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INTRODUCTION.

By Epwirp IBARRETT.

The major portion of the State Geologist’s time during the
field season of 1912 was taken up in the investigations of the Soils
of the State.

He believes that a survey of the Soils of the State is a proper
function of the Department of Geology. He has never been able
to see why an investigation and discussion of the geological forma-
tion known as Soil is not as important as the next formation below
it, whatever that formation may be. Hence, the bulk of the en-
ergy and means of the Department during the calendar year 1912
were devoted to the Soil problem.

In the investigations and discussions of the Soils of the State,
the State Geologist endeavors to stay within the realm of Geology :
therefore he approaches the Soil problem under the following
heads:

1. Topography and its influence on plant life, native and cul-
tivated.

2. Geological formations, study of outeroppings, areal extent
and classification of same.

3. Soils—their derivation and classification.

4. Study of exceptional soil conditions—sour, acid, swamp.
peat and muck areas.

5. Drainage, natural and artificial.

6. (C‘ultural methods in farming.

In past years almost every rock formation known in Indiana.
from the lowest Ordovician up to the recent (ilacial have heen sur-
veyved. Days, months, years of time and thousands of dollars of
money have been spent by former geologists in these surveys, hut
only in recent years has any systematic survey of the Soils heen
made. The present Geologist during his first yvear—1911—in
charge of the Department, made the Soils the major part of the
Department’s work.

In 1912, the Seil surveys by counties were prosecuted under a
co-operative agreement with the United States Government. This
work will be continned during 1913. ‘

7
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During 1912, Mr. L. A. Hurst of the U. S. Bureau of Soils, and
Messrs. E. J. Grimes and II. G. Young of this department, sur-
veyed the soils of Tipton and Hamilton counties.

Mr. W. E. Tharp of the U. S. Bureau, and E. J. Quinn of the
Indiana Department, made a close, detailed survey of the soils of
Boone County.

The soil work of Montgomery County was done by Grove B.
Jones, from the U. S. Department of Agriculture, and Harold Ora-
hood from this office.

The Putnam County work was in charge of Mr. Noble Coryell
and Ralph S. Hesler of Indiana University. These field men went
carefully over the area assigned them, and their report and map
is one of the best in the present volume.

It is not the purpose of the Department of Geology to survey
at present the soils of Madison, Tippecanoe, Newton, Marshall and
Allen counties. These counties were surveyed some years ago by
the U. S. Bureau of Soils and the reports were published on each
county in bulletin formm. So few of these bulletins ever reached
Indiana, and there has been such a great demand for information
on the soils of these counties, that it is deemed advisable to incor-
porate the reports and maps of these counties in the present vol-
ume, and with the consent of the United States Bureau this has
been done.

The State Supervisor of Natural Gas.—Much of the time
of the Supervisor during 1912 was spent in the field, safe-
guarding the gas and oil interests of the State. The Legislature of
1913 amended the law relating to the waste of gas, by which a
fine of $50 to $500 is imposed on persons convicted of violating the
law. Heretofore no penalty was attached to the law for the waste
of gas, and the Supervisor and prosecuting attorneys were almost
helpless in prosecutions. Much good will doubtless come from the
penalty amendment where reckless oil drillers and companies per-
mit escape and destruction of gas.

The present report closes with a discussion of the Stratigraphy
and Paleontology of the Tanner’s Creek Section of the Cincinnati
Series, by Dr. E. R. Cumings of Indiana University and his stu-
dents. The paper is the result of several years’ study in field and
laboratory, of the Stratigraphy and prevailing types of Bryozoa as
shown in exposures of the Cincinnati formations in Indiana.
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Topography of Indiana—Map.

By EpwArDp BARRETT.

1st. Highest elevation in the State—1,285 feet above sea level,
Summit, Randolph County, eight miles south of Winchester.

2d. Lowest elevation in the State—313 feet above sea level, at
the confluence of the Wabash and Ohio rivers, Posey County.

3d. Average elevation above sea level—estimated to he 700 feet.

A topographic map of an area is an expression of the surface
features of that area. Such a map could be absolutely true in de-
tail only when based upon a system of contour lines having the
smallest possible intervals.

The map herewith is not offered as a piece of perfect work-
manship. The elevations were derived from the data published in
the Thirty-sixth Annual Report, and in the absence of complete
topographic contours the boundaries of areas of different eleva-
tions could not be established with exactness, but the boundaries
are generally true. The writer is willing to bear the criticism of
inexactness in this first attempt at a topographic map if he can but
point out the necessity for a topographic survey of the State. In-
deed, any criticism will but serve to emphasize the necessity for
exact information.

A Word as to Geologic Horizons and Elevations.—Could one but
stand at some point in southeastern Indiana, say between the south-
eastern corner of Switzerland County and the southeastern corner
of Union County, and look westward or southwestward and see
the outeropping features of the geological formations of the State.
they would present an ascending series. geologically speaking. from
the Lower Silurian, in the extreme southeastern part of the State,
up to the highest formation, the Merom sandstone, along the Wa-
bash River on the western side of the State. Above this of course
is the glacial drift. Or, to put the matter in another way, the
formations are successively younger as we ascend geologically from
the eastern and southeastern parts of the State to the western part,
the sediments and drift of the western part having been laid last.

(9
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The picture is more difticult to draw from any viewpoiut along
the eastern margin of the State. from Union County northward,

Preei ] . ¢ Natural Gao i hi ontl
for the reason (1) that the northern two-thirds of the State are
covered with a thick mantle of glacial drift; and, for the further
reason, (2) that erosion has not played such a prominent part in
the northern part of the State as in the southern part, where it has
profoundly influenced the topography of the State.

While the above is true from a geologic standpoint, the reverse
is true from a topographic standpoint. Topographically speaking
the eastern parts of the State are the highest. the slope or dip
heing to the south and southwest. The only exception to this south-
western slope worthy of notice is a small area in the extreme north-
ern end of the State. which area is drained by the Pigeon, Elkhart
and St. Joseph rivers. The lower courses of these rivers have heen
largely influenced, if not entirely changed, by the deposition of
drift materials during the later glacial periods.

The elevation along the castern margin of the State, from
Franklin County to Steuben (ounty. is from 800 to about 1.200
feet above mean sea level. Along the western margin of the State
from Posey County to Liake County, the elevation varies from 313
feet in the extreme southeastern part of Posey County to about 750
feet in Lake County.

Indiana is not a mountainous State. It has never been such.
There is no geological evidence within the State of violent agitation
or upheaval in the formative period of the portion of the earth’s
crust now known as Indiana. All of the valleys and hills and un-
dulations in the State were formed by the erosive power of water,
cither glacial or stream. The differences in clevation ahove sea
level in the State are not sufficient to cause any marked difference
either in climate or in vegetation, either native or cultivated. The
oak, the maple and the ash grow as vigorously in Randolph (‘ounty,
where the altitude is greatest. as in Posey (‘ounty. where it is the
least. The same thing is true of corn and wheat. The slight dif-
ference in seeding time in the southern part of the State. and seed-
ing time in the northern part is due to latitude and not to altitude.
Perhaps spring is incidentally encouraged in the southern part of
the State by the prevailing south to southwestern slopes, and re-
tardcd somewhat by the flat and slopeless areas in the northern
part of the State. The same thing would he true of harvest time.
While differences in life and crop zones of the State have not heen
profoundly influenced by altitude. nevertheless an intimate knowl-



TOPOGRAPHY OF INDIANA. 11

edge of the topography of the State is of inestimable value to the
people in the several ways enumerated under the head of Hypsom-
#try of Indiana in the Thirty-sixth Annual Report of the Depart-
ment of Geology, as follows:

1. As preliminary maps for planning extensive irrigation and
drainage projects, showing areas of catchment for water supply.
sites for reservoirs, routes of canals, ete.

2. For laying out of highways, electric roads, railroads, aque-
duets, and sewage systems, thus saving the cost of preliminary
surveys.

3. In improving rivers and smaller waterways.

4. As hases for the compilation of maps showing the extent
and character of forest and grazing lands.

5. In classifyving lands and in plotting the distribution and
nature of soils.

6. In locating and mapping the boundaries of the life and erop
zones, and in mapping the geographic distribution of plants and
animals.

7. As base maps for the plotting of information relating to
the geology and mineral resources of the country.

8. In connection with questions relating to State, county and
town boundaries.

9. As a means of promoting an exact knowledge of the country
and serving teachers and pupils in geographic studies.

10. In connection with legislation involving the granting of
charters, rights, etc., when a physical knowledge of the country
may be desirable or necessary.




Fertilization of Soils.

By J. B. EDMONDSON.

The man who farms is engaged in a business so eomplex and
many-sided that it is no uncommon occurrence for him to escape
to the city to take up a more simplified profession, or to see young
men hesitate long before choosing the farm for their life’s work.
The universal ery of such individuals is that there is too little
money in farming, when the trouble lies in the fact that they are
not able to measure up to what is required of the man who is mak-
ing a success on the farm today. One has but to glance about him
and note the many examples that the country affords of men who
have turned farming into a highly successful business, financially
and otherwise, to be convinced of the truth of this statement. Re-
duced to its simplest terms, good farming consists of raising the
biggest crops possible every year the business is followed, and, inci-
dentally, the longer it is followed the more satisfactory should be
the returns. That is, farming is a growing business if rightly en-
gaged in. While the manufacturer’s plant will be subject to sev
eral thousand dollars deterioration during the twelve months, the
plant of the intelligent farmer will be in even hetter condition for
manufacturing crops at the end of that time, notwithstanding the
fact that it has already turned over a good crop account to the
owner. The longer the intelligent farmer remains on the farm the
more productive it should become. but the sooner the careless or
ignorant farmer gets to town and into the shops the better off it
is all around, provided his place is taken by one of more thorough
understaning of the business in which he is engaged.

Of first importance in farm economics and in farm praectice is
the soil. So intimately is the soil related to every operation, and
so complicated is its management, that a working knowledge of the
principles that underlie its power to produce crops is one of the
very essential qualifications of the farmer. So true is this that a
man’s success or failure can be determined by the manner in which
he treats his soils almost as accurately as by an examination of his
bank account. Fundamentally, it is not a uestion of whether the

12)




FERTILIZATION OF SOILS. 13

farmer is raising pure bred stock, whether he is feeding balanced
rations. or whether he is providing sanitary quarters for his cows:
all these things are important, yet they will fail to keep him off
the breakers unless he is on right terms with the soil that grows his
crops. Essential as live stock is on the well regulated farm, even
that must be regarded as subsidiary to the tilling of the soil and
the raising of crops. With the soil cheerfully responding at har-
vest time with bountiful crops, all these other things will be added
unto the farm by a sort of an evolutionary process; but with the
soil sick and out of harmony with mankind and all useful plants.
the whole situation is changed to one of more or less hopelessness.
Strangely enough the great farming class seems to be the least con-
cerned of any in regard to the condition of the soil. While business
men, lawyers and ministers are agitating the subject of s8oil conser-
vation through the medium of the press and from the platform,
farmers continue to sow and plant their acres with little or no cvi-
dence of improvement. 1In fact, it is safe to say that the movement
for better agriculture will have to be carried along and fostered by
forces that are entirely foreign to the actual farming interests. The
farmer has plenty to eat and wear and does not feel the pinch of
high prices nor experience the prospects of finding his larder
empty, and, consequently, he is unable to realize the necessity of
increasing the output of his farm. The cry is gaining in volume
every year from one end of the country to the other that the produe-
tive value of the soil is growing less and less under the present
system of management, and very slowly the tide is turning in the
direction of more careful and scientific methods.

In discussing the fertilization of soils, the writer realizes that
the task is no simple one. In talking to farmers in regard to this
matter one is impressed with the fact that, as a rule, the principles
underlying practical soil fertility are but little understood. Thou-
sands of farmers who have tilled the soil all their lives, feed to the
soil fertilizer by the sack, much as they feed oats to the horses, and
believe the problem is solved. While there are many points in re-
gard to the action of fertilizers, the assimilation of plant food from
the soil, and the relation of soil bacteria to plant life that are not
clearly understood by the scientists, yet a man must have a fairly
definite understanding of what his soil is actually in need of be-
fore he can set ahout to supply it. The more of a soil expert the
farmer is the more liable he is to prosper; but it does not follow
that the average farmer with the average education is doomed to
failure. There are so many phases of soil management made mani-
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fest to the eye that every farmer has ample opportunity to act
intelligently in regard to it, whether he bhe able to write his name
or not. A man nced not be a college graduate to he able to tell
that his soil is acid and needs lime; that his soil needs draining out
in order to give the air and soil bacteria a chance to enter; that
the humus is entirely burned out of the soil on his heavy, clay up-
land, or that a one-year rotation is a quick and sure way to destrue-
tion. The close observer can determine all these points from the
outward indications of the soil itself. But before he can do even
this he must know what to look for; that is, he must understand
the ills of the soil sufficiently well to be able to recognize them when-
ever the symptoms are found. His own obhservations, coupled with
his experience, will go far in guiding him in his operations.

When a soil refuses to produce crops in profitable quantities it
is an indication that it is lacking in some essential that others,
which raise large crops, possess. Just what this is is not easily
determined in every case, but it is a safe assumption that were its
needs supplied it would respond as satisfactorily as the other. Gen-
erally speaking, farmers do not believe this. That is, they con-
sider the poor farm on the hillside as nothing but a hill farm with
its stunted growth of corn and wheat, and that its chances of ever
doing anything more are extremely remote; consequently such
farms are usually farmed in accordance with this view. True,
there is a wide variation between the rich, black loam of one sec-
tion and the raw, gully-washed hillsides of another, with one pro-
ducing seventy-five bushels of corn per acre and the other harely
fifteen; but it has been clearly demonstrated many times over by
practical farmers that whenever the latter extreme type of soil is
supplied with those things which it was either deprived of by na-
ture or robbed of by man, and which the former soil contained in
abundance, the variation in the yields dwindles down until the hill-
side 1s growing as luxuriant crops as the other. The point is that,
except in rare instances, there is no such thing as naturally sterile
soil or permanently exhausted soil; but there is such a thing as
keeping soils in such a low state of produectiveness as to render their
cultivation unprofitable. One man is considered a wizard because
he suceeeds in doubling the yield of his neighbors on the same type
of soil; in short, it is not a question of soil in most cases nearly so
much as one of whether the farmer understands the particular kind
of treatment that his particular soil needs.

But another consideration enters here which accounts largely
for why poor farms remain poor, and why they usually grow poorer
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and poorer each year. Generally speaking. the poorest soil is com-
pelled to support the most shiftless farmers. This means that soil
which above all else needs a careful and intelligent farmer to man-
age it is doomed to sink lower and lower in the productive scale
through the exploitation of ignorant soil robbers. On the other
hand, soil that by happy circumstance was adapted for the grow-
ing of crops hefore man entered on the stage, from the first at-
tracted the bhetter class of farmers, and in the sifting and shifting
process that followed the hest farmers through their own fitness
gained possession of the most produetive lands. As a consequence
of this the poorer farmers were gradually crowded out and were
compelled to take up the cheaper and less produetive lands. In
studying rural conditions in the different sections of the State, it
is a matter of observation that the poorer the land in a section the
more shiftless and unconcerned are the farmers on it in regard to
its needs. So many of our so-called ‘‘worn-out’’ soils are forced to
carry a double burden—their own condition of semi-starvation and
the persistent scourging inflicted by a grasping taskmaster. Under
such conditions it is useless to expeet the soil in the poorer sections
of the State to be rapidly regenerated. The situation is all the
harder to cope with since the many educational forces of the pres-
ent day are unable to reach a large per cent. of those who are most
in need of such help. The agricultural press, farmers’ institutes.
agricultural experiment station work and educational trains are not
patronized hy a large number of farmers simply because their inter-
est is as slack in those things as in the welfare of their own soils.
The term ‘‘soil fertility.”” which has in the last few years come
into such common usage, is a general one to denote that (uality in
the soil that determines its productive power when measured in
crop yields. It is quite obvious from such a broad definition that
many and varied conditions are involved. The supply and sea-
sonal distribution of rainfall, the drainage facilities, the origin of
the soil, the humus and mineral plant food supply, and even the
cultivation, all figure largely in the production of the crop. and
must be considered as phases of the soil fertility problem. While
the rainfall is clearly bevond the control of the farmer. the drain-
age, the cultivation and. in a very large measure. the supply of
plant food should be considered as under his controlling hand.
True it is many farmers consider themselves responsible only for
the cultivation and trust to nature for hoth the supply of plant
food and the provisions for drainage: but such farming is extreme-
1y hazardous. for nature was not trained to grow crops by the well
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regulated systems worked out by man. Nature’s plan of sowing
and reaping differs in that she is able to select her crop from a long
list to suit the condition of the soil in which it grows, and she
makes no attempt to alter the soil to suit the crop. For instance,
red sorrel finds itself in almost undisputed possession of acid soils
where other vegetation is unable to thrive; certain swamp grasses
and smartweeds fill up the wet areas; and the various legumes
assume control of the lime enriched soil. In fact, so wisely does
nature distribute and establish her various crops that the farmer
often finds it an extremely difficult task to subdue them, unless he
strikes at the heart of the situation and alters the favoring condi-
tion of the soil. When man plants he has but a limited number of
crops from which to choose, and he sows the seed on the ground
that is white or black, rich or poor, heavy or light, without ever
considering the adaptability of the crop itself in the matter. While
it is not practicable to choose a special crop for every type of soil,
it is practicable and necessary to approach as nearly as possible the
ideal soil for the crop raised, whatever the original nature of the
particular soil may be. Farmers fail to raise clover often bhecause
they expect it to thrive on soil that it better suited for red sorrel,
and wheat is sown on ground that is the natural habitat of swamp
grass or smart weeds. If the farmer is to claim the ground for the
exclusive use of his cultivated crops he has a difficult problem be-
fore him all the time, for he must assist them in the struggle for
supremacy by changing the soil conditions in their favor in every
way that is within his power. This. in short, is what is involved in
the great soil fertility question.

The yield of corn or wheat is the practical means of judging the
quality of a soil. under normal conditions. A low yield indicates
that something is wrong, and the real test of a farmer’s efficiency
lies in his ability to detect the causes and then to set about to rem-
edy them. After years of failure the farmers on the muck soils of
northern Indiana found that the secret of their troubles lay in the
fact that their soils were practically devoid of available potash.
The cause of their failure once determined, the remedy was easily
applied, and enormous crops are now being raised in those sections.
Although the above is a special and clear-cut instance, yet it illus-
trates the point that unless the farmer can put his finger on the
specific needs of his soil he will necessarily remain in the dark as
to what action to take toward improving it. Close observation of
the soil in various conditions of moisture, and of the crops that
grow on it. will reveal much, if rightly interpreted.
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However, the lack of faith in the earning power of the soil is
often now more responsible for the farmer’s seeming indifference
than is the lack of knowledge. For instance, the farmer of sinall
means who gets meager returns for his labor is inclined to lack the
moral courage to spend any considerable amount of hard-earned
money on his land for drainage or fertilization, even though he may
know that until these steps are taken he cannot hope for any im-
provement. The man with unlimited faith in the power of his
land to return with interest every dollar that is rightly spent on it
finds himself growing into prosperity.

From the average farmer’s viewpoint the matter of using fer-
tilizers is considered as the all-important one in keeping the soil in
a prime condition for the production of crops. Commercial fertil-
izers have been thrown on the market in such quantities of late
years, and such varied results have been obtained from their use,
that the moment the subject of soils is introduced the farmer
hastens to ask about commercial fertilizers. ‘“What kind of fer-
tilizer does my soil need?’’ is the universal question that is raised.
The writer has visited many farms and discussed the soils with
their owners, and almost invariably a deep concern was shown in
the quality of fertilizer that should be used, to the exclusion of
all other phases of the subject. For instance, the subject of drain-
age was rarely mentioned, even though the farm may have lain
like a water-soaked log, every foot of which was crying out to be
relieved of its load of water. Buying fertilizers of any kind for
such a farm is extremely hazardous in any event, yet there are
thousands of farmers who drill the commercial fertilizer into their
soils year after year in the belief that they are doing all that can
be done to insure a paying crop, when the thing that is needed is
tile. Until land is drained, either naturally or artificially, there
is little use to consider its fertilizer needs or any other phase, be-
cause, in the very nature of the case. the removing of the surplus
water and admitting the air is the first furrow, and it must he
turned first if the others are to follow successfully. If a goodly
per cent. of our farmers were less concerned ahout having a chem-
ical analysis made of their soils and were more interested in install-
ing a complete drainage system in their fields fewer crop failures
would be recorded.

The tendency among farmers in planning their drainage sys
tems is to shy around the elevations and run the drains only
through the low areas, in the belief that the upland. especially if
sloping, is amply drained and that a string of tile extending down

233700
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a slope is so much money uselessly buried. This theory is a mis-
taken one, for it is often responsible for missing the wettest spots
in the field with the drains, sinee they may be found on the higher
points. Over large areas of upland in Indiana, where the Miami
clay loam and Knox silt loam are found, the surface soil is fine and
compact and is almost universally underlaid by a heavy, impervious
subsoil, and natural drainage is decidedly poor, even on the slopes
where the water has an excellent chance to drain away. Many
instances have been found where tile drainage proved a great boou
to such land. even in places where its installation would seem fool-
ish to the casual ohserver. While the writer would not undervalue
the practice of supplying plant food to the soil, he would, before
taking that matter up, emphasize the importance and necessity of
draining the land as the requisite for all later operations. If the
surplus water were removed from the ground many fields that are
believed to be exhausted of their available plant food would re-
spond in a surprising manner. A free. open soil can go a long
ways toward manufacturing its own food for the plants within cer-
tain limits; but when it is cold, heavy and sodden it is practically
helpless.

A farmer goes to the field and plants a gallon of seed corn.
After cultivating it carefully for five months he gathers seventy-
five bushels from the gallon of seed; or, in other words, he takes off
six hundred times as much grain as he put on. Another farmer
plants the same amount of seed corn, cultivates it as eavefully, and
gets in return only forty hushels. while a third may get only fifteen
bushels. This is a matter of common experience ; but why did not
the third ian fare as well as the first. and why will one acre raise
only fifteen bushels of corn while another, across the fence, will
produce five times as much? Why, indeed! [If the farmer would
seat himself on a stump in his own cornfield and ponder this ques-
tion seriously himself he would undoubtedly he able to rub some
of the scales from his eyes and see more light in his soil problems.
The quality of the food ready for the use of the plant in the differ-
ent soils can alone cxplain the difference in these yields.  When
the chemist analyzes the soil he finds eertain elements; and when
he makes an analysis of the corn that grew on the soil he finds
several of those same clements in it. Ten of these elements of the
soil. it has been found, are absolutely essential to plant growth. By
leaving one of these out experimenters have heen able to starve the
plant to death after it has begun to grow. even though all the other
nine are present.  So. in farming practice. if one element is
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seriously deficient or entirely exhausted the plant is just as helpless
as if all its food were limited in the same degree. The comparison
hetween the plant food in the soil and the weak ehain is an apt one
in this respeet ; the faulty link determines the strength of the chain,
and the most nearly exhausted element of plant food determines
the agricultural strength of a soil. By comparing the analyses of
the soil and corn three elements are found in each. in considerable
quantities in the corn plant, but in very small amounts—sometimes
mere traces—in the soil. These elements—phosphorus, potassium
and nitrogen—ure the only three of the ten necessary elements that
the farmer need concern himself about, because these are the only
oues that show any likelihood of hecoming exhausted. Their scare-
ity, then, and the ease with which they can be removed from the
soil give them a place of greater importance than the others, and
not the fact they are any more necessary to the plant itself than
oxygen or iron.

In writing and speaking of chemical fertilizers and the chem-
istry of soils it is customary to refer to the element potassium as
potash, the name given to the compound in which two parts of the
clement are combined with one of oxygen. In like manner phos-
phorus is spoken of in terms of phosphorie acid, or the compound
containing two parts of phosphorus and five parts of oxygen. Just
why these terms are used instead of the trne ones is not clear, for
it has led to considerable confusion and is misleading in many ways
to the farmers. There has recently been an effort made on the part
of some of the prominent soil chemists of the country to eliminate
these old terms and to speak of the clements in their true sense, but
little progress scems to have heen made as yet. In this discussion
the terms potash and phosphorie acid will he employed according
to the common usage in referring to potassium and phosphorus
respectively.

Practically all soils that are unable to produce profitable crops
are limited by the lack of one or more of these three elements in
available form. It is always the province of the wise farmer to
induce the soil to manufacture its own plant food into a form that
the erop can readily use, hut experience has proven that it is a wise
procedure to supplement this with ready-for-use plant food, either
in the form of commereial fertilizers or manures. [t is notably
true that many soils are in greater need of an application of lime
than of any of the three elements mentioned, but lime cannot be
rightly considered in the sense of a fertilizer, since its action serves
more as a tonic or conditioner for the soil than for furnishing
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actual food for the plant. For instance, the soil, through its physi-
cal condition, may show a very great need for lime, yet, at the same
time, it may contain sufficient to supply what lime the crops may
actually need for years. Thus the hming of soils, which is hecom-
ing a very general practice in some sections of the State, is a dis-
tinctly different operation from that of applying chemical fertiliz-
ers. In fact, liming and its effect in opening the soil is more nearly
comparable to artificial drainage, although the best results of the
lime are never realized unless its application is preceded by ade-
quate drainage. Wet upland soils that have been farmed for a long
period are nearly always sour, and these two (ualities are more
responsible for low yields and total failures than even the lack of
nitrogen, potash or phosphoric acid.

The means at first hand for the farmer to meet the demands of
his soil is through the use of barnyard manure. Indeed. so impor
tant is the farm manure as a source of plant food to replace that
which is removed in the crops that the whole system of live stock
farming is centered around the production of this hy-produect; in
fact, the manure is almost considered in the light of being the chief
product by many successful farmers, with the gains produced on
the animals relegated to a place of secondary consideration. While
this is true in some cases, unfortunately it does not hold true in all.
Thousands of our farmers, on farms that need the manure the
worst, see in its accumulation about the barns little more than the
disagreeable task of removing it to the fields. Under average con-
ditions a farmer’s success is in direct proportion to the value that
he places on the manure that is produced on the farm. Where this
crop is conserved as carefully as the corn, hay or any other crop
produced on the farm, low yields are the exception and not the rule.

Even the most unskilled farmer is able to note the quick re-
sponse that crops make when manure is used on the field. While
the increase in crops by this means is easily demonstrated, it is not
so clearly understood how the manure brings the change about in
the soil, or how far it can be depended on to replace the supply of
available plant food that leaves the field in the form of grain or
hay. To a certain extent farm manure performs the same office as
chemical fertilizers, in that it carries a considerable quantity of
available plant food, but it goes farther than that—it furnishes a
sources for a large amount of vegetable matter, which the soil is of-
ten in greater need of than the other. It can be said, then, that ma-
nure applied to the soil gives the combined results of hoth commer-
cial fertilizer and green manuring crops. While each of there fune-
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tions is distinct, yet they are so intimately associated with each
other in promoting the growth of the plant that it is impossible to
distinguish sharply between the two and say that a certain part of
the beneficial results derived from the manure was due to one or the
other. While usually the emphasis is laid on the fertilizing ingre-
dients of the manure, common experience teaches that such quanti-
ties as are found are entirely inadequate to account for the ready
response made by the crops for several years after its application.
So the situation as regards the use of manure, and its action on the
soil, is a decidedly complex one, and it eannot be pinned down by
figures and calculations as is done in the case of commercial fertiliz-
ers. However, a technical understanding of these things is not at
all essential or necessary to convince the farmer that his farm
manure is of great value to his soils. Practical results are what
interest and convince the farmers, and whatever they may think
of the wisdom of using commercial fertilizers, all are agreed that
in some way manure has a wonderful life-giving power to the soil.
Considering the average farm manure from a strictly mineral
and chemical standpoint, it is worth something near two dollars per
ton when it reaches the field, figured on the basis of the cost of the
mineral elements in commercial fertilizers. As every farmer knows.
this amount is entirely too small to account for the results that are
obtained when compared with those obtained from mineral fertiliz-
ers. Even twice the plant food value of the manure invested in min-
eral fertilizers would be less valuable to the soils than the one ton of
manure. The conclusion is, then, that the actual supplying of plant
food is by no means the chief and only function of manure when
applied on the heavy upland soils, which usually receive the bulk of
the farm’s supply. How the manure can so favorably affect the soil,
over and above any consideration of its plant food, is a matter
that has received much attention from scientists, and is now being
cleared up. Suppose a farmer. becoming discouraged. goes to the
chemist with a sample of soil from his worn-out field. The chemist
makes an analysis and finds to the astonishment of the farmer that
the supposedly exhausted soil actually contains enough plant food
per acre to raise record-breaking crops for a number of years. At
the same time, however, he knows from experience that the best the
soil ean do, even under favorable conditions, is thirty or forty
bushels of corn. It is evident, then, that the corn plant, like ship-
wrecked sailors who die of thirst with an ocean of water about
them, is actually stunted in its growth for want of food even in
the midst of plenty. In practically all our so-called ‘‘worn-out™
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soils the above condition prevails. It is not that the soil is actually
exhausted of its mineral elements, as is generally believed by farm-
ers, but the trouble lies in the fact that the plant food, while present
more or less abundantly, is encouraged by the unfavorable condi-
tions of the soil to enter into such compounds as will preserve
them in a stable condition; consequently the plant is deprived of
its source of available food, and so far as the plant roots them
selves are concerned the plant food may just as well be entirely
removed from the field. A worn-out soil, then, is not an exhausted
one in the true sense. but merely a dead soil—dead because even
the chemical changes that are continually going on in a produective
soil are brought to a standstill, since the more active compounds—
those containing the important elements of plant food—are con-
verted into forms that are very slowly changed. There is little
doubt but that manure, when allowed to decay in the soil, so influ-
ences the latter that as muech or more plant food is rendered avail-
able than is actually supplied hy the application. This factor
entering as it does in the consideration of the beneficial effects of
manure makes the matter of furnishing a balanced fertilizer for
the crop an exceedingly complex and uncertain one. Manure is
usually considered as being especially rich in nitrogen and the
effect that its application has on the growth of the crop would
warrant such a belief. Yet when the requirements of the plant
itself are considered we find that were there no other source of
plant food except what is applied in the manure the nitrogen would
be the first element exhausted. Roberts calculated that for every
100 pounds of nitrogen contained in mixed manure there are 49.6
pounds of phosphoric acid and 77.8 pounds of potash; yet the corn
plant in using this 100 pounds of nitrogen requires only 32 pounds
of phosphorie acid and 100 pounds of potash. This means that
for every 100 pounds of nitrogen furnished the corn crop by the
manure there is an excess of 17.6 pounds of phosphorie acid and
a deficit of 22.2 pounds of potash, when the composition of the
manure and plant are compared. Conclusions hased on these
facts alone would lead the farmer to apply phosphoric acid spar-
ingly and to make heavy applications of potash and nitrogen. In-
deed, the figures show that manure should be a means of building
up the supply of phosphoric acid in the soil, but in actual prac-
tice we know that this is not true, but rather the reverse ; for ma-
nure is decidedly weak in phosphoric acid. and, as stated ahove.
all the indications in the growth of the plant point to a gorging of
nitrogen. How to account for this sceming paradox is not easy,
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but it at least proves that the composition of the plant is not a
safe guide in determining its fertilizer requirements in all cases.
In the case of manure, experience teaches that its limiting element
is its low supply of phosphoric acid. and many up-to-date farmers
have been highly successful in increasing its value by adding acid
phosphate or floats to it in the stable while it is being made. Not
only is the ration for the plant balaneed in this way, but at the
same time the nitrogen in the manure is fixed and is prevented
from escaping in the form of ammonia; likewise it has become the
custom to use a fertilizer high in phosphoric acid for corn and
wheat, and, in fact, many farmers use pure bone meal alone with ex-
cellent results. The only satisfactory means of explaining this situ-
ation is through the action of the manure itself. While the analysis
shows that it is strong in phosporic acid as compared with the other
plant food elements, experience proves that it is notably weak in
this respect. The conclusion is that the manure releases large
quantities of both nitrogen and potash in the soil that had been
held in an unavailable form, and this additional supply given over
to the use of the plant makes the amounts too great for the phos-
phoric¢ acid to balance, hence the deficiency.

Obviously the man with worn-out soil has two recources that,
theoretically, should meet the situation. He can make the ground
itself the basis from which to work an improvement by persuading
it to unlock its treasure house, or he may start the endless campaign
of furnishing the available plant food for the crop each year bhefore
it is planted through the use of fertilizers. No more disastrous mis-
take could be made than depending on the fertilizer sack for every
crop. yet thousands of farmers are doing it, to the exclusion of other
means of fertilization, such as barnyard manure., green manuring
crops or the growing of leguminous crops. While it is not denied
that most soils respond readily to an application of commercial
fertilizer, and will continue to do so for some time, it will eventu-
ally become sluggish through such an exclusive system of feeding:
it will not only refuse to produce its former yields. but the soil will
gradually become heavier. more cloddy and in poorer physical con-
dition each succeeding year. Indeed. this has been the common
experience of many farmers, and. as evidence of the final outcome,
the cry is being raised in every section of the country that ‘‘com-
mereizl fertilizer ruins the soil.”’

There is little doubt but that mineral fertilizers, used alone, will
actually work an injury to the soil after a number of years of
heavy cropping. but in an indirect way. Where the farmer looks
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after the supply of humus as zealously as he does the plant food,
and keeps the soil darkened with vegetable matter, commercial fer-
tilizers can be used for an indefinite number of years, and with in-
telligent management the soil should become more and more produe-
tive. It must be kept in mind that mineral fertilizers are unable to
furnish the soil with anything but the nitrogen, phosphoric acid and
potash that they contain, even though the soil may need, and very
often does, a liberal supply of vegetable matter. Where this need
is disregarded the putting on of the raw minerals only hastens the
final exhaustion of the humus, since the crops are stimulated to
more rapid growth and the soil is exhausted of its humus supply
all the quicker. While salt is considered as essential to the growth
of the human body, one would bhe extremely foolish to give an ex-
clusive salt diet, simply because there are several other needs of the
body that are in no way satisfied by the salt. Shall we say that salt
ruins the body just because it will do so when eaten exclusively?
Many farmers fail to recognize the limitations of commercial fer-
tilizers, but consider them a panacea for all the ills to which the
soil is subject.

But to return to a further consideration of the effect of barn-
vard manure on the soil. As every farmer’s experience well teaches,
the real value of the manure to the soil is out of all proportion to
its content of plant food, due to the fact that it is able to influence
the soil in such a way as to render available considerable quantities
of the inert minerals that are locked up in the difficultly soluble
compounds. The organic matter in the manure is responsible for
this good work, an advantage that is entirely lost sight of by the
man who depends on commercial fertilizers. Humus is the heart
of the soil and common obhservation teaches that the deadest soil
is the one most nearly exhausted of this important element of fer-
tility. Very many of our so-called ‘‘thin’’ soils are suffering more
for want of organic matter than from the lack of plant food. A
rank-growing nonleguminous crop plowed under gives remarkable
life and productive power to a humus-exhausted soil, yet there is
ahsolutely nothing added to the soil in such a process but organic
matter. The beneficial results of such green manuring crops are so
pronounced that many farmers are firmly convineed that the soil
is actually enriched in plant food. When the vegetable material is
plowed under it is eventually converted into humus, a process which
is of immense importance in giving life to the soil.

It would doubtless be putting the matter more nearly in the
true light to consider barnyard manure as a source of organic mat-



FERTILIZATION OF SOILS. 25

ter, which, incidentally, carries considerable quantities of plant food
in addition. If it could be definitely determined it would doubtless
be found that the organic matter is the most important and most
valuable part of the manure. At any rate the good effects of a
load of manure can be noted on a poor soil for years, while the
same quantity of plant food that is contained in the manure, if
applied in commercial fertilizers, would he swallowed up in less
than two growing seasons. While crossing an exceedingly thin,
worn-out pasture recently the writer was ruminating on the possi-
bility of anyone ever being able to bring such a soil back to a state
of productiveness. The outlook was indeed a discouraging one.
About the middle of the field an irregular patch of grass was
noticed which had made a growth far beyond that surrounding it.
This was found to be the site where one lone load of manure had
been scattered some years before. So readily and certain did the
grass respond to this treatment that it was almost possible to trace
the separate forkfuls of manure as it was thrown from the wagon.
Without question the supply of plant food that the manure con-
tained had long since been exhausted. yet the good effects of the
organic matter was still plainly visible after several years. Here,
then, was the key to the situation—manure, and more manure, is
what is needed to bring life back to our failing upland soils, and
this can be done all the more quickly if it is properly balanced with
commercial fertilizers. While the importance of commercial fer-
tilizers in maintaining the fertility of the soil is not to be under-
rated, yet, under the present system of utilizing them, they can be
considered nothing less than a very extravagant commodity. Thou-
sands of dollars are paid out every year in this State for mineral
fertilizers by farmers who allow their manure to collect under the
eaves of the barn and wash away to the creeks or pile it up in some
vacant stable to heat and burn out. The writer believes that the
soils of Indiana, as a gencral rule, are not in need of more com-
mercial fertilizers nearly so much as more barnyard manure, the
use of cover crops to protect the humus from burning out, and a
frequent plowing under of some green manuring crop. The more
these things are practiced the more can commercial fertilizers be
used to advantage hoth to the soil and to the pocketbook of the
owner, but commerecial fertilizers without any provisions for main-
taining the supply of humus lead to final destruction.

A discussion of farm manures would be conspicuously incom-
plete if the matter of handling and caring for the manure on the
farm were left out of consideration. The idea is quite prevalent
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among farmers that quality in manure is a thing of little or no
importance, and that manure will give equally good results when
once gotten on the field, regardless of the manner in which it is
cared for. As a matter of fact, there is often mueh more variation
in the composition of the manure when produced under different
conditions than in the composition of commercial fertilizers whose
analysis serves as a guide in buying. The proper methods of caring
for manure has been so often exploited by writers and lecturers
that it hardly seems necessary to enter into an extended diseussion
of it here. However, the prineiples that underlie its preservation
or detcrioration are so fundamental that they eannot be brought
to the farmer’s attention too often.

Happily, the best way to handle the inanure on the stock farm
is the simplest way ; that is, to haul it directly to the field as soon
as made. Farmers, chemists and soil experts are agreed on this
point and recommend that the practice be followed whenever pos-
sible. When the manure is hustled to the field in this manner two
very serious dangers are avoided—dangers that together are re.
sponsible for the loss of thousands of dollars of plant food to the
farmers of the State—leaching and heating. While these two proc-
esses are directly opposed to each other, they nevertheless often
occur in the same manure pile at different times. Where the ma-
nure is removed at frequent intervals from the stables the most
convenient means of disposing of it is to throw it through the win-
dow to the outside, where it is allowed to accumulate. unprotected
from the sun and rain. In the meantime the barn roof collects the
water that falls over a considerable area and pours it down bodily
on top of the manure. During the spring months especially is the
damaging effect of leaching felt. At this time the accumulation of
manure is usually greatest and the wetting process is repeated until
the pile is saturated in a short time. KFollowing this, then, as much
water runs away from the base of the pile as falls on top. and it
naturally follows that whatever of a soluble nature that the water
comes in contact with in percolating through the manure is car-
ried to the bottom and away to the ditches, in solution. [t happens
that most of the nitrogen contained in fresh manure is held in the
nitrate form, and this is very ecasily soluble in water. The water
when it falls on top of the manure is clear, but when it issues at
the base it has taken on the reddish brown color that is familiar to
every tfarmer. In a very short time manure under such conditions
will loge practically all its available nitrogen. the most valuable
element that figures in the purchase of fertilizers. This happens




FERTILIZATION OF SOILS. 27

just as surely, and in the same way, as if a sack of commercial fer-
tilizer were left under the eaves of the barn to catch the rains. The
farmer who would treat his commercial fertilizer in this manner
would be considered a disgrace to his profession, yet there is really
little difference between letting nitrogen and potash wash away
from the sack and allowing it to escape from the manure pile.

In view of the above, it seems logical that the manure should
be kept dry if allowed to accumulate before hauling to the field.
ITowever, when piled so loosely as to allow the air to penetrate it
manure is subject to even greater injury than in the other case.
Animal manure is literally teeming with millions of bacteria which
are ever ready to begin the work of removing it from the earth by
converting it back to its primary elements. They must have a sup-
ply of oxygen. however, before they can thrive. Where the manure
1s not packed so closely, or is so wet as to exclude the air, the bac-
teria soon give evidence of their presence through the heating of
the manure. This is especially noticeable in horse manure, which
has much less moisture than other kinds. When allowed to remain
in this condition for some time ‘‘fire fanging'’ results. During this
process the various constituents of the manure part company and
cach goes its own way—the nitrogen escapes into the air in the
form of ammonia, the mineral elements are either lost or converted
into unusable compounds, and, most important of all, perhaps, the
vegetable matter is burned out by the excessive heating so that
when the process is completed only a white, chaffy mass of light
material is left that is hardly worth hauling to the field. Obviously.
then, the exclusion of air is just as essential for the preservation of
manure as the exclusion of excessive water. A certain amount of
water is of direct benefit to the manure. sinee it prevents the air
from entering, and this is, in fact, the most practical means of pre-
venting it from heating where it is piled in heaps. The only pre-
caution necessary is to prevent it from becoming saturated, in
which case leaching results.

The essential difference between barnyard manure and artificial
fertilizers is that the latter is able to supply only the constituents
that are actually demanded by the plant. and when this is done the
fertilizer has spent its force. On the other hand. the manure not
only does this, but also carries hack to the soil large amounts of
organic matter which affects the physical makeup of the soil in a
very marked degree.  This funetion of manures may be considered
as the power for doing good to the soil, held in reserve, which is
entirely absent in commercial fertilizers. In fact. where the after
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effects of commercial fertilizers have been noted they are believed
to be actually harmful to the physical texture of the soil. This oe-
curs only on heavy clay land that has been exhausted of its humus
and on which a continuous use of such fertilizers has heen made.
since on other soils they have no visible effect.

In view of these facts, it may seem that the use of artificial
fertilizers is unwise in any case, and that the whole practice is
more or less fallacious after all, since manures, legumes and turned-
under crops seem to he able to take care of the situation. Such a
conclusion is not based on fact, however, although many farmers
cling to the belief that their soil can bhe kept in its present state
of productiveness without in any way using artificial fertilizers.
There are two legitimate reasons for urging every farmer to make
a judicious use of commercial fertilizers in keeping the soil up to
its standard of productiveness. In the first place, there is, on the
average, not nearly enough manure produced on the farm to re-
place the plant food constituents that are removed through the
medium of the hay and grain that are carted away to the cities.
While this deficit varies greatly on different farms, according to the
amount of live stock that is fed and the manner in which the ma-
nure is cared for, yet on every farm some of the products are re-
moved, such as wheat, straw or hay, and there is also a considerable
additional loss of plant food through leaching, heating, ete. This
means that each year finds the farm somewhat poorer in plant food
unless its equivalent is brought in from outside sources. While it
is true that, under careful management, a naturally productive soil
can be maintained for a long time hy growing clovers and returning
the manure, that results from feeding the crops, to the fields, yet
sooner or later the yields will begin to dwindle as a direect result
of exhausting the native supply of available plant food. If it were
possible for the farmer who sells his farm products to realize a cash
value for the plant food elements that thus leave the farm the
objections to such a system of farming would not be so serious. But
this is not the case; the prices of his crops and other products are
based solely on their feeding value, and no consideration whatever
is given to the fertilizing ingredients that they contain. This
simply means that a considerable part of the farm's permanent
asset is thrown in for good measure whenever a crop is removed
bodily from the land that grew it. Since it is an absolute necessity
to replace this plant food, farmers have naturally turned to the arti-
ficial fertilizers as the simplest way out of the dilemma.
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There is still another important consideration in regard to the
use of commercial fertilizers that would tend to give them a perma-
nent place on every farm, even where an abundance of manure is
produced. As has been previously noted, the immediate effect of
an application of manure is to gorge the plants with nitrogen, espe-
cially if the application be heavy on a soil naturally deficient in
phosphoric acid. This condition is noted by the rank growth of
the stalk and leaves. with a disproportionately small production of
grain. The overabundance of nitrogen can probably be accounted
for by assuming that considerable quantities are made available in
the soil by the action of the manure, and to this is added the amount
that the manure carries with it. It is quite obvious in such cases
that there is a notable deficiency of phosphoric acid as compared
with the nitrogen at hand, and if no attempt is made to balance
this excess of nitrogen it will not only likely be wasted, but the soil
will be able to produce nothing more than stalk and leaves. The
careful farmer who has figured these things out, and then has suffi-
cient faith in his figures to act accordingly, finds that artificial fer-
tilizers are indispensable to successful farming, simply because they
are needed to maintain the supply of phosphorus, which is being
removed more rapidly than any other of the plant food constituents
in grain and stock, and also to balance the excess of nitrogen that
is liable to accumulate in the manure.

Farmers as a rule do not understand the makeup of fertilizers.
What the various ingredients are, how they are put together, and
how much of the bulk of fertilizer is of actual use to the plant
are matters that are perplexing to those who have not a thorough
knowledge of the subject. Fertilizers usually look much alike to
the farmer; they smell alike, and. in faet, the chief difference is
found only in the attached analysis, which may mean much or little,
and the prices that are paid for them. There is little wonder then
that cheap, low grade fertilizers were pawned off on the farmers in
the past so persistently that it became necessary for the State au-
thorities to take the matter in hands to compel the fertilizer manu-
facturers to make the contents of the bag conform to the analysis
on the outside.

So far as weight is concerned. the farmer who buys the ready-
mixed fertilizers obtains the plant food in a very dilute form. In
the ordinary 2-8-2 brand of fertilizer only 12 per cent. of the total
weight of the material is accounted for on the analysis tag. That
is to say, the farmer must handle and pay freight on eighty-eight
pounds of filler in order to get twelve pounds of plant food. Just
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what this eighty-cight pounds of material is composed of and how,
if at all, it influences the value of the fertilizer, are questions that
are often raised by farmers, and are answered in various ways by
the representatives of the fertilizer manufacturers. It would be
well to discuss briefly the different materials that are most common-
ly used as filler. In the first place, it should be understood that this
material is not put in the fertilizer for the purpose of cheating the
farmers. but because it is absolutely necessary in ordinary practice
to dilute the concentrated compounds that carry the plant food.
Were one to attempt to apply the twelve pounds of nitrogen. phos-
phoric¢ acid and potash over the same ground that he would the
hundred pounds of mixed fertilizer containing the filler he would
not only get it unevenly distributed. but the concentrated material
would come in contact with the roots of the plants and kill them.
It would also be difficult to get these materials evenly and thor-
oughly mixed. So there is no complaint to be made against filler
as such, but whatever material is used for this purpose. its value
to the fertilizer in furnishing plant food ingredients should receive
little consideration by the purchaser. notwithstanding the claims
of the fertilizer companies to the contrary. It is safe to say that
any material that contains any appreciable amount of available
plant food would not be used for this purpose.

A filler that is used extensively by fertilizer companies in the
Southern States is made of tobacco stems and bits of leaves, the
waste which results from stripping the leaves for the manufacture
of cigars and smoking tobacco. When ground, this material con-
tains hoth nitrogen and potash in available forms. The tobacco
wastes are free from harmful compounds and. withal, make a very
excellent filler. Besides this, they have a decided insecticidal value.
farmers reporting that hoth wireworms and cutworms can be suc-
cessfully combatted by using a fertilizer with the corn which has a
tobaceo filler. Muck and peat are used hy certain companies as
filler. and are given credit for enhancing the value of the fertilizer.
The basis of this claim lies in the fact that analysis shows that peat
or muck contains a high per cent. of nitrogen. often running as high
as two or three per cent. This fact is used to mislead the far-
mers, because it has been pretty well established that the nitrogen
of muck or peat is largely organie, and that very little of it is
available for the plant. There has heen a tendency among com-
panies using this material in their fertilizers to include the or-
ganic nitrogen which it contains, in the analysis of their fertilizers,
and this, of course, would lead farmers to buy nitrogen in the un-



FERTILIZATION OF SOILS, 3

available or practically uscless form. However, aside from a con-
sideration of its chemical analysis, muck or peat makes excellent
filler, since they are highly efficient absorbents. and can he de-
pended upon to maintain the fertilizer in the very best mechanical
condition. They are made up largely of partly decayed vegetable
matter, and this, added to the soil in the fertilizer. contributes
somewhat in keeping up an adeyuate supply of vegetable matter,
and improves the physical condition. Leather scraps, ground up.
have been used to some extent as filler. This product contains a
considerable amount of nitrogen, but it is almost entirely in an un-
available form, and is of little use to the plant on that account.

It is not a wise plan, then, to buy a fertilizer on the strength of
the filler that is used, for the filler usually has little influence on
the efficiency of the fertilizer, provided its mechanical properties
are satisfactory. Unless a fertilizer has more to recommend it than
an alleged superior filler, it had best be left alone. By purchasing
the raw materials and mixing them at home, the ¢xpense of han-
dling and shipping eighty-five or ninety pounds of this filler for
every ten or fifteen pounds of plant food purchased, is saved, but
the latter operation is more or less complicated and requires some
careful calculation and work that e¢very farmer is not equipped to
carry out successfully.

Nitrogen is by far the most expensive element to purchase, and
unless it is derived from such materials as ean furnish it in an avail-
able form, its purchase is a gamble. There are two general sources
from which nitrogen in fertilizers is obtained—from organic ma-
terials, such as blood, tankage, guanos, ete., and from inorganic
sources, chief of which compounds are sulphate of ammonia and
nitrate of soda. Of the two classes of compounds, the latter is
much more satistactory in furnishing nitrogen in definite quan-
tities, and in available form. In all organic matter, the rapidity
with which its nitrogen becomes available, depends on the rate that
it decays. In some cases, such as ground leather, this is very slow
and, consequently, its nitrogen is of little value. Such homogeneous
compounds always vary more or less in their total amounts of nitro-
gen as well as in their availability, and this fact renders uncertain
the actual amount of nitrogen that is ready for use. Iowever, the
nitrogen in nitrate of soda or sulphate of amimonia is a definite
quantity, and always remains the same in amount and availability.
That is, a pound of nitrate of soda contains just as much, and of
the same (uality, of nitrogen as another, and it can always he de-
pended on. regardless of the source of the material, provided, of
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course, it is free from impurities. In other words, these are stand-
ard nitrogen furnishers, and stand in direet contrast to the organic
forms; this is a very important point in favor of the commercial
forms as the source for the nitrogen in the fertilizers. The rapidity
with which the nitrogen in any material becomes available depends
on how rapidly it is converted into the nitrate form, as this is the
form in which it is taken up by the roots of the plants. Another
great advantage in favor of the nitrogen in nitrate of soda and
sulphate of ammonia is that in the one case it is ready to be ab-
sorbed by the plant forthwith, and in the other the change is
quickly made. As both are perfectly soluble, they are rapidly and
evenly diffused through the soil if the ground contains a fair
amount of moisture. Nitrate of soda is obtained almost entirely
from the rainless regions of Chili and is known commercially as
‘“Chili saltpetre.”” The pure salt contains 16.47 per cent. of nitro-
gen, the other 83.53 per cent. being the sodium and oxygen with
which the nitrogen is combined. Sulphate of ammonia is a prod-
uct obtained in the manufacture of boneblack and in making illu-
minating gas and coke. It is a highly concentrated salt, the pure
form containing 21.2 per cent. of nitrogen. It is a quick acting
salt and is especially useful for quick-growing ecrops. Both of these
are distinet and definite products and can always be depended on
to give practically the same amount and quality of nitrogen at
all times.

The phosphoric acid in artificial fertilizers is likewise ohtained
hoth from organic and mineral sources. The bones of animals are
comparatively rich in phosphate of lime and serve as a very im-
portant source of this plant food for agricultural purposes. ‘‘Raw
hone’’ is the term applied to ground bone that has not heen altered
in its composition in the process of manufacture. This form has
the advantage of being pure, but the phosphoric acid is not so
quickly available as in the treated product. Oftentimes raw hone
contains considerable fatty material, which retards the decay of the
bone in the soil. Good average raw bone should contain slightly
over 20 per cent. of phosphoric acid and 4 or 5 per cent. of nitro-
gen. The greater part of the bone that is used to furnish phos-
phorie acid is first steamed or cooked and is known as ‘‘steamed
hone.’”” By this process the fatty material and some of the nitro-
genous matter is removed. The effect of steaming, then, is to in-
crease the per cent. of phosphoric acid and to lower the per cent
of nitrogen. The average composition of steamed bhone is about
28 per cent. of phosphoric acid and 13 per cent. of nitrogen. Ani-
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mal charcoal is hecoming an important source of phosphoric acid.
This material is a waste product resulting from the manufacture of
sugar. The charcoal or boneblack has for its first purpose the
clarifying of sugar, after which it is ground and used to furnish
the phosphoric acid in artificial fertilizers. It contains 30 to 35 per
cent. of this plant food. It has the disadvantage of being slow to
decay in the soil, which means that its plant food constituents are
only slowly available.

The mineral phosphates are found in natural deposits, chiefly
in the States of South Carolina, Tennessee and Florida. They are
found either in veins of in lumps and are obtained both from the
beds of rivers and from the earth. After the impurities are re-
moved by washing the South Carolina phosphate rock contains
from 25 to 30 per eent. of phosphoric acid, while that from Florida
often runs as high as 40 per cent. After the rock is ground finely
it is known as ‘‘floats,”’ and is either used on the soil in this form
or is subjected to further treatment. As a matter of fact, the
greater part of the phosphoric acid found in commercial fertilizers
has been further treated in such a way as to render it quickly
available to the plant. There is a wide difference of opinion as to
whether best results can be obtained from the raw material or ‘‘ rock
phosphate’’ or from the treated form or ‘‘acid phosphate.”” The
striking difference between the two is readily seen to be in the
quickness of their action. Where immediate results are not desired
and the crop to he raised is a slow-growing one, rock phosphate is
highly efficient, as it becomes available slowly and is used by the
plant as it changes to a soluble form. Acid phosphate or super-
phosphate is made from the raw material by treating it with a
definite proportion of sulphuric acid. By considering the action
that takes place it is easy to understand why the acid phosphate is
so radically different in solubility. Most of the phosphorus in bones
and in the minerals exist in combination with lime or phosphate of
lime. While these elements are capable of uniting in several pro-
portions, the most common form consists of three parts of lime in
combination with one part of phosphorie acid. This form is insol-
uble and when ground and placed on the soil in the form of raw
hone it changes slowly to the available form. Obviously such a
compound would not be satisfactory to furnish the phosphorie acid
in a commercial fertilizer, since only plant food that is ready for
immediate use is wanted. So the hone phosphate is digested or
made available artificially before it is mixed with the fertilizers by

grinding it fine and mixing it with sulphurie acid. The phosphate
3—33700
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is dissolved, and during the reaction two parts of the lime in com-
bination with the phosphoric acid is set free and taken up by the
sulphurie acid to form sulphate of lime or ‘‘land plaster.’” This
leaves the phosphoric acid in combination with only one part of
lime and two parts of water, which takes the place of the lime that
is removed by the acid. This form of phosphoric acid is very sol-
uble and is ready for the use of the plant as soon as it comes in
contact with the roots, and is known as acid or superphosphate.
‘While potash is probably more generally distributed through
the surface soil than either phosphoric acid or nitrogen, and while
it is removed in less quantities than either of the others, neverthe-
less it is an important constituent of fertilizers and should not be
considered in any other light. Before the discovery of the potash
mines in Strassfurt, Germany, its chief source for agricultural pur-
poses was from barnyard manures and wood ashes. Now, however,
the world’s supply is taken from these and other mines, and there
is little danger of there ever being a famine in this constituent.
Potash may exist in the form of a chloride, sulphate or carbonate,
and seems to be equally acceptable to the plant, judging from the
rate at which it is absorbed. Of the erude products of the mines,
kainit is used more in this country than any other. This material
i8 ground fine and contains about 23 per cent. of sulphate of potash,
30 per cent. of common salt, and smaller quantities of other salts.
The disadvantage of using kainit is that the various impurities
found with the potash salt make the expense of handling and ship-
ping rather high per unit of plant food obtained. Muriate of pot-
ash is a manufactured product and is used extensively in fertilizers
and in the raw state. The average muriate contains about 50 per
cent. of actual potash, with considerable quantities of common salt.
The question that arises every spring and fall is whether it will
pay to sow commercial fertilizers with the corn or wheat crop. En-
tire dependence on fertilizers to increase the yields sufficiently to
make the investment in them safe has not, nor can be, firmly estab-
lished, on account of seasonal influences. If the season chances to
be a very dry one, it is extremely doubtful whether commerecial fer-
tilizers will be able to influence the yield to any considerable extent
when applied in the spring with corn. The occasional dry seasons
are hence responsible for the refusal of many farmers to use com-
mercial fertilizers, since, apparently, they fail to get any results.
Yet, even when the immediate crop does not receive the benefit from:
the application, it is doubtful if anything is lost, since the plant
food is retained in the soil and is ready to be taken up by the wheat
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crop. For this reason the owner of the land is always pretty safe
in investing in fertilizers, regardless of the season, while with the
renter, who, aceording to custom, pays half the fertilizer bill, runs
the risk of losing it all, since a dry season would mean little benefit
and the owner would reap the results the following season. How-
ever, many careful farmers do not make a practice of fertilizing
their corn, and it is an established fact that, except in special cases,
corn doces not respond as satisfactorily to an application of fertilizer
as wheat. This is due largely to the fact that the corn is a warm
weather crop and is not planted until after the ground is warmed
in the spring and is mature before cold weather. A warm soil is
able to produce large quantities of available plant food from its
own store, and the corn plant draws from this supply much more
than is possible for the wheat plant, which needs food right at the
time when the soil is unable to furnish it. However, the farmer who
uses fertilizers consistently, year after year, finds that the practice
is a profitable one, even on his corn ground. While these cannot be
depended on entirely, they are an important and indispensable sup-
plement to the other farm practices that seek to retain the health
and strength of the soil.

It is not to be hoped that the average farmer of the land will
ever be able to understand all the theories that are involved in the
fertilization of his soils; it is not necessary that he should. Others
can work these things out for him while he is busy with his erops—
others who, perhaps, know much less than himself in regard to the
actual business of growing corn and wheat. While the theorists
theorize, then, let the farmer farm, and let him put into practice
those theories that are proven to be worthy of consideration in a
practical way. Professor Roberts sums up the situation in the fol-
lowing words: ‘‘Timeliness, adaptation, thoroughness, economy in
the use of energy and good judgment in the management of details
—that is, farm practice—play such important parts in modern agri-
culture that they may be considered to be equal, if not superior, to
the facts revealed in chemistry, botany, and allied sciences. Knowl-
edge, and the application of it, should not be divoreed, but joined
so firmly by intelligent thought and action that the twain become
one.”’
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Soil Survey of Tipton County, Indiana.

By LEwis A. HursT, of the U. S. Department of Agriculture, and
E. J. GriMESs, of the Indiana Department of Geology.

DESCRIPTION OF THE AREA.

Tipton County is situated in the north-central part of Indiana
and has an area of 166,400 acres, or 260 square miles. The county
forms a rectangle about twenty miles long from east to west and
thirteen miles wide from north to south. It is bounded on the north
and west by Howard and Clinton counties, on the south by Hamil-
ton County, and on the east by Madison and Grant counties. As a
whole the surface of the county is a monotonously level and feature-
less till plain, interrupted in places by morainic knolls and swells.
The boldest relief is found along the larger stream courses, espe-
cially along the lower course of Cicero Creek and in the vicinity of
Duck Creek, which crosses the extreme southeastern part of the
county. A rather prominent moraine in the southwestern section
and small morainic areas in the northwest and northeast afford
some relief to the generally level topography. The average eleva-
tion of the county is between 850 and 900 feet above sea level.

The summit of the drainage divide between Wabash and White
rivers extend in a general east and west direction across the center
of the county. The streams north of this divide empty into the
‘Wabash, while those on the southern side lead to the White River.
Since almost all of the area is so level that its streams have a very
gentle, gradual fall, the entire area might be said to occupy the
so-called summit of the watershed. There are no large rivers in
the county.

The drainage of the area south of the divide is affected through
Cicero, Duck and Pollywog creeks and their tributaries. Cicero
Creek and its tributaries, including Prairie, Wallace, Jericho, Nix-
on, Wolf and Buck creeks, drain the central and southern parts of
the county, emptying into the White River. Pollywog Creek re-
ceives most of the drainage from the southeastern portion of the
area through various minor stream courses, most of which are
merely open ditches, and flows into Duck Creek.

(39)



N

40 REPORT OF STATE GEOLOGIST.

North of the divide Mud and Turkey creeks form the chief
drainage outlets. These streams rise in the western part of the
county, and, receiving the waters of various small tributaries, flow
in a general northeasterly direction until they reach the north-
eastern portion of the area. There they unite to form Wild Cat
Creek, which empties into Wabash River outside the county. Tur-
key Creek receives the drainage of the central portion of the county
north of the divide, while Mud Creek drains the northern section
of the area. Irwin Creek, a small tributary of Wild Cat Creek,
drains a part of the northeast corner of the county. Swamp and
Little Wild Cat creeks are minor streams which furnish the drain-
age for the northwest corner of the county.

The railroad facilities are adequate for all the needs of the
county. In 1854 the Peru and Indianapolis Railroad was con-
structed across the county in a general north and south direction.
This railroad is now a part of the Indianapolis and Michigan City
division of the Lake Erie and Western Railroad. The Pennsylvania
also has a leased service over this line from Kokomo to Indianapolis.
In 1860 the main line of the Lake Erie and Western Railroad was
opened, the line extending through the county from east to west.
These two railroads intersect at Tipton and form the main trans-
portation outlets for the county. The Logansport and Indianapolis
division of the Pennsylvania system traverses the northeastern cor-
ner, passing through Curtisville, Windfall and Nevada.

In addition to the steam roads there are two interurban electric
lines. The Indianapolis and Logansport division of the Indiana
Union Traction Company parallels the Michigan City division of
the Lake Erie and Western Railroad across the county. A line of
the same company extends east from Tipton and parallels the Peoria
and Sandusky division of the Lake Erie and Western Railroad. In
addition to furnishing passenger accommodations these electric lines
are well equipped with freight and express facilities which are
used extensively by both farmers and merchants for shipping dairy
and other farm products from local stations and towns to Indian-
apolis and other cities. The local passenger accommodations on the
interurban lines are especially advantageous to the farmers, since
the cars may be boarded at the intersection of many of the public
highways, thus furnishing ready and convenient access to the cities
and towns.

The construction of a few State roads through the county was
commenced about 1830. Gravel-road building hegan in 1880, the
principal thoroughfares being completed about 1905. Nearly all
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the present roads have been constructed and graveled since that
time under the three-mile gravel road law. Gravel pits have been
opened at various points throughout the area and the gravel used
for constructing and repairing the roads. Practically every section
‘line in the county is traversed by a graveled road, and in many
places they have been built even on the half-section lines. At pres-
ent there are probably not more than ten miles of open roads in use
by the public which are not improved. Next to the construction of
outlet ditches for drainage purposes probably the one thing which
has aided most in the development of the area is the development
of an excellent sectionized public road system throughout the
county.

Tipton county was created in 1844 and was one of the last in
the State to be settled. The southern portion of the county was
settled first, the first land claim being entered in 1829. The settle-
ment of the northern half began in 1843. The earliest settlers were
for the most part from southern Indiana, chiefly from Rush, Fay-
ette, Jefferson and Switzerland counties.

New Lancaster, Tetersburg, Normanda and Canton, now Tipton,
the county seat, which was settled in 1839, are among the oldest
towns of the area. Prior to 1880 development was slow owing to
the swampy condition of the land and the expenditure necessary in
providing drainage systems. From 1880 to 1890 the settlers, mainly
from Franklin and Dearborn counties, came in very rapidly. The
greatest agricultural development in the county has taken place
since 1890.

Originally the markets for the surplus products of the settlers
were distant and the roads leading to them were almost impassable
the greater part of the year. No railroad facilities were available
until the Indianapolis and Peru Railroad was constructed in 1854.
Indianapolis was and is still the leading market and trading point
for the county.

At the time of the organization of the county it had a popula-
tion of only a few hundreds. In 1880 the total population was
14,402, and in 1890 it was 18,157. According to the census of 1910
the population was 17,459. This shows a decrease, however, of
1,657 from the figures of 1900, due largely to the migration of the
rural population to the large cities outside the county, the rapid
growth of Indianapolis having drawn heavily upon the surround-
ing country. The population is generally quite well distributed
over the area. The most thickly settled portion of the county is a
neighborhood of small farms about four miles north of Tipton. The
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average is from eight to ten houses on every section or square mile,
or more than one house for every eighty acres. Some of the farms
range as low as ten to twelve acres in size. In some portions as
many as twelve or fifteen farmhouses may be found to a section.
Of the 17,459 people in the county, only about 7,300 live in the
towns and villages.

Tipton, the eounty scat, the largest town in the county, is lo-
cated on Cicero Creek, a little south of the center of the county and
thirty-six miles north of Indianapolis. It is a modern town and
shows a steady growth. According to the 1910 census it has a popu-
lation of 4,075. Its manufacturing interests are relatively unim-
portant, consisting mainly of two canning factories and an incu-
bator factory. Tipton is a division point for the Lake Erie and
Western Railroad, and the railroad yards located here furnish em-
ployment to a large number of men. It is also a division point for
the Logansport and Indianapolis division of the Indiana Union
Traction Line, and a number of its employes also make their homes
in Tipton.

‘Windfall and Sharpsville, in the northern section, and Kempton
and Goldsmith, in the western part of the county, are thriving
towns of 900, 700, 600 and 225 population, respectively. Hobbs,
Curtisville, Normanda, New Lancaster, Jackson, Nevada, Teters-
burg and Groomsville are other towns and villages in the county.
Only parts of West Elwood, Ekin and Atlanta are included in this
county.

The reclaiming of the swamp lands has given rise to one of the
chief industries of the county, the manufacture of tile. Such fac-
tories are located at Hobbs, Curtisville, Kempton and Goldsmith.
Gas wells are of frequent occurrence throughout the area. These
afford fuel supply to Tipton and some of the other towns of the
county and are also used largely by the farmers for home purposes.

In general the county presents a prosperous appearance, with
excellent farmhouses and large, well-kept barns and outbuildings.
Telephone lines and rural mail routes extend to all parts of the
counly. Numerous schools and churches are accessible to every sec-
tion, but many of the smaller county schoolhouses are being aban-
doned in favor of the segregation system of schools, and large town-
ship high schools are being established in the towns and villages.

CLIMATE.

No official weather records for Tipton County are available, but
the general climatic conditions are shown by the figures in the fol-
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lowing table, which are taken from the records of the nearest United
States Weather Bureau Station, located at Marion, Indiana. The
table below shows the normal monthly, seasonal and annual tem-
perature and precipitation covering a period of years:

NORMAL MONTHLY, SEASONAL, AND ANNUAL TEMPERATURE AND PRECIPI-
TATION, AT MARION.

! TEMPERATURE. PRECIPITATION.
I — .
MonTH. Total Total
| Absolute | Absolute amount | amount Snow,
| Menn. max- min- Mean. for the | for the | average
| imum. imum. driest wettest depth.
year. year.
! °P. °F. °F. Inches. Inches. Inches. Inches.
.30 66 —12 2.4 33 2.4 60
b28 66 —25 19 1.8 3.9 95
26 67 —19 2.6 035 1.8 76
2 B [ P .69 56 8.1 231
39 81 -2 33 2.2 62
51 89 15 35 1.7 26 10
62 96 26 47 038 84 02
Spring.................. 51 | . feeei, 115 _47 |12 -
1.4 43 0.0
08 2.1 0.0
1.4 2.1 0.0
36 | 85 | 00
25 25 00
0.9 3.5 T
5.4 3.5 29
88 | 95 29
Year......... ......... 51 105 —25 37.0 22.7 43.3 322

It will be noted that the average annual temperature at Marion
is 51° F. and the average annual precipitation 37 inches. An aver-
age from the records of the stations located at Indianapolis, Lafay-
etle and Greenfield show the annual temperature for the territory
covered by these stations to be 55° F. and the average annual pre-
cipitation 44.06 inches. From all these figures an approximate esti-
mate of cenditions prevailing over Tipton (‘founty may be obtained.

There are no very marked extremes in temperature, with the
exception of an occasional extremely cold winter. The maximum and
minimum temperatures quoted, 105° above and 25° below zero,
are usually of short duration. Hot spells rarely last any great length
of time except in very dry weather, when they may continue for
several weeks, but any excessive heat is usually tempered by winds.
The annual mean snowfall for the county is 32.2 inches. Snow
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sometimes remains several weeks, and even months, but more fre-
quently disappears within a short time. The thermometer occa-
sionally drops to twenty or more degrees below zero, but these tem-
peratures are rare. Even zero temperature is uncommon and when
it oceurs is of short duration. The depth to which the ground
freezes is variable. Ordinarily it remains frozen only a few weeks
and thaws in February or March.

The precipitation is fairly well distributed throughout the grow-
ing season, so that crops rarely suffer from extreme drought or ex-
cessive moisture. As shown in the foregoing table, the greatest
amount of rainfall is received during May and June.

The length of the growing season is about five and a half months,
the average dates of the last killing frost in the spring and the
first in the fall being April 24 and October 2, respectively. The
earliest date recorded of a killing frost in the autumn is September
14 and the last in the spring is May 22.

AGRICULTURE.

At the time of its settlement Tipton County, with the exception
of a few swampy prairies, was covered with dense forests of oak,
beech, maple, walnut, hickory, sycamore and tulip trees, with a
dense undergrowth. The first attempts at clearing the forested
areas for cultivation were made in the southern part of the county,
where the natural drainage was better developed. With the excep-
tion of that used for domestic purposes the timber was burned.

Owing to the difficulty of hauling products over long and fre-
quently impassable trails, practically no erops were grown for mar-
ket. Corn, wheat, oats, rye, flax and potatoes were among the early
crops grown in the area. Hay was cut from the open prairies.
Wheat and corn were grown year after year on the same land, the
wheat being grown principally upon the lighter colored upland
soils and the corn in the bottoms and the so-called ‘‘black lands.”’

In 1855 the first agricultural society for the improvement of the
area was organized, but it was not until about 1880 that the great-
est development of the county began. At that time many of the
main outlet drainage ditches were constructed and thousands of
acres of the most productive land in the county brought under
cultivation.

Originally the natural drainage ways throughout the greater
part of the county consisted of shallow depressions, and the mean-
dering streams were so sluggish as to carry off only a small part of
the annual rainfall. This condition prevailed more generally in the
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central portion of the county owing to its level surface over the
crest of the watershed, and most of the territory was in a semi-
swampy condition. In the southern, southeastern and extreme
northern sections there was sufficient natural surface relief to give
fairly adequate drainage to those areas. Cicero and Duck creeks
in the southern part and Wild Cat Creek in the northeastern part
of the county occupied much deeper and more clearly defined val-
leys than the water courses on the divide, and it was along these
streams that the earliest settlement took place. The only solution
of the problem of reclaiming the entire acreage of the county for
cultivation was the establishment of connections for the swampy,
water-soaked areas of the watershed with the larger and deeper
drainage outlets of other sections. The first work of this kind was
done hetween 1855 and 1860 by private companies.

In 1875 a law relative to the drainage of the surface water from
the county was passed. By 1883 the county had built 190 miles of
drainage outlets, and private companies and individuals had ex-
pended $200,000 in reclaiming the swampy black lands.

Drainage was provided through the construction of wide, deep,
open ditches or canals, generally in line with the natural stream
courses. The channels of practically all the streams in the county
have at some time been straightened and deepened by dredging
throughout almost their entire length. Into these have been trained
the numerous lateral ditches which receive the water from indi-
vidual farms along their courses. About 1890 under or tile drain-
age began to take the place of the open ditches, 12, 18 and 24-inch
tile being used. In recent years many of the open drains have been
converted into underground or ‘‘blind’’ ditches by the use of tile,
£o that fields which were dissected by the open drains are now un-
broken. Hundreds of thousands of dollars have been spent by pri-
vate corporate enterprises to establish the excellent systein of drain-
age which now prevails throughout the county.

The building of the several railroads and traction lines has been
an important factor in developing the agricultural resources of the
county by creating ready access to the larger markets. The estab-
lishment of canning factories at various places in the area has given
rise to a more intensive system of farming in the vicinity of these
industries, and the present high price of land is largely attributed
to the farmer’s greater income from the growing of peas, sugar
corn, beans, tomatoes and other crops for the canning industry.
The increasing demand for canned goods warrants the extension of
this form of agriculture.
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The introduction of labor-saving machinery has done much to
increase the output of the farm, but increased returns must neces-
sarily depend upon the successful handling of the soil to conserve
it and add to its fertility. This requires a more intimate knowledge
of the various soil types, including their limitations and possibili-
ties as well as their needs.

Corn has always been the chief erop of the area. The acreage
of this crop has steadily increased from 33,914 acres in 1880 to
55,476 in 1910. The yields have correspondingly increased from
1,115,816 bushels in 1880 to 2,935,971 bushels in 1910. It will be
seen from the above figurcs that the average number of bushels per
acre has also increased from thirty-three to fifty-three within that
period. This increase has come about through the added acreage
of black lands, which are among the best upland corn soils in the
State, yields of seventy to eighty bushels per acre being quite com-
mon. The clay lands seldom yield more than thirty-five to forty
bushels per acre.

Deeper plowing, supplemented by subsoiling, and better drain-
age would considerably increcase the corn yields from the lighter
colored soils sinece better stands of clover and other legumes could
be obtained. The use of a complete fertilizer is also recommended.
Where ground limestone is used the fertilizer should be applied at
another time, preferably before wheat and clover. For the black
lands a fertilizer consisting of ten parts of phosphoric acid and five
parts of potash, or eight parts of phosphoric acid and four parts
of potash, is recommended. This soil usually contains sufficient
nitrogen, but is deficient in the other two elements of plant food.
In applying phosphoric acid the acid phosphate should be mixed
with barnyard manure at the rate of thirty pounds of the former to
a ton of the manure, to be spread at the rate of eight tons per acr:.
This should be applied to timothy or clover sod and turned under
in the spring.

The advantage of seed selection is generally recognized, but the
methods of selecting the seed can he improved. No attempt at corn
breeding to improve the quality of the corn is made.

Cheek drills are generally used in planting the corn, so that it
may be cultivated both ways. This frequently does away with the
neeessity of hoeing. Tn general, three to four, and sometimes five,
cultivations are given to the ecrop. The cultivators used are chiefly
of the riding type. The use of power corn cutters has also reduced
the labor of harvesting. A large per cent. of the corn now grown
is cut usually late in September for ensilage.
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Oats has never been a paying crop commercially, but it fits in
well with the customary rotation of crops and is especially valued
for its straw. The average yields are about thirty-five to forty bush-
els per acre. The introduction of the cowpea and soy-bean will
prohably cause a decrease in the acreage of oats in the future, espe-
cially where used with corn for ensilage. Oats are sown with an
end-gate attachment at the rate of two and a half to three bushels
per acre. |

The acreage devoted to wheat was originally restricted by the
expense and difficulty of harvesting the crop. With the reap-hook
or sickle a good hand could cut only one-half acre per day. The
manual labor necessary in harvesting the crop has been reduced
to a minimum by the introduction of the self-binder, and the acre-
age has been increased. The yields, however, have not increased
proportionately. At present an average yield of fifteen to twenty
bushels per acre is obtained instead of the thirty-five to forty
bushels produced when the land was first cleared. Wheat is gen-
erally recognized as not particularly profitable, but as a nurse erop
it is eonceded to be better than oats, sinee the straw is lighter
and shades the clover less.

The use of ground limestone will be equally beneficial to the
wheat and clover. The lighter colored soils of the area are better
suited to wheat. They also show a stronger reaction when tested
for acidity. Wheat should be seeded in corn during the latter part
of September, not later than the 10th of October, preferably after
the corn is shocked. 1t is generally sown with a disk drill having a
fertilizer attachment.

The production of hay shown in the 1910 census report was only
about half that for 1880. Of the 4,165 tons produced in 1910 the
clover yield was 4,044 tons. The acreage of timothy is being rap-
idly reduced as its soil-robbing properties become more generally
known. Some of the leading farmers of the, area have excluded
it entirely from their rotations. The growing popularity of the silo
has also done much to reduce the acreage of timothy. The advan-
tage of growing leguminous crops rather than such soil-depleting
crops as timothy is becoming better understood.

The average yield of hay for the county is about one and a half
tons to the acre, though as much as two and a half tons per acre
are frequently obtained. The planting of cowpeas and oats for hay
has been tried, but the results thus far have not been gencrally
satisfactory. Hay makes a ranker growth on the black lands, but
the quality is said to be better where it is grown upon the clay soils.
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Heavier yields are obtained from the latter soils where ground lime-
stone is applied.

Stock raising and dairying are important industries in the
county. The 1910 census shows an annual production of 1,607,230
gallons of milk and 321,096 pounds of butter from 3,389 cows. The
milk is handled through creameries, located in towns along the
railroads and traction lines. The milk and eream is collected by
wagons sent out from the ereameries. Jersey and Holstein milkers
are the favorite cows. A large number of beef cattle is marketed
annually.

Fruit culture was profitable up to about 1880. Since that time
various diseases have affected both trees and fruit, so that the neg-
lected orchards have become practically worthless. It has been dem-
onstrated, however, that with proper care excellent fruit can he
produced. The pear is probably most seriously affected at present.
One or two large commercial orchards in the vicinity of Tipton have
recently been partially destroyed by blight. The growing of fruit
for domestic use is to be encouraged, but it is doubtful whether
its commereial production would prove profitable in this county.
The orchards should be small, in order that they may be given
proper attention. In many ecases adequate care is given to the
orchards, but the spraying is not practiced at the proper time.

Most of the farmers in Tipton County follow some form of erop
rotation, but in many cases without a definite purpose. The rota-
tion should be so planned as to produce larger yields, to distribute
the work more evenly throughout the year, to be more certain of a
1egular income than is pessible with a one-crop system, to main-
tain, or rather increase, the productivity of the farm, and to reduce
to a minimum the injury from weeds, inscet pests and disease which
frequently accompany the one-crop system. Henee in formulating a
rotation it is necessary to take into account the income it will bring,
the needs of the land, the requirements of the stock at hand, the
effects of one erop upon another if followed in succession, and the
profitable distribution of labor. The three main classes of crops to
be dealt with in planning a rotation are small grain, hay and culti-
vated crops. Every successful rotation must include some legume
to enrich the soil. Red clover is now used for this purpose through-
out a greater part of the corn belt. This erop often fails to make a
stand, and in this case a good practice is to disk or plow the land
and plant in cowpeas or soy-beans. The planting of cowpeas or
soy-beans in the corn at the time of the last cultivation, as a green
manure or for pasture, is particularly recommended for the light
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thin land. Alfalfa sown at the rate of two to three pounds per
acre with clover and timothy until the fields are thoroughly inocu-
lated will enrich both the hay and the soil, and better yields of
corn will be obtained. Alfalfa can be grown successfully in the
county and should be grown more extensively. Wherever difficulty
is encountered in maintaining a stand of clover commerecial fertiliz-
ers or lime should be applied. Commercial fertilizers if depended
upon alone for increasing crop yields will injure rather than im-
prove the soil, but if used judiciously in improving the yields of
clover and other legumes from which the ultimate enrichment of
the soil must come they will generally increase the profits of the
farm. A good rotation, with proper utilization of all the farm ma-
nure, is required for success in farming.

In 1909 there were mortgages aggregating $598,810 held against
the lands of Tipton County. These mortgages usually represent
loans which were made to parties increasing their holdings of land.
The price of land has increased rapidly within the past twenty
years, and little if any land can now be bought in the county for
less than $150 to $200 an acre.

Farm hands receive from $20 to $25 a month, in addition to
board, lodging, washing and horse feed. Ilarvest hands and extra
laborers receive from $1.50 to $2.50 per day.

SOILS.

A heavy mantle of glacial drift or till was deposited over the
entire county during the glacial period by the last invasion of the
ice, known as the Wisconsin stage. The drift material consists of a
moderately stiff, clay-like mass at the surface, grading downward
into a lighter, sandy and gravelly material. Ocecasionally rock frag-
ments and bowlders occur throughout the till, but nowhere in large
quantities. The glacial deposit has a depth of forty to seventy-five
feet along the northern and eastern horders of the ecounty and 200
to 300 feet along the southern and western boundary.

The underlying geological formations have not contributed to
the formation of the various soil types. The Devonian measures in
the western part of the county and the Niagara limestone in the
eastern section occur at too great depths to outcrop at the surface or
influence the soils. :

It is from the upper part of the glacial till that the upland soils
of the Miami series have been derived directly through weathering.

4—33700
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This series is represented in Tipton County by two types, a silt
loam and a loam. The loam member is confined to the more rolling
areas along stream courses and the few moraines that were large
enough to be indicated on the map.

Two soils of the Clyde series, a silty clay loam and a loam, are
developed in numerous enclosed tracts formed by the promiscuous
deposition of till material during the recession of the ice sheet at
the close of the Wisconsin stage of glaciation. These areas remained
in a semi-swampy condition until artificially drained, and this
favored the accumulation of organic matter. The Clyde series
therefore comprises essentially till material or wash from till soils
modified by weathering under conditions of restricted drainage and
by the aceumulation of large quantities of black organic matter.

The alluvial deposits, consisting of reworked drift mnaterial, have
been separted into two series on the basis of certain physical differ-
ences, principally in color. A dark colored, nearly black, soil has
been classed as Wabash silty clay loam, and two types of brown
soil are included with the Genesee series.

The narrow strips of unassorted alluvial material developed
along some of the smaller streams are mapped as Meadow, while in
some depressed areas which were formerly swamps or lakes the
accumulation of organic matter has resulted in the formation of
small bodies of Muck. :

In the survey of Tipton County nine types of soil, including
Muck and Meadow (Genesce material) have been mapped on the
scale of one inch to the mile. These types are distinguished by sep-
arate colors.

Miamt Siut LoaM.

The Miami silt loam includes the greater part of the better
drained uplands of the county. It is known locally as ‘‘clay land,”’
as distinguished from the ‘‘black land.”” The type is a silt loam,
and the term ‘‘clay land’’ prohably has reference to the tendency
of the soil to clod or run together. This tendency is due to the lack
of humus in the soil and to the fact that it is frequently plowed
when too wet.

The surface soil to an average depth of about eight inches is a
compact silt loam. It is light brown when moderately moist and
grayish when dry. The subsurface portion of the soil frequently
has yellow or a creamy-yellow color when partially dried out.
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The subsoil between eight and about twelve to fifteen inches is
a grayish-brown or yellowish-brown heavy silt loam or silty clay
loam. Below this the material is a yellowish-brown silty clay loam
to silty clay, mottled with gray in the upper part, grading below
into a darker brown, friable silty to sandy clay, known as ‘‘bowlder
clay.’”’ This is generally encountered at about twenty-four to thirty
inches, although along the stream courses and over the sharper
knolls and ridges it occurs at a depth of eighteen to twenty inches.
Below three to four feet the substratum gradually becomes lighter
both in color and texture until at a depth of about eight to ten feet
the material is made up largely of sand and gravel.

The surface soil throughout the area is fairly uniform, with
occasional local variations. Upon the crests of the ridges and knolls
it is sometimes slightly sandy, with a few chert, granite and quartz
pebbles upon the surface. Where the type occupies nearly level
areas the surface soil often has a leached or ash-colored appearance.
This condition is generally found in those sections where the black
soils are the predominant types. These areas are naturally poorly
drained and artificial drainage must be established if the hest re-
sults are to be obtained, since the soil is less productive than that
of the better drained areas. Where the surface is more undulating
and the natural drainage better developed the soil is darker in color,
being more nearly brown. In the level areas the subsoil is more
mottled, cold and dense, as if water-logged, while in the better areas
it is more open and porous and has a yellowish-brown color. In
addition to tiling and draining these level areas, they should also
be subsoiled and limed to render the so0il and subsoil more open and
porous and to correct the acidity which numerous tests have shown
to exist.

The Miami silt loam oceurs in various areas throughout the
county in association with the ‘‘black lands’’ comprising the Clyde
soils. Next to the Clyde silty clay loam it is the most extensive soil
type in the county. The largest proportionate acreage occurs in
the southern and southeastern parts of the county and along the
Howard County line. In the nearly level sections it occupies low,
flat ridges, as previously deseribed, where the ‘‘black lands’’ pre-
dominate. In general, the type is most extensively developed in the
vicinity of stream courses.

In the early settlement of the county the Miami silt loam was
one of the first soils to be cultivated because of its better natural
drainage. When first cleared the soil was darker in color and much
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more productive than at present. Subsequent -cultivation has
greatly reduced the natural store of humus.

This type can generally be distinguished in any particular field
from the black soils by the more vigorous growth on the latter in
the early development of the crop, particularly with corn, oats and
hay. If the season is favorable the yields on this soil—the ‘‘clay
land ’—is generally a little more than half that of the associated
black Clyde soils except in the case of wheat, which is better adapt-
ed to the Miami silt loam. The quality of the hay, corn and oats is
generally better upon this type as eompared with the darker eol-
ored soils.

Tests made with litmus paper show the soil to be distinetly acid
in reaction. The use of phosphatic manures and liming is strongly
recommended. The lime can probably hest be applied in the form
of finely ground limestone, since the type is already deficient in
humus, and lime in the more soluble form might tend to destroy
the remaining organic matter. Still, burnt lime could be used, and
any lowering of the organic content thereby could be made up by
plowing under vegetation or applying barnyard manure. From
two to four tons per acre of the ground limestone should be applied,
preferably on clover sod in advance of corn. The wheat and clover
which follows will be especially benefited. Where barnyard manure
is also used the addition of ground phosphate rock or acid phos-
phate would materially increase the yields of wheat and corn. The
application of barnyard manure and phosphate is treated in the
chapter on agriculture. '

The deepening of the soil by deeper plowing and subsoiling will
tend to correct the unfavorable ‘‘sour’’ condition of the land by the
more thorough aeration thus brought about. The turning under of
such crops as clover, cowpeas, Canada field peas, soy-beans, rye and
oats stubble will improve the physical condition of the soil and fur-
nish a store of food supply for the plants.

The one thing that has probably done most to reduce the erop
yields from this type is the plowing of the soil when too wet and
not in condition to produce the best possible tilth. This is generally
due to a desire to foree the crops in season. Under such conditions
the soil clods badly and as a rule it is not reduced to the proper
tilth by subsequent cultivation.

Tomatoes and potatoes grown on this type are generally superior
to those grown upon the black lands. (Owing to reduced yields, how-
ever, tomatoes are more often grown upon the Clyde silty clay loam.
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The Miami silt loam is better adapted to fruit growing than the
darker soils.

The native vegetation consists of beech, black walnut, white oak,
yellow poplar, sugar maple, red oak, shell-bark hickory, chinquepin
oak, white ash, hazel, pawpaw, redbud, wild plum, flowering dog-
wood, ete.

Farms upon this type are valued at $150 to $200 an acre.

Miami Loawm.

The surface of the Miami loam is a brown to yellowish-brown
silty loam or loam to a depth of ten to twelve inches, grading into a
vellowish-brown silty clay loam. At eighteen to twenty inches a
dark-brown, brittle clay (bowlder clay) is encountered which con-
tains an appreciable amount of sand and gravel. The content of
sand and gravel increases with depth, and below three to four feet
the material becomes a lighter colored gravelly loam.

The type is not extensively developed in Tipton County. It oc-
curs along the larger stream courses and over the larger morainic
knolls and ridges. It is typically developed along Duck Creek in
the southeastern portion of the county and also in the northeastern
section. It occupies a well-defined morainic ridge in the south-
western part of the county and several smaller ridges and knolls
throughout other sections.

This type is very similar to the Miami silt loam. Since it has a
more rolling topography it is more subject to erosion, and this has
had much to do with effecting a higher content of sand and other
coarse materials.

The Miami loam is probably best adapted to fruit.

CLyYpE SiLty CrLay Loawm.

The Clyde silty clay loam is the most extensive as well as the
most productive soil type in the county. Owing to the dark color
of the soil, due to its high content of organic matter, it is generally
known locally as ‘‘black lands.”’

The surface soil of this type to an average depth of eight inches
is a dark-brown to almost black silty clay loam. As the surface dries
the material assumes a grayish or grayish-black appearance. The
intensity of the dark color is proportionate to the amount of or-
ganic matter in the soil. This constituent also affects the chemical
and physical properties and the agricultural value of the soil, mak-
ing the land more retentive of moisture and mellow and easy to till.
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The subsoil between eight and twelve to fifteen inches is a bluish-
black silty clay loam, grading below into a drab silty clay. This
in turn is underlain by a medium to light gray, stiff, plastic clay
which is mottled with brown streaks or iron stains. Below twenty-
four to thirty inches the subsoil is more deeply mottled, with a
gradual tendency in texture from the stiffer clay to a lighter tex-
tured silty to fine sandy clay. Where this type follows the course
of the natural drainage ways it is generally underlain with sand
and gravel at various depths, usually at about six to eight inches.
This sand and gravel is generally highly stained with iron com-
pounds. Since Tipton County embraces but few morainic hills from
which to draw its gravel supply, a large per cent. of the road mate-
rial has been obtained by dredging the gravel from these old stream
valleys.

This type comprises the greater part of the low-lying, poorly
drained areas of the county which in their natural state were in a
semi-swampy condition throughout the greater part of the year.
After being drained the land was cleared of the underbrush and
standing timber and put in corn, as this was about the only crop
that could be cultivated and harvested among the roots and stumps.
An occasional field is to be seen in which the stumps remain, but
over far the greater part of the type they have been removed and
the soil is in a high state of cultivation.

The Clyde silty clay loam is derived from the same material as
the Miami silt loam, the glacial till of the late Wisconsin epoch, but
owing to its low-lying position and water-soaked condition the char-
acter of soil and subsoil is very different. This type occupies irreg-
ular shaped depressions which are widely distributed throughout
the county, but more generally confined to a wide strip extending
diagonally through the center of the county from northeast to south-
west. It occurs as low-lying or depressed areas in the uplands, and
forms the main background of the soil map throughout which the
Miami silt loam is shown.

The type was slowly developed. Tt was not until the early eigh-
ties that its possibilities were understood or appreciated. This ecame
about through the building of good roads and adequate drainage
outlets, giving the individual farmer an opportunity to drain his
land. The development was attended hy a rapid increase in land
values, and the present high price of land in Tipton County is due
in large measure to the produectivity of this type and its wide dis-
tribution throughout the county. The value of individual farms is
generally determined by the included area of this ‘‘black land.”’
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The soil is fairly uniform throughout the area, but owing to
differences in the natural drainage it has certain local variations
in color, texture and depth of soil. The texture is heaviest and the
color darkest where the depth of the surface soil is only about six
to eight inches. This condition is largely found in the areas of the
type east and southeast of Windfall, in the vicinity of the Madison
County line, extending as far south as Cedar Point and West El-
wood. The larger bodies of this soil in the vicinity of Tipton and
elsewhere throughout the county have the same characteristics. The
type usually reaches its maximum organic content and darkest color
in the center of the depression or at its lowest point, shading off
gradually toward the surrounding lighter colored soil of the Miami
silt loam. The texture also follows this same general relationship.
Both these conditions are due to the movement of the surface wa-
ters, and carrying in suspension and depositing the finely divided
soil particles from the uplands as well as the decomposed native
vegetation.

The Clyde silty clay loam is used extensively in the vicinity of
Tipton, Sharpsville and other towns in the area for growing toma-
toes, peas, beans, etc., for local markets and for the canning fac-
tories. The yields are larger from this type than from the Miami
silt loam, but the weight and quality of the product are somewhat
inferior. The tomatoes on the black lands decay more readily and
in wet seasons crop yields are greatly reduced from this cause. By
the judicious use of commerecial fertilizers the yields from the clay
lands could be materially increased.

The type is probably best adapted to corn and oats. Yields of
sixty to eighty bushels of corn per acre are not infrequent, and fifty
to sixty bushels of oats are obtained, but in wet seasons this crop
lodges badly and considerable loss is incurred, except where it is
mowed and used for hay. Its value as a green manure when turned
back into the soil is not to be underrated, however. Alsike and red
clover and timothy produce heavy yields, the average being from
one and a half to two tons per acre.

Where commercial fertilizers are applied to this type it is ree-
ommended that a mixture be used containing about 8 per cent. of
phosphorie acid and 8 to 10 per cent. of potash. Nitrogen is not
generally needed for this soil and can best be obtained from the -
supply stored in the roots of leguminous crops, which should be
included in all erop rotations.

The surface of the type is flat to depressed, so that ample drain-
age is required to remove the surface waters. Open ditches were
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at first installed, but these have generally been replaced in recent
years by underground or tile drains, which permit the cultivation
of the land formerly dissected by the ditches, making it possible to
cultivate the type in large bodies.

With proper drainage and liming of the soil alfalfa can be
grown as successfully on this type as on the Miami silt loam.

The native forest growth of the Clyde silty clay loam consisted
of swamp white oak, swamp pin oak, white elm, silver maple, burr
oak, black ash, green ash, cottonwood, prickly ash, spice bush, but-
tonwood, wild rose, willows, ete.

CLYDE LoaM.

The surface soil of the Clyde loam to an average depth of eight
to ten inches is a black, heavy silty loam or loam containing a high
percentage of organic matter. The presence of this organic matter
not only gives the soil its dark color, but also imparts to it a slightly
pasty feel when wet, making it resemble Muck. However, the
amount of organic matter in the soil is not sufficiently high to jus-
tify its classification as Muck.

The subsoil of the Clyde loam is a heavy black clay loam which
grades below into bluish-black to grayish silty clay, and this in turn
into mottled brown, drab, and gray, rather stiff, plastic clay. Ata
depth of about thirty to thirty-six inches silty to fine sandy clay of
a lighter gray color mottled with brown is generally encountered.
The content of sand generally increases with depth and in some
instances a wet, loose, fine sand, similar to quicksand is encountered.
This material is most common in the soils of ‘‘Round Prairies,”’
southeast of Windfall, which was originally a lake or shallow basin.

The Clyde loam was originally treeless. The native growth con-
sisted of sedges, grasses, cattails, flags button bushes and willows.
The better drained arcas supported a heavy growth of native
prairie grass which was used extensively by the early settlers for
hay and pasture for their stock. The annual decay of this vegeta-
tion was the source of the high content of organic matter in the soil,
so that it is frequently referred to as ‘‘made land.”” Where this
soil earries a very high content of organic matter it is generally
loose, ‘‘chaffy’’ or fluffy, or mucky. The latter condition is more
noticeable when the soil is first put under cultivation, following
reclamation by artificial drainage. Corn planted on the mucky
areas makes a vigorous growth in the early stages of its develop-
ment, but usually turns yellow or ‘‘burns’’ before reaching matur-
ity. The application of barnyard manure, deeper plowing, and
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thorough cultivation so as to aerate the soil as much as possible
will tend to correect this chaffy condition and greatly increase the
yields from this type. The use of fertilizer mixtures containing
potash and phosphoric acid in the proportion of about two parts
of the former to one of the latter is also recommended.

The largest single body of this type comprises the area known
locally as ‘‘Round Prairie.”’

The Clyde loam is naturally fertile, but generally the best re-
sults are obtained through the use of barnyard manure and com-
mercial fertilizers. The soil is generally lacking in phosphorie acid
and potash, particularly the latter. Corn yields have been greatly
increased by the application of potash fertilizers. Lime is also
beneficial.

It is only within the past few years that satisfactory yields
have been obtained from this type. Oats produce a rank growth
and lodge badly. It is recommended that the oats be sown thicker
on this than on the lighter colored soils.

Clyde Loam, Prairic Phase.—In the vieinity of Kempton and
running as far east as Goldsmith a darker phase of this type oc-
cupies an area which is known locally as ‘‘Indian Prairie.”” This
development is almost 20 miles long and 2 to 3 miles in width. The
term ‘‘prairie’’ was applied to this area because of its original
treeless condition. It supported a dense growth of aquatic vegeta-
tion, consisting chiefly of sedges, grasses, cattails, flags, button bush,
and willows. About 40 to 90 per cent. of the soil was under water
throughout the year. The better drained portions supported a
growth of bluestem prairie grass and numerous species of typical
prairie plants. The grass was cut for hay by the early settlers.
Interspersed throughout the low-lying prairie lands were small, low
morainic knolls and ridges which supported a growth of hazel and
sumac. Many of these knolls are now covered with hickory, and
shingle, white, and red oaks.

The surface soil of the prairie phase of the Clyde loam to a
depth of 8 to 10 inches is a black or brownish-black silty clay loam
or heavy silt loam which grades into a bluish-black clay or clay
loam, sometimes mottled with yellow. This in turn is underlaid
at 20 to 24 inches by a bluish or drab, tenacious silty clay which
becomes light gray in color and more intensely mottled with depth.
The mottling in the lower depths consists of deep brown iron stains
or streaks. At 30 to 36 inches a lighter textured, deeply mottled
silty to sandy clay is encountered, and this in some places is un-
derlain by marly material. Probably at least a part of the prairie
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phase is underlain by gravel at various depths similar to that un-
derlying portions of the Clyde silty clay loam.

The soil is deeper in the depressions, has a darker color, and is
frequently loose and fluffy. The fluffy soil, which occupies button
wood ponds, produces a good growth of corn and other crops, but
the plants tend to ‘‘burn out’’ or turn yellow without reaching full
maturity. This is possibly due to the excess of certain organic
acids in these muck-like areas, which can be corrected by heavy ap-
plications of barnyard manure or by liming, or to a deficiency of
potash. The use of commercial fertilizers containing a high per-
centage of potash has greatly increased the yields from this land.
‘Where the barnyard manure is needed for the clay knolls it is ad-
visable to use commercial fertilizers, maintaining a proper balance
in the available nitrogen by crop rotation.

This land is especially well adapted to corn, producing an aver-
age for the past ten years of about 50 bushels per acre. Average
yields of 50 bushels of oats, 12 to 20 bushels of wheat, and 25 to 30
bushels of rye per acre are obtained. Oats lodge badly, especially
in wet seasons. Clover and timothy do well upon the prairie phase
and an average of two tons or more to the acre is produced. Alsike
clover does especially well. Potatoes yield from 200 to 300 bu-
shels per acre.

GENESEE SILTY CLAY LoaM.

The surface soil of the Genesee silty clay loam is a medium-
brown heavy silt loam grading at a depth of 5 or 6 inches into a
silty clay loam which extends to 12 or 15 inches, when the subsoil
is usually encountered. The subsoil is a gray or steel-blue, stiff,
plastic clay mottled with shades of brown or iron stains, the color
becoming lighter with depth.

This is generally subject to overflow, but where it occurs above
ordinary high water the soil is a light-brown, loose silty loam to
18 to 20 inches, below which it is a dark-brown to drab, mottled
silty to sandy clay.

The type resembles to some extent the Clyde silty clay loam,
except that it is lighter in color and occurs in the better defined
valleys of the streams along which it is found.

The largest single body of the type occurs in section 29, T. 21,
R. 4, where Wallace and Prairie crecks unite to form Cicero Creek,
extending along the latter for a distance of two miles or more. The
soil is also found as first bottom land in a narrow strip along Mud
Creek, which traverses the northern part of the county.
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The Genesee silty clay loam, like the Genesee loam, belongs to
the youngest group of soils in the county, representing alluvial
material recently deposited by the streams along which it occurs.
The soil is generally lighter in texture near the stream, where the
currents during periods of overflow are swifter and can carry the
heavier materials in suspension. The heavier materials are de-
posited in the outlying bends of the creek where the movement of
the water is more sluggish.

Originally this type comprised poorly drained bottom lands
along streams of very shallow, crooked channels, through which the
water flowed sluggishly. In recent years the channels have been
straightened and deepened by dredging, and the land along their
courses has thus been reclaimed for cultivation through an im-
provement of the drainage.

Some of the largest yields of corn in the county have been ob-
tained from this type, the average being from 50 to 60 bushels
per acre, while a yield of 80 bushels is not unusual. Heavy yields
of oats and hay are also obtained, but corn is the leading crop.
Being subject to overflow, this type does not require as much fer-
tilizer to produce maximum yields as is needed on the upland
soils, since fertile deposits of alluvium are being laid down over
the bottoms from time to time.

If cultivated under normal moisture conditions, this soil turns
up a loose, mellow loam, but if plowed when too wet it has a
tendency to form heavy clods which cannot be readily reduced to
subsequent cultivation. Too often this physical characteristic of
the soil is overlooked by the farmers in their haste to plant crops,
especially when the season is late, and by such practice the erops
are affected for even more than one season.

The native vegetation consisted of swamp oak, white oak, bur
oak, pin oak, silver maple, white elm, cottonwood, black ash, prick-
ly ash, spice bush, ete.

GENESEE LoaM.

The surface soil of the Genesee loam to a depth of about 6 to
8 inches is a medium dark brown silty loam to loam. This grades
into a lighter colored brown loam as the depth increases. At 10 to
12 inches the texture is slightly heavier, and the material becomes
a silty to fine sandy clay or clay loam. Varying amounts of sand
and gravel are encountered throughout the soil and subsoil. The
surface material varies to a fine sandy loam in places, but these
spots could not be mapped on account of their small size. Occa-
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sionally at depths of 24 to 30 inches a fairly loose, sandy and grav-
elly material is encountered.

The Genesee loam, being of alluvial origin, is subject to local
variations over small areas, due to the uneven deposition of allu-
vial material at different intervals of overflow, the greatest uni-
formity being found in the broader bodies.

This type occurs as first bottom land along Cicero Creek, from
the IIamilton County line to the junction of Cicero and Nixon
crecks. A narrow strip also extends along Nixon Creck for about
two miles. Where this type occurs near the Hamilton County line
the soil is more nearly a fine sandy loam, but in the vicinity of
Tipton it is much heavier in texture.

Only a limited acreage of the Genesee loam is under cultiva-
tion, sinee it is subject to intermittent overflow. It is used almost
exclusively for pasture. There is generally some growth of silver
maple, white elm, sycamore, buckeye and red oak. The type is
cultivated only over the better drained areas which in places have
the character of second terraces but are too small to be mapped
separately. Corn and oats are the chief crops.

‘Where market facilities are adequate the lighter, sandy soil
of the type might be used to advantage for trucking purposes since
it is especially adapted to watermelons, muskmelons or cantaloupes,
cucumbers, and potatoes, particularly sweet potatoes.

WaBasH SiLty Cray LoaM.

The soil of the Wabash silty clay loam to an average depth of
about 8 inches is a black heavy loam to silty clay loam containing
a high percentage of organic matter, the amount of which is suffi-
cient in places to impart a mucky character to the soil. The sub-
soil consists of a bluish-black silty clay grading at about 12 to 15
inches into a stiff, impervious drab-colored clay. The water table
is frequently encountered at a depth of 30 to 36 inches. The lower
subsoil has a light-gray color, deeply mottled with brown and
yellow.

The area in which the Wabash silty clay loam occurs is a slight-
ly depressed or outlying basin adjoining the bottom lands along
Prairie Creek. The supposition is that it is a part of that valley,
representing an abandoned channel way of Prairie Creek. It is
said that in times of high water a part of the overflow from Prairie
Creek breaks across into this basin and finds its outlet through
Devil’s Den Run. The latter stream has in recent years been
straightened and deepened as a drainage outlet for the basin. The
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area was formerly a dense swamp which was inundated during a
greater part of the year. Only in recent years has it been drained
and made suitable for agriculture.

When first cleared and put under cultivation the soil was highly
charged with organic matter and in places was chaffy, so that the
corn showed a tendency to ‘‘burn’’ without properly maturing the
grain. This condition has been gradually remedied by the use of
large quantities of stable manure and subscquent cultivation. The
use of potash as a fertilizer has also increased the efficiency of this
soil.

The type occurs as a single body, and includes a greater part
of the N. E. } sec. 31, and the S. W. 1 sec. 29, T. 21, R. 5. 1t
extends to the southeastern and northwestern corners of sections
30 and 32 respectively.

Corn is the leading crop and has been grown continuously.
Owing to the natural fertility of the soil yields of about 60 to 80
bushels per acre have been obtained, but unless crop rotation is
practiced these yields will decline and the growing of corn become
unprofitable.

Muck.

The type of land classified as Muck consists of black or dark-
brown organic matter in a state of partial decomposition, mixed
with varying quantities of soil material or mineral matter. These
areas are generally referred to locally as ‘‘made land.”” The depth
is quite variable, ranging from a few inches in the margin to 3 feet
or more in the center of the body. The color changes little with
depth but the organic matter is more noticeable in the lower por-
tion. At an average depth of about 24 inches the mucky layer is
underlain by bluish-black, plastic clay or silty eclay which grades
below into a lighter colored or grayish, mottled clay. In places the
lower portion of the 3-foot section consists of Peat. Ocecasionally
an impure shell marl is found imbedded with the underlying ma-
terial. Considerable mineral matter in the form of fine sand and
silt have become incorporated with the Muck along the margin of
the larger areas.

There is only a small total area of this type, the largest body
being in the northeastern part of the county, north of Groomsville,
in an old channel now drained by Swamp Creek and Turkey Creck.
Two small bodies occur in the morainic areas of the extreme north-
western section of the county. A few isolated patches are found
in depressions in various parts of the area. Some of these patches
were too small to be indicated on the map.
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Small areas of Peat consisting of pure deposits of less thorough-
ly decomposed decaying vegetable matter, were included with the
Muck. These are so intimately associated with the Muck as to pre-
clude their being mapped separately. The Peat deposits were
formed along with the Muck in shallow basins and ponds from the
decayed remains of water-loving plants and accumulations of other
forms of vegetation, particularly mosses. The Peat commonly oe-
curs near the center of the body of Muck where the deposition of
vegetable matter has been more recent and has not undergone as
thorough decomposition, though it sometimes occurs in spots
throughout the entire body.

Since the Muck occupies low-lying, depressed areas which lack
natural outlets, drainage must be supplied before the material can
be successfully utilized for erop production. Muck land was first
brought under cultivation about twenty years ago and most of the
type in the county is now reclaimed. This has been accomplished
by the construction of large open ditches into which many tile
ditches drain. In the early settlement of the area the native
grasses were cut from these soils and used for hay, but at present
most of this land is under cultivation and used chiefly for general
farm crops, such as corn, oats, and hay.

Corn will produce an average yield of 50 to 60 bushels per acre,
and oats 40 to 60 bushels. Some very heavy yields of oats have
been obtained, but the grain makes a rank growth of straw which
becomes lodged so that harvesting is difficult as well as damaging
to the erop. This condition may be partially remedied by the
liberal use of mineral fertilizers. Corn frequently ‘‘burns’’ or
turns yellow on this soil and does not mature. Timothy is easily
set and makes a rank growth, but it usually ‘‘burns’’ at the ground,
and the hay is lighter than that grown on other soils. Alsike
clover is well adapted to this soil and should be grown in combina-
tion with timothy. The crops grown on this type are subject to
injury from early and late frosts. It is often necessary to replant
corn two or three times, and early frosts sometimes prevent the
corn from maturing. If the seed bed were made firm with a heavy
roller the movement of the soil moisture would be so regulated as
to lessen the danger from frosts. Applications of potash salts and
phosphatic fertilizers are very advantageous to these soils. Coarsc
barnyard manure and lime are also beneficial.

This soil is seldom used for the crops to which it is best adapted,
including celery, onions, cabbage, Irish potatoes, beets, turnips,
cauliflower, and other garden products. Such crops have been suc-
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cessfully grown upon this material in northern Indiana and ad-
joining States, but for the cultivation of such special crops the
accessibility of eity markets and rapid transportation must neces-
sarily be a matter of consideration, except in those cases where
grown for local consumption.

MEApow (Genesee Material.)

The term Meadow, as here employed, denotes a generalized type
or classification embracing the narrow strips of first bottom land
lying along certain minor streamn courses of the county, such as
Irwin, Turkey, Little Wild Cat, Nixon, Jericho, Wallace, and
Prairie Creeks. These bottoms are subjeet to periodic overflow,
but they are not particularly swampy, the drainage of much of
the soil being fairly good between overflows. There is wide varia-
tion in the color, composition, and texture of the soil, as also in
local drainage and surface conditions. The predominant material
is a heavy silt loam, dark brown in color, and resembling the Clyde
and Genesee soils. The boundaries indicated upon the map are ar-
bitrary, since no definite line can be drawn between meadow and
the other alluvial types having a similar origin.

The subsoil is a mottled drab or grayish siity clay. Near the
stream channel the soil may be lighter in texture, but throughout
most of the area the sediments are fine and the soil is rather heavy.
Deposits are being added repeatedly, each successive overflow bring-
ing in new deposits and spreading them over the bottom lands.

The areas of meadow are ordinarily too wet for cultivation yet
they are not permanently swampy. By straightening and deep-
ening the stream channels much of this poorly drained land has
been reclaimed, like the Genesee silty clay loam, for agricultural
purposes. Corn is the chief cultivated erop upon such areas, and
when proper means of drainage are employed the yields are excel-
lent. Where the valleys are deeply cut and narrow and the land

" frequently interspersed with shallow depressions or marshy places
its chief value is for pasturage. Complete drainage of the meadow
lands is not essential when they are used for this purpose.

The greater portion of meadow in this ecounty is being used for
pasture, the native forest growth generally being allowed to re-
main as shelter for stock. It also affords a supply of timber for
domestic use, chiefly for fence posts and rough lumber.

Silver maple, white elm, sycamore, and red oak are the trees
commonly found on such areas.
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SUMMARY.

Tipton County, with an area of 166,400 acres or 260 square
miles, is located in the north-central part of Indiana.

The surface is a level, featureless till plain, the greatest relief
being found along the larger stream courses, especially along Duck
Creek and lower Cicero Creek. The average elevation is from 850
to 950 feet above sea level.

The summit of the drainage divide between the Wabash and
White rivers extends east and west through almost the center of
the county. About half of the county drains to the north, the
other half to the south. Much of the drainage is artificial.

The county was first settled in the southern portion. The
greatest influx of settlers was between 1880 and 1890.

Tipton, the county seat and largest town in the county, is lo-
cated near the center of the county. It has a population of 4,075.
There are 12 other towns and villages in the eounty, not including
Atlanta, Ekin, and West Elwood.

The county has a population of 17,457, of which only about
7.000 live in the towns and villages. The rural population is well
distributed.

An excellent sectionized public system of graveled roads ecx-
tends over the entire county. Adequate transportation facilities
are furnished by three railroads and two electrie interurban lines.
The county has only a few manufacturing interests. Its prosperity
is due almost entirely to its fertile soils.

The entire county is highly developed and prosperous, having
good homes, towns, churches, schools, electric interurban lines,
telephones, rural delivery routes, excellent public roads, and other
modern conveniences.

The climate is not subject to very great extremes. The ab-
solute maximum and minimum temperatures reported, 105 degrees
above and 25 degrees below zero, are unusual. The mean tem-
perature for the winter months is 27°, and the summer 73° F.

The eounty has an average rainfall of about 37 inches, which is
well distributed throughout the year. The growing season is about
53 months.

Corn is the principal crop, 50 to 55 bushels being the average
vield. Oats, wheat, and hay are also grown in considerable quan-
tities. These crops are largely fed on the farm to the stock, which
constitutes one of the main sources of revenue. The surplus of
corn, oats, and hay is sold in the local markets. The wheat is
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generally sold or exchanged at the elevators for flour and meal.
Corn is also being cut and stored as ensilage which is used as green
food for stock in winter.

The growing of tomatoes, peas, beans, ete., for the canning in-
dustry is profitable, and there is promise of an extension of this
form of agriculture. Dairying is an important industry.

The rotation of crops is generally practiced throughout the area.
Barnyard manure is the principal fertilizer used, although somc
commercial fertilizers are applied, particularly with special crops
and upon the black land of the county. Ground limestone could be
profitably applied to most of the soils.

The average size of farms is about 80 acres. The tendeney is
to increase the size of farm buildings. The tenant system is grow-
ing.

The value of land ranges from $150 to $225 or more an acre.
The price of land has advanced rapidly since 1880, owing to the
reclamation of the black lands.

The soils are derived almost entirely from the glaciated till
of the late Wisconsin epoch. The greater part of the soils are
rich in organie matter and are classed as ‘‘black lands.”” The
light colored soils are called locally the ‘‘clay lands.”” The soils
generally are of a silty character. Those of the uplands, ecompris-
ing nearly all of the county, are classified in two series, the Miami
and Clyde soils, the former including the light-colored soils and
the latter the black lands. Both are of wide extent. The black
soils are best adapted to corn and oats while the lighter colored
soils are better suited to wheat. One type of the Wabash series
was mapped and this is also generally included with the black
lands. The first hottom lands were classed with the Genesee of
Meadow.

Nine soil types, including Meadow (Genesee material) and
Muck, were recognized and mapped. The Miami silt loam and the
Clyde silty clay loam are the predominating types. Muck and the
Clyde loam represent the so-called ‘‘made lands’’ of the area, the
latter type being especially rich in organic matter.

The alluvial soils are limited to narrow strips along the large
streams. These were classed with the Genesee loam and silty clay
loam, or Meadow. The Genesee loam is developed along Cicero,
Duck, and Jericho ereeks, while the silty clay loam is confined prin-
cipally to Prairie and Mud creeks, Meadow (Genesee material)
occurs along the upper courses of many of the smaller streams.

5—33700



66 REPORT. OF STATE GEOLOGIST.

Practically all of the soils are under cultivation or used for
pasture. The agriculture of the county is in a prosperous and
highly developed condition. Secientific farming is being practiced
to a considerable extent, but further recognition of its possibili-
ties is necessary for the fullest development of the county.
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Soil Survey of Hamilton County, Indiana.

By Lewis A. HursT, of the 7. S. Department of Agriculture, and
E. J. GriMes, R. S. IIester and H. G. Young, of the
Indiana Department of Geology.

DESCRIPTION OF THE AREA.

IHamilton County is situated north of the geographic center of
Indiana and is bordered on the north by Tipton County, on the
east and south by Madison, Hancock, and Marion, and on the west
by Boone and Clinton counties. It is approximately a square, with
its sides 20 miles in length and has an area of 400 square miles
or 256,000 acres.

In topography it varies from a level till plain to an undulating
and sometimes hilly surface, the latter being found only in the
vicinity of stream courses or where moraines exist. Moraines are
not very common in any part of the county but they are more
numerous in the western part than elsewhere, the most prominent
one being situated north of Sheridan. The roughest country lies |
along Hinkle Creek in the vicinity of Deming. The banks along
the larger stream are usually precipitous, ranging in height from
30 to 100 feet or more. They rise in two distinet terraces to the
broken country, which along most of the streams, merge rapidly
into the broad level plain. There are numerous old filled-in valleys
in the area, and preglacial topography was apparently much more
irregular than the existing topography. Among the more promi-
nent topographie features of the county is an old valley or glacial
channel on the west side of West Fork White River below Nobles-
ville and a similar valley above the city on the same side of the
river. Another feature of note is a broad depression extending
northeast and southwest and connecting the valley of the West
Fork of White River with that of Prairie Creek. The valleys of
Fall and Mud creeks are joined by a similar depression.

The county has a range in elevation of 150 feet, the western
part lies between 900 to 950 feet, and the eastern part from 800
to 850 feet above sea level. The general slope of the surface is
from north to south.

(69)
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In the northern part of the county the surface is in general
more level and the drainage less mature than the southern part.
Thus the greater dissection of the latter region produced a more
rolling surface. This is especially true near the junction of the
smaller streams with West Fork White River.

The drainage is performed by West Fork White River and its
tributaries. The river enters the county from the east, about five
miles from the north boundary, and leaves it near the center of the
southern border.

The principal tributary of West Fork White River in the county
is Cicero Creek, which empties into West Fork White River 2 miles
south of Noblesville. This creek has a remarkably narrow channel
and a winding course. The flood plain is bordered on each side by
bluffs 20 to 40 feet in height. Cicero Creek with its tributaries,
Little Cicero, Little Wersel and Hinkle ereeks, drains about 150
square miles of the area. The drainage of the northeast section of
the county is delivered to West Fork White River through Duck
Creek and its tributaries, and Pipe Creek. Stony Creek and its
branches drain the central eastern portion, Fall Creek and its tribu-
taries, the southeast section, and Eagle and Williams Creeks, the
southwest section. Drainage of the extreme northwest part of the
county is performed by Prairie Creek. The valleys of Eagle and
Williams creeks are bordered by heavy drift deposits. Along Cool
Creek the surface is quite broken, while Stony Creek has developed
a scond terrace along the greater part of its course.

As stated previously, the regional drainage of the southern part
of the area is better developed than that of the northern. In the
latter region numerous inequalities were formed in the surface by
glaciation. These depressions filled with water and existed under
natural conditions as swamps or ponds.

Hamilton County was organized in 1823, the first settlement
having been made a few years earlier. The section first developed
lay along West Fork White River, in the central and southern part
of the county. Most of the immigrants came from Ohio, Ken-
tucky, Virginia and Pennsylvania. In 1820 a settlement was made
on the present site of Noblesville, the county seat, and in 1823 this
town was founded. The greatest influx of settlers came in 1852
when the Peru and Indianapolis Railroad was extended to Nobles-
ville. The construction of this road greatly stimulated agricul-
tural development by opening up new markets and increasing the
price of farm produets.
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In the early period Indianapolis and Lafayette were the chief
markets, though cattle were sometimes sold at Cincinnati, and hogs
at Madison. At the present time Indianapolis, situated in Marion
County on the south, is the leading market and trading center of
the county.

The population of the county has grown steadily since its set-
tlement, and according to the census of 1910, it is now 27,026. Of
this number more than 12,000 live in Noblesville and the other
towns and villages of the area. The remaining population is dis-
tributed rather evenly over the rural sections.

Noblesville with a population of 5,073, is the county seat and
largest town in the county. It is located on West Fork White
River 20 miles north of Indianapolis. It is not only the center of
a rich agricultural section from which it draws much of its sup-
port, but the site of seyeral important manufacturies.

Sheridan, in the northwestern part of the county, with a popu-
lation of about 1,200, is the next largest town. Cicero, Atlanta
and Arcadia, situated north of the county seat, Westfield in the
western part of the county, and Carmel in the southern part are
thriving towns with populations between 500 and 1,000. In addi-
tion to these towns there are 14 other smaller towns and villages in
the county. All of the towns and villages of the county depend
mainly upon agriculture for their existence, though a few of them
draw part of their support from manufacturing industries. The
manufacture of condensed milk is carried on at Sheridan. Arcadia
has a fruit canning establishment and a glass factory. At West-
field there is a cannery, and a mill for the manufacture of sorghum
and cane molasses.

The shipping facilities of the county are excellent. The Indi-
anapolis and Michigan City division of the Lake Erie and Western
Railroad runs north and south through the center of the county.
The Central Indiana Railway passes through the area east and
west, a little south of the center of the county. The latter railroad
crosses the Lake Erie and Western Railroad at Noblesville. These
two lines furnish the chief outlets for the products of the county.
A main line of the Chicago, Indianapolis and Louisville Railway
(Monon route) enters the county near the southwest corner and
traverses the southwest and central-western townships. Carmel,
Westfield, Hortonville, and Sheridan are situated on this road. At
‘Westfield it intersects the Central Indiana Railway. An interur-
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ban line of the Indiana Union Traction Company traverses the
county in a general north and south direction, passing through Car-
mel, Noblesville, Cicero, Arcadia and Atlanta. It affords freight
and express accommodations and is a valuable means of shipping
dairy and other farm products to Indianapolis and other ecities.

The present road system of Hamilton County has developed
from the toll pikes which at one period prevailed in the county.
A number of pikes radiate from Noblesville. Chief among these
are the roads connecting the county seat with Fortville, Green-
field, Anderson, Pendleton, Lapel, Elwood, Tipton, Frankfort,
Lafayette, Lebanon and Indianapolis. Within recent years these
pikes have been purchased by the county and thrown open to the
public. At the present time they are the main highways. From
time to time the sectionized road system has added new local roads
wherever needed. As a result every part of the county is easily
accessible. Most of the roads have been surfaced with gravel and
are in excellent eondition. There are unlimited quantities of gravel
available for road and other construction.

CLIMATE.

The average annual temperature of Hamilton County is 55° F.,
the absolute maximum 106° F., and the absolute minimum—25° F.
Hot spells occur during June, July and August, but rarely last
any great length of time. Periods of extremely dry weather with
relatively high temperature are sometimes experienced. Zero
weather is not common and periods of such low temperature seldom
last more than a day or two.

The average annual precipitation for the county is 41.9 inches.
May, June, and July are the months in which the greatest amount
of railfall occurs, but the precipitation is distributed rather uni-
formly through the year.

The length of the growing season is about 5} months, the aver-
age date of the first killing frost in fall and the last in the spring
being October 19 and April 16, respectively. During the period
for which records have been kept, the earliest date of a killing frost
in the fall was September 21, and the latest in spring May 22.

The following table gives salient climatic data of the region, as
shown by the records of the Weather Bureau Station at Indian-
apolis, about 20 miles from the center of Hamilton County:
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NORMAL MONTHLY, SEASONAL, AND ANNUAL TEMPERATURE AND PRECIPI-
TATION AT INDIANAPOLIS.

TEMPERATURE. PRECIPITATION.
. Total Total
MoxTh. Absolute | Absolute amount | amount Snow,
Mean. max- min- Mean. for the for the | average
imum. imum. driest | wettest | depth.
year. year.
- °F. °F. °F. Inches. Inches. Inches. Inches.
33 68 —15 3.0 4.1 0.9 5.1
28 69 —25 2.8 1.6 4.9 6.9
31 72 —18 3.3 1.6 4.6 4.4
Winter................. 31 || 91 | 73 | 104 | 164
40 82 0 3.8 4.2 7.4 3.6
52 87 19 3.4 3.2 2.3 1.2
63 96 31 4.0 2.4 5.1 0.1
52 .. I PO 1m2 | 98 | 148 | 49
72 100 39 4.4 3.5 7.5 0.0
76 108 48 4.2 0.8 7.5 0.0
74 101 46 3.2 3.6 5.9 0.0
Summer............... S S PR P | 118 7.9 _ 209 0.0
3.3 0.7 3.9 0.0
2.8 3.5 4 4 T
3.7 1.2 2.3 1.6
98 5.4 10.8 1.6
41.9 30.4 56.7 22.9

AGRICULTURE.

At the time of settlement the region of which Hamilton County
is a part was for the most part heavily forested with hardwoods.
Interspersed in this forest were occasional open prairies and
swamps. In fact a considerable section of the county was origin-
ally pcorly drained and unsuited for agriculture in its natural con-
dition. A relatively large proportion of the land was, however,
topographically well suited to farming and the use of labor saving
machinery, and much of the forest has been removed and the poorly
drained lands reclaimed. Some undrained areas still exist, but
nearly all these are reclaimable and will ultimately be brought
under cultivation.

The early settlers took up their claims along West Fork White
River, as it gave them access to outside markets by raft or a flat-
boat. The bottom lands along the river were better suited to corn,
than to other grains and this became the main erop. The bottom
lands were subject to overflow and did not require fertilizing, and
eorn was grown upon the same land year after year without mate-
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rially diminishing the yields. The uplands in the vicinity of the
river were generally better drained naturally than the more remote
uplands and when first cleared large yields were obtained. The
cost of draining the ‘‘black lands’’ and in many cases the lack of
adequate drainage outlets precluded the early use of these lands.
However, much of the later prosperity of the county came from the
occupancy and development of these lands, which began about 1875
with the deepening, straightening, and widening of the natural
drainage outlets by dredging.

Wherever the surface is level it generally has been necessary to
make use of artificial means. At first open ditches were employed,
but the disadvantages of having the fields cut up with them led
to the installation of tile drains. Thousands of dollars have thus
been expended in reclaiming the so-called ‘‘black lands’’ and bot-
tom lands along the shallower stream courses.

Corn has always been the main erop of the area, and the aim
of the majority of farmers is to further increase the production
of this staple. The acreage of corn in 1879 was 60,479, with a
total production of 2,233,158 bushels, or an average of about 37
bushels per acre. According to the census of 1910, the acreage had
increased to 77,815 acres, from which a production of 3,857,667
bushels, or an average of about 50 bushels per acre, was secured.
This increase in the yield per acre is due largely to the increase in
corn acreage upon the ‘‘black lands’’ (Clyde soils), considerable
areas having been drained and brought under cultivation in recent
vears. These soils produce approximately twice as much corn as
the lighter colored clay soils (Miami soils). The increase is also
due to better cultural methods, including fertilization and seed
selection.  Some commereial fertilizer is being used in the produe-
tion of corn, but barnyard manure is chiefly employed. Fertilizers
may be used with profit to increase the yields of corn, but other
methods of maintaining the fertility of the soil should also be em-
ployed, such as crop rotation, green manuring, ete.

Selection of the variety of corn best suited to the soil on which
the erop is to be grown is an important factor in increasing the
yields. Too often no attention is given to this matter or to the
testing of seed corn. The seed, to produce the best results, should
be strong in vitality and the kernels graded to uniform sizes so
as to drop evenly when used in the planter. In general, Reid’s
Yellow Dent, Leaming. and Boone County White are well adapted
to the climatic conditions of the county. The best varieties to
grow on the different kinds of soil can best be worked out by the
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farmers themselves. The sced corn sclected from the clay lands
should be planted on the clay lands so far as practicable, and that
selected from the ‘‘black lands’’ should also be kept for the black
lands. Well selected home grown seed is generally preferable to
any other on any soil. By this method it is believed that the
guality and yields from these lands ecan be increased.

The application of two or more tons of ground limestone to the
acre, particularly on the clay lands, will increase the yields of corn,
largely through the better growth of clover that will be produced.
Subsoiling of the clay lands is also recommended. I’hosphoric acid
and potash are the fertilizer ingredients that produce the largest
increase in the yield.

Corn is generally planted with the check drill so that it may
be cultivated both ways, which frequently does away with hocing.
Three or four cultivations are usually given although five are not
uncommon. Riding cultivators are in general use. In the last
few years a large per cent of the corn has been cut for ensilage.
This practice is being extended as the value of silo feeding becomes
better understood. The planting of cowpeas and soy beans in the
corn for ensilage is being practiced extensively. The advantage of
having a legume growth in connection with corn can readily be
appreciated as it adds organic matter and nitrogen to the soil.

The acreage in wheat in Hamilton County in 1879 was 36,983
acres as compared with 30,827 in 1909. The average yield of the
earlier year was about 21 bushels, and in the later about 18 bushels
per acre. In order to produce the largest yields of wheat on the
clay lands, which embrace the types of soil best suited to the erop,
they should be subsoiled if possible every three years. The appli-
cation of two tons or more of finely ground limestone to the acre,
as recommended for corn, will be eyually beneficial to the wheat
crop. The general practice is to apply lime or finely ground lime-
stone to the wheat ground prior to seeding. The effect is particu-
larly noticeable upon the following clover crop and subsequent
wheat crops are benefited by the increased productiveness of the
land due to the addition of organic matter and nitrogen by the
clover crop. More attention should also be given to the selection
of suitable varieties of wheat for the soil and a proper grading of
the seed. The rotation to follow, and fertilization, treatment of
seed for disease, and the combating of insects which attack the
wheat are important factors in the production of this crop. The
Purdue Experiment Station recommends the use of: 300 pounds
per acre of a fertilizer analyzing 2 per cent. nitrogen, 8 per cent.
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available phosphoric acid, and 2 to 4 per cent. of potash. This can
be applied at time of seeding by using a drill with fertilizer attach-
ment. When clover has been turned under for corn and the latter
is followed by wheat an application of nitrate is generally advisable.
This ean best be supplied by a top dressing of nitrate of soda in
the spring, using 50 to 100 pounds per acre. Where barnyard
manure is used it is best to turn it under with the clover sod pre-
ceding the planting of corn. The most profitable results from the
use of commercial fertilizers with wheat are obtained where this
practice is followed.

Oats are not generally considered a paying crop, but this grain
fits in well with the customary rotation of crops. The ecrop is
valued chiefly for the straw, and when cut for hay it makes an
excellent roughage feed to use in conjunction with ensilage. The
ordinary yield of oats ranges from 30 to 40 bushels per acre. The
growing of cowpeas and soy-beans as a substitute for oats is being
tried by some of the more progressive farmers. Oats are generally
sown with an end-gate attachment at the rate of 24 to 3 bushels
per acre.

The production of hay as shown by the 1910 census, is only
about one-fourth that grown in 1880. In 1910 the number of
acres of clover hay is given as 2,667, which means that only one
acre in ninety is used for this purpose. It is evident from this
that clover is not generally included in the rotation of crops, or
if so it is turned under without being cut for hay. The latter
practice was not observed during the course of the survey.

The growing of alfalfa has received some attention in the county
in recent years, but its value as a feed has evidently never been
realized or its culture would be more general. It is especially well
adapted to the second bottom lands or high terraces along West
Fork White River. Ilowever, with proper attention it can be
grown on almost any soil in the county except the muck. Even
if it is not grown as a money crop its value as a nitrogen storing
agent should recommend its culture, especially upon the clay lands
or lighter colored soils of the county. It is never advisable to
sow alfalfa after the 10th of August, for unless it makes consider-
able growth before frost, it is liable to winter-kill. It may, how-
ever, be sown as early as the latter part of April. Where it is
sown on wheat land it is practicable to get the seed in between
July 15th and August 10th.

Hamilton County is becoming more and more a dairy country.
There is no better hay for dairy stock than alfalfa. The erop also
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has a high value in the permanent upbuilding of the soil, particu-
larly those soils which are lacking in humus, as is the case with
all the light colored soils of the area. Three to four cuttings a
year can be made with a yield of three to four tons per acre.

To suceeed with alfalfa it is necessary first that the land be
well drained, second that it be limed, third that it be thoroughly
inoculated, and fourth that it be thoroughly prepared and free
from weeds.! .

With proper attention fruit growing can be made a profitable
industry in this county, particularly in the southern part. It
has not flourished recently. There are many old and neglected
orchards in the county, and diseases and insect pests spread from
these and affect the more recent plantings. Modern methods of
control and state inspections are needed to put the industry on a
satisfactory basis.

Most of the farmers in Hamilton C'ounty follow some form of
crop rotation. It should be the purpuse of a crop rotation, 1st,
to get larger yields and profits, directly or indirectly; 2nd, to
distribute the work more evenly throughout the year; 3rd, to give
‘a more certain and regular income than is possible with a one crop
system; 4th, to maintain or better to increase the fertility of the
soil; Hth, to reduce to a minimum the injury from weeds, inseet
. pests, and diseases that frequently accompany the shiftless methods
of farming. The three main classes of erops to be considered in
a rotation are, 1st, small grain; 2nd. hay, and 3rd. cultivated erops.
In planning a rotation it is necessary to consider the income, the
needs of the land, the feed required by the stock, and the effect
of each crop in the rotation on another. It is thus a question
requiring more particular study of individual problems than can
be given in the prosecution of the soil survey. Every rotation
should, however, include at least one legume as a soil enricher.

The price of land has advanced rapidly in the past few years
and but little of it can be bought for less than $150 an acre, and
where it is well improved from $200 to $225 is often asked. The
more prosperous farmers are satisfied with their holdings and
refuse to put a price upon their land. The demand for suburban
property, particularly in the vieinity of the main transportation
lines, will undoubtedly cause a steady advance in the price of land.
As an index of the prosperity of the farmers it may be stated that
mortgage, indchtedness seenred by farm property in the county
decreased nearly 40 per cent. hetween 1908 and 1909.

1 For detailed information regarding the growing of alfalfa see Farmers' Bulle-
tin No. 339.
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Farm hands are paid from $20 to $25 a month, besides board,
lodging, washing, and feed for a driving horse. Harvest hands
and extra helpers receive from $1.50 to $2.50 per day. The manu-
facturing plants and public works in Indianapolis have drawn
heavily upon the labor of the county, so that desirable farm labor
is scarce. Most of the work is done by the owner and his family.

SOILS.

Hamilton County is covered with a mantle of till varying in
thickness from a few feet in the eastern portion of the area to as
much as 300 feet in the north and west portions. The mean aver-
age thickness is about 100 feet.

The glacial till is a stiff compact, clayey, matrix with which is
mingled sand, gravel, and bowlders in varying proportions. Some
of the rock is of local origin, but other kinds, for instance, granite,
gneiss, and trap rock, also found imbedded in the till and strewn
over the surface, have been brought from the Lake Superior region,
whence they were carried by the ice. In’the eastern half of the
county the Niagara limestone underlies the glacial deposits, and
the rock outerops in the valley of West Fork White River above
and below Strawtown, and in the valleys of Fall and Stony creeks.
It appears near the surface at a few other points in the area. The
Devonian measures underlie the till in the western half of the
county, but are not exposed at any point.

It is from the glacial till that the upland soils of the arca have
been derived. The alluvial soils or bottom lands represent stream
deposited material composed largely of wash from the upland soils.
The underlying rocks have directly contributed little if any of the
materials of which the soils of Hamilton County are composed,
but they may have contributed to the ice-ground mantle covering
the uplands from which the various types are derived.

The drift or till is largely of foreign origin and is more or less
general in distribution. It is said to belong geologically to the late
Wisconsin stage of glaciation and represents materials which were
ground and mixed by the sheets of ice which in prehistorie time
advanced over this region as a great ice sheet or glacier. On melt-
ing there was left a mass of finely ground rock material. Since
this time the mantle of glacial debris has been acted upon by the
various agencies of weathering, water, air, vegetation, change in
temperature, ete., and changed to give the present soils. The more
uniform silty surface layer is frequently underlain at about 2 to
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6 feet by sandy or gravelly material. This accounts for the high
content of silt in the upland soils. The bottom lands, along the
larger streams, are more sandy, owing to the wash, not only from
the silty upland soils but from exposures of the coarser substratum.
‘Where the drainage has been more sluggish along the smaller
streams the bottom lands are also quite silty.

Five series of soils were mapped, including the Miami, Clyde,
Fox, Waukesha, and Genesee. In addition the miscellaneous soils
Meadow and Muck are encountered.

The Miami series is the most extensive in point of area. This
series, including two types, the Miami silt loam and Miami loam,
is characterized by the brownish color of the surface soil and the
lighter brown or yellowish-brown color of the subsoils. The soils
occupy undulating to gently rolling to nearly level, well defined
areas. The material is derived from glacial till.

The Clyde soils, which also represent an extensive upland series,
including the loam and silty clay loam types, are derived from
glacial till, but they differ from the Miami in having black soils
rich in organic matter. They occupy poorly drained situations
which have favored the accumulation of dark colored organic mat-
ter. There has been considerable washing in of soil material over
the depressions, from the adjacent higher land. The overflowed
first bottom lands were mapped as Genesee loam, Genesee silty clay
loam, and as Meadow ((Genesee material). The Genesee loam
occurs mostly along West Fork White River and the larger streams,
while the silty clay loam is found along Stony, Mud, and Fall
creeks and some of the smaller streams. The Genesee soils are
composed of brown colored alluvial material representing wash
from the uplands which was deposited by stream overflow. The
classification Meadow comprises alluvial material so variable in
texture that satisfactory separation into definite types could not be
accomplished. The material in the main, possesses the character-
istics of the Genesee.

The Fox and Waukesha soils are confined to the stream terraces,
the second bottoms, which were built up by the overflow waters
when the streams were flowing at higher levels than at present,
just as the present first bottoms are being built up by additional
deposits from local successive overflow. The Fox series includes
the brown colored terrace soils, while the Waukesha series includes
the black soils. The Waukesha soils differ from the Sioux, which
are also black terrace soils, in its mineralogical composition, con-
taining less limestone material.
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In the subsequent chapters the various types are described in
‘detail.

Miami SiLt Loam.

The surface soil of the Miami silt loam to an average depth of
about 8 inches is a compact silt loam of light-brown color when
wet, but having a grayish surface when dry.  The soil below the
surface is also frequently a grayish-yellow or ereamy-yellow when
partly dry. Below 8 inches and to a depth of 12 to 15 inches the
color changes to grayish-brown, with a gradation in texture from
the silt loam to a silty clay loam. Below this depth the subsoil is
a yellowish-brown silty clay mottled with gray, grading into a
darker brown friable silty clay containing an appreciable amount
of sand and fine gravel. The darker brown material, bowlder
clay, is encountered at 24 to 30 inches, where the surface is level
to gently undulating and at 18 to 20 inches where the surface is
more broken or hilly. The soil under the latter condition, however,
approaches more nearly the Miami loam. Areas of this kind are
found generally in the vieinity of stream courses.

Below 3 or 4 feet the substratum gradually becomes lighter,
both in eolor and texture, and at a depth of 8 or 10 fect a large
per cent. of the soil mass is made up of sand and gravel. Below
this a stratum of drab to bluish clay is frequently encountered,
which in turn is underlain by strata of sand and gravel. The lat-
ter condition is more general along the stream courses. The de-
posits are less stratified farther back from the stream valleys.

The Miami silt loam, being derived from glacial till, is fairly
uniform throughout the county, but slight local variations in the
surface soil exist as the result of inequalities of drainage. Upon
the crests of the knolls and ridges the soil is more sandy, with a
few chert, granite, and quartz pebbles strewn upon the surface.
Where the type occurs as level or slightly undulating areas, the
surface soil often presents a leached or ashy colored appearance,
due to its natural poorly drained condition. It is not as produe-
tive as the better drained areas in which the soil is darker colored.
Where the drainage is inadequate the subsoil is mottled, cold, and
heavy, while in the case of the better drained arcas, the subsoil
is darker, frequently of a vellowish-brown color and is more open
and porous, allowing a freer circulation of air and water. Such
conditions render it more productive.

The Miami silt loam is the most extensive type in the county
and includes a greater part of the better drained uplands. It is
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distinguished by its light color and is known locally as ‘‘clay”’
land. The term thus applied probably has reference to the ten-
deney of the soil to clod if plowed when wet, as its texture is that
of a silt loam and not a clay. The tendency of the soil to run
together is due mainly to the insufficiency of organic matter.

The Miami silt loamn is not only the most extensive but also the
most widely distributed type in the county, being found in all
parts except along the larger streams, where a similar though
lighter textured soil of rolling surface oceurs. Throughout the
northern half of the county the Miami silt loam is fairly evenly
distributed with the Clyde silty clay loam, but in the southern,
particularly the southwestern portion of the county, the area of
this type far exceeds that of all others. In the more nearly level
sections it occurs as low, flat ridges and knolls interspersed with
the ‘‘black lands,”” or Clyde soils. The type is best developed
in the southwestern portion of the county along the Marion County
line.

In the early settlement of the county the pioneers naturally
preferred this soil to the ‘‘black lands,’’ because of its better drain-
age. When first cleared it was darker in color than at present,
being rich in humus, and was very productive. Continued crop-
ping, frequently without rotation has largely depleted the humus
supply. To this is due its light color or leached appearance, the
low yields of certain crops, and the tendency of the soil to run
together when wet and to bake or clod upon drying. The latter
condition can never be remedied until sufficient organic matter has
been incorporated with the soil to keep it loose and mellow. Liberal
applications of finely ground limestone will aid in mellowing up
this soil as well as help to stimulate the action of bacteria in storing
nitrogen in the roots of clover and other leguminous crops. This
soil showed a decided acid reaction wherever tests were made, indi-
cating the need of lime. Ground limestone can be used to advan-
tage for this purpose. Applications of phosphatic fertilizers, either
as ground phosphate rock, or in the more soluble form of acid
phosphate, should increase the yields. Subsoiling, supplemented
by deeper plowing each year will aid materially in increasing the
water holding capacity of the land.

The existence of the Miami silt loam in any particular field
can usually be told by the early growth of corn, oats, clover, ete.
Tt will be noted that the black land areas, the Clyde soils, produce
a much more vigorous growth of these crops, and this is reflected in
the yields, a mean average for several successive years showing

6—33700
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that the yields of corn, oats, and hay from the Miami silt loam are
but little more than half as great as obtained from the Clyde silty
clay loam. This is offset to some extent, in the case of the grains,
by the better quality of the product of the Miami soil. This type
is well adapted to wheat, and the best soil in the county for that
crop.

The growing of sorghum for molasses gives promise of being
an important industry in the vicinity of Westfield. The lighter
phase of this type is particularly well adapted to this purpose, as
it produces a mild-flavored, light-colored sirup.

‘While larger yields of tomatoes are obtained on the Clyde soils,
a finer and more highly flavored tomato is produced on the lighter
colored soils, where the vine growth is less luxuriant. The toma-
toes grown on the Miami are less subject to decay than those grown
on the darker Clyde soils. Peas as well as tomatoes, are grown
on this soil for market and canning. Ground limestone or burned
lime improve the yields and quality of the produects.

A winter cover crop of some kind should always be sown upon
this type. Wheat is generally used for this purpose, but rye to
be turned under in the spring where corn is to follow, makes an
exeellent erop for the purpose. If this practice is followed there
will be less tendency for the soil to elod.

The Miami silt loam is not generally valued as highly as the
black lands, the average price being about $150 an acre. Adjacent
to the towns and villages it ecommands a higher price. Some of
the best improved farms in the county are located upon it and
where up-to-date methods are being employed the returns from this
soil are being increased, the crops being more certain than upon
the Clyde soils.

The native forest growth consisted of beech, black walnut, white
oak, yellow poplar (tulip), sugar maple, white ash, chinquapin
oak, red oak, shell bark, hickory, hazel nut, pawpaw, redbud, wild
plum, and dogwood. Only small scattered areas of forest remain.

Mrami LoaM.

The surface soil of the Miami loam, to an average depth of 10
or 12 inches is a brown to yellowish-brown silty loam or loam,
grading into a darker silty elay loam. Below 18 to 20 inches the
subsoil is a dark-brown friable silty clay to sandy clay with an
appreciable amount of fine gravel. The content of sand and gravel
increases with depth so that below 3 or 4 feet a lighter colored
gravelly loam is encountered. Erosion, which tends to remove the
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finer material from the till, has been the main factor in differ-
entiating this soil from the Miami silt loam.

This type occupies the more rolling uplands in the vieinity of
the larger stream courses, and the larger morianie ridges through-
out the area. 1t is confined almost entirely to the southern half
of the county where the rivers and crecks have cut deeper into the
glacial till plane, causing more active erosion in the vicinity of their
stream valleys.

This type is rolling to hilly, the greatest relief being found
along Hinkle Creek in the vicinity of Deming. No definite bound-
ary exists between it and the Miami silt loam, the change from
one to the other being very gradual, both as regards texture and
topography. The texture does not always follow the rolling topo-
graphy, for even these rolling areas are sometimes quite silty and
could easily be classed with the Miami silt loam in this respeet. In
the vieinity of West Fork White River a level to undulating plane
is sometimes encountered where the soil is darker in color than the
Miami silt loam, but otherwise like that type. This intermediate
phase of the types is well drained and is quite productive.

The Miami loam as a whole is probably better suited to fruit
culture than to general farming, as it is often too rolling for the
successful use of machinery. Existing orchards are profitable.
The dark colored phase described above is one ot the best wheat
soils of the county.

In some places this type is sufficiently steep to warrant its being
terraced, but no terracing is practiced in the area to prevent wash-
ing of the hillsides. The steeper slopes should be kept in sod
whenever it is practicable to do so.

CLYDE LoiM.

The surface soil of the Clyde loam to an average depth of 10
inches is a black loam to silty clay loam. This grades into a bluish-
black silty elay loam. This in turn is underlain at 18 to 20 inches
by a drab or gray silty elay, mottled with yellow or brown. In the
lower depths the mottling is darker. Below 30 to 36 inches the
subsoil becomes lighter in texture, being often a fine sandy clay.
The water table is frequently encountered at this depth, so that
the clay is soft and putty-like.

The dark color of the surface soil is due to the high content of
organic matter. The soil when wet has a slightly pasty consistency
for the same reason. The amount of this organic matter, however,
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is not sufficient to justify its correlation with the Muck, although
the two are sometimes confused by the farmers.

The Clyde loam is commonly referred to as prairie land, similar
lands being called wet prairie in other parts of the State and in
Illinois. The term prairie as applied to these areas has reference
to their original treeless condition. They represent depressions or
swamp lands which in their natural state were covered with water
a greater portion of the year. Hay was cut from the better drained
areas by the early settlers, and was the chief source of this crop at
that time. The native vegetation consisted largely of sedges,
grasses, cattails, flags, ‘‘button bush’’ and willow. The annual
decay of this vegetation has supplied the store of organic matter
found in the soil.

‘Where the soil is loose and mucky it is generally ‘‘chaffy’’ or
fluffy. Corn grown upon these areas burns or turns yellow before
it is fully matured. This condition is more noticeable when the
land is first put under cultivation. The free use of barnyard ma-
nure, deeper plowing and thorough cultivation to increase aeration
of the soil as much as possible will tend to eorrect this chaffy con-
dition. The liberal application of potash fertilizers is also recom-
mended as a means of increasing the yields from this type.

The occurrence of this type in Hamilton County is limited to
a small body about one-half mile west of Sheridan, which has
been reclaimed by artificial drainage. It is used mostly for corn
and oats. Being situated near the town of Sheridan, with ample
railroad facilities, trucking would be more profitable, as this soil
is particularly well adapted to cabbage, beets, turnips, Irish pota-
toes, cauliflower, celery, ete. The only other area mapped is located
in Section 8, T. 19, R. 5.

CrLypE SiLty Cray Loam.

The Clyde silty clay loam includes a greater part of what is
known locally as the ‘‘black lands.”” It was originally of a semi-
swampy nature but in recent years it has been drained artificially
and now constitutes one of the most productive types in the area.
It is particularly well adapted to corn. The term ‘‘black land’’
as applied to this type has reference to the dark color of the sur-
face soil, the result of its high content of organic matter, which
accumulated as vegetable remains when these areas were in a semi-
swampy condition.

The surface soil of the Clyde silty clay loam to an average depth
of 8 inches is a dark-brown to almost black heavy silt loam to silty
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clay loam. As the surface dries it has a grayish-black appearance.
The dark color of the soil is proportionate to the percentage of
organic matter present. The latter affects also the chemical and
physical properties, the soil being enriched by this material, and
its power to hold water increased. The subsoil from 8 to 20 or
24 inches grades from bluish-black to drab or gray, with brown
iron strains below 12 to 15 inches. The texture of the subsoil
for the first few inches is a silty clay loam which in turn is under-
lain by a stiff, plastic clay to a depth of 24 to 30 inches. Below
this depth a gradual transition from the stiffer clay to a deeply
mottled lighter textured silty to fine sandy clay is encountered.
Where this type follows the natural drainage channels it is gen-
crally underlain by sand and gravel at various depths, the average
depth being 6 to 8 feet. The gravel and sand is usually highly
stained with iron.

Although the Clyde silty clay loam is derived from the same
materials as the Miami silt loam—glacial till of the late Wisconsin
period—topographic differences are sufficient to form distinet types
of soil. The former type occupies the lower lying areas or depres-
sions in the uplands, originally deficient in drainage, while the bet-
ter drained uplands are largely occupied by the Miami silt loam.
During the early settlement of Hamilton County the Clyde silty
clay loam was covered with water or semi-swampy during certain
seasons of the year and little or no agricultural value was attached
to these lands. But with the building of good roads and adequate
drainage outlets the type has been gradually brought under culti-
vation and now includes some of the most productive and high
priced lands in the area. Farms often bring as much as $200 to
$225 an acre, and the selling price is frequently based on the num-
ber of acres of black land they contain.

The Clyde silty clay loam is darker in color and heavier in tex-
ture where the surface soil is only 6 to 8 inches deep. The per-
centage of organic matter is greater near the center of the areas or
at the lowest point.

This type occurs widely distributed over the county, but the
main bodies are confined chiefly to the northern and eastern por-
tions. In the vicinity of Sheridan it is the predominating type.
Between Cicero and Duck creeks its acreage is about the same as
that of the Miami silt loam. In the eastern and southeastern parts
of the county the latter type predominates, while in the south-
western part, its extent is proportionally less. The type occurs as
irregular shaped bodies throughout the uplands.
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The CGlyde silty clay loam is especially well adapted to corn, and
yields of 60 to 80 bushels per acre are not infrequent. Qats pro-
duce a heavy stand and lodge badly in rainy seasons. 1f the season
is favorable, 50 to 60 bushels per acre are gencrally obtained.
Clover produces a rank growth and with timothy produces from
1} to 2 tons or more hay per acre. In the vicinity of the towns
in which canning factories are located this type is used extensively
for growing tomatoes, chiefly because of the heavier yields.
For domestic use where a firmer tomato is desired they should be
grown upon the lighter colored Miami soils. Tomatoes grown upon
the Clyde soil decay more readily, and during wet seasons much
of the crop is lost in this way.

Where commerecial fertilizers and barnyard manure are to be
applied it is better to use the commerecial fertilizers upon the Clyde
silty elay loam and the barnyard manure on the lighter colored
soils, which have a lower content of organic matter. For use upon
this type a mixture having 8 to 10 per cent. of phosphoric acid
and 4 to 5 per cent. of potash, is recommended. Nitrogen is not
generally needed, and where its use is advisable can best be sup-
plied by growing legumes in the rotations.

The surface of this type is flat to depressed, and artificial drain-
age is required to remove the surface waters. Open ditches were
first employed, but these have generally been replaced in recent
years by tile drains.

With proper drainage and liming alfalfa could be grown upon
this type, but since it is used so extensively for corn and oats,
legumes that occupy the land for shorter periods, such as clover,
veteh, cowpeas, or soy-beans, are probably more profitable.

The native forest growth consisted of swamp white oak, white
elm, swamp pin oak, silver maple, bur oak, black ash, cotton wood.
green ash, prickly ash, and willow. Spice bush, button bush, and
wild rose are characteristic plants of smaller growth.

Fox GRAVELLY SANDY LoaM.

The surface soil to a depth of 10 inches is a brown gravelly
sandy loam. The subsoil is a brown gravelly sandy clay.

This type is very open and porous and admits of a free cireula-
tion of air and moisture. The substratum below 3 to 4 feet is
more often a coarse gravel so that its natural drainage is adequate
if not excessive. In dry weather this soil suffers from drought, but
by keeping it well stocked with organic matter this difficulty may
be overcome to some extent.
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The Fox gravelly sandy loam ocecurs upon the high terraces on
the north side of West Fork White River in Sees. 16, 19, 20, T.
19, R. 5.

It occurs in small bodies associated with the Fox loam and has
a limited acreage in the county. It forms narrow strips.

This type would be well suited to trucking, being especially well
adapted to sweet potatoes, watermelons, cucumbers, cantaloupes,
and other crops requiring a light-textured, friable soil.

Fox Gravelly Sandy Loam—Poorly Drained Phase.—The Fox
gravelly sandy loam, poorly drained phase, occupies only a few
acres of the S. W. 1 of Sec. 23 and the N. W. 1 of Sec. 26, T. 18,
R. 4. The surface soil to a depth of 6 or 8 inches is a grayish-
brown, coarse sandy loam or gravelly sandy loam, the percentage
of sand and gravel being quite variable over small areas. The sub-
soil ranges in texture from a gravelly sandy loam to a light-gray,
iron-stained sandy clay. The texture is heaviest at 20 to 24 inches.
Below this the material becomes more sandy and in the lower depths
very gravelly. In some places the subsoil is mottled with bluish
and drab colors, but for the most part it is light gray. Where
this soil is plowed a rather high percentage of fine to medium gravel
accumulates on the surface.

The poorly drained phase of the Fox gravelly sandy loam re-
quires drainage to improve its physical condition. Undrained areas
are cold and soggy. The place occurs on second terraces of West
Fork White River and is made up of reworked sedimentary mate-
rials assorted and laid down by the river at the time when it flowed
at a higher level than at present.

This type is at present valued chiefly for the production of hay,
but is sometimes used for corn. It cannot be rated as a strong
soil and can probably be best reserved for pasture and hay pro-
duction.

Fox Loawm.

The soil of the Fox loam to an average depth of 12 inches, is
a mellow brown to yellowish-brown light, silty loam or loam, grad-
ing into a yellowish-brown silty clay loam. At 18 to 20 inches the
subsoil is a brown friable silty clay to gravelly sandy clay, similar
to the bowlder clay which underlies the Miami silt loam. Below 3
to 4 feet a coarse gravelly sandy loam is encountered, which in turn
is underlain by coarse gravel.

The Fox loam occupies high terraces along the larger streams
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in the southern part of the county. A greater proportion of the
type is found along West Fork White River.

The Fox loam is known locally as second bottom land, although
it occurs on both the second and third terraces above the river. It
is also called ‘‘sugar tree flats.”” The boundary between it and the
Genesee loam is very distinet. In some places it rises to 30 feet or
more above the first bottomn lands. = The boundary between it and
the upland types is not so marked, although in some places a fairly
well-defined bluff or sharp slope, 10 or 20 feet high, was observed.
The surface is generally level, except along Fall Creek in the south-
eastern part of the county, where the surface is more undulating.

The Fox loam differs from the Miami silt loam in that the sur-
face is coarser in texture and darker in color. The soil contains
less silt and the subsoil a much larger percentage of gravel than
either the Miami silt loam or Miami loam. The open, porous nature
of the subsoil allows a freer internal movement of moisture, the
type warms earlier, and crops make a more rapid growth. They
are also somewhat more subject to injury by drought. This type
reaches its maximum producing capacity in wet seasons, when the
Clyde silty clay loam, Genesee loam, and other types are too wet to
produce average yields. The Fox loam is very easy to cultivate
and a mellow seedbed is readily obtained.

The Fox loam occurs on one or the other side of West Fork
White River throughout its course. It is sometimes found upon
opposite sides of the river, but in general it shifts back and forth
from one side to the other. The town of Noblesville is located upon
this type. The type is probably of alluvial origin, having been
deposited when West Fork White River flowed at a higher level
than at the present time.

The largest continuous body of this type occurs south of Nobles-
ville, extending thence to the county line. This area is nearly 3
miles in width. The average width of the strip, however, is only
about 1 mile. Narrow strips of the type are found along Stony
Creek, a considerable acreage of it along Fall Creek, and smaller
areas along Mud Creck and Cool Creck, the former, a tributary of
Fall Creek.

The Fox loam is a good general farming soil. It is used for
the production of corn, hay, oats, and wheat, being better adapted
to the latter. Alfalfa does especially well upon this type, but for
the best results it must be limed frequently. Alfalfa well tended
should yield better returns from this soil than from any other
type in the county. The soil is also well adapted to potatoes, toma-
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toes, peas, and beans and other truck crops, and their culture should
be extended. A large proportion of the type has easy access to
the Indianapolis markets.

Land of the Fox loam type is valued at $150 to $175 an acre,
although some of it is held as high as $200 or more an acre.

The native timber growth was largely hard maple, from which
fact it takes the local name ‘‘Sugar Tree Flats.”” The native
forest included also white oak, beech, black walnut, and other hard-
wood species.

‘WaukEesHA SILTY CLay LoaM.

The surface soil of the Waukesha silty clay loam, to an average
depth of 9 inches, is a dark-brown to black, heavy, silt loam or silty
clay loam. The subsoil is a bluish-black silty clay grading into a
drab-colored material. Below 30 inches it is of a lighter gray
color and slightly sandy. The Waukesha silty clay loam is similar
in general appearance and texture to the Clyde loam, except that
in most areas it is not quite so dark in color.

This type occurs as low-lying or depressed areas along the outer
margin of the higher terraces of West Fork White River. It is
confined to the southern part of the county, where the second ter-
races have their greatest development, being found in Sees. 27, 33,
and 34, T. 18, R. 4, and in Sees. 7, 8 and 9, T. 17, R. 4. To its de-
pressed surface and the annual accumulation of decayed vegetable
matter is due its dark color and loamy structure. A small area is
also found along Prairie Creek in Secs. 13, 23, and 24, T. 19, R. 5.
Its position upon the terraces along West Fork White River and
particularly near the confluence of some of the smaller streams
with the river indicates that the material consists of old alluvium.

Most of this type has been reclaimed by artificial drainage and
devoted to corn culture. Heavy yields are obtained. In small
areas, throughout the type, the soil is inclined to be ‘‘chaffy.’’ This
unfavorable condition can be gradually remedied by deeper plow-
ing and by liberal application of barnyard manure, as was sug-
gested for the Clyde loam, where similar chaffy conditions are
found. The use of ground limestone and potash fertilizer, properly
applied, would also increase the yields from this type.

Thus far the cultivation of this land has been confined largely
to the growing of corn, though some oats and hay are produced.
The yield of corn is heavy, averaging 50 to 60 bushels per acre.
Oats make a luxuriant growth and lodge badly. Grasses also pro-
duce a rank growth and the quality of hay is not generally as good
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as that grown upon the uplands, or upon the Fox loam. Owing
to the natural fertility of this land and the growing demand for
corn, the tendency is to keep the fields in this erop almost eontinu-
ously. In time the present high yields will be reduced unless erop
rotation is practiced.

GENESEE GRAVELLY SANDY LoaM.

The surface of the Genesee gravelly sandy loam, to a depth of
15 to 18 inches, is a brown to dark brown gravelly sandy loam,
very similar in texture to the Fox gravelly sandy loam. The sub-
soil varies from a gravelly sandy clay to a gravelly loam. Below
24 to 30 inches it is more often a coarse gravel.

The Genesse gravelly sandy loam occurs in small bodies in the
first bottoms along West Fork White River. It is subject to over-
flow and additional deposits of the coarser materials borne by the
river are constantly being laid down over the surface.

This type is open and porous and air and moisture circulate
freely through it, and drainage is adequate if not excessive, owing
to the underlying gravel. The water table is generally near enough
the surface, however, to be within capillary reach of the root zone
and the crops are able to withstand ordinary periods of droughts.

The Genesee gravelly sandy loam is used with the Genesee loam
for growing corn, and oats or for pasture. The land being subject
to overflow, fertilization is not so necessary as on the upland soils.

Only a small acreage of this type is found in the county. It
occurs as narrow strips along West Fork White River in Sec. 2,
T. 19, R. 5, northeast of Strawtown, and in Sees. 21 and 30, T. 19,
R. 5 and Seec. 36, T. 19, R. 4, north of Noblesville, and Sees. 1, 12,
23, and 26, T. 18, R. 4, south of Noblesville.

GENESEE SiLTY Cray LoaMm.

The Genesee silty clay loam occurs largely along the smaller
streams, and is the heaviest first bottom land type in the county.
The surface soil, to a depth of 10 or 12 inches, is a brown, heavy
silt loam to silty clay loam. The subsoil is a brownish silty clay
grading into a drab or steel-blue stiff plastic clay, mottled with
dark-brown or reddish-brown iron stains. The color of the subsoil
becomes lighter with depth. Along Stony Creek the subsoil con-
tains an appreciable amount of sand in the lower depths. The soil
along this creek is also less uniform in texture than eclsewhere.
‘Where the areas lie ahove the level of usual overflow the soil is a
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light-brown loose silty loam to 18 or 20 inches, below which it is a
drab, mottled silty to sandy clay.
. The Genesee silty clay loam forms the first bottom land along
Little Cicero, Taylor, Stony, Mud, Cool and Dismal creeks, Dry
Branch, and other small streams. It occurs as narrow strips, the
valleys being seldom more than one-eighth to one-fourth mile in
width. The largest area occurs along Mud Creek above the mouth
of Sand Creek. It is in this body that the type finds its most typi-
cal development.

The Genesee silty clay loam like the other first bottom soils,
is of alluvial origin, the material being derived largely from re-
worked glacial till deposited by the streams along which it ocecurs.
Only a small per cent. is washed in from the adjacent uplands.
Near the banks of the streams lighter textured materials, generally
oceur, and where it was of sufficient extent to map separately it
was included with the Genesee loam. The heavier materials were
deposited in the outlying bends and wider portions of the valleys.
Most of the streams along which this type occurs have been straight-
ened and deepened by dredging, so that practically all of the land
which was formerly poorly drained is now under cultivation.

This type is especially well adapted to corn, and some of the
largest yields of the county have been obtained from this type.
Yields of 80 bushels per acre are not infrequent, though the average
is probably close to 60 bushels per acre. Heavy yields of oats are
sometimes obtained from this type, but the late springs and wet
condition of these bottom lands frequently prevent the planting of
this crop. It is an excellent grass soil and an average of 2 tons
of hay per acre is obtained. As much of it is subject to overflow,
it does not require as heavy fertilization as the upland soils.

If this type is cultivated under normal moisture conditions a
good loose tilth is obtained, hut if plowed wet it forms large, com-
pact clods which cannot be readily broken down by subsequent
cultivation. Too often the farmers in their haste to get in their
crops, disregard this matter of moisture condition, and the physical
condition of the soil is thus frequently impaired for more than one
season.

The native vegetation upon this type consists of swamp, white
oak, silver maple, bur oak, white elm, swamp or pin oak, black
ash, cottonwood, and other hardwoods.
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GENESEE LoaM.

The Genesee loam includes the greater part of the first bottom
lands along the larger streams. It occurs chiefly along West Fork -
‘White River, Cicero and Fall Creeks.

The surface soil of this type, to an average depth of 12 to 15
inches, is a medium brown to dark-brown loam, underlain by a
yellowish-brown silty clay or sandy to sandy clay or clay loam.
Below 24 to 30 inches sand and gravel are frequently encountered.
The type is subject to local variations over small areas, owing to
the unevenness of distribution of the alluvial materials. Where
the first bottom lands are narrow and the currents at times of
overflow are swift the alluvial materials thus deposited are coarser,
the texture being more often a medium to fine sandy loam, but in
the outlying bends where the waters are less turbulent the soil
i8 heavier and is more nearly a light silt loam or heavy loom. The
subsoil is also quite variable, the soil being underlain frequently
by medium to fine sand at various depths. This phase of the type
occurs mostly in proximity to the stream courses.

The Genesee loam is found most extensively along West Fork
White River, and Cicero and Fall Creeks. It also occurs as narrow
strips along Little Cicero, Dock, Pipe, Mud, Cool, Williams and
Hinkle creeks. The widest area is found in the Strawtown bend of
West Fork White River, northwest of the town, where there is an
area nearly a mile in width. The soil in this body is a rich brown
loam, with a yellowish-brown subsoil. At other points along the
river the areas are rarely more than one-fourth to one-half mile
wide. Along Cicero and Fall creeks they seldom exceed a quarter
of a mile in width, and along the other creeks much narrower strips
exist. The soil in the smaller bottoms is sometimes influenced by
wash from the adjacent uplands.

The Genesee loam is an alluvial soil, being composed of mate-
rials washed from the upland glacial soils and reworked and rede-
posited by the streams, along which it occurs. Except for a few
small depressions or low sand ridges,, the surface is generally level.
This type was formerly poorly drained but with the installation
of tile drains, open ditches, ete., a greater part of the type is now
under cultivation. The open structure of the soil and subsoil per-
mits of the ready percolation of the surface waters, so that the soil
dries out rapidly after floods.

The original timber growth was principally silver maple, white
elm, sycamore, buckeye, red oak and hickory.
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The Genesee loam is an easy soil to cultivate and breaks up
readily into a rich mellow loam. The additions of fresh alluvium
from year to year tend to keep the soil in a productive eondition.
Large yields of corn are annually obtained from the same fields.
Oats and grass also produce well, the yield of oats ranging from
50 to 60 bushels, and of hay from 1} to 2 or more tons per acre.
Occasionally crop rotations are followed, but generally the fields are
planted to corn year after yecar, or the land used for grass and
pasture, being plowed only when the sod fails or the field is needed
for corn. Wheat is sometimes grown upon this soil, but usually
only on areas lying above overflow. This type is best adapted to
the production of corn.

Near the learger towns or shipping points this type could be
profitably used for trucking, being especially well adapted to
watermelons, cantaloupes, potatoes, particularly sweet potatoes,
peas, beans, tomatoes, ete. Alfalfa is being tried upon the higher
portions of the type, which are above annual overflow and it is
reasonable to expect that the results will justify the extension of
the crop to a larger acreage. Cowpeas, soy-beans, vetch, and clover
are all well adapted 1o the better drained areas and their inclusion
in regular erop rotation should not be overlooked, especially where
stock is to be fed upon ensilage.

The following table gives the results of mechanical analyses of
the soil and subsoil of this type:

MECHANICAL ANALYSES OF GENESEE LOAM.
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Muck.
The areas mapped as Muck are referred to locally as ‘‘made

land.”’ They are of very small extent in Hamilton County. The
largest body occurs about 3 miles north of Noblesville, and is
called Fox Prairic. Another considerable body is found along the
upper course of Prairie Creek in the eastern part of the county.
Small areas occur in See. 33, T. 20, R. 4; Sees. 10 and 15, T. 18,
R. 4; Secs. 14 and 23, T. 18, R. 4; See. 5, T. 20, R. 3.
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Muck consists mainly of vegetable remains in various stages of
decomposition. It is black or dark brown in color, and varies in
depth from a few inches at the margins of the areas to 3 feet or
more at their center. There is but little change in color with
depth, but the deeper material is usually in a less advanced stage
of decomposition, resembling peat. The mass of organic remains
is usually underlain by a bluish-black, stiff, plastic clay or silty
clay which grades into a heavy drab-colored or gray mottled silty
clay, or clay. In some places an impure shell marl is found in
the subsoil or substratum. Along the margins of the larger areas
considerable mineral matter in the form of fine sand and silt have
become incorporated with the Muck.

Peat is occasionally found with the Muck, but in too small
arcas to be mapped separately. It represents a more fibrous and
less decomposed mass of vegetable matter than Muck. It usually
occurs near the center of the bodies of Muck where the accumula-
tion of organic matter has been more recent and has not under-
gone as thorough decay, though it sometimes occurs in spots
throughout a given area.

The areas occupied by these organic soils were at one time
shallow lakes or ponds which have been gradually filled with the
accumulated remains of different forms of aquatic vegetation.

The native sedges and grasses flourishing on the areas of Muck
were the chief sources of hay for the early settlers. The water
table was near the surface and the drainage was originally poor,
but this has been remedied to a great extent by the construction
of large open ditches which form outlets for many small tile drains.
Further improvements may be brought about by the construction
of open ditches along the margin of the swampy areas to intercept
the drainage from the adjacent uplands and prevent the tem-
porary flooding of the fields during heavy rains.

The greater part of the Muck has been brought under cultiva-
tion, though a few areas are still suitable only for pasture. Corn,
oats, and timothy are at present the chief crops. Corn will yield
from 50 to 60 bushels, and oats from 40 to 60 bushels per acre.
The latter crop is not very successful, however, as the straw makes
a rank growth and lodges badly. Timothy is easily seeded and
does well, making a very rank growth. But it usually ‘‘burns’’
the ground and does not yield as much hay as other soils. Alsike
clover is well adapted to this soil and should be grown in com-
bination with timothy.
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Early and late frosts are very injurious to erops grown on soils
of this type. It is often necessary to replant corn two or three
times, and early fall frosts sometimes prevent the corn from ma-
turing.

This soil is especially adapted to onions, cabbage, celery, Irish
potatoes, beets, turnips, caulifiower, and other garden products
and has been successfully handled in the production of such crops
in Northern Indiana and adjoining States, but transportation facil-
ities in most cases hardly warrant the growing of such special
crops for commercial purposes in the area.

Applications of potash salts and phosphatic fertilizers are very
advantageous to these soils. Coarse barnyard manure and lime are
also beneficial.

MEeapow (Genesce material).

‘Where the bottom lands are subject to frequent overflow the
alluvium deposited is usually of a miscellaneous character and can-
not be correlated with any established soil type. The term
Meadow has been used to cover these conditions and as here em-
ployed denotes a generalized type embracing the low-lying, flat,
poorly drained areas along certain minor stream courses. If shown
in detail the included types would be classed with the Genesec
soils. The predominating material is a heavy silt loam, dark brown
in color. Because of its constant change from year to year, as the
result of fresh deposits from overflows, there is a wide variation in
the color, composition, and texture of the soil, as also in local drain-
age and surface conditions, and boundaries between Meadow and
the other alluvial types of similar origin and topographic position
must necessarily be arbitrary ones, and subject to future modi-
fication.

The subsoil is prevailingly a mottled drab or grayish silty clay
somewhat heavier in texture than the soil. Near the stream channel
it may be lighter in texture, but throughout most of the area sub-
ject to annual overflow the sediments are fine, so that soils are
rather heavy.

Meadow areas in their natural condition are ordinarily too wet
for cultivation, yet they are not permanently swampy. Most of
this poorly drained land in Hamilton County has been reclaimed
by dredging and straightening the stream channels. Corn is the
chief cultivated crop upon such areas and where they are properly
drained excellent yields are obtained. Where the valleys are deep
and narrow and the surface is frequently broken in shallow de-
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pressions or marshy places, the chief value of the land is for pas-
tures. Complete drainage of Meadow is not essential for this use,
and the greater part of the Meadow in the county is being utilized
in this way. The native forest growth consisting of silver maple,
white elin, sycamore, and red oak, is usually allowed to remain.

The acreage of this type is very small. It is confined to a few
narrow strips along Sand, Tharp, Hinkle, Mud, Prairie, Bear
Crecks, and Long Branch, and the other small streams of the
county.

SUMMARY.

Hamilton County is situated slightly north of the geographical
center of the State of Indiana. It has an area of 399 square
miles or 255,360 acres.

The surface varies from level to undulating, becoming broken
near some of the streams, particularly in the southern part of the
county along Hinkle and Fall creeks and West Fork White River.
The elevation ahove sea level ranges from 800 to 950 feet.

‘West Fork White River and its tributaries control the drainage
of the entire area. The river has a general southern course through
the county.

The first settlement in the area was made in 1818. The county
was organized in 1823. The greatest activity in settlement came
in the fifties.

Noblesville, the county seat and chief business center, with a
population of 5,073, is located near the center of the county. There
are twenty other towns and villages in the area.

The population of the county is 27,026, of which about 15,000
is rural.

The county possesses an excellent system of free pikes and seec-
tionized gravel roads, and there are only a few miles of unim-
proved roads within its borders. All toll roads have been abol-
ished.

Transportation facilities are afforded by three railroads and
one electric line.

There are a number of manufacturing industries in the county,
but it owes its prosperity chiefly to its produective soils.

The area is highly developed and prosperous. Good homes,
towns, schools, churches, excellent roads, telephone lines, electrie
railways, and rural mail delivery, are among the advantages en-
joyed.

The mean temperature for the winter months is 31° F., for the
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summer 74° K. The average rainfall is about 41 inches, and the
precipitation is evenly distributed throughout the ycar. The period
between killing frosts is about 53 months.

Corn is the principal crop, the average yield for the county
being 45 to 50 bushels. Wheat is next in aereage, and oats third.
The acreage in corn is considerably more than that of oats and
wheat combined. Hay is also an important crop. Corn is being
cut and stored extensively for ensilage. Cowpeas are also being
grown and used for this purpose.

Much of the farm produce is fed to stock, which has proved to
be the most profitable method of disposing of it. The surplus corn,
oats, and hay finds a ready sale in the local markets. Wheat is
sold or exchanged for flour and feed at the elevators.

Very little truck is grown in the area except for canning pur-
poses. The excellent market afforded by Indianapolis would seem
to warrant the extension of this branch of agrieulture. The grow-
ing of potatoes, beans, and peas should prove profitable, particu-
larly to those having small holdings of land.

Dairying is an important industry especially in the vieinity of
Sheridan, at which point a condensery is located. Much milk is
scparated on the farm and the cream shipped to Indianapolis or
manufactured into butter at the local creameries. Dairying can be
profitably extended, as the demand for these products in the larger
cities is rapidly increasing.

In 1910 the average size farm was 81 acres. The tendency is
to increase farm holdings, with a proportionate increase in the
number of tenants.

Five series of soils were recognized and mapped in the county,
the Miami and Clyde, which oceur on the uplands, and the Fox,
Waukesha; and Genesee, which are found upon the bottoms and
terraces. The Miami series represents the areas locally called ‘‘clay
lands’’, and the Clyde series includes the greater part of the areas
known locally as ‘‘black lands.”” The silty clay loam, which is
the only type of the Waukesha series found in the county, is also
generally classed with the ‘‘black lands.”’

The uplands soils are derived directly from glacial till of the
late Wisconsin stage. They have undergone local changes which
give rise to the various types. The bottom lands are also derived
largely from the same parent materials, but have been reworked
and redeposited by the streams along which they ocecur.

Of the Miami series two types were mapped, the silt loam and

loam. The former is the most extensive and widely distributed in
7—33700
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the area. The latter type occupies the more rolling areas along the
stream valleys and the morainic hills. The Mianii soils are best
adapted to wheat and fruit growing.

The Clyde silty clay loam is the predominating type of that
series. Only a small acreage of the Clyde loam, the only other
type of this series developed in the county exists. The Clyde soils
are especially well adapted to corn. Oats and hay also yield well.

The Fox loam and gravelly sandy loam occupy the greater pro-
portion of the higher terraces. Only a small acreage of the Fox
gravelly sandy loam is developed. These soils are well adapted to
alfalfa. Fox gravelly sandy loam, poorly drained phase, is a level
type of limited acreage.

Of the Genesee series, which occupies the first bottom lands,
three types were mapped, the silty clay loam, loam, and gravelly
sandy loam. The loam is the predominating type of the series and
occurs principally along West Fork White River and Cicero and
Fall creeks. The Genesee soils are best suited to corn, though oats
and hay produce good yields.

Muck and Meadow (Genesee material) are undifferentiated
soils and are of limited extent in the area.

The agriculture of the area is in a properous and highly de-
veloped condition. Practically. all of the land is in cultivation or
used for pasture. Scientific farming is being practiced to some
extent, but its possibilities are not fully appreciated. Much can
be done to increase the erop yields by a more thorough study of
the individual soil types and the adjustment of erops and cropping
system on the basis of soil adaptation.
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Soil Survey of Boone County, Indiana

By W. E. THare, of the U. S. Department of Agriculture, and E.
J. QUiNN, of the Indiana Department of Geology.

DESCRIPTION OF THE AREA.

Boone County is located in the central part of Indiana and is
bordered on the north by Clinton, on the east by Hamilton, on
the south by Marion and Hendricks, and on the west by Montgom-
ery County.

Its general altitude is fromn 850 to 950 feet above sea level with
a few hills exceeding the latter height by about 100 feet.

The total area of the county is 420 square miles, or 268,800
acres.

The surface of the greater part of this county is undulating
to very moderately rolling. In general it consists of innumerable
broad, low ridges, or divides, extremely irregular in outline and
absolute elevation, although the local relief, except near the streams,
is usually less than 50 feet, and apparently not this great, on ac-
count of the very easy slopes that usually prevail. The depressions
are equally irregular in size and outline. The smaller ones range
from mere kettle holes to swales a few rods or a fraction of a mile
in the greater diameter, and most of them have no very definite con-
nection with others in the vicinity. The surface of the larger ones
are flat or nearly so, and constitute the only level areas in the up-
lands proper.

A conspicuous feature of the landscape in nearly all parts of
the county are the numerous mound-like elevations and occasional
isolated hills of considerable height. Some of the latter rise 100
feet or more above the surrounding country, and the slopes on all
sides are rather steep. More frequently these elevations are ridges,
one side standing in clear relief, while the other declines very grad-
ually to the average surface level, which may bhe much ahove that
on the opposite side. Many of the smaller mounds are mere

~ “‘bumps’’, a few feet high and a few rods across, while the larger
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ones are from 10 to 50 feet .hig:li and from one-eighth to one-half
mile in length along the major axes. These local elevations have
a pronounced relief but the slopes are usually mild and in very
few instances too steep to prevent the convenient use of farm mach-
inery.

In the northwestern part of the county along Sugar Creek or
more frequently, for some distance on either side of its southern
tributaries the surface is rolling, with some short, abrupt slopes
along the streams. On the northern side of Sugar Creek the gen-
eral decline of the uplands is almost imperceptible to within a
short distance of the valley, then it flattens into a nearly level ter-
race. The outer margin of this terrace drops abruptly to the bot-
tom land, the height of the glacis, or sloping part, ranging from
25 to 50 feet. Similar topography prevails along the lower course
of Eagle Creek, but the terraces in general are higher than those
on Sugar Creek, and the uplands adjoining are rolling to moder-
ately hilly. The untillable portion of these hilly areas includes
very little ground other than the gravelly slopes immediately bor-
dering the trenchlike valleys.

All the Eagle Creek drainage and that of Fishback and White
Lick creeks represents the extreme extension of a part of the White
River system, while that of Sugar Creek is similarly related to
the Wabash River. The watershed between these two systems is
a broad belt extending across the county from northeast to south-
west. Here the natural drainage is very poorly developed, al-
though the average elevation is something like 100 feet above the
major streams at Zionsville and at Mechaniesburg. The upper
branches of Eel River in this area are little more than artificial
ditches that follow structural depressions. This is also true of much
of the drainage in the northeastern, central and southwestern
townships. The innumerable lines shown on the map are mostly
artificial waterways. The larger ones are dredge ditches 10 to 15
feet deep straightening the former illdefined and obstructed course
of natural channels while the smaller ones are outlets for depres-
sions that had little or no connection with each other or with the
creeks.

All the creeks and the larger ditches maintain their flow the
year round. Many of the small ditches carry more or less water
throughout the entire summer, since so many tile drains open into
them. Excellent water for domestic use can usually be obtained
on the higher lands at depths of from 30 to 60 feet.

.
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With the exceptions of a few grassy swamps all this region was
originally forested. On the well drained land walnut, sugar tree,
hickory, poplar, and oak were the dominant varieties, while beech,
elm, ash and white oak were more commonly found on the lands
deficient in natural drainage. The present shallow muck beds, or
‘‘chaffy lands’’ and the central portions of most of the larger areas
of black land were then ponds or swamps in which aquatic plants
and water loving grasses constituted most of the vegetation. Wil-
low, eottonwood, and buttonwood bushes followed as fast as the
processes then in operation increased the area of ground partially
free from water.

All that now remains of the once dense deciduous forests are
numerous open woodlots, very few of which include more that 20
acres. Many of these are merely groups of trees around farm
buildings, but theve still remain many beautiful groves, usually
free from undergrowth and the ground covered with blue grass.
Possibly ten but certainly not more than twenty per cent. of the
total area has as yet escaped tillage.

The present price of well improved farms desirably located
ranges from $150 to $175 an acre. Those at a greater distance
from a town or electric railway command about $125. These are
very general estimates. The total value of land and improvements
exclusive of buildings, according to the 1910 census returns, was
$27,280,190, of buildings $4,485,470.

About 35 per cent. of the farms are operated by tenants. A
common rate of rent given is two-fifths of all grain and cash pay-
ment for hay and pasture ground. In many cases all the rent is
paid in cash, the rates varying from $7 to $9 an acre.

Nearly all the public roads are well graded and surfaced with
gravel. Practically all the bridges are most substantial structures
of iron, concrete, or stone. Thirty delivery routes insure daily
delivery of mail to almost every farmhouse. Two steam roads
and three interurbans connect Liebanon, the county seat, with out-
side points. Most of the farmhouses are well built, with good barns
and outbuildings.

The high tone of rural improvements is due in part to the
generally prosperous conditions that have prevailed during the
last two or three decades, in which period thousands of acres of
highly productive black lands have been reclaimed, and in larger
measure to the fact that this is an area of small holdings. The
average size of farms is about eighty acres, but in each township
there are many holdings of from ten to sixty acres each. In the
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county there are sixty-one estates embracing between 260 and 500
and only two farms that contain 500 or more acres.

CLIMATE.

The following table compiled from the records of the weather
burecau at Indianapolis gives the means and extremes of precipi-
tation and temperature for each month.

NORMAL MONTHLY, SEASONAL, AND ANNUAL TEMPERATURE AND PRECIPI.
TATION AT INDIANAPOLIS.

TEMPERATURE. PREcIPITATION.
MoNTH. Total Total
Absolute | Absolute Amount | Amount | Snow,
Mean. Max- Min- Mean. for the for the | average
imum. imum. | I riest Wettest | Depth.
‘ Yesr. Year.
°F. °F. °F. | Inches. Inches. Inches. Inches.
33 68 —15 3.0 4.1 0.9 5.1
28 69 —25 l 28 1.6 4.9 6.9
31 72 —18 ¢ 33 1.6 | 4.6 4.4
81 [ e Ll 91 73 | _10.4 | 164
=== - |l=
40 0 3.8 4.2 7.4 .6
52 87 19 | 3.4 3.2 2.3 1.2
63 96 31 | 4.0 2.4 5.1 0.1
I T e 112 9.8 | M8 | 49
72 100 39 4.4 3.5 7.5 0.0
76 106 48 4.2 0.8 7.5 0.0
74 101 46 3.2 3.6 5.9 0.0
Tl 8 |19 | 209 | 00
67 98 30 33 0.7 3.9 0.0
55 89 22 2.8 3.5 4.4 T
42 76 —5 3.7 1.2 2.3 1.6
Fa B[ (o8 |34 | t0s ) te
Year................... 55 106 —25 41.9 30 4 56.7 22.9

It will be observed that the mean rainfall from 3 to 4 inches
for each of the spring and summer months is ample for most crops,
but that the total amount in the driest years is too low to meet the
requirements of a heavy crop of corn and grass. Short periods of
deficient rainfall will occur in most seasons, their effect upon a
particular crop depending largely upon the stage of growth when
the shortage in precipitation occurs. For this reason the mois-
ture relations of the several types have been set forth with some
care, and the tillage operations necessary to minimize injurious
effects of exceptionally wet or dry periods have been suggested.
In this respect, however, neither the soils nor climatic conditions
differ from those of the adjacent sections of the State.
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The average fall of snow, 22 inches, is extremely variable from
year to year. Since there is so little timber and most farm land
is almost free from obstruction like hedge rows or lines of weeds
along the wire fences, the snow drifts more than formerly. This
is frequently the cause of injury to fall sown grains.

The average date of last killing frost in the spring is April
16th; of the first in the fall October 19th. The earliest killing
frost in recent years occurred on September 21st and the latest re-
ported for the spring months was May 21st.

AGRICULTURE.

Sinece in the earlier stages of the agricultural devolopment of
this county only land with good natural drainage could be utilized,
the greater part of the black lands, or Clyde silty clay loam, re-
mained in nearly its original condition for many years. Somec
small areas were reclaimed by individual efforts of farmers and
others later as a result of the construction of road ditches and co-
operation of owners of low lands within short distances of natural
outlets, but most of the larger bodies of black land have been
brought under cultivation within the last 25 or 30 years. With-
in this period the deep dredge ditches that form the upper part
of Eel River, Prairie Creek, and a number of other streams have
been brought to their present high degree of efficiency and thus
afford an adequate outlet for the hundreds of branches since con-
structed.

Practically all the black land has been relieved of standing
water or of any liability to injury from this cause. Nearly every
field consisting entirely or in part of the black clay loam has tile
drains, but in many instances a greater number are needed to iu-
sure a prompt lowering of the level of the ground water after
heavy rains. This is practicularly true of those large areas hav-
ing a substratum of heavy clay instead of gravel.

The next stage in the development of this artificial system
will be the extension of the tile drains into the Miami silt loam. As
suggested in the description of that type, such an improvement
is now almost as much of a necessity, considering the advancing
price of land and cost of producing ecrops, as was the surface
drainage of the black land some years ago.

The comparatively late development of so large a portion of
the arable lands has had the effect of conserving the virgin fer-
tility of the black lands until a period when improved machinery,
accessibility to markets, and the generally high price of grain ren-
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dered their cultivation extremely profitable. Fortunately the oe-
currence of this type is so common throughout the county that the
increase in average crop yields and the enhancement of land values
has been shared by the owners of hundreds of small farms.

The general trend of agriculture may be seen in the following
table complied from census returns:

PRODUCTION OF LEADING CROPS IN BOONE COUNTY.

CoRn. WHEAT. Oats.
CeNsus.
Acres. Bu. Acres. Bu. Acres. Bu.
1910.................... 91,080 4,572,233 19,742 317,758 38,867 | 1,213,582
1900.................... 81,472 3,912,050 34,900 266,710 3,207 119,330
1800.................... 60,048 1,783,060 40,087 464,972 7,810 191,869
1880.......covvuininnn, 63,087 2,280, 742 33,679 623,289 4,285 117,070

Corn, oats, wheat, and clover are the chief crops. With regard
to cash value they rank in the order named, and in late years the
acreage of grain is in the same order with the clover acreage as
a rather changeable member of the group. Farmers no longer
consider wheat a profitable crop. The average net returns from
oats are more favorable, but neither of these erops would be so
generally grown were it not for the necessity of frequently seed-
ing the ground to grass or clover. This is recognized by all far-
mers having soil types other than the Clyde or Genesee as ab-
solutely indispensable in good farm management. In most in-
stances the problem of maintaining fertility is considered chiefly
in its relation to the production of corn. The steadily increasing
demand for this grain is stimulating interest in every means that
promises greater average yields. In the last few years many farm-
ers have used commercial fertilizers, and the probable result of
their more extensive employment is becoming a matter of great
interest.

In a report of this kind it is quite impracticable to go into
detail regarding commercial fertilizers or their probable effect up-
on crop yields. Local conditions enter so largely into the problem
that specific directions or statements to be of any value whatever
must be based upon field experiments extending over a term of
years. But some principles of soil fertility and their application
to local conditions in this area may be considered.

The Miami soils require more thorough pre-crop preparation
than is usually given on the average farm. Whether by deeper
plowing, subsoiling, or frequent changes to deep rooted erops like
the clovers, the subsurface soil ought to be loosened and made as
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highly absorbent of moisture as possible. Instead of getting rid
of excess rainfall by a rapid surface discharge into the natural
drainage lines more of the water should be held in the soil and
upper subsoil until it is absorbed by the lower subsoil and the
underlying stratum. The structure of the latter, a sandy clay, is
highly favorable to such storage of moisture, but the compact layer
between the depths of 12 to 25 inches in the Miami silt loam, and
to a less marked degree in the loam, prevents as effective absorp-
tion of heavy rainfalls as is desirable and tends to increase the
surface run-off, or at least to render the latter necessary in order
to prevent undue saturation of the surface soil.

The frequent occurrence of periods of deficient precipitation
in the months of July and August and consequent reduction in
yields of corn or other late maturing crops, emphasizes the need
of conserving as far as practicable the excess of rainfall that
usually occurs earlier in the season. Of course the average level
of the ground water must be held below 20 or 30 inches, but there
is no danger of its standing for any length of time above this
height in the types mentioned, or in any other where tile drains
have been installed.

The necessity of an increase of organic matter in the Miami
soils is discussed in the description of those types. It is needed
to improve their physical condition and to insure a sufficient supply
of nitrogen for good crops of grain, which require a liberal supply
of this element. Its development in a soil is dependent largely
upon the presence of humus, or of decaying vegetable matter, and
the available supply will vary from year to year according to
heat, moisture and conditions of tillage.

Execept to meet the requirements of some special erop, or to
hasten profitable yields on previously mismanaged land where the
results of a crop rotation with clover cannot be awaited, the use
of complete fertilizers does not seem advisable. Certainly none
of the expensive element, nitrogen, should be purchased, and chem-
ical analyses show that there is no lack of potash if the soil is
handled in a way to render it available. As to the profitable use
of phosphatic fertilizers no definite statements can be made. It
is a problem to he worked out by field experiments.!

In the last few years considerable quanities of commercial fer-
tilizer have been used, and their use is rapidly increasing. With
the exception of the potash used on the ‘‘chaffy lands’’ the most
of the brands have about the following composition; from 1 to

1 See Bulletin No. 153, Ind. Ex. Station.
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2 per cent. of nitrogen, 2 to 4 per cent. of potash (K20), and
from 6 to 8 per cent. of phosphorie acid (P205). The results
reported by farmers are variable, but in the main an increase of
both corn and wheat has usually followed the application of fer-
tilizers. Wheat has generally been improved both in quanity and
yield. .
In many instances the increased yicld was due to the presence
of immmediately available plant food where the natural sources of
supply were locked up through lack of organic matter and other-
wise bad physical condition of the soil. The very light colored
types, in such a wet spring as that of 1912 remain cold and inert
after the black ground has become warm and in good econdition
for corn.

The following four-year rotation is practicable under present
conditions on most farms: 1st year, corn; 2d. oats or wheat, 3d,
clover with timothy and the hay harvested; 4th, land used for
pasture. The elimination of the small grain is favored by many
farmers were it not for the advantage these crops afford of seed-
ing the land to clover. Winter rye may be substituted for oats
or wheat and is a better nurse crop than the latter. Rape has
also been used for the same purpose, and furnishes excellent
pasture for hogs. Since the latter form so large a proportion of
live stock on most of the small farms, and also on many of the
larger ones, it is very desirable to reduce the acreage of small
grain and increase that of corn and forage crops.

With regard to maintenance of fertility, dairying affords op-
portunity for the best methods of soil management. In the north-
eastern part of the county many farmers are engaging in this
business to a greater or less extent, since there is a milk condens-
ing plant at Sheridan which takes all the product the surrounding
country offers. TIn all parts of the county an increasing number
of farms are shipping milk or cream to Indianapolis. This busi-
ness is causing much attention to be given to the problem of secur-
ing cheaper feed. Several hundred silos have been constructed
chiefly to afford better feed for dairy cows but also for other
stock, as the advantages of the method become better known.

Much interest is taken in the cultivation of alfalfa, and so far
efforts to establish this valuable forage plant have not been en-
tirely successful. The best observed results were on well drained
bottom land. This is probably due to the rather high degree of
fertility. abundant moisture supply at moderate depths, and free-
dom from acidity in the soil. On the Miami silt loam there are
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a few small fields that have stood a number of years, but in many
instances on this {ype the roots of the plant turn brown and die.
-Blue grass usually spreads into fields of alfalfa in a few years and
so thins the stand that it is no longer profitable.

Alfalfa requires a fertile soil in which the drainage and aera-
tion to a depth of several feet is excellent, suitable for the besi
growth of corn. It also needs much water during practically the
entire growing season, so that a good reserve ofi moisture in the
lower subsoil, or at somewhat greater depths is almost a necessity.
Another prime requisite is lime. The soil and subsoil of normal
types can hardly contain too large a percentage of this material.
If the soil is not inoculated with the bacteria necessary to this
plant no very long continued growth will be made.  These soil
conditions must be assured and in addition a very thorough prep-
aration of the seedbed is necessary and freedom from competition
of grass or weeds during early growth must be assured.

In this area the Miami types are too deficient in humus and
lime to suit alfalfa. After becoming established the large amount
of carbonate in the lower subsoil might prove sufficient for the
plant requirements, but in its early stages the acidity of the sur-
face soil is decidedly unfavorable. Well drained Clyde silty clay
loam should prove satisfactory. especially if a permanent supply
of water is within 8 to 10 fect of the surface. Those phases where
lime nodules or slightly calcareous clay occur in the subsoil should
be selected, other conditions being favorable. But liming of the
soil and also inoculation doubtless is necessary in all cases.

Tomatoes are the only truck erop grown to any extent in this
county. There is a canning factory at Lebanon, and several of

. the smaller towns are shipping points from which canneries at In-
dianapolis secure their stock. The crop in 1912 was generally poor
on account of the unfavorable season. The previous years’ yields
of from 8 to 10 tons per acre are secured in good seasons and the
contract price is about $9 per ton. The black soils usually make
the heavier yields.

On bhoth Prairie Creck and Eel River there are locations where
the Clyde silty clay loam affords good sites for the cultivation of
celery and onions, these crops requiring very loose rich soils and
an abundant water supply. It seems possible that supplemental
irrigation on a scale practicable to assure success with-small acre-
ages of these crops could be successfully practiced in certain loca-
tions along these deep dredge ditches. :



110 REPORT OF STATE GEOLOGIST.

The same observations apply to the cultivation of strawberries
near the streams. The fruit could be successfully grown almost
anywhere except on the Muck and on the heaviest phase of the
Miami silt loam. The local markets are very poorly supplied with
this or other small fruits of desirable quality.

Little attention is paid to the production of apples or pears
on a commercial scale. The orchards are generally small and in
most instances not well cared for. The opportunity for fruit cul-
ture here is quite as good as in most sections in the adjoining
States. The Miami loam affords most excellent sites for orchards,
and the proximity to Indianapolis assures a ready market for all
that could be grown. Besides the well recognized requirements of
pruning, spraying, and proper cultivation, a co-operative plan of
marketing would be necessary. Since most farmers are able to
make fair returns from their land without such an effort, it is not
probable that fruit growing will become a business of great im-
portance.

SOILS.

The surface formations of this county consist of glacial ma-
terial known geologically as the early Wisconsin drift covered by
a thin layer of wind-blown loess. The thickness of the drift is
quite variable, ranging from less than 50 to more than 150 feet.
The average, at a very rough estimate, may be placed at less than
100 feet. The older drift sheets and the sedimentary rocks are
thus buried so deeply they exert no influence upon the soils.

In general the first 10 to 15 feet of the Wisconsin material is
a very light brown or pale yellowish mixture of fine sand, silt, and
clay carrying a large proportion of gravel and small stones. The
latter consist largely of granites and various kinds of hard, dark
colored rocks apparently as resistant to decay as the quartzic grav-
el, and with some schistose and gneissic fragments. As a rule there
is not much sandstone or shale, but pieces of limestone are usually
abundant from within 4 to 5 feet of the surface downward. The
matrix in which these are imbedded varies in composition, but
there is almost everywhere a rather high percentage of fine sand,
so that the material is porous. The surface of artificial exposures
usually weathers to a loose, friable silty or fine sandy loam of light
color. With few exceptions, it contains sufficient lime to react
freely with hydrochloric acid.

Notwithstanding the fact that bowlders and coarser material
are scattered through this silty material near the surface, it is
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generally conceded by geologists that it represents a reworked gla-
cial deposit transported to its present position by wind aection.
This material has entered into the composition of the soils over a
large part of the county, but it is an important constituent only
of the Montgomery silt loam along the western border.

The above description is applicable to the glacial material, or
till, of the uplands in general, but along the creek valleys and in
many of the depressions that were formerly lakes the light-colored
bowlder clay gives place to beds of gravel. The substrata of the
terraces on Sugar and Eagle creeks are irregularly stratified sand
and gravel, and pockets, or streaks, of this material occur along
many of the small branches forming the substratum of the black
soils.

But neither the bowlder clay nor the gravel beds directly form
the soils, except in areas of very limited extent. Almost every-
where the glacial material is covered with a silt or silty clay layer
having an average depth of about 30 inches. Its mechanical com-
position and general appearance, as well as its relation to the topo-
graphy, is strongly suggestive of a loess. Over practically all the
uplands and on all the higher terraces of the larger streams this
silty material forms an almost unbroken surface mantle. On the
short, steep slopes near the creeks and on the apex of the sharper
ridges and mounds it is either very thin or has been modified
through loss of its finest particles by erosion and through admix-
ture with the underlying till. On all the wider divides and where-
ever the surface is but moderately rolling or undulating the silty
surface stratum is present. Its rather uniform depth and the per-
sistence with which it invests all the major topographic irregu-
larities is remarkable. To this fact must be attributed the wide
extent of fertile, stone free soils of this and adjoining counties.

Through the various agencies of weathering, as erosion, oxida-
tion, and effect of vegetable covering, there has been more or less
modification of the silty layer, and several distinct soil types have
thus been formed.

On the gently undulating uplands and on the wider terrace
there has been least change in depth and composition of the silty
stratum. In such locations the depth is seldom less than 2 feet and
very rarely exceeds 5 feet. In the first 10 or 15 inches silt par-
ticles usually form as much as 50 to 60 per cent. of the soil, with
very fine sand as the next highest component. Between the depths
of 15 to 30 inches there is a rapid increase in the percentage of
clay, so that this zone is usually a stiff, silty clay loam, not quite
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so favorable to good moisture conditions as if the texture were a
little coarser. At 30 or 40 inches there is usually a fairly well
marked contact between the silty clay and the underlying glacial
material, which at this depth is reddish brown clay, with more or
less sand and gravel.

The light color of the silty surface soil is due to lack of organic
matter, a result of the original timber cover. The coloration of
the middle and lower subsoil is determined chiefly by drainage
conditions, or may be taken as an indicator of the average mois-
ture content. Owing to the somewhat imperfeet internal drainage
and aeration that are characteristic of most of the silty material,
where it exceeds two feet in depth light gray and pale yellowish
tints prevail, with more or less mottling. As a rule there has not
been much segregation of the iron content, so that ‘‘buckshot’’ or
small concretions are seldomn abundant.

Wherever such general conditions as these prevail the soil type
locally known as ‘‘clay land’’ has been developed. In this sur-
vey the name Miami silt loam is used and has been given wider
application than the local term. The latter is often restricted by
farmers to the heaviest and deepest phase of the silt loam where
its inability to endure wet weather occasions considerable difficulty
in tillage.

‘Wherever the surface inclination is quite pronounced as on
the flanks of the innumnerable morainic mounds and in the viecinity
of the larger creeks, the silty layer is not only thinner than else-
where but it is also coarser in texture. This it due to erosion,
whereby much of the silt and clay have been removed, leaving the
fine sand, or coarsest constituents, as permanent soil material,
usually a silty fine sand. In most instances there is more or less
gravel scattered over the surface and stones from the bowlder clay
beneath are frequently exposed. In such locations the compara-
tively coarse texture of the surface soil and the presence of the
sandy bowlder clay within a foot or two of the surface induces so
much better circulation of soil water and air to a depth of several
feet that a distinet soil type has been developed. Tt has been
correlated with the Miami loam, but is generally known through-
out the section of the State as ‘‘sugar tree land.”” Tt is distin-
guished from the silt loam by rolling topography, coarser texture
of soil grains, and the uniformly brown tints that prevail in soil
and subsoil. These physical properties are very favorable to the
maintenance of equitable moisture conditions, a facfor of highest
agricultural importance. Tt is also probable that the total quan-
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tity of available mineral plant food is somewhat higher in the
3-foot soil secticn, including as it does more or less of the glacial
material, than in wore thoroughly leached and weathered silt.
This is the case with regard to lime and doubtless applicable in
some measure 1o other essential minerals.

The Clyde silty clay loam, or the ‘*black land "', is distinguished
from the preceding types by the high content of organie matter.
The latter is chiefly in the form of carbonaceous material, or veg-
etable tissue in the condition which it aequires when decomposed
under water, or where air is mostly excluded. It is doubtless less
active as an element of soil fertility than the brown humus which
results from the decay of plant remains upon the surface, or in
the first few inches of a well drained soil. The abundance of this
black humus which often extends to a depth of 18 or 20 inches,
imparts a fine physical structure to a soil that would otherwise be
a heavy clay or clay loam.

The type owes its origin primarily to lack of surface drainage
and to the character of vegetation such conditions imposed. While
most of the ‘‘black lands’ were timbered when the first settlers
entered the region, up to a comparatively recent period the low
areas are illy drained prairies or marshes in which grassy vegeta-
tion prevailed. Indeed many areas of limited extent were in the
latter condition until artificially drained. It was during the prairic
stage that the black humus accumulated, with lesser accretions.
perhaps, after the eneroachment of the forest from the adjoining
higher ground.

In some of this type there is still such an excess of vegetable
matter in the surface soil that the latter is ‘‘muecky’’, or as it is
locally called ‘‘chaffy ground.”’

A few areas of true Muck are found but its depth seldom ex-
ceeds 15 or 20 inches. The subsoil of some of the Muck is a highly
calcareous clay, a marl in some instances. The rather high per.
centage of lime in the Clyde silty clay loam is probably due to
the former abundance of this mineral in the subsoil, when the lat-
ter was in the same condition as the clay under the present muck
beds. As the natural drainage improved the lime was reduced,
but there is still sufficient of it to most favorably affect the fertility
of the soil.

The alluvial soils consist of material from both the glacial de-
posit and its silty covering. The latter has doubtless contributed
the more on aceount of its greater surface exposure. As a rule fine

sand and silt are the chief components of the bottom land types.
R--33700
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Coarse surface material does not usually oceur, except in the im-
mediate vicinity of the larger streams, although sand and gravel
commonly form the substratum. With one exception, the Genesee
loam, there is a remarkably low content of organic matter in the
alluvial types. This is true of virgin land as well as that which-
has been cultivated many years. The prevailing color of both soil
and subsoil is a shade of brown that may be described as a ‘‘min-
eral brown’’ in contradistinction to the darker brown of the soils
having a moderately high percentage of vegetable matter. This
is principally owing to the good drainage and aeration that most
of these soils enjoy, induced by their elevation above the stream
channels, their open structure, and the presence of a gravelly sub-
stratum. Notwithstanding their deficiency in humus, these brown
soils are very productive and show few signs of exhaustion, al-
though cropped almost continously to grain for many years.

CLYpE Sty CLAY LoaMm.

The surface soil of the Clyde silty clay loam to a depth of 8
or 10 inches is a black silty clay loam having a high content of
silt. The organic matter content is high and consists almost en-
tirely of black humus, rather than the brownish-black vegetable
mould ecommonly occurring in upland soils or in land where the
organic matter is of more recent origin. The relatively high per-
centage of humus imparts a friable or mellow property to the soil
very apparent in cultivated fields. The ‘‘crum structure,’’ or ten-
dency to assume a finely granular condition, so desirable in all
soils, is remarkably well developed in most of this type. This
property, being a function of the humus content, is dependent
upon the amount as well as the condition of vegetable debris pres-
ent. Where there is a very high percentage of organic matter
the soil is somewhat spongy and approaches muck, while in other
places the organic content is not more than sufficient to impart
a black color and good physical properties to what would other-
wise be a heavy, compact soil.

Below the surface soil and to a depth varying from 15 to 25
inches the material is a silty clay loam of black to dark drab color.
This part of the material is usually quite compact, in many in-
stances rather gummy. It would be much more resistant to pene-
tration to any implement and less pervious to water were it not
that the organic matter it contains gives it a well-developed, granu-
lar structure. Exposures in ditches of this layer usually show it
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to have a coarsely cubical or blocky structure that greatly faecili-
tates aeration and subdrainage.

The lower part of the 3-foot soil section is usually a smooth,
plastic silty clay of yellowish-gray color, mottled faintly with
brown iron stains. In places the subsoil is a yellowish-brown silty
clay where immediately underlain by gravelly material. It seldom
has the granular structure characteristic of the middle soil stra-
tum. It is less pervious as a rule, although varying considerably in
this respect, often within a few rods or even in the same boring.
The coloration usually indicates the natural drainage conditions.
In many places a gravelly clay is found a little below the subsoil
proper, at depths of from 30 to 40 inches. In such instances its
presence is indicated by numerous small pebbles upon the surface,
or the proximity of a gravel pit in which loose sand and gravel
are found at less than 5 or 6 feet. Such land is in condition for
tillage sooner after a rain than those larger areas where clay is
the basal material to a considerable depth.

The above deseription is applicable to most of the black land in
this county. The greater portion of all the larger tracts consist
of soil having essentially these characteristics. The smaller areas,
the more or less isolated bodies of less than 40 acres and the in-
numerable narrow and rather illy defined swales found almost
everywhere in the uplands present variations of this type rang-
ing from very black, loose soils to those but slightly darker colored
and nearly as firm as the adjoining Miami silt loam. As a rule the
central part of the small areas corresponds very well with the
type description, but the outer portion, or in many instances all
of the body of black land, has a firm, silty soil, very black but
never approaching a ‘‘muck’’ condition. In such places the sub-
soil is usually a dull yellow or yellowish brown clay or clay loam.
The latter is not generally so heavy, nor inclined to be so ‘‘gummy’’
as the subsoil of some of the larger areas of the type, the color
being indicative of the better underdrainage. The soil has a well
developed, granular, with a consequent tendency to a grainy, fri-
able structure that is highly favorable to easy tillage.

Such comparatively light colored developments of the type oc-
cur everywhere in intimate association with the typical soil, but
in Jefferson, Jackson, Clinton and Marion townships this phase is
the most commonly found. In many instances it simply repre-
sents the condition which the type assumes after many years of
cultivation. The small areas were generally drained years before
the larger ones were reclaimed. The latter still have, in most
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cases, a very large ccntent of organie remains that has not yet been
reduced by long continued cultivation or thoroughly mixed with
mineral matter from the subsoil by plowing and other operations
of tillage.

Along the upper course of the drainage lines, where the ob-
structed drainage of the p:nds and sloughs begin to take soine defi-
nite direction and form a channel, the Clyde silty clay loam re-
sembles an alluvium. There is more or less sand in the soil and
the subsoil is usually a mixed material, quite heavy but admitting
of an easier movement of water through it than is possible in the
light colored clay subsoil of most of the type.

These various phases of the type are important chiefly with
respect to convenience of tillage and economy in drainage. Some
of this land that has been in cultivation for many years has lost
so much of its original high percentage of organic matter that the
ground is inclined to become cloddy unless carefully managed.
This is the first stage in the gradual decrease of the blagk organic
matter subsequent to continued tillage. In all the larger bodies,
and often in those that are mere ‘‘pot holes’’ or sharp depressions
in the uplands there are some places where the soil still has such
an excessive proportion of vegetable matter that the surface is
‘‘chaffy’’ or resembles muck. All of these will improve in course
of time. Deep plowing, in order to mix the loose material with
the gummy eclay subsoil, is to be recommended and the admixture
of silt and sand from the surrounding land may be encouraged.
Such places may be profitably treated with potash, as suggested
for the cultivation of corn on the Muck.

It is impracticable to represent these varations in the type on
a map of the seale used in this survey. because two or more fairly
well defined phases are usually involved in every area, however
small. In many of the larger ones in the southern part of the
county every gradation may be found from a brown silt loam at the
margin to a mucky soil in the lowest places.

Limited areas of the type were grassy marshes when the first
settlers came to this county, but most of the type was heavily tim-
bered. Excepting the places where the soil was practically muck
or essentially a permanent swamp, the timber cousisted chiefly of
swamp white oak. pin and burr oak, silvery maple. black ash. and
elm. IHickory was abundant on those areas of this type which ap-
proaches the Miami silt loam. All of these species are still seen in
woodlots where the black soil is found. In small pot.ds where water
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stood the most of the year buttonwood bushes, willow, and ocea-
sionally cottonwood were the characteristic varieties.

‘With the exception of a very few small ponds or an occasional
slough, all this black land has been artifically drained. In the
central townships thousands of rods of 4 to 8-inch tile have been
laid in recent years. The main line and principal laterals of the
several extensive drainage systems are complete, but more branch
lines could be profitably installed. Most of the areas in the re-
mainder of the county are well drained, both open and tiled ditches
being employed. As a rule few landowners consider any further
ditching necessary than what is required to provide prompt relief
from excess water. The suggestions concerning the advantage of
installing tile drains in the Miami silt loam apply equally well
to parts of this type. Where there is a heavy, compact subsoil,
better aeration would be secured if tile drains were laid a few
rods apart. As the surface soil hecomes more compact through
exhaustion of its present liberal supply of humus the advantage of
the improvment suggested will become more apparent. In most
instances the average level of the ground water in all flat or
markedly depressed areas is only a little below the bottom of the
ditch or tiles.

The average yields of corn on the ('lyde silty clay loam may
be placed at about 50 bushels per acre. On most well managed
farms 60 to 70 bushels is a common yield and returns or 80 and
100 are not uncommon. The quality in most instances is not so
good as that of the lighter colored soils. Practically all of this
land endures continuous cropping to this grain remarkably well.
Some fields have had little change to other ecrops for twenty years
and still give good average yields.

Oats fall down or lodge badly in wet seasons. On the firmer
ground in dry years the returns are satisfactory, from 40 to 60
bushels being commonly secured. The yield of wheat is most vari-
ously reported, indicating the varying effects of drainage. time of
seeding, and secasonal conditions. Tn most years vields of 25
bushels are above the average, although this is quite frequently
exceeded. Tn the winter of 1911-1912 this crop suffered great
injury by aceumulation of ice in the low places.

Timothy and blue grass make a vigorous growth on this soil,
but the (uality in each case is somewhat below that of the grasses
on lighter soils. Clover also makes a vigorous growth. The soil
is seldom aecid and in many instances lime nodules are found in
*he lower subsoil. Alfalfa should do well on well drained ground
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MECHANICAL ANALYSIS OF CLYDE SILTY CLAY LOAM.
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where corn does well without potash. A phase that is neither very
chaffy nor exceptionally gummy just below the plow line should
be selected. Since this plant requires much water, location where
the water table is about three or four feet from the surface should
prove most suitable in this respect. It is probable that lime and
stable manure if free from weed and blue grass seed, would be
beneficial. In places the litmus paper test showed the soil to be
slightly acid. To favor the proper inoculation soil from an alfalfa
field should be scattered on the ground. It is also suggested that
the common sweet clover might be encouraged to grow along ditches
where seeding to alfalfa is intended. This plant is indicative of
conditions suitable for the alfalfa. However, if alfalfa is seeded
to this soil it would be advisable to correct any acidity of the soil.

Miam1 Siut Loam.

The Miami silt loam is the light colored upland soil commonly
called ‘‘clay land.”” It is the dominant type in the county.

To a depth of about 10 inches the soil is a light gray silt, varia-
tions in shade ranging from ashy gray when dry to a pronounced
brownish gray as the characteristic color under usual moisture
conditions. Silt and very fine sand constitute the greater part of
the material, but there is usually a little medium sand present
and in most instances a few pebbles. A hand sample, if dry, has
a rather fine, floury feel, with a little coarse grit, and there is a
noticeable lack of granulation, or the ‘‘erum’’ structure so easily
observable in the black soils. There is usually very little humus,
even virgin soil containing no visible quantity of vegetable matter
below 5 or 6 inches.

The subsoil to a depth of 25 or 30 inches is a stiff clay, tech-
nically a silty clay loam, since silt and clay, the smallest kind of
soil particles, make up most of the mass. The upper part of the
subsoil is generally a mottled gray and yellow silty loam, only a
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little less friable than the surface soil, but with slight increase in
depth the physical properties of a clay are very apparent. As a
rule the material has a rather high degree of plasticity if wet and
is so tenacious as to offer comsiderable resistance to penetration
by any implement. With the usual moisture content it is stiff and
crumbly, but there is not a marked development of the granular
structure noticeable in clayey subsoils of types having much organic
matter in the surface soils. This stratum is not impervious but
heaviest phases admit of a slow gravitational movement of excess
water and of rather poor aeration.

The color is variable, but in most instances the upper part of
this substratum is light gray, more or less mottled with pale yel-
lowish streaks. In the lower portion brown or reddish brown
tints more commonly prevail, but not infrequently brown and gray-
ish mottlings occur throughout the entire stratum, with some very
light colored streaks duc to unequal oxidation and suggestive of
ineffective subdrainage. Soft, black iron concretions sometimes
are numerous in poorly drained places, occurring chiefly in the
soil and upper subsoil.

The lower portion of the 3-foot section is usually a brownish
clay or clay loam containing considerable sand and gravel. This
coarse material gives it a comparatively open, porous structure
and the difference in physical character between this stratum and
the silty clay above is very marked. The line of contact is fairly
well defined and usually occurs between 25 and 40 inches below
the surface. At a little greater depth the clay is more sandy, with
gravel and stones forming an appreciable portion of the entire
mass. The brownish coloration due to oxidation and other pro-
cesses of weathering extends a few feet further down and then
gives place to the light yellowish tints of the comparatively un-
altered glacial material.

The Miami silt loam almost everywhere in this area has this
characteristic structure, a gray silty surface soil grading down-
ward to a mottled silty clay subsoil that at 25 or 30 inches is under-
lain by brown sandy gravelly clay. There are departures from
this type with respect to the depth and color of the soil and thick-
ness of the middle subsoil, as well as variations in the relative
proportions of sand, a silt, and clay in each, that cause some dif-
ference in the moisture relations and tillage requirements. As a
rule all such variations are toward the Clyde soil on the one hand
or the so-called ‘‘sugar tree land’’ on the other; and their ocecur-
rence is generally indicated by surface configurations similar to
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the topography characteristic of one or the other of these types.
On local elevations and the short steep slopes or banks near ditches
the soil is essentially the Miami loam and corresponds to the des-
cription of that type. In depressions the darker color is due to
a greater content of humus and the loaminess is further inereased
in most old fields by material washed from adjoining higher
grounds.

The surface of most of the Miami silt loam is undulating to
very moderately rolling. On some of the pronounced slopes that
are concave downward rather than arched, or convex upward, the
silty clay is deeper than the average clsewhere, causing rather poor
underdrainage. ~This is very often evident in the light gray color
«f soil and the presence, in some instances, of small brown iron
coneretions. The upper subsoil is usually a whitish, putty-like
silt, with abundant pale-yellow mottlings. The lower subsoil is
often a tough, bluish clay and the sandy substratum is.not found
at less than 4 feet. These ‘‘clay spots’’ are also foypnd on land
that is nearly level, but the poor drainage is due to the structure
of the subsoil rather than lack of surface inclination. Fortunately
such phases are limited to small spots, seldom more than an aecre
or two in one body, but approaches toward this heavy phase are
very common in all sections of the county, possibly a little more in
the western and southwestern townships than in the eastern ones,
on account of the slightly greater average depth of the silt. They
are more frequently found in large bodies of the type than in
small areas, and on low swells rising but a few feet above adjoining
black lands than on divides that have a pronounced decline toward
a well defined drainage line. In many instances the light color
of the soil and its tendeney to a putty-like consistency when wet is
due to exhaustion of the humus through long-continued cultiva-
tion. On account of their small size and lack of pronounced strue-
tural or textural differences when compared with the normal type,
it is impracticable to outline these areas. For the same reason it
is impossible to show the hundreds of small mounds, ranging in
size from a few square rods to a few acres, where the soil ap-
proaches the Miami loam in eolor and texture.

All of this type was originally forested. The timber was a
mixed growth of hardwoods with less tendency toward the domi-
nance of certain species than obtained upon the black soils or the
‘‘gugar tree land.”” While on the latter hard maple and black
walnut were the characteristic varieties, they also formed much of
the forest on the Miami silt loam, and the woodland pastures on
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this type usually include specimens of these trees. On the heavy
phase described in the preceding paragraphs beech was the most
abundant species, and ‘‘beech land’’ is a local term often applied
to these soils. In depressions inclined to be ‘‘seepy’’ and where
the surface drainage is poor, ash, elm, and hickory were more com-
mon. The originally meagre supply of humus was due to this
forest cover, for well drained timber lands accumulate but little
vegetable remains below the immediate surface soil. There were
formerly many boulders of various size, but most of them have
been removed to fence lines or used in farm buildings. Small
stones are usually found on the slight elevations and slopes near
streams.

With the exception of wood lots, practically all this type is
cultivated. Taking the type as a whole, the average yield of corn
is probably less than 40 bushels certainly not much above this esti-
mate. On many farms where frequent changes to eclover have been
practiced the average production is from 50 to 60 bushels or even
more in fdvorable seasons.

The average yield of wheat has declined during the last 20
years. Formerly returns of from 25 to 30 bushels were frequently
secured, but in recent years from 15 to 20 bushels are more com-
monly reported. This decrease is doubtless due in part to causes
not attributable to the soil, but this type seems to have suffered a
greater decline than other soils in yields of this grain.

Oats do best in seasons of abundant rainfall. They will make
a good growth and usually stand up well. In 1912 about 50
bushels per acre were matured, though not subsequently saved in
good condition. Oats require much moisture in a comparatively
short period. The heavier phases of this type have too tight a
subsoil to admit of as rapid delivery of water as seems necessary
for the best development of the oat plant, except in scasons of
very frequent rains. TIn dry seasons the erop is usually poor on
the heavier phases or on land that is in bad condition through long
tillage to corn.

Timothy does well on this type and the quality of hay is better
than that from the Clyde soils. This is also true with respect to
corn. Clover does not, in most vears, make so rapid a growth or
produce so much hay as on the Clyde silty elay loam. Since the
surface soil is so generally acid it is somewhat remarkable that so
little difficulty is experienced in getting a stand or maintaining it
for several yvears. In most cases failure to sccure a stand may be
attributable to seasonal conditions or improper management.
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Tomatoes, potatoes, and garden ecrops are successfully grown
on this silt loam. The difference in yields, other conditions being
equal, coincides pretty closely with observable variations in the
humus content of the soil and to a less degree in the character or
structure of the subsoil. This, of course, is true regarding all
crops, but is most in evidenee with those that are more exacting
in their requirements than corn or small grains.

The origin of this type and its general mineralogical composi-
tion, as well as some chemical determinations, are discussed in
previous chapters. There is no evidence of a marked deficiency in
the mineral elements of fertility. Lime is needed in the surface
soil to correct acidity but in the lower subsoil there is a relatively
large quantity of this mineral. To the deficiency of inorganic
matter i3 due the lack of available nitrates so often indicated in
the slow growth of the corn. The bad physical condition of the
soil is also caused chiefly by the low content of humus. The
mechanical composition is highly favorable to easy and effective
tillage, but without some vegetable matter there will be a decided
tendency to pack after rains, and to remain cold and wet in the
spring after darker soils are in good condition. Whether these
undesirable conditions are improved by applications of barnyard
manure or by a return to the soil of green crops is a matter of
farm management. The effects on the soil are essentially the same.
In most cases, however, not enough vegetable matter is put back
into the ground. There should be enough to give the soil a darker
color and a noticeable increase in the granulation, or ‘‘ecrumb’’
structure, when compared with the ashy gray soil of fields that
have long been subject to tillage with few changes to grass. Clover
and alfalfa are especially beneficial to this type. Besides adding
available nitrogen the deep penetration of their roots and their
subsequent decay renders the subsoil much more permeable to air
and water.

Deep plowing should be practiced, but this does not mean that
the yellowish silty clay of the subsurface soil should be turned up,
with the highly probable result of forming clods or packing to a
close crust, as it is likely to do under the usual conditions of spring
plowing. The depth should be increased as the effects of previous
tillage and influence of the humus is apparent. Subsoiling or any
process that renders the subsoil more permeable to air will give
direct and lasting benefit.

‘While not practicable to loosen up or otherwise materially alter
the structure of the middle subsoil by tillage, its physical condi-
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tion, or rather its influence upon the moisture content of the entire
soil section, may be changed by tile drainage. The surface drain-
age of all the type is good, but the tight subsoil, as previously
stated, is too retentive of moisture. The water movement both
downward and laterally, is rather slow. Tile drains would facili-
tate this movement, thus hastening relief after heavy rains. In
dry periods the soil moisture would be increased by the more rapid

- circulation of the air through the subsoil, because there is consider-
able condensation of moisture upon the soil grains by this process.
During critical periods in crop development such inerease in the
total amount of soil water may prove of greatest value. This is
doubtless the chief cause of corn making a steadier growth in dry
weather over tile drains. In a number of instances a rather incom-
plete system has been installed and the results are very apparent,
and the owners of the land state that the increased returns soon
pay for the improvement.

All the heavier phases of the type, regardless of local elevation,
need tile drainage and all would be benefited by the extension of
the laterals that have already been laid in the adjoining Clyde
soils. The size of the tile and the distance apart of the lines should
be governed by the surface configurations of the ficlds and also by
the character of the subsoil. Where the clay is especially tight and
the depth to the brownish sandy clay is 4 or 5 feet ditches a few
rods apart are needed. In the more sandy phase and where the
subsoil is more porous the lines need not be close together.

With the improvement suggested above, deeper tillage and an
increase in the humus supply this soil would prove very nearly as
valuable for corn as the Clyde soils, while its adaptability to other
stable crops would be enhanced and the average yields less depend-
ent upon seasonal conditions.

Miam1 Loam.

The soil of the Miami loam is a light brownish gray silty loam.
In many instances, as on the tops of the slight elevations that are
a characteristic feature of the type, the soil is a brown sandy loam
On the hillsides there is a considerable textural variation, but silt
and fine sand are the chief components, there being but a small
percentage of clay and seldom any coarse sand. The organic mat-
ter content is everywhere low, and therefore, the surface when dry
has a grayish color but not so light a shade as the dry surface of
the Miami silt loam. The moist soil invariably has a pronounced
brownish tint, approaching reddish brown on gravelly slopes.
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There is usually a little gravel scattered through the soil and occa-
sionally some small stones, but such material is not very abundant
except upon the crests of some of the mounds, and on a few small
spots on comparatively level ground.

The subsoil from 10 to 15 inches below the surface to a depth
of three or four feet is usually a brown or dull reddish brown clay.
It is rather heavy and ecompact and these qualities would be more
pronounced were it not for the coarse angular sand and small bits
of gravel that it contains. This coarse material, with some fine
sand, increases the porosity and imparts a degree of friability that
would otherwise be lacking. The sand and gravel usually increases
with depth, so that at 4 or 5 feet the material is a clay loam, or in
many instances a sandy clay. In some places the underlying
stratumn is comparatively loose gravel and the total thickness of soil
and clay subsoil may not exceed 4 or 5 feet, but such conditions are
not of common occurrence and are usually limited to areas of a
few acres. The clay substratum is evidently of sufficient thick-
ness to be a good moisture reservoir and the capillary movement of
the soil moisture is not affected, with regard to average crop re-
quirements, by beds of gravel, even where the latter are known to
be present at moderate depths.

This type is the prevalent soil in the rolling to moderately hilly
sections of the uplands. The largest tract is a few miles southeast
of Whitestown. The surface consists of mounds and rather nar-
row ridges quite irregularly disposed and of unequal height. The
local relief, that is, the difference in elevation in any 20 or 40 acre
field is usually less than 30 to 40 feet; but the difference in eleva-
tion of the higher hills near the railroad and the s.opes near Fish-
back Creck is much greater. All the land is tillable and very little
is so rolling as to erode seriously. The higher ground is in part
gravelly and is somewhat stony. The lower slopes of the larger
ridges have a more silty soil than the higher ground, but the varia-
tion in this respeet is not of great importance for the clay or sandy
clay subsoil largely determines the physical conditions with regard
to drainage, aeration, and average moisture content.

The areas east of Jamestown have somewhat similar topogra-
phy, but most of this land is less gravelly than that near Whites-
town and the soil varies from a fine sandy loam to a silt loam.

These small areas are most numerous in the western and south-
western parts of the county, and there are some very conspicuous
elevations a few miles cast and north of Lebanon having a sandy
phase of this soil. Those in the northeastern townships have but
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slight elevations above the surrounding land. Atl the morainic
hills or innumerable small elevations occurring throughout the
counly have in general this type of soil. In many instances the
surface soil, even to the crest of the elevation, is a silt loam, but
as a rule the slightly reddish sandy clay subsoil prevails, insuring
good aeration and underdrainage. The mounds and ridges when-
ever of sufficient size have been indicated on the map. In many
such cases the extent of the fine sandy loam is exaggerated, for on
the flanks of the mounds therc is frequently a whitish silt loam
with a tight silty clay subsoil to a depth of 2 to 3 feet. This closc
structura: subsoll imparts to these places about the same physical
properties as distinguish the ‘‘clay spots’’ in the Miami silt loam.

These knolls and ridges are favorite sites for farm buildings.
It is not.cerble that apple trees on such locations average larger
and cvidently are longer lived than those on lower grounds. In
some mcasure this may be due to the earlier improvements made
compared with those on the Miami silt loam, but the soil in general
is well adapted to the apple. This tree prefers a moderately loamy
or friable surface soil with well drained clay or clay loam subsoil.
The air drainage in orchards on the morainie hills is also a factor
of importance in the average productiveness of the trees.

In the areas of Miami loam embracing the rolling to moderately
hilly lands along the creeks, the surface features have been deter-
mined in large measure by erosion. These include the low bluffs
that form the sides of the valleys of Sugar and Eagle creeks and
the limited areas of broken ground on ravines breaking through
these bluffy hills. In a few instances clsewhere short steep hill-
sides form a considerable part of the fields through which small
drainage lines extend ; but with these exceptions this land is easily
tilled with the usual farm implements. The soil on the crests of
the broader sides approaches the Miami silt loam, while on the
steep slopes it is more sandy and gravel and stones are usually
numerous, but never so abundant as to interfere with cultivation.

As a rule land in the immediate vicinity of the ‘‘bluff lines”
is quite broken. In some instances, however, the uplands extend
with comparatively little relief almost to the crests of the escarp-
ments, such topography being found on the south side of Sugar
Creek, west of Thorntown, and in the upper eurves of the stream.
Most of the areas on the southern tributaries of Sugar Creek are
rolling, with but little ground too rough to be farmed.

In the vicinity of Zionsville much of the type is quite hilly,
and farther north it has in general a rather mild topography and
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the boundary between the loam and the silt loam is more or less
arbitrary.

The average yield of corn, wheat and oats on the Miami loam
is somewhat higher than that on the Miami silt loam. The inher-
ent fertility with regard to the mineral elements may be a little
higher than that of the silt loam, because erosion has removed the
surface materials, which may be assumed to have lost some of the
valuable elements through long continued leaching and weathering,
and brought within the zone commonly occupied by plant roots the
comparatively unchanged bowlder clay beneath, for the latter is
undoubtedly rich in the mineral elements, consisting as it does of
a heterogeneous mixture of rock debris. Throughout most of the
type free lime is found in the lower subsoil. The physical condi-
tion of the soil and subsoil insures good drainage and aeration.
The pronounced brownish tints usually prevailing and the rare
occurrence of mottling are due to the relatively free circulation
of air and good capillarity that exist throughout the entire soil
section. As stated elsewhere, the underlying glacial material is
a reservoir of soil moisture and in this type the capillary con-
nection between this substratum and the surface soil leaves little
to be desired. There are many variations in this respect, but as
a rule the reddish brown sandy clay subsoil, or layer between the
depths of 10 to 36 inches, has good capillarity and is seldom so
compact as to prevent a comparatively free downward movement
of excess water in wet seasons.

Crops on this so0il do not suffer so much from seasonal extremes
as on the heavier Miami silt loam. The average yields of corn,
wheat, and oats are somewhat higher than on the silty phases.
This statement, of course, does not apply to those places where
surface wash has been permitted to remove much of the surface
soil and the sandy clay thus exposed has not been loosened by deep
plowing and organic matter worked into it. But even badly eroded
hillsides soon respond to the treatment suggested and prove quite
as productive as other parts of the field.

Clover and bluegrass find this a congenial type, owing in part
to lack of acidity in the soil and the presence of lime at such com-
paratively shallow depths in the subsoil. The yields, however, are
not generally so great as on the Clyde soils. Timothy does best
on the lightest colored or more silty phases of the soil. The quality
of all these crops is good, there being no tendency toward slow
maturity of grain or coarseness of fiber in straw and grass that is
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observable in soils with high organic matter content and a ten-
deney to be wet.

In common with all the upland soils, this one is deficient in
humus. The suggestions cohcerning the need of more vegetable
matter in the silt loam apply equally well to both phases of this
type.

On account of the former abundance of hard maple and black
walnut, this type is popularly termed ‘‘sugar tree land.”” Prac-
tically all of it has long since been cleared and is now in cultiva-
tion. It is held in high esteem by farmers, chiefly because it is
less susceptible to either wet or dry weather than the heavier soils,
and in less measure by the easy tillage of its somewhat sandy sur-
face soil. The areas mapped as Miami loam include only the more
pronounced development of the type, phases of the silty soil ap-
proaching this loam but not distinetly characteristic of it having
usually been referred to as the Miami silt loam.

. MoNTGOMERY SiLT LoaM.

In some places in the extreme western part of Boone County
the silt deposit is deeper and of slightly different appearance from
that which the Miami silt loam represents. The change as one
travels from Lebanon to Crawfordsville is so gradual and local
variations according to topography so frequent that the transition
is hardly noticeable. While the upland silt loams of the eastern
and central parts of Boone are sufficiently different from those of
the central part of Montgomery County to warrant separation, any
line of distinction drawn between them must necessarily be more
or less arbitrary. As a rule the pronounced grayish color of the
Miami silt loam is not so noticeable in the Montgomery type. The
latter is usually a light brown, or grayish brown silt loam to a
depth of 10 or 15 inches. There is frequently considerable fine
sand present and gravel and small stones very commonly occur on
all the rolling areas. The subsoil is a brown silty clay loam to
depth of 30 or 34 inches. Below this is encountered the glacial
till similar to the subsoil of the Miami silt loam. It thus averages
a little deeper than the subsoil of most of the Miami, but the ten-
dency toward imperviousness, or tightness, that characterizes much
of the deeper phases of the latter is not usually apparent. In this
respect the type resembles the Miami loam, although the underly-
ing glacial material is deeper.

The limited areas outlined in the western part of the county
are essentially transitions between the Miami soils and the Mont-
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gomery silt loam which a few miles farther west is more charac-
teristically developed. These arcas in general resemble the better
drained bodies of the Miami silt loam and have practically the
same agricultural value along the line of contact, but the agricul-
tural value increases toward the west bordering Montgomery
County.

Fox Siut Loam.

The surface svil of the Fox silt loam to a depth of about 12
inches consists of gray or grayish brown silt loam. Upon drying
out it has a grayish cast. When wet the brownish color is pro-
nounced. Silt is the chief constituent, but there is enough fine
sand present to render the material uite friable. (‘oarse sand is
almost entirely lacking, except along the margins of the terraces
and upon the occasional slight elevations that occur in the larger
areas of the type. In such places the surface soil may be a fine
sandy loam, with more or less gravel and some small stones, but
not enough to interfere with cultivation. I13eginning at about 12
inches the subsoil is a stiff, firm, brownish silty clay, not nearly so
friable as the surface soil. Between the depths of 15 to 30 inches
the subsoil is generally a clay, with enough coarse and medium
sand to give a moist hand sample a most decidedly gritty feel.
If dry the material is coarsely granular, checking into blocky frag-
ments on exposure to the atmosphere. Vertical exposures, as in
gravel pits, usually show this middle zone to be a reddish brown,
crumbly clay, frequently mottled with dark chocolate brown iron
stains. In the lower portion pebbles are generally (uite abundant
and at 25 to 36 inches there is such a rapid increase in the propor-
tion of coarse sand and gravel that it is difficult to penetrate below
30 inches with a soil auger. The basal part of the 3-foot soil sec-
tion is often a clayey gravel or very gravelly clay, while at a some-
what greater depth, usually less than 5 feet from the surface rela-
tively clean gravel or sand is found extending to an unknown
depth. In general a representative section of this type consists of
about one foot of grayish silty loam resting upon a reddish brown
clay or a very heavy silty clay loam that in many places is under-
lain by a deep bed of gravel.

This type is found on the comparatively level terraces or high
sccond bottoms of Sugar and Eagle crecks. The elevation above
the first hottoms ranges from 20 to 50 feet.

Usually in depressions in the surface of the terraces the soil
is very similar to that of the higher ground surrounding them.
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for the gravelly substratum induces such thorough underdrainage
that no semi-swampy condition ever existed. In some places, how-
ever, where there were formerly shallow ponds a black soil with a
high content of organic matter has been developed. Several small
areas of this kind are found on the terrace northwest of Thorn-
town. In such areas there is enough coarse sand in the soil to be
easil observable, and pebbles are usually abundant. It is more
crumbly than the lighter colored soil adjoining and may be reduced
to a deep, mellow seedbed with less labor than is generally neces-
sary on the black soils of the uplands. In a few places a ‘‘gummy’’
clay stratum is found just below the plow line, but such conditions
are not commonly found. The subsoil is a dark colored clay or a
clay loam free from the mottling usually observable in the subsoil
of types of similar origin. At a depth of about 40 inches reddish
brown gravelly material is generally found. This doubtless favors
good underdrainage, but the close structure of the stratum between
20 and 30 inches necessitates artificial drainage in some places.

Practically all of this type is cultivated, a very small propor-
tion being timbered. The soil yields easily to tillage, and, on
account of the slightly higher percentage of very fine sand, is less
inclined to pack than the Miami silt loam. Except in the depres-
sions, the humus content, even of virgin soil, is low, due in large
measure to almost continuous cropping to grain.

The substratum of gravel insures thorough drainage and aera-
tion. The terrace lands may be cultivated sooner after heavy
rains than the upland silt loams. For the same cause crops show
the effects of continued dry weather, especially near the outer mar-
gins of the terraces and on some of the gravelly knolls. The
stratum of heavy material over the gravel is essentially the moist-
ure reservoir, and in normal seasons most of the type maintains a
good moisture content except in places where loose gravel is found
at 3 to 4 feet from the surface.

The largest bodies of this type are found on the north side of
Sugar Creek near Thorntown. The elevation of the southern edge
of the terrace is from 20 to 40 feet above the creek bottoms. In
most places the elevation very gradually increases toward the north
and the comparatively level surface of these areas merges almost
imperceptibly into the undulating Miami silt loam along the some-
what arbitrary line on the map that indicates the approximate
boundary between the two types. The areas on the south side of
the creek are better defined topographically. The soil of the small

bodies of Fox silt loam in general is more sandy than that in the
9—33700
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larger areas, and a relatively greater proportion of the surface
consists of steep slopes with more or less exposure of the under-
lying clay or gravel. The small areas near Zionsville have in gen-
eral so much local relief that the original silty covering has been
largely reduced by erosion to a fine sandy loam or shallow silty
loam. A considerable part of each area is underlain by gravel and
is somewhat susceptible to drought.

The average crop yields on all the heavier phases of this type
are about the same as on the Miami silt loam, except such varia-
tions in wet seasons as would be expected on account of the some-
what better drainage the terrace land enjoys. The interior por-
tions of some of the larger bodies, however, would be benefitted by
tile drainage, although the absolute need of such improvement is
limited to occasional flat spots having exceptionally light-colored
soil. The latter are usually acid but elsewhere the soils are gen-
erally free from such trouble.

In the vicinity of Thorntown farms that consist largely of this
type are now valued at from $150 to $200 an acre. The convenience
of tillage the level surface affords and the generally recognized
adaptability of the type to endure seasonal extremes, as well as
the desirability of location, have much to do with this high valua-
tion. The smaller areas are usually considered about equal to the
Miami loam and are locally rated at about the same price.

Fox SANDY LoaMm.

On all the larger creeks small areas of second bottom land are
found. In most instances they are fairly well defined terraces of
moderate elevation, usually less than 20 feet above the overflow
land. While most of the surface rises to about the same level, it
is generally more or less uneven and no very well defined separa-
tion may be made between it and the adjoining upland slopes, ex-
cept that the latter rise, at some distance back from the creek, to
a greater altitude. The approximate extent of a number of these
rather illy defined terraces has been indicated upon the map and
the soil classified as Fox sandy loam.

The basic material of the areas near Zionsville is stratified sand
and gravel, or at least gravelly material. The original capping of
silt or silty loam has suffered much erosion on account of the uneven
surface and the relatively larger extent of slope the outward mar-
gins of the individual areas usually present. On such uneven
ground the soil is quite variable, ranging from a gravelly sandy
loam, too loose and open to be of much agricultural value, to brown



SOIL SURVEY OF BOONE COUNTY. 131

fine sandy loam having a depth of about 6 to 12 inches. The sub-
soil is a brown or faintly reddish brown clay that is very similar
to Miami loam. On the nearly level portions the soil is usually a
silty loam with sufficient depth of silty clay substratum to have
good moisture holding properties. The surface is generally
gravelly with a good many small stones on the more broken ground.
Exposures of the underlying gravel are generally rumerous.

The small areas on Sugar Creek and its tributaries have gen-
erally a brown silty or fine sandy soil, with a relatively heavy sub-
soil.

With such diversity in soil texture and structure no statements
relative to actual agricultural value are applicable to the type as
a whole or even to the different parts of the same area. Nearly
all is regularly cultivated, and, except in unusually dry seasons,
the crop yields on the most of this ground are very satisfactory.
On nearly all of it clover does well and blue grass makes a good
growth, but of course does not remain green so long in summer as
on the soil capable of holding moisture better.

GENESEE SANDY LoAM.

A considerable portion of the first bottom land on the lower
course of Eagle and Sugar creeks consists of rather coarse-textured
material, ranging from a brown loamy sand to a moderately heavy
sandy loam. The latter represents the more common development,
for drifts of loose sand oceur for the most part only in the channel,
and very light sandy soils are seldom found except on the imme-
diate banks and the inner sides of short curves. Most of the areas
mapped as Genesee sandy loam have a surface soil in which sand
of various grades is the chief component, but there is usually
enough silt and clay to give more or less coherency and favorably
affect the moisture holding properties. There is usually but little
humus, except in depressions. The characteristic color is a brown
suggestive of iron stained particles but slightly affected by organie
matter. In most instances there are but few stones or pebbles.

The subsoil is exceedingly variable in texture. It ranges from
a stiff sandy loam of brown color or slightly mottled with rusty
iron stains to a light brown sand that a few feet below the surface
may be loose and coarse.

The substratum in most places is sand and gravel. The water
table fluctuates with the rise and fall of the stream, but it seems
that it usually stands well up toward the bottom of the 3-foot soil
section. For this reason, most of the type maintains a fair degree
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of moisture, except in unusually dry seasons. In normal seasons
and during usual stages of the streams corn does well and other
crops make very satisfactory yields. Nearly all the type is subject
to overflow, but the inundations seldom last more than a few hours.
The fertility of this rather coarse open soil is thus frequently
renewed, which accounts in large measure for the excellent returns
almost invariably secured on some low lying and very sandy phases
of the type. Much of this type is well adapted to melons, sweet
potatoes, and other crops requiring a light soil.

The color in what may be considered the typical development
of this soil, is a pronounced brown, suggestive of a dull shade of
ochre rather than the dark brown coloration usually associated with
soils in which there is more or less humus. In this type there is
a noticeable lack of organic matter, the surface soil differing
slightly in this respeect from the subsoil. This observable deficiency
in humus and the brown color, which is undoubtedly due to a
rather high degree of oxidation of the iron content and uniform
distribution of this ferruginous material throughout the soil mass,
differentiating this soil from the Genesee loam. The distinction
is easily apparent when the average material of the Genesee silt
loam is compared with a sample of the Genesee loam.

GENESEE SiLt Loam.

The Genesee silt loam .consists of a brown silty loam to a depth
of 8 to 12 inches. The proportion of fine sand is usually so high
that the surface is very friable and has in general the properties
somewhat characteristic of a fine sandy loam, rather than those of
a heavier soil. It yields easily to tillage and only in the very
heaviest phases becomes cloddy or is inclined to pack after rains.
The subsoil is a light-brown silt loam, being a little heavier in tex-
ture and more compact than the surface foot, but it is not difficult
to penetrate with a soil auger. As a rule it has a texture and
structure highly favorable to the maintenance of good moisture
conditions. Except in local depressions or in the oecasional sandy
mounds, saturation or extreme dryness seldom occurs. This is due
to the average elevation, which ranges from a few feet to as much
as 10 to 15 feet above the adjacent portion of the stream channel,
and is also favored by the presence of a rather coarse sandy sub-
stratum that is frequently reached with a 40-inch soil auger.

This type is of alluvial origin and is found along Sugar and
Eagle creeks and their larger tributaries.
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The surface is generally free from stones and gravel and there
are comparatively few abandoned channels or deep depressions of
any sort. The slight mound-like elevations found in some of the
larger areas are more sandy than the lower ground. The imme-
diate banks of the streamns and lines of ‘‘cut-off’’ for the current
during floods are also quite sandy and in places gravelly.

_ The water table is not generally more than a few feet below the
surface, so that the moisture content seldom falls below that neces-
sary for a growing crop. Kxceptions to this occur along the chan-
nel where coarse sand may be found a. little below the surface, or in
spots in the interior of the fields where the structure is similar, but
these are limited to a very small proportion of the total area any-
where. The equitable water supply is doubtless the chief factor
in the excellent average yields of grain and grass.

Practically all of this type is now cultivated. Clover, timothy,
and blucgrass do especially well on this land, but as a rule it is
so generally devoted to grain that alternates with grass or clover
are not frequently made. It is quite apparent, however, that some
of the higher lying areas are in need of more frequent change to
crops that tend to increase instead of diminishing the organic mat-
ter. On one rather heavy phase of this type near Thorntown
yields of 80 to 90 bushels of corn have been secured, but the ground
has been frequently manured and otherwise well cared for.

Oats do not generally grow so rank as on the Clyde soils. Rye
and wheat do better than on the average upland soil. Returns of
from 30 to 40 bushels of the latter having been reported in favor-
able seasons.

Notwithstanding its deficiency in humus, the type has a high
value as a corn soil. The short inundations to which much of it is
subjected almost every year and the rare overflows that sometimes
extend over all but the highest parts deposit much fine material,
and the fertility is thus renewed to an extent that compensates for
the temporary loss sustained when floods come, as they sometimes
do, in the growing season.

The higher lying portions of this alluvium are well adapted to
alfalfa. The short overflows are not liable to cause much injury
except in the quantity of weed and bluegrass seed thus scattered on
the land.

GENESEE Loam.

The Genesee loam embraces those black alluvial soils found
along the smaller streams and in some of the widest parts of the
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valleys of the larger streams. In the former locations the surface
soil is usually a dark-brown or dark-drab silty loam with enough
sand to render it rather friable and loamy. Where it approaches
in texture a clay loam the surface is crumbly and the subsoil
usually less compact than that of the other black lands. The or-
ganic matter content is moderately high and effects the color to a
depth of 15 to 18 inches.

The subsoil is a clay or clay loam and ranges in color from gray,
mottled with yellow or yellowish brown, to dark brown or drab,
with many rusty-brown iron stains in the lower portion. In the
lower part of the 3-foot section there is considerable coarse sand
and fine gravel. The lighter tints indicate poor aeration and a
rather high average level of the water table. On the other hand,
the darker colors are found where the natural drainage is better,
a condition usually prevailing in most of the type. It is a little
more compact than the surface soil but seldom ‘‘gummy’’ or con-
taining a semi-impervious layer. It is generally so open in struc-
ture that it admits of comparatively good underdrainage and aera-
tion. The exceptions to this are generally confined to low places
where the average level of the ground water is close to the surface.

The Genesee loam on Sugar Creek generally oceurs on the outer
margin of the wider parts of the flood plain, where there is little
sedimentation, except from the back water of the highest floods.
Since the burden of these is mostly silt and clay particles, compara-
tively heavy soils have been developed. At the foot of some of
the hillsides narrow strips of muck are often found, due to seepage
from the higher ground. In some of these places the subsoil con-
tains so much bog iron that it is very yellow and sticky. Near the
stream channel the texture is coarser and there is less organic mat-
ter in the surface soil.

This soil has a high degree of fertility and possibly is as nearly
inexhaustible with regard to the element of mineral plant food as
any soil can be, but the organic matter content in some of the
higher lying areas is decreasing. The soil is slowly assuming a
higher color and the physical conditions are possibly less satisfac-
tory than when the land was cleared. Such ground would be
benefited by more frequent change to clover or to pasturage grasses.
Lower ground subject to more frequent inundations in thus reju-
venated, but well drained higher valley lands will in time at least
show the effects of almost continuous cropping to corn.

The yields of corn on this type are frequently as high as 80 to
90 bushels per acre. Wheat usually gives better returns than on
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the Miami silt loam, but the possibility of injury by flood is, of
course, a serious menace. On the highest location, where floods of
a few hours duration seldom occur, alfalfa would do well, the fer-
tility of the soil and the permanency of the water supply being
especially favorable to this erop.

Muck.

In soil classification Muck is a term applied to those deposits
consisting chiefly of vegetable remains where the decomposition
occurred in part under water or at least under conditions of almost
constant saturation. The earlier stage of the process usually forms
peat, a brown, fibrous mass, in which the plant tissues are still
discernible, but further change, with more or less exposure to
atmospheric agencies, generally gives a very black, finely divided
carbonaceous material, loose and porous when dry and very soft
and spongy if wet. All these cumulative deposits are in a later
stage of decomposition and many of them have so far changed
under the influence of artificial drainage and admixture of silt and
clay from adjoining cultivated land that they are now essentially
a soil, with an abnormally high content of organic matter. This
is frequently the case in the lowest portions of the Clyde silty clay
loam. ’

The muck areas indicated on the map are as yet true muck.
From a depth of about 4 inches to a foot or more the material is
black, finely divided plant tissue with comparatively little earthly
material. In artificially drained and well cultivated fields the sur-
face is loose and offers but little resistance to any implement. Its
general physical properties are indicated by the local name
‘‘chaffy’’ land, but it'is in too fine a state of division to render this
term correctly applicable.

In the smaller areas the muck is usually but a few inches deep
and as a rule more or less earthy material is mixed with it. Th.
upper subsoil is generally a black, granular clay or siity clay loam,
grading with increase of depth to a yellow or mottled yellowish and
gray clay. In many cases the subsoil is identical with that of the
Clyde silty clay loam.

In the larger areas along the Eel River ditches the muck has
a depth of from 10 to 20 inches, the lower part of which is often
quite compact and invariably contains much meoisture. Beneath
the vegetable material is often found a close, heavy dark-drab clay,
in many instances so sticky and gummy as to be very difficult to
penetrate with a spade. This layer is not usually more than a foot
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or so thiek, but changes at a depth of 15 to 20 inches to a brown
marly clay that at 36 inches is a light gray marl, with many small
shells. In this material the iime carbonatc may be so high that it
is rather friable and chalky. Four or five feet below the surface
there is generally a clay. In no instance was this substratum
found to be sand or gravel.

Practically all of this type, which is locally termed ‘‘chaffy’’
soil, is now drained and in cultivation. Bluegrass and timothy
make a rank growth, but the quality of the hay is not so good as
that made from grass on normal soils. .On all this type corn fails
to thrive so well as on the Clyde silty clay loam. The plants when
from 2 to 3 feet high are very liable to turn yellow, the lower leaves
being affected first. The stalk ceases to grow and even if it does
not die, it fails to mature any grain. The extremity of the roots
die and in many instances are shriveled and brown nearly to the
base of the stalk. This trouble, common to many muck and peat
soils throughout northern Indiana, may be remedied by the appli-
cation of potash. From 100 to 200 pounds of muriate of potash
per acre should be used. It is better to distribute the potash over
surface, or, at least to drill in the hill. This soil is also improved
for corn by applying several loads of manure per acre. It is prob-
able that the manure introduces bacteria that are necessary to the
growth of corn but are not present in the muck. The latter is
generally acid, as indicated by the litmus paper test.

The Muck soils will improve in physical character and lose the
‘‘chaffiness’’ with continued cultivation. The black carbonaceous
subsoil will yield to atmospheric agencies wherever drained and
gradually assume a granular structure similar to that of the other
black soils. Tn the management of this soil deep plowing of those
areas where the mucky material is but a few inches deep will hasten
the process, rendering the soil more firm and of better texture.
Whenever practicable it should be done in the fall so that the stiff
gummy clay may be frozen and thawed as many times as possible.
This will render it less troublesome to cultivate later.

The deeper Muck is easily cultivated and by the use of potash
or stable manure the production of corn should be attended with
little chance of failure. Yields of 70 to 80 bushels have been
secured under favorable conditions or when the soil was more or
less loamy. The quality of corn is invariably improved by the
potash, but it is not generally so good as that on a normal soil.

Some of the tracts near the large ditches could be utilized ad-
vantageously for truck, such as onions, cabbage and celery. It
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also seems possible that a limited acreage could be thus used and
profitably irrigated by means of pumps.

MEapow.

This type embraces those narrow strips of alluvium on the
small branches and upper courses of several of the creeks. The
conditions of deposition prevent the development of any well
defined type. As a rule most of the material is rather fine tex-
tured, varying from a silty loam to a fine sandy loam, and generally
there is but little coarse sand or gravel, except near the channel of
the stream. The surface in most places is more or less uneven and
in the wider development low, seepy spots frequently oceur on the
margin. There is usually a low, bluft-like bank on one or both
sides of the Meadow where the stream is a short tributary of one
of the larger creeks. On the heads of small branches this topo-
graphic feature is lacking and the distin:tion between this type
and the Clyde silty clay loam is not well defined. In nearly all
cases the width of the alluvium on the small drainage lines is con-
siderably exaggerated upon the map.

Practically all of this type has been cleared of the original
timber, wholly or in part, so that it is now mostly set to blue grass.
Some of the widest portions of these little valleys are cultivated,
the soil usually being a very fertile, dark colored fine sandy loam,
but crops are liable to injury by overflows.

SUMMARY.

Boone County is located in the central part of Indiana and has
an area of 420 square miles. The surface is undulating, beeoming
more rolling and hilly along the larger streams. There is very
little land unsuitable for tillage and practically all is included in
well improved farms. The public roads are excellent, and several
steam and electric lines afford most convenient transportation facil-
ities. . _

Corn, oats, wheat, and clover are the principal crops. Com-
paratively few cattle are fattened but dairying is carried on quite
extensively. Some attention is given to sheep, and many draft
horses are raised, but hog raising is the principal live stock in-
dustry.

All the upland soils are the derivatives of a thin surface deposit
of silty material overlying glacial material. The alluvial types are
of limited extent and generally consist of brown sandy loams.

The Miami silt loam, or ‘‘clay land,”’ is the most extensive
type. It is a light colored silt loam, with a rather heavy silty clay
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subsoil. It is deficient in humus and on this account requires
rather eareful management. Clover does well on it and it is excel-
lent timothy and blue grass land. The average yields of corn
are about 40 bushels per acre; of wheat 15 to 20 bushels; and of
oats from 30 to 40 bushels.

The Miami loam, or ‘‘sugar tree land,”’ embraces most of the
rolling lands and the local elevations of the uplands. The soil con-
tains more fine sand than that of the Miami silt loam and the sub-
soil is more open in structure. On account of its more effective
underdrainage and aeration, this type is less susceptible to seasonal
extremes than the heavier types and the average yields of grain are
somewhat higher.

The Clyde silty clay loam locally termed black lands owes its
origin to the semi-swampy conditions formerly prevailing in prac-
tically all the depressions of the uplands. Under artificial drain-
age it is an ideal corn soil, the average yield in favorable seasons
being 80 bushels per acre. Wheat does well and timothy, clover,
and bluegrass make heavy yields. Limited areas of this type have
an excess of vegetable matter in the surface soil and are called
‘‘chaffy’’ land. A few small areas of true Muck oceur in associa-
tion with these black lands.

The Fox silt loam occurs on the level bench lands of Sugar and
Eagle creeks. It is similar to the Miami silt loam, but the smooth
surface and generally good natural drainage render it somewhat
easier of management. On these terraces that have an eroded sur-
face the soil is quite variable in depth and texture, but most of it
is a sandy loam. This variable condition is represented by the Fox
sandy loam.

The Genesee silt loam embraces most of the larger areas of
alluvium. It is a brown silty or fine sandy loam rather low in
organic matter, but the physical structure and topographic position
insure good moisture conditions. Most of this type has a very high
agricultural value.

No very close distinction can be drawn between the latter type
and a moderately coarse sandy loam of common occurrence along
the channels of the larger creeks. This latter type, mapped as
Genesee sandy loam, has a rather limited areal extent and is not so
safe a soil in dry seasons as the silt and fine sandy loam.

The narrow strips of alluvial soil on the branches are repre-
sented by Meadow. The texture, structure and drainage condi-
tions are quite variable, and most of this land has little present
agricultural value except for pasture.
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Soil Survey of Montgomery County, Indiana

By Grove B. JoNEs, of the U. S. Department of Agriculture, and
C. H. Ora1100D, of the Indiana Department of Agriculture.

DESCRIPTION OF THE AREA.

Montgomery County, Ind., is situated in the west-central part
of the State. It is bounded on the north by Tippecanoe County ;
on the east by Clinton, Boone, and Hendricks counties; on the
south by Putnam and Parke counties; and on the west by Parke
and Fountain counties. It has an area of 508 square miles or
325,120 acres.

The county is divided into two nearly equal parts by Sugar
Creek, the largest stream in the area, formerly known as Rock
River. This stream enters the county from the east about 5 miles
south of the northern boundary, and leaves the county about 5
miles north of the southern boundary. Its tributaries from the
north are Lye and Black creeks and from the south, Walnut,
Offield, and Indian creeks. The extreme south and southeastern
parts of the area are drained by the Raccoon Creek and Cornstalk
(‘reek ; the northwest part by the branches of Coal Creek, a stream
emptying directly into the Wabash River.

The topography, which varies from level to rolling and hilly, is
characteristic of a glacial region. Probably the highest elevation
in the county is to be found in the vicinity of Alamo, where the
glacial moraines attain an altitude of approximately 870 feet.
Other morainie elevations of considerable height are found north
of Yountsville. One point known as ‘‘Bald Hill’’ rises to a height
of 190 feet above Sugar Creek. In general the surface varies be
tween 700 and 850 feet above sea level. :

The largeést level area in thé county, geologically known as

ncient Lake Harney, lies in the south-central part, and until
" 7 reclaimed by artificial drainage was called Black Swamp. The
surface of this entire area presents but slight varation in eleva-
tion. A strip of prairie land from 1 to nearly 5 miles wide, gently

(141)
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undulating in character but broken by occasional wooded areas,
extends entirely across the northern part of the county.

From its point of entrance into Montgomery County to about
two miles below Yountsville, Sugar Creek has a valley of consid-
erable width consisting of bottom or overflow land and terraces at
varying elevations. Below this point the valley is contracted by
precipitous bluffs, many of which are bare rocky cliffs from 100
to 200 feet or more in height. Numerous springs give rise to
streams which have reduced the country for nearly a mile on
cither side of Sugar Creek to a net work of deep gullies and steep
slopes, for the most part unsuited for cultivation. The accom-
panying soil map is not a topographic sheet, and since it does not
show the elevations it is difficult to get a correct idea of the un-
evenness of this section of Montgomery County.

Montgomery County was organized in 1823 and the town of
Crawfordsville, situated in the central part, founded. As the
country was settled Crawfordsville became an important business
point. It was incorporated as a city in 1865 and today is the
county seat, with a population of about 10,000. Several manu-
facturing industries are located here. Crawfordsville is also the
site of Wabash College, organized in 1832. Ladoga, situated in
the southeastern part of the county, is second in size, with a pop-
ulation of about 1,200. Here is located the only canning factory
at present in the county. Waveland affords an outlet for the prod-
uce of the southwestern part of the county, while Darlington, Lin-
den, New Richmond, Wingate, Waynetown, Kirkpatrick and Ala-
mo are thriving market towns, supplying the communities in which
they are located.

The system of consolidated schools has recently been intro-
duced. Modern commodious structures advantageously situated
have displaced the more numerous small schoolhouses. The sys-
tem is said to be satisfactory.

The roads throughout the county are as a rule in good con-
dition, most of them being graveled. During the last few years
some have been macadamized and each year the mileage is in-
creased.

The county is well supplied with steam and electric roads.
Three railroads pass through Crawfordsville, the New York Cen-
tral and Pennsylvania systems and the Chicago, Indianapolis and
Louisville Railway. The Toledo, St. Louis and Western crosses
the northern part of the county, passing through Wingate. New
Richmond, Linden and Kirkpatrick. In the southern part of the
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county the Central Indiana Railway connects Waveland and La
doga with Lebanon in Boone County.

Crawfordsville is also the terminus of two electrie lines. The
Indianapolis, Crawfordsville and Western—Ben Hur Houte—ex-
tends southeast, connecting the county directly with Indianapolis.
The Terre Haute, Indianapolis, and Eastern traction line, known
as the Northwestern, runs east to Lebanon and other points. It
is planned to extend this line west from Crawfordsville, connect-
ing it with Danville, Ill. The construction of a system of spurs
into parts of the area not at present served with transportation
facilities will be welcomed. Alamo and vicinity will be especially
benefited.

CLIMATE.

The tables following give the records of the Weather Bureau
stations at Lafayette and Veedersburg in counties adjoining on
the north and west, respectively. No means have been established

NORMAL MONTHLY, SEASONAL, AND ANNUAL TEMPERATURE AND PRECIPI
TATION AT LAFAYETTE, TIPPECANOE COUNTY, IND.

TEMPERATURE. I PRECIPITATION,
M . Total Total
ONTH Absolute | Absolute Amount | Amount | Snow,
Mean. Max- . Min- Mean. | forthe | for the | Average
imum. | imum, Driest | Wettest | Depth,
Year Year.
°F °F. °F Inches. Inches Inches Inches,
29.7 69 —17 2.59 1.95 5.84 3.5
25.3 70 —33 2.47 1.18 0.40 7.0
26.9 60 —26 2.75 2.94 5.78 6.3
273 | 69 —25 7.81 6.07 | 12.02 16.8
37.6 83 —5 3.20 1.41 3.30 4.4
50.5 89 10 3:27 2.94 2.25 0.4
61.5 97 25 2.1 3.82 T
49.9 90 | 10 | 1087 6.46 9.37 4.8
70.7 100 33 4.43 1.07 7.16 0.0
74.6 105 42 3 0.88 2.06 0.0
2.6 102 39 3.23 3.08 0.47 0.0
2.6 | 102 38 | 11.43 5.93 9.68 0.0
66.1 101 29 2.77 3.02 4.20 0.0
53.3 92 16 2.35 1.62 4.42 T
39.5 95 —1 3.08 3.72 6.49
Fall.................... 53.0 96 15 8.18 8.36 15.11 1.2
Annual................. 50.7 89 10 38.29 26.82 46.18 22.8

Average date of first killing frost in Autumn, October 5.
Avernge date of last killing frost in Spring, April 26.
Earliest date of killing frost in Autumn, September 14.
Latest date of killing frost in Spring, May 27.
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for Crawfordsville; nor is there any station in the county with
satisfactory records. The data compiled from the two stations
mentioned are, however, applicable to local econditions.

The climate of Montgomery County is humid. It is charaec-
terized by wide variations in temperature. It will be seen that
the mean annual precipitation is about 34 and 39 inches and is
favorably distributed through the year.

The average snowfall recorded at Lafayette covering a period
of 22 years, is 22.8 inches, which under normal conditions, is suffi-
cient to protect crops of winter wheat, rye and clover.

NORMAL MONTHLY, SEASONAL, AND ANNUAL TEMPERATURE AND PRECIPI-
TATION AT VEEDERSBURG, FOUNTAIN COUNTY, IND.

TEMPERATURE. PrecipitaTION,
MoNTH. Total Total
Absolute | Absolute Amount | Amount Snow,
Mean. Max- Min- Mean, for the | for the | Average
imum. imum. Driest | Wettest | Depth.
Year. Year.
°F. °F. °F. Inches. Inches. Inches. Inches.
62 —12 2.17 3.20 0.43
69 —24 2.34 1.34 0.43
64 —14 1.91 1.39 2.65
65 | —17 | 642 | 593 | 351 |.....
84 —8 3.20 3.78 3.18 |..........
88 20 2.23 2.13 069 |..........
94 23 4.33 2.68 58 |..........
89 12 9.76 8.59 9.67 |..........
70.3 97 : 36 4.97 7.98 9.06 |..........
75.3 105 i 42 3.51 0 39 6.46 |..........
74.0 101 | 44 320 4.40 3.87 |..........
Summer............... 132 |10 ‘ a | | 1277 | 1939 |
i 2.23 T 219 |..........
| 2.27 4 45 3.30 |..........
H 2.12 0.98 3.43 ...
6.62 5.43 8.92 ...
Annual................. 52.3 86 ‘ ‘14 34.57 .32.72 4149 | .........

Average date of first killing frost in Autumn, October 5.

Average date of last killing frost in Spring, May 1.

Earlicst date of killing frostfin Autumn, September 14.

Latest date of killin&rout in Spring, May 21.

Records of frost occurrence at (‘rawfordsville give the average
date of last killing frost in spring as April 24, and of first in fall
as October 20. There is thus 189 days free from frost of suffi-
cient severity to injure even tender plants. The season is ample

for the maturing of the principle crop. corn.
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AGRICULTURE.

In Montgomery County agriculture is the principal resource.
It dates back to 1823, when the first settlement was made on a
high bluff overlooking Sugar Creek, at what was destined to be
Crawfordsville. The development of agriculture was slow, for
nearly all the county was originally forested with hickory, oak,
elm, maple, beech, and walnut.

Corn was the first erop grown but was later planted in alterna-
tion with wheat. Wheat for a long time was extensively grown,
but for nearly a score of years there has been a rapid falling off
in wheat produection.

Formerly stock raising was a leading industry, as the soils are
nearly all adapted to the growing of grasses, the native bluegrass
and prairie grass of the northern section of the county affording
ample grazing for large herds of stock. At present, however, only
a few head of cattle are fed on most of the farms and more at-
tention is paid to raising of hogs. The present high prices of
beef and pork it would seem should stimulate the development of
these forms of animal husbandry.

The raising of sheep was once extensively carried on and there
are still some flocks in nearly all parts of the county. The rough
areas in the southwestern part of the county are well adapted to
sheep raising.

Some good horses are kept for teaming and farm work and a
number of mule colts are raised.

At the present time the farmers of Montgomery County are
devoting most of their attention to growing corn, hay, oats, wheat,
and rye, and to a limited extent, millet, alfalfa, truck crops, and
tomatoes for canning purposes.

The growing of alfalfa is in its infaney in Montgomery Coun-
ty, but it can be grown with profit; a few farmers recognize this
fact and are taking advantage of it. Its importance as a feed,
especially for dairy cows, and as a soil renovator are recognized.
Alfalfa is usually difficult to start, and for this reason many far-
mers become discouraged. Alfalfa is successfully grown on a small
scale on a number of soil types but failures have bien made in
attempting to seed this crop on these same soils in other parts of
the county. As a general rule it is difficult to introduce any new
crop into a region where farming is well established along fixed
lines and when the attempt is made and attended by no pronounced
success there is no disposition to give the crop another trial.

10—33700
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For the production of alfalfa the soil should be well drained,
liberally supplied with lime and barnyard manure and reduced to
the best physical condition. Inoculation may be necessary, al-
though it is not always. so, especially where sweet clover grows.
Soil from a field where alfalfa has grown successfully may be
used for this purpose. Weeds are inclined to crowd alfalfa out,
and only by frequent cutting can they be kept back.

About 20 pounds of alfalfa seed per acre is sown without &
nurse crop in August or September, or it may be seeded in the
spring with oats. The introduction of this erop into the rotation
would be of great value. Besides adding nitrogen to the soil the
deep subsoil is loosened by the roots, which penetrate to great
depths. .
Corn is grown extensively over the entire area, and it is the
most important crop. A few silos are in use by the dairies around
Crawfordsville and their number is gradually increasing. Late
corn planted for ensilage forms excellent feed for both dairy and
market cattle. QOats are grown extensively and the acreage de-
voted to rye is being increased.

The growing of tomatoes for canning has developed extensively
in the vicinity of Ladoga where the only canning factory in the
county is located. From 125 to 250 bushels per acre are generally
obtained and 20 cents a bushel is the average price paid. As the
canning industry grows other canning crops, such as sweet corn
and peas, will doubtless be produced.

The trucking industry has not been extensively developed.
A number of gardens in the vicinity of Crawfordsville supply
that local market. Strawberries, tomatoes, cabbage, melons, can-
taloupes, lettuce, and cucumbers are grown successfully. This
industry could be profitably extended, especially upon the sandy
loams.

Other special crops could be profitably grown on many of
the soils. Muck is well suited to the production of celery, let-
tuce, cabbage, and carrots, and sugar beets are grown farther
north on soils similar to those existing in the county.

Conditions are favorable for dairying. The product of the
several existing dairies is at present consumed within the county.
but there appears to be no reason why a surplus for export
should not be produced.

The agriculture of the area is highly developed and the crops
which are being grown are well adapted to the soils and general
conditions. The general appearance of the farms indicates a
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high average condition of thrift and prosperity. The farm build-
ings as a rule are well built and substantial, and many are
equipped with modern improvements.

About 60 per cent. of the farms are operated by the owners.
There is thus considerable tenant farming. Both cash and share
systems of renting are practiced. When rented for cash farm
lands bring from $3 to $6 an acre. The more common plan of
rental is on a share basis, the landlord receiving one-half of the
products. The tenant often pays a cash consideration usually
designated the ‘‘privilege’’, for use of house, barn, garden, and
pasture. Threshing expenses are usually equally divided. Many
landowners rent their farms to tenants and live in the towns and
villages.

The value of farm lands in the county varies from $15 to $50
an acre for steep broken land to $200 an acre for well-improved
‘““black land”’ (Clyde soils). Values have advanced sharply in
the past few years.

The light-colored soils of the county are in need of organic
manures. The black soils are well supplied with organic matter,
but frequently are more or less acid, and some form of lime, such
as pulverized limestone should be applied. On such soils phos-
phoric acid is also often beneficial.

On the whole, fairly good cultural methods are practiced in
handling soil, but in many cases crop yields inay be increased by
deeper plowing, more thorough tillage, and systematic rotations.
The importance of crop rotation is recognized and generally fol-
lowed, though a greater portion of the land might be kept in
clover to good advantage.

There is need of improving the drainage conditions on the
Clyde silty clay loam and the Miami silt loam.

SOILS.

Montgomery County lies within that portion of the glaciated
region covered by the later or Wisconsin invasion. This great ice
sheet, which covered the country to a depth of many hundred
feet, not only brought about by its abrasive action great changes
in the general configuration of the surface but by the deposition
of ground up material, covered the county with a mantle of
unconsolidated material which now in a more or less modified
condition constitutes the source of the soil material.

The bed rock underlying the whole of Montgomery County
consists of many thin strata of shale, sandstone, and limestone,
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which have been classed as regards age with the Lower Carbon-
iferous. These rocks were originally so deeply covered by the
unconsolidated glacial drift that they are never exposed in suffi-
cient extent to weather into distinct residual soils and only slight-
ly influence the composition of the glacial soils, as the debris of
local derivation makes up only a small proportion of the drift.
The varying degrees of hardness of the several strata have, how-
ever, brought about changes in topography, as shown by pregla-
cial valleys and by valleys eroded since glacial times.

These rocks have contributed to the industries of the region
some materials of economic importance.

The rocks of the Knobstone group consist mainly of blue-gray
shales and sandstone and are conspicuously exposed along Sugar
Creek in many places. In the vicinity of Crawfordsville the
shale is used in the manufacture of a fine quality of building
brick. Overlying the Knobstone group is the Harrodsburg lime-
stone, exposures of which are seen along Sugar Creek, west of
Waynetown and south of New Ross. The Bedford Oolitic lime-
stone outcrops a quarter of a mile north of Parkershurg. The
Mitchell limestone overlies the Bedford Oolitic limestone and is
found in the southwest corner of the county.

The Mansfield sandstone being more resistant than the strata
above and below it has weathered into the bold cliffs at Shades
and into lesser cliffs and terraces in many places along Sugar
Creek and its tributaries.

The agency of the ice flow in influencing topography is to be
seen in altered stream channels and in the presence of preglacial
valleys and lakes. The present course of the deeply entrenched
channel of Sugar Creek beginning a few miles west of Crawfords-
ville and a short distance north of Yountsville, indicates coneclu-
sively the recent origin of this chasm. Before becoming obstructed
it is thought that the outlet for Sugar Creek was by means of
two channels, one leading more directly to Coal Creek, the other
to the southwest of Yountsville. Lye Creek is believed to have
also occupied a preglacial valley.

Ancient Lake Harney, a preglacial lake several miles in ex-
tent, is found south of New Market. Tt was known to the early
settlers as ‘‘Black Swamp.”’

The covering of drift, combined with the reworked loessial
material, varies in depth in different parts of Montgomery County
from a few inches over the steep broken land to 100 feet or more
over the morainic portion. The till consists of a heterogeneous
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mass of sand, gravel, clay, and bowlders at lower depths, but as
a rule the surface covering is more homogeneous over considera-
ble areas and has weathered into fairly uniform types of soil.
Occasional large bowlders apparently dropped promiscously, are
a feature of the landscape. A train or dyke of these bowlders,
one-fourth to one-half mile wide extends across the northeastern
part of the county. These bowlders consist for the greater part
of crystalline rocks derived from distant sources.

The glacial drift is overlain almost everywhere by loessial ma-
terial. Hills, slopes, and valleys alike have this silt covering
which varies in depth from a few inches to nearly three feet.

The Montgomery silt loam is the most extensively developed
soil type. The material of the surface soil or of the surface soil
and the upper subsoil appears to be closely related to the loess,
while that of the subsoil or lower subsoil is glacial till.

The Miami silt loam represents the weathered product of the
glacial till over gently rolling or nearly level areas.

The Carrington silt loam is composed of bowlder drift material
weathered under conditions that have produced a dark colored
surface soil.

The Clyde silty clay loam has been produced where till and
loessial material have weathered under poor drainage conditions.
favorable to the accumulation of dark organic matter. It has also
been modified to some extent by the washing in of silty material
from the higher lands.

Two terrace soils are found in the county, the Fox silt loam
and the Fox sandy loam. Both contain gravel which increases
with depth. The type represents reworked glacial material de-
posited when the stream flowed at a higher level than at present.

The Rodman gravelly sandy loam is found occupying morainie
lines and ridges.

The soils of the (Genesee series and Meadow represent recent
alluvium and are composed principally of reworked glacial and
loessial material.

MoNTGOMERY SiLT Loam.

The surface soil consists of a light-brown silt loam about 10
to 15 inches deep. In some localities a small quantity of pebbles
or gravel and occasionally some cobblestones and bowlders are
found, but the distribution is not general.

The subsoil to a depth of about 30 inches, is a yellowish-brown,
heavy silt loam to silty clay loam, where the glacial drift material
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is usually encountered. This bowlder till closely resembles the
lower subsoil of the Miami silt loam and consists of a brown to
slightly reddish-brown sandy clay or clay loam. Below three feet
gravel cobbles, and bowlders become more numerous.

There are some included patches too small to map in which
the texture ranges to a loam or fine sandy loam, particularly on
some of the knolls and slopes.

The Montgomery silt loam is the most extensive soil type in
the county. For the most part it occupies rolling country, al-
though there are some nearly level areas and a few morainic hills.
In the vicinity of Alamo the topogaphy is billowy and the sur-
face soil in this region and around Waynetown and east to Wesley
Chapel generally speaking contains a higher percentage of medium
and coarse sand that is typical.

The Montgomery silt loam consists of the finer grades of gla-
cial drift material modified more or less by the addition of what
appears to be loessial material. In some localities the effect of
wind action upon the material is quite apparent.

Where the type oceupies level to undulating areas there is a
close resemblance to the Miami silt loam. The likeness, however,
is found in the subsoil, which is more compact and has the char-
acteristic mottling of gray and yellow. This condition is due to
immature drainage and poor aeration. In these areas the surface
soil has a brown color while the Miami silt loam under similar
conditions is light gray to whitish.

The natural drainage of the Montgomery silt loam is in most
places good, and only in a few localities is artificial drainage
practiced. The type is locally known as ‘‘sugar tree land’’ on
account of the predominance of the hard maple on such areas.
Besides maple, oak, hickory, walnut, and beech are abundant.

The type is a typical general purpose soil. All the farm pro-
ducts common to this region are grown successfully. As in the
case of the other soils of the county, the principal crop is corn,
with yields ranging from 40 to 70 bushels per acre. The acreage
of oats is large and the soil is productive of this crop. The aver-
age yield in the year 1912 was about 65 bushels per acre. The
preceding year the yield was about 40 bushels per acre which is
nearer the average. A large area is devoted to wheat which yields
20 to 27 bushels per acre. Some rye, buckwheat, and millet are
grown.

Timothy and clover do well on this soil, ordinarily yielding
from 13 to 2} tons of good quality hay per acre. Of timothy seed
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7 or 8 bushels per acre and of clover seed from 1 to 2 bushels are
obtained. Excellent bluegrass pastures are found, supplement-
ing the hay crops during about six months of the year. Alfalfa
is another forage crop which succeeds on the type. The crop is
gaining in favor but the acreage devoted to it is still small.

A common rotation valuable for use on the Montgomery silt
loam covers a period of four years and consists of corn, oats,
wheat, and clover. Corn is frequently planted two years in suc-
cession, the remaining steps in the rotation being unchanged.

Corn is fertilized at the rate of 100 to 175 pounds per acre
with a mixture analyzing 1.5 per cent. nitrogen, 9 per cent. phos-
phorie acid, and 4 per cent. potash, though the formulas of differ-
ent brands may vary slightly from this. For oats and wheat about
125 pounds per acre of the same mixture is applied.

The Montgomery silt loam is a mellow, friable soil of easy till-
age. Its loamy structure allows the free circulation of air and
moisture and the land is in eondition to plant at a relatively early
date. The internal drainage is not sufficiently free to make the
soil unretentive of moisture.

Truck crops and fruit are grown for home consumption in all
parts of the area. Apples, pears, cherries, grapes and small fruits
do well. Tomatoes for ecanning are grown to a limited extent and
are found profitable.

The Montgomery silt loam is naturally deficient in organie
matter. This should be supplied by plowing under legume and
other green crops, and by returning to the soil the straw and other
litter left from the harvested crops. Weeds are valuable for this
purpose. Barnyard manure is, of course, the most valuable means
of adding organic matter to the soil, and where an ample supply is
available, green manuring may be dispensed with. Alfalfa, clover,
and other leguminous crops also help to maintain the nitrogen con-
tent of the soil through their ability to collect this ingredient from
the air.

Montgomery Silt Loam, Flat Phase—The Montgomery silt
loam, flat phase, consists of a grayish-brown to dull or dark gray
silt loam about 6 to 8 inches deep.

The subsoil is a mottled brown and gray, crumbly silt loam
which becomes gradually heavier and more compact as the depth
increases, passing at 15 to 20 inches into heavy silty clay loam of
a mottled yellowish-brown or yellow and gray color. The sub-
soil usually contains some small iron concretions, and these are
also scattered over the surface and through the soil.
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The main body of this phase of soil occurs in the south-cen-
tral part of the county, south of New Market and east of Browns
Valley, where it occupies a nearly level country. This large area
is locally known as ‘‘Black Swamp.’’ 1t is poorly drained, and
requires tiling or ditching for best results with erops. Evidences
of glacial lake origin do not seem to be strong enough nor is the
color of this soil dark enough to warrant the classification of this
soil as a member of the Clyde series. It has been suggested by
some geologist that Big Swamp represents the site of a former
glacial lake.!

A few small areas of the Montgomery silt loam, flat phase,
were mapped to the south of Alamo. These areas probably repre-
sent small glacial lakes or swamps at one time more or less closely
connected with the larger body.

The Montgomery silt loam, flat phase, yields from 50 to 75
bushels per acre of corn, from 50 to 60 bushels of oats and from
1 to 2 tons of hay. s

Very little wheat is grown, as it is not a profitable crop on this
phase. During winter months it leaves badly and if it survives
the winter it usually lodges on account of the heavy growth of
straw. The phase needs to be improved, especially in case of the
small depressions. This will improve it somewhat for the produec-
tion of the cereal crops.

Farm values on this type of soil range from $100 to $150 an
acre, and of the flat phase from $125 to $150.

The results of mechanical analyses of samples of the typical
soil and subsoil of this type are given in the following table:

MECHANICAL ANALYSES OF MONTGOMERY SILT LOAM.
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MiaMr Sit LoaMm.

The soil of the Miami silt loam consists of a light éray to light
brown silt loam about 8 to 12 inches deep. The subsoil to an

1. See description Montgomery County, Indiana. Geolozical Survey. 7th Annual Report 1875,
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average depth of 25 inches is a light-gray to mottled yellow and
gray silty clay. On handling the subsoil material the erushing of
the iron concretions often gives an ochreous yellow or brownish
colcration. Below 25 inches the subsoil is a brown clay containing
considerable sand and gravel, in places showing a reddish tint.
This glacial drift material containing gravel, stones, and bowlders
continues to an undetermined depth. Small iron concretions oc-
cur both on the surface and throughout the soil.

The type as developed in this area is not altogether represen-
tative of the typical Miami silt loam of other areas in that the
soil is somewhat lighter in color or mottled and the drainage not
so well established.

The Miami silt loam occurs in the extreme eastern part of the
county. It is extensively developed in the adjacent county of
Boone, and eastward.

The topography is nearly level to gently undulating. On this
account, and also on the account of the dense subsoil, the natural
drainage is not good. Tile drains and upon ditches are common,
but more complete drainage systems would no doubt pay through
increased crop yields.

The original timber growth on this type consisted of oak, hick-
- ory, ash and beech. Numerous groves and woodland pastures in-
clude these and other hardwoods.

The greater proportion of this type is devoted to general farm-
ing. Corn produces a slow and uneven growth, but yields ordi-
narily from 25 to 35 bushels per acre. The yield of wheat ranges
from 12 to 15 bushels and of oats from 25 to 30 bushels. Timo-
thy does very well on this soil, a better quality of hay being pro-
duced than upon the soils containing larger quantities of organie
matter.

The Miami silt loam is deficient in organic matter. Stable
manure is usually applied to the sod land, but this is not suffi-
cient to maintain the supply. Little commercial fertilizers are
used. The land would be much benefited by plowing under vege-
table matter in the form of clover, rye or peas.

A great improvement would result in this type from deeper
plowing and more thorough drainage to give better aeration.
Deep rooted crops such as the larger clovers and alfalfa will be
found beneficial in this respect, as well as in maintaining the ni-
trogen content.

The Miami silt loam is valued at $125 to $150 an acre.
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CARRINGTON SiLT LoaM.

The Carrington silt loam consists of a dark-brown to black
silt loam, 10 to 15 inches deep. The subsoil is a brown to yellow-
ish-brown silty clay loam varying in places to a yellow silty clay,
slightly mottled with splotches of gray and iron stains. The sur-
face soil is usually free from stone and gravel except on some
low ridges and knolls. Bowlders are occasionally found scattered
over the surface of both the undulating and level areas. In the
deeper subsoil considerable stony material is found where the
type occupies low ridges and knolls.

In Montgomery County the Carrington silt loam occurs only
as a strip 1 to 5 miles wide extending across the northern edge
of the county. This area represents the southern boundary of
the extensive areas of this type occurring in upper Indiana. The
area embraced within this survey is generally spoken of as prairie,
although it is dotted with many island like groves.

The surface features vary from low ridges to areas of undula-
ting and gently rolling topography. The type is derived from the
weathering of the drift which deeply covers this region. Bowlders

-are especially numerous in this deposit south and southeast of
Linden.

Nearly all of the Carrington silt loam has sufficient natural
drainage, although some areas have been benefited by tiling.

The soil is devoted to general farming, to which type of agri-
culture it is very well suited. Practically all of it is used for
agricultural purposes, a few woodlot areas being the exception.

The Carrington silt loam is an excellent corn and grass soil.
The yield of corn ranges from 40 to 80 bushels per acre. Oats
constitutes an important crop, yields of 40 to 60 bushels per acre
being usual. Wheat is not generally grown. The acreage planted
to rye has increased in recent years. Timothy and clover are
generally sown together, giving yields of 1} to 2 tons per acre.
Clover seeded alone is also grown, the first cutting for hay, and
the second often for seed. From 1 to 2 bushels of seed per acre
are obtained.

A rotation common on this type consists of two years of clover
followed by corn, and then by oats, rye or wheat. No commercial
fertilizers are used and the soil receives but little barnyard ma-
nure.

No attempt has been made to cultivate special erops on a com-
mercial scale. Fruits, vegetables and truck crops are grown for



SOIL SURVEY OF MONTGOMERY COUNTY. 155

home consumption and excellent yields are secured. Farther
north in this State sugar beets are being successfully produced
on the Carrington silt loam. The scarcity of labor is the chief
drawback to the production of this crop.
Farms on this type of soil are valued at $150 to $200 an acre.
The following table gives the results of mechanical analyses
of samples of the soil and subsoil of this type:

MECHANICAL ANALYSES OF CARRINGTON SILT LOAM.

No. DESCRIPTION.

Fine Gravel, Per Cent
Coarse Sand, Per Cent.
Medium Sand, Per Cent
Fine Sand, Per Cent.
Vecrz'n '“ﬁne Sand, Per
Silt, Per Cent.

Clay, Per Cent.
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CLypE Sinty Cray Loawm.

The soil of the Clyde silty clay loam, to a depth of 8 to 15
inches, is a black or dark-gray, heavy silt loam or silty clay loam.
The characteristic dark color is due to the high content of or-
ganic matter. The subsoil is a drab-colored, sticky, and plastic,
silty clay, which varies to a mottled yellow and light-gray color.
In some cases in the lower part of the 3-foot section there is an
appreciable quantity of sand mixed with the clay.

This type is the heaviest soil in the county, and care is re-
quired in handling it. If worked when too wet large clods form
which are subsequently pulverized with difficulty. Also when dis-
turbed in this condition the soil is likely to run together and to
assume a hardened condition on drying out, frequently cracking.
A few areas were noticed, notably east of Darlington, where a
small amount of sand has become mingled with the soil rendering
it more friable, easier to cultivate, and less liable to clod and bake.
A good many patches were included with other types, for the
reason that they were too small to map.

The Clyde silty clay loam is generally distributed over the
county, with the exception of the southern tier of townships,
where only a few small patches occur.

The surface of the type is level or slightly depressed and the
natural drainage is poor. In some cases the soil occupies depressed
areas of irregular shape in the uplands where natural drainage is
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restricted. In texture these areas are practically the same as the
dominant surrounding types. The soil represents mixed glacial
and loessial material which has been markedly influenced by poor
drainage, favoring the accumulation of dark colored organic mat-
ter. There has been considerable washing in of silty material from
adjacent higher land. In the lowlying country bordering streams
and in some of the larger areas formerly swamps or ponds is found
the heaviest phase of this type.

The greater part of the type is under cultivation, being drained
by artificial means. There still remain areas which would be
greatly benefited by more complete drainage systems. Along some
of the streams areas too wet to cultivate are devoted to grass.
There remain in the uplands some good-sized areas which support
a heavy growth of oak, hickory, and elm.

This type is especially adapted to corn and grass. The yield
of corn is from 60 to 80 bushels, the average being about 50
bushels per acre. Clover is grown, but is frequently injured by
heaving due to freezing and thawing. The yield is about two tons
of hay per acre. :

In favorable seasons oats produce 65 bushels, but 30 bushels
per acre is about the average yield. Some rye is grown and 15
bushels per acre is considered a fair average yield. In the usual
rotation oats, with which clover is sown, follows corn. The acre-
age planted to wheat is small and for this crop only is commercial
fertilizer used.

The price of the Clyde silty clay loam varies from $125 to
$200 an acre, depending mainly upon the improvements in drain-
age.

Fox St LoamM.

The Fox silt loam consists of a light-brown silt loam to a depth
of about 15 inches, where it is underlain by a brownish, heavy silt
loam or silty clay loam. Below this material at an average depth
of about 30 inches sandy clay of a slightly reddish-brown color
is encountered. Beds of gravel from 4 to 7 feet below the surface
insure good natural drainage. The surface is practically free from
stone or coarse material.

The broad, high terraces north and west of Crawfordsville
constitute the largest and most representative bodies of this type.
These nearly level areas stand approximately a hundred feet above
the channel of Sugar Creek. They represent material deposited
by the stream when it was flowing at higher levels. The underly-
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ing gravel beds give evidence of having been laid down by swift
currents, probably at the close of the glacial period. The soil
covering of silt material may have been deposited contemporane-
ously with the silty material of the Montgomery silt loam. Be-
sides the areas along Sugar Creek other bodies occur near Smarts-
burg and Shannondale on North Walnut Fork.

The Fox silt loam closely resembles the Crawfordsville silt
loam, differing from that type chiefly in its topography.

Practically all the Fox silt loam is under cultivation, most of
it being devoted to the general farm crops. The type is easily
cultivated, and a loose, friable seedbed can be readily secured.
It stands drought remarkably well. Corn will yield from 50 to
75 bushels per acre, and oats 35 to 60 bushels, with an average
of about 45 bushels per acre. Rye is grown to some extent, the
average yield being about 25 bushels per acre. The Fox silt loam
is an excellent clover and timothy soil. Clover seeded alone yields
from 14§ to 3 tons per acre. The growing of alfalfa has not been
attempted, but the soil is believed to be well suited to the produe-
tion of this valuable hay crop.

West of Crawfordsville a large acreage of this soil is devoted
to strawberries, lettuce, tomatoes, and other market garden pro-
duce. The tomatoes grown are said to be superior in quality to
those produced upon the more sandy soils.

In fertilizing, the best results are obtained with a complete
mixture containing 1.6 per cent. nitrogen, 8 per cent. phosphoric
acid, and 6 per cent. of potash. The use of stable manure, in
connection with green manuring, is considered one of the best
methods of increasing and maintaining the productiveness of the
soil.

Well-improved farms on the Fox silt loam range from $100 to
$150 an acre.

Fox Sanpy Loam.

The soil of the Fox sandy loam to a depth of 12 to 15 inches is
a medium sandy loam to loam of a light to dark-brown color. Fine
gravel in limited quantities is found on the surface and through the
soil and in places the soil approaches closely the texture of a fine
sandy loam. On the higher terraces the texture is heavier, ap-
proximating a loam. Below the soil is a light-brown, or yellow-
ish-brown, heavy coarse sandy loam or sandy clay which contains
considerable coarse sand and gravel. The gravel content inereases
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with depth until at 3 to 5 feet a bed of nearly pure gravel is en-
countered.

The Fox sandy loam is not an extensive soil type in this coun-
ty. It occurs along Sugar and Coal creeks, Walnut Fork, and
other streams as terraces (or second bottoms), all of which are
of small extent. The largest area occurs along Sugar Creek.

The soil represents alluvial material deposited by the several
streams when they flowed at higher levels than at present. Its
origin is probably similar to that of the Fox silt loam.

On account of its porous texture and deep gravelly subsoil,
the natural drainage of this type is good. The subsoil, however,
is sufficiently compact and retentive of moisture to prevent dam-
age to crops during ordinary periods of drought.

The Fox sandy loam gives good returns when planted to any
of the crops grown in the area. Corn yields from 35 to 50 bushels,
oats 30 to 50 bushels, wheat 15 to 20 bushels, and hay about 2
tons per acre. Alfalfa would doubtless do well on this soil. Small
fruits and vegetables are grown to some extent, and where con-
veniently situated to market this type should be more extensively
used for these crops.

Land of the Fox sandy loam type varies in price from $100
to $125 an acre.

The following table gives the results of mechanical analysis
of samples of the soil and subsoil of this type:

MECHANICAL ANALYSES OF FOX SANDY LOAM.
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GENESEE FINE SANDY LoaiM.

The Genesee fine sandy loam is an unimportant type of soil. It
is found in the valley of Sugar Creek in the central part of the
county and is derived from flood deposits of this stream. The
soil is typically developed in the area northwest of Garfield, where
the surface consists of a dark-brown fine sandy loam or loamy fine
sand varying in depth from 10 to 20 inches, and the subsoil of
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a light brown sand, which usually becomes sticky below. In some
cases the subsoil extends to a depth of 3 feet, without important
change, consisting of a rather loose sand, while in other areas it
is composed of alternately stratified sandy and silty layers. The
small patch south of Yountsville which is really a fine sand was
included with this type on account of its small size.

The largest area still farther south, is a rather heavy fine sandy
loam. The portion of the type lying east of Sugar Creek, ad-
Jacent to the uplands, is also noticeably heavy. The Genesee fine
sandy loam occupies first bottoms and is almost entirely free from
gravel. Tt is subject to occasional overflows, but crops are seldom
injured by floods. The surface of the type is gently undulating
and the areas are all well drained, except for overflows.

The Genesee fine sandy loam is productive and easily culti-
vated. It is an excellent soil for the growing of watermelons and
well adapted to early garden crops. Corn is at present the chief
product, and where the sandy loam subsoil occurs within 3 or 4
feet of the surface an average yield of about 40 bushels per acre
is secured.

RobMAN GRAVELLY SANDY Loam.

The surface soil of the Rodman gravelly sandy loam is a dark or
light-brown gravelly sandy loam or loam from 8 to 15 inches deep.
The subsoil is a brownish sandy loam or loam containing varying
quantities of gravel. Often the deep subsoil or substratum repre-
sents a bed of gravel with comparatively little fine material. This
is frequently used for surfacing road beds. On the crests of hills
and ridges gravel and small stones are more abundant than on
the lower slopes. Much of the gravel consists of limestone.

The Rodman gravelly sandy loam covers only a small propor-
tion of the county, the largest area occurring as a ridge north of
Darlington. Other areas occur as isolated hills and ridges in this
section.

* The type is usually associated with the Montgomery silt loam
and frequently represents elevations occurring within this type
from which the silty covering has been partially removed.

The material corresponding with the subsoil of the Rodman
gravelly sandy loam outerops in many places beneath the Mont-
gomery silt loam in the bluffs and slopes along Sugar Creek and
smaller streams. The two areas north of Yountsville occupy hills
of considerable elevation overlooking the valley of Sugar Creek.
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The larger of these areas has suffered more from erosion than any
of the others.

The physiographic pcsition and strueture of this type permit
rapid and thorough drainage. On the more elevated areas drain-
age is excessive, and when erops do not receive the natural amount
of rainfall during the growing season, yields are lighter.

The Rodman gravelly sandy loam is devoted to general farm-
ing. Corn, oats, wheat, and rye produce fair yields. Clover does
better giving yields of 13 to 2 tons per acre. This soil should prove
a very valuable one for the growing of alfalfa, on account of its
high content of lime.

STEEP BROKEN LAND.

The classification steep broken- land embraces all those areas
which are so steep, rough or stony as to be of little agriculturai
value. These include the steep, stony hillsides and bluffs along
the streams and the land thoroughly dissected by numerous small
streams flowing into Sugar Creek.

From a point west of Alamo on Sugar Creek much of the
steep broken land extending along this stream and its larger trib-
utaries is precipitous, and bare walls of rock frequently over 100
feet high are exposed. '

Some spots included with the steep broken land are cultivated,
but these of course simply represent areas of other soils too small
to be separated on a map of the scale used in the survey.

The irregular soil covering varies from a thin fine sandy loam
on the slopes to a silty loam often as deep as 16 inches on the crests
of ridges. In some places the buff or yellow silty clay subsoil is
exposed. The soil of the more nearly level intermediate areas if
mapped separately would be classed with the Montgomery silt
loam. '

This land should be largely used for pasturage and forestry.

Muck.

Muck consists of decaying vegetable matter, including some
mineral matter or soil. The material is black in eolor, fluffy when
dry, and it extends to a depth of about 2 to 3 feet. Peat, or poor
organic matter, may be reached below the surface stratum of
Muck. This mass of original material rests upon a deposit of
stiff, blue clay which in turn is underlain by gray fine sand and
gravel.
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Owing to the thoroughness of decomposition the original strue-
ture of the plant remains is no longer distinguishable, except
perhaps in some of that of the lower depths.

The largest area of Muck and the only one of any consequence
in the county occurs about two miles east of Cherry Grove. It
occupies what was formerly known as Lye Creek Swamp.

In character of material the Muck of the smaller areas is fairly
typical, but the depth is usually shallow, sometimes being not more
than eight inches.

No attempt has been made to show upon the map numerous
areas of Muck occupying less than 20 acres, which occur in the
Clyde silty clay loam type of soil.

On account of the flat surface of the Muck areas the natural
drainage is poor. The large area referred to has been reclaimed
by means of large open ditches, and is under cultivation. On the
better drained areas corn is the principal erop grown, with yields
of 50 to 75 bushels per acre, when fertilizer is applied at the rate
of 125 pounds per acre. A mixture analyzing 8 per cent. of potash
and 8 per cent. of phosphoric acid is used. Without fertilization
corn yields about 20 bushels per acre. It is of an interior quality.

Commercial fertilizers containing a large percentage of potash
salts are especially beneficial upon the Muck. A complete mix-
ture analyzing 4 per cent. nitrogen, 8 per cent. phosphoric acid,
and 10 per cent. of potash is recommended, where truck crops are
grown on this land. From 500 to 1,500 pounds of this mixture per
acre may be profitably applied.

Muck is adapted to the production of celery, lettuce, cabbage,
carrots, onions and potatoes. Throughout the central States these
crops, and in some localities peppermint, are extensively grown,
and considering the profits to be derived from these special crops
it is believed that the Muck of Montgomery County should be used
in this way rather than in the production of the general farm
CTOpS.

MEgAbow.

Areas of Meadow occur as narrow strips along nearly all
the courses of the streams in the County, the exeeption being
Sugar Creek. These areas are subject to overflow and represent
the accumulation of water-transported material derived from the
upland soils. The material varies widely in texture over small
areas, the range being from sand to heavy clay loam. Satisfac-
tory separation of the bottoms into types could not be acecom-

11—88700
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plished owing to the intricate association of the non-textural ma.
terial. Some of that along the upper reaches of a stream repre-
sents poorly drained Clyde silty clay loam with a coating of muck
a few inches or more in thickness. As the streams increase in
gsize and the channels deepen the areas of Meadow become broader
and better drained, giving rise to a phase of predominantly sandy
loam. This condition prevails along all the larger streams.

The areas of Meadow are not suitable for cultivation, but sup-
port sufficient grass for pasturage. The timber growth, which
is usually quite heavy, consists of oak, hickory, elm, sycamore, and
other hardwoods.

SUMMARY.

Montgomery County is situated in the west-central part of
Indiana and comprises 508 square miles or 325,120 acres. The
surface features vary. The northern part is gently rolling
prairie, the east-central undulating, and the west-central part roll-
ing to hilly. Below Yountsville the country bordering Sugar
Creek and its tributaries is rough and uneven, being intersected
by numerous small streams which ocecupy deep gullies and ravines.

Montgomery County was organized in 1823 and Crawfords-
ville was founded about this time. It is the county seat and at
present has a population of about 10,000.

The mean annual rainfall is 36.71 inches. The absolute maxi-
mum temperature is 105°F., and absolute minimum -33° at Lafay-
ette and —24°F. at Veedersburg. The average date for the last
killing frost in spring is April 27 and for the first in fall Octo-
ber 21.

The county is well provided with steam, electrie, and wagon
roads, which afford ample transportation for all parts of the
county. :

Drainage of the area is prinecipally through Sugar Creek. The
main tributaries are Walnut Fork, Lye, Black, Offield, and Indian
creeks. Coal Creek drains the northwestern portion directly into
the Wabash, and the southern and southwestern parts are drained
by Big and Little Raccoon creeks.

General farming is the type of agriculture followed in Mont-
gomery County. Corn, oats, wheat, clover and timothy are the
chief crops. Live stock is not raised extensively.

Alfalfa—an ideal forage crop and a splendid soil renovator—
has been successfully tried on a small area. More attention should
be given to this crop and to the clovers.
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The average size of farms is about 80 acres. About 60 per
cent. of the farms are operated by the owners. Many retired far-
mers live in the towns, and rent their farms.

The value of the farm ranges from $15 to $50 for rough,
broken land, to $100 or $150 for ‘‘sugar tree land’’ and other
light-colored soils, and from $150 to $200 for ‘‘black land’’ and
prairie land.

Eleven types, including Steep broken land, Muck, and Meadow,
are mapped. These have all been derived from glacial material.
The light-colored types need organic matter. The dark soils hav-
ing remained in a swampy or poorly drained condition for a con-
siderable period, contain more humus.

Silt loams cover the greater part of the county, the Montgom-
ery silt loam being the dominant type. It is well suited to all
the crops grown in the county and may be said to be the general
purpose soil of the area. A flat phase of the type oceurs. This
is one of the best corn soils in the county.

The Miami series is represented by one type, the silt loam. This
is an extensive soil to the east, but occurs only in the eastern part
of Montgomery County. It is a good grass soil and considered fair
for general farming.

One Carrington soil, the silt loam, is found. This is a strong
soil, containing a high percentage of organic matter and well suited
to general farming. It is the prairie soil, with an undulating to
rolling surface, and the highest priced soil in the county.

The Genesee series is represented by one type, a fine sandy
loam, which occupies the flood plains of Sugar Creek and the other
streams of importance. It is devoted principally to the culture
of corn and grass. Melons and garden truck are grown in some
localities.

The Fox series occupies the terraces. The sandy loam is found
on the lower terraces; the silt loam on the higher. The latter
closely resembles the Montgomery silt loam. Both the Fox soils
are good general farming types, and in some places are devoted
to small fruits and market gardening.

The Rodman gravelly sandy loam is of small extent. It occurs
in morainic country. It is a fairly good soil for general farm
crops, though somewhat droughty.

Steep broken land permits of some patchy farming with fairly
good yields, but the greater part of the type is unfit for cultiva-
tion.
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Muck has been drained, and when properly cared for and fer-
tilized produces abundantly of corn and grass. Special erops, such
as onions, celery, carrots and cabbage should prove remunerative.

Meadow land is usually too wet for cultivated crops and is
best suited to pasturage.



Edward Barrett, State Geologist, Indianapolis, Indiana:

‘We herewith transmit the report and map concerning the soil
survey of Putman County as a portion of the united efforts of
the State Geologist and assistants in the development of the agri-
cultural conditions and soil managements of Indiana.

N. CORYELL.
H. S. HESLER.

(165)



Digitized by GOOS [Q




e e —— e —— —————



Al amae am s



- e v o —

R ————

o e = —

Soil Survey of Putnam County, Indiana.

By N. CorYELL AND R. S. HESLER.

DESCRIPTION OF THE AREA.

Putnam County is located in the southeastern part of Indiana.
It lies 39 miles west of the city of Indianapolis, and about an
equal distance east of the city of Terre Haute. Montgomery
County bounds it on the north, Hendricks and Morgan on the east,
Owen and Clay on the south, Clay and Parke on the west. The
entire area lies west of the meridian 87° and north of parallel
39° 28’. The boundary between Putnam and Morgan counties fol-
lows the dredged and natural course of Eel River, as far as the
southern end of Mill Creek Township. Here the river enters Put-
nam County and flows within five miles of Cloverdale. The stream
enters Owen County on the south of Putnam three-fourths miles
northwest of Wallace Junection. ,

The county is a perfect rectangle 27 miles north and south,
by 17} miles east and west, plus the township of Mill Creek lo-
cated in the southeastern part. The total area of the county is
486 square miles, or 311,040 acres.

The surface of the land in the northeastern part is level and
in some cases slightly undulating, but in the center and south-
west it is somewhat rolling, and in the neighborhood of the streams,
more precipitous and hilly. From a table of altitudes furnished
by the eounty, it is shown that the highest point between the Ohio
River at New Albany and Michigan City on the Monon railroad
is one mile north of Bainbridge, being 955 feet above the sea level,
and on the Vandalia railroad near the east line of the county the
altitude reached is 897 feet, being but nine feet lower than at
Clayton, the highest point on the road between the Wabash River
and Indianapolis.

The watershed of the county is to the southwest. It is traversed
by Walnut Fork of Eel River, from the northeast to the south-
west, which has for its principal tributaries on the west Little
Walnut, and on the east Warford’s Branch and Deer Creek. The
southeastern portion finds its drainage in Mill Creek, while the
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northern part is drained by Raccoon Creek. The country is di-
vided into three geographical sections, but they are so similar in
their general features that it is unnecessary to treat them sepa-
rately here. Each of these streams draws supplies from almost
every part of the county, thus furnishing to it a thorough drain-
age for the run off from the heavy rains. The surface of the
county in the eastern portion is level or gently undulating, af-
fording extensive fields for tillage and meadows. The flat lands,
on the divide between the headwaters of Walnut and those of
the tributaries of Sugar Creek, lying principally within Boone
County, extend into the extreme northeast corner of Putnam.
They sometimes require artificial drainage to render them produec-
tive. Bainbridge is located near the southern limit of the level
portion of this divide. Here the tract is scarcely more than two
to three miles wide, being broken by the adjacent valleys of the
intermittent feeders to Walnut Creek.

The northern and northwestern portions of the county are roll-
ing to gently undulating, affording some of the finest pasturage to
be found even in the remarkable belt of pasture lands lying along
the fortieth parallel of north latitude. Other level upland tracts
are found northwest of Clinton Falls, on the county line north of
Vivalia, about Fillmore and Delmar east of Greencastle, about
Morton, Broad Park, and Bell Union, but in every case the extent
is limited by the young valley of streams. The plains of Hen-
dricks County extend into Putnam near the Vandalia and New
York Central right of ways, and also in the northeastern part of
the county about Barnard.

The surface of the county is agreeably diversified, consisting
of a high plain and woodland, rich in interest to the economist, all
uniting to tell a long story, recorded on rock and plain, of the
earth’s past, laden with promises of the future. Soils and surface
deposits are formed by the disintegration and destruction of rocks.
If derived from local rocks or a single bed, they are generally thin
or obdurate, and the character of the production—even of a people
—may be declared from their geological deposits. Un the other
hand, a region having a soil derived from the greatest number of
strata is, as a rule, productive and desirable. The soils of Putnam
County, although prineipally composed of local rocks which give
the character to the different parts, are also enriched by materials
imported from the Paleozoic strata and thoroughly crushed,
mingled and incorporated by the mighty forces of the glacial age.
The soil, therefore, is equal to the best.
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The alluvial deposits of creek and river bottoms which belt the
water courses are due to causes now in action. This material is
derived from the adjoining banks, enriched by the wear of rolling
pebbles and grinding sand and is cast out by overflows upon the
flood plains of the streams. Rich in mineral plant food, it always
contains a large amount of soluble organic matter, constituting a
valuable and productive farm or garden land.

These deposits are characteristic of an epoch which occurred
subsequent to the glacial. The arctic coldness had subsided. A
great body or sea of fresh water covered most of the southern half
of the State with gulfs, bays and lagoon arms which reached north
in the line of the ice thrusts. A warm, almost tropical climate
prevailed, giving life and sustenance to the monster animals now
extinct, including the American elephant, whose remains have been
found at several stations in the county. This deposit, an almost
impalpable sand and clay, was slowly formed at the bottom of a
quiet waveless lake, filling up the lowest inequalities in the sur-
face; for the lake water did not cover the high lands. Good ex-
amples are seen in the level plain adjoining Mill Creek, in the
southeast parts, and in the old railway cuts at and west of Oakalla.
These loess loams produce sweet fruits, and being free from peb-
bles are well suited for the manufacture of bricks.

To the strange phenomena of the glacial epoch we are indebted
largely for results which make this soil and surface configuration
so desirable. Evidences of this violent water flow are seen in the
ancient bed one hundred and nine feet below the present channel
of Eel River in Clay County. In Putnam County the same de-
velopments are met in sinking wells near the southern boundary.
At the fork of Croy’s Creek, four miles west of Reelsville, A. O.
Hough put down a bore for coal about 1865, finding the bottom
rock one hundred and twenty feet below the present water bed. It
seems possible that the ancient Walnut Creek flowed south eighty
degrees west, or nearly west by Otter Creek from Oakalla to the
‘Wabash in a channel now deeply hid.

Interesting specimens of glacial grooves, stri@ and planations
are seen in the rock cut north of Maple Grove, on the Monon Rail-
road, and in Section 28, Township 13, Range 4, two miles south
of Putnamville. At the first locality, the glacier in its southward
movement, filled the valley of the adjoining stream to the east, and
was heaped against and ground down the sloping sides and banks
of the valley. The planished surface, grooves and strie are dis-
tinet and perfect.
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The coal measures are the most recent rocks exposed and com-
prise the southwestern part of the county. Beginning at Port-
land Mills, they generally form the surface rock west of ‘‘Little”’
and ‘‘Big’’ Walnut creeks; south of Reelsville, they broaden to
the east to near Cloverdale, and thence southwest by Doe Crees
to the southern boundary.

The conglomerate coal oceurs at intervals all over the district.
At a few stations it attains a thickness, in small pockets, of two
or three feet, but such pockets or pools are limited in width to a
few yards or rods. As a rule, the seam is barren or only one or
two inches thick and will not exceed an average of four inches.
The product is at the same time sulphurous and inferior. In the
vieinity of Morton, a depression in the underlying rocks gives an
eastern extension of the coal measure rocks and many beautiful
fossil ferns and trunks of plants indicate the horizon of coal. The
superimposed sand rock have been chiefly eroded. Other outerops
of coal occur north and northwest of Reelsville, generally thin and
unworked. :

These outerops are only opened for local use now, and will not
pay to work, except by stripping; but in the future, when coal
may possibly become scarce, seams eighteen inches thick, and even
less, will be worked, as such seams are now sometimes worked in
Europe.

During the petroleum excitement (about 1865) a prospecting
hore was put down in east side of the village of Reelsville, com-
mencing eighteen feet above low water in Big Walnut Creek. There
resulted a strong flow of white sulphur water highly charged with
sulphuretted hydrogen gas and containing chlorides of sodium,
caleium, and magnesium sulphides of the same bhases, with traces
of bromide and iodine. It had a pleasant saline, sulphurous taste
and a pungent odor, and was found to have great medicinal effi-
ciency in cases of dyspepsia, rheumatism and ague. It was con-
sidered a specific in diseases of the liver and kidneys, and although
the outlet was covered by the flood of 1875, its ‘‘magic cures’’ are
still held in kind remembrance of this vicinity.

Six miles southwest of Cloverdale on the northeast quarter of
Section 12, Township 12, Range 5, is a very considerable outcrop
of rich band and kidney iron ore in a wild, deep ravine. Tt was
mined in 1860 by the proprietor, and some thirty tons sold to the
Knightsville furnace. It was found to be an excellent ore to mix
as a flux with the Missouri or Lake Superior ore. But the expense
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of mining and hauling was fully equal to the market value and the
enterprise was abandoned.

The St. Louis beds of limestone, from the surface rocks, is a
well marked division from four to eight miles broad, extending
from the extreme northwestern to the southwestern corners of the
county, with demanded extensions in the valleys of the Chester and
coal measure beds. These strata are known as the cavernous or
concretionary limestones of the Western States and are remarkable
in the southern part of this State for caverns, sunken valleys and
subterranean rivers. South and east of Greencastle many funnel
shaped sink holes, which receive and deliver the rainfall to hidden
streams, indicate the probability of small caverns yet to be dis-
covered here. The limestones vary much in quality. BSome are
pure carbonate; others are silicious, or aluminous, and beds of
shale, clay, and argillite are interpolated.

About a mile east of Cloverdale, on descending from the lime-
stone hills, a level flat clay district is found which extends east
beyond Eel River and northeast towards Monrovia in Morgan
County. This area has been deeply eroded during the glacial
epoch, removing more than fifty feet of St. Louis limestone and
along the eastern side of the county exposing rocks of the Keokuk
and Knobstone groups. The excavation is now refilled with lacus-
tral and fluviatile drift, indicating an abandoned river bed, which
once was connected by Indian Creek with White River Valley.

Putnamville, located on the National Road, is famous for valu-
able quarries of paving curb and step stones. From it have been
shipped large quantities of flags, bridge, dimension and rubble
stone. The product from here has been in use, severely exposed
to the extreme vicissitudes of our variable climate, including
changes of many degrees of temperature in a single day for over
forty years. It has shown capacity to resist the action of frost
and ice. Samples taken from the exposed parts of the quarry
when first opened in 1838-40, may be seen in piers of the bridges
and culverts on the National Road, in the steps of the Terre Haute
House at Terre Haute, and of the old university building at Green-
castle.

Greencastle, the county seat, is situated on the high rolling
tableland one mile east of Walnut fork of Eel River. Geologically,
it rests upon the upper ledges of the Mitchell limestone. The con-
glomerate rock of the coal measures caps the summit of Forest
Hill cemetery just south, as also the hills across Walnut just west
of the city. Quarries are found at several points about town
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affording an abundant and cheap supply of stone which meets with
the approval of the contractors and builders of roads and paved
streets.

Going north from Greencastle, many outerops and quarries of
Mitchell limestone are observable, presenting ledges of rock so
similar to those already given that repetition is unnecessary. The
surface .outlook is characteristic of this limestone and is plane on
the plateaus, or gently undulating, in long rolls and slopes by the
action of air and moisture.

At Fort Wayne, on September 30, 1809, Harrison concluded a
treaty with the Delaware, Pottawatomie, Miami and Eel River
tribes, by virtue of which the United States for a consideration of
a permanent annuity of $500 each to the Delawares, Pottawatomies
and Miamis, and $250 to the Eel River tribe, purchased from the
Indians a section of the territory lying on the southwest side of a
line beginning at the mouth of Raccoon Creek on the Wabash
River, and extending in a southeasterly direction to a point near
the present city of Seymour, Jackson County ; the whole compris-
ing an area of almost 3,000,000 acres.

About 20 square miles of the soil, which is now Putnam County,
that lies in the southwest corner, was south of that line. The re-
mainder of the county was left unexplored until the Indiana terri-
tory became a State in 1816.

Before the close of the year 1821, both Vigo and Owen counties
were lessened in area by the formation of Putnam County.

‘Who actually recommended or first suggested the name Put-
nam, we probably never shall know, but, whoever he may have
been, no name could have been chosen more illustrious, more hon-
orable. Putnam County was formed December 21, 1821, by the
Sixth Session of the General Assembly as stated on page 65 of the
Law of the Sixth Session.

LocatioN oF COUNTY SEAT.

Jacob Bell of Parke, Abraham Buskirk and Daniel Anderson
of Monroe, Jacob Cutler of Morgan, and James Wasson of Sulli-
van, were by an act of the General Assembly given power to meet
at John Butcher’s home just northwest of Greencastle on an emi-
nence that overlooks the Big Walnut Creek. As an inducement
towards the location there, and in consideration thereof, Ephraim
Dukes and Rebecca, his wife, conveyed to Amos Robertson, desig-
nated as agent of Putnam County, seventy acres of land in the
northwest quarter of Section 21, Township 14 north, Range 4
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west. The deed was executed September 27, 1823, and recites that
the land is donated in consideration that the county seat is located
at Greencastle. This tract includes that part of the city now
lying between Indiana and Locust streets.

The original town site consisted of 150 acres, divided into 214
lots, and was bounded on the north by Liberty Street, on the west
by Gillespie, on the south by Hill, and on the east by Locust.

Naturally the people of this generation would be glad to learn
where the ‘‘town of Bedford’’ Putnam County, was, but alas for
us, a careful search of the deed books, the plat books, and other
records in various offices in the court house fails to reveal the
slightest hint of the early competitor of Greencastle for county
seat honors. Some years after the county seat question had been
settled in favor of Greencastle, and after the National Road had
been constructed, Putnamville, then a busy and important place
on that great thoroughfare, began to agitate the question of the
removal of the seat of justice from Greencastle, arguing that as
Putnamville was more favorably located as to the great highway
of travel it was the natural and logical location for the county
seat. An irritating rivalry thus grew up between the two towns

for years but never erystallized into any sort of organized actifI;t_'e
it

Principan CiTies, TownNs, Roaps AND RalLwAYs..e mil
Putnam County enjoys unusually good transportatic'”'k in theq
due to the railroads, interurban lines and improved ™¢¢ ale. jads.
The county stands at a high mark in agriculture “2V'"€ G'“’lines
of industry. It has a g

The railroads crossing this area are the Monc d. & D,
Vandalia, and New York Central. T8 t

The Monon enters the county about three-fourths of a mile
directly north of Roachdale. From Roachdale the line runs almost
due south to Carpentersville 33 miles and to Bainbridge 8 miles.
From Bainbridge, with several bends but with a general southwest
trend, the Monon goes to Greencastle, the county seat of Putnam.
After leaving Greencastle, the road passes through Limedale, where
it has a junction point with the Vandalia, thence to Putnamville.
From Putnamville, the road swings back again and in a southeast
direction passes through Cloverdale, which is the last town in the
County touched by the Monon.

This road has the greatest mileage of any other railroad in the
county. The total number of miles covered hy the Monon in the
county is about 32.
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Roachdale, located in the extreme north central part of the
county, is a town of about 900 inhabitants. Considerable busi-
ness is transacted here, there being a creamery, large veneering
mills, and elevator, besides other smaller plants of various kinds.
Much shipping is done from this town. It is the junction paint of
the Monon and the C., H. & D., and these direct connections with
Chicago, Lafayette, Indianapolis, Crawfordsville and Greencastle
make good markets easily accessible. ‘

Carpentersville has only about 100 to 150 people. Most of the
business plants in the place, which includes a sawmill and grocery
store, are owned by a single individual.

Bainbridge has a population of about 600 to 700. A canning
factory is located here bringing about practical truck farming with
the tomatoes. This factory was built recently, but promises exten-
sions as the demand increases.

Greencastle is the county seat, and in 1910 the U. S. census
bulletin for Indiana gave the total number of inhabitants as 3,790,
but in all probability this number has increased to 4,000 in the last

vo years. As a business center, Greencastle has a fair standing.
, -eral lumber yards and sawmills are located there. This is also
‘\hat-cation of one of the most important seats of learning in the
‘.aina")ePauw University. This institution was established and
wy be(?d as a college by a denominational organization. At
A has an enrollment of 1,000 students, and is a rival of

t " Before
- . N L N
aL ) essened the State in its thorough training in all branches

of \W -t8.
ho actua. ) . .
' 't the junction of the Monon and Vandalia rail-

1.
roads\(nzmcl population of about 200.

Putna * has a population of about 300 to 350. This town
in the early nistory of the county was an important eontender with
Greencastle for the location of the county seat. Putnamville
claimed the important advantage at that time of being situated
upon the National Road, the great national highway. From Put-
namville have been shipped large quantities of paving, curb and
step stones.

Cloverdale does considerable business, and has a population of
about 750. Much of the land around Cloverdale is used for grass
land, and its products are marketed in, and shipped from Clover-
dale. There are several quarries near Cloverdale that furnish
road metal for that locality.

The C., H. & D. railroad enters Putnam County from the east
at a point about 1} miles from the northeast corner of the county.
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It runs nearly parallel with the north boundary line across the
entire county. It has seventeen miles of track in the county.

The first town from the west line touched by this railroad is
Russellville. This town has a population of about 550. It has a
grain elevator and also is a market for hardwood logs.

Raceoon is a small town near where the C.,, H. & D. crosses
Raccoon Creek. It is about five miles east of Russellville and on
the Crawfordsville-Bloomington road. It has a population of 150.

Barnard is on the C., H. & D. about three-fourths of a mile
from the east boundary of the county. It has a population of
about 150. It has a grain elevator, facilitating the marketing of
the local crops. ‘

The New York Central Railroad enters the county from the
west at a point about nine miles north of the southwest corner of
the county. It has a general northeasterly direction and covers
about 19 miles in the county. It touches Greencastle at the north
side, where it has a junction point with the Monon and goes
directly to Indianapolis. It has a block system and double track
across the county. A coaling station is located near Delmar.

The St. Louis division of the Vandalia Railroad enters the
county from the west about five and one-half miles north of the
southwest corner. It has the same general direction as the Big
Four, and runs parallel with it at a distance of about one mile,
from Greeneastle eastward. It has about 21 miles of track in the
county and its junction point with the Monon is at Limedale.

The only town touched by the Vandalia after leaving Green-
castle is Fillmore, which has about 300 inhabitants. It has a grain
elevator, lumber yards and sawmill.

The interurban line that enters Putnam County is the Terre
Haute division of the Terre Haute, Indianapolis and Eastern Trac-
tion Company. It affords splendid passenger service to Indian-
apolis and intermediate points and also to Terre Haute and Brazil.
The line also handles freight. It passes through Fillmore and
Greeneastle and has about 20 miles of track in the county.

The public roads of Putnam County are, on the whole, good.
In the more undeveloped and hilly parts of the county, they are
as yet in poor repair, but the most important highways and thor-
oughfares are in good condition. This is due largely to the fact
that the farmers realize that good roads, properly constructed, are
one of the most valuable assets of farming land. Much good road
metal is quafried in the county for local construction as well as
elsewhere in the State. o
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Three public roads of more than local importance cross this
county. The National Road, constructed by the Government in
the pioneer days of westward settlement, enters the county at the
east, about the center of Section 29, Range 3 W., Township 14
North. It runs in a general southwest direction and leaves the
county near the place where the Vandalia Railroad enters from
the west. The National Road is much used by tourists and trav-
elers and is becoming an automobile thoroughfare from Indian-
apolis to Terre Haute. It passes through Putnamville, about four
miles south of Greencastle, and Manhattan, a small town of about
150 inhabitants, that is located about four miles southwest of Put-
namville. The National Road is well constructed of erushed rock
and was an important factor in the early development of the
county.

The Crawfordsville-Bloomington road, so called because it fur-
nishes a direet road between these two towns, is constructed of
crushed rock the greater part of the way through Putnam County.
The road runs the entire north and south length of the county and
has an extent of about 27 miles. It passes through the central
part and crosses the National Road about one mile east of Putnam-
ville.

The Danville road, an east and west thoroughfare across Put-
nam County, passes through Bainbridge and affords a direct line
for business and tourist traffic from Rockville to Indianapolis.

GENERAL DEVELOPMENT AND USE oF SoILS.

The adaptation of soils to crops has been recognized only in a
general way by the farmers of the county. The ‘‘Clay’’ lands are
quite generally in sod, either for mowing or for pasture, for which
they are best suited. Corn, oats, wheat, and rye are generally
planted on soils in both the valleys and uplands best suited to
them. The dairy farming is usually carried on on farms suited
to that system of farming; the more hilly and rugged fields of the
farms with the thin soils being used for pasture. Many of the
dairy farmers own or lease a second farm or tract of land illy
adapted to cultivation, which they use for summer pasturage for
dry cows and voung stock. Again, many of the hilly rocky fields
with thin soils are used as sheep pasture, about the only use to
which they can be put. Tn fact, many of these fields should not
be utilized for farm purposes at all, but for the keeping of a flock
of sheep in conjunction with other forms of farm industry.

The importance of keeping sheep on the farms of Putnam
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County to utilize the rugged hill pastures with thin soils should be-
come recognizable as an addition to the proprietor’s income, re-
quiring as it does but little time and attention during the busy
season of the year and will occupy that portion of the farm which
is least convenient for tillage. Without increasing in any sensible
degree its expenses, and without interfering with and hindering
other operations, a limited number of sheep can be supported,
mainly upon such -portions of the farm as would otherwise be
neglected and for the time valueless.

Rotation of crops is not as systematically followed by the farm-
ers as it should be to secure the best results. The large amount of
rough land interferes with or prevents the establishment of any
system or of any adequate system in some cases. However, these
facts should not influence the practice of rotating crops on farms
where this is practicable. Permanent sods are the rule rather than
exceptions on the clay lands and also on much of the thin soils of
the uplands. The example of this almost universal practice seem-
ingly influences the practices on these soils on which short term
rotations could and should be worked out, and there are fields
which have been left in sod until the tame gragses have practically
disappeared and mowing no longer proves remunerative.

For the upland clay soils in the hilly portions the principal
crop should be hay, either for feeding or sale, preferably the for-
mer, but at least one such crop as that of corn or wheat should be
grown to prepare the soil for other crops. This necessity being
taken into account, corn might be planted the first year, followed
by spring grain, either oats or barley, and a seeding. For the
seeding, alsike clover and timothy should be used, both being well
suited to these heavy soils. The third, fourth, and fifty years the
sod should be moved, or possibly used for pasture the fourth and
fifth or the fifth year. Yet these soils should rarely if ever be
kept in sod more than three years and never until the tame grasses
have disappeared from the sod. They should be plowed while
there is still a good sod to turn under, and they should not be
continuously used for pasture on account of the close, dense soil,
which will become still more compact by the tramping of the stock
over it.

On the thin soils potatoes could well be grown the first year,
rye the second year with seeding to clover and mixed grasses, the
sod land to be used for mowing one, two, or perhaps three years.
Following their use for the production of hay these soils may or
may not be used as sheep pasture. If not grazed too closely, this

1233700
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practice could well be employed in the places of the second and
third year mowing; the droppings of the sheep serving as a partia!
top dressing. Corn could be well used for the first crop.

The.rotation for the light gravelly soils of the terraces might
be potatoes or corn the first year; winter grain, rye sown in the
fall of the same year, or spring grain, oats following the corn, and
sown the second year. In either case a seeding to clover and tim-
othy should be sown with or among the crop of grain. The field
then can be used for meadow and hay. Following the mowing
during the second or third year, a return to the first course of the
rotation might be made or the sod land may be used as pasture
either for dairy cattle or sheep. If the fields are used for pasture
the seeding should be to clover and mixed grasses instead of the
clover and timothy alone. Providing the sod is good on these
soils, the tramping of the stock, so undesirable on the clay soils, is
here desirable, helping to counteract the natural lightness and
looseness of the soils and making them more retentive of moisture.

On the heavier of the first bottom soils corn might be the crop
for the first course of the rotation, oats with a seeding to clover
and timothy for the seecond, mowing for several years, but never
until the sod becomes too poor and thin to produee a reasonably
profitable ecrop. If the farm is operated as a dairy farm, a part
of the corn should be used for ensilage and after mowing the seeded
crops of clover and timothy a year or two the field can be used for
pasture. In this system of farming a few acres could well be
sown to oats and peas in the second year for feeding green to the
mileh cows during the late summer, when pastures are likely to be
short owing to drought. However, these lands are too valuable
in the production of intertilled grain and forage crops to be exten-
gively used for pasture, unless they be subject to overflow. In
which case if the flood is frequent, they would probably be better
suited for pasture, and should be used permanently as such. If
sheep are kept, a portion of the land otherwise planted to corn
should be used for root erops to furnish sacculent feed during the
winter months.

On the heavier soils of the upland the first year clover sod
could be turned under for a planting to corn, with some of the
corn used as ensilage if it is a dairy farm. If sheep are kept, a
few acres otherwise planted to corn should be sown to seme root
crop, as rutabaga turnips er mangel-wurzels, and an acre or so
of cabbage. The second year oats could be sown as a nurse crop
for a seeding of clover and timothy, and a few acres eould well be
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sown to oats and peas for feeding green to the dairy stock. The
following year the timothy and clover fields should be mowed for
hay. The next or fourth year the fields can be used for hay, pas-
ture, or turned back to the first course of the rotation—eorn or
potatoes. In any case it will he unwise to keep the land in sod
for more than two years. After the corn is harvested the first
year rye may be sown as a winter cover crap and plowed under
the following spring in time to sow and plant staple food crops.
The rye furnishes a profitable green manure for loosening and
enriching the soil.

These rotations, it will he observed, are not suitable for all soils
and soil conditions existing within the different divisions of the
eoynty. Each farmer should work out from experience the rota-
tion which is suited to his system of farming, his soils, and his
climatie, market and soil conditions. Care should be taken in all
cases to provide a place in the rotation, which usually should cover
no more than four years, for a legume of some kind as a means
of improving the soil, and also for the production of grain and
root crops to lessen the expense where such foods are purchased.
Alfalfa should find a place on all farms having soils which are
adapted to growing it, thus accomplishing both objects—soil im-
provement and the production of protein food for the stock. An-
other item of importance in this region, where a great amount of
land suitable for sheep pasture exists, is the growing in each sys-
tem of rotation of roughage and succulent feed for the wintering
of the flocks.

The character and condition of the soils, the markets, the trans-
portation facilities, and the adaptation of the different soils to
crops should be eonsidered in determining the system of farming
and the rotations to be followed, and consequently the kinds, varie-
ties, and relative proportions of the different crops, the fertilizer
treatment, the tillage methods, and the systems of farm manage-
ment to be followed. This leads to a consideration of the drain-
age, the adaptation of crops to soil, the systematic rotation of
crops, improvement of tillage methods, rational manurial and
fertilizer practices, the improvement of permanent sods, and the
improvement of seeds and stock.

The question of drainage is of fundamental importance, as no
other improvement can be made permanent and efficient without
tile as well as surface drainage. The close structure and fine tex-
ture of some of the soils of the county make drainage somewhat
difficult but all the more important. It is certain that much is
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lost annually on these soils through low crop yields and partial
or complete crop failures as a result of poor drainage conditions
alone. Therefore thorough drainage, both surface and sub-sur-
face, is essential on some of the soils, and desirable on others, before
any stable improvement in their producing capacity can be brought
about.

Many crops are grown on soils that are ill adapted to produe-
ing them, almost always with discouraging results. If these, as
well as all crops, were planted on soils adapted to their produection,
the yield and quality would without question be improved, the
cost of production lessened, and the profits therefore increased. In
connection with this question of the adaptation of soils to crops
comes the also important subjeet of erop rotation. It is an estab-
lished fact that no permanently successful system of eropping or
farming can be established and maintained without a rotation in
the kind and character of the crops grown, if the very best results
are to be obtained. Different types of soil require different suit-
able rotations. 4

Another important item in the betterment of the agriculture of
the county is the question of tillage methods. As a matter of fact,
the first and most essential operation—plowing—is too often poorly
performed on the land that requires the most careful cultivation.
Perhaps the most important part of tillage for any crop is the
preparation of the seed bed, and this can not be properly accom-
plished if the plowing is poorly done. Some of the soils can be
plowed in the fall of the year, while others ought never to be bared
to the erosion of winter conditions by the late seasonal breaking.
Again, some of the soils can be plowed and a seed bed prepared
only within a narrow range of moisture conditions. More careful
cultivation of the intertilled crops should be practiced, especially
with a view to maintaining the most favorable moisture conditions.

The fertilizer practice is another matter for consideration in
the improvement of Putnam County agriculture. Much of the
commereial fertilizer, for lack of definite information, is used with-
out reference to its composition or to the soil and crop require-
.ments. It is probable that in many cases as much benefit could
be brought about in some other way, without such a cash outlay,
as is required by the use of ‘‘phosphate.”” In the consideration
of this problem, more economical handling of the stable manure
from the dairies and flocks of sheep deserves attention. Many of
the soils of the county are low in organic matter. This condition
could be helped by a careful saving of the stable manure. In addi-
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tion to this husbanding of the refuse of the barns some crop should
occasionally be grown and plowed under as green manure. For
this purpose clover sod is desirable, but if the crop is to be grown
especially for this purpose, rye, buckwheat, or field peas are suit-
able. In such practice, rye can be used to advantage, as it can be
sown in the fall after some other crop has been harvested and
plowed under in the spring before the time for planting another
crop, thus losing no time or crop in the rotation. This practice
will be found particularly desirable if the soils are such, or the
fields so located, that washing takes place during the late fall, win-
ter, and early spring. In this connection more leguminous crops
should be grown, peas for green feed, forage, and grain, the clovers
for hay and clover sod for plowing under, and alfalfa for protein
feed. All of these crops except rye are legumes and enrich the
soil in nitrogen, the most costly of all the ingredients of commer-
cial fertilizers.

In working out the scheme of fertilizer praectice, and especially
where the growing of leguminous crops is practiced, the use of lime
is often essential and may be the controlling factor between suc-
cess and failure. In recent years the yields of clover have been
unsatisfactory in most cases, yet with the proper care there are few
soils in the county which will not produce clover successfully.
The unsatisfactory yields are due largely to the soils having be-
come acid or sown through poor cultural methods. This can be
overcome by acreage applications of from one to five tons of un
slacked lime or crushed limestone. When clover has not been
grown on a soil, it should be inoculated with the proper bacteria.
This can be done by sowing broadcast about 100 to 150 pounds
per acre of soil from a clover field. By following this method,
alfalfa could also be grown on the well-drained limestone soils,
especially the loam and clay loam types. In places, the cowpeas
and soy-beans are coming into favor both as forage crops and soil
renovator. Vetch would also prove profitable for this purpose.
The country is a little far north for the growing of vetch and
. cowpeas for hay as the plants have a tendency to mature early and
produce seed rather than grow into tall succulent stems, because
of the moderately early appearance of cool nights that checks the
vigorous growth and permits advantages for early ripening.

A large percentage of the lands of the county are in perma-
nent pastures; therefore the improvement of sod land is not to be
neglected. This work is new, but nevertheless important. These
lands, unless in forest or land too rough and rocky to deserve even
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the name of pasture land, should be re-seeded at intervals of a few
years and if possible harrawed to distribute the droppings of the
stock and to disturb the mosses and weeds. Some of this sod land
should also receive an occasional light top dressing of stable ma-
nure.

The improvement of seed by selection and breeding should be
congidered by every farmer. If this were done the yield of crops
could be materially increased in the course of few years at an
insignificant and unnoticed cost. The herds of cattle and flocks
of sheep are being improved by introducing new and better strains
of blood and by the general upbuilding through care in crossing
and breeding, using in every case only sires of the best constitu-
tion and blood obtainable. Besides improving the quality of the
live stock, the number both of cattle and sheep could be increased
in order to utilize all the rough pasture lands much of it now pro-
ducing no income, and all of the forage grown, thus avoiding the
sale of hay and straw and increasing the quantity of manure re-
turned to the soil.

AGRICULTURE OoF PurNaM COUNTY.

Putnam County on the whole is a prosperous agricultural area.
However, the north part of the county is more fertile and better
adapted to purely agricultural purposes than the south half. This
i8 due primarily to the effect of later glaciation.

During the four or five decades following the first settlement of
the county, agricultural developments were slow. With no near
available market for produce, there was no incentive for people to
clear and cultivate land. In the absence of a market, fine beech,
hickory, oak, walnut, yellow poplar, ash and hard maple trees
were felled and burned in heaps. These trees were also used ex-
tensively for fuel, and thus the ecounty was almost stripped of one
of its impertant and beautiful natural resources—lumber. Even
up until the last few years, the forest trees have been an important
source of income to the county. This is true more particularly in
the north part of the county, where the topography permits more .
easily the removal of large logs to the near points of railroad trans-
portation. In the south part of the county where the topography
is very much diversified, many specimens of hardwood trees, mostly
second growth, are found growing upon and protecting the previ-
ously cultivated slopes from continued erosion. ,

The first settlers of the county produced almost all of their
necessary food supplies. Corn was usually the first and most im-
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portant crop and almost always preceded wheat. The fields were
protected by rail fences and much of the stock, as cattle, hogs, etc.,
were permitted to roam in the woods and forage for themselves.

Along with the construction of roads and their improvement
came also an advance in the agricultural development of the
county. More lands were cleared and more settlers came into the
country. Yellow corn was more extensively raised and wheat was
tried. Corn in most places in the county did very well. The best
crop of corn in the county averaged 100 bushels, but this was far
above the general average. A more conservative estimate of the
average crops is placed at 25 to 30 bushels per acre for the upland
in the hilly districts, while for the stream bottoms and the level
districts in the north part it is from 60 to 70 bushels. Wheat is
not raised extensively.

In the south part of the county, where the region is undulating
to hilly, practically all of the higher upland is used as grass land.
Timothy is raised here with much success. Clovers, especially
alfalfa, have not been given the attention that they should have,
although several fields have been tried and some good results ob-
tained. A study of the conditions under which these plants grow
and the fundamental food materials which they demand is made
available by the experiment station at Lafayette, Indiana, and the
Department of Agriculture at Washington, D. C. Corn is grown
to an advantage only in the bottom lands in the southwestern part
of the county. The yields are usually good, but the amount of
available land does not permit large averages, and almost all corn
raised is used for stock feeding on the local farms.

Railroads had an important effect upon the agricultural devel-
opment of the county. The market places were increased from
one to many. Small towns that had before only afforded a place
of procaring the staple necessities now became good markets for
everything that the farm could produce. The corn crops were
increased. Stock was raised for marketing. An increase in the
acreage of wheat was made. 'Wheat in most places averages about
15-18 bushels per acre. The wheat acreage is decreasing as is
also the yield of wheat per acre. Oats, on the other hand has been
increasing in acreage. The yield averages from 35 to 40 bushels
per acre. Much attention is given to the smaller truck crops.
Tomatoes are grown near Bainbridge, and found profitable. A

. factory located there furnishes an ample local market. Potatoes
are not grown extensively for market. The small fruits are raised
principally for local consumption. But apples, peaches and pears
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have been receiving careful culture. Several orchards of both
peaches and apples are bearing well and furnish the owners with
a good source of revenue. Many of the slopes in other districts
of the county will be turned to this horticultural use and realize
handsome profits. Fruit growing is one of the coming industries
of the State, and many places that were thought practically useless
have become the location of splendid orchards.

According to the 13th Agricultural Census of the United
States, the Bulletin of Indiana gave the following data concerning
the crops of Putnam County for 1910.

Acres. Bushels.

(07« | 61,898 2,175,110
Oat8 .. .oiiiiiiiiiiiiiiiiiieas 15,772 377,280
Wheat ........cooiiiiiiiiinnns, 18,359 228,310
Tons.

Clover .......cceviiiiiunnennnn. 3,978 4,711
Timothy ...........c.cviiiinn.n 18,117 20,400
Timothy and clover ............. 4,838 5,630

In 1910, there were 2,962 farms in Putnam County with a
total acreage of 292,399 acres over against 2,883 farms in 1900
with a total of 301,039 acres. This would tend to show that the
principle of extensive rather than intensive farming was being
practiced in the agriculture of the county. Of the farms in the
county in 1910, there were 23 of under 3 acres, 158 of 3 to 9 acres,
156 of 10 to 19 acres, 621 of 20 to 49 acres, 919 of 50 to 99 acres,
671 of 100 to 174 acres, 240 of 175 to 259 acres, 151 of 260 to 499
acres, and 23 of 500 acres and over.

The average value per acre of land in the year 1900 was $26.83.
In 1910, the average value per acre of land was $49.41, showing
an average increase per acre of $22.58.

Of the value of live stock raised in Putnam County, horses are
in the lead. The total number of all horses in the county in 1910
was 11,046, with a total value of $1,069,539; 16,554 cattle, but the
total value was only $581,899; 58, 088 hogs, with a total value of
$393,749. Mules were valued at $160,739, and sheep $116,411.

CLIMATE.

The general temperature conditions of Putnam County are in
every respect typical according to the fluctuations subject to a
district located within an inland State. The winters are cold but
not excessively severe; the summers are warm and usually accom-
panied by sufficient rainfall to stimulate a good forage growth.
Droughts are unknown, though occasionally a few weeks pass with
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out perceptible precipitation other than the heavy dews in summer
or frosts of the colder seasons. The rains are distributed over the
growing season, and assist in making the district one most favor-
able for staple crops.

The following data taken from the United States Climatological
Bulletin for southern Indiana shows the most important facts
about the climate of the county. Putnam County has no U. S.
Weather Station—Terre Haute, Vigo County, and Rockville, Parke
County, are the nearest available stations to the area from which
data can be taken. The average date of early and late killing
frosts over a period of 16 years is follows:

Station. First in Autumn, Last in Spring.
Rockville October 7 April 27
Terre Haute October 22 April 17

The temperature and precipitation taken over a period of 22
years are as follows:
Mean temperature and average precipitation at (1) Rockville:

Month. Mean Temperaiure, Average Precipitation,
Degrees I, Inches.
JANUALY ...vvvivieirennnnnnan 28.0 2.50
February ............c.ocvun. 28.6 2.42
March ........ccivviiennnnne 40.4 3.64
April ... i 52.4 3.38
MAY civiiieiiinneerionnnnnnns 62.4 4.21
June ........iiiiiiiiieiennns 71.2 4.15
July ...... e eresanareaeeaas 74.8 3.25
August .....iiiiieiiiiiiiennn 73.0 . 2.88
September ............c0000.. 67.3 2.92
October .........civviuevnnn. 54.6 2.27
November ............c.cuue. 41.8 3.50
December .............cc.0.. 32.1 2.66
Annual .................. 52.2 37.68

Mean temperature and average precipitation at (2) Terre
Haute:

Month, Mean Temperature, Average Precipitation,
Degrees F'. Inches.
JADUATY .o viviiiiii i iaann 29.5 2.64
February ...........ccvvevnn. 30.2 2.43
March ..........coviiivvnnnne 43.6 4.12
April ... 53.9 3.68
May i 5.1 4.08
TJUDE 5t o veeeieieeeennnnennes 73.7 4.14

July ..ol 77.6 3.12
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Month, Mecan Temperature, Average Precipitation,
Degrees F. Inches.

Aygust ........iiiiiiieiine.. 75.9 3.11
September ................... 69.5 2.71
October .........cccevvennnnns 57.8 1.96
November ................... 4.1 3.19
December .........ccc0v0euens 34.8 2.63

Apnpal ..., 54.6 37.81

Mazimum and Minimum Temperatures.

Highest temperature recorded for a period of 22 years at Rock-
ville up to 1910, 104°, in July. At Terre Haute, 104° in July.

Lowest temperature recorded for the same length of time, at
Rockville, —22°, in February. At Terre Haute, —17°, in Feb-
ruary.

The preceding data can be used to apply to Putnam County,
since there is very little variation between Vigo and Parke coun-
ties, and as Putnam County lies in the same latitude north and
adjacent to the latter.

GLACIATION.

A brief survey of the glagiers and glacial erosion will be found
beneficial here in reference to the local soils. For this general in-
formation I am indebted to the works of Dr. Charles Dryer, Dr.
T. C. Chamberlain, Prof. Rollin D. Salisbury, Frank Leverett and
the late publication of C. W. Shannon, all of whom have made
special investigations of the glacial deposits of Indiana.

‘“The work of the glaciers in Indiana has been attracting the
attention of geologists and other investigators for a number of
years. Both the State and the United States Surveys have done a
great amount of work, and are at present engaged in the investi-
gation. A careful study of the glacial deposits in Indiana will
throw much light on the results of glaciation in general. ‘It is in
Indiana that we find about the first recognition in America of the
boulders as erratics and striee as products of ice action. So long
ago as 1828, granite and other rocks of distant derivation were
observed by geologists near New Harmony, in the southwestern
part of the State; at nearly as early a date (1842) strie were
noted near Richmond, in the eastern part of the State.” But even
with these observations, very little attention was given to the de-
posits until within the past twenty-five or thirty years.

‘“ About four-fifths of the State lies in the glaciated area. In
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the south central part of the State is a driftless area comprising
all or a part of twenty counties.

““Two distinet periods of glaciation are recognized and in addi-
tion much material derived from a third in which the advance of
the sheet did not reach this county, but produced many important
surface features by the wind and water action upon the outwash
material.

‘“The various stages producing glacial deposits are spoken of
as (1) The first ice invasion, a lobe of the Illinoian sheet which
reached even to the eastern side of Indiana. (2) The loess de-
positing stage, coordinate with the flow of the Iowan sheet. (3)
The Wisconsin State.”’

The Illinoian Glacial Invasion.—The State was invaded by ice
which had its center of dispersion in the elevated districts to the
east and south of Hudson Bay. From the region to the morth of
Lake Huron there was a movement to the west of south over the
basin of Lake Michigan, Illinois and Indiana. From a part of
this sheet the part known as the Illinoian lobe was formed. The
deposit left by this invasion constitutes the surface (aside from
the covering of loess) over southwestern Indiana and an area of
almost equal size in the southeastern part, that is, it covers the
entire area between the glacial boundary and the line of the Wis.
consin drift. Many wells and drillings have shown that this
drift is also present farther to the north underlying the Wisconsin.
The thickness of this drift over the area of its exposure is in gen-
eral about twenty-five feet, except in filled valleys. In places the
ridges carry but a thin coating, while adjoining valleys may be
filled 100 feet or more. At the southern limit the coating of mate-
rial is very thin in most places, and while the boundary is not well
marked by a well defined ridge, the character of the soil and the
natural vegetation mark approximately the limits of the drift.

In general the material is of a yellowish brown color to a
depth of fifteen feet or more, beneath which the coler is a gray or
blue gray. There is every transition from the brown to the gray;
it is therefore probable that the brown is an altered gray till, the
oxidation of the iron having produced the color. In the filled val-
leys sand and gravel are often found, and in the northern part of
the arca the drift becomes more variable. The underlying rock
formation in most of the area appears to have contributed largely
to the material of the till. Where the underlying rocks are of a
friable nature, the material has been reduced to sand or clay and
few if any pebbles remain in the till, the coarse and pebbly con-
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stituents of the till thus vary with the character of the underlying
rocks. The locally formed pebbles and rock fragments are chiefly
sandstone, but numerous foreign rocks and boulders of large size
are occasionally found near the limits of the drift. The region
presents a fair, even topography. In places, knolls and ridges with
undulating surfaces occur, but only in the region of the young
streams do they reach any great height. Strie are found in sev-
eral places in the county. They occur along Ramp Creek, Little
Walnut, Deer and Mosquito. The markings are chiefly upon the
sandstone exposures of the Mansfield formation.

The Loess Depositing Stage—The lowan Drift—Prior to the
invasion by the Illinoian ice lobe there was a marked interval of
deglaciation and a similar interval occurred at the close of the
Illinoian period. These intervals were marked by leaching and
oxidation of the drift, the accumulation of muck and soil, and the
processes of erosion. The interglacial interval following the Illi-
noian invasion is known as the Sangamon Stage.

The surface of the Illinoian drift outside the limits of the Wis-
consin drift is eovered with a fine grained, yellowish silt or loam
to which the termm loess has been applied. Loess is a deposit
which, like sand or gravel, may be laid down wherever the condi-
tions are favorable, but since the great bulk appears to have been
deposited at a definite stage in the glacial period, the time of depo-
sition may be referred to as the Loess Stage. This loess may be
different ages, but since the materials contained are such as occur
in glacial drifts it must have been derived from the drift. The
source is supposed to be from the Iowan drift, which moved south
and westward over the States of Minnesota, Iowa and a portion of
Nebraska and Kansas. The distribution was due to the combined
action of the wind and water. The loess of Indiana varies from a
fine silt of a loose, floury texture to a compact mass, held firmly by
a calcareous cement. In some places small pebbles are found im-
bedded, also fossil remains of fresh water mollusks, and some in-
sects and bones of mammals are found. The color varies from
yellow to almost white, due probably to modified forms of the same
material. The thickness varies from a thin coating to twenty-five
feet or more. 'Where exposures of loess material occur the faces
are vertical and compact, and any markings upon the surface re-
main well preserved indefinitely.

The Wisconsin Stage.—Considerable time elapsed between the
main deposition of loess and the invasion of the Wisconsin ice
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sheet. This time is designated as the Peorian Stage. Erosion
produced many changes in the surface of the loess and the under-
lying drift. In places, extensive deposits of muck and humus
have been found. Following the Peorian Stage there occurred one
of the most important stages of glaciation in the entire glacial
period. ‘‘It is marked by heavier deposits of drift than those
made at any other invasion. Throughout much of its southern
boundary in the United States, a prominent ridge or drift is to be
seen rising in places to a height of 100 feet or more above the out-
lying districts on the south, and merging into plains of drift on the
north, which are nearly as elevated as its crest.”’

The southern border of this drift sheet is less conspicuous in
Indiana than in the States to the east and west. The ridge on its
southern border in western Indiana rises scarcely twenty feet above
the outer border tract, and it is no more conspicuous in central
Indiana. The limits cross the country, enter it a little north of
Vivalia and extend southwestward to Limedale, thence south to
Manhattan and then eastward and south to the eastern county line.

Here it is determined by the concealment of the loess beneath a
thin sheet of bouldery drift.

Thickness of the Drift—Throughout the State the thickness of
the drift varies surprisingly. The portions of the older drift ex-
posed to view have an average of about thirty feet. The addi-
tional 100 feet of the later drift, however, is deposited very irregu-
larly. In the belt of thick drift which leads from Benton County
to Marion, lies only the northeast portion of Putnam. The average
thickness in the State ranges from 485 feet at Kendallville to only
a few inches and in places leaving the residual rock formations
bare, as in southwestern Pulaski, southern Jasper and north-
western White.

The work of glaciation divides the soils into two classes, one of
which forms the foundation of the soil types of Putnam County,
while the other appears in a highly modified form, being affected
by the the loess depositions. The latter is the residual soils. These
are the soils that have not been removed from the parent rock.
Such soils, in common, appear in the driftless area. They vary
much in color, texture, structure, and natural fertility, according
to the formation from which they have been derived. The poorer
soils are those derived from the shales and sandstones. Those
from limestones are rather fertile, but will soon become depleted.
The residual soils are not very deep as a rule, and do not withstand
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drought very well. Muck is also defined as sedentary, as it is de-
. rived from the local material congregated.

Transported Soils.—Those which have been transported by the
power of water, wind and ice. These are known as colluvial, allu-
vial and glacial drift soils. The two latter classes are most impor-
tant. All of the alluvial soils are fertile both in the glaciated and
unglaciated areas. A large part of the river bottom soils are low-
lying and difficult to drain. These soils vary from sand and gravel
to the stiffest clays, but in general they are good clay loams. Corn
is the principal crop.

The drift soils are composed of a great variety of types, and
mostly of good to fair fertility. The black loam of the drift has
made Indiana take first place among the States in the production
of corn and other staple crops. The glacial drift deposits are
varied in the arrangement of clay, gravel and sand, so that what
is true in one locality may be entirely different in another. But
in general it consists of a confused mass of material derived from
many sources and is usually rich in all the necessary plant foods.

The loess soils are easily cultivated; much of the surface of a
well tilled field is frequently a loose, floury dust, and when small
clods occur they can be easily broken. Some of the soil may be
plowed wet and yet easily be worked to a pliable condition. There
is a marked deficiency of organic matter from the virgin soil in
comparison to the soil that has withstood long periods of continu-
ous cultivation. This amount often becomes less and less until the
soil reaches a poor physieal condition that is sometimes difficult to
manage. A systematic rotation of erops and good application of
stable manure are necessary to keep the soils in good condition
for cultivation. Much of the land is used for pasture, but when
left uncultivated for a few years the ground becomes eovered with
a growth of briers.

The prineipal alluvial soils of the State are those of the White
River, Wabash and Ohio valleys. The valleys of these streams and
their tributaries are the results of stream erosion, and chiefly by
the streams which now occupy them. During the glacial period
they were largely choked with drift, only a small part of which has
been removed ; deep ravines exist in great numbers along the tribu-
taries.

Terraces are the results of stream erosion in the glacial debris.
Between these terraces are the bettom lands, almost in every case
an entirely productive type. A large percentage of the dri