with separate jointer and rolling coulter attached ready for use. (Moline
Plow Company.)

in the plowing of light sods, as it materially aids in turning under
and preventing the further growth of grass (F 139 aud 140).

The general purpose plow (Fig. 138B) is a form intermediate
between the stubble and sod plows in length and curvature of mold-
board. It may be used for cither stubble or sod. 1t does not pul-
verize the soil eo thoroughly as the stubhle mold-hoard, and as a ~on-
sequence it leaves sod in much better condition for working into
a good seed bed. For all uses it is probably the best.
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Sod plows (Fig. 138.4) have long,
that do the minimum amount of pulv
row-elice.  They are used prineipally in
the Jul(»\\iu;: ol tough grass sods, since
they turn the  furrow-slice  without
breaking it very much, thus leaving a
comparatively smooth plowed surface.
This has some advintages in the pro-
duction of a seed hed

A form of the mold-board  plow
known as the hillside or swirel plow
may be reversed so that the soil may
all be thrown in onet direction.

The disk plow (Fig. 111) may be
used under some conditions to good
advantage. [T the soil iz quite com-  Fia, 140 —The combined joi
pact and dry it may be used where it ?,f:-r}]fr‘ﬂ:.'-mn]'f","f.(m~_ “1.\“1(::1':‘“?“1'1(.I»'(
would not be possible for the mold- Company
hoard to do any work at all. It bas this other advantage. that i
does not tend 1o produce a plowpan, hecause the furrow-shee is

Jightly euryving mold-hoards
rization 1 furning the fur-

Fia. 141.—Disk plow. (Maline Plaw Company.)

broken off rather than cut off. Under some-conditions it turns
rubbish under hetter. Disk plows are extensively used in arid and
semi-arid regions, but may be used successfully on almost any soil.
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Fra 142 —Llaster for preparing the ground and planung corn.  Lsel chiefy iy the semi-
anid regions,  (Moline Plow Cowpany )

N reversible disk Tor hillside plowing has some advantages over the
ordinary reversible mold-hoard plow.

A deep tilling, double disk plow for stirring the ground to a
depth of 16 to I8 inches is used in some sections. This does not,
however, bury the surface soil Lo so great a depth as would be indi-
< this decper soil with the surface to a greater or less

cated, hat nox
sfully,

ostenl.  The disk plow cannot be used in stony land suc
particularly where the stones are firmly set in the soil.

The lister (Iig. 142) is a plow used particularly in semi-arid
regions for the preparalion of the ground for corn planting, and
eveu for oiher crops. It is a double mold-board plow, and when
used opens u furrow in which the corn is planted. 1t ridges the
land and mives the soil an excellent chance to weather (Fig. 143).

The subsoil plow (Fig. 144) is used to loosen the soil in the
hottom of a furrew made by the ordinary plow. It consists of a
shoe which merely raises the soil, but does not throw it out.
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Fig. 143.—Work done by lister.  (Kansas Station )

Fra. 144.—Subsoil plow.

2. Harrows.—The spike-tooth harrow is the form commoniy
used and s very effective in pulverizing and shghtly compacting
freshly plowed land. In some places the * A’ havrow, with square
teeth, is still extensively used, and is especially desirable in stumpy
land. The lever harrow (Fig. 145) of two to four sections iz very
commonly used, sometimes with a riding attechment.  The Jevers
permit the slanting of the teeth so that any rubbish will easify pass
vui of the harrow.
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Tia. 146.—Spring-tooth barrow,

The spring-tooth harrow (Fig. 146) iz used quite extensivels
1 regions where the soll is in rather poor physical condition and
here it is necessary to cultivate as well as harrow. After a rain
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this harrow will do muore ellicient work in loosening the <oil than

Fre V47 —Acme blade harrow,

Fra. 148.—The solid disk.

on sojls that are deficient in organic matter. Tt is a very goad imple-
ment (o use in the cultivation of alfalfa.

The Acme or blade harrow (Fig. 147) is uzed to some extent,
and is an excellent implement to pulverize and compact the soil.
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The bar in front, it properly adjusted. crushes clods, while the
fwisted blades stir the soil and destroy any weeds that may have
sturted. Fur this purpose it is better than the spike-tooth harrow,

16, 149, —Theut away disk.

F16. 150.—The spading disk harrow.

The disk harrow (Figs. 148, 149 and 150) is made in three
forms—the solid disk, the cut-away, and the spading disk. 'The first
two act somewhat the same as the disk plow, but do not turn the
dirt so thoroughly, yet are very effective in stirring the soil. The
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degree of effeetiveness, however, nay he inereased or diminished by
adjusting the angle of the disk with the divection of movement.
Next to the plow the disk is one of the most important and usefu)
tplements. Temay he nsed very effeetively hefore the plowing is
done, and is one of the hest fools for the preparation of a seed bed,
Fither the solid disk or the cut-nway may he used to excellent
advantage in cutting up corn-statks and other v table material
and miving them with the soil before plowing, T'his insures the

close contact of the farrow==lice with the soil heneath, A small
rotary spading harrow is sometimes attached fo the plow.

Fta. 15L.—Smooth or drum roller.

3. Compacters.—(ompacting is necessary hecanse mogt of our
crops require a firm but mellow seed bed. In many ¢ in our
heavier soils clods are formed which require the use of the roller
to crush, while in the case of sands, sandy loams, and many silt
loams the soils are so loose that root development and moisture
retention are interfered with. In arid and semi-arid regions the
subsurface compacter is used to prevent the excessive loss of moist-
ure through any large air spaces that may exist in the soil.  The
packing also increases upward capillary movement of soil moisture,
and consequently less water is lost by the downward movement.

The smooth or drum roller (Fig. 151) is used quite exten-
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sively, but is not as effective as some other forms and is gradually
being replaced. When used for crushing clods these are frequently
presseid into the soil without heing affected to any extenf. and a
subsequent harrowing hefore a rain usually hrings then to the sur-
face again. It use greatly increases evaporation of moisture.

Fic. 153.—Disk drill and its work.

Corrugated Roller.—The smooth form of roller ix gradually
being displaced in the corn helt by the culti-packer or corrugaled
roller (Fig. 132), which consists of a series of wheels with a sharp
ridge about two to two and one-half inches in height. This imple-
ment i= mucl more effective in erushing clods and leaves the ground
covered with a thin-mulch.
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The bar roller i< another form, made up of a series of hars
rauning lengthwise of the roller. This smplenent = better than
the ordinary drum roller, but is not as offective s the corrugated
roller ar culti-packer,

Plankers made by bolting together two or three two-inch
boards o that they lap abont balf may be wsed to good advantage
for erushing clods and levellny withont compacting to any extent.

The Campbell subsurface packer ([Fig. 107, page 217) is
used in arid and semi-arid regions,  1te special advantage is that
it compacts deep. freshly plowed soil, leaving a muleh on the sur-
face, Jt cousists of a number of wheels with a wedge-cshaped edye.
These are about five inches apart and revolve jndependently of each
other. As this wheol presses in, the soil ig pushed to both sides.

Fia. 154.—Press drill

thus closing the air spaces. leaving a loose mulch on the surface.
This may be used in sandy soils in humid regions to very good
advantage.

4. Seeders (Figs. 153, 154, 155).—The tillage done by seederx
ts purely incidental, vet in many cases very essential.  Drills almoxt
invariably till the =oil to a consideralle extent in opening a furrow
every six to eighi inches in which fo deposit the seed.  Where press
drills are used the so'l i~ compacted upon the sced.  Tn the planting
of corn with the ordinary planter the fillage is similar to that of the
press drill, but not so extensive. Many broadecast seeders. how-
ever, accomplish no cultivatjon. ;

5. Cultivators.—Cultivators are for use in intertilled crops.
Some stir the soil to a depth of one inch or less, while athers work

22
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to a depth of four inches or more. They may be divided info shavel,
disk, blude cultivalors, and weeders.

3

Fia. 155.—~Ordinary corn planter with attachment for planting cowpess in il or row with
o

F1e. 156.—Three-shovel culdvator.

The shovel cultivators (Fig. 136) vary in the number and size
of the shovels used. There may. be two large shovels on each gang.
three medium. or four small ones. The depth to which they go
varies directly with the size of the shovels. It is not unusual to
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see cultivation done over four inclies deep with the large or médium
shovel. There are two types of cultivators with four or five <mull
shovels in each gang—the eagle claw and the spring-tooth. These
penetrate the soil to a depth slightly more than two inches. A Torm
of the shovel plow is made by replacing the inside shove) wiih a
little diamond or bar share plow by which the =oil ix thrown up
nto a high ridge along the corn row,

The disk cultivators ( iz, 157) consist of three disks an cach
side and may be used to good advantage where the bind weed or
wild morning glory abounds.  As these cultivators are commonly
used the disks are set to run deep and corn-row ridges result, “They

Fig. 158.—Surface or blade cultivator
Fic. 157.—Disk cultivator. - with leveler

may. however, be adjusted to run shallow and leave the soil com-

paratively level.

Blade cultivators (Ilig. 158) consist of four blades twa fo
cach gang, from 12 to 18 inches long and two to three inches wide.
These are placed at an angle such that there is u slight tendeney
to move some soil toward the row, hnt most of it falls over the blade,
leaving a Joose mulch.  This hoplement is very satisfactory for
shallow cultivation, and may be so adjusted as to stir the soil {o a
depth of three inches or more.  Cultivation to this depth, however,
is seldom advisable because of the injury to the roots. The blades
caver the entire space between the rows, so there is very little chance
for weeds to escape. A 7wshaped blades are being wsed to some
extent. The sweep is a modification of the blade cultivator. Fach of
the above is made in both one- and two-row fornm.  Various imple-
ments for use with one horse are found, such as the double-shovel,
the five-shovel, and fourteen-tooth cvltivators. <
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The weeder (Fig. 159) cousists of a large nnmber of narrow
sprine tecth well adapted for shallow cultivation of such crops as
corn, cowpeas and beans in lnanid seetions and for most of the
crops i senvi-arid regions. For this implement to do its best work

Fia. 13, —Weeder.
the soil chould he racllow and in good {ilth and the weeds small,
hut 1f the =o0il is compacl or the weeds quite large it is of little value.
PLOWING

Plowing is an art. It is one of the most important as well as
thie most common wethods of preparing the soil for the crop.  From

Fio. 160.—An carly form of plow.

the beginning of agriculture some form of plow has been in use.
Even at the present time in some countries the plow 1s a very primi-
tive implement, as shown in Fig. 160, and does very inefficient work.
In North Amerjca we find the two extremes. Tn parte of Mexico
the people ate still using the most primitive form of plows. In the
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wheat region of the northwest the powerfal fracfor, wifle its =iv to
fen plows and accompanying disks and harrows, may he secn pre-
paring the soil for the erop. These iniprovenients have materiadly
reduced the cost of raising a bushel of wheat, Tn the southern part
of the United States many one-horse plows are used. Plowimg,
when well done, accomplishes more of the ohjects desived in Gllage
than any other operation. The plowing done by the erude imple-
wents of primitive peoples falls Tar short of good resuli=. 1 enable-
them, however, fo put their soil in somewhat hetter condition, and
without donbt they grow larger crops than without even this simple

operation,

Fra. 161.—The sod is well turned and represents good work.

Good plowing saves Iabor in the preparation of a sced bed. Tt
gives all plants of the erop an equal chance and all & much greater
advantage than on poor plowing. For good plowing the following
things are essentiial :

1. The entire furrow-slice should be cut loose from the soil
beneath and all turned. In other words, “cutting and covering”
is not good plawing.

2. The plowing should be done to a certain depth to produce
pulverization. In most cases the soil is not pulvérized to any extent
when the furrow-slice is oulv thiree or four inches thick. For best
pulverization plowing should be done five to seven inches deep.
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A0 The tuening nnder of rubbish is essential to good plowing.
Ta do this properly the furrow-slice must he five or six inches thick,
and in some eases ehains or weed oo

sare ll"(‘l‘>‘i]|l.\--
Lo The Turrow <hondd be kept straight or at Jeast parallel with
the middle ridee, as a erooked Turrow almost always indicates
*cutting and covering ™ at some points

1. Time of Plowing.—The time when plowing chonld be dane
varies with clmabic, erop, and soil conditions,

In zemi-arid regions

Fro. 162 —Good pluwing in stubble lind.  (Janesville Mackine Company.)

Fira. 163.2A crcoked furrow does oot look well, even if the plowing if good.
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plowing should follow the preceding crop as soon as possible. LThe
primary ohject 10 be accomplighed is cons
humid regions the time of plowing depends upon the erop {o some
extent. The plowing for wheat and rye must he done in swmer,
while for corn, cotton, vats, barley. cowpeag, and govheans it may
be done ejther in fall or spring.

(a) Fall Plowing.—If the plowing is done in the fall the
ground should e plowed as late as possible unless a cately crop s
planted fo conserve the available nitrates. When the ground is
stirred by the plow it produces conditions very favorable for nitrifi-
cation, which takes place at the expense of the organie matier in the
soil, resulting in the produetion of =oluble plant Tood that may be
leached out of the soil during the winter and spring. 17 a cateh
crop is grown the planis take up the soluble plant food and preserve
i, o the case of very late fall plowing the conditions are usunlly
not favorahle for any large amount of nitrification, and the result is
that Jittle soluble plant food will be formed hefore winter.

The =oil never becomes too dry fo be plowed in the fall when
Tooked at from the standpoint of henefit to the soil. T may hecome
so dry, however, that it will be impassible from a power standpoing
to do the work with horses, The tractor may be used to good advan-
tage under these

There are several important advantages in fall plowing: first, the
work may be done at the time of the vear when other work is less
pressing ;: second, the organic matter turned under during the fall
has suflicient time fo partly decay before the erop is put in, thus
liberating the plant food and giving the soil time to settle and re-
establish capillary conneetion:; third, many insects and their eggs
are destroyed by dizturbing them fate in the fafl, which is especially
truc of the aut hills containing the eggs of the coru root aphis;
fourth, the jmprovement of the tilth of the soil by exposing it to
freczivg and thawing and wetting and drying during winter and
spring, producing a granular condition that is very desirable. This
is especially true of heavy soils containing a fair supply of organic
niatter.

As a general rule, soils deficient in organic matter do not re-
ceive as much benefit from fall plowing as sojls well supplied with
this constituent. 1f deficient in organic matter, freezing and thaw-
ing cause the soil to run together instead of producing gravula-
tion. Timber soils generally are not as well adapted to fall plow-

vation of moisture.  In

conditions,
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ing as prairie soils because of the lack of organic matier.  Even
the lighter colored phase of hrown silt loam packs hadly during
winter. Il fall plowed, sandy Joams are liable to be damaged by
blowing, Tleavy soils are expecially henefited by fall plowing.

() Spring Plowing.—\ very large amount of plowing mus
necessarily be done in the spring because the erop of the preceding
sear was not fauken off iy Gime for Tall plowing, T is very essential
that some preparatory work be done previous to the plowing,  This
shouid wsually consist of thoroughly disking (FFig. 161) the ground
fo ent nps the vegelable miaterial and mix it with the soil so that,
when the Murrow-shce is turned and compacted slightly, close capil-
lary connection may he established at onee. Where corn-stalks are
to he tnroed under, as is frequently done in the corn helt, the cutting

Fta. 164.—Previous 1o plowing, disking should be done to cut up the cora-stalks or other
vegetable natter snd produce s deep muleb.

up of the stalks by the disk is a very important process, since when
plowed the fiue soil Gliers in around the stalks and does not permit
the Formation of large air spaces that anl he drying the soil. This
disking will alsu prevent evaporation, so that if plowed later it will
be comparatively free from clods,

2. *Depth of Plowing.—Poor and hadlv-warn soils should be
plowed deeper thau rich. productive ones. Out cerezls and grasses
are shallow rooting plants, the major part of the roots developing
in the plowed soil. This forms their natural and most acecssible
feeding arca. Within certain limits the deeper the plowing the
better the chance of the crop for getting an abundance of food.
1{ the plowing is done too deep the surface soil with its swarms
of hacteria will be buried below the zone of most favorable action
and a smallér amount of available food will be developed for the
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erop. Byperience indicates thal cighnt or nine inches ix shout
the it For rich, deep solls six o seven inehies is sullicient. I'his
gives a deep reservorr for water storage and an abundance of soil
{or root development.

Deep Tilling.—Deep tilling plows have been put on the market,
by which plowing niay be done to a depth of tweive to cighteen
inches.  Asa result of nine tests for corn, the viell was 2.7 bushels
higher for omlinary plowing than where plowel] rwelve {o fourteen
inches deep. This may have some advantages for alfalfa and other
The Kentueky Station found an inerease of
16 pounds of alfalfa hay in two emttings in favor of deep tilling,

Subsoiling.—Subsoil plows have been used (or leasening the
reater depth than is possible with the ordinary plow. This
practice was more common a few years ago than at presenf. The
results do not indicate that the operation in haniid soi of very
mueh value,  As a result of 40 tests in sonthern Minois the sub-
solled land gave an averaze of 2.3 bushels less than the Jand not sub-
soiled.t This practice may have some value in semi-arid regions and
for certain crops, but it is certain that it has very little value for
the principal cerea) crops in humid regions,

Dymamiting.—The use of dyvnamite for breaking up the im-
pervious or hardpan subsoils has been resorted fo in some cases,
This is a good practice where trees are to be planted. .\ charge of
dvnamite is exploded and the tree is planted in the loose soil thus
produced.  The expense involved in breaking up the subsoi] in this
way makes the practice almost probibitive for ordinary crops, unless
the increase in yield is much greater than the expermients up to
the present would indicate.

Effect of Deep-Rooting Crops.—\ithout rauch doubt nature
lias provided the hest metbod of deep tillage. Vhis ix Ly weans of
deep-rooting plants, and more especially fegumes. A crop of red,
mammoth, sweet clover or alfalfa fills the soil with roots and leaves
it, open and readily permeable to water and air. These roots extend
to a depth of several feet and render heavy clays pervious, bring
plant food from the subsoil to the surface, and benefit such soils in
various other wavs, The crop should be seeded much thicker than is
done ordinarilv. There should be from six to-twelve or more plants
to the square fuot, as ane plant to the square foot is of comparatively
little henefit. )

Preparation of the Seed Bed—The ordinary farm crops re-
quire better conditions for their growth than the wild plants with

deep-roating crops,

soil toa

7.
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which we are familiar.  The soil in whiclt they grow must he suf-
ficicutly loose so the roots have little difficully in penetrating if.
The growth they make depends to a large extent on the aren over
which the roots spread.  Ilence the necessity of producing a deep,
mellow seed bed thut will allow free root development.

Clods are of no value in a field, but are always a source of annoy-
ance.  They are generally the products of shiftless and unscientifie
methods of Tarming rather than of some inherent fault or had
quality of the soil. Soils il worked at the proper time and after
proper preparation respond to good tillage. The digk is one of the
best implements for preventing the formation of clods and, to-
getber with the culti-pucker, for destroying them if they once form.
L3 B i |

F16. 185.—Grain produced from five tenth-acre plots prepared in different ways for winter
wheat. (L. E, Call) Kansas Station.

Clods are of no use to a growing crop, but on the contrary lock
up large quantities of food and become prisons for millions ol bac-
teria that would otherwise be working for the farmer. Fields are
sometimes seen in which at least one-third of the plant food of the
plowed soil is locked up in cleds. Even if the clods are turned
under and covered hy mellow, moist soll, weeks are required before
they become thoroughly moistened unless rain falls.

1. Wheat.—Plowing for wheat should be done as scon as pos-
sible after the removal of the preceding crop and from five to seven

S8
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nebes deep. If the ground is dry or lable to hecome dry hefore
lowing can he done clods may e prevented from forming by
horough diski This kills weeds awd pradoces a wuleh which
onserves moisture and later plowing may he done very sati=factorily
vithout any great amount of clods. "The impression prevails that
dnee wheat is o very shallow rooting plant the plowing should be
lone samewhat shallow, but experiments show that a deptle of seven
vehes is not oo deep (Figo 165)0 hamediately after the plowing
v o work the soil hy means of acdisk and harrow

s done it is neces
Methods of Preparing Law! for Wheat = (Contivuous Wheat )

| Averape of % years, 1S

Method of preparation | Vol of eron

el e Cost per o
L bushels for preparstion

|m paration®

mches deep
, 7 inches deep

Towed,  Aug. 7 mehes deep

(worked ... .. wn B BB e RARE 16054
Nowed, Aug. nehes deep, not

worked till ¢ .15 2048 13.65
Mlowed, July 3 |

(worked) ... oL L 20,77 |
Clowed.  July 15, 7

(worked) .. .. ..ol oo ! 5 16.87
Youble disked 10 plowed |

Nept 15 . 19.71 | 3.93 12.37
Jouble disked !ulyJ ;,plm\: ! \nw 15

7 iuches decp ... LRI [V I 4.93 1430
asted July 15, 5 nches de 01) rul;n 5

split Aug. 1 2290 3.02 14.73
Asted July 15,5 nuhs«dr(\p worked |

down. ... Lo 2277 .05 14.53

*Wheat market value shen threshed

0 conserve moisture, develop plant food, and, most important of
ul, prevent the growth of weeds. The seed bed for wheat must be
firm, If the soil is very open at seeding time the freezing in winter
vill have a greater tendency to heave the soil and kill the wheat,
gpecially if the land is not well drained. The roller or culti-
sacker can be msed to excellent advantage in the preparation of the
seed bed for this crop.

In sceding wheat in corn ~round after the corn has heen taken
off the field for the silo, or placed in the shock, a sufficiently good
seed bed may be produced with the disk. The settling of the soil
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during the summer will make ic sufliciently compact and a thiu
stratim of two to four inches in depth mellowed somewhat by the
disk will provide an excellent seed bed.  Wheat is sometime
in the standing corn and 10 suclt case no preparation is ne
The erop is handicapped, however, hecause the corn has left the
s0il i poor condition in regard to moisture and plant food.

The precedimg table shows that deep. carly plowing with working
Ul seeding time has given the greatest prolit.

The soil for wheat should he well drained. This is very essential,
especiallyv in femperate regions where freezing and thawing oceur.
The great objection to growing wheat formerly was the winter killing
caused by a poorly drained seed hed.

2. Corn.—The plowing for corn may be done either in fall or
spring and the production of the seed bed is somewhat different in

— —m

seeded

ssATy.

Fio. 186.—A good seed bed on stalk ground.

the two cascs.  With fall plowing the ground should he disked or
worked in some way as early as possible in the spring fo a depth of
three to five inches. This conserves moisture, raises the temperature
of the soil and destroys any weeds that may have started. This
disking should be continued at intervals of ten days or two weeks
until the time for plauting.  The object is to destroy as many
weeds as possible hefore the erop is planted. as cultivation for this
purpose is much more effective av this time.  The disking shonld
lie dane deep to thoroughly adraie the soil and encourage the develop-
ment of plant food. Corn on fall-plowed Jand is said by some
farmers to “ fire ” easilv.  This “firing ” may be due to twe causes:
fire!, to lack of maisture. and, second, to lack of available nitrates.
Tall plowing,~unless the soil is in good tilth, tends to dry out early
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and rapidly. The rains have compacted it, the ground is bare, and
with the strong winds of March aml April there is nothing to prevent
rapid loss of water. Deep, early disking in the preparation of the
seed bed will conserve moisture and in this way tend to celiminate
thix danger from * firing.”  Thorough and deep disking also en-
e urages the formation of large quantities of avatlable nitrates. o
the ease of shallow and insullicient disking the fall-plowed Jand is
left compact. and somewhat cloddy, with conditions for nitrification
and conservation of maisture very unfavorable,  Such preparation
has a teudeney (o encourage ™ firing.”

The preparation of the seed bed fram spring-plowed land docr
not require so much working during the aver won as for full-
plowed land. The ground should be thoroughly worked with disk
or harrow immediately after plowing, .\ rotary harrow astached
to the plow does good work,  This working should he continned uf
intervals the same as for fall plowing.  When ready to plam, the
Jarrow may he sufficient to put the soil in fine condition (Fig, 166).
All weeds should be killed.  If very few rains oceur in the spring
after plowing is done it may he necessary to use the roller, since
corn, like wheat, requires a firm seed bed with a mellow surface,
Too much work can never be done in the preparation of the seed
bed. The best time to destroy weeds in corn is before the crop is
planted.  The cultivation at that time is much more efficient than
at any time thereafter,

3. OGats—The almoest universal practice in the corn helt is to
sow oats where corn grew the preceding year. W was an carly
practice in some regions to sow the oats in February or Marel
without preparing any seed hed whatever.  Sometines fairly =at-
isfactory results were obtained. But as the physical eondition of
the soil hecame poorer the necessity for a better seed bed for the
oat crop has become more imperative. A very good way for pre-
paring the ground for oats is to plow it in the fall and then disk
thoroughly in the spring. In the corn belt, however, the apparent
necessity for pasturing the corn-stalks does not favor this prac-
tice. Oats do not require a deep seed hed, but it should be well
prepared. The comman practice in the corn helt is 1o disk the
ground from one to three times and give it a final harrowing.
The oats may be seeded at any time. either before the first disking or
hetween the two diskings. Fven in the hest of foils one disking ix
not sufficient, although this ir not an uncommon practice. The
stalks to a certain extent prevent the full efficiency of the disk and in
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many cases a considerable portion of the oats are not covered, being
in some cases by actual connt one-cighth of the amount seeded.
Plowing the ground before >m-1|m_'_' wids in producing an ex-
cellent seed bed ; however, it will be too loose unl thoroughly
firmed. The larrow and compacter should be used, and if the
soil is well supplied with org. matter so it will not bhake it
should be rolled after the seeding is done. 'T'he disk drill haz some
advantage over the broadeast secder for sceding oats, and the fact
that it cor s practically all the seed is a decided advantage.  Only
about two-thirds as much sced will be required as when seeded

broadeast.

Cultivation.—Object.—Tle objects 1o he accomplished in the
enltivation of a crop are: first, and primarily, the killing of
weeds ; second, the conservation of moisture: and, third, atration.
While the conservation of moisture has usually heen placed first,
recent experiments show that cultivation for the killing of weeds iu
humid regions is of vastly more importance to the crop than for
the conservation of moisture. 1t is a question whether this may
uot he frue in semi-arid regions az well. Weeds require hoth
moisture and plant food for their growth and are much better for-
agers than the cultivated erop. At the IHlinois Station (table, page
b, as a result of nine years” investigation, corn with weeds de-
bll()\((] by a hoe without producing a muleh gave a yield of 48.9
bushels per acre for a nine-vear average, while for the same time
carn in which weeds were allowed to grow produced 7.5 bhushels per
acre, or 414 hushels in favor of preventing the growth of weeds
(Figs. 167, 168, 169). In order to determine whether it was the
Jack of the plant food or the moisture that caused the greater loss.
part of each plot in which the weeds were allowed to grow was sup-
plied with all the moisture the erap and weeds needed, and as a five-
vear average the vield was inereased 2.5 bushels over the plots where
no water was applied.  This shows rather conclusively that the
greatest loss was cansed by depriving the corn of food.

Value of the Mulch.—In this same experiment the plots men-
tioned ahore in which the weeds were kept down with a hoe with-
out producing a mulch gave a vield of 489 bushels, while the rorre-
sponding plots which were cultivated gave a yield of 43.5 bushels, or
5.6 bushels were lost due fo damage by cultivation.  Moisture de-
terminations in eaeh of these three plots were made and i was
found that the amount of moisture in the uncultivated plot actuaily
exceeded that of the cultivated by 0.3 per cent for an eight-year
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fie 107.—Nine-y

1d 48.9 bushels per acre

Tra. 168.— Nine-year average yie

Fic. 169.—Nine-year average vield 7.4 bushels per acre.
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average. 1t is without doubt true that if the ground is plowed to a
depth of six or seven inches, and a good seed bed produced, there
v very lttde necessity for enltivation of corn on silt loams and
satddyv loams to conserve moisture, Tt will be seen from the following
tuble 1hat during the dry years of 1911, 1913, and 1914 the vield of
corn on the uncultivated plots was 5 to 10 hushels more than on
the corresponding cultivated ones. The muleh should have had its
greatest effect during these seasons if it was of much use iv con-

serving moisture for the crop.

Results of Cultivation of Corn3— Each is an Average of Twa Plofs (Bushels
Per Acre)

| .
| \
Treatment 906 1907 ‘mus‘mnu 1010 1911 19121913 1914 |‘m1 8 J-your

|

1. Nt plowed nor
tvated,  woee
kept down  bv |
seraping with hov . 38

l'lmms seed hed |
]\r»pm‘i’(l no :ul»
tivation,  we
kept down h\ ‘
S m&nuk with hoe
Plawe w

prepared, l\lw]n
allowed 10 grow

. Plowed, seed bed

prepared, weeds
allowed to grow,
irrigated

5. Plowed, seed bed

prepared,  culti- |
vated 3 times 447 496

. Plowed, seed bed

prepared,  culti- J

|

250431 2

”

@

Y I I T
0.2 4‘ M7.9 104123 5.4 T4 ( 17.1

0.0 16.0

-

10.5t 22.5

i .. 204

43.41 100.0

2501314 45,7345 G5.2 21 4 4C

[‘w‘\‘

vated 3 times,
irrigated 46,
7. Plowed, seed bed
prepared,  culti-
vated 3 times,
irrigated,

1
| J ‘ |
. ‘ 440 33,0507 405 398 TH.5 B0 500 720 484 ‘ 1120
o

9. 50.2¢ 1155

T4.08 15%.4

* Rased on all comparable vields
Five-year average.

Ar AVEeTARe.

-y eur average.

The cultivation was done o as fo produce a mulch from 214 to
314 inches in depth. (See Figs. 190 und 171} Duting the years
mentioned the mulch was so dry and loose that the roots of the
vorn did wot penetrate it, so that if it had any value at all it was in
conserving moisture. The corn yooi< venerally develop most abun-
dantly in the plowed soil. By culfivating three inches deep the crop
was enabled to use only one-half of the plowed soil. and there was
no doubt that the stirred soil was worth more to the crop for the
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plant Tood it eontained ihan lor the noisture it conserved.  The
experiment was conducted on the hrown silt loam, the common
corn=helt =oil o Hlinois. The same experiment was tried  on
the gray silt Joam on tight elay with somewhat siniar results] s
shown i this table:

Results of Cultivation of Corn on Gray Sill Loam on Tight Clay at Fairfild,
Vayne County,* [llinois (Ywlds in Bushels Per Aere)

| . . Average
Treatment 0S| 100 1M2 el ole . pereent
| ‘ | ‘ " e of Na, 4%

Not plowed, not cultj-
vated,weedskeptdown
by seraping with hoe 4.0 32

Plowed.  seed bed  pre-
pared. weeds kept down
W seraping with hoe 167 2210 556 00 0 315 18y

. Plowed, seed hed  pre-
pured. weeds allowed | |
1o grow 851 N7 Lt o0 0 10.5 (';.3~ 33.0

0o oo 10.0 "..()‘ 314

[N

U84

4. Plowed, seed e pre- |

pared, cultivated 3 | |

times 21 0 312 191 100.0
3.

. Plowed, seed bed pre- { |
pared, ecultivated 3
times, manure, roc
phosphate, limestone | 41.7

O 454 1 302 | 1551

*# Computed from Soyenr average,

The Department of Agriculture ® reports a wumber of experi-
ments somewhat similar to this, and the average vield of corn on
the uncultivated plots was 52.6 hushels, while that of the cultivated
5 bushels per acre. These were conducted on various kinds

of soils in 28 different states.  The necessity for cultivation is
greater on heavy soils than on light onez. This is shown by the

fact that uncultivated sandy loams and silt loams produced 105
per cent and 102.4 per cent of the cultivated, while the clay loams
and clays produced, respectively, 945 per cent and 92.6 per cent
as much as the cultivated. When the crop becomes large enough to
partly shade the soil, and the roots hecome thoroughly distribuled
through the soil, there is very little necessity for cultivating to
conserve moisture. The water that moves upward is captured by
the roots before it reaches the surface and evaporates.

Root Injury.—Most of the crops grown in humid regions that
require cultivation are shallow rooting. A large supply of moisture
and plant food is in the surface soil. The roots naturally develop

23
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there in larger numbers, attracted by the Tavorahle conditions for
oblaining food and moisture. An examination will show many of
the roots of cultivated plants within the surface three inches of

29 Dy por A 4 OO ) ey 33

Fra. 170.—Yields of corn (field weight) with different methods of tillage.  (19011)

soil under favorahle conditions and probably three-fourths of the
roots of the plants withiu the surface or plowed soil.

Plowed - Plowed
Planted i Plantéd
Irrigated

Plowed
Planted
Cultivated
Irrigated

Fie. 170.—Yield of corn (field weight) with difforent methods of tillage.

To preserve these roots jrom injury verv shallow cultivation
must be practiced. Roots take nourishment from the soil for the
plant and if roots are cut off it lessens the food supply. Not only
this, hut it takes energy from the plant to reproduce the roots de-
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.cn'u_\'vd. Experiments have been made with corn to show the effect
of cutting the roots similar to what is done in cultivation to a
depth of four inches. The following table gives the results obtained :

Results of Shallow and Decp Cultivation and Root Pruning of Corn® (Yields in
Bushels Per Acre)

1
o | |
Kind of cultivation 1888 | 1880 | 1800 | 1801] 1802

).r;\'um-f_\vmwls kept down by | |

{ {
seraping with a hoe * 90.0| 77.1] 6! 76.8| ¢
2. Shallow—t or 5 titues 3.8 84,6/ 6 4| 70.1

80.1
7RO

Deep—4 or 5 times

. Shallow—roots unpruned

low—roots pruned 1.

i aped with how *

. Seraped  with hoe,* roots
pruned f...... ‘ .

* No muleh produced

f A frame one fc
the outside 4 inches deep.

The effect of cutting the corn roots is shown by comparing plots
4 and 5, where a difference of 13.2 bushels per acre iz shown in
favor of no root injury. and the difference is about the same when
plots 6 and 7 are compared.

Level Cultivation.—Under practically all conditions of rainfall
and soils almost level cultivation is most desirable. Ridged cultiva-

rare wis placed over the hill of ¢orn and 2 knife wus run around

Fio. 172.—Level cultivation.
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tion must necessarily be deep, and is always aceompanied by root

injury. o some allovial bottam Jand ridging may e pecessary.
Where the annnal morning glory or other troublesome
l]]ll]\ deep cultivation mway be advisable 1o cover them,

espect

Fia. 173, —Ridred (ultivation with drilled rorn. A very \mdcslmbk‘ method with nearly
soils,

il the corn is drilled and not checked.  This forms a very strong
objection to drilling corn. The ridge formed is sometimes six lo
eight inches high. The disk cultivator or the little diamond plow
are both used for ridging. The ideal cultivation is vot absalutelv
level, but such as to have a slope of one to two inches between rows.

~a ¥

Compare ligure 172 and figure 1775,

QUESTIONS

What was Jethro Tulls theory of plant nutrition?
Define tillaye.

- Wy is Joosening the soil necessary v

. Give resulis obtained for plowing and nat plowing.

. What are the advantages of turning under vegetable matter?
Give advantages of Killing weeds.

Give tillage for storing and conserving moisture.

Why is compacting necessary ¥

. Give action of mold-board ]\)0\\ in turning soil.

. What conditions are necessary for hest pul\erﬂ.mon'
11. What is the advantage of the stulile plow ?

12, What is the _()Iljel‘h()h to using it in plowing sod?

13, Describe the peneral purpose pln\r.

14. Deseribe the sod plow and its work.

DLW T Ch L
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15, What is the hillside plow ¥

M. What are the advantuges of the dizk plow?

17. What is the use of the lister:

. Deseribe the subsoil plow and give its use.

. Give points of difference in the Kinds of hrrows,

. What are the advanmtagzes of the disk lurtow that make 1t so unt

versally usec

o Why ds it necessary to use compacters”

What are the objertions to the drm roller?

L Give advantages of other forms of roller,

. What is a pl.lnlul and for what used ¥

Deseribe the Cionpdell ~u.mmlmu packer.

. What are its advants

. Give three clusses of nll\\.\lur«

Give advantages and disadvantages of ecach.

Which is best adapted to shallow enltivation?

Gove value of different seeders as tillage implements,

- Give four peints in good plowing.

W hat determines the time of plowing?

Whatt van vou say abont fall plowing

May the <oil hecome too dry Lo plow in the fall?

- Give wdvantages of fall plowing,

Wihat soils are most benetited by fall plowin

Wlhat are some advantages of spring plowing?

S What preparation should he made for spring plowing?

How deep should plowing he done?

- What can be said of extremely deep plowing in humid regions?

Tell about the results from subsoiling.

What may be said in favor of dynawmitin

What is the effect of deep rooting erops’

. What are the advantages of a good seed bed ?

3. What are the abjections to ¢)ods?

.o Give the facts in regard 1o a good seed hed for wheat.

7. What are the conclugions from the talle page #4707

8. How should the sced hed be prepared for éorn from Tall-plawed land ¢

- Give method of preparving seed from spring-plowed land.

Tell about seed bed for o

- What are the ahjects to be attained in the enltivation of a cvap?

Give results of weeds on yvield of corn at the Nlinois Station,

Wlhat is the value of the muleh in growing coru s <hown by crop
yields?

Give results of the Department of Agriealture on eudtivation of coru.

- What effect does root injury by ealtivators have on yield of corn?

]
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CIIAPTER XXV
SOIL EROSION

Trostox s the removal of soil material by air or water in
motion. The wark of water alone will e considered in this chapter,
Thie National Conservation Commission? states that © on the hasis
of estimates received from 30,000 farmers, representing every
county in the United States, 10,622,000 acres of farm land have
been abandoned, and that 3,885,000 acres, or 0.2 per cent, have been
devastated by soil erosion.™  Large arveas in the states from Penn-
sylvania to Georgin and westward, including Kentucky, Tennessee,
Alabama, Missourt, Arkansas, Louisiana, and Mississippi, are sab-
jeel To sertons damage by fon.  Even guch prairie states as Ill-
nois wd Towa suller Joss in this way, an average of the sixty-
ane counties of Hlinois. of which a detailed soil sarvey has been
made. it bas heen found iy actual measurement of the soil areas
that about 17 per cent is hilly and subject to serious erosion.

Cause of Erosion.—Irosion occurs whenever rain falls on un-
profected sloping land so rapidly or in such quantities that the soil
cannot absorb the water as fast as it falls. The same is true of the
melting snow.  Only that water lost from the surface—the run-off—
eauses erosion,  The ran-off depends on (1) ihe slope or topography
of the land, (2) the texture and structure of the soil. (3) the vege-
tative covering, and (1) the character of the precipitation.

1. Efiect of Topography.—The run-off from mountain to-
pography iz [rom one-third 1o three-fourths of the total annual
raiufall when it varies from 15 to 40 inches.  Newell estimates the
run-off from the basin of the Savannah river to he 48.9 per cent
(eight-year average) of the annual rainfall: 56.5 per cent from the
Connecticut valley (13-vear average), and 53 per cent (six-vear
average) from the Potomac hasin.  Greenleaf places the loss from
the Lroad level to undulating basin of the Tllinois river at 24 per
cent, and Leveretl ® gives 21 per cent as the amount of run-off from
Nlinois as a whole. The run-off of the United States as a whole is
cstimafed at ope-third of the annual rainfall.

2. Texture and Structure of the Soil.—(oarse soilz absorb
a4 much larger -proportion of the rainfall than do the fine-grained
ones. The rate of absorption depends on the size of pores, not on

358
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the fotal pore space in the =oil.  This fuct explaing the rapid al~
sorption by the coarse-grained soils and the low action of the fine-
ined ones. However, if the later ave loose and open from
recent tillage their absorption compares favorably with that of
coarser soils, Unless the tinest-grained soils (clay loams and clays)
are exceptionally well supplicd with organic matter and limestone
the beating of raindrops breaks down the granules, diminizhing the
size of the pores, thus rendering the soil Jess absorhent. As a result
ce amount of wafter is Jost from even moderate slopes.

. Vegetative Covering.—'I'hc surlace soil of a naiural forest
is wsually covered with leaves and twigs, which protect it from

o

F16. 174.—Two hundred squore miles of once foresied mountains in China, which a cen-
tury ago puid ricl revenue on their lumber produet. ( Bailoy Willis))

Tt suffers little so long as this natural protection remains
undisturbed (Fig. 174).  Natural prairies are usually protected in
this way by a good sod of native grass.  The rain drops do not
usually strike the soil direet and thus destroy the granules, as they
tend to do in cultivated fields. When this covering which nature
provided is removed or destroyed crosion takes place.

1. Character of the Rainfall.—A genile rain will be absorhed
entirely by almost all soils, gince it does not come more rapidly than
the water can percolate through the soil, thus preventing complete
saturation of the surface. A heavy rain falling on medium- or fine-
grained soils goon saturates the surface and then_ahsorption by the
=oil caunot take place any faster than percolation from the surface
into the Jower sirata.

Results of Erosion.-—Jt is quitc impossible to determice with
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any degree of accuracy the total quantity of material moved by
witter, but it must be many times as much as is deposited from sus-
pension in lakes and the seas,

Nome geologists hold that the land surface of the earth as u
whole is being lowered by erosion one fool in ¢ix thousand vears,
The combined loss from surface erosion and from solution by
aromid waters wmounts 1o one foot in ahont 1100 years,

When a stream emerging from a narrow valley ads out over
the bottom land, the velocity of the water is cheeked and irs load
of stones, gravel and sand is deposited on the rich alluvial land.  1n
this wav much valuable so1l is buried completely iy material of Jittle
immediate use to plants, The finer material, it unweathered anld
deficient in organic matter, may be almost equally worthless nntjl
acted upon by the regular soil-forming agencies. 1 the deposition
is rapid there is little chance for soil to form, but il deposition is
prevented for a time this almost worthless material becomes a valu-
able sm).

1. Removal of Organic Matter and Nitrogen.—The surface
soil contains the greafer part of the organic matter, and so is the
richest, most productive part of the soil. The removal of any ap-
preciable amount of this stratum reduces the amount of plant foad,
especially the nitrogen, rendering the soil Jess productive than
formerly. The following results from pot culture fests in the green-
house show their great need of nitrogen:

Yiclds from Froded Hill Lands® (Bushels per Ace)

| Pulnski Hanrs taunty

Treatment county @
| wheat | ohts
NORC L.ivvi i e 8 { 21
Potassiun. . 9 23
FPhosphorus. B . P i 3
Nitrogen............ LA [

2. Changes Physical Character of Soil.—The removal of the
surface soil exposes the yellowish or reddish subsoil, which is heavier
and more difficult to work than rhe original surface soil.  These
exposures of subsoil are locally known as “ clay points.” They are
less productive than the original land. I some residual and glacial
soils with a wide range in size of particles the texture of the sur-
face may he changed from a fairly heavy to a sandy or gravelly
soll by the removal of the silt and clay. leaving ouly the coarse mate-
rial which was too large to be carried away by the water,
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3. Changes of Color.—Lirosion almost invariably results i a
change of color of the soil. [ the soil is hrown, yellow or g
vellow, erosion produe

vish
<a yellow or reddish color, depending wholly
on the color of the subsoil. On the Piedmont Platean and some
other residual soil ar
of the subsoil.

the color becames very red, due 1o exposure

KINDS OF LROSION

Two somewhat distinet types ol crosion are recognized, sheet
crosion and sullvine,

1. Sheet Erosion
Water flowing over a uniform slope removes approvimately the
sane amount of soil waterial from all parets. Sheet erosion ix the

source of far greater loss than gullving, The latter quickly and

completely ruins small areas, hut the former reduces the produe-

tiveness over large areas (o the point of unprofitable refurns.
Methods of Prevention and Reclamation.—1. Application
cf Limestone.—Lituestone in time remlders the sol more porous

Sweet clover on badly eroded land. Seeded in Mareh, photographed in
Neptember.

by producing gravules.  This lessens erosion, because the soil
more absorbent and the heavier compound granules are more diffi-
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cult fo move than the individual particles.  The more important
effeet of limestong, however, lies in its power of correcting acidity,
rendering the sotl more favorable for the growth of legumes which
furnish organic matter and nitrogen (Fig, 175), also {or soil-bind-
ing crops, such as timothy and hlucgrass,

2. Protection by Crops.—'I'lic surface of volling land should
be kept covered with soil-binding crops as much of the time as
possible.  For this purpose meadow, stures and catel and cover
crops are indispensable in the farming ol rolling Jands.

(n) Meadows and Pastures—"The perennial grasses, timothy in
the northern states and red top and Bermuda grass further south, on
acid soils are good meadow grasses.  Bermuda grass makes good
pasture and, il cut carly enough, fairly good hav.  Tts growth is
such as to stop washing very well. TUis more profitable to grow one
or more legumes with the grasses, ax the latter use nitrogen fized
by the legume. This is particularly desirable on those soils deficient
in nitrogen.  Together these plants form a good sod, which protects
the surface and holds the soil together.

Much of these hilly lamds shoulil never be plowed, but kept in
pasture. Blue grass, timothy, red top and other grasses, together
with red. alsike and white clover, sweet clover (Melilolus alba), and
Japan dover (Lespedeza striafa), may be seeded in addition to
native grasses that follow upon the removal of the forest.  One or
more of these should be able to get a good foothold regardless of
whether the soil 1= acid or contains limestone.  These legumes
crable the grasses to make a much hetter sod. already pointed
out, legumes in general require a soil containing limestone for good
arowth, Japan clover, however, seems to be indifferent.  Sweet
clover is more successful than any of the other clovers under very
unfaverable conditions if its two requirements—ihorough inocula-
tion and abundance of limestone—are satisfied. Tt makes a strong
growtly and wmay be pastured or grown for hay and seed. Blue grass
soon sturts in if, living in part on nitrogen fixed by the legumes.
This increases the amount of pasture afforded and forms a better
protfection for the soil.

(b) Catch and Cover Crops—Cultivated Jand should not he
left unprotected throughout the winter and spring months, especially
in those sections where the soil is not frozen during any consider-
rble part of the winter. Cowpeas or soybeans may be seeded be-
tween the Tows of corn at the last cultivation or between the trees
in orchards. = Hairy or winter vetch and Japan clover arec more
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desirable in some places, especially the veteh, as it Iives through
the winter and beging growth early in the spring.  With fall sown
cereals sweet clover nmy he used 1o good advantage when the sotl
is well supplicd with plant Tood.  Wheat, rve and winter oats cover
the ground well and the roots are a very eflective soil hinder. Velel
and Japan clover are probahly most desizable when suflicient growth
i+ nuade, hecanse of their ability to gather nitrogen, the inerease of
which is most essential in the hmprovement of these soils.  Crab
rrass is g natural cover in scazons of normal rainfall, as it makes
suflicient growth fo sevve well as a surface protection, especially in
corn and old wheat fields,

3. Residues—>=talks of corn or cotton may be harrowed or
rolled down after the erop is harvested, T this way they help to
protect the soil from the heating of rain drops and reduee gome
what the amount of thawing in winter and early spring. When the
surface soil i thawed for an inch or two, it 1 easily eroded.

It is des
erosion is espectally rapid, with straw of grain or clover, manure,
or other coarse material.  These arcas are wnusually low m organic
matter, as more or Jess of the surface soi) has been removed. The
conrse organic matier will not only hold the soil in place, ot supply
plant food to succeeding crops.

4. Increasing the Organic Matter.—Most lands subject to
serious erosion have heen timbered and are naturally Jow in organie
matter and nitrogen.  The hilly timber lands of Tllinois contain
an average of 1.5 per cent or 15 fons of organic matier in the sur-
face soil (two million pounds per acre). The vellow silt loam—hilly
timber land—of Hardin County? Tlineis, which represents the
unglaciated loess-covered seetion of the states adjoining the lower
Ohio and the middle section of the Mississippi river, contains as an
average of 15 analyses 1.1 per cent or 11 tons of organic matfer in
the surface soil.  The hill soils of the Piedmant Plateast. Appa-
lachian Mountain Plateau, and Limestone Vallevs and Upland
Provinces contain from one-half to two and one-half per cent of
organic matter. The average organic-matter content i~ ahont 1.4
per cent.” Profitable crops cannot be produced without adding
considerable organic matter or nitrogen.

Besides furnishing nitrogen, organic matter aids grannlation
and cements the finer particles together into compound granules,
as discussed under organic matter. These soil- nced the addition of
large quantities of organic matter to enable the surface to absorb

abile, also, fo cover hadly eroded arcas, or arens where
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and retain more of the rainfull.  Owing to its granulating efTect
organie matter reduces the tendency to run together and keeps the
soil open, so there is less run-off and less erosion.

Legumes must have a large place in the agriculture of these
lands. Tt is advisable {0 feed most crops 1o stock on the furm, All
served sl returned 1o
Ines pot Jed shonli)

the manure produced should he carefully pre
the soil. Al stalks, straw. stubble or ather r
be plowed under. Plowing wnder the entire erapof COWinE, OT At

1

lenst the straw, i=a praciice to be vecommendid.
5. Deep Centour Plowing.—\ loose sail has more pore ~[7J< o
than a conmpact une, vunwrlu.vnl‘ it will absorh wore water.

Fra, 176.—Cultivated terraces ip China.  (Bailey Willis.)

silt loam in loose open condition will ab=orh 10 to 15 per cent more
The pures ina <'um]m<-t soil are so small

water than when compact.
lowly and mueh of the water is lost as

that it absorbs rain very
run-ofl. The surface soil may Te kept lovse by plowing to a depth
of eight to ten inches.  Fight inches of loose silt loam fairly well
supplied with organic matter is capable of ahsorbing two inches of
water. While a greater depth of plowing would increase the storage
capacity, experiments show such to be unprofitable.  The Georgia
Station ¢ reports results which indicate that plowing more than
eight inches deep lessens the yield ol cotton. It is helieved, how-
ever, that loessial soils may be plowed to a greater depth with profit.

Plowing en sloping land is best done across the slope with a
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reversible or hillside plow, by which all of the soil may be turned
in the same divection.  Tn ordinary plowing up and down the hill
the small depressions, pearly always found between Turrows, and
especially the dead Turrows, serve s places where the water col-
leets and erosion begins. o contour plowing these ardinary de-
rirht angles to the slope mud retard rather than

When the reversible plow is used there are no
dead furrows exeept on the erest of ridges where there s bt little
Jdanger of erosion.

ii. Contour Seeding.—Corn and cotton should be planted on
contonr Jines or nearly so. This reduces the danger of erosion in
planter tracks, amd the cultivation will he aeross the slope, which
will avoid the formation of swall gullies between the rows. For
this veason the seeding of oats, wheat and cowpens shoull he across
the slape, particutarly when the dreill is used.

Terraces.—In those sections where infensive farning is prae-
ticed and 1 fruit disteiets where the tain Fulls in heavy showers aml
the soil does not absorh water readily, ferracing is practiced o good
advantage (Fig 176). Three {ypes of terraces are in conmon use—
the cuide row, the level heneh and the Mangum,

(a) The Guide Bow (Fig. 177) is made by throwing four fur-
rows fowether on contour lines, with an interval of approximately

pressions are at v

Fic. 177.—Guide-row terraces. There is no slope from one end of & terrace to the nlhv:.
but there is a slight slope from the buck of & terrace to the front.  (Pearce, R. B.)

three feet in altitude between the rows. This makes a low flat ridge,
and in order to avoid any waste of land a row of the crop may be
planted on it. This method of terracing is employed on slopes that
do not exceed 10 per cent. or one foot in ten, and where the soil
is open, absorbing the rainfall readily.
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(Y The Level Bench (Fig. 178) is employed on steeper slopes.
These may be developed from the guide-row or laid out on contours
by using a reversible plow. By plowing down hill a level beneh is
developed ina fe ars. When the desired form of the terrace
has been produced it is well to throw the soil up the slope as often as
down in order to avoid exposing too much unproduetive subsoil at
the upper side of the terrace. Fach beneh must be coltivated as a
separate unit, and driving over the lmnk or outer edge must be
avoided lest depressions be made which result in gullies,  The
growth of weeds on the edge of the beneh should be prevented and

Fra. 178.—Level-beneh terrace.  (Bul. 236, North Carolina Station.)  (F. R. Buker.)

a good grass covering encouraged fo prevent erosion.  Crops may be
grown in straight rows or on contours following the ferrace lnes.
Most farmers ohject to the shert rows, which are necessary if the
rows are to be kept straight, because of the loss of time and the
tramping out of part of the crop in turning during cultivation.
Undoubtedly the best way to preveni erosion while farming these
lands is ta plant and cultivate across the slope or parallel to the
terrace,  The uncultivated bank growing weeds or grass is a serious
objection to this form, as it is a breeding place for injurious insects
and a home for moles, mice and other animals.  Very often the
water Trom the slope above finds its way into one of their burrows
and a considerable gully forms in a short time. A terraced park
is shown ju fignre 179,

(¢) The Mangum Terrace (Fig. 180) is a very desirable form,
because it eliminates the wncultivated spaces of the level bench. Tt
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Fra. 179.—A torraced park in Missi
protection of the virgin forest, it was ne
when the land was o

ippi. While the natural slope wis stable under th
wary tw terrace to prevent devastaling erosio:
. D. AL, Bul. 71.)

(Bureau of Soils, U. 8. D,

| . run i = ==z T T T
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differs from the guide row and level hench in that the lines are not
Jevel. hut are run across the slope with a grade of =ix to ten inches
in 100 feet towards some natural ouflet into which the water may
drain,  The terrace is made by plowing several furrows along the

Fi6. 181.—Locusts growing on gullied land. The gullies have been almost completely
filled. (Heaton.)

surveved line and pulling the soil to the Jower side so as to form
2 Jow dvke or ridge with a shallow depression just above it. The
crop is planted obliquely over the dyke and terrace, so that water
may cellect along the rows and he conducted into this depression,
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or wide bottomed diteh, which has but slight fall, so there will he
little or no erosion. The Mangum terrace can he used {o good ad-
vantage on heavy soils which absorh water very slowly.  Thix form
provides very effeetive protection against crosion and eliminates
waste land,

8 Reforestmg—\ already pointed out, the soil of virgin for-
is protected by Jeaves and twigs, On cleared aveas where fhe
surface soil has been removed 10 sueh an extent that it does not
produce profitable erops and especially where gullied it may he
advisable to imitate nature by planting trees. The black foeust is
exvellent for this purpose. Being a legume it is capable of good
erowth on soilg very low in organic watter, The leaves and twiss
protcct the soil and, through the aid of nitrogen fixed by the legume.

ssex soon start among the trees ( Pig. 1\1) By this time there is
]ml(‘ movement of soil 1\1.1(1‘1111 When ahandoned, such areas are
reforested natusally, bat the process is very slow and much nd-
ditional erosion may take place hefore there hasx been sufficient
erowth to held the soil. The natural growth in most cases will be
of far less value than the hlack Jocust or other frees which might be
selected for this purposc.

9. Tiling.—1n rolling scetions, “scepy ™ or “springy ™ spofs
are common, On these, erops do poorly, wheat often = heaves ” and
mayv be killed completely.  In wet sons these spots are much
larger than normal, so the damage is much greater. In many of
these places and on mueh rolling land which does not have an
especially pervious subsoil, tile will produce all ifs ordinary bene-
fits, including warmer, drier surface =oil in the spring when early
tillage and planting are desirable.  The most heneficial effect of
tiling is the increase in perviousness of the soil, so that the rains
are absorbed more readily, thus decreasing the run-off. This is a
very effective method of preventing erosion, but the expense is al-
wost prohibitive when that is the only purpose to be acconaplished.

1I. Gullying
In any depression extending up avd down a slope water col-
lects,  1ts vejouity is increased with its volume, as is also its trans-
porting and eroding power. For this reazon depressious extend-
ing down the slope, such as a furrow, wagon or planter track, a
sheep or cow path. or even a mole tunncl. may soon result in a small
gully. These should be filled with some coarse organic matter or
24
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obiterated jn other ways,  Otherwise, cach rain will increase their
size and they will hecome a permanent source of frouble. In a
few years consideralle areas will he ruined.  Gullving in different
deprees is seen in figures 182 1880 and 184

Methods of Prevention and Filling—I(. Straw-brush.—

Fic, 152,

Fig. 183,
rosion in pasture near crest of slope.
—0ild field erosion in Mississippi

Gullies should he filled with a durable material sufficiently open
to allow the water to pass through it and yel reduce the velocity of
the current so a~ to cause deposition.  The material best suited
depends on conditions. If the slope is gentle and the quantity of
water small, straw, weeds, oy anvthing of that nature holds the soil,
that would otherwise be tost, partially filling the gully. Where the
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slope is steeper or the amount of water greater, steps niust be taken
to prevent the rapidly flowing water from washing away the mate-
rial used.  For this purpose stakes slanting up hill, driven (hrough
the straw are used successfully, Hedge or other hirush (Fig, 185)
placed on the straw help to hold it Stones may well be used for
thiz purpose. especially if they oceur on adjoining slopes,

Stock [requently make paths up and down steep slopes 1o such
an extent that the grass is killed and a siight depression produced.
Water collects in this during rains and a gully is started.

In pasture lands, waterfalls sometimes occur that move up the

Fia. 184.—Old erosion.

slope by means of headwater erosion (Iig. 186). As waler goes
over the fall it undermines the sod surface, which then caves in,
making a gully which is especially diflicult to fill. In such places
it is necessary to protect the face of the hank from the undermining
action of the water. This may be dove by filling the gully at the
fall with brush or straw or both, which must be held in place by
stakes or heavy material, such as stones.  Singe the water from
pasture land contains but Jittle sediment. flling of gullies under
these conditions is a very slow proc For completely filling the
gully, dams of some kind must he used helow the fall.

2. Dams.—In cultivated fields earth and concrete dams are
used for filling Jarge gullies. The earth dam is built over a large tile
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ng erosion,
—Headwater erosion.

Tic. 187.—Earth dam for checking erosion.
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laid i the gully fo be filled. A vertieal tile conneets with e
horizontal one a few deet ahove the dam. This form of dam s
adapted 1o comparatively small gullies of =light fall which do not
carry large amounts of water,

The dam holds the sail material carvied down by the sfrenm
and the water whicl would otherwise averflow the dam and ruin it
passes down througly the vertieal tile and out through the horizonal
one.  The arrangement of the 1ile is hown in ficure 187,

Conerele dams are better adapted to large gullies carryving

Fra. 185.—Filling a zully by means of a concrete dam.

large volwme of water.s They should be placed well into the bed
ol the gully and exrended into the bank well back from the gully
( Pig. 188). The concrete should be thoroughly reinforced. A spill-
way with an ample conerete floor helow the dam is absolutely nec-
essary to prevent the waler which passes over from undermining
it. The vertical tile is sometimes used as with the earth dam, hut
it ic not so exsential, but the horizontal tile should be used for
draining the temporary pond ahove the dam.
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3. Vegetation.—Among the many plants that may he used to
excellent advantage in checking the deepening and widening of
gullivs, the Mack Jovust s probably the most valuable tree. Gublied
ils are always Jow iu nifrogen, yet the locust thrives in spite of
this fact.  The roots help to hold the <oil and the leaves and twigs
also offer some protection. The locust adds some nitrogen to the
soil aud grasses soon get o footing, which then catehes the finer
material. The gully may De almost entirely filled in this way.
Locust {rees are valuahle for posts if not attacked by borers. Wil-
lows and cottonwoods and a few other trees may be used in the
same way, bt their wood iz of Tess value and Tew, if auy, of them
P < the advantages of the locust,  (See Fig. 181, page 368.)
Timothy. blue-grass. redtop, sweet clover, Japan and other
clovers are very usclul in all gullies, hut more especially in wide,
flat-hottomed ones where erosion is not =o severe as to prevent
them from getting a good start.

In many localities the sod of hlue-grass or timothy in draws
disturbed when the field is plowed for corn. Where limesione is
applied or where its roofs can reach carbonates in the subsoil sweet
clover is exceptionally valuable bhecauge of its strong, vapid growth.
On the steep limestone slopes of Kentucky sweet clover has reclaimed
large areas of abundoned land which now produce excellent pasture
and large crops of seed.

4. Filling with Soil.—On more gently sloping land gullies
may be filled with soil hy means of plows and scrapers. This
method can be employed with profit only on those areas where
more or less intensive agriculture is to he practiced or where filling
a few small gullies in this way will reclaim considerable areas.
Much gubsoil will ie on the surface which will be very unproduective.
Legumes must be grown for supplyving organic matter and nitrogen,
thus restoring fertilitv. If the soil is acid cowpeas is the hest crop
to grow. If the soil contains limestone or if limestone is applied
sweet clover is one of the best legumes for the soil, a= it grows under
verv adverse conditions. Whichever crop is grown should be re-
turned to the soil.  Figure 175, page 362, shows sweet clover grown
under the above conditions,

s not

QUESTIONS
1. How much land has been abandoned in the United States?t
2. What percentage in Illinois is hilly?
3. How do other states compare with Illinois in this respect?
4. Upon what does run-off depend ¢
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. Give effects of topography.

5. What part does texture of soil play in erosion?

. How does the vegetative covering affect erosion?

Why should the character of rainfall affect erosion?

. (Zive some idea of the amount of material moved by running water.
. What is the effect of this x]¢1m~n in many instances 7

. Give effects of removal of surface soil.

2. What results are obtained fyom applying plant fool to erodod soils
. What effect does erusion have on the phnuql cluracter of the soil?
. Define sheet erosion.

< How does it reduce productiveness?

i What benefits are derived from Jimestone nn eruded land?

< What are good meadow- and pasture-grasses

y s Tor hill land ]ul\llll(‘:;

the nses of catell erops?

- What use may be wade of erop residues?

21 Tell alout the amount of organic matter in eroded soils.

L \What effect does it have that canses less erosion ?

. What are the advantages of deep plowi
24, What are the advants of contonr plowing and seeding 7
What is the guide-row terrace and what are its advantuges?
. Give advantages of the el beneh terrace.

. Peseribe the Mangnm tervace.

. Give its advantages,

. Diseuss reforesting of eroded lands.

. What about tile as a method for preventing erosion?

. What are the sources of gllies?

ve methods of preventing gullies,

Discuss waterfulls, Why ave they so diflicult to eheck?

. How iy dams be used to 611 gullies?

Give use of black locust on “ul]ud Lo,

< What other vs of filliug ;:ulhu
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CHAPTER XXVILT
ROTATION

A ckop rofation is the growing of rwo or more erops in regular
sequence on the same Janld. Seientific rotation s the svstematic
growing of crops on the same soil 1o regular succession such that
vach crop hers o wseful aud somewhat vital relation to some ot all
of the others growu.  Rotation is very closely related to and be-
cones the basiz of =0il buprovement.  The object of a rotation is to
utilize, to the very best advantage in the production of maximum
crops, the Tavorable conditions of soil with respect fo tilth, moist-
ure. temperature and food, produced by other crops, and to elimi-
nate any unfavorahle conditions produced by any crop. A legume
should form one of the crops of the rotation hecause of its value in
bringing about these favarable soil conditions.

Major crops in rotations are the main crops grown.  Minor crops
are those grown lor cateli, cover, or green manure purposes,

In pature no very distinet rotation of plants ocenrs hecause
the same thing is accomplished in a measure by the growing to-
gether of different plants on the same faud.  Yet we sce that nature
has its own systen of vofation.  Certain plants may grow luxuri-
¢ replaced by some

antly for a few vears and then be almost entir
more favored one. Sweel clover has been observed growing along
ditch banks for several vears and then has been crowded out hy some
other plant without any apparent canse.  As a result of weather
conditions some weelds are very abundant for a vear or two and
then almost entirely disappear. Fives sometimes aid nature in
bringing ahout a rotation of plants, as do also birds and other
auimals.  Any natural agency of seed distribution lends its assist-
ance in accomplishing thix purpose.

In agriculfural practice it has been found very essential to
rotate cvops.  The ohjeet of farming is to grow crops and it has
been found in general farm practice and determined through num-
erous experiments that more grain and other crops may he produced
in & regular rotation than by growing any one crop vear after year
on the same land.

376
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~1

ADVANTAGES OF ROTATION

1. Better Distribution of Work.—T'he one-crop sysfem throws
a large amount of work at about the same time =0 that a large
foree of men and horses are necessary to plant, cultivate or lurest
the crop. The most cconomical use of time and labor ix accom-
plished when it is more uniformly distributed througheut the vear.
L a rotation the several erops are planted at different times. They
mature so as to distribute the work of harvesting over a considerahle
period.  This helps solve the farmer’s fabor problems by furuishing
more pernnuent cmplovment to the lahnrer,

2. Control of Insects and Plant Diseases.—.\ very serious
ion to any one-crop system is the enconrs

gement it gives o
injurious insects that prey upon the crop. This is especially true
of corn. The corn root aphis and the corn rool worm hecome very
serious pests where this crop is grown very long in suceession.
Growing some other crop for
The same is true of plant discases such as jlax wilt, cowpea wilt,
clover sickness, potato scab, dry rot of corn, ete. These are worse
than the insects. They may be completely controlled by rotation,
since in this case the particular host plaut upon which each lives
will mot be present every vear. thus creating conditions very un-
favorable for their survival.

3. Control of Weeds.—Many crops have their particular weed
or weeds that are in some way favored by them. Many weeds
favored by one crop will be smothered by another.  Cultivation
af oue crop may be the means of destroying some, whili- others may
be killed by pasturing or by a tough, heavy sod.

Oue-crop systems tend to encourage muny kinds of weeds. Al
Rothamsted, England, on the plots where wheat had leen grown
coutinuously for many years the ground hecame so toul that fallow-
ing had to be practiced occasionally to eradicate the weeds. Corn
cockle and chess growing with wheat are familiar examyples in this
country. Remove these from their association with wheat and they
are easily killed. Old pastures sometimes become so full of weeds
that the grass amounts to iittie. Ox-eve daisy. yarrow, verbena, and
iron weed sometimes {ake pastures. Hence it becomes as necessary
to Totate pastures us any other crop unless great care is taken to
keep these euemies out. Pastures and meadows may be kept clean,
as seen in England, where the grass ficlds are several decades old.

eral vears destrovs many of these.
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These are the exceptions, Lngland’s farms are models of scientifie
rotation.

4. Variation in Depth of Root Systems.—By rotation differ-
ent crops with roof systems varying in depth are brought sucees-
sively upon the land. Nome especially deep-rooting crops, such as
clovers and alfala, should be crown. These oltain much of their
food below the zone from which the ordinary shallow-rooting crops
take their food. More {han this, they bring much plant food to
where it may be reaclied Iy other erops. Tn this way the plant food
from u deeper zone is wtilized and soil exhanstion wilj not oceur so
soon. These deep-rooting crops have a very favorable effect in open-
ing up the subsoil for hetter aifration and drainage.

5. Helps Maintain Good Tilth.—A{ the University of 1linois
one plot has been growing corn for thirty-seven vears: another has
had a two-crop svstem of corn and oats 2 a third has had a three-crop
svglem of corn, oats, and clover for the same time. The soil of the
first is compact, “runs together™ badly. and erodes considerably.
A heavy rain packs it and forms a smooth, solid surface. The second
acts somewhat similarly to the first hut is not o had.  The third is
mellow, granular, and even heavy rains do not cause the surface to
run together.  This difference is due fo the legume crop growi.
No crop is of more henefit to the tilth of a soil than a decp-rooting
Jegume.

6. Helps to Maintain the Organic Matter—"T'hc¢ part rofa-
tion plays in mmintaining organie matier has been discussed in
Chapter X1.7 As previously shown, a leguine crop is essential in
every seientific rotation.  The manner in which the Tegume is dis-
posed of iz of 1hie utmost importance,  Very little in the way of
permanent improvement is accomplished unfess the fegume is turned
back info the soil either direclly or as manure.

7. Rendering Toxic Substances Less Harmful.—Soils sore-
times contain organie subsiances that are harmful to plants. The
same substance i not equally injurious to all crops, but is espe-
cially detrimental to the growth of the kind of plants that gave rise
to the toxic material.  Changing the crop renders this less harmful.

8. Produces Larger Yields.—From whaf has been said it will
be seen that rotated cvops have a decided advantage over those of
the single-crop system.

Many experiments have been carried on at different stations
that prove definitely the great valuc of rotation in increased yields.

Towa gives results that show a nine-vear average for continuous
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corn of 51 bushels per acre and 64 bushels for cormn grown iy a
rofation of corn. corn, oats, and clover.

lmmtum (mn]lw‘cd with Clmlﬂ(uuu\ ( orn. A Ames, Towa

1007 ‘ln\‘ s |

Corn in rotation of | 1
corn, corn, oals
and clover ..., 75
Continuous corn . . T

| )*)U)

Feowill be observed that the yield at the heginning was about the
same {or each.

At the Tllinois Station corn has been grown for thirty-seven
vears in comparizon with a ¢orn and cats and a comn. oats, and
clover rotation.  The Tast four erops of corresponding vears average:
Continuons corn 26.4 hushels per acre. corn and oats rotation 34.6
bushels, and the corn, oats, and clover rotation 5%.1 bushels.

Yields of Corn, Whea! and Iay Under Diflerent Systems of Cropping.

M innesata Station

Corn | Wheat Hay
“Year Con- | #-vear var | Con- | 3-year | S-vear | 3-yesr | S-year
tinu- | rowm- | mota- | tino- | rote- [ rote- [ rots- [ rota-
- nus tion tion ous tion tion tion tion

Buxhels Brlbhvl\‘ﬂu\]ﬂl) Bushels| Bushels Ilucruk Tons Tona
1800, 20.8 [ 2 : Ta
1600
1401

0

* Record lost. 18 yoars. 17 years.

From the results given in the above table it will he seen that con-
tinuous crnppinn‘ has a greater effect on corn than upon wheat. The
3-vear rotation inc rva-w] corn 25.2 hushels, whike the iucrease for
wheat was only 2.4 bushels per acre.

Ohio has been carrying on some experiments for ahout 19 years
that prove the value of rotations.
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Average Annual Yields for 16 (o 19 Years When Groum (nnlmunu.sly and
Under l}zr:c am[ Fave-year Rotations. Ohio Slatior*

Rotation | Com Whent Outn Cluver

Pounds

Bushels | Bushels I m,.d..

(‘ontmuom ..... T 7.52

B-year rotution ..., 10.63 % W,
Syear rotation . - 10.21 31.00
Increase for #-year rot fon. L. 3.1 S.08

Rotation gave an inerease of 185 bushels per acre of corn and
for wheat 3.1 bushels, showing again that corn responds o rotation
better than wheat,

PLANNING A ROTATION

Planuing a rotation requires a great deal ol care and thought.
1t should be made not for the present alone bul I'nr many years in
the future. 'Thie probable effect of the rotation adopted should be
studied [romn several standpoints, The elfect on the fertility and
tilth of the soil should receive careful attention.  Will it decrease
or increase the organic matier of the soil is a question that ghould
be worked out. [ this rotation is Jprac ‘ticed, what will be the condi-
tion of my farm after fifty year If you cannot answer this, get
the knowledge or the help that will enable vou (o do so.  The rota-
tion wouhl depend on the size of the furm to some extent.  That
far one of sivty acres wauld not apply to o four hundred-acre farm.
The rotation should vary with the character of the soil. A rotation
for a hieavy, rich, black soil certainly wonld not be fitted [ur a sandy
soil, oy vive verse. Soils Jow In organic matwer should have a system
of rotation whose object ix to build up the soil in this particular.
Acid solls will grow differem creps than soils confaming limesione.
The maintenance of the fertilite and tilth of the soil shonld e a
very impertant factor in determining the rotation.

The syslem of farming to he practiced should be one of the con-
trolling factors in determining the crops grown. A fruit-srower,
a daicyman. a grain facmer, or a stoch-raiser would cach follow dif-
ferent systems. In any system the value of the crops, both these to
be used on the farm and those to be sold. must be considered in their
selection, since the returns from the erop and its relation to other
crops is the thing that should determine its use in the votation.
The most profitable crop should have the most farorable place in the
votation. 1n the corn and wheat belt these should have this place,
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and likewise of the other great mouey crops, such as cotton, tobaceo,
putatoes and others,

As a general rule a rotation of three to five years is more desira-
Iie than o longer one. The short eycle requires less trouble and pme
(o wet it started and i casier to maintain when once under way,
1f a crop fails in a three- or four-vear evele it is not diflicnlt 1o
maintain the rotation, while if a failure occurs in a longer eyele 1t

may disarrange the svstem to a greater or fess extent.

Because ol the rearrangement ol ficlds and the adjustment of
crops, it is rather difficult to get a rotation under way, usually re-
quiring several years, and it is almost equally difficalt to change it
alter once it is started. The rotation shonld be naintained even
i a crop does fail. N sabstitute erop should he planned to take the
place of those crops that are Jiuble 1o fail. This will not be needed

very often.

The farm should be divided into as many fields as there are
vears in the rotation and the erops grown in regular suceession on
these fields, On Jarge farms the rotation may be duplicated.  There
should he at feast one Tegume crop, preferably a biennial or peren-
mial, and not more than two tilled crops, during the cyele. the
number depending upon the soil, as these cause considerable loss of
arganic matter,

Places in Rotations for Crops.—(Carn succeeds well after
clovers, alfalfa and pasture and does fairly well after wheat and
oats, especially for fall plowing.  In sod ground two or three crops
of corn may he grown successfully, hut more than two in succession
on ordinary soil are not deemed best.

Wheat does not follow corn well even if {he latter matures sev-
eral weeks hefore seeding time.  Wheat does well after potatc
claver, alfalfa, pasture or soyheans, the only danger heing its liability
{o lodge caused hyv the excess of available plant food, especially
nitrogen. Oats is a good crop to precede wheat if the plowing is
done early. Wheat follows wheat very well, but there is too much
danger from Hessian v in some latitudes.

Qats is a crop that is adapted tn the cooler part of the temperate
zone.  South of this the erdinary spring-sown oals encounter the
hot weather at filling time, = that a partial failure may result. In
the Sonth winter nats are grown to some extent with fair success.
There is a belt between these where neither fall nor spring oats
do well. The summers are too hot for the spring seeding and the
winters tao cold for the fall oats.
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In the corn and wheat belt and corresponding lafitudes oats are
abmost universally seeded after corn. Even in the southern states
this is practiced.  If they should fullow clover ar potatoes. ludging of
the crop would almost certainly occur, with consequent loss.  They
will follow wheat, miller or cotton well,

sarley does well in the southern outs belt and under practically
the same conditions, It may follow wheat, oats or corn,

Rye may be grown under practically the same climatie conditions
as wheat, buf it is a better forager and produces more on poorer
soils.  In the middle west it is a common erop for very sandy lands.

The clovers are almost wniversally sceded with wheat, oats or

harley as nurse erops.  Oceasionally they may he seeded in corn or
cotton after the last eultivation, Imt the cateh is uncertain.

Soybeans and cowpeas follow almost any erop, hut there is noth-
ing gained hy having these sueceed other legume evops. A non-
leguminous crop should interveue or at least be grown in conjunc-
tion with one of the legumes.

SOME PRACTICAL BOTATIONS

1. For the Corn and Winter Wheat Belt.—Tn this helt corn
and wheat are the money crops, and they should he given the most
favorable places in the rotation. I any crop is grown that is of
special benefit 1o the soil, these should have the advantage of its
effect.  The best place for corn is following the legume. 1f two
impertant money crops are placed in the rotation, cach should be
given the best place possible. This belt is characterized by hot
summners and cold winters, with the annual rainfall varving from
20 to 48 wches.  Corn, wheat, oats, and rye are the principal
cereals (Fig. 189).

A short-cyele rotation that is sometimes practiced is: first year.
; second year, oats, seeded to clover: and third year, clover.
a good rotation to maintain organic matter, but it is not as
profitable as some others.

An excellent four-year rotation is made hy adding another year
of corn to the former, making (1} corn: (2) corn; (3) oats
(clover) cand (4) clover. This exhausts the soil more rapidly than
the former and is hest adapted to fertile soils well supplied with or-
ganic matter. Tf it is desired to crow wheat, a four-vear rotation
is as follows: (1) corn, (2) oats. (3) wheat (clover), (4) clover.
This is well adapled to a rich soil such as black clay loam or a
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Leasy pligse of brown silt lowun Lf two crops of wlicat are desired
in the yotation, the extra one may follow the clover, seeded again to
a different kind of clover to he plowed under for corn,  This changes
i foa five-vear cycle. Another practical one where wheat is the
feadimg cropis (1) wheats (2) wheat (clover) : and (3) clover,

Probably ane of the best four-year rotations for the corn belt
and one which gives two good muney crops advantageously located
i the excle is (1) corn, (2) oats (clover). (3) clover; (4) wheat
(clover). Thix gives three years during which the legume crops
are growing and the rotation is adapted 1o soils deficient in nitrogen
and low in organie matter.  On the grain farm practically all of
the clover crop shonlld be turned hack into the =oil in any of these
rotations.  The clover may he clipped and left on the land and the
second crop may be harvested for seed and the =fraw returned to the
soil. Al erop residues not fed should be turned back into the soil.
1f more corn ix desired this may be changed to a five-year rotation
by adding another yvear of corn, making (1) corn, (2) corn. {3)
oats (clover). (4) clover, and (5) wheat (clover).

These rotations are well adapted to either grain or mixed farm-
ing, since the clover may he pastured to good advantage.  Another
vear of pasture or hay may be easily added by seeding clover and
timothy instead of clover alone. The first year of these the erop will
be largely clover, while the second will be mostly timothy. 1f the
clover should fail, soxheans may be substituted to be cut for hay or
seed. Savhean straw s caten very readily by stock.

If sovbeans or conpeas can be used to good advantage. a rotation
containing one of the crops may well he practiced. The rotation
might he (1) corn. (2) cowpeas or soxbeans, (3) wheat (clover),
{4) claver.  The cowpea or =oyvhean hay may be fed to stock and

the manure refurned 1o the =oil,

Alfalfa may be included i the rotation by adding another field
and growing it while the other erops are going the rounds of the
regular totation. At the end of this eyele, the alfalfa field is then
put into corn and the clover field is seeded to alfalfa.

In these rotations alsike, mammoth, medium red. or sweet clover
may be used. Where conditions are very favarahle for getting o
cafch of alfalfa, this crop may be substituted for clover, hut as a
general rule it is a wise plan to leave a good stand of alfaifa for
several years when ooee obtained.

2. For the Cotton Belt.—This region possesses many advan-
tages in climate over the coru belt. It has a larger and better dis-
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tributed rainfal} with a Jonger growing scsson and mud winters,
The unusual Tacilities for growing a woney sud a soil renovating
crop during the same scason give this section decided advantages
over the corn belt.  Winter cover crops on rolling land for prevent-
ing erosion, as well as green manure crops for increasing the scanty
supply of organic watter, should be grown more extensively.

The principal money crop is cotton, vet a great many special
erops are grown in Jifferent states. Mixed farming predominates
in many places, In Kenfucky, Tennessce, and Oklahoma livestock
farniing prevails, with the growing of grains next in impartance. In
Texas and Arkansas livestock is first, with corfon production sceond.
Cotton is the leading crop in Alabama, Mississippi, Georgia, South
Carolina, and Louisiana. In the Jatter, sugar cane ix next in im-
portance.  This 1% also grown in North and South Carolina.
Tohacco is grown extensjvely in Marvland, Virginia, Kentucky and
XNorth Carelina.  Truck craps and fruirs are extensively grown in
Florida and near the Guif in other sfates. Corn, rice, wheat, oats,
kafir corn, milo maize. rye and Luckwheat are grown in different
parts of the region.

The forage crops are varied and comprise alfalfa, cowpeas, soy-
beans, red. alsike, erimwson, Japan. and sweet clovers, vetches,
timothy, blue, Johnson, brome, and Bermuda grasses, and millet.
Peanuts, hemp, Irish and sweet potatoes are special crops in some
sections.

This shows the large number of crops that are grown in this helt
and the great opportunity for rotation. MMuch of the soil is acid
and deficient in organic matter and nitrogen. and the rotation
should be planped to maintaiu or increase the nitrogen rather than
attempt to esupply it from commercial fertilizers. Legumes must
be grown that are not affected by acid unless limestonc or lime has
been applied to the soil. Japan clover, cowpeas, and soyheans fill
these conditions, since thev do very well on acid soils.

The cotton belt includes a very extensive aren, large numbers
of widely different soils, and considerable variation in altitude.
These tend to give variety to the crops grown. The rotation for this
belt should have one or more money crops, such as potatoes, cotton.
tobacco, sugar cane. wheat, rice. one ar more for feed and a crop
for soil improvement. A very good yotation is (1) corn (cowpeas),
(?) winter oats (cowpeas), (3) cotlon (elover).

Where tobacco is grown, the following may be practiced: (1)
tobacco, (2) wheat (clover), and (3) clover; or (1) corn (cowpeas),

25
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(?) tobacco, (3) wheat (dover) and (4) clover. In the rice
district the following is recommended: (1) rice, (2) rice. (3) corn
(cowpear). () winter ovuls (cowpeas), or (4) winter oats and
veleh (cowpeus).

If une of the mouey crops is potatoes, then (1) corn (cow-
peas), (¥) polatoes {sovheans), and (4) cotton (erimsou clover)’
may furma the rotation. The legumes i corn and cotron should
be used primarily for soil improvement, while those following other
crops may be used for hay or soil jmwprovement. These rotations
are only suggestive.  For the stock farm, almost any of the above
rotations may be extended twa or three vears for hay or pasture, or
both, with whatever meadow or pasture grass does best in the
locality. whether it is redtop, timothy, brome, blue, or Bermuda
grass.

3. For Hay and Pasture Province.—The hay and pasture
provioee (Fig. 189) occupies the northeastern part of the United
States in the cooler temperate zone with a soutbward estension
i the Appalachian Mountains to northern Georgia. Grass for hay
and pasture is the principal crop grown, yet corn, poiatoes, Tye,
oats, wleat, clover, and harley are somewhat extensively produced
i many areds.

The short seasons do not permit the growing of two crops and
hence the greater difliculty ol raising soil-renovating crops. There
is, however, this advantage, that oxidation of organic matter does
uot take place so rapidly as in warmer climates and the supply is
therciore easier fo maintain.

The following rotations are recommended: (1) Potatoes, (2)
rye (clover), (3) clover; or (1) corn, (2) potatoes, (3) rve
(clover), (4) clover. TFor pasture or hayv timothy max lbe seeded
with the clover and left for two or three vears. If desirable, oats
may be substituted for rye. If potatoes are omitted, a good rotation
is as follows: (1) vorn. (2) oats, (3} wheat (clover). (4) clover
and timothy, (5) timothy. This rotation may be shortened by
leaving out wheat, making a very desirable rotation for some
localities.

4. The spring wheat region and the great plains province
oceur east of the Rocky Mountains, and wheat is the principal crop
of hoth. Tn the former (1) corn, (2) wheat, (3) wheat, and (4)
lequme may be practiced. In some localities potatoes may be sub-
stitnted fer corn.  In a live stock system, clover and timothy may
be sown and used for hay and pasture.
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The crops of the greal plains province vary extensively. Besides
wheat, the sorghums form a very valuable crop in the southern
third. Lo the north of this, wheat, together with some corn and
alfalfa, is the principal crep.  No delinite rotation has been worked
out for this area.

The principal farm crops in the provinces west of the Rocky
Mountains are wheat and alfalfa, with sume coru, outs. barley, rye,
and sugar beets.  The need of soil improvement is not so evident
here as in humid regions, because of a much grealer original sup-
ply of plant food. The extensive growth of alfa)fa {urnishes a
ready and effective means for building wp the soil.

QUESTIONS

Define a rotation of vrops.

How dous a scientitic rotation differ from the above?

Give the objects of a rotation.

What are suajor crops?

What are winor «rops?

How are crops rotited in nature?

What is the primary object of farming?

How dees rotation affect the distribution of work?

. Why is a one-crop system favarable to the development of insects?

. Can you give an instance of disease caused by continuous cropping?
i i v

SEEmdamu s

11 ?
2, ITow are weeds kept down by rotation?
13. Give some examples of troublesorue weeds in your locality that moy be

kept down by rotation.

14 Why,is it a good practice to grow crops that root at different

depths?

15. What part does rotation play in roaintaining tilth?

16. What are toxic substances and how does rotation affect these?

17. Give the results obtained at the Iowa Station for continuous corn

and rotation.

18. What results were obtained at the Illinois Station?

19. What de the Minnesota experiments show in regard to corn? -Wheat?
Hay ¥

. Which cereal responds best to rotation?

. If corn is.worth 50 ccnts and wheat $1.05 per bushel and hoy %8 per
ton, what is the total value of the average crops in a three-year
rotation? In a five-vear rotation?

22, Which rotation gave the greatest acre value for the crop? (Assume
that in o fiveyear rotation, three crops of hay were grown.)

. Give a synopsiz of the Obio results. .

What things are to be considered in planuing a rotation?

What importance should he placed on the soil in these plans?

5. What consideration should guide in the selection of crops?

27. What determines the succession of crops?

What about the length of the rotation?

Why is it difficalt to get a rotation under way? i

. Why is it advisable to divide the farm into as many fields as there
are crope in the rotation?
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31, Where should corn be placed i he rotation?

32, Where J= Lhe best place for wheat?

Where are eats grown bestt

Where are winter oats own ¥

What crops may well be followed by vats?

Where may ryve be seeded

Wit is a nurse crop and why neeessary 7

. What da cowpeiis aud soybeatis fobuw ?

. hocate the corn and winter wheat helt.

40, What are the principal crops there?

. Give a good short-eyele rotation.

Give a good four-year rotation.

43, What is the rotation if two crops of wiheal are desired ?

44, dive a four-year rotation in which fegtmes are grown three out of
four years,

435, How may these e adapted to mixed furningy

6. What is to be done if clover should fails

47. What is the place of soybeans or cowpeas in the vatation?

4%, How may alfulfa be included in the rotation?

ah. Locate the cotton belt.

50. What advantages over the corn and winter wheat belt does it poss

51. What are the principal moncy c1ops?

Nanie =ome other crops grown in this helt.

. Give the forage crops grown.

. Uive a practical rotation wAth tobave

. What should be done with the legumes

Uow muay these be adapted to livestock farming?

Wlhere is the hay and pasture province?

. YWhat are it< advantages and disadvantages?

. Give rotations that may be praecticed.

. locate the spring wheat region.

il. Name the crops and give a rotation.

\Chat are the erops of the great plains region”

G3. What are the important crops of the provinee west of the Tocky
Moyutaing?

cotton, rice and potatoes,
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SOIL FERTILITY

Wrrporr attempting fo go into the subject of soil fertility fo
any great exvent, the authors have thought that a brief Jdiscussion
of the subject, giving some of the underlving prineiples, would be
helpful to the farmer. The field is such a large one, and the theories
advanced are so varied and conflicting, that the practical farmer
15 at a loss to know what to do, and as a consequence does nothing,.
The fertility newds of soils may be determined in three ways: (1)
Iy chemical apalysis, by which the amount of plant food may be
determined, (2) by pot culture experiments in greenhouses under
almost perfeet conditions, and (3) by actual field tests, where plant
foods of different kinds may he applied and the results compared
with those of an equal arca of the nntreated soil growing the same
crop.

Permanent Agriculture.—Agriculture is usually considered a
permanent industry, but it is no more permanent than the natural
soil itself. 1f the fertility of the natural soil is inexhaustible, then
agriculture is a fixed industry and likewise those industries, com-
merce, manufacturing, and mining, which depend so Targely upon
agriculture. 1 history tells us anything about agriculture it is
this: that it is not permanent, that nations have fallen becansc the
agriculture upon which their civilization depended had failed.

Are Soils Inexhaustible>—Tlie productiveness of soils depends
upon the amounts and kinds of plant food elements they contain,
the favorable conditions for plant growth that they offer, and the
friendly bacteria present. Chemical analyses show that plants
contain certain mineral elements which they obtain from the soil.
Analyses show further that soils contain these elements in limited
quantities, and it requires no great amount of mathematical knowl-
edge to see that if plants take even small amounts of these elements
from this limited supply, reduction and final exhaustion are sure
to follow unless the necessary elements are added by the farmer.

Complete exhaustion of plant food is not necessary fo render 2
soil unproductive. If the soil presents adverse conditions to the
plant, either through lack or excess of water, poor aération, or had
physical condition, or if the proper bacteria are not present, or,

339
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heing present, are not under favorable conditions for carrving on
their work, the plunt suffers and the soil appears as il exhawsted.
Plant Food Elements.—Ten clements arc essential to ihe
growth of plants. (Sce the table on page 2.)  Of these. sulphur,
calcium, magnesium, iron, nitrogen, phosphorus, and potassium are
furmished by the soil. The last three are the ones most liable {o be

Plant Fod in Crops *

Crop | |
e * | Nitro- | Phos-  Potas-' Mag- | Cal-
Kind | e | een | phorus | s | nesium - cium
! | _ N S
|
i‘ | Prownds | unds Powis| /'uu"m“ Pounds
gTain 50 bushels |+ 71 | 12 13 !
Wheat.......... :me 275 tons | 25 | 3|4 i 10
grain | 100 bushels 100 | 17 | 19 |
Corn.......... . { stover 5 tons 48 52 21
cohs ‘ ,‘-zlﬁn' \ ‘ 2 2 N
grain 40 bushels | 3R, . 11. 6 0.9
Rye oo sraw 214 tons 55l RS s AR
ain 100 bushels | 66 16 4 2
Oats oo Sraw | 20 wons 31 52 | 7 ‘ 15
Barley | 50 bushels | 42 . 10.1| 2.9 1.0
ey straw | 2600 pounds | 15.6| 2 2370 18| 6.0
cl seed ‘ -4 bushels 72 3 1 1
OVET. hay 4 tons 160 W 120 |3 |07
lint, | 1000 pounds | 3 ‘ 04|
Cotton.......... seed | 2000 pounds | 63 11 19 .. ‘ .
stalk | 4000 ounds | 102 18 59 . .
seed | 25 bushels | 80 | 13 ‘ 24 2.1 1.7
Soy beans........ straw | tons 79 S 449 AT B
Cowpen hay..... AR 3 tons 130 | 14 \ us [T I
Jeaf | 1800 pounds | 72 35 90 | 117 ] 675
Tobaceo .. . sl | 3200 pounds | 1184 | 35 1184 09 284
Timothy hay ol 4 tons 3(7)‘(.; 9 | 141 oég 7]1.3
alfa hay.. ... 6 tons 27 1 22. 218.:
Sugar beeg; . 20 tons 100 l\ 18 157 72 64
Potatoes. .. 300 bushels | 63 | 13 90 5.4 3.6
Turnip-roots. s 15 tons 751 12 111 5 183
Turnip-leaves. ‘ 2 tons | 18 2 184 112 |109.2
Fat cattle. ... 1000 pounds | 25 7 1 ..
Milk ...l 10000 pounds | 57 7 12 ,

* Compiled from various soureus.

deficient in soils. There are many indications, however, that cal-
ciurn may become so low that legumes, which require large amounts
of it, may suffer in their growth because of an insufficient supply.
Removal of Plant Food—Crop Requirements.—Removal of
plant food from the soil by the crop is one of the common causes



SOLL FERTILITY 391

of lessened production.  From the table on page 390, which gives
the amount of plant food vsed by some common crops, it will be
seen that a fifty-bushel crop of wheat requires ninety-six pounds of
nitrogen, sixteen of phosphorus, fifty-cight of potassium, ecight of
maguesium, and eleven of culcium, a total of onlv one hundred and
seventy-nine pounds,  This is only two and one-fourth per cent of
the weight of grain and straw produced. T'he percenfage ol plant
food taken from the soil is the same for corn, while for cals it is
slightly more than two and one-lulf per cent. For the crop to
obtain even this small amount, it is necessary that much larger
amounts be present in the soil. since only o small proportion is
available cach scavon. The yields given in the preceding table are
high. but no larger than rich soils will produce uuder favorable
conditions.

The Jegumes take must of their nitrogen from the air, but the
other elements given in the table are taken trom the svil.  Other
crops take al) of their supply of these dJements from the soil. Be-
sides the elements given in the preceding tuble, iroy is taken from
the soil. However, there is sueh an abundance of iron in the soil
and plants require so hittle that soils probably will pever become
deficient.  In the case of sulphur, the amount needed s small and
ihe soil reeeives =ome from the air during rains.

Supply of Plant Food in Soils.—T'he supply of plant food de-
pends upon several factors. Probably the most imporfant s the
rock from which the soil was derived. A soil derived from a sand-
stone may contain very little plant food ol any kind. A granitic
=01l will probably contuin large amounts of calcium, potassivm,
some magnesium, and phosphorus. A Jimestone soil would contain
considerable amount§ of each clement.  Soils formed by mixtures
of various rocks usuallv contain the largest =upply.

Nitrogen is ncarly always a later acquisition. Very few rocks,
as that term is commonly used, contain nitrogen.

Leaching removes Jarge amounis of plant food, and for this
reason the soils of humid regions contain less thaw those of arid
ones. Some exceptions occur in swamps, where the mineral plant
fuod has been carried in hy washing and leaching from the higher
areas. Conditions are favorable for the accumulation of pitrogen
through the more luxuriant growth and less rapid esidation of vege-
tation. The physical composition of the soil plays a very important
part in leaching, since the smaller the soil particles the less the
leaching.
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The cropping to which the soil has been subjected determines
to a large extent the plant-food content.  Ivery crop removed from
the land takes away a certain amount of food, thus slowly reducing
the supply.

The next table gives the amount of plant fuod in soils from
VATIOUS COUNTILeR,

Total Plawt Food in Some Residual Spils.*—Pounds in Two Million Founds

af Soil

I\l,\,.hu, Fhow. | Pouw | s | 8
Marvlund barrens ... . " 180 2000
Adobe soil, New Mevico. . EE 5200 ‘ 8200 | 2RG00
Coral limestorie, Bermuda skands. 5400 “ 2000 |
Soil from gneiss . ]35.\’() | 740 | 23200 5600 | 10(]
Soil from gabbro ... 740 720 00 | 7800 10600
Serpentine soil ..l S se0 | 3o | 27600 | 8200 39000
Cunibrian sandstone soil ... .. ‘ 300 1240 | 57400 9000 14800
Trenton limestone soil ... .. ... 820 1340 l 51600 ! 8200 | 10400

* Compiled from various sourges

Fertility in Russian Steppe or Tchernozem «\mI\ —Pounds in Twe Million

Pounds of

‘ ‘
Nitrogen | Sulphur | by | e s Calcium J i
| — | | |
| I
Virgin.........[ 500 | 560 1220 | 11950 ~ 21562 8800
Cultivated. . 4800 640 1133 | 8630 1 18700 9000
i

Plant Fuo/[ in Missouri Soils.*—Poun

Pounds of Soil

i Totl | Acid
The standard of a very fertile soil....... .. 6000 | 2000 5300
Nartheas! Missouri level prairie (\undulm) 3640 1018 6175
Northeast Missowri level prairie (High Hill). 2700 1608 4714
Northeast Missouri rolling pmmc (HurdLmd) 3760 1978 6089
Northeast Missouri rolling prairie (F uJLon) 3640 | 175 7188
North Missourl timber soil (Lacledc) . .‘ 3000 1221 5362
Ozark upland (Climax Springs) Clo1so | 800 2889
Osark npland (Otterville- ©oaso oo | oang
Ozark upland (Stonehill). . S AG20 0 740 2623
Ozark border (New Haven). . \ 1460 | 740 | . 5495
Ozark border (Witteuberg) . .. 1500 1660 5429
West, Missouri rolling prairic 1L\) 3560 1445 5262
Southeast Missouri lowland silt (F{Jvu) .1 5320 4584 17785
Southeast Missour; lowland sandy soil (Camp-
bell) e e e e e e e 700 \‘ 1711 3566
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Plant Food din Soil Areas of Kentucky —Powuds tn Surfece, 0 fo 7 Inches,
Two Mdbon Pounds

Totsl | Totl | Towl
vitrogen | phosphors. potassium

Formation

Trenton. .. ... oL DA, . 3780 | M6 627&
Cineinnatian . e BN 3180 1924 31960
Siturian and Devonian ... i e 2480 1001 23040
. 1960 G301 19600

. . 2106 §90 28220

..... Lodmo | oz 26564

ern coal field. ... . . 14950 ‘ Rt 29290

tern coa) field (western party. ... 2140 630 18180
astern coal field (central and casterny p'utl 2950 ‘ 1260 34213
Quaternary. PR F A1) I PO} 30926
River alluvium ... .. .. . ... 3 oo | 1910 34430

By taking the figures of crop requireiments given in the tables.
pages 390 and 398, it will be casy to calewate the iength of
time necessary to completely exhaust the soils by growing maximum
crops.  This will give a fair idea of the deficiency of certain plant
foods in the soil.

Nitrogen.—Nitrogen is one of the mosi lmited of the plant
food elements in soils. It occurs in organic matter in combination
with hydrogen, oxygen, carbon, sulphur, and other clemeuts, aud
all non-leguminous plants are indireetly dependent upon this form.
Legumes also use the nitrogen of the organic matter. TFree nitrogen
occurs in the =oil air in large quantities, but this can be used only
hy legumes. One hundred corn crops of fifty hushels each would
use all the nitrogen in the surface soil of the average hrown silt
Joam, provided the stalks were turned back. while if the stalks and
arain were hoth removed the nitrogen would all be used ia a little
more than sixtv-five years,

Through the activity of soil organisms the soil nitrogen of the
organic matter is slowly made available. The process takes place
princeipally in the plowed soil and the amount of nitrogen made
available each season is approximately two per cent of the total
nitrogen in this stratum. 1f there are four thousand pounds in
the plowed soil, about eighty pounds will hecome available, or n
apount sufficient to produce a fifty-bushel crop of corn.
¢« Nitrogen is the limiting element over large aveas of soll, and
its increase and maintenance beeomes one of the most important as
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well as one of the most difficult problems for the farmer (Figs, (90
and 191). The methods that have been recommended Tor main-
faining the organic matter will usually maintain the nitrogen.
iz the most. expensive plant food element, and more of it is required
by crops than of the other elements,  When the market price is
cighteen cents per pound the cost of the nitrogey for a bushel of
corn is twenty-seven cents, for wheat thirty-six cents, and for oats

Fig. 190.—Wheat un“mL on a so0il very deficient in nitrogen.  Note the effect of the
addition of nitro Aversge yvield for nitrogen, 32 prams per pot, withoul nitrogen
S genms.  (Tlinnis il Report.)

F16. 191.—Legumes turned under have the same effect ns the sddition of nitrogen.
Yields for a four-year average were as follow: No nitrogen, 4 grams per pot, legumes 18
graas, and for nitrogen 20 grams.  (Illinois Soil Report.)

about eighteen cents. This price makes its purchase almost, if not
eutirely, prohibitive for ordinary grain crops.

Nitrogen can be readily incorporated with the soil by turning
under a crop of inoculated legumes. These may be grown in con-
nection with some of the money crops, such as corn, cotton, wheat,
rye, oats, and others, and tarned under for soil enrichment. The
cotton belt and the southern part of the corn and wheat belt are
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cspecially well adaptid to this method. It must be remembered
that nitrogen is readily lost by Jeaching. especially after it becomes
avatlahle.

1t would bhe well to melm\wc the new«m’ of turning the
legumes under instead of removing them.  In many pla(cx the
legumes are made into hay and sold frow the farm. or fed without
returning the manure.  Under these circumstances very little is
accomplished toward permanent soil lmprovement by growing
legumes.

Fompcm.lmn of 707»5 and Roolc Crops

cded July 22 (Delaware Station)

‘ Pounds per ucre and
| per cent in yoots

Crop snd date of Lnrvest Alredry
Nmogpn? [Phow | Potns
Cowpeus, LOpS. .. ........ .......... . / 3718 65.2 ‘ 2 39.2
Nov. 7, Itoots 0'to 8 inches. L 301 4.2 1.0 ‘ 1.9
Roots 8 to [2inches. ... ...l 9 [ 1 1l
Per cent io roots. ....... .. ‘ 8 6.0 | 13.0 8.0
Soybeans, tops. . | 6790 | 130.9 | 16.5 383
{ov 11, Ruots 0 to S inches Lo 717 8.8 1.0 1.1
Roots 8 to 12 inches. - 39 5 | 0 B
Per cent jo roots. ... ... 10 6.5 5.5 4.0
Vetch, tOPS ... S ... 3084 | 1080 | 95 | 631
Roots 0 to 8 1nch L 584 12.8 2.0 5.7
Roots 8 to 12 inches. .. .. SN G 1 T2
Per cent inroote. ... ... ‘ 17 11.0 18.0 ‘ 8.0
Crimson clover, tops. . 1282 | 259 69.7
Nov. 20, Reots 0 to "8'inches. . 5.7 .8 3.2
Roots § to 12 inches 5 A 3
Percent of rools.......... 6.0 3.5 5.0
Alfa.lfu,, tops. . 54.8 5.7 26.7
Roots 0 to 8 inches . 40.2 3.7 7.9
Roots 8 to 12 inches. .. ....... 2 0 .0
Per cent in roots. ........ .. ‘ 47 42.0 | 380 23.0
Red clover, tops. ... 2819 69.8 8.3 38.6
Nocv 22, RO?)!S 0to . .. 1185 32.5 4.3 8.0
Roots § to 12 inches 27 7 I .1 ‘ 2
Per cent in roots........... ' B0 | 320 ‘ 350 | 180
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From the preceding table it will Lo scen that of the legnmes
given, alfalfa adds the largest amount of nitrogen to the soil, forty-
seven per ceut in its Toots, and red clover second with thirtv-two
per cent. When the two crops of red clover are removed from the
land, the nitrogen left in the soll ju roots and stubble iz on un
average probably no more than equal to that tuken from the soil by
the crop. so there is no addition of this eivment under such a prac-
tice. The table shows that the roots of cowpeas, soybeans, and
crimson clover contain a very low per cent of the total nitrogen.
These crops if harvested from the land probably. net only add no
nitrogen but actually remove some from the soil.

Fresh farmyard manure contains about ten pounds of nitrogen
per ton, and the futility of trving to maintain this element with
manure on the average grain farm is readily seen.  All manure
should be used to the hest advantage, but where fifty hushels of
corn per acre, and other crops that remove cquivalent amounts of
nitrogen, are grown it would require about twenty tons of average
farmyard manure per acre every four vears to maintain it, even if
there were no other source of loss.

Commercial Forms of Nitrogen.-- The forms in which
pitrogen may be obtained commercially for use as o {erfilizer are
as follows:

1. Sedjum nitrate constitutes the best form in which the cle-
nent nitrogen is obtained for use in commercial fertilizers. The
salt oceurs in northern Chili aud after being purified by crystalliza-
tion contains 15 to 16 per vent of the element. Chlorides and sul-
Tates are present in small quantities. 1t is very readily soluble and
should he applied when the crop is growing or just before it is
planted, since it is mot absorbed to a very great extent by the soil.
It is used hy market gardeners and may be applied to timothy
meadow and small grains. Its continued use deflocculates the soil,
producing a puddled condition.

2. Ammonium Sulphate—Ammonta is a by-product in the
distillation of coal and the sulfate is produced by passing the am-
monia through sulfuric acid. Jt contaivs about 20 per cent of
nitrogen. This salt is readily absorbed and because of this is not
so readily leached from the soil. It should not Lé applied in the
fall, because it will be changed to nitrates and leached out and
lost. Its continued use in large quantities tends to bring about
soll acidity,
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4. Cyanamid or Calcium Cyanamid.-—This is an artificial
product made by passing nitrogen into retorts containing highly-
heated calcium carbide. 1t is a heavy. black, granular powder, and
should be ipcorporated with the soil for some days before planting
to avoid any toxic cflect that might be injurious to the seeds and
young plants. 1t contains about 16 per cent of nitrogen.

4. Organic Substances.—Certain materials that were formerly
waste products are valuable for their nitrogen. Among these arc
cottonseed meal, containing % or § per cent of nitrogen: linseed
meal, with about 5.5 per cent; dried blood, containing from 13 to
15 per cent, and tankage, which has from 4 to 10 per cent of
nitrogen and 1 to 8 per cent of phosphorus.

Phosphorus.—Large areas of land all over the world are
deficient in the clement phosphorus to such an extent that it be-
comes the limiting factor. It is especially important in the pro-
duction of grain and in the growth of legumes. Tts addition helps
to make possible the building up of soil by larger growth of nitrog-
enous soil-renovating crops. In addition to this i improves the
guality and increases the weight of the grain (Tigs. 192 and 193).

The needs of a soil for phosphorus mav he determined by apply-
ing two hundred and fifty pounds of steamed bone meal per acre to
wheat or corn by sowing hroadcast hefore the seed bed is prepared
and securing accurate yields of equal areas of the treated and un-
treated land. Definite conclusions, however, should not be based
upon a single vear's results.

Phosphorus may be purchased in several forms: (1) raw bone
meal, (2) steamed bone meal. (3) raw rock phosphate or floats, (4)
acid phosphate. and (3) hasic or Thomas slag.

Bone meal is made from the bones of animals slaughtered at
the packing houses. The bones are a by-product and their high con-
tent of phosphorus makes them valuable. The raw bones may be
gréund up into meal, hut this contains three to five per cent of
nmitrogen and large amounnts of fat and oil. The nitrogen is very
expensive. while the fat is of no value to the s0il. The bones may be
steamed under high pressure, thus removing the fats and oils and
gelatin. The hones are then ground into meal that is placed on the
market as steamed bone meal. This contains less nitrogen and more
phosphorus than the raw bone:

Rock Phosphate.—Phosphorus has been deposited in large
quantities as a mineral combined with other elements forming the
tri-calcium phosphate, practically the same as bone in composi-
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F16. 192.—~Wheat, 1911, Urbana field. Cover crops and farm manure plowed under. Aver-
age yield, 34.2 bushels per acre. (Illinois Soil Reports.)

P

FARM MANURE
ROCK PHOSPHATE k&

. Fra. 193.—Wheat, 1911, Urbana field. Cover crops and farm manure plowed under.
gmeh' g;ound rock phosphate applied. Average yield, 51.8 bushels per acre. (Illinois Soil
eports.

o0
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tion. Large deposits are Toand iu South Caroliua, Tlorida, Ten-
nessee, Ulab, and other states.  This is mined and, when finely
ground, constitutes the raw rock phosphale of commerce. When
this phosphate is treated with an equal weight of sulfuric acid, the
resulting producet is acid phosphale. This treatment renders most
of the phosphorus available. 1t contains from six {o eight per cent
of the element phosphorus.

Basic slag, a by-product formed in the manulacture of steel
from iron ores contlaining couvsiderable phosphorus, has been ex-
tensively used in Iurope as a source of phosphorus, but to no large
extent in this country.

Forms Compared.—Of these different sources, steamed hone
mesl, acid and raw rock phosphate are most commonly used.

Without cntering into a lengthy discussion of the merits of each
of these, it may be said in general that upoun soils low in organic
matier acid phosphate or steamed hone meal may be used fo good
advantage. Il the soil is well supplied with organie matter, finely
ground rock phosphate will be preferable, sinee the acids produced
by the deeay of the organic matter render the phosphorus available.
Any form of quickly decaying organic matter, such as legumes, green
or barnyard manure, will aid in lilerating the phosphorus. I'or im-
mediate resulls the rock phosphate should be applied before the
materia) is turned under. It may he added to the soil for the pur-
posge of helping to obtain a cateh of clover.  For hest results with any
form of phosphate, limestone should be present in the soil.

In the use of phosphorus on soils deficient in this element the
one purpose should be to increase the amount hy applving more
than is used by the crops. A naturally fertile soil rarely containa
Jess than fourteen hundred to sixteen hundred pounds of the ele-
ment per acre in the plowed soil.

Most upland soils, as shown hy the tables on pages 392, 393, and
394, actually contain from eight hundred to twelve hundred pounds.
In the building up of these soils an excellent plan is to add a ton of
finely ground rock phosphate per acre every four to six ycars until
the amount has reached that of a normal fertile soil, or abouf
cighteen hundred to two thousand pounds in the surface seven inches
of an acre. After this is teached a sufficient amount should be
applied to replace that removed by the crops.

The cost of a pound of the element phosphorus is & thing that is
frequently overlooked. In hone meal and acid phosphate the cost
of a pound of phosphorus was about twelve and one-half cents per
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pound in 1916, while in the rock phosphate the phosphorus cost
from two and one-half {o three cents per pound. depending upon
the distance from the mines, in matertal containing fourteen per
cent of the element plhosphorus or 32 per cent of phosphoric acid.

1f rock phosphate of the same nioney value as acid phosphate
or bone meal were applicd and the conditions were at all favorable,
the resulls obtained would compare well with those from the other
forms und the phosphorus content of the soil would be increased,
as o mwuch more of the element would be added.

Potassium.—As may be seen from the fables, pages 392, 397
and 391, soils vary a great deal in their content of potassiun,. Clay
and silt soils coutain the most, while peats and sands have least.
Many peat soils are so deficient in this element thal applications of
potassium are necessary. Notwithstanding the large amount in
soils, it is sometimes so unavailable that crops fail to obtain the
amount necessary for good yields. Potassium is usually locked up
iu silicate minerals and the action of acids of some kind is necessary
to liberate it. This may be accomplished hy the acids of decaying
organic matter which attack the minerals and free the potassium,

In soils such as peat the potassium may be supplied by applica-
tions of potassium sulfate or ehloride, each containing about cight
bundred fifty pounds of the element per ton, or kainit, containing
two hundred pounds (g, 194). Wood ashes contain five per cent
of potassium.  Annual applications of one hundred to {wo hundred
pounds of the sulfate or chloride per acre are sufficient for most
crops.  Manure may be used, but a ton contains only eight pounds,
and the nitrogen of manure has a much greater value upon other
types of soil.

Other Elements.—While several other elements are required
for erops, the supply in the =oil is so large, or the amount used hy
crops is so small, that there is little danger of a deficiency. Sul-
fur is required in small amounts, and probahly will need to he
applied only in the case of crops such as turnips, cabhage, etc., which
require large amounts. Tron is used only in small amounts and
the soil containg an ahundance. Calcium and magnesium are low
in some soils, especially acid oncs, and may be easily supplied in
limestone, which has heen discussed in Chapter XTI,

Lime, Limestone.—AJ! soils should contain =nme carhonate, but
more especially caleium carbonate or limestone.  Tts presence is
very important in the functioning of nitrifying bacteria and the
production of available nitrogen. A hase must be present to unite
with the nitrous and nitric acids formed, or the presence of these
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Srece acids will inhibit the action.  Chemical combination takes
place und ealcium nitrites and nitrates are formed, 1he latter of
which are available Tor the use of plants.

Fra. 194.—Corn oo peaty swamp land, 1903, Lime and pho?)horuv at top, yield 0.

Lime and potassium at bottom, yield 72 5 bushels per acre. (Bulletin 157, 1linols Agri-

cultural Experiment Suation.}

The element calcium 1s used by plants as food, as shown hy the
tahle on page 390, and there is little doubt but that it may be limit-
ing the size of the crops on some soils.

Soils frequently are acid or hecome =0 after long cropping,
bringing about conditions unfavorable for the growth of many
legume~ This acidity may be removed by the use of lime, lime-
stone, or some other carbonate. Many bacteria caonot develop in
an acid soil. .
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Lime and hmestone have w benelicial effect upon the physical
condition of the soil, siee it produces tflocenlation or granulation,
This process is especially importapt upon heavy soils and those
deficient in organic matter, and for this reason is more heneficial
when applied to such soils. Quicklime is more effective Ju this way
than calcinn carhonate.

Nitrogen, Phosphorus and Potassium in Fertibzing Materials, Pounds Per
Ton of 2000) Pounds

Material Nitrogen Phosphorus * Potassium t
Acid phosphate.. ... .. . 11 o 160

Ammonium sulfste . ... 400 . |

Apatite S o 300 1() ~|()O .

Ashes, woo euched ........ . R in | 1610 50
Ashes, wood, unleuched.

o S Ly |>_< 66 1o 132
..... . 8816300 | L

Basic

g .

Blood, dncd e e 260 10 300 . ‘
Bone meal, raw... ... B 60 1o &0 IS0 1o 2200 | Lo
Bone meal, steamed. .. 1010 60 200 to ‘ A
Cottonseed meal.. ....... 14010 60 5 o 25 H
Kainit....... P .. RN 200 1o
Linseed meal.. . 110 15.6 ‘.i'.!.t)
Manure, haru\wr(l fresh. 10 2 8
Nitrate of soda........ 300t 320 .o o |
Phospbate: |

Tennessee rock . cee e e 240 to 300 | .....

Florida hard rock .. | 320
Potassium chloride. | 820 lo 880
Potassiuiu nitrate. . . . . . .
Potassium sulfate . . P T TR ‘ ROG Lo 540
Tankage, general range... .| 80 to 200 ! 2010 160 1 ... L
Tobaceo waste .. ....... 4010 RO | 4108 80 to 14H

*To ﬁnd the weight of phosphorie acid (’:0:) per ton multiply the weight of phos-
phores by 2

To ﬁnd the weight of potash (K:0) multiply the weight of potussium by 1.2,

Forms in Which Lime May Be Applied—Lime may be ap-
plied to soils in several different forms. Quick or caustic lime
(Ca0) may be used, but it costs more than does limestone.

Iydrated lime (Ca(OH),) is formed hy water-slaking quick
lime. It is very fine, quite effective in the soil, disagreeable to
handle. and usually more expensive than the other forms.

Marl is forraed by chemical precipitation in small lakes in glacial
regions. and consists of a more or less impure loose, fine cal-
cium carbonate. It is difficult to get marl out of the water
and to dry it for soll use, so it is of local significance mainly.
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Limestone when ground so that it will pass through a screen of
ten meshes to the inch makes an excellent material for applying to
the soil.  The dust or finely ground limestone is ready for imme-
diate use, while the coarser part gives durability so that applica-
tions will not need to be made so often.

The Best Form to Apply.—Exsperiments have heen earried on
at some experiment stations to test the value of different forms. At
the Pennsylvania Station two tons of slaked lime once in four years
and of ground limestone every two years were used on different plots
and the total yields were greater for ground limestone,  Analyses
of samples from each plot showed 375 pounds Jess of nitrogen for
the plot receiving air-slaked lime. Txperiments at the Maryland
Station gave larger yields for ground limestone,

REFERENCES
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Hall, A 1., The Soil. 1912, Whitson, A. R., and Walster, H. L., Soils
and Soil Fertility, 1912,




407

APPENDIX II

gy

g

NS

Socon QaoWN
LI~ DTy

NE N~

Com

| oty

(GTEI=H0GT) SO0y dvli-wo [, | s3jujss pojie;] wp ¢ :S% Ny o0y o4 sdod) o pan g abviny

STT1dvVL

fac : “srou(T]
89e ‘uwpuxl
168 Y
4 S " BpUOl]
0¥l * etd1091)
291 S:_OEO oy
£81

0°0¢&

¥z

P8 ﬁ:ifez
GIE [ 188 8)a(]
768 ujura|dsund
Gog ) 3

[

©IN0139UL0Y)

T puist apoyy
. v::v:cqmmmwz

JUOTUIA
Tranysdurelf M9N
§'ag 80P Trrrreuiy
spying | speysng
wey gy |owe) 7 sy
)

IT XIANYJJV




APPENDIX 11

408

(AR N S S S R SR

=01

-in

AT

spunod | spyeng | spying

T L S p— ,

oS I~
R

RNy

sysmg

283

;

epyeng

RuQ

epysng

Ay Ay

GSN Q&C EE&;\ AD3fi=ud L,

ut_\ﬁ.m

s |

. ﬁm:‘_o.ﬁ,ﬂdo
T 08010
uopdnryse

TODIXATY MO
OT:._Q_OO
Buruol py
rURUON
SUSUBYIY
.......... CwonupIO)
e guyay
“ou mory
,En_mm_mm_z
CRmuqu Y
23s80UUA,
- Axpnueyp
‘susUEY|
“BHSTAQIN
TIOAT( YInog
Ec,::u YHoN

Somonq_z
©AISUOdET A
ueiiyol

swng

»'SIDIS' E::o ut soj)gr Aig mbv. .BR w&FC ‘? ppor, m abousay



APPENDIX 11 409

Average Yidd of Wheat Per Acre for Ten Years (1905 to 1914),* Bushels

Hungary 1 nited

Russi v .
14.8 9.9 \ 30.7 ‘ 20.0 J 18.1 20.1 334

* Yearbook U, 3. D. A, 1915,
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Tk following maps are taken from the Yearhook of the United
States Department of Agriculture for 10152
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YALUE OF FARM PROPERTY

EaCH DOT REPRESENTS
$3,000.000

. 196.—Farm pruperty, value, 1910,
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CORN
PRODUOTICH IN (904

1DOT (50,000 BUSHELS

Pru, 18 —Corr
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SPRING WHEAT ACREACE, 1909 EACH DOT REPRESENTS
UNCLUDING DURUM) 10,000 ACRES

ACTUAL AREA COVERED BY Twg
©OT 1 23 TiME3 AR QREAT s
THE CROF AREA (T RESACACNTS

TEE

FELRH

SPRING WHEAT ACREAGE.

ISTATEY ARRANGED i¥ DECREASNG OADEA FOR 19091

€5,
<

ge, 1909,
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WHEAT PRODUCTION EACH DOT REPRESENTS
1909 200,000 BUSHELS

WHEAT. BUSHELS
TATLS ARRANCLD D¢ DICRLAVG GADUR Fo 19

Fra 202.—Wheat pro






INDEX

Ablation swamp, 30
Absolute specific pravi
Absorlents,  factor  iu
manure, 165
Alsorption and radintion of leat,
eflect of, on soil temperature, 3u2
Acelimated seed, desirable on dry
lund. 255
Accumulations in pastures, wid in
mainfiining  organic-nisiter con-
tent, LGO
Acid, chremie, method of determiva-
tion of organie matter, 134
phosphate. 402
Acids, decomposition of ravks by, 19
carbonic.  hydrachlorie, mitrie,
sulfuric, 20
Acre-inches, 192
Adaptation of region to dry farm-
ing, factors in. 238
evaporation, 241
rainfall. 238
s01ls, 241
Adohe, 65
Adsorption by colloids, 132
Aération and soil air, chapter onm,
309
affecting bacteria. 320
aided by drainage,
or soil veutilation, 311
accomplished by atmospheric
pressure. changes in, 311
diffusion, 311
removal of water, 311
temperature changes, 312
tillage, 313
wind moveruent, 313
Aftonian Inter-glacial Stage, 46
Apassiz, Lake, 38
extent of, 46
Agencies of weathering, chemical, 19
physieal. 12
Agricultural provinces, 383
Agriculture, dry-land, chapter on,
238

175

conserving

permanent, 380
Air in soils, amount of, 300
convection currents of, source of
loss of heat, 206

Air in soifs, composition of . 310
nse of. 300
Alfalla, completely killed by benving,
226
3
vegetation

crap for dry lud, =
Alkali, arca. absenee of
on,
bliack, nenfralization of. 28)
effect of irrigation an rise of,
N1
on Joliage of upricot. Lrees,
RAY
nn plant,
kinds of. 2.
Land, growth of harley on, partly
wnd fully reclsimed, 288
rectainied. wheat on. 289
lands. anl Aheir reclamation,
chuapter on, 278
utilization  and  reclamation
of. by removal of alkal
185

282

salts, 285

growing  alkali - yesiatang
craps. 285

neutralizing  Llack alkali,

2K6
plowing decp and turning
alkali under. 286
retarding evaporation. 285
linit for permioation and
growth, 264
origin of. 278
reatstant crops, growing of 285
rise of, prevented by cultivation,
286

drainage, 226
salts, removal of, Ly eropping,
draining, flooding, leaching,
seraping, 257
acils of humid regions, reclama-
tion of. 200
spot, beginning of. 279
turning under of, 286
Alluvial soilg, 38
Alluviation by glacial stream. 62
Altitude, affecting organic content of
soila, 145
Ammonia, effect on flocculation, 137
Ammonification, 318
419



420
Ammonium sulfate, 399
Amphibole, 3
Analyses, chenrieal.
Analysis, nechanic
123
physical, systems of.

Andesite, 7
Anin decomposition by,
Apatite, ealeiun phosphate.
Appalachian Mountain and Platean

lm\mu 81
specilic zv

ol ol G5

) physical,

ar

124

175

Avity.

s rocks

amd pr A drrigation.

internal. of soil types calealated

from plsical - comasition.
o

258

United
Soils o

in the
Burean of

srveyed
es by
colummar arrie:

IR0

nitrogen in humus of. 147
subsoils, and humid, 70
Arrangement of particles, 174

arca of spheres, 181

180

colunmmar,
or vertical,
oblique, 180

Artificial mulel, defined, 233

Aspirator, King's, 128

Atkinson, A.. and Nelson, J. I3, stor-
ing rainfall, Montana, 248

Atlantic and Gulf Coastal Plains

Provinee. 91
Atmasphere, ¢arbon dioxide in, 20
Atmospheric changes in,

factor in atration, 311
effect on percolation, 219
Auger, soil. 119
Availuble noisture, 214
inereased by drmm;:l'

pressur

Averitt, a. D., plant food in soil
areas of Kentucky. 393
Babh, tuble, scdiment earried by

streants. 35
Bacteria. condition< for developinent,
310321
afiration, 320
food. 319
light, 323
mpisture, 319

INDEX

conditions
ment. l‘

| Bacteria, for develop-

sivitl compoxition

i peraton
di~tribution of, 318
number of, elfeet of lime upon,
|
aram of
Bacterial action. ef
carhonate npon. 521
Bavley. vield of, cantinuons cropped
L after fallow,
| Barnyard manure:
| Baronutrie sure,  changes
[ factor in acration, 311
| Bartlett, WL T, expansion of rocks
|

alr-dry soil, 319
L of potassinm

e in,

an ]||'.|||l|" 13

Basalt, 7
Tag, 402
with Lynde,

| Dasi
Lat

osmosis in soils,

hor Marram grass, transplant-
| ing, S0

Ieave

. C.. manure exereted by

| value of inerease for manure,
heavy and light applicati
168
Bennett, 11, T1., Bureau of Soils, soil
survey., 78-111
Biological "effects of organic matter,
150
Biotite, hlac k mics
Rlack alkali, n«u(!,\ll/uhon of,
Black loensts, hold sand, 5
prevent washing, .';1;»2
» Blowout,” in sand dune, 54
climhing, 28
quaking, 28
Bogs, see hummocks, 30
Boiling and freezing poiuts, colloids,
eflect on, 131
jone meal. 400
| Boulder. granife, 41
limestone, showing
seratcehes, 42
Boulders, from moraine, 51
| Bouyoucos, G. J.. effect of color on

Bog.

glacial

radiation. 295
| on femperature of sands,
302
specific heat of soil constituents,
299 .



INDEX

Pouyoueos, G.
penetrate soil. S
Briges, Lol vatio hetween viscosity
and fow of water, 219 :
thickness of hyzroseopic tilm,
1494
Triggs, Martin, and Pearce, {urean
of Soils, sizes of particles,
124
chivomie acid method of deters
minit e maner, 134
Briges and MelLane, wmoi=tine equiv-
alent ventrifuge, 202
Brigas and Shantz water require
ment  of  plants,  Akron.
Coloradu, 242
wilting cocfficient, 212
determination of, 197
Brown., K. F. with Schreiner,
progress ol humitication. 146
drown, o B bacteria per griom of
air-drey soil. 310
Browninn movement, 130
Duckingham, Jittle Joss of water hy
interstitind evaporation,
Rurcan of Sails
centrifugal method of physical
analysis, 127
ification of solls. chapter
on, 8
prades of soil particles, 124
provinees, soil
Appalachian Mountain and
Platean, 81
Atlantie and Gulf Coastal
Plains, 91
Glacial and Loessial, 84
Glacial Lake and Hiver Ter-
race, 80
Limestone Yalleys and Up-
lands, 83 .
Piedmont Plateau, 79
tiver Flood PMlains, 87
regions, soil
Arid Southwest. 106
Great Basin, 104
Great Plains, 100
Northwest Intermonntaing
105
Pacific Coast, 107
‘Rocky Mountain-. 104
series, soil
Acadia, 92
Alumanes. 79
M Altamont, 107

ela

. time for heat o | Boreau of Soils,

4 104
Arkansas, 104
or, N4
Baves, 100
Benton, it

Glanes, 47
Roise, 105
Boote, 101
Hrennan
bron
Caddo, a2

Cahaha, 97

Caldwell. 106
Cameron, 97

Ceeil, 79
Clechalis, 1o

Clark, 101
Clarksville. §3
Clyde, 80
Colbiert, 83
Colhy, 102
Coloma, 83
Colorado, 103

Conasauga, 81
Conestoga, 83
Cougaree, 97
Corning, 107
Cossaymna, 85
Coxville, 92
Crawford, 101
Crowley, 93
Dawes, 103
Decatur, 83
DeKalb, 81
Dunkirk, 00
Durham, 80
Dutcheks, 85
Duval, 93
Durant, 93
Fdna, 93
Elkton, 93



422 INDEX

Bureau of Soils, Burean of Sails,
series, ~oil series, 501l

Iuglewood, 101 Memphis, 87
Ephrata, 105 Merrinme, 90
Fopping, 10] Mesa, 105
Liverets, 108 Minmi, 87
Fargo, D0 Miler, 08
Fayetteville, 82 Mahawh, 87
Flushimg, 85 Monroe, 94
Fox, hH0 Mortan, 101
I3 0. 108 Myatt, 99
Frio, 98 Nueves, (M
Ganeft, 103 Ocklocknee, 99
Genesee, 98 Oktibieha, 45
Gila, 107 Qlympic, 109
Glendude, 107 QO'Neil), 102
Gloneester, 85 Onturio, 87
Gohad, 93 Orangebury, 95

Urono, 90
Osage, 49
Oswisro, 101

Greensburg, 103
Greenvibe, 93
Hagerstown, 83

Haulston, 98 Oxnard, 109
1lanceville, §2 Penn, 80
Hanford, 105 Pierre, 101
Hewdon, 108 Placentia, 109
Holvoke, 86 Plainficid, 90
Uouston, 03 Plvmouth. 87
Tluntington, 98 Podunk. v9
Tmperial, 107 Porters. §2
Yndio, 107 Portamouth, 95
Tredell, 80 Pratt, 103
Jardan, 106 Puget, 111
Kalmia, 98 Putnam, 87
Kewaunee, 86 Quiney, J05
Knox, St Redding, 110
Lackawanna, 86 Richfield, 103
Take Charles, 04 Richland, 87
Lansdale, 80 Rosebud, 103
Laramiie. 105 Ruston, 95
Lureds, B8 Saeramento, 71)
Laurel. 104 Solem, 111

Leonardtown, 94 San Antonio. 93
Lexington, 86 San Joaquin, 109

« Lincoln. 104 San Luis, 104
Lintonia. 98 Sarpy, 99
Louisa. 80 Snssnfras, 95
Lufkin, 84 Scranton, 96
Lynden, 109 Sharkey, 99
Manchester, 50 Shelby, 88
Manor, 80 Sidney, 101
Maracopa, 109 Sioux, 91
Marion, 86 . Stockton, 110
Marshall, 86 Summit, 102
Maverick, 94 Superior. 91
Meips, 82 Susquebanna, 96

Melbourne, 108 Talladega, 82



INDEX

Burcau of Soils,
series, “oil
Tifton, 06
Trinity. 49
Tripp. 104
Trumbull, 88
Union, §8
Upshur, 82
Uvalde, P9
Yalentine, 102
Vergennes, 41
Vernon, 102
Victoriu, 86
Volusin, 88
Wabash, 94
Wade, 104
Walla Walla. 105
Waoukesha, 91
Waverly, 100
\Webh, 06
Westmareland. 82
Wiatcom, 110
Wheeling, 100
Williams, 88
Willows. 110
Wilson, 06
Winchester,
Wooster, 88
Yakima, 106
Yazoo. 100
Yola, 110
York, 81
Yuma, 107
Zapata, 103

103

Caleareous rocks, chalk, marl, 8
Caleite, caleium carbonate. &
Calcium carbonafe. caleit
carried by Thames River, 23
concretions, 62
eyanemid, 00
magnesium  carbonate, dolo-
wite, 5
sulfate, gypsum, 5
Call, L. E., methods of preparing
land for wheat, 347
Campbell, F. W, pioneer in dry
farming. 247
subsurface packer. 247, 337
Canals, loss of water from, 266
Capillatity, amount of water woved
by, 210
Capiltary 1ift of soil constituents,
212z
. pull of soils, 211

423

Capillary enpacity or moisture-hold-
mp eapreity of noils, 200
rise of witer an gluass tubes,
Neighit. of, 198
rapidity and lieight in daf-
frrent sails, 207
water a« Gilms or waists about
patrticles, 200
in covered and
sojk, 204
af ~oile. chapter on, 199
movement, affected by or-
waniv nitter, 206-208
substances in solutjon, 203
temperature, 204
texture, 206
thickness of [ilm, 203
Vincosity, 204
nse of, 212
Carlonated swater, almost universal
sobvent, 20
Carban dioxide
aid in solution. 22
brought {o earth in preeipi-
tation, 20
decompasition by, 20
in rain and snow wuater, 20
soil air and satmospliere, 20
Cateh and vaver crops, 161
uid in preventing erosion,
362
Cutes, J. N, and Cox, H. R, results
of corn cultivation, 28 states, 343
Caver, due fo netion of carhonated
water, 22
Centers  of  accumulation,
Jeran,  Kecwatin,
dorenn, 43
ng of, 47
Centrifugul clutriator, Yoder's,
method  of  physical analysis,
Burewu of Sails, 127
Chains, for puddling mud of canals
to prevent seepage, 267
Chalk, 8
Characteristics of water, physical,
186
Chemical agencies of weathering, 19
changes in soil, source of heat,
204
precipitates, §
Chernozem soi's, roots and bumus
i, I
Chester, I K., effect of lime upon
number of bacteria, 321
Cldcago, Lake, 38

uncovered

Cordil-
Janbra-




424

acid,  and  combustion
methods,  comparison,  or-
ganic matter, 15
method of determination
i madtie
Churn elutriator, physical analysis,

Hilgard. 126
Cippoletti or trapezoidal weir, 26

Chromic

3
af

ory

"

Classes, types and phases, in 11li-
nois, 114
Clay, define 134
dunes,

effeet ol on shrinkage, 13
Tomms, 115
tight. 63
Clays, 114
and elay loams, properties of
coagulytion or Hoceu
m, 137
plasticity, 1%
pddling, 1:
shivinkage, 133
Lenaeity, 134
Clark. . W., composition
rth, 2
Classification of soil=. hy Bureaw of
Soils, elapter on. 78
based on ealor, 77

of Kieen

geulogy,
lithol
roc

parent

e
moisture,

73
temperature, 7
texture, 77
vegetation, 75

doof, 72

verfieal, characteristic of

w03, G4

Coagrulation or lloceulation of elay~.

137

Coal

te

Coffex, G

forniation of. from organie nat-
46

dark eolor indicating

outerop of limestone, 177
Biwe and magnesin in soils, 75
mineral content of soils, 74

reports clay dunes in Texas, 53
soluble salts in soils, 74
Colloide, afTecting liygroscopic moisl-

A and diffusion of. 13!

cxamples of, 129

in soils, )32

organic and mineral, 132

properties of, 130
adsorption, 132

INDEX

Caolluids, properties of, boiling point,
eilect on, 131

Browning wmovensent, 130
dindysis,
dithasion,
131
eifect on. 131

Unlor of soils, 17
chianged by erosion. 361
effeet of deoxidatjon on. 21
un temperature, 3
of sand
factor in classification, 77
Colorado nimd-flow
river, work of.
Grand Cafion, 17
Colmnhia glacier, over-riding forest,
Alaska, I4
front of, 15
Colmmnar arrangement of particles,
150
Combustion

7

and  chromic  acid

methads, comparison. organic
matter, 155
in oxyvgen determination of or-
154

wic matter,
ers, bar rolle

Camp:

corrugated rolle
cultipacke i
drum

n

37
s packer, 357
the soil, a purt of vill-

ases moisture
230
Compaosition of feldspars, 3
fresh manure, 163
known earth, 2
river sediments, 262
Conerete dams for #lling gollies, 7
Coneretions, calciwm cuihonate, 63
iron, 64 .
Conductivity of soil, cffect of, on
temperature, 306
material, 306
Constituents of soi
ter on, 1
organic, cliptes oa, 142
Confour plowing, deep, aid in check-
ing crosion. 364
seeding, aid in clecking evosion,
365 -

capicity,

. minered, chap-




INDEX

Control of moisture, chapter on,
Cordilleran center of

45
Coru,

accnmulation,
acreage, 1008 -l]‘.!
belt rotations. 3
comparison, mlln e, seraped,
«g allowed to grow, 351
cultivation, 353
effeet on yield of root pruuing
sund devp and shallow eultiva
tion, 355
grown an dry land, 2
o swamp Jand, cffect of po-
tussiume on. 04
method of  preparing
far, 348
planter, 358
production, 1908, 413
results of cultivation, 352
yields of, differcut methods of
tillage, 354
Cotton helt, rotation for, 384
Cottrell, 1L AL, pounds seed per acre
for different crops,
Cover anid catel erops. 16]
Cox, 1L R, with Cates, J.
sult= corn cultivation,
353
Crae

seed  hed

136G
shrinkage, effeet of, on percola-
tion, 219

s, in black clay loam,

Cropping. alternate vs, continuous,
vields, 250
continnous s, after fallow,
wheat yields, Montana, 248
Joss of organic matter, due to,
151
systews of, 248
Crap requirements.

plani foud. 300

Crops, alkali stant, growing o,
on alkali land, 285
cateh and cover, 161

deep rooting, effect of, 343
on moisture capaeity, 171
for dry farming, see dry farm-
ing erops
for irrignted land, see irrigated
land. crops for
non-tilled, factor in
ing organic matter,
* plant food in, 390

maintain-
171

425

Craps, protection from u\muu by
ateh nmd vover, ’
meadows wnd pastures, 564
rotation of, aid in wwintaining
organic wmatter, 171 '
ter-yenr avernge vield of Ly
sCates in United Ntites, 407,
408
Crystalluids,
of. 131
Cultivation after irr
and sunmmer til

dialysis and Jdilusion

ation,
i dry f

silt loam on

V vields,
of corn. ||||l|nh yields,
restltts of devp and shatlow, with

W

and  without  root  pruning,
corn, 345
ridged, 356

Cultivators, 337

blade, 3349
disk,
shovel,
weader,
Cumulose soil
Cuarrents of air, convection,
of Jusx of soil heat, 246
Cyinamid, caleium, 400

sonree

for filling

273
carth, 271,
Deacon, (. I, n»l'xlnm Detween ve-
Toeity anmd amount of ma-
terial carried by streams, 53

Déhiris eliff, 30

Decomposition, effect of. on Joss of
constituents of roek, 22
of m;_‘um matter by drainage,

Dains, wnllivs, conerete,

of rnckr, 11
Ly acids, 19

by plants.

through solution, 22
Deep-rooting crops, effect of, 347
on water eapieity of ~oil,

i

Deherain, effect of atration on nitri-
fying bacteria. 320
To~s of witrates by leaching,
Denitrification, nitrates lost by,
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Density, with
solutions,
Deoxidation, 21
Deposits, Lullul 53
glaviul or luv»laid chapter un,
4]
Determination of humus,

surface tension of
i

156

lunion, colloids, erys-
tallode. 131
of colloids, 130
Diffusson, factor in uiration, 511
temperature for, 208
Digestibility of feeds, 162
Diorite. 7
Disintegration by plants, 19
hy waves, I8
by wind, 18
of rorks, 11, 32
Distribution of alkali, vertical
horicontal, 28]
of irrigation wate
Diteles, open drains
Doheneck, hygroscop

and

268

moisture in

relation to relative humidity,
194
Dalemite, ealeium magnesivie car-
bonate, 3
Dorsey, W reclamation of alkali

nd hy
ulkali at
Drain gages
Drainape. chapter on. 222
benefits of, adration improved,

underdrainage, -
taryland station,

200

alkali, rise of, prevented,
decomposition wnd  pitrifica-
tion incrensed, 22
erosion deereased, 226
aranulation improved, 222
heaving reduced
moisture, availuble, in-
creased, 222
« stability inereased.
temperature rs
effect of. on gernrination and
growth, 223
an aoil temperature. 301
from § fect of saturated sand,

trpes of. open or ditches,
tile
Druins, see Draimage
Drills, seederg, 337
Drumhns, 44 &

fom ar aE

226

INDEX

My-fanning, crops for alfal{a, 253
hurie

milu maize, 252
vats, 251
potatnes, 253

Ty,
sorghnn

N .
whent,
SN nmllumprnmod sail well
adapted Lo, 243
Dry-land agriculture,
b

chapter on,

Dumont, eflect wlkaline carbouate on
nitrate production, 5'
Dunes, uy, sand, silt, 5

pernianent, or (1\ed
wandering. migatory, 54
I)upn with L\ndt capillary pull,
211

osmosis in soils, ¥
Dust and loess, physica
[
storm, 54
voleanie, G5
Dyvamiting of soils, 345

2
analysir of,

Earth, composition of, 2
dam for filling gullies, 371, 372
Earth’s crust, clements of, |
Jurth\vorm» aid in soil formation,
315

Lﬁt'bt of, on seil, 25
Tel-gra 37
Elements of earth’s crust, 1
plant food. 390
Tlectrieal behaviar of colloids, 133
[Elutriator, method of physical aualy-
ris, Sehime, 124
churn, Hilgard's 126
centrifugnl, Yoder’s. 128
L6lial deposits, or wind-laid soils,

53
adobe. in part, 64, 65
lovss, G0-64
aand, 53-64
voleanic dust, 63
Eroded hill lands. vield from, 360
soil once forested, China, 359
Erosion. chapter on. 357
cause of,
rainfall, character of. 350
texture and structure of soil,
nzo .




INDEX

Erosion, tause of, topography, elNect
of, 358
vegelatiy e covering,
chiecRed by Lrush, 37
deereased by drajnage,
by erganic matler,
hendwater, 37
in pasture, 370
kinds of, sheet, 361
sullying, 369
of streams, 16
ofd-field in Mirsigsippi, 370
organic matler last by, 15)
results of, color of soil chunged,
361

35

20

150

organic matter and nitrugen
removed, 360
physical  character
changed, 360
sheet, methods of preventivn and
reclumation, contonr

of  «ail

sveding, 5

crops, protection by,
341

deep contour plowing,
304

limestone,  application
of. 361

organic  matter,  in-
ereasing. 363
reforesting, 364
residues, 363

terracing, 365
tiling, 3%
Eruptive rocks, 6
Tsker, Adcline, 44
material composing it, 45
formation of, 45
Evaporation, effect of, on aoil tem-
perature, 300
factor In udnptability of a re-
gion to dry farming, 241
from a free-water surface and
rainfatl 1
large Jos
ing. 243
Joss by, eflect on transpira-
tion, 191
of water, cools &oil, 296
prevented by mulehes. 232
rainfall and, Rothamsted. 211
rainfall and percolation. Roth-

;rom, in dry furm-

amsted, 220
retarding of, factor in cropping ‘
alkali land, 2
Everglades, Florida, 20 !
Lxfolinted granite in California. 13 |

427

Fxpansion, enormouns, due o hydra-
tian. 21
due o oxidation, 21
of rocks, 13
Lixpressing muisture content, ways
of. 141

Tall plowing. 342
Iallow, conLinuous o
yields, Montane, 248
Fallowing, Joss of orgunic
by 153
Farm land, salue per acre, 410
property. value pey acre, 411
Toemds, digestibility of, 162
Feldspars,
vomposition of. 3
Fermentation in janure, factor
less of organic matier, 164
Fertility in Hlinois soila. ji4=304
Films amd waists of waler ahout
particles. 200
thickness of, in soil column, 201
Fine sandy loams, 116
Fippin, K. 0. with Lyon, T. T.., sur-
face tension and density of cer
n solutions, 206
Fires, organic matter lost by, 132
Fixeher, carhon dioxide in rain and

after, whent

matter

in

sunow water, 20
Flocenlation,  effect of  ammonin
lime. gypsum, sodium earbon-
ate on,

or congular [ERS
Tloading archards, bhasin ¢
Florida everglades, 24
Flow of water. comparison hefween
computed and observed, 129
Food for bacterin, 319
Forbes, R. H.. value of materia) ear-
ried hy Salt River. 262
TFarest, being buried by sand dune
resurrected, 55
Fragmental deposita. 8
Freezing and  hoiling  points,
loids, effect on. 131
and thawing, 14
effect on water logped aoil, 225
Furrow irrigation of potatoes, 271

col-

Geological classification of «oils,
Georgeson, influence of manure
soil temperature, 294
CGermination and growth, effect
drainage on, 3
limit of alkali for, 284

temperuture for, 206

72
on

of
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Gilbert with Lawes,
I5s
Claein]l and loessial provinee, 84
<drift. gravelly |v|m~l, 41
Zrooves, sty
Inki- aml river Lerrace provinee,
8y
lakes, S0, 51
extent of, 46
laid deposits, chapter on,

transpiration,

Jeriod, 45
seratchies on houlder,
stream. allnviation hy,

Claciation.  extent  of, i

America, map ol 46
in Burope, map of, 48

Clacintions. Hlinvisan, 47
fowan, 48
Jersevan or
Ransan. 46
Wisconsin,

Late, 50

Clacier, Chenega, 4]

Colnmbia, frant. 15

over-riding forest, Alaska. 14
defined. 16
factor in weathering, 15
incidental features, 50
pressure of jee, 16

CGrand on. Colorado

Granite, 7
exfulinted, California, 13
wind-carved. 18

Granulation, effect

North

Nebraskan, 46

Zarly, H0

River, 17

of drainage on,

of organic matier on, 148
of, on percolation, 218
heach or Marram. transplani-
ing, AG
bunch, holds sand, G0
Gravel and gravelly loams, 139
Gravelly loams, 116
Gravels, 116
Gravitational water
Gravity-laid soils
Great Basin region. 106
Tlains ru,r:iun. 100
Green manures, 160

. chapter an, 217
30

Growth and germination, effect of
drainage on, 223
calor of -uils on, 303
of plants. limit of alkali for.
284

temperature for. 207
Guide-row terrace, 365
Gulf Ceastal Plains, and _\thntlr, al

INDEX

Cullying, methods of prevention and
filling. danis, 3471
suil, 474
straw and brosh,
vegetation, 874
Gy psnny, 3

370

Haberland,
mination at
tures, 207

Hall, A0 Dy, rainfal] and evapora-

tion, Rothamsted, 211
table, rainfall, pereolation, evap-
oration, Kothamsted, 220
Ltemperature of soil fur growth,
18
A of wheat with percolation
large and smuall, 153
Hardness of minerals, 2
Unrdpan, 6o
effeet of, in alkali Inmls
Harrows, acme or blade,
disk. 384
spike-tootl,
spring-tooth, 3

Tay and pasture province, rotation
for

Heat,

time required for ger-
different  temypera-

v

radiation of,
ctire, 302
disintegra-

absorption and
eflect an sail tempe
and cold, factor in
tion, 12
conduction |1m\u\\unl intu <oil,
souree of loss
soil, sources of, 293
specific, alfecting soil tempera-
tur 18
effeet of moisture on,
of common suhstances,
of sail canstituents, 209
300

300
290

of soi
to penctrate soil. time for. 306
due to lack of drainage.

Teaving,
223
of alfalfa, 226
* Heavy ™ soil. defined, 134
Hellrieg water transpired
pound of dry matter. 18%
Hematite, 5

flilgard, F. W,

ner

changes in ovgunic

matter, 1406
churn elndriater. 120
compogition of salts in alkali

apot. 282
of typieal alknli salts, 280
effect. of varione substances on
hygroscapic capacity, 195 °



INDEX

in Russian

Hilgard, E. W

ENTITEN

 fertility

foree exerted hy roots
trating soil. 19

= ol soil particles, system
’

in pene

Wighest amount of alkali with
plants unatlected, 259

hygroscopic capacity ol soils,
T
nitrogen content of fnos, 194

muisture,

une tse of
198

wroseopic

in o lussinn

ad - humus
I

vertical  distribution of alkali.
28]
Hapkius, C. G grades of particles,
system of, 124
production of sweet clover per
gere, 173
il
ions

arid subsoils, 70

alkali of, 200

Humid

wen jn hmnms of L 147
afleeting  hygroscopic
196

Tumitication, progress of. 146
Hummocks, called bogs, 30
Thumus, defined, 142
determination of,
in Chernozem soils,
i content of,

1506
144
147

Hydration
ll\duuhlunx
hy, 20
Hygroscopic capacity of soils. 194
coefficient from other constant~,

formula, 197
of roils, 196
relation to wilting coefficicnt.

acid, decomposition

197
moisture, affected by colloids,
195
by humidiry, 196
by organic matter. 196

by size of particles, 194
hv temperature, 1935
chapter on, 194
use of, 197

Tee-Jaid deposits, chapler on, 41
Igneous rocl 6

Temition, loss on, 154

Implements of tillage, compacters.
° 335

|

i

429

Iplements of tillage, cultnators,

harrows,
listers,
plows,
sevders,

Insects, |Hlllln“|1| by rotution, 477

miy =oil. 3

Tuterglacial \u.;.' .
Peorian, 48
Sanzanon, 47
Yarmouth, 46

Internal area or surface,

Intrusive ARt

lowan sliviation, 48
inportant Joess deposit con

nected with, 62
trrigated Jund. vrops for, alfulfa, 275

Alvondan, 46

181

sugar heets
\\“'l\ﬂ])l(\
rI'NIH
h\ nu|h
ling.
canals lined with e
cultivation after
effect of. on rise of
in humid climates
methaods of, looding, _.U
furrow, 27
sprinkling or overhead sprays,

sub-

rization,
potatoes hy furraws, 271
proparation of Jand fo
projects in United Staves, 257
in varied guantities, vield of

dry matter, 264
senrees  of. diversion  of
streams, 25
]rumpm" hum streams= or
1. 259

9
supj

reservoirs, 2
subterranean
water. character of, 2
time of, 263
Minais soil survey, 12
Illinoisan glaciation, 47
Jardine, W. AL,
Texas, 233
Jerseyan or Nehraskan
40

vield of milo maiy

glaciation.

Johnson, 5. \V., carbon dioxide in

soil air, 20
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Rames, formation of. 45
Kansan gluciation, 46
Norraker, subslancees i solution
pluy I:tth purt iu capillary move:
ment, 205
l\u\\utm center of accursulation, 43
Kingo 190 Ho winount of soil carried,
AMiegisnipyd Hover, 35
aspirator, 28
computed surfices of soil pear-
ticlos of dilferent kinds of
s01), 181
depth of mulche:
dulerence in tempe
slupe. 305
effeet of drainage

3
rauture due fo

on tempera-

ture,

effect of windbrenk on evapora-
tion. 301

manure in surface causes vise

of water into npper three feet,
212

movement of moisture from wet
to dry soil slow, 203, 204

rain caused Tise of water from
suhisoil. 203

sampling tube. 119

spring  discharge preater with

falling lurometer. 219
water cvaporated with  water
table al varied depths helow
surface, 210
water used per pound of dry
matier. 188
weight of particles with film of
water, 33
Tabraderean center of saccumula-
tion, 15
Lacustrine soils, 37
Lake Aga 38

heds, A7
Chicago, 38
Jevel floor
line, 37
filling with peat. method of. 2
Manmee, 38
terraces and beaches, 37
Lakes, ox-bow, 28
Lands, alkali, 278
value of, 290
preparation ef, for irrigation,
259

with distinet shore

surface lowered through solu-
tion of limestone, 24

INDEX

Lang, \IV(’CIﬁV heat of soil constit-
nelts, 2608
Laphem, J. E.and M. B,
Noils, soil survey, 75~ lll
latitude, ailfecting organic content
of suil, 145
or angle of sun's rays affeeting
suil temperature, 304

Turean of

Jawes and  Gilbert, water  urans
pired by prowing plants per pound

of dry matter. 188
Laeaehing of Juannre, factor in loss
of organic matter, 164
of roil, orpanic matter lost by,
1

nitrates lost hy, 322
Tegumes, compaosition of tops and
roots, 308
Level hench terrace, 366
Leverett, 1.0 connects  Joess
Towan glaciation, 62
depth of drift. flinois, 42
nm nﬂ' for Illinois river basin,

with

Light, (”P\L of, upon woil baeterie.
RE2
» Light ™ soil, defined, 134
Liquid manure, value of, exereted
by farm animals, 162
Lime, 403
and magnesia in soils, 75
carbonate carried by Thames
TRiver, 23
effect of. on number of bae-

teria, 321

on floceulation, 137

forms of, air-slaked lime. lime-

stone, marl, quicklime, 403

iy prairie compared with tim-
ber =oils, 73

quick-, loss of organic natter
due to use of, 152

Limastone, 403

addition of. nid in producing or-
ganic matter, 158

and rock phosphate, effect of, on
frowth of clover. 159

application of. aid in preventing
erosion, 361

hest form to apply, 46

boulder with glacial seratches,
42

caleite, 5

composed chivfly of shells, 9

containing crinoid stems, 9




INDEX

Limestone, eflect  of
waler on, 22
fuctor in mainteining
content of soil. 145
Valleys aud Uplands provinee,
K3
Lister, work of, 831
Lithalogical factor
of soils, 73
Loams, 115
clax, 113
gravelly,
lu.xl\ 0]

carbanated

organic

in classifieation

116

fine,
silt. 115
~lony, 116
Loenat, Wlack, holds rand. 59
growing on gullied Jund pre
vents erosion. 363
Locss and dust, physical analyses,
64
cliemical analyses of. 63
detined, b1
deposit, connected
placiation, G2
deposits, 48
farmation of, G2
“kindchen," lime coneretions. G2
ocenrrence af, GI
arigin of, 61
texture uniform, €4
ertival walls or cleavage. char-
acteristic of deep, 63
Loosening soil, an object of illuge,
325
Loss by evaporation, effeet of. on
transpiration, 191
of mannre and its prevention,
163
on ignition, 134
compared with organic mai-
ter. 154
Losses of organic matter, 151
Loughridge, rise of water in clay.
206
Tyon, T. L.. and Fippin, F. 0., sir-
face tenzion and density of certnin
solutions, 206
Lynde and Dupré, capillary pn]l 211
ogmosis in aoils,
Lysimeters or drain gages, 920

315

with Towmn

Macro-organisms, insects,
plants, 316
rodents, 315

worms, 315

431

Mugnesia in pralru‘ ('ompnrod with
timber soils, 75
wnd Time in soils,
Magmesiion earbonate,
Magnetite, 6
Maintaining and inerensing arganic
matter in soils, chapter an, 153
Mujar craps, defined, 376
Mangrove marsh, Florida.,
Mangim terrace 367
AManure, harny ard
conserved Iy
165
farmyard. inluence of, on
temperature, 204
nifrogen vantent of, 399
frosh, compogition uf, 14
mreen, 160
s of, and jts prevention, 163
Ly fermentation, 164
by leaching, 164
arpanic matier,
163
methods of applving, 168
of handling 165
solid and liuid, vatue of, ex.
ereted by farm animals, 162
spreader i wetion, 167
steer. ecomporition of, after ex-
posore, 166
value af increase
tan, 168
Marbut, C. 1., and others. area ve-
sidnal soils in United States,
nmapped, 27
Rireau of Soils,
Marine soils, 36
Marl. 8
Marram, or beach grass, tronsplan(-
ing. 56
Margh, marine,
mangrove
Marshes, earl)
map. 30
defined, 27
Martin, F. 0., and others,
acid method, 154

dolomite, 5

. 1G]
use of absorbenta,

soil

in rofting of,

due to, per

so0il survey, 78

section of, 36
Florida, 37
stages of formation.

clromie

Muaterial in solution in streams, 24

Maumee, Lake, 33

Maximum water capacity of roils. 209

McLane,  with  Briggs, moisture
equivalent, centrifuge, 202

Meadows, hold soil against erosion.
361

Measurement of
268

irrigation  water,
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Mechanice

1 analysis, methads of,

124-128
or phys=ical analysis,
(9

123
Seryill, Poocomposition of feld

ES .3
expinsion of granjte by hvdra
tion. 2)
olass g Ly wind-lhorne
saned, T8
table,  chemieal  analyses  of
(15
ol constituents  of

rocks,
phvaical analysis of dust, 64

1w

Merrill, Lo AL vield of wheat for
different depths of plaw-
ing. 245
methods of secding, 234
Metamorphic roc 0
Methods of soil survey, 11
Miea. hlack, biotite,
white. muscovite, 4
Microorganisms, injurions-.
heneficial, 317
Migratory sand dpnes, 53
Millery MoV, plant foed in Mis-
samri soils, 302
Mineral colloids,
constituents
on, 123
content of =oi T4
phosphorus-tu ing. apatite, 3
s0i) vonstitnenpts and theiy prop-
erties, 124

8

37

of

soils,  chapter

Minerals, dixsolved by carbonated
waler, 22
hardness of, 2
iron-hearing, hematite, magne-
tite, limonite, 5, 4

soil forming,
specific gravity of,
Minar crops. 376
Mississippi River, soil material de-
tivered at month, 35
Moisture. available, 214
inereased by drainage, 3
capacity of soil. methods of in-
creasing. compaceting
soil, 230
deep rooting crops. 231
organic matter. 231 .
tillage, 230
cantrol of, chapter on, 222

INDEX

| Moisture content, w of express:

ing, acre-inches, 192

inches, or per cent

I volume, 1492

per of welglt. of

| <oil.
deereasing, Josses  from  soils,

i effect of, on specific
cquivalint, defined. 202
determination of. from other

| constants, formule for, 208
equivitlents of some soil classes,

lieut. 300
>

exeens
factor

~vemoved by tillage

21

in amount of organic
143
73

-holiling enpacity of sajls. 200
hygrescopic, chapter on, I94
in soil calumns, 201
retained by organic matter, 119
storing amd copserving by 13-
age. 326
supply in soils, 180
Moraine. terminal, 43
Murrow, GV results of root pris
ing in shallow and deep cultiva-
tion of corn, 353
sphagnum, 28
114

specific heat of, 300

AMnd flow, Cojorado, 34
Miiller, Richard. solution of min-
erils, =
Mulch, defined, <
depth of,
fineness of

of. 23

iveness 235
Tmid

i. for comn,

350

t Jittle Joss of w
Ly interstitial evaporation.

\uscovite, white mica. |

Nebraskan glaciation, or Jerserap,
16

Nelson, J. B, with Atkinson, stoving
rainiall, Momtana, 248

Newell, Dr. F. H. directed Jarge
irrigation projects. 258 -

Nitrates Josi from soil hy Jeaching.

by tillage, chapter on.
content, ways of expres=ing. 191 |

392

by denitrification, 323



INDEX

Nitrate production. effect of potas:
sium carbonate upon, 321
Nitric  acid, amount  brought te
carth. Rothamsted, 20
decomposition by, 20
Nitrification, 317
inereased by drainage. 225
Joss of organic nmtter hy, 152
frmperatore for. 2us
Nitrogen.

anamid, 400
organic subxtances, 404
rodinm nitrate. 394
content of hummus. 147
fixation, 317
furnishied to crops hy orzanic
matter, 15]
in fertilizing muterials, 405
in humus from different mate-
rials, 147
lost hy crosion. 360
Non-tilled erops. fuctor in main-
taining organic matier. 17)
Northwestern  International  Re-
gion, 105
Number of particles, 178

Qats production, 1909, 414
sced bed for, 349
Oljects of a soi) survey, 117
Oblique  arrangement “of  particles,
180
Qdor of sails. 177
Optimum water content, defined, 212
Organic eolloids, 132
constituents of soile. chapter
on, HZ
matier, addition of, a~ swert
clover, 172
affecting capillary movement.
208

206

hygroscopic moisture, 196
and ~fertility, loss of. in
rotting of manure. 163
and nitrogen, lost by erosinp,
360

changes af, 145

comparison. chromic acid and
combustién methods, 155

defined, 142

distribution of, in =eil straia.
147

effect of. on percolution, Z1R
on shrinkage, 130, 1335

in sweet clover, 173

28

\

|
|

Orgunic matter increased |

433

- plowing

under leguies,
increases moisture - Lolding
capacity, 2
nereasing amount of. aid iy
chieeking erosion, 363
i soilss wmount of, depends
altitude, 145
latitude, 145
limestone, 145
moisture, 143
vegetation, 144
.owuetive,  coal-like,
Y

nition  compared

losses of, by cropping, 151
by erosion. 151
by fallowing,
by fires, 152
by Teaching,
hy quicklime, 1
methads of estimation of, 153
chromie acid method, 154
coubnstion  in oxyuep,
59

53

Joss on igmition. 154
maintaining, accumulations
in pastures, 160
burnyard ananares, (Gl
eateh end cover crups,

161
green manures. 160
Iimestone,  addition o,

158

non-tilled crops, growing
of, 171

organic residues, ise of,
170

phosphorus,  application
of, 159

rotation of erops. 171
of soils, maintaining and in-
ereasing, chapter on, 158
turning under and incorpo-

rating with soil, object of
tillage, 325
residues, 170
substances Jawer surface ten-
sion, 205
source of nitrogen, 400

Organisms, soil, chapter on, 315

beneficial, 317
injurions. as plant diseases, 317

Origin of alkali, 278

of sojl material, 1
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Osborne, grades of particle
Osigosis, tetperature tor
Usmotic  pres-ure,  sugar
131
Ox bow lakes
Dxidation,
expapsion caused by, 21
Jose of oratie matier by, 152
Uxyren, combustion in, determina-
tion of erganic matter, 154

solution,

Packing, sulbsartace jn dry farming,

247
Ieilic Coust Region. 107
Purticles. collaid, size of. 130

~oil. and their s
arringement of 0 170
number of, 1

shape of, 175

size of wlTecting hygroscopie

moisture, 194
Trastures, acenmnlagions in, aid in
waintarning  organicomatier

coutent, 160
hold sei} aginsi erosion. 3061
Patien, VI K., specitic heat of -oils,

200
cHeet of moisture on specifie

heat, 300
Pearce, .. R., size of particles, 124
ehirmnic acsd method, 154
Teat, filling lake. 20
method of formation, 28
Peals. 114
Centy foams, 114
Peorian interglacial stage, 48
Pereolation. afTected by atmospheric
pressure, 218
hy granalation, 218
Ly arganie matte
by i

s
tion of soil,

v roots of plants. 219

by shrinkage cracks, 219

by viseosity of water, 219

Aefined, 217

evaporation, rainfall, Rotham-
sted, 220

large and small, effect of. on
vield of wheat. 133

lass of, Iy water, in dry farming.

242 -
source of loss of water. 232
Pfeffer, osmotic pressure, sugar

sotution, 131

INDEX

J Phosphate, rock, and limestone, ef-
feet on growih of clo-
{ ver, 150
} on wheat, 01
Phosphorus, application of. aid in
’ prodncing organic matter, 159
forns of. acid phosphate, 402
hasic slag, 402
Bane meal, 400
compared, 402
| rock phosphate, 400
| in fertilizing materinls, 405
| Tliy=ical agencies of weathering, 12
~ il v of loess and dust. G4
analy methods of, 129
| aspirator, King's) 128
|

centrifugal, Bureau of
Soils, 127
elutriator, Yoder’s, 12§

churn etriator, 1ilgard's,
20
elutriator, Schiine, 124
steve, 124
suhsidence,
svstems of.
changes, sonrce of soi) heat, 294
character of 201} changed by ero-
sion. 360
af water, 186
composition of sail in relation
to bacteria, 321
affecting percolation. 217
af goils. varied, effect of, on
porosity, IR4
condition of soil, effect of al-
kali on, 280
or mechanicad apalysis, 123
properties of sails, chapter on,
175
apparent specific gravity.
175

124
2

arrangement. of particles,
179
color. 176
internal
181
odor, 177
number of particles, 178
porosity, 182
real gpecific gravity, 175
shape of particles, 178
weight, 176
Pines growing on sand. 60
Placing of soil material, chapter
on, 27

area or surface,
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Plant diseases cantrolled by rota Porosity of soils, of varied physieal
tion, 377 | composition, 184
foud, crop requirements, 390 } Potassinm, 403
clements of, 310 et of. on corn on swamp
in crops, ‘ lund, 404
iu 1lling strface, 364 in fertilizing munlm 05
3 I Potatoes, an dry furm, 252
subsurface, ."!l.'y Patt, 1L K. relnvive rmulux-ti\jx_\-
in Missouri xoils, 392 ‘ of soil muterinl, 206
in residual soils, Prairie arens of United States, 76
in Russian soils sails, TG
Jucked wp in nmwlches, it I'recipitates, chemied, 8

supply i soils, 391
Planting seed wccompanicd by some

tillnge. 326
Plants, amount of water required
by, 187
disintegration by, )0
effect of alkali on, 282

on rocks. 24
vemains heefit soil, 316
water requiren kuh 241

Plasticity of clays,
Plow, an early form of,
pan or sole. 70
theoretical action of.
Tlowing, 340
decp, and turning under alkali,

340

327

286
contour, aid in checkinyg ero-
sion, 364
tilling, 345
depth of. 344
fall, desirable in dry farming,

guod, essentials uf, 541
sod well turned, 341
poor., crooked furrow, 342
qulwoxhng, 345

49

43
spring, 344
vields of wheat for different
depths of. in dry farming, 245

Plows, deep t)ll\nrv double disk, 331 |

disk.
general purpose, 328
lister, 332
sod, 329
stubble, 328
subsoil, 332
Plutonie rocks, 6
Pore space. amount of in soils, 180
Porosity, different grades of sand,
83
© of soils, 182

1
|
|

Precipitation, map of United Studes,
150

on carih’s surface,
sonree of soil hoeat
Preparation of seed hed,

150
sug

H

Prress drill, 337
Pressure. atmospherice, changes ing
factor in adration, 311
of waves, 18
Prestwich, dime enrbonple  curried
by Thames River, 23
Prevention of Joss of manure. 163
Properties, physical, of soils, ehap-
ter on, 175
Puddling of elays, 136
pres Centud Il\ orgunic matier. 150
Pulverizing and hmwnm‘r ~oif, an
objeet of {illage,
Pumping water for lrrlgxmrm 259
Pyroxene, 3
Quuking hoyg. 28

Quurtz, 2

| Tindiution. factor in logs of soil heat,
‘ 203
Irom sun. source of soil heat, 263
of heat, effect of, on =oil o
| perature, 302
ratio. different colored soils, 205
fall, affecting transpiration, 189
and evaporation from free-water
surface, 241

| Rain

Rothamsted. 2711
and  snow. precipitation on
earth's surface, 180
[ character of, effect on erosion.
359
factor in value of region for

dry farming. 238
map of United States, 190
percolation, evaporation, Roth-
amsted, 220
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Laininll, storing of, in dry Twrniug,

247
types of, over dry land arew ol
United States
Reaction, alkaline, of s0il desiralile

for lacteria, 320

Peade. rate of lowering of Jand sur-
face hy solution,

eal or olute specific gravity, 175

Reclamation of alkali Jands, chap
ter on. 278

. deptly of plowing for
catton on eraded land  3i4
Reforesting stops ervosion, 369
Reservoirs, storing water for irrige
tion, 2
Residnal soils, o
Residues, organie, 170
return of, aid in preventing vro
sion, 363
Resurree Iu! forest, 55
Lhyolite, 7
Liver Flood Plaips proyinee, 07
sediments, comyposifion of, 202
swanips, 28
wader, suspended matier in, 262
ntegration and talus s

Redding, 1.1

atterop. 114

phosphate, 400

split by tree, 18

weathering of jointed, 31
Rocks, 6

aqueous, 7

degompasition

\iun of,
eruplive, 6
enpan ion of, on heating, 13

and disintegra-

lToss of (u|\~(1t\)ontq through de-
composition, 22

metamorphic, 10

phitonie. 0

voleanic, 6

weathering of. chapter on, 11

Rocky Mountain and Plateau Re-
gion, 14

Rodents, mix surface and subsoil,
315

dissolved minerals
2

TRugers Brothers,
in carbonated water,
Rollers, to 337
Roosevelt dam, 260
Root ‘injury, 332
pruning of corn, results. 355

i
|

INDEX

Raot systems, dcplh of, varied in ro-
‘tations, 378
Tioots and  fops, legunies, compo-
sition of. 398
furce cxerted by, 19
in Chernosen soils, 144

of plants wid pereolation, 220
trec prying rock apart, 14
Lutation, chapter on, 376
advoutages of, better distribu-
tion of work. 377
control of irsects and plant
diseases, 477
of weeds, 377
compured witls continuous corn,
Jowa. 370
effeet of, un erop ) \'mld« Ulinois,
Ohio, Minneaotu, 380
for corn and winter \\hem, belt,

382
cottou belt, 384
spring  wheut belt, 386

helps maintain good L:Hh 378
organic watter, 378
pruduu»- larger yi
renders toxic

harmful,
variation in depth
vatems, S
of crops, aid in maintsining or-
manic watter. 171 :
place for crops in,
planning of, 380
Rotmistrov, weeds enemy of culture.
friends of drought. 244
water mot vaised far by capil-
larity ot Odessa. 210
Run-off. canse of loss in dry farm-
ing. 242
Russell, origin

37
elds, 3738
substances less

of root

EQ

381

of adobe, 63
Sage brush on land well adapted to
dry farming, 239
Salts, so}uble, in soils. 74
Sampling of =o0ils, 120
tuhe, King's, 110
Sand dune. burying forest, 55
wind ripples on. 58
dunes, migratory or wandering,
54, B8
permanent or fixed, 54, 55

held by, black loensta, 59
bunch grass. 60
partridge pea, 50

pines, 60
sensitive plant, 59 .
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Sand dunes, held by trailing wild | Silt loams, 115

beun, 60
vegetation, 57

movenent checked by tences

porosity of different grades, 153
Sands, 116
and sandy loams, properties
of, 134
radiation rutio of different

colors of, 205
temperature of, elfect of color

on, 302
RKandstones, §
Supdy loums, 116

Sangamon interglacial stage, 47
il, 49
Seblosing, relation, nitrates formed
to oxygen, 320
Sehine's clutrivtor method, physical
annlysis, 124
Schreiner. 0., and Brown,
progress of humification,
Sedentary  formtions,
Sediment earried in suspension
rivers, 35
Sedimental soils, 33
classes of. 36
Sedimentary, fragmental, 8
Seed, wcetimated nvw«ary
farming.
hed, prvp.'»\ L'.l(\n of,

¥
144

k.

27

hy

fneoddry

for corn,

349
346

for Ullf\
for wheat,
Seeders, 337
Seeding, different methods af,
wheat on dry land, 254
on dry land. 254
rate per acre, Colorado,
Shaler, wave action, Cape
Massachusetts, 18
Shales,
Shantz, H, L., sec Briggs
Shape of pnrf.u]vx 178
Shrinkage, affected hy colloids, 132
cracks, 136
effect of,
physical
135
of soils, 1353
difTereut. types of soil,
Sieve method, physical analys
Silica, 2
Silt and silt loams, properties of,
138
dunes,

vield

255
Arnu,

210

on percolation.
of,

compnsition

137
i)

53

Sk hwle
in cuve region, 24
pemels, |;rudn(-wl when outlet
s ehgeed, 24
+of roil particles,
pillarity, 201
Riope of land, effect of, on =oil tem-
peratures, 305
Suyder, of organic
forest fires, 142
nitromen in hunus from vari-
ous il rials, 147
Sodinm nitrate, 399
‘\ml¥~n||\
i
304
carbon dioxide jn, 20
composition of, 310
wluviad, 3s
aiount ol wir in, 309
of organic watter in, 142
and gubsoil, chupter on, 67
are Lhey inexlnstibley 289
arid, 74
nuger, 114
Burean o,
ter on, 78
carvicd by snspension by riveras,

cifect of, on

Toss matier m

air aifration. chapter on,

classification, ¢l

capillary  or
enpacity of,
pnl) os, 213
eharacter of factor in its adapt-
ability o dry farming, 241
Cheyrnozem, raots and humus in,
ER]
class, defined, 79
casses in [Hlinois. 112
clay Inams, 115
elays. 114
gravels, 116
gravelly lows,
loams, 115
mueks, T
peats, 1140
peaty lnau, 116
sands, 116
aandy loats,
fine, 116
silt logms. 115
classification of. chapter on, 72
colloids in, 132
colluvial, 3n
color of, 176
effect on time of germination,
304

moisture-holding
200

116

1
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Roils, compacted by tillage, 326

copducrivity of, cffect on tem-
perature, 305

constituents, capillary Ll of.
2

speetlic heat of, 200
cumulose, 27
deep.  mediungrained,  well
adapted Lo dry farming, 243
definition of, 1
effect of alkali on plysical cou
dition of, 250
of color of. on growth, 303
an transpiration. 191
eiilinl, 53
erosion. chapter on,
fertility, appendix 1,
-forming minerals, 1
glacial, 1
gruvelly, not well adapied o
dry fmmn,u 240
wravity-laid,
gulliea filled \\IUI. 37t
lieat, loss  of. by vonduetion
downward into soil. 206
by comvection currents of
air, 2046
by evaporation of
246
Ly radiation, 205
sourees of, 293
chemical changes, 294
phyeical changes, 294
pl'P('.\pllnhon RALX]
radiation, direet frow sun,
203
“heavy,” “light,”
hunid. ¥
Liygroscopic eapacity of, 194
coefficient of, 106
1linoig, fertility in, 394
Kentucky, 393
lacustrine, 37
lithe and magnesia in, 75
marine d(‘])osl k
material and its origin, chapter
on, 1
placing of. 27
relative conductivity of, 306
methods of increasing moistnre
capacity of, 230
mineral copstituents of,
ter on, 122
content of, 74
Migsouri, 392
mulch, defined, 233
mulches, effectiveness of, 235

g4

water,

defined, 134

chap-

INDEX

|
|

Suils, odor of, 177

orgunic constituents of, chap-
fer on, 142

organisms, chapter on, 315

particles and their separation,

23
held together by organic mat-
ter, 151
faces of, in different soils,

physical character of,
hy erasion, 360
properties of, chapter on, 175
plant food, supply in, 391
)mr(nl\\ of, 182~134
75

chianged

area  surveyed to
L I8
. area snrveyed fo 1915,

residual. 27
plant food in, 392
running together hinders adira-
tion, 313
samplers. 119
sampling of. 120
Sangamon. 49
sedimental, 33
classes of. 30
seri Burcan of Roils, 79-111
shrinkage of. 133. 135
soluble salts in, 74
specific heat of, 300
strata, distribution of
matter in. 147
thickness o1, 120
weight of, 120
stroam-laid, 38
subsurface, 67
surface, G7
survey by pureau of Soils, chap-
ter on, 78
by Iilinois Experiment Sta-
tion. chapter on, 112
methods of, 118
ohjects of, 117
surveys, 116
temperature, chapter on, 283
conditions affecting, 298
absorption and radiation,
302
color, 303
conductivitr, 306
drainage, 301
evaporation, 300

organic
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Noils. temperature, conditions  af- |
fecting, latitude or angle
of sun's ruys, 304
slope. 304
specific heat, 298
tillage, 307
water, presence
for prowth, 295
for vita} functions of plants,
germination, 296
rowth, 207, 208
nitrification, 298
asinosis and dilfusion,
208
influenced by Tiguid water,
by manure, 294
raised by ahsorption of water
vapor, 2494
ten-year averayge, 307
texture and structure of, effect
on erosion, 358
timber, 76
time for heat to penetrate. 306
top, 67
type, defined, 79
types, classes and pluses i 1li-
nois, 114
defined, Illinois, 112
internal arcea of, 182
naming of, 113
ventilation, < atration, 311
water of, 186-222
water-laid. 33
water-logged. 313
weight of, 176
Sole, plow, 70
Solid manure, value of, exereted by
farm animals, 162
Solution, decomposition by, 22
Specific heat of water, 187
gravity, apparent. 175
of soil-forming minerals, 175
real or abselute, 175
Sphagnum moss, 27, 28
Spring plowing, 344
wheat, acreage, 1809, 415
region, rotation for, 380
Stability of soil increased by drain-
age, 222
Stalectites, stalagmites, in cavern.2i
Stones, 139
Stony loams, 116
Storm, dust, 54

of. 302

Straw, used in filling gullies, 370

439

Streuns, diversion of, for ireign-

tion, 25
erosion of, 16
-laid soils, 38
witerial corred and yolled hy,
16

of,affected
rent, 16
Strie, glucial, on rock surface, 31t
Structure of soil, clteel on erosion,
EAN
Sulb-provinees,  classes,
veys, chapter ot, 112
Nubsidence method, pligsical analy-
sis, 124
Subsoil, 68
plow. 330
soil and,
Subsoiling, 3
Subsoils, arid and huood compnred,
70
Substances in solution, eifect on vis.
cosity, 205
Subsurface pucking, 247
soil, 67
Sugar beets, refurns from  {hirty
inches of wafer, 266 :
Sulfurie acid, deconmposition by, 20
Surluce, internal, 181
ol 67
tension,
104
and density of solutions, 206
Survey, s0il, by Burcau of Suils,
chapter on. 78
by Ilinois Experiment Sta-
tion, chapter on, 112
methods of, 113
objects of, 117
Surve s0il, 116
in different states, 117
Swamp, ablation, 30
land, typical Eastero, 28
wer woods, 30
Swamps, defined, 27
river, 28
Sweet clover on badly croded land,
361 .

by veloeity

types, sur-

chapter on, 67

affecting  capillarity,

plowed uader, 172

quantity grown per acre, 173
Syenite, T )
Systems of physical analysis, 124

Talus, 30

slope, 32
Temperature, chapter on. 293
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Temperature, affecting hygroscopic

woeisture, 195
viseosity, 204
chunyes, factor in acration
climate, factor in soil classifica-
tion, 73
eflect of, on cupillury rise of
water, 204

for bavterinl development, 120
cermination, 206
table nf, 287

osmosis anl diffusion, 201
of plowed and unplowed land,
w2
sunds, effect of eolor on, 202
soil, conditions affecting. 22U~
influenced by rannnre, 204
raised by drainage.
by organic matter, 130
s0il. ten-year average, 307
time requised for radicle to ap-
pear at different. 207
Tenacity of soils, 134
Terminal moraine, formation of, 45
tapography of, 134
Toerrace, glacial Take and river prov.
ince, 29
near Rockford,
Terraced park E
Terraces in China, :
kinds of. guide-row, 365
Jevel beach, 366
Mangum, 366, 367
method of formation, 30
of Frazier River, 38
Texture of woil, uﬂvcl.ing eapillary
movement, 20t
percolation, 217
effect of, on erosion, 238
factor in soil classification, 77
in relation to bacteria, 321
Thawiny and freezing, 14
Thickness of film affecting capillary
movement, 203
Thorne, C. E., composition of steer
manure after three wmonths ex-
posure, 166
Thysell, J. C.. summer tillage with
alternate cropping ws. continuous
cropping, 250
Tight clay, 68
Tile drainage, effect of, on topog-
raphy of water table, 228
Tile drains. 228

Minois, 48

INDEX

Tiling, aid in checking erosion, 309
Tillage, chiapter on. 325
control of maisture by,
decp, in dry farming, 245
effect of, on soil tewmperature,
307
factor in adration, 313
increases moisture capacity, 230
objeeta of, compae l.lnl' ~oil, 3214
killing weeds, &
plaulm:' seed
pulverizing
soil, !
storing and ennserving most
ure, 324
turning und(‘r vegetable mnt.
ter,
removal
by, 231
summer, in dry farming, 246
with alternate eropping, cam-
pared  with  continuons
cropping yields, 250
Tilling. decp. 345
Tilth, rofation helps maintain
Timher areas of United States,
soile, 76
Time for germivation affected by
i eolor of =oil, 304
at different temperatures.
Top soil, 67
Topography. effec of, on erogion. 338

230

laosening

of excess of moisture

&
76

207

Toxic subatunces less harmful in
rolations, 378
Trachyte, 7
Tramspiration, dependent.  uwpuon
evaporation, 191
aoil, 191
R supply of moisture, 189
from plants, large loxs of wa-
ter, 232
of water per pound, dry matter
produced. 188
source ot loss jn dry farming,
244

Traupsported formations, 30
Tull, Jethro, tillage is manure,”
325
Type, soil,
1llinois, defined,

defined, 79
112

Udden. J. A, estimate, dust carried
in air, 53

Uloth, plants germinated on ice, 298
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Value of increase for manure per | Water evaporated daily per square

crop and ton, 168
orgame mutter to soils, 148
binds soil particles to-
gether, 15)
biological effects, 150
crosion, loss by, pre-
vented, 150

furnishes nitrogen, 151

granulation aflected, 118
moisture retained, 149

puddling prevented, 150
temperature raised, 150

Vaa Slgke, L. Lo per cent of liquid

and solid exerement, 162
composition of fresh manure,
163 )
Vegetation, aid in filling gullies, 374
factor in soil classification, 73
source of soil organic matter,
144
Vegetative covering, eecl on ero-
siou. 354
Velocity ol emrrent, effeet of. on
size of materinl carried,
33
on work of streams, 16
Ventilation of soils, 311

Verlical cleavage or wall, character-
istic of deep loess, 63
Viscosity of water, 187
aflecting anll]xlr}' novenent,
204
effect of, on percolation.
Voleanie duost, G
rocks, G

214

Wandering sund dunes. 4, 58

Water, amount of, to apply in irri

pation, 363
required by plants, 187
at different heights ahove water
table, drained. 217
available, 213, 214
capaeity of soils. maximumn, 209
capillary rise of, affected hy
temperature, 204
in glass tubes, 189
use of, 212
comparixon between computed
and observed flow of, 129
drrining from eight feet of satu-
rated sand, 221
«  duty of, 267, 268

|

i
!

|
|

foot of seil, 210
evaporation o[
tempernture, 2, 300
for irripution, chargeter of, 261
gravitationul, chapter on, 217
hieight and  apidity of cupillary
rise in different woils, 207
in soil in one-foot strate to B
foet decp, 248
inigation 1n varied quantities,
vield of dry matter, 264

elfect on soil

Sladd soils, 33
liquid, effect an swil tenpera-
ture, 285

Slogeeed 801l preventa airation,
s
loss of, by mLov\hLm] evipora-

tien, slight, 2u
from canals, ’hb
in dry farmng by evapora-
tion, 243
by pereoiation, 242

“hy ruu-off, 242

by transpivation, 244
methods of preventing, 244

decp tillage, 245

fall plowing, 246

storing rainfall, 247

subsurface packing, 247
summer titllage, 2406
material carried by, 33
neasurement und  distribution
of, in irrigation. 268
moved by capillarity, smount
of, 210
of soils, clupter on, 186
capillary, chapter on, 199
physical characteristies, 156

presence of, effeet on soil tem-
perature, 302

producing power of, in varied
application, 263

removal of excess of, 222
factor in aération, 211

required for corn, Utah, 242
to produce one pound dry

matter, 242

requirement of plants, 241

river, suspended matter in. 262

table, topography of, in tiled
land, 228

transpired, for one part of dry
matter produced, 188

uses of, enumerated, 187
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Water vapor, increase in tempera-
ture by absorption of, 204
Viseosity of. 187
Waves
of, 18
Weathering, advanced, 12
chemica) agencies of, 19
of rock, irrepnlar due to joints
and stratification, 1]
jointed, 31
of rocks, rhapter on, 11
physicenl agencies, 12
Weede
Weeds, controlled v rotation. 375
killing of. object of tillage, 320
Weight of soil, 176

strata, 120
Wheat belt, winter, rotations for,
82

cflfect of rock phosphate on, 401

methods of preparing land for,
347

Minidoka project. Ldalio. 261

production, United States. 1009,
417

sewd bed for. 346

vield, different niethods of seed-

ing, 254

of under varied pereolation,

ten-vear averape, 409
without irrigation, Montuna,
240

vields for different depths of

plowing. 243
Widtsae, J. AL, drv matter per acre

from varied amovyts of irri-
gation water, 264

precipitation on earth’s surfoce,
189 -

disintegration by, pressure

INDEX

‘ Water, producing power of 30 acre-
[ inches of water applied to
| varied areas, 265, 264
| rainfall and evaporation from
free-water surface, 241
suspended  matter  in
| waters, 262
| water in one-foot atrata to eight
feet, 248
Weir, rectangular, for mueasuring ir-
| rigation water, 268
trapezoidal or Cippoletin 269
Wild bean, trailing, holds sund, 60
Wiler. H. W.o odor of =oils, 177
| Wilting coeflicient, defined. 212

river

from other constants, for-
mule, 213
of soils for diflcrent plants,

| 21!
relation of  hygroscopic co-
eflicient to, 197
Wind-carved granite, 18
| disintegration by, I8
| movement, factor in adration,
313
ripplex on sand, 56
Winter wheat acrcage, 1909, 416
Wisconsin glaciations, 50
Wolluy, difference in  temperature
due to slope, 304
water transpired per pound of
dry matter, 183
Woods. swamp, wet. 30
Work, better distributed by rotation,
37

Yermouth interglacial stage, 46
| Yields increased v rotations, 378
Yoder, P. A, centrifugal elutrintor,
128

| Zeolites, 4
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