Glaciation and Soils.

By Epwarp BARRETT.

In the following discussion of the drift age, or Ice-sheet, it is
not the purpose of the writer to try to prove or disprove any of
the many theories extant as to how the thick mantle of material
that covers the northern third of North America, and the northern
third of the United States, and the northern three-fourths of In-
diana came to be where it is. But, rather, it is the writer’s purpose
to admit the fact that there was an Iee-sheet at one time in remote
ages that covered the above areas, and left the rich heritage of mantle
drift where we now find it. Indeed, the main purpose of this article
is to discuss the marvelous era known as the Ice age in its relation
to our soils, so that we may more readily understand the discussions
of soil types in different parts of the State as described by the
several field men who worked on the Soil Survey. The words drift
and glaciation are used frequently by the field men in descriptions
of types, and questions like the following will naturally arise in
the minds of average readers. What is Drift? What is Glaciation?
‘Whence came this mantle of soil? How came it to be here? What
power, or force, made it and brought it here?

Primarily, the purpose of the Soil Survey is to assist the farmer
in a better understanding of his soils, and a knowledge of the above
questions will help him.

It will not be out of place to discuss briefly the two theories of
glaciation that are most generally accepted as explaining the work
of the Ice age and Ice-sheet.

The first of these is known as the iceberg theory. To the mind
of the writer, this is the simpler of the two, since it introduces no
new phenomena, nor does it involve any crustal movements out-
side of the ordinary, i. e., the elevation and subsidence of the crust
of the earth—admitted phenomena ever since the earth left its
molten stage. In fact, the iceberg theory is simply that the northern
part of North America by crustal subsidence was submerged by the
waters of the northern ocean and that icebergs broken off from
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mountains of ice in northern regions were floated south by ocean
currents, just as they may be seen today in the north Atlantic, par-
ticularly south of Greenland. These icebergs were as great beasts
of burden, carrying the materials torn from cliff and crag and
ledge, cut from sides of shore and bluff, or picked up from the
bottom by these huge moving masses, sand, gravel, dirt, and huge
boulders of which our soil and subsoil are made, and after melting
dumping their loads in southern latitudes on the bottom of the sea.

Following the dropping or deposition of glacial debris by the
icebergs there was elevation of the northern part of North America

Glaciated Boulder found about one mile north of Warwick, St. Joseph County, Township 38
North, Range 1 East, on Railroad to St. Joseph, Mich.

almost, if not quite, to its present altitude. Thus the ‘‘dry land’’
was formed. The theory is simple and probable and involving only
conditions that existed, preeminently those of elevation and subsi-
dence, in the early stages of the geological history, and conditions
too that are being observed today, though of course in a lesser de-
gree,

The Ice-sheet theory, the one that is accepted by the scientific
world almost unanimously, presupposes higher elevation in northern
North America and vast accumulations of snow and ice. Such ae-
cumulations would be the result of high altitude and latitude.
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Scientists recognize at least three great centers of accumulation
and radiation known as the Labradorean, the Keewatin, and the
Cordilleran. (For location of these centers see map after Chamberlin
and Salisbury, below.)

“From these centers, ice-sheets spread, covering some 4,000,000
square miles. The centers from which the movements radiated are
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Sketch-map showing the North American area covered by ice at the stage of
maximum glaciation.
determined with eertainty by gla#ial striz, and by the direction of
transportation of drift. '
“PFrom the Labradorean center, the extension was notably
greatest to the southwest, and in this direction the limit is some
1,600 miles from the center of dispersion, in latitude about 37°
307, the most southerly point of the great lowland glaciation of the
period. The extension of the Keewatin ice-sheet to the southward
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was scarcely less. It found its limit in Kansas and Missouri, about
1,500 miles from its center, while to the west and southwest it
reached 800 to 1,000 miles toward the Rocky Mountains. One of
the most marvelous features of the ice dispersion was the great ex-
tension of the Keewatin sheet from a low flat center westward and
southwestward over what is now a semi-arid plain, rising in the
direction in which the ice moved, while mountain glaciers on the
west, where now known, pushed westward but little beyond the
foothills.

‘“The Cordilleran Ice-sheet is less simply defined. Much of it
occupied a platean hemmed in by mountains, and plateau glacia-
tion was complicated by extensive mountain glaciation of alpine
type. In some sense, the whole Cordilleran Ice-sheet was the pro-
duct of a confluence of mountain glaciers deploying on the interven-
ing plateau; but there appears to have been plateau glaciation not
solely dependent on contributions of ice from the mountains. The
southerly lobes of the complex body of ice crossed the boundary of
Canada into the United States. Though hampered by its environ-
ment, the Cordilleran ice-sheet seems to have conformed to the
habit of the Labradorean and Keewatin sheets in expanding chiefly
to windward. The plains of Alaska seem to have been largely free
from glaciation even when the waters of the Ohio and the Mis-
souri, 2,000 miles farther south, were being turned from their
courses by the ice-sheets. The localization of the glaciation is one
of its most significant features.

““South of the more or less continuous Cordilleran glaciation of
Canada, local glaciers were widely distributed in the western moun-
tains, even down to New Mexico, Arizona, and southern California.
They were larger at the north and smaller at the south. Of gla-
ciation in the mountains of Mexico little is known.

““Greenland was glaciated somewhat more extensively than
now, but its glaciers appear never to have extended to the conti-
nent, as was formerly conjectured. Newfoundland seems to have
had its own ice-sheet, and the same was probably true of Nova
Scotia, and perhaps of the peninsula between the Bay of Fundy
and the lower St. Lawrence.”’

The center of radiation that we in Indiana are most interested
in is the Labradorean, for this Ice-sheet in two of its stages, the
Illinois and the Wisconsin, carried to Indiana the two vast accumu-
lations of drift that have influenced so profoundly the surface and
soil of the northern three-fourths of the State, and reduced to their
last analysis, have influenced our civilization to a marked degree.
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The older of these two ice-sheets is the Illinois, the southern
limits of which are marked by a line running through the follow-
ing counties: western Clark, eastern Washington and Jackson, ex-
treme southwestern Bartholomew, northern Brown and Monroe, ex-
treme southeastern Owen, eastern Greene, western Martin, north-
western Dubois, central Pike, southeastern Gibson and central
Posey to the Wabash River. '

South of this approximate line lies the unglaciated portion of
the State, comprising in whole or part, twenty counties. The soils
of this region, known as residual, are derived from the disintegra-
tion of the underlying rock by action of heat and cold, freeze and
thaw, wind and rain, acids from the vegetation above, and ecar-
bonic acid from the air carried down by rain. If all the soil and
subsoil and related material covering the unglaciated portion of the
State were lifted or removed, the underlying rock would present the
appearance of a loose, broken, disintegrating mass, with no evidence
of an abrading force having passed over it. The soil and subsoil
make but a thin mantle, rarely ever more than a few feet thick, ex-
cept along streams where erosion, floods, and slope wash have
brought more or less drift from the adjacent glaciated area. Resid-
ual soils are necessarily deficient in many of the prineipal elements
of mineral plant food because as a rule they are derived from one or
two kinds of rock, either limestone or sandstone, or both, and the
underlying rock of the unglaciated area abounds in these varieties.

The area of the drift material of the Illinois ice-sheet in Indiana
lies between the above described line and a line beginning at the
southeast corner of Franklin County, northwest into southern Fa-
yette, turning southwest across the northwest corner of Franklin,
and southwest across Decatur to the southeast corner of Bartholo-
mew, northwest across this county inte southern Johnson and across
its southwest corner, into Morgan, thence northwest to southeastern
Putnam, northwest into Parke and southwest across its southeastern
corner, and striking the middle of the northern boundary of Vigo,
thence southwest across its northwest corner to the Indiana-Illinois
Qtate line. The last described line marks the gouthern limit of
the Wisconsin, or latest, ice-sheet and drift.

The soil and subsoil of the area between these two lines is made
up of the Tllinois drift, which® disappedars under the Wisconsin
drift. The soils of this region have many rock elements not found
in the residual soils, to the south. The Illinois drift is quite thin
in certain areas, and erosion has played such a prominent part in
removing the drift that in many places residual soils prevail.




Y

"Ajuno) WESIOW ‘digsumo], UCSIpR]Y Ul punoj epmog 810810




GLACIATION AND SOILS. 17

From the line that marks the southern limit, in Indiana, of the
Wisconsin ice sheet, northward to the Indiana-Michigan line, gla-
ciation has profoundly influenced the topography and soils of the
State, and added many mineral foods to the soils. The com-
bined thickness of the two great drift mantles over this portion of
the State varies from 40 or 50 to 250 feet, the average being near
150 feet.

Thus far in this discussion we have not mentioned the many
advances and retreats the ice-sheets may have made, due to varia-
tions in the climatic conditions of the periods, nor have we noticed
the possible inter-glacial periods. Our sole purpose is to bring
prominently before the reader the two great glacial periods that
have benefited our soils so marvelously in bringing a rich heritage
of mineral plant food from regions far to the north where the rocks
differ so widely in chemical elements from our own. Bearing on
this point, we quote the following from Circular 79 of the Ohio
Agricultural Experiment Station and apply it to Indiana:

““Thus we see that the larger part of the surface of Indiana has
been overrun by the continental Ice-sheets which crept southward
from the polar regions in prehistoric times, grinding into gravel and
powder the rocks over which they passed and spreading the material
thus formed in the sheet of drift clay which covers the northern
three-fourths of the State, and from which the soils of that region

- have been formed.

““The outeome of this soil history is that throughout the drift
covered area of Indiana the soil is stored with the essential mineral
elements of fertility in quantities sufficient to maintain crop pro-
duction at the maximum limit, which the various species of plants
are capable of attaining, for a very long time, were they in such
form that they could make use of them.

““The soil a great storage battery: A little reflection, however,
will show that if all the plant food in the soil were immediately
available it would have been leached out and carried to the sea
ages before man came to inhabit the earth, except in those regions
where the annual rainfall is less than the yearly evaporation ; but as
it is, this plant food is stored in such forms that it is only
given up little by little, as each sucéeding annual growth of vege-
tation has need of it, and to prevent the possibility of waste, on
most soils, and under natural conditions, the quantity thus yielded
annually is less than the crops cultivated by man are capable of
utilizing, under the favorable conditions for growth which culti-

vation provides.
2—29153
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“Forms in which plant food is stored: Some of these forms
of food storage may be illustrated by the following examples:
Orthoclase feldspar is a constituent of granite, and is one of the
chief sources of clays; it is therefore a mineral of great abundance.
This feldspar contains nearly 14 per cent. of potassium, or three
times as much as wood ashes, but this potassium is held in such
firm combination that feldspar has never yet been made a source of
the potash used in human industry, multiple as are the uses of this
substance and urgent as is the demand for a cheaper source of it.

‘¢ Another illustration: Phosphorus is universally distributed
through the soil, usnally in combination with lime or iron; but
when we attempt to use either of these combinations as a fertilizer
without some treatment calculated to break up the combination
and liberate the phosphorus we get practically no result. Immense
beds of phosphate of lime are found in several southern States,
from which a large part of the phosphorus of manufactured fer-
tilizers is drawn; but so necessary is treatment of this material,
either with suitable chemicals or by incorporating it with ferment-
ing manure or other organic matter, that without such treatment it
is practically worthless as a fertilizer.

‘““Again: Swamp muck or peat is rich in nitrogen, the air-
dry material containing sometimes as much as two per cent. or
more of this element. But this substance is the result of the growth
of plants which live where their roots are constantly submerged,
and it has acquired such resistance to the ordinary agents of decay
that until this resistance is overcome by proper treatment the
nitrogen of peat is held in almost as firm a grip as the potassium
of feldspar or the phosphorus of the southern rocks.

““Total quantity of plant food not an index to productiveness:
From these examples it is evident that the total quantity of a given
chemical element found in a soil is not a trustworthy index to the
fertility of that soil. For instance, the East farm of the Ohio
Experiment Station, on which some of its soil studies are located,
is found to contain 1,100 pounds of phosphorus per acre in the
upper foot of soil, or enough of this element for 117 forty-bushel
crops of wheat, yet when phosphorus is omitted from the fertilizer
this land produces only a littlé more than twelve bushels of wheat
per acre, even when available nitrogen and potassium are furnished
in great abundance. '

““This land also shows in the surface foot a total of 56,000
pounds of potassium per acre, or as much of this element as would
be carried in nearly 1,500 forty-bushel crops of wheat; yet the ad-
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dition of a few pounds of a readily soluble salt of potassium to a
fertilizer carrying nitrogen and phosphorus has caused a further
increase in the fourteen-year average yield of wheat of mnearly
three bushels per acre over the yield produced by the nitrogen and
phosphorus without the potassium.

““Again: This land contains as much nitrogen to the acre as
would be found in more than 100 forty-bushel crops of wheat, and
yet the addition of twenty-five pounds of nitrogen per acre, carried
in dried blood and nitrate of soda, to a liberal dressing of phos-
phorus and potassium, has increased the yield by a fourteen-year
average of six bushels per acre. But twenty-five pounds is only
about one part in 140,000 of the weight of an acre of soil, taken
to the depth of one foot, or seven ten-thousandths of one per cent.—
a quantity so small as to be far within the limits of error of ordinary
chemical analysis.

¢“ Attempts to determine available plant food: After discover-
ing that the total quantities of plant food were not a reliable guide
to the fertilization of the soil, chemists attempted to discover some
method by which the disposition of the soil to give up its stores
might be ascertained, and many methods of analysis have been de-
vised in the attempt to imitate the action of the plant roots in un-
locking these stores; but here again disappointment has been the
reward of the investigator. It is true that some of these methods
are, in some respects, a nearer approach to a solution of the prob-
lem than the total analysis; but when the chemist faces the fact
that an acre of clover will abstract from the soil approximately ten
times as much lime and only half as mueh phosphorus as would a
corn crop grown on the same land and under the same conditions,
he faces a problem which chemistry is not yet able to solve.”’

It is not a far stretch of the imagination to think that Indiana
and parts of surrounding States also were once covered by a portion
of the great continental Ice-sheets referred to above. Probably
25,000 of our State’s 35,000 square miles were thus ecovered. To-
day, an Ice-sheet 500,000 square miles in extent covers Greenland.
This is twenty times as large an area as was covered by the ice-
sheets in Indiana. Again, the Greenland Ice-sheet doubtless has
movement from a center, as great masses of ice are continually
breaking off about the coast, and dropping into the Atlantic Ocean;
these masses float to the south as huge icebergs and often carry on
their sides and bottoms loads of debris gathered from the surface of
Greenland. ‘

If all the drift covering the glaciated portion of Indiana could
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be lifted or removed, the surface of the underlying rock would pre-
sent an appearance in marked contrast to the underlying rock in
the unglaciated region. The surface would be found to be planed
and smoothed; striated and grooved; and the disintegrating mass
of rock, noted below the residual soil in the unglaciated area, would
be entirely absent. The reason for this is apparent—the thick
mantle of drift prevented action by the disintegrating agents, after
the ice-sheet passed over.

Bearing on the subject of glacial deposits and soils, Lyon and
Fippin say:

‘‘Purely glacial deposits differ in chemical and physical prop-
erties from soils derived from the same formations by other means.
There is a large element of mechanical grinding without any large
amount of chemical change or solution. The particles have not
been subjected to long-continued leaching, which characterizes
residual or marine soils. Such material is chiefly rock-flour, that
18, pulverized rock. The readily soluble minerals and elements are
therefore present in proportionately larger amounts than in soil
formed by other means. While a residual soil from limestone may
he very poor in lime carbonate, a glacial soil formed from Jime-
rock is often rich in lime, sometimes containing 50 per cent. of
that constituent, as has been found in some Dakota soils. As ap-
pears from the tables of analyses, such soils are generally rich in
2ll of the basic elements.
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““The physical properties of glacial soils are also distinetive.
Excepting subsequent modifications due to water, such deposits
show little or no stratification or sorting. They are heterogenous
in material and arrangement. Muech of such material is termed
boulder clay, from the mixture of coarse and fine particles. It is
also to be noted that such soils contain, relatively, a larger propor-
tion of silt particles, and a smaller amount of clay, than soil formed
by purely chemical process from the same rock.

<« Associated with the results of pure ice-action is much modified
glacial till, due to the influence of great volumes of water. Natur-
ally, the melting of the ice results in immense volumes of water,
which drain away over, under, or along the ice margin. Temporary
streams of large size and gréat violence existed and there were also
ponds and lakes, some of the latter of very great extent. This
water further assisted in moving the ice debris. Such deposits are
called modified drift, or aqueo-glacial deposits.”’

S. W. Fletcher, of the Michigan Agricultural College aptly puts
the matter as follows:

““As would be expected, the distribution of drift soﬂs is very
erratic. An acre may contain several wholly distinet kinds. There
is a field of one acre near Lansing, Mich., in which about one-half
of the soil is a stiff clay, one-fourth is gravelly loam, and the bal-
ance, which was formerly a swamp, is muck. Who would try to
advise the owner how to treat this field as regards tillage, fertilizing,
and draining?

““The value of drift soils for cropping is very variable, depend-
ing upon the material of which they are composed, and the way
in which they are laid down. As a rule, however, they are fertile
because they are composed of materials that have been brought to-
gether from several sources, and there is therefore greater likeli-
hood that the essential plant foods will be present in abundance.
They are apt to contain more sand or gravel and less clay than
sedentary soils; hence they are usually of good texture and easily
worked. But a drift clay or muck is not more valuable or manage-
able than a sedentary clay or muck. Thosd containing a fair per-
centage of clay are more valuable than those that consist chiefly
of gravel.”

The soil survey now in progress in the glaciated area of In-
diana, the writer believes, is the most important survey ever under-
taken by the Department of Geology. Every other mineral re-
sources in the State has been surveyed and resurveyed. The stone,
the coal, gas, oil, surface and under clays all have been written




Glacial Striae on Mansfield Sandstone on farm of James Campbell near Bowling Greea. Thore
are several grooves deeply cut and many slight markings are visible.

Same as above. In this picture the grooves were filled with white sand to give contrast in
’ the picture, o
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about over and over again. The entire gamut of geological forma-
tions from the lowest Ordovician up fo the Glacial have been de-
scribed and redescribed. But the topmost formation, the soil, the
one on which we live and move and have our being; the one which
is a composite of all geological formations; the one which came
to us mostly from regions far to the north and without money or
price; this soil, the richest heritage of a beneficient Creator, is at
last getting the attention it so richly deserves at the hands of our
National and State governments. I say the survey is important be-
cause the soil constitutes the one great inexhaustible natural re-
soutee of the State. “From it spring not only the food and rai-
ment of the people, but nearly 50 per cent. of the materials used
in manufacture, and more than 60 per cent. of the commodities ex-
changed in commerce.”” TImportant because it touches every one
of our State’s 22,500,000 acres. Important because the cultivation
of the soil engages more of the brain and brawn of the State than
any other occupation or dozen occupations. For these reasons, and
many others that could be given the department is devoting the
bulk of its energy and means to this survey. Next year we shall
devote two-thirds of the appropriation of the department to soil
work. This year the field work, under my direction, has been done
in a belt of counties through the State just south of the National
Road and southwest as far as Knox County. The equipment and
work of the soil men may be described briefly as follows: Each man
is assigned an area consisting of one or more counties, and supplied
with apparatus for the work. The equipment consists of an ex-
tension soil auger, size one and a half inches, a hammer, microscope,
barometer, level, acids and blue litmus paper for making tests,
maps, and a carrying bag. After locating in a township the field
man goes out a foot from day to day over as much area as he can
cover over hills, valleys and plains. A soil examination consists in
boring to a depth of three feet with the auger and bringing up the
soil and subsoil ; the upper six to ten inches as a rule are regarded
as the soil and all below this as the subsoil. However, the thickness
of the soil may vary, sometimes less than this and sometimes more,
dependent on the location, as uplands and bottom lands. -Where
there is similarity of texture and color the work consists of numer-
ous examinations; where there are variations, samples are taken
up and put in bags, the exact geographieal location being noted on
a card deposited in the bag with the soil, and also noted in the field
book. The geological features of the area are studied, particularly
the underlying formation, so that in case of residual soil (soil made
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by disintegration cf underlying rock) its character and influence
on the surrounding soils may he noted. However, only a very small
portion of the areas surveyed this vear have residual soils—a small
part of southwestern Bartholomew and southeastern Owen counties.
There are no residual or unglaciated soils in the northern three-
fourths of the State. The praeticed eye and touch of the field man
soon learns him to distinguish the slightest variation in composi-
tion, texture, color, and organic matter in the soils he examines.
The topography of an area has much to do with its soils, certain
types being found at different levels or altitudes. The questions
of natural drainage and necessity of artificial drainage are studied
and worked out by the soil man. If the soil is so situated as to
have excessive or deficient drainage, the highest efficiency of the
soil ecannot be expected until these conditions are alleviated. Areas
of sour soils are noted and the degree of the acidity determined by
the litmus reaction test. Areas of wornout or exhausted soils are
marked out and the proper treatment of such soils determined, if
possible.

After an area is surveyed in this manner, the soil samples col-
lected are sent in to the department and two analyses made. First,
a mechanical analysis with a system of screens is made. Five sep-
arations based on the size of the particles of a sample are made.
The separations thus made are grouped as fine gravel, coarse sand,
medium sand, fine sand, and very fine sand. The silt and clay
separations are made with sedimentation bottles, or the centrifugal
machine. The mechanical analysis of a soil is very important, for
by it the texture is determined, and the moisture and aeration are
- dependent upon the texture. The second analysis is chemical. By
this the chemical constituents of the soil are determined. The pur-
pose of this analysis is to reveal, if possible, the plant food present
or lacking in the soil. This does not mean, however, that this analy-
sis shows the available plant food as most people think and be-
lieve. The chemical analysis may or may mot show the available
plant food in a soil. Most likely not, T dare say. The analysis may
show the amount or per cent. of nitrogen, phosphorus, potash, or
lime, four essential plant foods in a soil, but it cannot show whether
these are in a condition to feed the plant; it is barely possible that
it will take the addition of a fertilizer, or some form of organic
matter to put the above plant foods in a condition to be absorbed
by the plant. To illustrate this point further, permit me to quote
from Prof. Fletcher of Michigan:
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¢“The analyses of representative soils show that all of them con-
tain almost unbelievable quantities of the plant foods that we buy
and apply so grudgingly. An average farm soil usually contains
about 4,000 pounds of nitrogen, 6,000 pounds of phosphoric acid,
and 20,000 pounds of potash per acre in the upper eight inches of
soil. “Wornout’ soils, which scarcely produce enough to pay for
cropping them, often contain nearly as much plant food as this,
while some rich soils have over 6,000 pounds of nitrogen, 10,000
pounds of phosphorie acid, and 50,000 pounds of potash per acre
in the first eight inches. Besides all this large amount of plant

food in the surface soil, the soil below the first eight inches usually

contains nearly as much, and a part of this can be used by the
roots of most farm crops. These figures are astounding to those
who have believed that a soil gradually ceases to be productive be-
cause the plant food in its beecomes exhausted. The chemists give
us indisputable proof that even a soil that has become so ‘poor’
that it hardly pays to erop it, is likely to have stored within it tons
upon tons of plant food; that it is in no way exhausted, as we have
been taught to believe. Yet the fact remains that this same soil
will not produce large crops. What, then, is the trouble? Much
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of the tons of plant food that the chemist finds in ordinary farm =4

soils, is ‘locked up’, or unavailable, from two causes. In the first
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place it may not be in the right form for plants to use, it may be g
in a compound that it distasteful to the plants; or it may be in a =7
form that is not soluble in soil water, so that it cannot be absorbed.
by the roots. Plants accept food only when it is in a certain form. 8
The chemist, however, cannot tell how much of the total amount ofgery
nitrogen, potash and phosphoric acid that he finds in soil is in sucKs=d

shape that plants can use it. He cannot determine with any Tefirée’
of certainty what proportion of the 4,000 pounds of nitrogen, 6,000
pounds of phosphoric acid and 20,000 pounds of potash that are in
an acre of average farm soil is in the right form for crops to use.
There is no way of finding out this very important point except to
grow plants upon the soil.”’

Numerous letters come to the department requesting chemical
analyses of soils under the erroneous impression that such analysis
will show the available plant food in soil samples sent in. My in-
structions to the field men were to get the above erroneous idea
out of the minds of people whenever possible, and substitute the
idea of a mechanical analysis, coupled with proper drainage, aera-
tion, moisture, organic matter, and tillage. ‘s
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Showing polished surface oi Sandstone polished by glacier. Near Bowling Green, Clay County.

Glacial boulders of large size in field — miles northwest of Bowling Green. This is the
southern limit of boulders of size in this area.
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Brosion caused largely by the removal of forests and improper
tillage is devastating large areas of Indiana soils, particularly in
the southern part of the State. When farmers learn to cultivate
slopes or hillsides by contour or terracing, or not at all, much ero-
sion and devastation will be prevented.

Mapping is another essential feature of the work of the soil
survey. Two sets of maps are made and used by the field men—
one a base map, showing sections, townships, ranges, drainage and
roads. This is for field use. The other is for locating areas of
soil types after the examinations and analyses are all made; a
print of this map accompanies the published report of the area.

The purpose of the Indiana Soil Survey is to assist farmers in
increasing the productivity of the soil. To help them make two
blades of grass grow where one has grown before, by suggesting
better methods of drainage, aeration, adaptation, rotation and till-
age. Our purpose is identical with that of the United States De-
parment of Agriculture, from which we quote the following:

«he work of the soil survey is based upon the principle that
there are differences among soils which so affect plants that not
all soils are equally suited to the production of all crops. This
work, therefore, comprises a study of both the character of these
soil differences and the effects which they produce in the growing
of farm ecrops.

““In the field work of the soil survey the soils are studied to de-
termine their texture, or the relative amounts of coarse or fine
particles of which they consist ; their structure, or the relationship
of these particles one to the other; their organic matter content,
both quantity and distribution; their internal natural drainage,
and their topographical relief. These factors operating together de-
termine the character of the home which plants are to find in the
oil. All masses or areas of soil which are found to be closely sim-
ilar in all of these respects are said to belong to the same soil type.
Under similar climatic surroundings the type is capable of pro-
ducing similar kinds of crops, and under the same conditions of
farm management and of farm efficiency they may be expected to
produce practically equivalent amounts of crops. It has also been
found that several soil types in a given region may differ only in
their texture, being identical or similar in all other respects. Such
a group is called a series. ‘Again, several series have been found to
be derived from the same classes of material by similar processes
and to exist in a region having similar climatic features in the
broadest sense. Such a region constitutes a soil province.
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““The soil survey recognizes at present thirteen great soil prov-
inces, fifty-eight soil series, and 461 soil types. Of these types
some 130 are more or less local in character, while the remainder
are of widespread occurrence within their respective provinces.

‘It is necessary that the discovery, introduction, and culture of
crops adapted to various types shall follow such lines that the
greatest food values as well as the highest commercial values shall
be rendered by each soil. It is also a necessity that upon widely ex-
tended types such crops shall be grown as are subject to wide de-
mand in the markets of the world. Otherwise the farmers engaged
in erop production must face a destructive competition or else por-
tions of the soil type must be neglected or but feebly utilized.

The soil-survey work thus possesses a dual aspect: (1) It must
deal with those problems of crop and soil adaptation which concern
the present individuals and generation ; and (2) it must accumulate
a fund of information in regard to soils which will assist in solving
the broad problems of the nation’s soil resources and the utilization
of these resources, not only for the support of a growing population,
but also, for maintaining a favorable balanee of trade for the nation,

““From these reports on soil surveys the individual farmer may
learn the relationship of the soils upon his own farm, not only to
the other soils in the immediate neighborhood, but to soils of the
same character in widely separated regions. He may thus observe
and study understandingly the methods and results obtained under
the most favorable conditions by successful farmers upon these
soils. His horizon of observation is enlarged, and he may more
surely apply the experience and the observation of others to his
own particular needs and conditions. He is able to consider his
own farm, not as an isolated property, but in its due relationship
to other farms located upon the same soils and in a region of similar
climatic surroundings. The single report thus serves the pur-
pose of the individual whose problem is one of a fixed and oceupied
region.

" At the present time, as at all times in the history of the country,
there is a large elass of persons who for various reasons desire to
secure new farms in more or less distant localities for the pursuit
of general agriculture, or for the production of special crops. In-
quiries from such persons always cover certain climatic and soil
features, and each desires to secure information which will enable
him to compare conditions personally known to himself with those
of new localities under consideration. Inquiries of this nature are
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constantly received at the department, and wherever possible the
information is supplied by the reports and maps covering the
areas concerned. No advice to do this or that is communicated ;
only the information upon which a judgment may be based. The
use of soil-survey reports for this purpose is by no means con-
fined to reports upon regions which are sparsely settled or newly
opened for agricultural occupation. The constant changes in farm
values in all parts of the United States are calling the attention of
individual farmers to particular localities in the older States, where
possible advantages may be gained from the sale of high-priced
lands and the purchase of others which, for the time are offered
at a lower figure.

“During the past decade the funds accumulated by large in-
vestment companies have increasingly sought a farm-land outlet.
The soil-survey reports are regularly requested by many such
companies. Some only desire the reports in particular ecircum-
seribed regions. Others desire these reports as an unprejudiced
basis upon which a judgment of land uses and of farm development
in widespread and remote regions may be based. Obviously, the
common interest of the entire community is served by these re-
ports of soil facts, just as the individual interests of the persons
concerned are safeguarded at the same time.

““The use of the soil-survey maps and reports by educational
institutions has greatly increased within a few years, acecompanying
a renewed activity in the study of soils and in the teaching of soil
subjects. Not only are the maps and reports used by those insti-
tutions directly for the study of soils, but they are also used in
studies of erop production, of farm economies, and of the distribu-
tion of agricultural produects. Nonagricultural colleges and uni-
versities are also using these reports in connection with courses in
commercial geography.

““The time has come in the agricultural development of the
United States when accurate and detailed knowledge of the soil—
its character, varieties, capabilities, and adaptations—is of great
importance; and as the years go by such knowledge will become
more and more important, until ultimately our greatly increased
population will need and will be able to utilize fully the diverse
capabilities of these 461 different types of soil.”’

From what has been said above it is clear that the largest asset
of Indiana is her soils. The care, the handling, and the .produectiv-
ity of these should be her largest concern. The history of agri-
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culture in this country is but the history of European countries re-
peated. First, the exploitation of and depletion of virgin, fertile
soils; then a national effort to correct the mistakes, and restore the
lost produectivity. It is easy in the memory of middle-aged citizens
of Indiana that when a virgin field beeame exhausted, a ‘‘deaden-
ing’’ was cleared up for new ground. To make and clear a
‘‘deadening’’ in the forest was the crop rotation of fifty years ago.
It was a part of the farmer’s yearly programme to ‘‘deaden’’ a
piece of timber for ‘‘new ground.”” Now the word ‘‘deaden’’ is
not in the vocabulary of the Hoosier farm boy, and a field of
‘““new ground’’ is beyond the ken of his knowledge. Indiana is
but one of the many States in which this flagrant waste of forest
and soil went on. The Atlantic seaboard first; then the western
slope of the Appalachians down to the Mississippi; then the Great
Plains west of the Mississippi to the Rockies. But now the giant
forests that formerly covered the land from the Atlantic to the
Mississippi seem to have moved farther and farther away from the
old farmstead—indeed, they now present the appearance of a dis-
appearing view—a hazy cloud on the horizon. People stand in
wonderment at the marvelous development of the past century,
but do not stop to think that it was made possible at the sacrifice
of the virgin fields, farmed to death by the advancing host in its
westward course. Fifty to seventy-five years ago the cry went up
““Go west, young man.”” People seemed to care little for the ex-
haustion of the older lands of the East, so long as fertile land re-
mained unoccupied in the West. The former high-priced lands of
the East became low-priced. But now the last virgin field of the
West has been plowed. The exploitation of her fertility has been
circumvented. But a new era is dawning. Science, which is simply
applied common sense, has taken the reins and is pointing the way
to a restoration of the lost fertility of Indiana soils, and as a result
the tide of emigration that had ever flowed westward is now ebbing
toward the East. The higher priced lands of the West are being
sold and the capital invested in lower priced lands of Indiana and
the East, the investors confident that science will yet point the way
to a margin of profit in the tillage of the once depleted farms.
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