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PREFACE.

Itisa part of the planof the Tennessee Agricultural Experiment
Station to investigate the agricultural resources of the State of
Tennessee. It is well enough to make variety tests of vegetables,
fruits, and all agrlcultural plants; to analyze fertilizers and feeding
stuffs; to compare breeds of stock, and methods of feeding them;
but while we do such of these things as seem most important to
be done for the instruction or protection of the farmers of Ten-
nessee, this Station will endeavor to do some work of a permanent
character. Plans were early made, therefore, for studying the
climate, the soils, the flora and fauna of Tennessee, with especial
reference to the development of agriculture, horticulture, and the
animal industries. This undertaking is as vast as it is compre-
hensive. When we consider that Tennessee covers 42,000 square
miles, averaging 4oo miles long from the Smokies to the Missis-
sippi; that its surface is spread out over mountains, plateaus,
valleys, and plains, ranging in elevation from 6,400 feet down to
300 feet; that we have thus in one State all the life zones from
the Boreal to the lower Austral, and nearly all the soil formations
known to North America, it is apparent that it will require the’
labor of a great number of scientific workers for a long time to
make even a reconnoisance of the resources of so varied a terri-
tory. Although plans have been made in the Station Council for
carrying out this work, it would be unwise to publish them, since
they must inevitably be changed from time to time. All we can
promise is, that this Station will report the results of its investi-
gations as fast as it can be sure of them.

A number of Bulletins already published give results of some
portions of this work. Among the more important ones may be
mentioned : Vol. V, No. 2, Grasses of Tennessee, Part 1, and Vol:
VII, No. 1, Grasses of Tennessee, Part 2 (these two parts give
the result of a thorough investigation of the grasses of the State
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from a botanical standpoint); Vol. IX, No. 1, and Vol. X, No. 1,
Apples of Tennessee Origin; Vol. IX, No. 3, A Contribution to
the Study of Southern Feeding Stuffs, etc.

The Station commenced some six years ago a systematic survey
of the soils of the State. A preliminary soil map was compiled,
and typical samples of many of the virgin soils were collected
and carefully. studied. Notes were made at each place upon the
geology, the flora and fauna, and the agricultural treatment and
products of the soil.

The greatest difficulty encountered in studying the soils from
an agricultural standpoint was the very limited number of intel-
ligent observers. It has thus been found absolutely necessary
to first instruct farmers how to observe in order to get intelligent
reports upon the methods of treating the soils, and upon the crops
grown upon them. As a method of educating such observers and
of giving the farmers of the State the benefit of the more practi-
cal observations made upon some of the typical soils, this prelim-
inary report on the soils of Tennessee has been prepared by the
Agriculturist. It is not intended as a complete treatise on the
subject. The Station has a considerable amount of material which
must be reserved for future discussion. ‘T‘his Bulletin contains,
after a description of the objects and methods of the survey, the
physical and chemical analyses and climatological and botanical
relations of a number of the most important typical soils of Ten-
nessee. ‘The notes made by the Agriculturist on the agricultural
treatment of the soil have been pretty fully incorporated for the
purpose of interesting the practical farmer.

This Bulletin is accompanied by the preliminary soil map of
the State, which was compiled by the Station, with the assistance
of the United States Geological Survey, and the Division of Soils
of the United States Department of Agriculture. For the purposes
of instruction and further study, this soil map has been put upon
a relief map of Tennessee 10 feet 4 inches long by 2 feet 10
inches wide, which was prepared by the Station in co-operation
with the U. S. Geological Survey. A half-tone plate made from
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a photograph of this relief map mode! is inserted in the Bulle-
tin. Although the paper here published represents in itself
a great amount of work, no special claims are made for it. Itis
only hoped that it will form the basis of a thorough study of the
soils of Tennessee. If this is done, we must have the co-opera-
tion of the farmers of the State, for whose instruction it is
published.

In submitting the Bulletin, we desire to make due acknowledg-
ment to Prof. MiLToN WHITNEY, of the Division of Soils, in the
United States Department of Agriculture, for advice and assist-
ance in the preparation of the soil map, and in making the me-
chanical analyses; to Mr. BAILEY WiLLis, of the United States
Geological Survey, for his advice in regard to the soil map; and
to Dr. J. M. SAFFoRD, State Geologist, for suggestions.

CHAS. W. DABNEY,
President.



INDEX.

Analyses, Chemical, 134, 135, Knox County, 42.
Mechanical, 133. Knox Dolomite, 42, 44.

Knox Shales, 52.
Barrens, 76.

Bedford County, 82. Lafayette Sands, 102.
Benton County, 93. Lagrange Sands, 101, 104.
Bluff Loam, 118. Lauderdale County, 119.

Lenoir Limestone, 51.

Carroll County, 97. Lincoln County, 82.

Cheatham County, 92. Loess soils, 118.

Climatology— Loudon County, 51.
Chattanooga, 62. )
Knoxville, 46. Mad1sox% Coux'lty, 102. o
Memphis, 114. Magnesian Limestone soils, 43.
Nashville, 86. Marshall Count’)-(, 52.

Coffee County, 75. Maury County, 79.

Columbian Deposits, 101, 104, 108, Monroe County, 52.

Coral Limestone soil, 72, 89. Moore County, 82.

Cotton, 87, 110, 115, Montgomery County, 92.

Cover crops, 114, Nashville Limestone lands, 79.

Crinoidal Marble lands, 57.
Crockett County, 102.
Cumberland Plateau, 67.

Obion County, 119.
Orange Sands, 102, 104.

Phosphoric acid assimilable, 138.
Davidson County, 82. Potash assimilable, 138.
Dyer County, 118, 119. Porter’s Creek group, 97.
Erosion of soils, 56, 108.

. Reforestation, 69, 117.
Experiment methods, 139.

Robertson County, 82.
Farm manures, 113, 138. Rutherford County, 90.
Fayette County, 105,
Flatwoods, 98.
Forest fires, 68.
Franklin County, 73.

Sandstone soils, 58, 65.
Sandy Cretaceous soils, 93.
Shelby County, 119.
Sumner County, 82.
Gibson County, 101, 102.
Giles County, 82.
Greene County, 59.
Grundy County, 65,

Tennessee Ridge, 95.
Tipton County, 119.
Tobacco soils, 59, 76, 89.
Trousdale County, 82.

Washing, soil, 107, 115.

Whitney, discussion of soil analy-
ses, 129,

Williamson County, 82.

Iron Limestone lands, 56. Wilson County, 82.

Hard-pan, 49.
Haywood County, 102.
Henry County, 97.
Humus, 123.



THE SOILS OF TENNESSEE,

Cuas. F. VANDERFORD.

Arguments for and against the value of chemical soil analyses
have been urged by scientific investigators in this country as well
as in European States. By some it has been stoutly maintained
that the productiveness of the soil can be measured by the amount
of certain essential elements of plant food contained in the upper
arable stratum and the few inches of subsoil just below. By
others it is claimed that the results of soil analyses, and the
attempts to interpret them, have differed so frequenély and so
positively from the indications of practical work in the field, that
such tests are of too little worth to justify the labor and cost of
making them. In this contention, as in many others, the truth
lies between the extremes.

We can trust the judgment of an old farmer as to the leading
characteristics and average fertility of land. = “ Quick wittedness
and openness of vision, intellectual audacity, yet strong common
sense,” are distinguishing traits of the American farmer, enabling
him to make “rapid rough-and-ready reconnaissance of new soils
under varying climatic conditions,” and to make choice of the
best. ‘The trees and undergrowth of the forest, the luxuriant
grasses of the unbroken prairie, the waters of the springs, and
the varying but always suggestive colors and consistency of the
newly broken soil, are tokens plainly and easily understood. Close
observation and common sense make it easy for the pioneer to
select a piece of land to be cleared, and to choose breadths of
territory rich with promise for the future.

Our once almost unlimited territory open to the choice of the
home-seeker is no longer available. We have become a great
nation, and the right of private property has almost entirely
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absorbed the public domain. In T'ennessee there are no public
lands. Our forests are rapidly disappearing. After a little more
than one hundred years of existence as a separate State, our
people are brought face to face with the same conditions as con-
front the citizens of states many centuries old. We are already
forced to consider how we may save our lands from ruin and keep
our homes an abiding place for a contented and happy posterity.

The sound common sense which justified the pioneer farmer in
his judgment of the value of a soil may still be trusted when his
opinion is asked about the fields he planted and cultivated, watched
and cared for;and his estimate of the value of the lands around about
can also be trusted. If those who come after him shall inherit
his wisdom and clear-sighted knowledge of what the soil was and
is, and shall have learned how to keep it, loving the land because
it was their father’s home, and cherish it as the home of the sons
and daughters that may come into their own households, all will
be well.

One who travels over the State, by rail or by country road, will
see everywhere, in the richest as well as in the poorest sections,
broad stretches of land so much worn as to be unproductive, and
very many of such areas properly classed as abandoned land.
“Qld fields,” turned out to be gradually but surely reduced to
utter barrenness, are unpleasantly numerous, not only in the
mountainous region of Fast Tennessee, and along or near the
escarpments of the highland rim of Middle Tennessee, but in the
more level land of the great central basin of the State, and in
those counties of West Tennessee most famed for rich and pro-
ductive soil. ‘The proportion of such land so much worn and so
badly wasted as to make it impossible to restore it for any
useful purpose, is much less than is suggested by superficial
observation. In almost every instance these ‘‘old fields,” when
cleared from the forest, were chosen by the farmers of that day as
the best lands in their possession. Their judgment was doubtless
well founded. There are tens of thousands of acres which are
beyond redemption save by reforestation, but of the immense
area now regarded as abandoned land, not one-twentieth is beyond
hope of recovery by timely efforts. The area of land once under
the plow, now regarded as unfit for cultivation and not considered
of value enough to be protected by fence, has been increasing
year by year. A conservative estimate of the territory abandoned
cannot be stated at less than a half million of acres, to which must
be added an equal, and probably a larger area of land inside farm
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boundary fences, but given over to weeds, briars and useless brush
growth,

The problem is to maintain the productiveness of the best lands
under cultivation, and such as are used for orchard, garden,
meadow, pasture and woodland; to restore such areas as are now
considered unprofitable, and to determine, if we can, the best,
surest, and quickest ways to these ends. Plainly one of the
things to be done is to find out all the facts as to the composition,
physical and chemical, of soils such as were in the first instance
chosen by old and skilful common-sense farmers. This can be
done best by an investigation of the virgin soils.

“To restore depleted fertility, it is also plainly necessary to
accomplish in every way a return to the original physical con-
ditions, and by every means known to the chemist and the biolo- |
gist to add the elements of plant food in manner and in kind
readily available to growing plants. T'o attempt one part of the
work of restoration and forego the other is to invite failure.

If our investigations of a soil are limited to the study of its
mechanical condition, the fineness or coarseness of its particles,
capacity for holding water, capillarity, porosity, &c.,, and the
methods of cultivation best calculated to secure the presence of a
store of water for the plants, we shall stop short of what we
ought to know. We can conceive of a mixture of fine sand and
clay closely representing the best or the worst physical character-
istics of soils in which to grow plants; however abundant the
water held by such a mixture there could be no fruitful growth.
To such a mixture, or to a mass of pure sand, we can add the
indispensable constituents of plant food soluble in water, and;vsp
imitate a soil in which plants may attain growth and productive-
ness. It is possible in a very limited way to surround a p’léﬁi
growing in such an artificial soil by the proper conditions of ligh¥
and warmth, and so determine with an approach to accuracy the
essentials for best development.

For this work, in the greenhouse laboratory, there must be a
study of chemical and biological conditions as modifying and
controlling the more easily decided physical conditions of the
soil.

When we have compounded an artificial soil with utmost care,
so much sand, so much clay, so much of the several constituents
known to be essential and in water solution easily available, and
have in all ways as nearly as possible surrounded the captive



34

plant with just such conditions as are best for its kind, we can
determine a few things with a moderate degree of certainty; but
we shall in most cases leave a great many things not decided, and
some things not at all understood. We can approach the mystery
of plant life, just as we can the no more profound mystery of
animal life, but must stop short of completely knowing. The
thimbleful of earth in which we plant a mustard seed holds
unsolved problems.

While thus brought to acknowledge that we are always and
everywhere meeting the “thus far” beyond which we can not go,
there is always and everywhere encouragemeut to seek further
knowledge. The more clearly we recognize the steadfastness of
His laws, the absolute certainty of their operation, the more earnest
should be our striving to know, so that we may gather the rewards
of obedience. In the sober work of digging into the earth, in the
hopeful planting of seeds, the watchful care for and timely culti-
vation of growing plants, in the joyful harvest time, and in honest
endeavor that mother earth shall not be starved into denial of her
continuing abundance, there is for every day of the farmer’s life
not only incentive to a clearer knowledge of nature, but abounding
opportunities to know if he will. To offer some measure of aid
to the better understanding of our soils; to promote a careful
study of the condition of lands under cultivation, and of the best
methods to maintain their productiveness; to suggest methods for
the restoration of fertility while it is yet comparatively easy; and
to plead for the saving of such lands as are rapidly going to waste,
are the objects of this publication.

For the purposes of the present discussion, soils may be roughly
clasged as soils in place and soils transporied.

SOILS IN PLACE are the result of the disintegration of rocks
by mechanical and chemical agencies,—changes of temperature,
frost, rain, etc.,—the mass of earth so formed remaining in place,
resting upon the parent rock. Only upon the summits of -ridges
are to be found soils which are simply the result of alteration of
the underlying rock, and can be strictly called soils in place; but
there are large areas which are usually classed as such because
nearly alike in origin and manner of formation and to a very small
extent mixed with the debris’of other rocks. Such are the areas
indicated upon the accompanying map and described in this bul-
letin as the dolomite lands, the shale lands, the sandy lands of
East Tennessee, the lands of the Cumberland plateau, etc.
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So1rs TRANSPORTED are made of a commingling, to a greater
or less extent, of the materials derived from disintegrated strati-
fied as well as crystallire rocks, carried off by flowing waters and
laid down under varying conditions at a distance from the parent
rocks. Such are many of the areas of valley and riparian soils
of East Tennessee, much the larger part of Middle Tennessee,
and all of West Tennessee.

Soils in Place, both as to their mechanical condition and their
chemical constitution, owe their characteristics to the parent rocks,
so that the peculiarities of such soils can be more or less accurately
understood when the kind of underlying rockis known. Soils Trans.
ported are remotely comparable with the rocks which underly
them, and are the offspring, so to speak, of such heterogeneous
ancestry as to make it in all cases difficult, and in some cases
impossible, to class them with reference to rock parentage.

Whatever the kinds of rocks, the purely mechanical changes,
disintegration, not accompanied by chemical changes, decomposi-
tion, result first in what is denominated, in the analyses hereafter
described, “insoluble residue”, or, to use a less accurate general
term, “sand.” ‘This insoluble residue is that part of the soil which
represents the fragments of the original rock which do not easily
yield to the active reagents of the chemist, and may be regarded
as the frame work or skeleton about which are assembled and held
together the other constituents of the soil body. But the disin-
tegration of rocks is accompanied by certain chemical changes, by
which the alkaline silicates are decomposed, broken up and read-
justed, so that certain portions of the rock constituents are readily
attacked by the reagents of the chemist and smaller portions are
made easily soluble in soil waters. A residue is then left, the c/ay,
one of the prime elements in the physical constitution of the soil.
With the varying proportions of clay and sand, soils vary in char-
acter from the heaviest to the lightest: and vary still further be-
cause of the condition of the clay constituent, this condition de-
pending upon the presence of a third indispensable element of
every soil capable of sustaining plant growth, namely, Zwme;
and that the lime shall be dissolved in water charged with car-
bonic acid, the acid derived in small measure from rain water, but
more largely from the oxidation of Aumus, a fourth prime element
of the soil.

The proportions in which these four prime elements, sand, clay,
lime, and Aumus, are united determine the qualities of the arable
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soils. ‘'T'o maintain the proper physical condition of an arable soil,
the solution of lime in carbonic acid is necessary to secure the co-
agulation of the colloidal clay and its retention in place among
and around the particles of sand. The constant production of
carbonic acid is therefore mnecessary, and this depends upon
the presence of humus and its continuous oxidation. ‘“The or-
ganic matter of the soil is constantly undergoing change; the de-
bris of vegetation, leaves, the stubble and roots of crops removed,
are the prey of legions of insects, cryptogauns, bacteria, which so
alter these materials as to make them soluble in the alkalies,
converting them into humates, and these by other organisms con-
verted into the simpler forms, soluble in water, and so made
ready to re-enter upon the building of the cell growth of new
vegetation.” (Deherain.)

The soil is not a mere mass of inert, dead matter, but a theatre
of ceaseless activities,—a wonderful combination of mechanical,
chemical and vital energies,—of agencies destructive and recon-
structive—of an ever repeated cycle of death and of resurrection.

Soils in forest or prairie, unaltered by the influence of man, are,
as to their mechanical as well as chemical constitution, in every
way best adapted to the healthful growth of the vegetation found
native thereon. If it may be possible in any way to maintain a
virgin soil in as perfect condition as we find it, we may easily
enjoy all the “fruits of the earth’ with almost as little labor as
was demanded of Adam in his first home; but this is as improba-
ble as is a return to the innocence and blessedness of Paradise.
But we may realize, in some measure, a Paradise Regained. Who
will labor with brain as well as body, with heart and head, doing
what is prompted and directed by right thinking, may approach
the beauties, and enjoy much of the happiness, of the garden
which ““the Lord God planted eastward in Eden.”

In this wonderful laboratory, the soil, there are great stores of
material more or less ready for immediate use as food for plants,
and vastly larger stores which wait the changes which must come
to make them fit for a like purpose.

Beside the fragments of the parent rocks, the residual clays,
the lime salts resulting from the decomposition of such fine
particles as have yielded to chemical changes, and the partially
decayed organic matter—the four prime constituents of an arable
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s0il,—there are in all soils, in combinations more or less stable, or
in a condition of solubility in water, some or all of the following:
potash, soda, magnesia, oxide of iron, phosphoric acid, sulphuric
acid, constituents usually determined in a chemical analysis; and
in most soils chlorine and manganese, as well as fluorine and
boron.

Of these last four, fluorine and boron are found in such exceed-
ingly small quantities, rarely more than a trace, that they are not
-ordinarily included in a chemical analysis. Chlorine is found in
mnearly all plants, and is considered an essential element; when
found in excess as a constituent of the soil, either naturally or by
artificial addition, it is harmful to many cultivated plants; such
-excess rarely occurs in any arable soil, and chlorine is not usually
included in a chemical test. Manganese found in most soils,
-occurring only as an oxide, has, so far as known, no special office
in plant nutrition. With the exception of chlorine, we shall have
10 concern with the elements here named.

That our readers may understand the meaning of the chemical
and mechanical analyses hereafter presented, it is proper to define
as clearly as may be the terms used.

The analyses of the type soils of Tennessee were made by J.
B. McBryde, of this Station, using for the purpose that part of the
soil made up of particles less than 1 millimeter in diameter, the
coarser material having been first removed. The per cent. of
gravel larger than 2 millimeters, and of fine gravel larger than
1 and less than 2 millimeters in diameter, is stated in each case.

1. INsOLUBLE RESIDUE includes the unaltered fragments of
the rocks from which the soil was produced, such as do not yield
Teadily to the methods usually employed by the chemists to sepa-
rate the constituent elements. This insoluble residue does undergo
alterations, gradually yielding up its constituents, but so slowly
thit a long series of years may pass without the occurrence of
more than a trace of increased solubility. Its quality as an
ingredient of the arable soil depends upon the fineness or coarse-
ness of the particles, and their arrangement.

2. SOLUBLE SiLica is that portion of the residue of a soil,
after digestion in hydrochloric acid, which is soluble in a boiling
concentrated solution of sodium carbonate, and is supposed to
represent the silica which may become slowly soluble in the soil
waters and so enter inte the sap circulation of plants.
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3. Porasu, determined as potassium oxide. ‘This is found in
all soils in very different states, and is an essential of all plant
food. These salts, combined with humus material or with the
hydrated silicates, are very soluble, and do not for that reason
accumulate in large quantities in soils exposed to such heavy
rainfall as occurs in Tennessee. It must be kept in mind that the
potash stated in the analyses means the total of potassium oxide
found, which is twenty to twenty-five times as much as is in
the water soluble state as an available element of plant food.
But the percentage stated in the analyses may be regarded as
a supply in reserve which, under favorable conditions, may be
drawn upon for plant nutrition.

4. Sopa, determined as sodium oxide. Found usually in our
soils combined with silica, rarely as a chloride. “Though closely
related to potassium chemically, sodium cannot be substituted
therefor in plant nutrition,” a fact which needs to be remembered
when purchasing fertilizers or fertilizer materials.

5. LiIMmE, determined as calcium oxide. A necessary plant
food in itself, but even more important because of its influence
upon the mechanical condition of the soil, in the processes of
nitrification, and in the formation of the soluble carbonates. As
already stated, lime is one of the four prime essentials of an
arable soil; its absence in sufficient proportion is quickly followed
by sterility.

6. MAGNESIA, determined as magnesium oxide. Found in all
the type soils of the State, as a carbonate or silicate. “Of little
importance as a plant food” (Wiley). “An indispensable plant
food” (F. W. King). Mr. King states that magnesia collects
more largely in the seeds of plants than lime, wheat containing
in its ash 12 per cent. of magnesia against 3 per cent. of lime,
&ec., &c. “No plant can be brought to maturity if magnesia is
absent” (E. A. Smith). However this may be, it is certain that
dolomite (magnesian limestone) soils are much more easily
injured by working when too wet than the soils in which magnesia
is less prominently a constituent; and it is also a fact that dolo-
mite soils readily and happily respond to an application of lime
from a high grade calcium carbonate.

7. IRoN, determined as ferric oxide. Though required in very
minute quantities, it is absolutely indispensable; found in all soils,
the red and yellow colors of which are due to the presence of iron.
If present as ferrous oxide, as is sometimes the case, particularly
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in the subsoil, it is injurious to plant growth; the remedy is by
thorough working and airing the subseil by use of the subsoil
plow or by underdraining.

8. Arumina, determined as aluminum oxide, the character-
izing constituent of common clay, which consists of exceedingly
small particles of pure clay mixed with silica, iron, lime, carbo-
naceous matter, &c.

9. PrHOspHORIC AcID, determined as phosphorus pentoxide.
Occurs in the soil in combination with various bases as phosphates
of lime, of iron, of alumina, &c. Though found in all soils, it is
seldom abundant, and is one of the ingredients of the soil most
likely to be exhausted.

10. SULPHURIC ACID, found in very small quantities even in
the most fertile soils, as sulphates of lime, potash, soda, etc.;
sometimes as sulphide, and in organic compounds. Sulphates are
easily soluble and are readily washed out into the off-flow of water
into the underground channels. Sulphur is an essential part of
organic compounds, both vegetable and animal.

11. VOLATILE MATTER is determined by heating the dried
soil to a dull red heat until all the organic matter is driven off,
and includes the water of combination, ammonium salts, &c.,
frequently contained if carbonates are present in the soil.

12. MOISTURE is determined by heating, cooling and weighing
at intervals till constant weight is found.

13. Huwmus is partially decayed organic matter, whether vege-
table or animal. Being a residue of organic matter of various
origin, partially oxidized, its chemical composition is but imper-
fectly understood; but the fertility of an arable soil, in a climate
such as ours in Tennessee, can not be maintained without an ade-
quate supply of humus.

To use a homely illustration: A field of wheat ever so plente-
ous in yield, will not feed a man until the grain is harvested,
threshed, ground and baked into bread; just so we may be sure
that a given soil contains large stores of the elements of plant
food, and yet be forced to acknowledge it as unproductive, be-
cause these stores are not available for the use of such plants as
we desire to grow. The presence of one and all of the constitu-
ent elements is the first essential; but the proper condition of the
soil as to its mechanical condition is equally essential. We shall
find that even the least fertile of natural soils has a large supply
of food elements, if not in the right condition for plant sustenance,
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nevertheless in such condition that right management will make
possible a fair reward for well-directed efforts. The farmer is
most directly concerned as to the mechanical condition of the soil,
and to this he must give most of his thought as he must give
most of his labor.

“A systematic separation of soils into classes of particles
cannot fail to reveal a definite correspondence of mechan-
ical composition to soil properties. The production of a
crop is the result of certain functions, chief among which
are temperature, moisture and plant food. In a given
soil the temperature 1is markedly fixed by its physical
state. The circulation of moisture in the soil and its ca-
pacity to be held therein, are chiefly functions of the state of ag-
gregation of the soil itself. 'The availability of plant food in a
soil is not measured by its quantity alone, but rather by its state
of sub-division. It is not, therefore, a matter of surprise that the
fertility of a soil is found, other things being equal, to be com-
mensurate to a certain limit with the percentage of fine silt and
clay which it contains.” (Wiley.)

The mechanical analyses of the type soils which are discussed
in this bulletin, were made by Prof. Milton Whitney, Chief of the
Division of Agricultural Soils, U. S. Dept. Agr. The method
used was that of Osborne, with such modifications as were sug-
gested by extended experience in such work. The analyses made
by Mr. Whitney are of the subsoils of the fifteen type soils, and
were made directly from the original samples taken in the man-
ner hereafter described. 'The results are very carefully set forth
in the tabular statements, and are in themselves proof of the
great value of such investigations.

In taking a sub-sample of the original material, the whole sam-
ple was thoroughly mixed; roots and litter that could be readily
picked out by hand were thrown away. Gravel and stones were
separated by passing the material through a brass sieve with cir-
cular holes 2 millimeters (about one-twelfth inch) in diameter;
these stones were washed, dried and weighed, and the weight
deducted from the original weight of the sample, and the per-
centage of coarse gravel calculated. The portion which passed
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through the 2 millimeter sieve is called “fine earth,” and was used
for the mechanical analysis.

An analysis of a soil which is not typical and so representative of
a considerable area, is of little value. If the sample is taken
from a locality carefully selected as fairly representative of the
lands of like origin and like conditions, and evidencing like char-
acteristics as shown by the peculiar kinds and like development
of vegetation, we can reasonably assume such a sample to be typ-
ical. The types described in this bulletin were chosen after a
most careful study of the various fields of observation, and are be-
lieved to be as nearly typical as can be obtained,

The illustrations were prepared from photographs taken at the
time the samples were obtained, and are given to show the visible
above-ground characteristics of the several localities,

The type samples of the soils of this State were taken in the
following manner :

Boxes of uniform size, the inside dimensions of which are
length 36 inches, width 4 inches, depth 3 inches, were provided
with closely fitted tops put on with screws. At the place selected
a pit was dug, three or four feet square and three and a half feet
deep. On one side of the pit most free from roots was marked
and cut out a prism of the earth to fit the box as accurately as pos-
sible. The box was then pressed on the prism, and with a long
knife, or other convenient tool, the earth was cut in slantingly
from both sides, leaving a roof-shaped ridge projecting above the
rim of the box. This projecting portion was shaved off, and the
lid screwed on. ‘The soil prisms thus obtained show the soil, sub-
soil and under-stratum to an exact depth of three feet, every
particle of earth remaining in its original position with respect to
the whole mass. The samples were taken in duplicate. At the
same time samples of the soil proper, and of the sub-soil in each
locality, were secured, also in duplicate.
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color due to decaying vegetable matter was lost, the characteristic
red clay mixed with a large proportion of chert forming the 20
inches of under-soil included in the prism taken at this point.
The chert is quite uniformly distributed in the first 16 inches, the
flinty fragments quite hard. Below 20 inches the chert is fre-
quently found so soft as to break into smaller fragments between
the fingers with slight effort. ‘The hard surface chert is gradu-
ally broken down by the alternations of moisture and tempera-
ture, ultimately falling down to a rather fine sharp gravel.

ANALYSIS OF SoIL, No. 1.—Magnesian Limestone (Dolomite).

Insoluble Residue . . « +« v v o . . v v o . . . . .84985
Silica soluble in Na,CO,; . . . . . . . . . . .. . 4720 89.705
Potash, K,O . . . . . .. ... ... ...... 0.120
Soda,Na,O. . . . . . « v v v v v v v v v oo 0.112
Lime, CaO . . . . . . . . . . . o e 0.053
Magnesia, MgO . . . . . . .. e e e e 0.140
Ferric’' Oxide, ¥e,O5; . . . . . . . . . .. . ... 1.318
Alumina, Al,O, * * = . . . . ... oL L. 3.997
Phosphoric Acid, P,O5 . . . . . . . . .« . ... 0.040
Sulphuric Acid, 8Oz . . . . . . . . . ... 0.009
Volatile Matter . . . . . . . . . . . . . . ... 2.933
Moisture . .« « . . . L L. o e e e e e e e e 1.733
Humus . « . . . . .. ... . .1L010
Original sample contained—
Gravel 25 to 2 mm diameter . . . . . 16.66
Fine Gravel 2 to 1 mm diameter . . 2.24
Fine Karth less than 1 mm diameter 81.10

ExTuRe or MagNesiar Limestone (Doiomire) Sork,

UPPER MEASURES, Knox. Counrr, Tenn. — l_,jzo
2N -8 lsast .:_w—.q loil } loos—~{
mm | mm pim ' lmm | { oos §-o00r]
R : ) 3 IR i § o o]
261 liyz) Juby] 6.98] |397] 1312|  |2339
S 1) S ¢ i :

‘0'g¢xnrc Gravel.  -Coarie  madicm X
. & fina
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The accompanying illustration accurately exhibits the present
condition of very large bodies of timber land, not only upon this
magnesian limestone formation, but everywhere throughout East
‘Tennéssee. In this locality some effort has been made to protect
the new growth of trees and to secure a carpet of grass in place
of weeds, briars and worthless brushy undergrowth. Fields
near by, cleared from forest like that which once grew here,
are disfigured by barren spots, with here and there a broad
expanse apparently abandoned as unproductive. Save where
marked with deep chasms, as is too frequently seen upon the
steeper slopes, not one of a hundred acres of these worn dolomite
lands is past recovery under careful management,

ANArLvSIS OF Sorr, No. 2.—Magnesian Limestone (Dolomite).

Insoluble Residue . . . . . . . . . .. ... .. 80.197
Silica soluble in Na,CO;". . . . . . . . ... .. 5.478 85.675
Potash, K,O . . . . . . . . . ... 0.180
Soda,Na,O. . . . . . . v L L0 v v v v oo 0.114
Time, CaO . . . . ., ¢ ¢ o oo v o e e 0.060
Magnesia, MgO . . . . . . .. .. e e e e e e e 0.213
Ferric Oxide, Fe,O; . . . . . . .« v v . v .. 2.113
Alumina, ALLO; . . . . . . . o . 00000 5.205
Phosphoric Acid, P,O5 . . . . . . . . . ... 0.074
Sulphuric Acid, SO . . . . . . . ... 0,014
Volatile Matter. . . . . . . . . e e e e e 3.900
MOIStUIe : + « ¢ v v ¢ v v 4 v v e e e e e . 2.350
Humus . . . . . . . . .. 1.490
Original sample contained—
Gravel 70 to 2 mm diameter. . . . . 22.79
Fine Gravel 2 to 1 mm diameter . . . 2.05
Fine Harth less than 1 mm diameter 75.16

TexTurRe oF MAGNESIAN LimesToNe (Doromire) SoiL;

LOWER MEASURES: Knox CouNf'\?’,._TE,NNI‘-"—Q.:Jli.
) p 3
2-0 ] (1.5 (5-28]  2s-u 4-.08] oi_ 1 Gos-
hom mm "mm o mowm 20 P
3,13 025 Lyl [958 9.66 8.07 9.06 2387

‘Qrganié  Gravel, Coarse Medium Fine veryfine Silt, fine
Maiter. S Sand. Silt

Clay
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Climatological Data, March 1, 1871, to June I, 1897,

KNOXVILLE, TENNESSEE.

Av.mean  Av. rainfall Av. mean Av.rain-
temperathire inches temperature fall
dey. Fah. deg. Fah. inches.
March.................. 47. 5.54
April. .. ...l 58.4 4.93
May...oooocivviiiiat, 66.2 4.03 Spring 57.2 14,50
June.............. R 74. 4.12
July....oooiiviiiiil 76.5 4.43
August.... ...... ...... 74.9 3.96 Summer 75.1 12,51
September............ .69.2 2.63
October................ 57.7 2,70
November.............. 47, 3.79 Fall 57.9 9.12
December.............. 40. 4.03
Janunary................ 34. 5.38
February............... 42.3 5.33 Winter 39.1 14.74

Average annual rainfall, 26 years, 50.92 inches.

During the period of 26 years, the smallest rainfall was during
the year beginning March 1, 1894, and ending February 28, 1895,
34.94 inches; the largest rainfall was during the year beginning
March 1, 1874, and ending February 28, 1875, 66.91 inches. Itis
merely a curious coincidence that the mean of these two extremes
is the average annual rainfall during this long period.

An inspection of the foregoing tables shows very plainly a close
resemblance between these soils, No. 1 and No. 2. Taken from
localities many miles apart, they are close akin, because of like
rock parentage. The differences, though slight, are no more
clearly indicated by the visible above-ground characteristics than
they are by the results of chemical and physical analyses.

Under ordinarily fair conditions, our cultivated plants can and
do obtain the greater part of their food from the stores contained
in the upper twelve inches of the soil; but for reasons well under-
stood, what is usually called the soil proper, even of fresh lands,
is the upper six or eight inches of earth. Only the best farmers
in Tennessee ever plow six inches deep; and upon old land, nine-
tenths of the work of breaking plows does not exceed an average
depth of five inches.
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These soils are properly classed as heavy clays, and when new
as clay loams. The average weight of such soils to a depth of
cight inches, is approximately 1,200 tons per acre. The analy-
ses of the two soils may be stated thus:

No. 1. No. 2.
Coarsematter, gravel . . . . .. . .. ... 453,600 596,160 1bs
Insoluble Residue, less than 1 mm diam . . . 1,652,108 1,446,754 ¢
Soluble Silica . . « « « . . . .. .. ... 91,871 98,804
Potash . . . . . .. ... e e e e et 2,336 3,246 ¢
808 « b v e e e 2,180 2,056
Lie . « « « v o e e e e . 1,030 1,082 ¢
Magnesia . . . . . . . .. e e e e 2,721 3,843
IronOxide . . . . . . . . ... e e e e 25,622 38,114 «
Alumina . . . . . . « . .. .. .. ... 77709 93,889 <
Phosphoricacid . . . . . . .. e e, 778 1,335 «
Sulphuricacid. . . . . . . .. ... L. 175 232 «
Volatile matter . . . . . . e e e e e e e 70,392 93,600 ¢

From the mechanical analysis we find that of silt and fine silt
taken together, the proportion in No. 1 is 51.24 per cent.; in Ne.
2, 40.04 per cent. In No. 1, the proportion of “clay” is 23.89 per
cent., and in No. 2, it is 23.87 per cent.

Recent investigations of the results of soil analyses appear to
indicate, that only such parts of a soil that are of less than .05 mil-
limeter in diameter should be considered in a chemical test, be-
cause of the rapid decrease of acid-soluble matter in the
coarser sediments. Of the soluble matter found in that
part of the total weight of the samples which passed through the
1 millimeter sieve, probably three-fifths or more is found in the
“clay,” and nearly two-fifths in the silt and fine silt, the remainder
in the coarser materials so small as to be, for all practical purposes,
a' negligible quantity.

The average diameter of the particles of ‘“clay” stated in the
tables as .005 to .0001 mm., may be taken as .00255 millimeter.
(Whitney.) These particles are so small that 10,000 of them can

_be placed in contact upon a line one inch long. If we could
spread out one pound of soil No. 1 in a single layer of particles
in contact,they would occupy an area of 325 square yards,—the clay
particles 269 square yards, the silt and fine silt 49 square yards,
and the remainder 7 square yards. In this pound of soil there
are more than one hundred thousand million of particles of clay;
more than eight thousand million of particles of silt. It is diffi-
cult to comprehend this plain statement of the immense number



48

of grains composing a soil, and that each one of these grainsisa
separable unit, nearly or wholly surrounded by water or air, or by
both. ‘The finer the grains of a soil the larger the space in which
water may be held, ranging from 2o to as high as 65 per cent. in
the soils named in this bulletin, and in this particular class of
soils about 45 per cent. 'The finer the grains of soil, the less per-
meable for water; the larger the proportion of clay, the greater
the space for water, and the more slowly it gives it up by
percolation.

In their natural condition these dolomite soils are highly fertile:
the facts already stated show why. Texture, plant food elements
in kind and in proportion, are of the best, and the average climatic
conditions are altogether favorable.

Just as soon as we clear the land for cultivation, we begin to in-
troduce new conditions—to interfere, not always wisely, with the
methods of nature. As stated in the outset, the endeavor should
be to control and direct our necessary interference, so as to pre-
serve, as far as we can, the physical conditions of the virgin soil,
and to conserve the stores of plant food therein contained.

The best and most productive cultivated lands of the magnesian
limestone areas, are those which most closely resemble in color,
texture and in all ways, the soils of the forest lands about them.
These best lands are porous, because of the fineness of their con-
stituent particles, the sufficient proportions of silt and clay, and
their arrangement within the soil, the coarser material of such
kind and so intermixed in the soil as to be continually acted upon
by the soil waters and .made to contribute slowly, but surely, to
the increase of available mineral plant food. So long as the
coarser sand and fragments of chert are mixed together, as in the
natural soil, its permeability is nearly that of the finer particles,
the lands are rarely injured by excessive rainfall, and the crops
suffer less during long periods of drought.

Not only the soil, but the sub-soil and the under stratum, are
sufficiently porous to permit of the ready escape of surplus
waters into the deeper strata, while retentive enough to prevent
the rapid leaching of soluble plant food elements: the arrange-
ment of soil particles is such as promotes capillarity, by which the
store of water below is brought toward the surface and within
the reach of the rootlets of the plants when needed. So long as
these physical conditions subsist, and a supply of organic matter
is maintained, generous crops may be confidently expected, even
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in such years as 1878, 1889, and 1894, when well-kept lands upon
the dolomite ridges and slopes of East Tennessee rewarded care-
ful farmers with fairly abundant crops of corn, while neighboring
fields, improperly managed, made pitiful returns.

The limits of this bulletin do not permit a full discussion of
methods to maintain these soils in their best condition, nor of
methods for restoration of fertility. Means and ways necessarily
vary. No two contiguous farms, nor fields, nor parts of fields, can
be treated alike. There can be no cure-all sort of prescription
for the run-down farms, no more than for the run-down farmer.

How many hundreds of years must have passed, during which
well-ordered natural forces have been preparing these soils, grind-
ing down the rocks into such fineness as has been described, and
clothing the surface with forest growth,we can only conjecture. In
how few years it is possible that unwise conduct, heedless igno-
rance, or wilful neglect may change a land of plenty and beauty
into a barren waste, unsightly and forbidding, can be learned
without search into ancient history. ‘Thousands of farmers whose
hairs are not yet gray, can remember unbroken forests upon the
hill sides, where now the lands are abandoned as worn out.

These dolomite soils are injured by plowing too wet, even more
easily than the heavy clay lands of the limestone valleys of Hast
and Middle Tennessee. Many years of continuous good manage-
ment are necessary to undo the evils that come from breaking
these soils over-wet at any season of the year. When this mis-
take is made in the spring, or early summer, the result is espe-
cially bad.

Cultivation of hoed crops at a uniform depth for several seasons
and the resulting formation of a hard-pan, for obvious reasons
objectionable even on level lands, is sure to bring disaster to these
hill-side lands. Inquiry among observant farmers, from Sullivan
county all the way to the Georgia line, verifies the opinion of the
writer that nine-tenths of the gullies which disfigure the fields
were primarily caused by an almost water-tight hard-pan.

The custom, now happily becoming less prevalent, of turning
cattle upon the corn fields or upon the stubble of the annual
crops, after harvest, keeping the cattle upon these fields as long
as a mouthful of forage of any sort can be found by hungry
animals, and thereafter leaving the fields bare, to be leached by
the winter rains, is bad practice upon level lands, and doubly bad
upon the slopes of East Tennessee.
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Besides the losses of nitrogenous matters by the removal of
the crops, and the probably greater losses by unheeded, be-
cause unobserved, filtration into the depths during our winters
of heavy rainfall, there is too prevalent a neglect of such plans
of rotation as are mnecessary to renew the supply of humus
material, without which a soil, ever so abounding in mineral
constituents of plant food, is practically unproductive.

For many reasons, the hill lands of East Tennessee are very
properly most highly prized. Nowhere should there be more
careful study of the best methods to keep the soil in place. Itis
not a difficult matter to prevent surface-washing, even upon the
steeper slopes of these cherty dolomite lands, if the plainest and
simplest precautionary measures are adopted and promptly
applied.

No man can decide when to plow or to cultivate his fields most
effectively unless he £zows his land, surface and under-soil, not to
a depth of six or eight inches only, but three or four feet or more.
The more accurate such knowing the more intelligently can he
adopt the right ways to handle his soil, so as to husband the
waters of our abundant rainfall, that the crops may suffer least
from our occasional periods of spring and summer droughts.

What proportion of the “clay,” which makes up nearly one
fourth of the dolomite soils, is of such extreme fineness as to have
the properties of pure clay, has not been determined. Our own
experience upon the lands of the station farm has proven how easy
it is to promote the accumulation of fine clay in an almost water-
tight stratum at a depth of a few inches below the surface, and
how difficult it is to break up and render friable the tenacious sub-
soil so formed. Referring to the physical analysis of soil No. 1,
and to what has been said of the fineness of the grains of silt and
clay, and of the immense aggregate of surface area of the soil
particles, it is proper to state that it is by no means probable that
the smallest of these particles are, in fact, invested by films of
water. In natural soils, the finer particles are made up of complex
grains. ‘The extreme division effected by Mr. Whitney’s methods
of analysis, by which the compound grains are broken down, may
rarely exist in a natural soil. The more nearly the actual soil
approaches such divisibility of particles, the more rapid and com-
plete may be the solubility of the mineral ingredients of plant food,
provided such condition can be maintained. The better condition
is that which allows of free movement of the soil waters.

These are usually called limestone lands; but the proportion o
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limestone of Safford. Lower strata quite hard and compact, upper
strata shaly and weathering easily.

ForEsT GROWTH—White oak, hickories, poplar (Zriodendron),
walnut, elm, persimmon, hornbeam, dogwood, sourwood, etc.

UsvaL Crops.—Corn, wheat, all the grasses of this region. A
fertile and durable soil.

In physical character and in composition closely resembling the
limestone lands of Rutherford, Wilson and Williamson Counties
in the Central Basin of the State; varying somewhat as the soil is
derived from the differing strata of this series of formations. The
locality selected for the type sample furnishes a fair representative
of this class of soil.

Anarysis oF Sorr, No. 3.—Lenoir Limestone.

Insoluble Residue . . . . . . e e e e e e e e 73.128
Silica soluble in Na,CO; . . . . . . . . . . . .- 6197 79.325
Potash, K,0 e e e e e e 0.330
Soda, Na,O . . . . . . « v v v v v v o .. .. 0.171
Lime, CaO-. . . . . . . . .. e e e .. 0.180
Magnesia, MgO . . . . . .. ... ... .. .. 0.342
Ferric Oxide, Fe,0, . . . . .. e e e 3.012
Alumina, A1,0; * * * . . . . . ... ... .. 7.695
Phosphoric Acid, P,O; . . . . . . .. e 0.104
Sulphuric Acid, SO; . . . . . . . e e e e e 0.018
Volatile Matter . . . . . . . . . . . .. e e e 5.983
Moisture . . . . . . .. ... L0 L. 2,350
Humus . . . . . . . . .. 2.150
Original sample contained—
Gravel 20 to 2 mm diameter . . . . 0.71
Fine Gravel 2 to 1 mm diameter . . 0.69
Fine earth less than 1 mm diameter 98.60

*exvdre oF Brue Limestone (Lewoir}) Sori,
lLovpon CounTy, TENN.-—'—-5,.7“-/-.
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larger percentage of lime than those of the same class farther north-

east, and are, in the main, stronger and more durable.

Here and

there, especially in the narrower valleys, are found considerable
areas, originally quite productive, but quickly exhausted because
of the small depth of soil overlying the parent rock; again there
are broad stretches where the processes of soil making have been
less frequently arrested by the denuding floods, or have been re-
inforced by accretions from the hills and ridges of magnesian
limestone or of blue limestone and marble lands, on the one side or

the other.

ANALYVYSIS OF So11, No. 4.—Knox Shales.

Insoluble Residtie . . . . . . . . . . . ... ... 76875
Silica soluble in Na2C03 e e e e ... ... 6030 82.905
Potash, K,0 . . . . . e e e e e e 0.312
Soda,Na,O. . . ... ... ... ... 0.101
Lime, CaO . . . . . ... ... ... e e e 0.163
Magnesia,MgO . . . . . ... ... e e e e 0.455
Ferric Oxide, Fe,O, 2.706
Alumina, Al,O; e 5.987
Phosphoric Acid, P,0; . 0.057
Sulphuric Acid, SO; . 0,025
Volatile Matter. . . . . . . 4.473
Moisture 2.093
Humns . . . . . . . ., . .1360
Original sample contained—
Gravel 20 to 2 mm diameter . . 1.58
Fine gravel 2 to1 mm diameter . 1.70
Fine earth less than 1 mm diameter 96.72
TexTurE oF Suave {Knox Suave) Soiw,
MonrRoE COUNTY, TENN.—2_71b
{ -, | B Y | L - 1 peoll ]
; Rt 107 I o o O s B o B -7
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The analyses, chemical and physical, of soils Nos. 3 and 4,
appear to indicate that they are practically of the same agricultural
value, capable of producing like crops, needing like treatment, etc.
Examination of the lands themselves will show great differences.
Both the shales and the limestones are valley-making rocks; but
these underlying rocks are not only unlike in structure, but exist
under very different conditions. The blue limestones (ILenoir)
are often found at nearly the same angle of dip along a strike of
many miles, the derived soils remarkable for the uniformity of
characteristics, all the way from the lower levels of the valleys to
the summits of the bordering slopes. The successive belts of fer-
tile valley lands overlying the calcareous and argillaceous forma-
tions, including the various strata of blue limestone and of the
gray and variegated marbles, afford soils of close likeness, slightly
heavier and stiffer as we approach the northwest side of the greater
valley of East Tennessee. Minor differences, due to the varying
dip of the strata and to the differing proportions of shaley inter-
mixture, with here and there glady places, due to the out-crop of
highly tilted rocks, serve to emphasize the generally uniform
character of these soils, all the way from the Virginia to the
Georgia line.

The shales (Knox) from which have been formed the soil No. 4,
are found at all angles and often much contorted, frequently twisted
and folded at a greater or less angle to the general line of strike.
The outlines of these shale valleys are very irregular. Made up
of material of varying character, the laminae of the strata differing
in the proportions of clay and sand, and in amount of contained
lime and iron, in places slaty and strongly resistant to disintegrat-
ing forces, and again soft and readily weathering down upon
exposure, these soils are rarely found of' like consistency or even
like surface appearance over any large field. In the wider of these
valley ranges are lands very desirable, of good depth, and quite
durable under good management. In the narrower and more un-
even valleys the soil is mostly thin, barely hiding the underlying
rocks, which have been deprived of their calcareous matter by
leaching. The writer has found numerous small areas in the
“poor valleys” quite as good as the best of these shale lands, pro-
ducing good crops of corn, wheat and oats, and particularly well
adapted to the meadow grasses. 'Because of the peculiar structure
of these soils, great care is necessary to prevent the formation of
an impervious subsoil, to be certainly followed by surface washing.






57

from the disintegration of the silicious red shales and the associat-
ed crinoidal marbles. These almost blood-red lands, which attract
the attention of everyone who travels about the vicinity of Knox-
ville, are naturally very fertile. Usually occupying rather flat
ridges of little width and no great length, these were among the
earliest lands cleared and cultivated. Unfortunately, too many of
these once beautiful hill tops and slopes have been neglected, and
now stand as warnings to the farmers of to-day, that they ““ mend
their ways’’ lest the same fate befall their own homes. ‘The ac-
companying illustration is given because it is far more eloquent
than any words of admonition or appeal. When this land was.
new every seed that was planted upon it brought return of twenty to
more than a hundred fold. ‘The land was good. 1t can be made
as good as ever. The subsoil is there, clay and sand and lime,
potash and phosphates, in plenty, but naked, cold, outcast, forgot-
ten.

There are thousands of such evidences of continued neglect,
which disfigure the surface of our state. In this particular case
the work of restoration presents no serious difficulties, because
there is a good foundation upon which to rebuild. Upon the less
stable, silty lands, these ugly blots are more numerous, wider and
deeper, demanding prompt and energetic measures to prevent
further disaster.

No. 5. SanpsToNE. Soil 0—6 inches; subsoil 6—12 inches.

LocarLrry—Chestnut Ridge, on land of John Alexander, 5
miles southwest from Fullens’ Station, Greene County.

UNDERLYING Rocks—Sandstone (Chilhowee), 3 to 7 feet deep.

ForesT GrROWTH—Chestnut, black-oak, sourwood, etc.; under-
growth, dwarf oaks, scrub pines, chinquapin, etc.

UsuaL CROPS UPON SIMILAR SolLs—Scanty crops of corn are
sometimes grown upon these lands when new. These soils were
regarded with little favor until the introduction of tobacco culture:
about 188s5.
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ANAILVSES OF SoIL, AND Sussorr, No. 5.—Sandstone.

Insoluble Residue

Silica soluble in Na,CO,
Potash, K,O
Soda, Na,O
Lime, CaO . . . .
Magnesia, MgO
Ferric Oxide, Fe,0,
Alumina, Al,0,

Phosphoric Acid, P,O; . .

Sulphuric Acid, SO, . .
Volatile matter
Moisture

Soil
91.995
2.655

89.896
2.659 92.555

.0.092. . .

L0054 . . .. L L.

. 0,050 . . .

L0085 . . ...

. .0.832 ..
.2.185. . .
. 0.021 .
. trace . . . .
.2.833. ..
. . 0940 . .

. 0.730

Original sample of soil contained—

Gravel 20to 2 mm diameter

Fine gravel 2 to 1 mm diameter
Fine earth less than 1 mm diameter

TexTure OoF BrigHT ToaA‘cc_o»(-SAuos-roNs),.Sou_,

"Greene  County, TENN.-—';5;779.
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It was for many years claimed that the finest grade of bright
tobacco, every way as good as the world-famed product of North
Carolina, could be grown in Tennessee only on the soils of a small
territory not more than six miles square, the center of which was
]ohn Alexander’s Chestnut Ridge field, the first cleared for the

purpose.

The success of the tobacco industry, now one of great

importance in upper East Tennessee is due to the enterprise of

this pioneer cultivator.

‘The illustration above shows the charac-

teristic undergrowth of these flat-topped sandy ridges. The locality
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per cent., and that the soil is composed largely of the medium
grades of sand. “Investigations have been made of the amount
of water contained in these soils, and it has been found that the
most favorable growing conditions are where the soil has between
6 and 8 per cent. of moisture. When the soils contain more than
10 per cent. of moisture they are too wet for the crop, and the
plants are inclined to be coarse textured and dark colored. When
soils contain less than 5 per cent of moisture crops suffer. If the
deficiency is not too marked, the plant has a finer texture, and a
brighter color can be given in the curing, but while the quality
is thus improved the yield per acre is very much less: it is then a
question whether the increased value of the crop per pound
compensates for the smaller yield per acre.” (Whitney). Here
is an explanation of the reason why new lands must be cleared for
the production of the higher grades of bright tobacco. In the
virgin soil of the Horse Creek section the finer sand and silt are
found in larger proportion in the soil thanin the subsoil, and as
we go down the relative proportion of clay increases; at a little
‘more than twenty-four inches, aswas found in taking this particular
type sample, the soil becomes quite heavy and compact. In its
natural condition under-drainage is sufficient to prevent the
accumulation of soil water at too high a level, while the fineness
of the particles of the soil proper is such as to retain moisture
sufficient for the needs of the crop. The growers of fine tobacco
in this region do not have much dread of the bad effects of a
‘“dry spell” upon a first crop, even if such a season does come,
after the stand of plants is secured; about the crop of the second
year there is more anxiety. ‘The various operations of tillage
have the ultimate result of so changing the physical character of
the soil, not alone of the few inches actually stirred by the plow
and other implements, but of the under stratum also, that the
proportion of moisture contained is considerably larger than in the:
new land. To this larger capacity for moisture, much more than
to the unexpended residue of fertilizers applied to the tobacco crop,
is due the well known fact that the crop of corn or wheat
following tobacco is a better one than would have been produced
upon the newly cleared lands.
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Climatological Data, March 1, 1879, to June 1, 1897.
CHATTANOOGA, TENNESSEE.

Av. mean Av. rainfall Av. mean Av. rain-
temperature inches temperature  fall
deg. Fah. deg. Fah. inches..
March . . . . . . . . .. 50.7 6.12
April.. . . . .. . ... 61.3 4.50
May. . . . . .« .« « .. 68.3 4.07 Spring 60.1 14.70
Juue., . . . . ... ... 75.2 471
July . . .. . oo oo 77.8 4.14
Aungust. . . . . . ... 76.1 4.06 Summer 76.4 12,91
September . . . . . . . . 70.9 3.68
October . , . . . . . .. 60.4 2.60
November . . . . . . . . 50.1 4.07 Fall 60.4 10.35
December . . . . . . .. 43.5 4.29
January . . . . . . ... 40.7 611
February.. . . . . . . . 45.8 5.55 Winter 43.3 15.95

Average annual rainfall, 18 years, 53.69 inches.

The table above is made up from the records of the Weather
Bureau, and shows the averages at Chattanooga for 18 years.
Such records become more valuable as they cover longer periods.
They are not printed in this bulletin to induce any one to think
that it is possible to foretell what is going to be the amount of.
rainfall this autumn, or whether we shall have an open winter or
one of unusual severity. We shall never be able to predict the
“weather more than two to four days in advance, and then with
moderate probability. Nevertheless the study ¢. such data will
be a great help to every farmer in many ways.

There are farmers in the Chattanooga district who remember
the dry spring of 1879, and how the droughtran on into July.
Corn was scarce that year. The fall of 1879 was just dry enough
to permit the best preparation for the seeding of wheat; but the
winter was warm, with an average rainfall. The wheat plants
grew all winter, and there was much discussion as to the advisa-
bility of pasturing off the heavy growth. A warm spring fol-
lowed, with a rainfall of nearly twenty-nine inches from March 1
to June 1. There was a big crop of straw, but the small yield of
grain was shrunken by the hot dry spell late in May and early in
June. Here were two abnormal spring seasons. Again in 1885
there was a dearth of water from the middle of January until the
middle of May, and prospects were blue ; but the later rains came,
and a good crop was made. Now the facts are, that during the
18 years covered by the observations at Chattanooga there have



63

been only three dry spring seasons, one of which was not serious;
two summer droughts, in 1883 and in 1894, the latter not very
severe ; only one fall season so dry as to make plowing very diffi-
cult; and one winter which will be remembered as the dry winter
before the great wheat crop of 1897. These are the only very
marked departures from the normal weather conditions during the
18 years.

It is well to know the facts which have been gathered with so
much care by the observers of the Weather Service. We can
look backward, and with these records before us, recall the his-
tory of our successes and our failures, and see quite clearly that
even during the most unfavorable seasons, we might have man-
aged better, and so have suffered less,

The climatological data given in this bulletin tell us what may
probably occur; and enable us to decide intelligently what is
probably best to be done. We may assume the figures in the
tables as normals, representing as they do the average distribution
of rainfall for a period of a quarter of a century. The depart-
ures from these normals were not the only adverse conditions,
but were in every instance the most potent in causing the failures
ot partial failures of our crops.

Can we manage in any way to mitigate the severity of droughts
or to lessen the evils of excessive rainfall? Just to the extent
that we can restore our soils to the same physical condition as
found in the virgin prairie or forest, the more certainly can we
rest assured that the seed we sow shall bear fruit and our children
not want for bread. Whatever methods are best to bring about
such restoration are the ones to be adopted. The time when, the
particular way, the implements to be used, must be determined
each man for himself, for his own fields. In the East Tennessee
country, where one can often find in a field of a half-dozen acres
soils of various 6rigin and diverse characteristics, there is need for
most careful observation, prompt decision, and equally prompt
action. There are big fields in this part of the State upon which
can be grown staple crops by plantation methods, but upon nine-
tenths of the lands there must be the watchfulness, thorough-
ness of methods, and attention to details, which distinguish the
gardener from the ordinary farmer.

The lands already described as No. 3 and No. 4 will always be
greatly benefited by fall plowing and by sub-soiling at intervals,
especially if the furrows be thrown up in high ridges and so left



64

till in proper condition for harrowing, or perhaps cross-plowing,
for spring crops.

The cherty dolomite lands, No. 1 and No. 2, should be plowed
early in the fall or in late summer, never when even a little too
wet. In this climate we cannot be sure that winter frosts will
undo the evils of plowing over-wet heavy soils, especially this par-
ticular class. ’

The sandy soils, No. 5, will not be at all benefited by fall or
winter plowing.

The more frequently the blue limestone and shale lands are
seeded down to clover or grasses the more easily can the proper
physical condition be maintained. Wherever the farmer can do
the work systematically and thoroughly, it will pay to underdrain
his lands; this is especially true as to the shale soils.

Upon these two classes of soils, as well as upon the dolomite
lands, moderate applications of lime at intervals of three to six
years, are advisable in many instances. Wherever the land shows
ground water in excess, lime should be used with great caution,
if atall. A number of test holes may be dug, three feet or more
deep, here and there in the field, and left open long enough to
determine whether or not the ground water level is too near the
surface, and so indicate the best modes of procedure to effect per-
manent improvement. ‘This caution will apply to the heavy clay
soils of some parts of Middle Tennessee.

Upon all these distinctive soils, and especially upon the shale
lands many years under cultivation, it is good practice to har-
row wheat and winter oats, the clover fields and meadows, early
in the spring,—in February or in March, once, or even twice if
opportunity permits,—when the surface is in the right condition.
Our heayy winter rains make upon these soils a moisture-wasting
crust, which must be broken if we will do what is best to guard
against the May drought so much feared in_Tennessee.

It would appear needless to remind the careful farmer that
hoed crops, such as corn, sorghum, potatoes, &c., should be culti-
vated as soon after rains as the surface condition will allow, even
though not a weed nor a sprig of grass shall appear in the rows of
plants, and that it is bad practice to defer such cultivation until
the surface soil is so dried out that a dust cloud follows the plow-
man across the field.

In short, the operations of tillage from beginning to end should
be so conducted as to keep the scil fine ; conserve moisture in the
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upper soil ; promote the off-flow through the under soil, and not
along the surface, of the excessof water; secure capillarity by
preventing the formation of hard pan; reduce the losses of soil
moisture by evaporation, by keeping the surface in such condition
as to furnish an earth mulch, but not so fine as to become dust.

With these few suggestions, based upon the facts already
recited, and in accord with the somewhat extended experience of
the writer, we will leave the valley of East Tennessee and begin
our journey westward.

No. 7. SANDSTONE AND CONGLOMERATE OVERLVING COAL
MEASURES—So0il 0—5 inches ; subsoil 5—r10 inches.

Locarrrv—i1so yards S. W. from railway depot at Tracy City,
Grundy County.

UNDERLYING Rock—Sandstone, at depth of 2 to 5 feet.

ForesT GrROWTH—Scrub oak and pines.

UsuaL Crop Uron SIMILAR Sorrs—-Potatoes and vegetables ;
for second and all subsequent crops fertilizers must be used.

This type sample of the Cumberland platean soil was taken
under difficulties. Just as preparations had been made for the
work and the locality chosen, there came a heavy rain, thoroughly
wetting the soil so as to stop out-door operations for a day or
more. A few yards away from the selected spot was a new frame
house, the roof not complete, much of the siding yet to be nailed
on, the floor all laid upon joists some two feet above the ground.
Underneath this new house the grass was still green and growing.
Upon request, the owner of the house allowed us to continue the
work of cellar excavation already begun. = The picture shows how
this sample was secured. ’Thirty inchés from the surface the
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ANALVSES OF S0IL 4ND SUBSOIL No. 7.—Sandstone of Cumberland

Plateau.

Insoluble Residue

Residue soluble in Na,CO;

Potash, K,O

Soda, Na,O . .

Lime, CaO

Magnesia, MgO . .

Ferric Oxide, Fe,O; . .
Alumina, Al,O, . .

Phosphoric Acid, P,0; . .
Sulphuric Acid, SO; . . . .

Volatile matter . . . .

Moisture

Humus . . .

Original samples contained—

Coarse gravel, 20 to 2 mm diameter . .
Fine gravel, 2 to 1 mm diameter . .
Fine earth less than 1 mm diameter . .

77.510
7.370

Soil

84,880
0.403
0.163
0.073
0.291

Subsoil

84.765

......... 0.373

0.142
0.067

......... 0.306

2.455

......... 6.631

...... 0.014

0.014
3.090

......... 1.683

TEXTURE oF SanpsTone (CUMBERLAND PLaTEAUL) So1L,
GrRUNDY CounTy, TENN— T v20.

3.60

Organic
Maiter,

155 5,24

2_ 1

mm mm mom
035 |o.28 y.brp

. C, ‘Median
Qravel  Goarge TRNEM

204

M m

17.48

.1 —.0d]

lioéz

R

052,01
pr

ros7

247;0

Subsoil

......... 1.05

0.24

oo
00D
m

Clay.

The Cumberland plateau has an area of nearly three millions
of acres, of which little more than one-eighth are included in the
benumeration of farm lands.
the difficulty of access, and the want of transportation facilities,
these lands have been neglected. With the development of the
coal-mining interests and the building of railroads across the ter-
ritory, this section of the state must soon be more thickly popu-

lated, and the lands become more valuable.

Because of the character of the soils,

It was a common
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saying twenty-five years ago, that ‘‘the more mountain land a
man owns the poorer he is.”” In those days the large tracts were
used almost solely as a summer range for cattle and sheep from
the valley farms. It was a common practice to set fires every
year to destroy the undergrowth and “open up the pasturage.”
Nobody seemed to consider the timber of any value. Along the
western border of the plateau tens of thousands of oaks were
felled, the trunks and larger limbs stripped for tan bark, the wood
left to rot or to make fuel to feed the fires. These practices have
not yet ceased altogether; and the poor owners of these moun-
tain lands are growing poorer every year. One who will look
from the windows of the cars on the Cincinnati Southern rail-
way, all the way from the crossing of the Cumberland river to
Chattanooga, may see as far as the eye can reach east and west,
the broken tops and terminal branches of the trees scorched and
sickened by the ruinous fires, so that growth has ceased and they
are slowly dying. The native grasses are disappearing, and the
whole country is putting on the appearance of senile decay. So
far, few attempts have been made to introduce grasses to replace
those destroyed by the mistaken practices of half a century, and
very little effort has been made to stop the destruction of what
remains of the once abundant forest, nor does there seem to be
a thought of systematic reforestation.

There are hundreds of thousands of these acres as good as the
type of which we present analyses, and other tens of thou-
sands of acres much better. Upon such soils we cannot expect
to grow wheat, corn, or any of the cereals, profitably. Fifty years
hence, when the demands of a larger population may offer near-
by markets for all the products of the garden and the truck
farm, for the growing of which on small areas there can be lib-
eral use of manures, there will be in this territory thousands of
homes where plenty and peace may bless their owners all seasons
of the year—provided we take thought, and without further
delay resolutely set about the work of salvation and restoration.

First of all, we must convince all concerned that the annual
firings of the forest are not only sure to bring disaster in the
future, but that they are the worst possible method of treatment
of the free pasturage of these woodland summer ranges. One-
tenth of the time and labor expended every year in fighting fires
or following lost cattle upon their long travels in search of scanty
pastnrage, will seed a wide area to grasses and perennial or self-
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seeding forage plants, upon which three to five times as many
cattle and sheep can live and grow fat; but it is useless to
attempt any measure of improvement or even to stay the gradual
ruin of the whole territory, until forest fires are in some way
absolutely prevented.

If the farmers of these last years of the nineteenth century
can spare a little time from the absorbing study of ways and
means and “how to make buckle and tongue meet,” to think of
what may be the future of their grandchildren in the year 1950,
they will begin without delay a new industry—one that will pay as
large profits, and more surely than any other—the planting and
rearing of forest and timber trees. People who live as if to-day
is the only day to be thought of, and that their own short lives
are the only lives worth living and providing for, will never under-
take such work ; but the thoughtful man who is a good citizen
in the best sense will understand the imminent necessity, and will
not only begin, but will follow up the work of reforestation as
long as spared to labor and to plan. Upon the Cumberland pla-
teau the writer has noted hundreds of localities where the seed-
ing and care of a plantation of pines, just such as grow vigor-
ously upon these soils, will in a very few years multiply by fifty
or a hundred the present value of the land. And the same thing
can be said as to many other trees which flourish upon the moun-
tain top. Along the western margin, black walnut, white oak,
chestnut oak, mulberry, red cedar, and the short-leaved pine
(pinus mitis) can be made to grow, while upon the plateau proper,
post oak, black oak, chestnut oak, the pines, and in many places
the pignut and mockernut hickory, will grow lustily where
decently cared for. There ought to be thousands of acres of the
short-leaved yellow pine where there are now a few clump-like
groups rarely covering more than a few acres.

It will be observed, upon inspection of the chemical analyses
of the mountain soil, that the soluble silica, potash and alumina
“show up” well, and that lime and phosphoric acid are deficient.
The physical analysis shows a large proportional content of
“clay,” while the body of the soil is made up of coarse silt and
the medium grades of ‘'sand. In the working of these soils it is
found that the potash, which appears to be nearly as abundant in
the subsoil as in the upper soil, is in some way either leached
away beyond the reach of the cultivated plants, or is locked up in
insoluble compounds and so not available.” It is found, also, that
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the deficiency of phosphoric acid as shown by analysis is evi-
denced by results in the very first crop grown upon the soil.

This sandy soil weighs 94 pounds per cubic foot; an acre ten
inches deep weighs 3,400,000 pounds. We have in the upper ten
inches of the soil 527 pounds of phosphoric acid. Under the
best conditions, upon good land, we have found that of the total
phosphoric acid contained in the upper cultivated stratum, about
one-sixth is in proximately available form. In this particular
soil, therefore, we may assume that not more than 88 pounds per
acre of phosphoric acid can be drawn upon to supply the demands
of a crop, even if the soil is in the finest condition of tilth, and
the roots should be able to reach out in every direction and
appropriate it. Under exceptionally good conditions, with sea-
sonable and abundant rainfall, as much as ten bushels per acre of
fairly good wheat have been harvested from lands like this the
first year after clearing ; but that was the last.

In its natural condition the “clay” constituent of this soil is
fairly well mixed with the entire mass, all the way to within one
or two inches of the surface, which is usually almost pure sand
with a very small mixture of decaying vegetable matter—a sort
of imperfect humus. When these lands have been plowed, as
they commonly are, with bull-tongue or shovel plow, which simply
stirs but does not invert and so re-mix the soil, the clay goes
quickly downward. Because of the comparative coarsness of the
sand silt, no hard pan is formed at small depth until after many
years of cultivation; this is partly due, also, to the prevailing
method of plowing and the implements used. For all that, it has
been found that in many places—and this is perhaps more gen-
erally the case than has been usually observed-—this fine clay
finds a halting place at no great depth, and does clog and impede
the movement of the soil waters. Upon lands of this kind sev-
eral years under cultivation, the writer has seen water standing
for a day or two in post holes only 30 inches deep. It isnot hard
to understand why fruit trees set upon these lands which have
been cropped for a number of years, do not make healthy and
vigorous growth. Upon this plateau are grown apples as good as
the best ; peaches, plums and cherries, the first named too often
caught by the late spring frosts; grapes abundantly ; and some
tobacco ; but no careful farmer will plant either of these except
upon new land.

The use of coarse manures, with occasional application of lime ;
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when commercial fertilizers are employed, those carrying the
phosphoric acid largely in the water-soluble state, and the nitro-
gen preferably from cotton-seed meal or other slowly soluble
materials; the growing of leguminous plants, as cow-peas, &c., to
be turned under; and in every way to add to.the amount of
humus material, are all advisable. Moreover, it is well, when the
arable soil has become well supplied with humus material, that
the bull tongue plow give place to an implement which will
mix and re-mix the materials, and so gradually build up a loamy
and fertile soil.



No. 6. Saint Louis (CORAL) LiMESTONE—Soil 6—6 inches;
sub-soil 6—12 inches.

Locarrry— Woodland, 200 yards S. E. from railway station,
Maxwell, Franklin county.

UNDERLYING Rocg—Cherty, fossiliferous limestone (Coral Bed
of Safford); which overlies the silicious lower carboniferous rocks
of No. 8 of this series.

ForesT GrROwTH—DPost oak, red oak, black oak, hickories, pet-
simmon, sassafras; new growth includes red cedar.

UsvaL Crops ON SIMILAR SoiLs—Wheat, oats, corn, the
meadow grasses, fruits and vegetables.

ANAILVSES OF S0II, AND SUBSOIL, No. 6.—Coral Limestone.

Soil Subsoil
Insoluble Residue 75.520 75.765
Residue soluble in Na,CO, 6.958 82,478 7.270 83.035
Potash, K,O. . . . .. . ... .. ... 0340 . . e .. 0.320
Soda, Na,O . . . .. - e e s 032, 0.107
Lime,CaO. . . . . . e e e e e 0100, .. .. L L., 0.106
Magnesia, MgO . . . . . . .. .. ... 0265........ . 0.234
Ferric Oxide, Fe,O5 . . . . . . . . e 2928 L L 0L L L 3.116
Alumina, A1,O; . . . . . . . . . ... . 6475, . . ... ... 7413
Phosphoric Acid, P,O, . . . . . ., .. 0022. .. ... ... 0021
Sulphuric Acid, SO; . . . . . . . . . .. 0010 ........ 0008
Volatile matter . . . . . . e .. 4900. .. ...... 3216
Moisture . . . . . . . . C e ... ... 190 ... ... 1760
Humus in Soil . . . . . . . ., 1.536
Original sample contained— In soil In subsoil
Coarse gravel, 25-2 mm diameter . . . 077 . . ... ... 085
Fine gravel, 2-1 mm diameter . . . . . 064. . .. .. ... 036
Fine earth, less than 1 mm diameter . .98.59. . . . . . . . .98.79

.TEXTURE OF THE "RED LAND” (CorAL LimesTonE} Soiw;
FrAVKLIN CoOUNTY, Tena. <— 6718/
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was bringing this beautiful country rapidly to ruin. The almost
incredible changes, wrought by the better methods of the last
fifteen years, have excited the admiration of all who remember
the gloomy prospects in 1870.

These red lands are clay loams, originally very productive,
washing readily where neglected, but easily kept in place by care-
ful management. They differ slightly from the lands of the
same geological horizon in Robertson, Montgomery and other
counties of the tobacco region, in containing rather more of iron
and alumina, less of lime, and are somewhat of coarser texture.
The better lands of this type are nearer the mountain slopes, and
this is true all the way from Franklin county to Pickett. Every-
where in this strip of territory the red lands are naturally fertile.
Southwestward from the headwaters of Elk river there are lands
of this kind upon which cotton can be grown as profitably now
as ever; where this crop is made to take its place in a well-
planned rotation, and is not allowed to usurp exclusive care and
attention, there is no reason why it may not be cultivated as one
of the sure money-makers. All the way from the Alabama line
and northward to Kentucky these red lands produce wheat of
superior quality, with good yields per acre wherever the deficiency
of phosphoric acid is supplied by timely use of superphosphates.
Nowhere in the State are lands that more certainly respond to
the intelligent use of fertilizers. The experiences of farmers have
been such as to justify still more liberal applications, especially:
where the system of farming has been such as to keep the soil in
best physical condition and to maintain the abundant supply of
humus material. TUpon old and somewhat worn lands of
this type moderate applications of lime have proven of great
value; and there are a few instances of marked improve-
ment where dressings of 1,000 to 2,000 pounds of limestone
or marble dust per acre were the only amendments used.
Experiences all over this red land country confirm the indi-
cations of the analyses, and show in most conclusive manner
that chemical tests of representative soils have a real practical
value. The use of high grade superphosphates, whether upon
lands comparatively new or upon such as are already somewhat
impoverished, has almost without exception proved ta be a pay-
ing investment. The farmers of this region have learned that
commercial manures are indispensable, and that they pay best on
good land ; that the best are the cheapest, and that low grade fer-
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tilizers are never worth the prices asked for them. They have
also learned that stable and yard manures have for their lands a
value much greater than because of the nitrogen, phosphoric acid
and potash content alone, and that when used in combination
with commercial fertilizers the results are largely better than
when either the one or the other class of manures is used alone.
T'o-day in hundreds of fields one can see how easy it is for the
ignorant and careless to waste these lands, and how easy it is for
the wise and provident to keep them and to make them more
and more productive.

These soils, and those of closely similar origin and character-
istics overlying the sub-carboniferous or mountain limestone and
the coral (/ithostrotion, etc.) limestone, are without question the
best in the State for all classes of fruits. ‘The areas are marked
8 in the accompanying map.

No. 8 'THE “BARRENS” oF THE HIGHLANDsS—So0il o—5
inches; Subsoil 5—r10 inches.

LocArrry—Woodland of J. G. Aydelott, ¥4 mile east of Tulla-
homa, Coffee County.

UNDERLYING Rock—The Silicious group, the lower carbonifer-
ous of the St. Louis.

ForrsT GrOWTH—‘Barren oaks”—scrub or black-jack, etc.;
huckleberries, etc.

UsuaL Crops UPON SIMILAR SorLs—Small crops of oats,
wheat, corn, etc.

Except along the streams and in certain basin-like depressions,
the lands of this section (of which there are large areas repre-
sented by the type sample), are but little cultivated, though
moderately productive when newly cleared. If drained and
fertilized these soils may be made valuable.
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ANALYSES OF Soir, AND SUBSOIL, No. 8.—¢T'he Barrens.”’

Soil Subsoil
Insoluble Residue 86.895 86.160
Residue soluble in Na._ZCO3 3.660  90.555 4.538 90.698
Potash, K, 0 . . . . . . e ... .0218. ... L. 0240
Soda,Na,O . . . .. e e e e e e 0074, 0.065
Lime,CaO . . . . . . .. . .. ... ..0100. . . L. ... 0.057
Magmnesia, MgO . . . . . . . ... .. 009 ... ... ... 0126
Ferric Oxide, Fe,O3 . . . . . . . B 4 £ 1.889
Alumina, Al,O3; . . . . . . . . .. .. .2540. . .. .. ... 3.604
Phosphoric Acid, P,O; . . . . .. . . . .0010. .. ... ... 0007
Sulphuric Acid, 8O, . . . . . . ., . . .trace. . . . . . . . . trdce
Volatile matter . . . . . . . .« . . . .3203. ... ... .. 2,226
Moisture . . . . . . . . < .+ ... .. .098 ., ....... 085
Humus . . . . .. .. .. .. .1.068
Original sample contained— in soil in subsoil
Coarse Gravel 20—2mm diameter . .248. . . . . . . 2,63
Fine gravel 2—1 mm diameter . . . .080 . . . . .. 0.72
Fine earth less than 1 mm diameter . 96.72. . . . . . .96.65

ixTurE oF THE “BarrENS” (Siticieus SUB-CARBON IFEROUS) DOIL,
CorrFeE County, TENN.— 8- 722,

2=t 1.5 28 281 -1 .08 LIy
frn mm mmn mm mm 00»431
2.78 ool lo.0o 0.86 131 .04 (0bé

oN,\« ;.nz:- Graval. %mo. Madium » fg';.':d SULL.
The “barrens” embrace extensive tracts in that part of the high-
land rim next below the red lands already described. These
tracts are generally level, with a sparse growth of trees rarely of
great size, and have a soil for the most part thin, greatly deficient
in calcareous matter. 'The picture shows the characteristic growth
on this type of soils, the bit of forest land represented not having
given a tree to the axe in the memory of the oldest inhabitant.
Upon this class of lands it is not advisable to use the sub-soil
plow. Thorough underdrainage is the best possible way to begin
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coat of vegetable matter is to be turned under. Clean lands, such
as tobacco lands and corn fields which have been kept free of
weeds by thorough cultivation, should be left alone till in proper
condition in the early spring; or, better still, should be seeded to
rye, winter oats, crimson clover, or-some suitable cover-growth—
this work to be done early enough to get a fair growth before the
winter rains set in. An excellent plan is to seed the corn field
to rye, sowing among the standing corn any time in August,
when there is opportunity. It will pay to do this even if it is
necessary to turn down an immense growth of such catch-crop,
to prepare the soil for the spring plantings previously determined
upon. The operations of plowing, etc., at any season of the year
should not be preceded by burning over the land, as is too
frequently done. When it is necessary to clear away sprouts or
brush, one should be very careful that the brush-pile fires are not
allowed to spread; no vegetable matter which can be incorporated
into the soil, and so furnish humus material, should be wasted.

At a depth of 20 to 24 inches, an almost impervious clay,—prop-
erly speaking it is a mixture of unctuous clay with an exceedingly
fine silt,—is found underlying the soils to which the not inappro-
priate name of “barrens” is given. This under-stratum is found at
or about this depth over the whole territory of this geologi-
cal horizon. On the western side of this highland rim, soils of
the same character are rather more fertile naturally, because the
under-clay is not quite so near the surface.

Near the escarpment of the highland rim, where outlets for
underdrains or for surface ditchescan be reached without too
great expense, it is comparatively easy to make the * barrens”
abundantly productive. There are numerous outlets for the soil
waters into the small streams, and in many places to sink-holes
which reach through the underlying rocks into the under-ground
streams. Such sink-holes should be kept open wherever they exist.

Some of the best fields of this region are those which have
been reclaimed by well-planned surface drainage. These are
areas of slight depression below the level of the surrounding
country, sometimes a square mile or so in extent, upon which the
waters collect to a depth of -only a few inches, and remain for
several weeks in spring and fall until lost by evaporation.

As we get further away from the edge of the highland rim the
flat barrens are less easily handled, and there is greater need cf
neighborly kindness among adjoining owners, so that the problem
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of drainage may not be made impossible of solution becauce of
denial of outlet for surface waters. The paucity and dwarfish
growth of the -trees is not altogether due to the poverty of the
soil proper, but mainly to its small depth overlying an impervious
under-soil, which holds the water line too near the surface during
the wet season of the year, and shuts off the deeper stores of
moisture in the dry seasons.

By the growing of leguminous plants to be turned under; by
the application of moderate dressings of lime affer the construc-
tion of well-planned surface drains; by the saving and use of
stable and farmyard manures, these distributed upon the land as
fast as produced; by combining with all these the use of com-
mercial fertilizers in liberal doses, a few thoughtful and observant
men have proven that these long-neglected lands are capable of
producing remunerative crops.

In many sections of the territory (marked 7 on the map), can
be found considerable areas admirably suited to the growing of
tobacco. Where the under drainage is good, or where it can be
secured at reasonable cost, grapes and the various small fruits can
be successfully grown, and, with the help of fertilizers, there is
little doubt that the growing of beets of high sugar content. can
be made successful. Wherever transportation can be had by
good common roads to near-by consuming or shipping markets,
truck farming in all its branches can be made profitable.

No. 9. BLUE LIMESTONE OF THE NASHVILLE FORMATION.—
Hudson River Group. Soil o—7 inches ; subsoil 7—14 inches.

LocALITY.—450 yards north of Maj. Campbell Brown’s resi-
dence, near Spring Hill, Maury County.

UNDERLYING Rock—Blue limestone, slightly cherty.

ForeEsT GROWTH—Beech, elms, ash, oaks, hickory, hackberry,
walnut, etc.

Usvuar Crops UroN SiMILAR Sorrs—All the cereals and grasses;
the type of the bluegrass region of Tennessee.

Land from which the type sample was taken has been in grass
fiftty years or more. ‘Timber has been gradually removed; the
land has never been cultivated ; is grazing ground now and has
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enough to get along with” on this farm, while the people of the
country round about were sorely pressed to find green pastures
for. their cattle, and taking the stock to water demanded hours of
service every day. .This was one of the summer droughts which
come rarely in this part of the State, and are all the more dis-
comforting because of their rarity.

ANALVSES OF SOII, AND SUBSOIL, NO. 9.—Blue Limestone.

Soil Subsoil
Insoluble Residue 76.045 79.612
Residue soluble in Na, CO3 6.390  82.435 5.920 85.532
Potash, K,O . . . . .. e . .. . 0410. .. .. ... . 0435
Soda, Na,O . . e € 0 I 2O ¢ 5 ¢ 724
Lime, CaO . . . . L .. 0510, .. ... . .. 0398
Maguesia, MgO . . . . . e .. 0. 0200. .. .00 . 0328
Ferric Oxide, Fe,O5 . . . . . . . ... 20%. .. .. .... 228
Alumina, A1,O5; . . . . . . . .. ... 4281. ... .. ... 4228
Phosphoric Acid, P,O; . . . . . . . . . 0158 . . . .. .. .. 0142
Sulphuric Acid, 8O3 . . . . . .. .. 003... ... .. 0025
Volatile matter . . . . . . . . . . ... 69%6... ... .. 4.216
Moisture . . . . . .. .. ... . 2476000 0 0oL 1.666
Humus. . . .. . .. ... .. 2,919
Original sample contained— Soil Subsoil
Coarse gravel, 32 to 2 mm diameter . . 1470 . . . . . . . . . 9.82
Fine gravel, 2 to 1 mm diameter . . . . 3.27. . .. . .. . 280
Fine earth less than 1 mm diameter . .82.03. . . . . . . .. 87.38

“TexTURE OF BLUE GRAsS. (Nasnvn_u_s Limestone) Seie,
Mavry CounTy, TeENN.—Q_y2 4.
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With the exception of the “bottom lands”—riparian alluvials
of small area,—and here and there instances of soil bnilding by
the washing of earth and debris from badly managed fields on
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the neighboring slopes, the soils of the Central Basin are almost
wholly soéls in place, derived from the underlying rocks. There
are characteristics which mark differences between varieties of
the soils. ‘The red clay lands of Rutherford, Bedford, Marshall,
the brown lands of Sumner, Trousdale, Lincoln, aud Giles, the
so-called poplar lands of Maury, Williamson, and Wilson, and the
mulatto lands of Davidson, Williamson, and Moore counties, have
marked peculiarities ; nevertheless there is such likeness among
them that the type selected is closely comparable with each and
all.

There are thousands of fields in the Central Basin of Middle
Tennessee, under cultivation almost continuously for fifty or sixty
years and still fairly productive, upon which not a wagon load of
manure has been used. To this day, upon the greater number
of farms not a single ton of commercial fertilizers has been
purchased.

" The analyses of the type sample from the hillside near Spring
Hill, representing, as it does, several hundred thousands of acres
equally as good throughout Middle Tennessee, show why the
fortunate possessors of these lands have not yet been induced to
attempt systematic fertilization. The few who have undertaken
(in an experimental way) the application of chemical manures,
have in most cases failed to realize their somewhat unreasonable
expectations of immediate results, and have persuaded them-
selves that such manures do not pay. The faith of the average
farmer in this Garden of the State is in the main well-founded.
Barring prolonged droughts, he is sure to make enough to enable
him to get along, and he is always looking ahead for a good sea-
son when his labor will be rewarded with an abundance so great
as to over-tax his barns and fill his pocket-book besides. The
good seasons and the bountiful crops come often’enough to keep
alive his belief in the unimpaired fertility of his soils.

In the surface soil of fourfifths of the virgin lands of this
limestone country, there was a supply of mineral food element$
for crops of thirty bushels ‘of wheat per acre annually for two
hundred years before exhausting the phosphoric acid in the upper
twelve inches. In a field cleared eighty years before, the writer
found wheat roots reaching into the soil to a depth of more than
three feet, and this in so many places in the field as to indicate
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unusually below the average yield of corn, cotton, and wheat, sev-
.eral conditions might serve to explain such meagre returns from
a soil so rich ; but the records, so far as we have them, show that
the average yields for 1879 were, of corn about 5 bushels, of
wheat nearly a bushel, and of cotton 60 pounds of lint per acre
more than the average of 20 years, 1869 to 188g.

The original fertility of the lands under consideration is
admitted by all who know the country. ‘The analyses confirm
the claim, and show why the lands are rich. Nevertheless, the
crops, for the past twenty-five years at least, in the most favorable
seasons, have not been such as these soils ought to produce.
With the exception of cotton, of which more hereafter, the
history of crop returns for the twenty years 1869 to 1889 does
not materially differ from that of the twenty years 1859 to
1879 ; and in this fact there is hope for the future. ‘That so great
variety of agricultural products have been grown for nearly one
hundred years upon these lands, for the most part without the
help of manures, and by methods which have varied little during
three generations of farmers, is proof of the fertility and dura-
bility of the soils, and gives promise of results under better
methods such as will fulfill the brightest expectations. That the
average yields per acre have been only moderately good for all
by-gone years is evidence that the old ways were accepted as
good ways, and that the great body of farmers have contented
themselves to let well-enough alone; but when we know that a
very considerable number of land owners in Middle Tennessee
have improved upon the old ways, and have greatly increased the
productiveness of their lands, there is proof that much the
greater number are contenting themselves with decreasing yields,
for in no other way can the continued low average be accounted
for.

It is not worth while to recall the past history of this magnifi-
cent domain. What the virgin soils were is shown by the analy-
ses given on preceding pages. What the soils are now, ought
to be carefully studied, each man for himself and for his own
land. 'The upper arable soil, to an average depth of fifteen
inches, was loaded with humus, varying from 234 to 3 per cent
of the weight of the mass of earth to that depth. Rich in potash
and phosphoric acid, with abundant supply of lime ; the clay con-
stituent varying from. 15 to 30 per cent, rarely falling as low as
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18 per cent; with from 60 to 70 per cent of silt; all these, in
newly cleared lands, intimately mixed to a depth of many feet;
the physical condition of the original soils was such as resisted
for two score years all that the active labor of man could do to dis-
arrange the constituents of the soil stratum, and to make vigorous
plant growth doubtful where once it was as certain as the return
of the seasons.

In the “good old times,” there were dry seasons, when the mill
wheels on the smaller streams ceased to turn, when the water
grew shallow in the wells, the corn blades twisted in cork-screw
fashion, the warm-blooded cotton plants, tired of the prolonged
heat and faint with thirst, dropped half their burden of unripe
fruit, and farmers had long faces because of short crops. There
were doubtless dry years long before the white man came with
his ax and his plow, when wild beasts fought for water at little
pools that were a few weeks before broad and deep enough to
drown the biggest of them. And there will come in the future
other times when the grasses wither, the springs fail, and fish die
in stagnant pondsin the stream-ways. These are calamities which
have come, and may come again, to this as to all other lands.

During the period from 1865 to 1897 inclusive, we have had
only two years of wide spread and long continued drought,—in
1874, when the corn crop of that year was mnearly all consumed
before the first snow of December; and in 1897, the effects of
which are yet to be measured. Since 1871 there have been eleven
May droughts so-called, four of such intensity and duration as to
dwarf the growth of plants, and in a great many places make it
necessary to plant the corn fields a second time. These May
droughts are much feared by the cotton planter in Middle Ten-
nessee, Of July droughts there have been twelve, only three of
which were of such character as to seriously injure fields which
had been thoroughly cultivated. From the testimony of the
oldest citizens of the Middle Tennessee counties, and from
numerous written and printed documents running back to 18353,
we conclude that short “dry spells,” as well as the longer ones
deserving the name of droughts, are no more frequent since 1871
than during the thirty-six years preceding ; but the common tes-
timony is that the ill effects of these dry seasons seem to be more
hurtful as the years go by,
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Climatological Data, March 1, 1871, to June 1, 1897,
NASHVILLE, TENNESSEE.

Av. mean Av. rainfall Av. mean Av. rain-
temperature inches temperature  fall
deg. Fah. deg. Fah. inches.
March . . . .. . .. .. 48.7 5.36
April.. . . . . ... 597 4,72
May. . .. ... .. .. 68.1 3.43 Spring 58.8 13.51
June. . . . . ..o 76.2 4.20
July . . . .. .00 79.3 4.38
August. . . . . . . . .. 77.5 3.33 Summer 77.7 1191
September . . . . . . .. 70.7 4.00
October . . . . . . . .. 59.5 2.41
November . . . . . . . . 48.0 3.91 Fall 59.4 10.32
December . . . . . . . . 41.7 3.57
January . . . . . . ... 38.0 5.07
February.. . . . . . .. 42.4 5.20 Winter 40.7 13.84

Average annual rainfall, 26 years, 49.53 inches.

The table here given is from the records of the Weather Ser-
vice. A comparison of figures with those from the volunteer
observers at four other stations in the Central Basin, shows minor
local variances, but a general agreement essentially with those of
the Nashville station. The climatic conditions with which we
have to deal are practically alike for the whole of this valley.
These conditions we must accept as entirely beyond our control;
by no contrivance can we turn aside the winds or govern the
flight of the clouds. But with the soil we can do what we will.
We can waste it, certainly. We can starve it into barrenness.
We can neglect it until it becomes foul with weeds and wild
growth that harbor fungous and insect enemies to poison and
destroy. And we can keep it, feed it, care for it, until every rood
of the worn lands of our farms shall yield as much as any acre of
our choice fields.

There are few level areas of any extent in this section of the
State. On the steep slopes of East Tennessee it is not any more
difficult to prevent surface washing than in this slightly rolling
country. Indeed, more skill, as well as good judgment, is
demanded here than in the mountainous region or in the more
level West Tennessee counties. This is one of the first things to
be done whenever the farmer will set about permanent improve-
ment of his lands. In the “laying off ”’ for planting, in the direc-
tion of the longer furrows when breaking the land, and where
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space will allow, a modified system of terraces or of surface drains,
must be so directed as to catch the surface waters and deliver them
at the foot of the slope by a gentle descent of not more than one
foot to five hundred—one inch to 40 feet of drain. There must
be careful consideration in advance, and equally careful execution
of plans adopted. It is best that all of the rain shall perco-
late into the land upon which it falls, and that it shall not flow off
upon the surface. ‘This is rarely possible in the open fields, even
under the best conditions ; but there should be endeavor in this
direction, not only for the conservation of plant food, but to lessen
the injury to the physical condition of the soil which always
comes from the rapid movement of overflow waters. Wherever
upon the nearly level lands of this region (except, of course,
the small areas of alluvials subject to overflow), the rain waters
submerge the fields and remain standing for hours, or for days,
as the writer has seen in the red clay sections, at the first oppor-
tunity the under soil should be deepened. The use of the subsoil
plow in midsummer or early fall is here indicated, as the next
best thing to thorough under-drainage.

In the cotton growing districts of Rutherford, Giles, Maury,
and Lincoln, there are lands which have been for several decades
planted in cotton two or three years out of five, until the yield is
so small and the quality of lint so poor that this crop has been
abandoned wholly or in part by the greater number of farmers.
The best lands were for many years, before and after the civil
war, devoted specially to cotton. To use plain language, the cot-
ton fields have suffered such brutal methods of tillage as could
have had no other result than exhaustion. Happily, those who
are to come after us will find, as many of the more progressive
farmers have already found, that only the upper four to six
inches of the surface of the soil have been impoverished, and that
there is another farm underneath the one now apparently worn
to barrenness, with stores of mineral plant food waiting to feed
abounding crops for those who will set about undoing past
wrongs and earnestly study how to do the right things in the
right ways.

‘What has been said on pages 64 and 65 about the clay lands of
East Tennessee is applicable with respect to all the soils of the
Great Basin. In the main, the lands of central Middle Tennessee
are better than those of the East Tennessee valley. That they
are not more productive is because of the too common neglect of
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most of the plainly necessary precautions just referred to, and
because of the failure to save and apply every pound of farm
manures, and to use in connection therewith, in liberal measure,
such concentrated fertilizers as are now available for every farmer
in the State. No sane man who is honest will advise this or that
special brand of commercial fertilizers, to be applied to several
fields or for several crops on the same farm. The only way to
know what is best is to make experiments, which each man can
vary to suit his own needs and conditions. That the farmers of the
deservedly famous Garden of the State must use fertilizers iscer-
tain. ‘The sooner they realize that manures of all sorts pay best
upon good land the better. TFertilizers will not take the place of
tillage, but will rather demand better tillage. The better the
physical condition of the soil the more likely will the use of farm
manures, chemical fertilizers, or fertilizer materials, bring profit-
able results.

With the rapid increase of territory devoted to the service
of King Cotton under conditions of soil and climate more suited
to its production, there is no special inducement to increase
the acreage in either of the Middle Tennessee counties in which
it was once a staple crop. There are better things for the farmer
of this section. But, for all that, there is no good reason why
cotton should not be made a profitable crop, taking its place in a
well-considered rotation. If only the lint is sold, and the seed,
or its equivalent in plant food constituents, is returned to the
soil which grew the crop, cotton is the least exhaustive of the
agricultural products of this section. The prevailing methods,
however, must be changed. If this cannot be done so that the
resources of the soil—not for six inches of the surface, but for ten
times that depth—can be made to answer the demands of other or
succeeding crops, then it should be without hesitation abandoned
once for all.
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ANALYSES OF S0IL AND SUBSOIL, No. 10.——Coral Limestone.

Soil Subsoil
Insoluble Residue 78.359 78.868
Residue soluble in Na,CO;, 6.671 85,030 7.526 88.394
Potash, K,O. . . . . . . .+ ... ... 0393. .. ... ... 043
Soda,Na,O . . . . ... ..... .. 0169, . ... L . 0.230
Lime,CaO. . . . . e e e e e e . 0278 . ... . . ... 0139
Magnesia, MgO . . . . . . e e e e e 0355. . . .. ... 0.290
Ferric Oxide, Fe, O3 . . . . . . . . . .. 2,134 . .. . .. ... 2,304
Alumina, Al,O0; . . . . . . e e 4388 5.574
Phosphoric Acid, P,O5 . . . . . . . L. 0078, .. L L. ... 0.047
Sulphuric Acid, 8053 . . . . . . . .. .. 0023 . ... 0.024
Volatile matter . . . . . . . . . .. .. 4400. . . ... . 2.766
Moisture . . . . . . Lo L. 1753 . . . . . L. .. 1.400
Humus in Soil . . . . . . . .. 1.652
Original sample contained— Soil Subsoil
Coarse gravel, 20-2 mm djameter . . . 033 . . . .. ... 0.07
Fine gravel, 2-1 mm diameter . . . . . 0.51. . .. ... .. 0.36
Fine earth, less than 1 mm diameter . .99.16 . . . . . . . . .99.57

TexTurg oF "CLARKSVILLE” Tosacco (CaraL LimesTone) Sore,
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The striking family likeness between this type of soils and the
red lands of Franklin County, as will appear upon comparing
both the chemical and physical analyses of the representative sam-
ples, is further proof of the practical value of such investigations.
These soils are of the same parentage though from such widely sep-
arated localities. ‘They belong to the same geological horizon, and
have only such slight differences as may be accounted for by the
differing conditions of uplift of the rock strata and the subse--
quent processes of disintegration and denudation. If the red
lands of Franklin County, and along the western border of the
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Cumberland plateau, were as nearly level as those of the Clarks-
ville region, the likeness between the two would be closer still.
As it is, the methods best suited to soils of the type No. 6 are
doubtless equally good for those of the tobacco district. -In fact,
the later practices of the best farmers in the latter section differ
from those of the “red land” country mainly in the kinds of so-
called money crops,—tobacco and wheat in the one, and cotton
and wheat in the other. The advantage to the tobacco farmers
in the ante bellum days, if there was any, was in the smaller acre-
age of the tobacco fields, and therefore the less rapid destruction
of timber for the annual increase of “clearings.”

Among the first in Middle Tennessee to use commercial fertil-
izers were the growers of shipping tobacco in Montgomery and
Robertson counties. The use of bone meal and superphosphates,
begun twenty or twenty-five years ago by a few progressive
farmers, is gradually extending. Good systems of rotation, in
which the true grasses, as well as leguminous plants, have their
proper places, have been adopted by many of the people, and
there is promise for this region quite as remarkable changes for
the better as have been brought about by the better methods upon
the lands of Franklin County.

‘There are many areas so badly worn that systematic reforesta-
tion is the only recourse. There are no lands in the State upon
which the growing of forest trees can be made more surely profit-
able; not in the hap-hazard way reforestation is permitted in
the coaling-grounds of the iron furnaces, but with due prepara-
tion, and thoughtful planning for results to be reached after
twenty or more years of faithful waiting.

The physical characteristics of the soils, which make them
easy of cultivation, quick and generous in response to the plow
and the hoe, are just such as have, in multitudes of places, caused
them to suffer by erosions, marking the fields with fluted depres-
sions and ridges, suggesting a likeness to flat corrugated iron
roofs, quite as red and almost as bare of vegetation. Worse than
this surface nakedness, is the poverty of the under soil of these
worn fields, fromj which have been leached the lime and the
soluble nitrates, potash and phosphoric acid, until even persimmon
and sassafras “sprouts” seem to hesitate in growth as if ashamed
to be seen in such places. But down in the lower .soil we find
still an abundant supply of mineral elements, beyond the reach
of the plants of annual crops, but where the deep-rooted oaks,









94

ANALVSES OF So0IL, AND Sussol, No. 11.—Sandy Cretaceous.

Soil

Insoluble Residue 88.776 84.875
Residue soluble in Na,CO; 3.482  92.258 4.956
Potash, K, O . . . . .. ... . . .... 0285. . . . .. ..
Soda,Na,O ... .. e 4 2 T N
Lime,CaO . . . . .. ... ... ....003........
Magnesia, MgO . . . . . e e e 0570 L
Ferric Oxide, Fe,0; . . . . . . . ... 265 L L L.
Alumina, A1,O, . . . . . . . .. .. L2640, . . L L R
Phosphoric Acid, P,O; . . . . . . . . . .0020. . . ...
Sulphuric Acid, 8O; . . . . . . . . .. .trace.. . . . .
Volatile matter . . . . . . . .. ... .238. .
Moisture . . . . . . .. ..o L L. .. . 0690 . .
Humus. . .. . . . ... ... 0.739
Original sample contained— ~ Soil

Gravel 4—2 mm diameter . . . . . . 0.02. .. ..

Fine gravel 2—1 mm diameter . . . .0.34 . . . . .

Fine earth less than 1 mm diameter . 99.64 . .

TEXTURE OF“SANDY‘CR'ET‘AEE'O'U'S.” (Safferd) Sorw,
BENTON CounTy, T.E~NN.'-'—H..731.
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The view of the little town of Camden, the county seat of
Benton County, is from the edge of the westward slope which

extends to the Mississippi River.
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Next to the Tennessee Ridge lies the strip of lands repre-
sented by the type sample No. 11. The “lay of the land” is well
illustrated by the view of the broad grass-grown field immediately
west of the town. Not all of the lands lie as smoothly as this
pictured field, for the country is diversified by level valleys and
plains amid gently sloping hills and minor ridges of little height,
but giving just such relief as to make beautiful the variety of
landscape. This is true of all the country of the Slope, all the
way to the Mississippi Bluffs. The soils of the sandy cretaceous
area yield generous crops of corn, cotton and tobacco for a few
years, when the returns cease to be remunerative unless the lands
are kept in good heart by manuring and the regular introduction
of grasses or leguminous plants to maintain the supply of humus.
As is indicated by the analyses, the supply of lime and phospho-
ric acid is scanty. It is for this reason that wheat culture has not
been successful on this class of soils. The quick disappearance
of the lime under the usual system of cropping explains the fre-
quent failures of attempts to enrich the depleted soils by growing
clover, cow peas, etc., to be turned under.

In places, the undersoil at a depth of 20 to 24 inches is a reddish
silicious clay for a thickness of 12 to 30 inches, in turn itself under-
laid by a gray, or yellow, and occasionally orange colored mixture
of about five per cent of calcareous clay with the sand. ‘This
reddish stratum is usually indicative of a soil rather stronger and
more durable than where this characteristic does not exist. The
natural under-drainage is good,—almost too good, where the pre-
vailing methods of shallow.culture are continued for some years.
The supply of limestone at no great distance from this belt of
soils, all the way from Kentucky almost to the Mississippi line,
makes it comparatively easy for the people to get an agricultural
lime at moderate cost. The so-called “marl beds” (green sand
containing more or less of glauconite), may be used with advan-
tage where conveniently near the fields of the more southern
part of the territory; but even there, and certainly in Henry,
Benton, and Decatur counties, the direct application of lime will
be less costly, and probably give good results where carefully and
intelligently used. It is usually a wise thing to experiment with
dressings of lime, applying from 30 to 50 bushels of slacked lime
per acre upon the fresh furrows made when turning down a crop
of cow peas, or clover, or the stalks of corn, the sorghums, or a
growth of weeds. Subsequently, the systematic use of commer-
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cial fertilizers, always following, but never preceding,-a fair addi-
tion of humus material by turning down a soiling crop, or in
combination with as much stable or farm yard manure as can be
obtained, will doubtless be profitable.

There is need for most careful management to prevent the
‘beginning of washes, which, once started, grow larger and wider
very quickly. To “turn out” a field to »esz is, in most cases, to
turn it out for good and all. This is, in a measure, true of all the
lands of the plateau slope of West Tennessee, but it is specially
true of the higher-level lands of the whole region.

No. 12. Frarwoopns: (PorRTER’'S CREEK GRoOUP of Safford);,—
Paris Crav.—Soil o—6 inches ; subsoil 6—12 inches.

Locarrrv—Woodland, property of Capt. W. H. H. H. Easton,
1% miles N. E. from Huntingdon court house, Carroll County. !
UNDERLYING RockK—No consolidated strata. Under-soil con-
tains slaty clays; yellow sands beneath; at depth of 50 to 70 feet,

argillaceous sandy rock, in many places found at 2o to 25 feet
below surface.

ForrsT GrowrH—Hickories; white, black, and post oaks;
persimmon, poplar (liriodendron), sassafras, etc. On the lower
slopes near creeks a luxuriant undergrowth.

Usval Croprs UroN SiMmirar Sorrns—Corn, cotton, fruits,
vegetables. All crops of the climate do well on new or well-kept
old lands.

The town of Huntington is just upon the western edge of the
formation to which Dr. Safford has given the designation of Flat-
woods. ‘This class of soils does not occupy a continuous terri-
tory, but is found in detached areas, in a belt not more than five
miles wide in Henry County and about eight miles in width at
the Mississippi line. ‘The marked characteristic of these areas is
the occurrence of heavy layers of laminated clays, containing
mica scales, forming a soil and subsoil sufficiently retentive of
water and fairly resistant to the effects of drought when well man-
aged ; but corn, cotton, and the other ctrops upon the older lands,
which have been cultivated in the usual manner for a number of

years, are more or less easily affected by a dry season of moderate
duration.
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ANAYLYSES OF Solr, AND SuBsoir, No. 12.—The “Flatwoods’’ Clay.

Soil Subsoil
Insoluble Residue 86.560 83.438
Residue soluble in Na,CO, 3.895 90.455 5,846 89.284
Potash, K,O. . . . . . ... ... .... 0378. . . . . . . . 0.435
Soda, Na,O . . . e e e e e ... 009, .. ..o 0.100
Lime, CaO . . . .. . ... ... .. 0132, . . . . . . . 0.100
Magnesia, MgO . . . . .. ... ... .. 0.184 . . . . . .. 0.216
Ferric Oxide, Fe;O05 . . . . . . . . . . .. 1492, . . . .. .. 2.078
Alumina, A1,Oz . « . . . . . . . .. L. 2972, .. 4.455
Phosphoric Acid, P,O; . . . . . . . . .. 0.026 . . . 0.017
Sulphuric Acid, SO; . . . . . . Lo ... 0011 ... . . 0.010
Volatile Matter . . . . . . . . . . . ... 3216, . . ... . 2.066
Moisture . . . . .. .. oL .. 0.876 . 1.106
Humus . . . . . . . . .. 0.905
Original sample contained— In soil In subsoil
Coarse gravel larger than 2mmdiam . . 0.05. . . . . . 0.00
Fine gravel 2—1 mm diameter . . . . . 0.16 . . 0.15
Fine earth less than 1 mm diameter. .99.79 ... . . . . . . 99.85
TexTurRE oF THE FiaTwoops ( PorTer’s Creek, Saffordf, Soit,
CarroLL -CounTy, TENN, — 12733,
NA 1. .05 .01~ Loos.
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The locality from which the type sample of these Flatwoods
Clay lands was taken is closely representative of the areas of like
soils in this peculiar belt. The woodland selected is just such as is

found on similar lands from Kentucky to Mississippi.

Here, as

in thousands of other places all through this region there is evi-
dence of the magnificence of the forest growth of earlier days,
and of the need for more thoughtful and conservative manage-

ment of the timbered lands.

The tree, the top of which isshown

in the left background of the picture, had been cut down for fire-
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The content of “clay” is comparatively small. The proportion
of coarse silt is more than one-half of the entire mass of “sub-
soil.” At a depth of twenty inches the proportion of “clay” is
materially larger, and in most instances, especially upon lands
under cultivation for a number of years, is quite compact. In
places, where the underlying sands approach the surface more
nearly, the under clays of the “Flatwoods” are intimately mixed
with the coarser sands; and in such places if washes cut down
two or three feet there must be prompt attention to prevent a
further cutting all the way to the impervious slaty clays below.

The abundant and vigorous forest growth, always evidence of
fertility in the virgin soil, cannot be taken as indicative of dura-
bility of .such soils when devoted to agricultural purposes. There
is no need for argument here. The people who own these, and
other lands in the fertile regions of West Tennessee, cannot fail
to understand that spendthrift methods will ultimately bring
poverty all the more bitter because of the one-time abundance of
their heritage. It is impossible to maintain the fertility of the
best limestone lands without manures; the time always comes
when the farmer must feed his lands or starve himself. Upon the
silt soils of West Tennessee it is far more difficult to prevent the
gradual but certain depletion of the essential elements of plant
food. Despite the richness of the virgin soils, the continuous
demands upon them for the crops, and the greater losses of plant
food by percolation of water-soluble elements into the deeper sand
strata, are constantly reducing the available supply in the arable
stratum.

The people of the Flatwoods lands should look well to the sav-
ing and use of all farm manures, and begin at an early day the
use of superphosphates, together with a systematic rotation of
crops, so managed that the supply of humus material shall not be
diminished, meanwhile keeping in mind that most plants will send
their roots into the deeper under-soil the more readily because of
the better condition of the surface stratum. ‘There ought not to
be a single acre of waste land where this type of soil exists.

All the way from the Tennessee Ridge to a line which may be
said to be approximately that of the Illinois Central Railway, the
essential characteristics of the soils differ from those just described
only because of the general absence of the laminated clays which
mark the peculiarity of the “Flatwoods” area. They demand
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the same methods of treatment, varying only because of special
conditions.

Of the lands marked 11 on the map, we present three type
samples. Though closely related, the three types have certain
distinctive characteristics which we shall endeavor to describe,
for each in its own place.

No. 13. CorumBra DEposiTs. (L AGRANGE SANDS OVERLAID
BY ORANGE SANDS. Safford.) Soil o—6 inches; subsoil 6—12
inches.

Locarrrv—Woodland, property of Duffy Bros., 3 mile N. E.
from railway depot at Humboldt, Gibson county.

UNDERLYING Rock—In the Humboldt area the sands are
found at a depth of 12 to 16 feet. There are no underlying strata
of hard rocks in the immediate vicinity. The texture of the
upper twelve inches differs little from that of the Fayette County
lands (No. 14), but is more loamy, containing a larger propor-
tion of humus than the same class of lands further south. Iocal
beds of coarse reddish sandstone are frequent throughout the
region represented by this sample; these approach the surface
more nearly as we go further south. Almost everywhere in the
area represented by this sample, the loamy soil and subsoil, which
together vary in depth from six to twenty inches, is underlaid by
a clay usually yellowish, sometimes quite brown, twenty to forty
inches in depth, and beneath this, strata of sands of varying
depth. Below the underlying sands last mentioned are often
found beds of very hard clay, usually yellow or reddish, in places
‘grayish white and very tenacious; this is true of a large part of
the territory represented by the samples Nos. 13 and 14.

ForEsT GrRoOwWTH—Hickories ; white, red, post and black oaks ;
poplar, persimmon, sassafras, beech; wild grape vines; except
upon the slight ridges, a luxuriant undergrowth.

UsvaL Crops UpronN SimirLar Soris—Corn, wheat, cotton,
tobacco ; fruits and market vegetables.
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ANALVSES OF Soir, AND Sussorr, No. 13.

Soil Subsoil
Insoluble Residue 81.154 78.675
Residue soluble in Na, CO, 5.514 86.668 7.357 86.032
Potash, K,O0 . . . ., . e e e e e 0.409. . . . . . ... 0.444
Soda, Na,O . . . . ... v ... 0133 . . o . . v ... 0.240
Lime, CaO . ... . ... ...... 0.212. . . . . . ... 0.126
Magnesia, MgO . . . . . .. .. . ... 0270 . . . . .. .. . 0.395
Ferric Oxide, F,0; . . . . . . .. ... 1850 . . . ... ... 2.587
Alumina, AL,O; . . . . ... ... .. 49771, ..o 5.604.
Phosphoric Acid, P,O; . . . . . . . . . 0.069. . . .. .. .. 0.054
Sulphuric Acid, 8O3 . . . . . . . . . .. 0020. .. ... .. 0021
Volatile matter . . . . . . . . . . . .. 4.033. .. ... .. 2.383
Moisture . . . . . . . .. L0 L . 1553 . . . .. ... 1.733
Humus. . . ... ... . ... 1.508
Original sample contained— in Soil in Subsoil
Coarse gravel, larger than 2mm diameter 0.02. . . . . . ... 0.00
Fine gravel,2 to 1 mm diameter . . . . 034. . .. .. ... 0.10
Fine earth less than 1 mm diameter . .99.64. . . . . . . . . 99,90

Texrure oF Tue Laraverte Sanos (Orange Sanos, Safford); Soi,
Gisson CounTy, TENN.-——')3-7.5.$'.
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The territory the soils of which are represented by this sample,
includes the eastern half of Obion, the western half of Gibson,
all of Crockett, the western half of Madison, and that part of
Haywood County north of Brownsville. In wide range of
adaptability for all crops of the farm, the garden, and the
orchard, the lands lying between the south and north forks of
Forked Deer river are not surpassed by any equal area in the
State. ‘The lands are mellow sandy loams, easily tilled, of
such physical characteristics as demand careful handling if
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mitted to accumulate and then find outlet in streams however
small.

Let it be observed that these are not clay lands. Because of
the manner of their origin the content of “clay” is somewhat
less here than further south in the same belt of deposits. (See
No. 14). ‘There is here, as is the case also with the land further
south, a larger amount of clay in the subsoil than in the surface
soil, and as we go down the “clay” constituent increases. In
many places the deeper lying under-clays are so compact that it
is easy to dig cisterns that will hold water almost without the
help of the thin skin of cement which is usually found sufficient.
Wherever this dense clay under-stratum approaches the surface,—
and there are many places where it is concealed by only a foot or
two of earth,—there is special need for care. In such places the
soil remains longer too wet to plow, and suffers soonest and most
severely from drought.

Because much that is to be said as to the soil represented by
the analyses of No. 13 applies to those of the southern counties of
this tier, we give in this place :

No. 14. CorLuMBIA DEPOsITS—LAGRANGE SANDS OVERLAID
BY ORANGE SaNDs. Safford). Soil o—6 inches ; subsoil 6—12
inches. "

Locarrrv—Woodland, property of Dr. T. B. Tansey, 2z miles
N. E. from court house at Somerville, Fayette County.

UNDERLYING ROCK—Same as No. 13 of this series. Depth of
soil overlying 'the sands not so great as in Gibson county. In
the vicinity of the streams there is an occasional outcrop of fer-
ruginous argillaceous sandstone.

Forest GROWTH—Post oak, willow oak, black oak, some scrub
oaks, hickories, sassafras, honey-locust, etc.

UsvaL Crops ON SIMILAR SoiLs—Corn and cotton mainly.
New lands productive for a long period where well kept. Upon.
the slopes, however slight, they wash rapidly.
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ANALVSES OF S01IL AND SUBSOIL, No. 14.—Typical Cotton Lands.

Soil Subsoil
Insoluble Residue 84.054 79.800
Residue soluble in Na,CO, 4.380 88,434 6.733 86.533
Potash, K,O. . . . . . . . ... .... 0.380. .. ... ... 0.494
Soda, Na,O . . . ... . . ...... 0.085. . . . ... .. 0.301
Lime,CaO . . . . ., . .. . .. .. .. 0205. .. ... ... 0.152
Magnesia, MgO . . . . . . .. ... .. 0246. . . . . . ... 0.351
Ferric Oxide, Fe, O3 . . . . . . . . . .. 1.889. . . . . . ... 2.814
Alumina, Al,O; . . . . . . . .. ... 3400 . . . .. ... 4.972
Phosphoric Acid, P,O, . . . . . . . .. 0.071. . . . .. ... 0,074
Sulphuric Acid, SO; . . . . . . . .. .. 0.018 . .. ... .. 0.012
Volatile matter . . . . . . . . . ... . 3600. . .. 000 2.557
Moisture . . . . . . . . ... 1307 . . . . . ... 1.500
Humus . . . . . . « « « . . .. 1.356
Original sample contained— in Soil in Subsoil
Coarse gravel, larger than 2 mm diam. 004 . . . . . ... 0.00
Fine gravel, 2-1 mm diameter . . . . . 014. . . . .. ... 0.08
Fine earth, less than 1 mm diameter . .99.82. . . . . . . .. 99.92
TexTurRe oF THE LaraveTTE Sanps (Orange Sanos, Safford) Sorc,
Faverte County, TENN. —1f_ 737,
Bon |l B ] bt femel Pod lees)

i i : i f
|o.36 oody jouq| logr| Jrogl f&ig] f?azz A

A

b . AN -y g .
rganic Grave} Cosrse Me. L Fine

.Mgrtgr - Sand.  Sawnd. S,‘and.'

(o e
Selb. Fn(aa

Sile,

»C{a}.

An inspection of the analyses of the two soils (Nos. 13 and 14)
shows them to be very closely alike in chemical composition and
in texture. 'There are areas in the territory of one that are in
every way counterparts of areas in the other; but the samples
were taken from localities which represent, as accurately as pos-
sible, the great body of land in each, and indicate clearly the
-differences between the two sections of this belt of country. The
lands of No. 13 are, as has been said (page 104), underlaid at
varying depths by clayey strata, in places very fine and compact.
Wherever these beds of clay approach the surface there is need
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Because of its peculiar adaptation to the growth of cotton this
has been the leading crop of this section for more than fifty
years. Now and then, even before the “ troubles of the sixties,”
there were protests against the tyranny of cotton, and we heard
much of the ruin which was threatened to the lands of Fayette
and Haywood, and elsewhere in West Tennessee. As has been
said of the stronger lands of Middle Tennessee, the injury that
has come to the soils is not because of the cotton plant, nor
altogether because of faulty methods of cultivation. The earlier
farmers and planters of southwestern Tennessee, were not long
in finding out how difficult it is to retain these soils; but for
reasons then thought sufficient, they went on clearing up new
lands to furnish employment for the rapidly increasing numbers
of slave laborers. Among those pioneer farmers were many
highly educated men from the Carolinas and Virginia, whose
experiences in the older States had taught them valuable lessons.
Somewhere about 1850, under the leadership of such men as H.
J. Cannon, Charles Dod, Jr., Rice Bond, and others, the people
began the work of conservation and restoration, and set them-
selves to study out and practice the best methods “to prevent
their lands from running away.” ‘There was during the ten
years up to 1860, great progress in the betterment of the open
lands and more careful management of the wooded areas. Then
came the civil war, which was followed by a long period of re-
adjustment, years of weary struggle for existence, which left
neither labor nor money for improvement, and forced upon the
people systems and methods ruinous alike to landowner, renter,
“‘share hand,” and hired man. Such were the conditions from
1864 to 1880. These sixteen years have left upon the face of the
country such scars as that here illustrated.

All through this region there are hundreds of just such washes,
and thousands more not so deep nor so wide. In every
instance the beginning was almost unnoticed. Nine-tenths of
these “gullies” had their birth in the cultivated fields, and might
have been checked if timely attention had been given them. We
can adopt, word for word, what Dr. W. J. McGhee says of the
same character of lands further south: ‘These gullies are grow-
ing with ever increasing rapidity; already they have grown be-
yond the abandoned fields in which they started, and are invading
the woodlands.” 1In the back ground of the picture can be seen
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was unquestionable loss of fertility. The average yield of cotton
had fallen from 1,200 pounds to 600 pounds per acre. No infor-
mation as to the average crops of corn could be obtained by the
writer in his very short interview with an apparently well-
informed gentleman during the limited delay of the railway train.

Nothing is more clearly demonstrable than that the mineral
elements (the ash constituents), of such crops as are carried
away must be restored to the soil in some way, if ultimate ste-
rility is not to result. These soils (Nos. 13 and 14), in their
virgin state contained, in the 12 inches of upper soil, (assuming
a cubic foot of the soil to weigh g5 pounds*), of potash o.41 %,
17,860 1bs.; of phosphoric acid, 0.064 9, 2,787 1bs.; of lime 0.165 %,
7,187 lbs. Comparing this statement of average supply of
mineral plant food with the average requirement of a crop of
1,500 lbs. per acre of seed cotton, (potash 15.48 lbs., phosphoric
acid 13.36 lbs., and lime 2.65 lbs.), there seems to be sufficient of
the least abundant of these elements for 200 crops of cotton
yielding 1,500 lbs. seed cotton per acre! But there are several
other things to be considered. To mature this crop of 1,500 lbs.
of seed cotton, food must be available for the whole plant. The
whole plant for the supposed crop will consist of 472 1bs. of lint,
1,028 lbs of seed, 636 1bs. of bolls (capsules), go6t 1bs. of leaves,
1,030 lbs. of stems, and 393 lbs. of roots. The average analyses
of parts of the air-dried cotton plant (as given page 125 Bulletin
1V., 5, Tenn. Exp. Sta., 1891), calculated for such a crop, show:

Libs. Phos. Acid Lbs. Potash Lbs. Lime Lbs. Nitrogen

In the Lint, 472 1bs. 2.88 3.49 0.73 1.13
“  Seed, 1028 ¢ 10.48 11.99 1.92 31.56

“  Bolls, 636 “ 1.79 19 21 5.91 -+ 7.08

“  Leaves. go6 “ 4.05 10.36 49.75 21.83

“  Stems, 1030 1.92 12.11 8.74 8.08

#  Roots, 393 * 0.60 4.32 2.13 2.55
Total, 4465 “ 21.72 61.48 69.18 7323

In earlier days, when nothing was sold away from the farm but
the lint, the net loss of mineral plant food was very small, provided
the seed were returned to the soil which produced them. As a
matter of fact, only such seed as were used for planting were
returned to the land. Until the development of the cotton oil
business, little was known of the value of cotton seed as a feed

#A number of weighings by the writer gave an average of 94.3 pounds.
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stuff for cattle, and its manurial value was very imperfectly
understood, so that millions of dollars’ worth of animal and plant
food were wasted every year.

If conditions are such in any particular field that all of the
bolls, leaves, stems, as well as the roots of the plant, can be
returned to the soil where the plants grew, that is well. Ifneither
waters nor winds sweep away the debris of the dead plants, the
cotton grower upon level lands may sleep soundly, if he contents
himself with the notion that the only losses his fields are suf-
fering can be measured by the plant food elements sold off in the
lint and seed of his crop; but nowhere on earth do the conditions
exist that can justify the keeping of such an account of debit
and credit with the soil. ‘There are other items of the account,
the precise character and amount of which are not easy to deter-
mine.

We may reasonably assume for Tenmnessee the estimate by
Hugh Robert Mill for Great Britain, that of the annual rainfall
“‘one-third is returned to the air by evaporation, one-third flows off
over the surface, and one-third sinks into the ground.” 'These
grand distributions of the rainwaters may not, as a whole, be
materially affected, but the least careful observer can note the
immediate effects of the changed conditions brought about by
human interference. In the forest, on the prairie, on well-kept
meadows and pasture land, there is rarely such surface flow as to
work serious injury; on cultivated fields the gentlest rainfall brings
about some movement of earth particles, some change of place of
the mass of the upper stratum, some alterations of -the texture of
the soil. As has already been said, endeavor should be made
to reduce the surface movement of the waters, and as far as
. possible, to promote the percolation of the rain into the land
upon which it falls. Now, upon the silt soils of West Tennessee
it is specially necessary so to arrange the disposition of the crops
and methods of cultivation, that the fields shall not be gashed
and furrowed by flowing waters, that quick absorption of the rains
into the upper soil be invited, and that the undersoil be so man-
aged that ready percolation of the surface waters shall not be
impeded. All these things can be done; but there are others.

The most retentive of soils, such as contain from 25 to 30 per
cent. of “clay,” give up to the drainage waters more or less of
the plant food elements which have been made soluble by the aid
of the multiple processes of cultivation. These silt soils may be
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rapidly impoverished by filtration, and this none the less rapidly
when most carefully guarded against losses by surface washing.

Of the total phosphoric acid and potash in soils a very small
per centage is found in soluble condition, and of this small pro-
portion a part is retained, however excessive the downward move-
ment of percolating waters. For these elements of plant food
we may be content to restore them annually, or at sufficiently
short intervals, so that there may not be less than the original
content, in an “available” form. A rough estimation of the
amounts per acre removed by the crops will enable us to deter-
mine how much of these two elements are to be restored, and
which must be restored if fertility is to be maintained. But in
whetever form applied, the condition of these two elements of
plant food depends upon the preseuce, in sufficient quantities
and also in the right condition, of what is roughly stated in the
analyses as organic (volatile) matter, and of lime, etc. Referring
to the statement above (page 110), the crop of 1,500 pounds of
seed cotton and the plants to produce it, demand 21.72 pounds
of phosphoric acid, 61.48 pounds of potash, 69.18 pounds of lime,
72.23 pounds of nitrogen. If we suppose that all parts of the
plant, except the seed cotton, are returned to the soil without
loss, this vegetable matter will be in time converted into its original
elements, and so be used again as food for succeding plants, ex-
cept so much as may be carried off by the drainage waters.

For the soils of this section we have no data from which to
make an approximate estimate of the losses of plant food due to
drainage alone. ‘The fact that the productive capacity of level
land, where there has been little or no surface washing, is grad-
ually but certainly reduced by continuous or alternating crops of
corn and cotton, is matter of common observation. The best
kept lands show this. Upon the stronger soils of the limestone
sections of the State, decreased fertility of fields not manured is
due much more to continuous leachings than to the removal of
successive crops. In this same way the rich sandy loams of West
Tennessee are impoverished, only with greater rapidity. In the
corn and cotton fields of the silt lands of this region there is
going on, during the fall, winter and early spring, a period of
about five months, an almost unceasing drainage into the deeper
underlying sands, carrying the soluble nitrates, largely of the lime,
as well as portions of the soluble potash and phosphoric acid.
Where there are no applications of fertilizers, to the net loss of
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plant food elements removed by the crops, there must be added
such losses as occur because of the removal by washing away of
the debris of the plants left upon or in the upper two or three
inches of the soil, and a further loss by drainage,—the amount of
the loss by drainage depending upon the absorbent properties of
the soil as well as its physical condition. Under the best condi-
tions, and the prevailing methods of culture in the cotton fields,
the losses of nitrogen by drainage are from one-half to four-fifths
of the amount of the same element utilized by the plants. If we
assume that one-half as much of nitrogen as is required for. the
growth and maturation of the cotton plant is carried off by the
drainage alone, and that the field is so managed that the whole of
the debris of the plants is retained by the soil upon which they
grow, and that only the seed cotton is removed, it appears that
the annual draft upon the available nitrogen alone, by the average
crop yield of 1,500 lbs. of seed cotton per acre will be 69.3 pounds.
To maintain the fertility of the cotton fields it is necessary, there-
fore, to supply, in one form or another, such manures as will
furnish at least seventy pounds of available nitrogen per acre,—this
minimum for such fields as are not impoverished by surface wash-
ing. If farm manures are the only material at hand, and such as
are best suited to sandy soils be used,—namely, well rotted stable
manures,—there will be required an annual dressing of seven
tons per acre. This return of plant food (seventy pounds of
nitrogen, thirty-five pounds of phosphoric acid, and eighty-five
pounds of potash), must be made, if the land is to be kept up to
such productive capacity as to yield an average of one bale of
cotton per acre.

The statement is made as above so that each man may deter-
mine for himself how he shall manure his land so as to maintain
its fertility. 'To farm without manuring is to impoverish the soil
and to defraud posterity. FEveryone who will can estimate very
closely the cost, under his own conditions, of seven tons of fairly
well rotted manure, or the equivalent of about nine tons of fresh
stable manure, including, of course, the cost of hauling and
spreading upon the land. Whatever this cost, the amount repre-
sents the money value of what must be returned to the soil, if
the original capital of fertility is to stand unimpaired.

Now, just to the extent that one can prevent the losses of plant
food by waste of the organic matter in the stubble of the crop by
washing and by drainage during the long exposure of the bare
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soil to the heavy rainfalls of the latitude, one can reduce the
necessary amount of manuring. The best farmers understand
this, and, in one way or another, are practicing methods to con-
serve the fertility of their lands. The planting of cover or catch
crops, such as shall occupy the soil all fall and winter, to a very
great extent preventing the leaching away of the surplus plant
food made soluble by cultivation of the regular crops of the year,
at the same time helping to maintain the soil in place, is coming
more into use.

Here, as in other sections of the State, occasional droughts
bring disaster. Whenever the upper foot of soil contains less
than ten per cent. of moisture the cotton plant begins to suffer,
and the more seriously because of the low growth of the plant
and the large area of earth surface exposed to the sun and the
winds. For best development of the plant, in stem, leaf, and lint,
these loamy soils should hold about fifteen per cent. of moisture, and
therefore endeavor must be made to secure that condition.

As necessary for the better understanding of the agricultural
problems of this region the following table is given. ‘The rainfall
and temperature records at Memphis may be considered applica-
ble to that part of Tennessee south of the Forked Deer River
and eastward to the Tennessee Ridge. North of Forked Deer
River and eastward to the highlands of Middle Tennessee, the
meteorological conditions are closely represented by the observa-
tions recorded at Nashville as given on page 86.

Climatological Data, March 1, 1871, to June 1, 1897.
MEMPHIS, TENNESSEE.

Av. mean Av. rainfall Av. mean Av. rain-
temperature inches temperature  fall
deg. Fah. deg. Fah. inches.
March . . . . .. . . .. 51.4 5.98
April.. . . . . . . . .. 62.2 5.42
May . . . . . . .. . .. 70.3 4.33 Spring 61.3 15.73
June. . . . . .. oL 77.7 4.59
July . . .. ... oo 80.7 3.40
Aungust, . . . . . ... 79.0 3.50 Summer 79.1 11,49
September . . . . . . .. 72.1 3.07
October . , . . . . . . . 61.4 2.74
November , . . . . . . . 50.1 4.81 Fall 61.2 10.62
December . . . . . . . . 43.9 3.69
January . . . . . . ... 40.7 5.62
February.. . . . . . . . 44.6 522 Winter 43.1 14.53

Average annual rainfall, 26 years, 52.34 inches.
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Cotton is “laid by” in August, sometimes during the third week
of July. When cotton followed cotton upon the same field,-—an old-
time practice now avoided whenever practicable,—the surface be-
tween rows was left bare except for the smallamount of debris from
falling leaves, the empty bolls and broken twigs of the plants,
and the dry remains of a thin growth of annual grasses or weeds
which had started after the final act of cultivation. From the
first killing frost, usually in October, till the plows were started
to throw up the first furrows for the succeeding crop, there was
nothing to prevent the percolating waters from carrying away
much of the “fatness of the land” beyond possible recovery.
The heavier the total rainfall from October 1st to April 1st,—the
average precipitation during that period being about twenty-
eight inches,—the greater the loss by drainage. When to this
loss of plant food there is added the other serious losses which
occur upon all fields where the cotton rows are not laid exactly
level, no one can wonder at the rapid exhaustion of these soils,
so justly famed for their exuberant fertility when recently cleared.

Methods must differ, because of the varying conditions upon
every farm. Throughout this region, upon every square mile,
there are many problems which demand for their solution the most
careful thought, unceasing vigilance, and decisive action.

First of all is the prevention of surface washing. Thisrequires
something more than the skill of the plowman, and will tax the
ingenuity of the well-equipped agricultural engineer. No plan
can be effective for a single field, nor for any limited area, except
at a cost so great as to make it impracticable. Common consent,
requiring neighborly co-operation, is absolutely necessary if there
is to be real success. There are many farmers in this section who
remember when such streams as the Loosahatchie and Wolf
flowed with good depth almost the year round, when practicable
fords were not very numerous, and bridges were needed upon the
upper waters of these rivers. The total annual outflow from
these streams is no less now than it was fifty years ago. The
yearly rainfall no longer finds its way to the Mississippi by way
of perennially flowing springs and brooks, the soil slowly parting
with its stores of water to feed the larger streams through thou-
sands of sparkling rivulets; but there come disastrous freshets,
when the suddenly burdened channel ways are filled to the brim
with rushing floods, the waters carrying unnumbered tons of soil
gathered from tens of thousands of acres. Under natural con-
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ditions the face of the country has been slowly chiseled into lines
of beauty,—mountain and hill, valley and river together joined
as parts of one harmonious whole ; under new and artificial con-
ditions, with little thought beyond the fancied necessities of a
single day, we have cut and hewn with ’prentice hand until the
beauty that was altogether useful has been changed to hideous
and useless deformity.

It is not only in West Tennessee that we must mourn over
wide spread ruin. From Sullivan county all the way to Shelby,
upon all types of soils, in some places with fearful rapidity, in
some places almost imperceptibly, but everywhere surely, we are
industriously feeding the Gulf and starving our lands. One must
endeavor to realize the immensity of the annual transportation
seaward from the great watershed of the Mississippi valley, that
the hopeless inadequacy of mere individual effort to hold the
soil in place may be fully understood.

To repeat : common consent, agreement, requiring neighborly
co-operation, is absolutely necessary, if there is to be real success
in preventing the waste of lands by washing. There must be
systematic, unfaltering effort to return to natural conditions
everywhere and in every way possible. Beginnings must be
made, each man for himself and upon his own land. On every
farm in Tennessee there is a spring or a brook, part of a stream,
perhaps ounly a channel for a wet-weather flow ; let the beginnings
for better things be made in such places. No man should suffer a
gallon of water carrying mud or silt to flow from his field upon
his neighbor’s land, if he can prevent'it. And further still, there
should be endeavor that water springing from the earth or falling
from the clouds within the boundary of the farm, shall carry into
the near-by stream neither earth nor vegetable matter. In most
cases this is not only possible, but easily accomplished in this
comparatively level region of West Tennessee. How this is to
be done must be determined by the conditionsin each case. Once
the farmer has set himself resolutely to work, seeking the most
effective way by which he may conserve the God-given rainfall
that is sent to bless the land, the way will not be hidden.

But in many places,—perhaps in most places,—every precaution
adopted by one man, and all the results of his thoughtful labor
and skill, may go for naught, if there be selfish, or careless, or
ignorant neighbors. Statutes nowhere provide that every land-
owner shall take care of his own share of the rainfall ; the mere
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suggestion of such a thing will provoke derision. Floods terribly
destructive, and droughts that bring famine, against which no
human foresight can provide, come now and then to all countries
under the sun. But the little floods that come with moderate
tainfall, perhaps a score of times every year, working slow, almost
imperceptible, but fatally. certain destruction, can be and ought
to be prevented; and the dry seasons, about which we are so
anxious in spring time and summer, can be provided against in
great measure. To a certain extent these things are under
human control ; in a small way by individuals, every man on his
own farm; in a larger and more effective way by communities ;
and still more effectively where the people of a whole state think
and work together for the common good and common safety.

By the individual: ILet it be a duty,—self-imposed for self-
interest, if you please, but also because it is the right thing to do
for the help of his fellow men of to-day and for those who are to
live after him,—let it be a duty to care for his fields that are no
longer fruitful, and that they may not be abandoned to utter
waste. If for any reason whatever it becomes necessary to “turn
out” a field, let him see to it that it is not suffered to ‘‘start on its
way to the Gulf,” strive to keep the soil in place, make some
effort to clothe it with vegetation, plant trees, sow seed of plants
that will make roots and stems and leaves,—in some way help
nature to rebuild and restore.

By the community : Let every man emulate his neighbor in
the endeavor to save all the land from ruin. Not denying the
right of any person to lay waste his own property, provided he
does not endanger nor defraud other persons, we must insist that
such person shall not be the sole judge as to whether or not the
exercise of his right may work injury to others. The commu-
nity is most prosperous, and always the happiest, where the right
to waste is never exercised, and where there is most of that mutual
helpfulness that makes the right of the person least opposed to
the right of the whole people.

By the State: By wise legislation promoting reforestation ;
probably best by the release from taxation, for twenty years, of
“abandoned lands,” whether one acre or hundreds of acres the
property of a citizen tax-payer, when planted to forest trees,
such plantation to be maintained and protected in proper condi-
tion for the whole number of years for which the taxes are
released. A well considered and carefully guarded law, applying,
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as it must, to every square mile of our territory, will lead our
people to begin at once the rehabilitation of waste places, and so
increase the value of all such lands as to give the commonwealth,
within a quarter of a century, taxable real estate worth a hun-
dred times as much as the present assessable value of these aban-
doned lands.

No. 15. CorumsiaN DeprositTs. (The Logss, BLUFF Loam of
Safford.) Soil 0—8 inches ; subsoil 8—16 inches.

LocarLrry—Woodland of Dr. F. G. Mason, one mile east from
railway station at Newbern, Dyer County.

UNDERLYING Rocks—No consolidated strata. Soil color
changes perceptibly at about a depth of 8 inches; a further
change at a depth of 16 inches, assumed as the limit of subsoil.
Undersoil apparently as fertile as the subsoil to an unmeasured
depth, a larger proportion of clay being the only indicator of
difference, aside from gradual change of color. A stratum of
gravel is found at depths varying from 25 to 8o feet.

ForEsT Growrm—DPig-nut, shell-bark, and white hickory ;
white, red, black, post, and willow oaks; elms, varieties; poplar ;
sweet-gum, black-gum, ash, hornbean, dogwood ; a dense growth
everywhere in the uncleared forests.

UsuaL CROPS UPON SIMILAR Soirs—Corn, cotton; in the
northern counties, wheat and tobacco, the meadow grasses. Ex-
cellent land, claimed to be of inexhaustible fertility.
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forays of the lumbermen and a half century of demands for fire-
wood. More than the usual care has been given this strip of
forest land, 'The larger trees left standing are still in their lusty
youth, and the smaller ones, selected because of desiratle kinds,
are encouraged to make rapid growth by systematic removal of
underbrush. The absence of nutritious grasses, except a few of
the annuals of little value, suggests the need for constant effort
to introduce such perennial grasses as may be suited to the soils
of the moderately open woodlands.

From this partially cleared woodland stretches away to the
southward an almost virgin forest. On its border stood, asif sen-
tinel defender of his smaller brethren, a great hickory, more than
a hundred feet high, with a trunk fifty feet to the lowest limb,
and so big around that three of the largest men of our party
stood, side by side, close against the bole, without covering the
diameter from view. Farther in this forest we could see the
uplifted heads of scores of immense trees of many kinds. The
absence of deadened terminal branches and the clean bark near
the ground, showed that there had heen no forest fires—possibly
because, if once such fire is well started only the lakes and wide
bayous can set limit to the fearful disaster that will follow, but
more probably because these wooded lands are property of intelli-
gent and vigilant owners, whose homes are almost everywhere
surrounded by this “boundless contiguity of shade.”

When one travels over, or digs deeply into, the virgin soil of
such lands as these, one is inclined to accept as true the often-
repeated claim that the lands of this region are of inexhaustible
fertility. Nevertheless, the best of these soils can be, and large
fields are already, practically “worn out.”

For more than thirty years many of the best farmers have
practiced excellent methods, preventing washes by “horizontali-
zing” (laying the rows of corn, cotton, and other crops so as to
be very nearly or quite level from end to end); by hillside ditch-
ing to protect the slopes; and by the adoption of systems of rota-
tion in lieu of the old-time one or two years’ “rest” of fields
evidently needing restorative measures.

In the counties of Obion and Dyer are found many instances
of the value of good systems of underdrainage as compared with
open ditches. It is beyond any doubt that thorough underdrain-
age can be profitably introduced into the counties of I,auderdale,
Tipton, and Shelby. For all present demands, and for perhaps
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twenty years to come, there can be little need to “clear” more
land. ‘Taken in time, it is easier and will cost less in money and
labor, to bring up the productiveness of the lands already cleared,
than to open new lands and fit them for profitable cultivation.

If there is any doubt that there is needed, for a clear under-
standing of our soils, not only the practical experiences of the
working farmer, but careful investigation of their chemical con-
stituents and physical texture, to a depth several times more
than that of the arable stratum, the reader is requested to com-
pare the analyses of two soils, that of the “Barrens,” No. 8, and
that of the “bluff loam.” The “Barrens” are supposed to be the
poorest lands in the State except the sandy mountain plateauy,
while the “bluff loams” are confessed to be the richest within our
borders.

If we had no other information as to these two soils than the
mechanical analyses given on pages 76 and 119, we should pro-
nounce them almost identical,—the “Barren’’ soil a little the better
of the two. To the depth of 16 inches in the one case and 12
inches in the other, if one should consider the physical character-
istics alone, the same methods of plowing, planting, and cultiva-
tion would apply to both.

When we compare the chemical analyses of the two we can
begin to understand something of what is the real meaning of
the mineral plant food constituents of the soil. *The average
weight per cubic foot of the type soil of the “Barrens” is very
nearly the same as that of the type of the “bluff loams,” and
can be stated at 95 pounds for each. Stating the totals per acre
as indicated by the analyses, we have :

‘“Barrens” Bluff loam.
Of Potash, K,O0. - - - . . . .. 9.4771bs . . . . . . .. 12.911 1bs.
“ Lime, CaO. . . . . . . .. 3.269 ¢ ... ..., 7.283 ¢
¢ Phosphoric Acid, P,Oz . . . 372 ¢ . . ... ... 3.145 ¢

But there are other differences. The statement on page 118 as
to the depth of the soil proper, the character of the so-called sub-

*Several weighings by the writer show for the ‘“Barrens’” 95.3 pounds per cubic foot ; for
the bluff loam 94.6 pounds. Conditions in each case were nearly the same. On the “*bar-
ren’’ lands the total rainfall for the six months preceding the taking of the sample for
weighing had been 26.13 inches, and on the lands of Dyer county 27.08 inches. No rains
had fallen for ten days previous to weighing in each case.
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soil, and of the under-soil of the Dyer county lands, is true as to
nine-tenths of the virgin lands of this region, not including the
river “bottoms.”” The depth of the arable soil may be fairly
stated as very nearly an average of 26 inches. Upon the “Bar-
rens”’ the arable soil is rarely as much as 6 inches deep.

Upon the “barren” lands open ditches to get rid of surplus
water, subsoiling under right conditions, and underdrainage
wherever practicable, to improve the texture of the under-soil by
lowering the surface of the ground water and so enlarging the
area in which the roots of plants may live comfortably and thrive
vigorously, are plainly in the line of improvement.

Upon the loess lands, to get rid of surface water is one thing
accomplished by ditching and by underdrainage. A more im-
portant object is the conservation of water,—to retain this water,
not in such quantity as to over-saturate the lower soil and so shut
out vital processes, but so that by proper methods of cultivation
it may be invited to return when needed toward the surface,
where undue loss by evaporation may be checked, while a larger
supply can be made available for the growing plants. Upon
these silt soils of West Tennessee it is far more important than
on the “barrens” that cover crops shall have a place in the corn,
cotton, and tobacco fields, and that leguminous plants shall be
grown as frequently as possible to maintain the supply of humus
material.

The expression, “humus material,” so often used in the fore-
going pages, with the repeated suggestion that an adequate
supply of such material is of prime importance, seems to need
further discussion. On page 39 are definitions of the terms used
in the several analyses of soils. Volatile matters, organic matters,
are humus materials. Humus, defined as ‘“partially decayed or-
ganic matter,” does not bear any certain proportion to the amount
of ‘“volatile matter” contained in a given soil. Inspection of the
chemical analyses will show that the humus in the various soils in
proportion to the volatile matter found, is in some cases less than
25 per cent. (21.56 % in soil No. 7, that of the sandstone land of
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the Cumberland plateau), to neasly 42 per cent., (41.90% in soil
No. 9). At first glance it seems difficult to understand that the
soilof No. 15 (Dyer County) should contain a smaller total of
organic matter, itself containing a less proportion of humus,
than the soil of No. 9 (Maury County). When the description
of each, as to depth of the soil proper, and as to the kind of sub-
soil and undersoil, the character of the forest growth, and espe-
cially the kind of grasses and herbaceous plants forming the im-
mediate soil cover, is fully understood, the differences are at once
apparent. Such lands as those of the type No g are properly
termed durable; while those of the type No. 15, in spite of their
abounding fertility, are far less durable. To either will come
practical sterility under careless or bad management,—to the
strong lands of Maury County a sort of impotence,
like that of a healthy man starving for food and drink,
who can be restored by care to his former vigor; to the silt soils
of Dyer County, that sort of death-like exhaustion that must
wait upon the miracles of nature for restoration.

As an abundant supply of organic matter, almost always
evidenced by the darker color of the soil to a greater or less depth,
is ordinarily accompanied by a corresponding abundance of
humus, one is apt to consider this darker color as indicating a
rich soil. This is not always true, though generally so as to soils
of the uplands, second bottoms, and even well-drained riparian
alluvials. On many farms in all parts of the state are areas of
peaty or bog soils, and not unfrequently many areas of fairly dry
uplands, the upper layers of which are almost black because of
this large content of organic matter, but for all that unpro-
ductive. In the one case the blackish soil is too wet, so that the
air is shut out, the result being a continuing loss of nitrates,
where such exist, as well as the conversion of the organic com-
pounds into free nitrogen gas, wasted into the air; or in the
other, that, because of too little supply of soil moisture, the
organic matters are in effect slowly burned with loss of all but the
ash elements.

Upon all classes of lands, from the mountains to the Missis-
sippi, there are such areas, upon which it seems that great stores
of organic matters are in one way or another going to waste.
Every working farmer observes the color as well as the con-
sistency of the upper soil in judging the probable fertility of the
field he is about to cultivate ; and whether he thinks it or not,
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his judgment is dependent upon a comparison of the observed
characteristics of land of known fertility—(new lands not ex-
hausted), with those of the land with which he is about to deal.
That he is sometimes deceived in his judgment we all know.
Organic matter—vegetable and animal matter, of whatever kind,
—the “volatile matter” of the analyses, is defined on page 39.
This organic matter is the humus material of which we have
spoken again and again. Without this material we can obtain
no humus, and without an adequate supply of humus there is “no
life in the soil.” But this humus material is not humus, no more
than corn is whisky. The debris of crops, stubble of grains or
other plants, weeds, grasses or legumes, farm yard or stable ma-
nures, animal remains, etc., etc., are all humus materials; but
they must undergo changes, physical and chemical, as well as the
intervention of certain vital forces which we can name but of
which we have as yet but a dim knowledge, that these materials,
in themselves inert, may become the sources of renewed
life and vigor. The prime results of what we call decay of
organic matter are the imperfectly understood compounds for
which we have the name humus,—compounds of carbon,
hydrogen, nitrogen, and oxygen, in varying proportions of
these four gaseous elements, with proportions of mineral
elements differing in kind and amount because of the differing
kinds of material from which they are derived.

Obviously the characteristic, the agricultural value, of humus,
depends upon the kinds of materials from which it is derived. No
farmer should be persuaded to waste any organic mattet—humus
material—of whatever kind. Such as furnish carbonaceous mat-
ter mainly have their places as agents in the changes which must
be effected in the soil that it may be fruitful ; such as belong to
the nitrogenous group are peculiarly valuable, and should be
sought for and husbanded most carefully.

The least fertile of the virgin soils of which analyses have
been given in this Bulletin have a large supply of plant food
elements, either in available form or in such condition that good
management may render them available. The totals of mineral
(ash ingredients) of plant food are stated. Nitrogen, as such, is
not stated in the analyses. As to the probable amount of total
nitrogen in the soil proper we are obliged to content ourselves
with somewhat indefinite averages. Krocker, cited by Storer,
observed that cultivated soils rarely contain less than one-tenth
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of one per cent of nitrogen in the surface foot. King states the
average of thirty analyses of arable and grass soils in Great
Britain, Illinois prairie soils, and rich soils of Russia, as high as
.21g per cent. If we assume, as appears justified by the results
of the work of competent investigators, that the surface foot of
a virgin soil of moderate fertility contains about one-half of the
total nitrogen contained to a depth of four feet, we are still more
impressed with the importance of this essential element, which
is in almost all cases relatively less abundant in the soils than
any other element of plant food, and which as we have already
seen is the most easily lost under bad management. Certain
investigations conducted upon the Station farm, for details of
which the reader is referred to the statement in the latter part of
this Bulletin, may authorize the following estimates :

The soil No 15 (Dyer county) containing 4.373 % volatile mat-
ter, 1.626% humus, probably contained .095% nitrogen. In the
surface foot per acre (this particular soil weighing 94.6 lbs. per
cubic foot), there are probably 3,931 pounds of nitrogen. TUnder
the most favorable conditions of temperature and moisture, and
these favorable conditions subsisting for ten months of the year,
it is possible that as much as four per cent of the total nitrogen
may be converted into nitric acid and nitrates. That is, in this
Dyer county soil, as we found it, there was promise of some-
where about 157 pounds of available nitrogen per acre in the
surface foot of soil, and possibly half as much more in the
next thgee feet of earth below, available for plants under best
methods of cultivation. If there be to the full depth of the
surface four feet, 157 plus 78, 235 pounds, of nitrogen in availa-
ble form, there is apparently a superabundant supply, enough for
three crops of cotton of one bale per acre. But, as stated on
page 113, the losses of nitrogen by drainage are from one-half to
four-fifths of the same element utilized by the plants. If the
processes by which inert nitrogen compounds are made available
as plant food could in any way be made to cease their activity,
then absolute sterility might come to these fertile soils in less
than three years. ‘That such a dire calamity does not come so
quickly is because of the fact above stated, that of the total soil
nitrogen but four per cent under best conditions (and under pre-
vailing methods probably less than two per cent), is annually
converted into available form. If our cotton growing readers
will recall the history of any one of their fields, they will find



127

proof of all these things, and can better understand why lands
that once produced a bale per acre are yielding at the rate of a
bale to three acres.

Humus, from which is formed the humates (see page 36), is
of very complex composition, because of the many different
organic compounds from which it is derived. It is therefore of
great importance that the character of humus material shall be
understood as clearly as possible. To Harry Snyder (Journal -of
the American Society, September, 1897), we are indebted for ex-
ceedingly valuable data on this subject.

From humus prepared by mixing a variety of materials with
soil, the mixtures placed in tight boxes and allowed to undergo
humus formation for one year out of doors, Mr. Snyder obtained
precipitates containing from 5 to 12 per cent of ash, with the
following ultimate composition on an ash free basis:

HUMUS PRODUCED BY

Cow Green Meat Wheat Oat Saw Sugar
Manure  Clover Scraps Flour Straw Dust per
per cent. per cent. per cevnt. per cent. per cent. per cent. cent.
Carbon 41.95 5422 45.77 51.02 54.30 49.28 57.84
Hydrogen 6.26 3.40 430 3.82 2.48 3.33 3.04
Nitrogen 6.16 8.24 10.96 5.02 2.50 0.32 0.08
Oxygen 45.65 34.14 35.97 40.04 40.72 47.07 39.04

‘“I'he differences here shown are noticeable. There is nota
general similarity in composition between the humus pro-
duced by any two of the materials.”” ‘“The nitrogen content
ranges from about one-tenth of one per cent in sugar humus”
(the nitrogen in this derived wholly from the nitrogen present in
the soil of the mixture), “to nearly eleven per cent in the meat
scraps humus.”

Mr. Snyder determined the average composition of the ash from
cight samples of precipitated humus as follows :

Insoluble matter (HC) . . . . . . . . . . . .« v oo o .. 61.97
Potash K,O .. . . . . . . . o . o v v v v e 7.50
Soda, Na,O. . . . . . v v v o e e e e e e e e e 8.13
Time, Ca O. . . . . . . . o L L e o e e e e e s e e 0.09
Magnesia, MgO . . . . . . . ..o L0 ... . 036
Alnmina, AL,Os .. v o L 0 L Lo o e e s s s e e e e 3.48
Ferric Oxide, Fe, O, . . . . . . . . . . . .. o 0L 3.12
Phosphoric acid, P,O, . . . . . . . . L. oL o000 12.37
Sulphuricacid,80; .. . . . . . .. L0000l o 0.98

Carbon dioxide, CO, . . . .« o v L L L L e e e e e e 1.64
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In order to obtain data upon the question, does the humus
combine with the mineral matter of the soil to form compounds
known as humates, by careful manipulation and analysis
these results were obtained:

Humic Humic
Phos. Acid, Potash,
grams grams
Cow manure humus

Original soil and manure . . . . . . . . . R 1 V/ 1.06

Final humus product . . . . . . . . . . . . .. .. 1.62 1.27
Green clover humus

Original soiland clover . . . . . . . . . . . . . .. 3.21 5.26

Final humus product . . . . . . . . . . . . .. .. 3.74 4,93
Meat scraps humus

Original soil and meat scraps . . . . . . . . . . .. 1.07 0.25

Final humus product. . . . . . . . . . . .. ... 1.18 0.36
Saw dust humus

Original soiland saw dust . . . . . . . . . .+ .. 085 0.67

Final humus product. . . . . . . . . . . . ... . 078 0,70
Oat straw humus

Original soil and straw e e e 1.02 2.42

Final humus product . . . . . . . . . . . . . ... 103 2.41

“Some of the nitrogenous compounds seem to have a greater
power of combining than the non-nitrogenous compounds. There
is also a great difference in soils: some combine with the humus
materials more readily than others.” Concluding that it would
be impossible to assign, from the analyses cited in his paper, any
formulas for humus, Mr. Snyder nevertheless considers that its
agricultural value is proportionate to its nitrogen content.

Although their decay upon or in the soil furnishes little nitro-
gen, no farmer can afford to burn the straw of his wheat or oats,
the stubble of corn or other crops, if possible toavoid such waste.
‘The carbonaceous matters have their value, and under certain
conditions a very great value. There should be great hesitation
before resorting to the too common method of clearing the fields by
burning things “out of the way.” On the other hand, every
man should take thought for means of adding to the material for
humus making, and endeavor to increase the store of such kinds
of material as will most certainly and quickly be converted into
active helping in soil feeding and soil fattening. This part of the
work cannot be neglected, no matter how fertile nor how durable
the lands. It is necessary upon the strongest limestone-clay lands,
and is of the highest importance in the management of the
silicious loams of West Tennessee.
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CuAs. F. VANDERFORD,
Secretary Agl. Exp. Sta., Knoxville, Tenn. :

I send you herewith a statement of the mechanical analyses
of the subsoils from Tennessee, sent to this Division by the
Experiment Station. 1 understand that the samples as sent to
me were the “fine earth” remaining after all the chert and gravel
had been removed, and I am not informed as to how much of this
chert and gravel were contained in the original samples* This
should be known for any intelligent discussion of the mechanical
analyses, and in the absence of this information I can only dis-
cuss in a tentative way the peculiarities of the “fine earth” as
shown from the mechanical analyses.

In the first place I should arrange these samples into two dis-
tinct groups, because I think you have essentially two different
problems to deal with in the improvement of these lands. In the
first group I have included all of the samples having less than 45
per cent of silt. In the second group I have included all of the
samples having over 45 per cent of silt unless it is accompanied
with a high percentage of clay, as in sample 718, which has 48.45
per cent of silt but has likewise 26.09 per cent of clay, which
will offset in my judgment the large percentage of silt.

My experience has been that a soil having a large percentage of
silt, say from 50 to 60 or 65 per cent., with a small percentage of
clay, is very liable to deteriorate, becomes exhausted and worn out
readily, and when so exhausted is one of the most difficult classes
of soils to improve. A soil containing 6o per cent of silt and
15 per cent of clay may be very productive and yield good crops
under judicious methods of cultivation, but it will not stand hard
farming nor will it stand any neglect or ill treatment. A soil, on
the other hand, like our Trenton limestone, with 15 per cent. of
silt and 60 per cent. of clay, will stand almost any amount of
hard farming, and neglect and injudicious methods of cultivation
will not permanently injure the land. These landsalways respond
very readily to improved methods of cultivation.

Instances of these facts are not hard to find. The soils of the
Fastern Shore of Maryland were from all accounts as productive
as any in the State while they were kept up by the old planters
before the war. With the changed conditions and the lack of capi-
tal and ready money to spend on farm improvements and on

*The samples sent to Mr. Whitney were those taken from the locations as described,
the original bags forwarded precisely as marked and tied when filled. C. F. V.
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thorough methods of cultivation, many of these once fertile lands
are now turned out as barren wastes, and it will be difficult
indeed to reclaim them. Some of the most refractory soils of the
Eastern Shore are what are termed the “white oak lands.” ‘The
subsoil of these lands is a tenacious white clay, almost impervious
to water and being affected very seriously by extremes of wet and
dry seasons. ‘This material comports itself like a true clay and
is heavy to work and nearly impervious to water, but a mechau-
tical analysis shows that it contains very little clay, frequently
not over 10 per cent., while it has a very large percentage of silt,
ranging often from 6o to 70 per cent. ‘These soils are much more
difficult to improve than true clay soils in the same impervious
condition would be. ‘This may be due to the fact that the silt
grains are relatively so large that when they become displaced it
is very difficult to re-arrange them, as the forces within the soil are
relatively small compared with the size of the grains. Clay par-
ticles, however, are so extremely small, their weight is so little com-
pared with their surface area, that the forces within the soil
tending to arrange or re-arrange the grains are relatively great in
proportion to the dimensions of the grains of clay.

My experience has not shown that there are many of these soils
in the Eastern States, soils depending upon a high percentage of
silt for their water holdiug capacity rather than upon the amount
of clay they contain, but they seem to be very prevalent in the
Western States. I have examined about twenty-five samples from
different parts of Illinois, supposed to represent the principal soil
formations in that State, and most of these contain high percent-
ages of silt. One portion of the State is covered with what is
called “white clay’ which proves very refractory and is fre-
quently almost impervious to water. These were shown by the
mechanical analysis to be composed mainly of silt and to contain
very little clay. As a rule this so-called impervious “white clay”
contains 60 or 65 per cent. of silt and not over 12 per cent of
clay.

In Nebraska also some of the most impervious soils are these
silty soils having from 60 to 70 per cent of silt and not over 8 or
10 per cent of clay. My experience has been that this class of
soils require the greatest amount of care and intelligent cultiva-
tion to maintain their fertility, and they are the most difficult of
all to improve when they have once been allowed to run down.

The general tendency in the deterioration of these soils is for



131

them to become close and too retentive of moisture. Clay soils,
on the other hand, are very liable to become too loamy and leachy
and too little retentive of moisture.

You will see that the loess, the orange sand, the barrens and
the flat-woods or Paris clays belong to this class of soils, having
high percentages of silt and relatively small percentages of clay.
The sandy cretaceous has a high percentage of silt, but it also
has a large percentage of fine silt and clay which would probably
offset the large percentage of silt. The Nashville limestone of
Maury county has rather a large percentage of silt, but it like-
wise has a high percentage of fine silt and a moderate amount of
clay, and the same may be said of the St. Louis limestone from
Robertson county. .It seems to me that this large percentage of
silt gives the character to the first six samples of the second
group and that the deterioration of these lands and the present
unproductive condition of some of them all point to this same
cause. Any intelligent improvement of these soils should be
based upon this fact, that you have silt grains to re-arrange rather
than grains of clay.

We find, as a rule, that soils having less than 40 or 45 per cent
of silt and a moderate amount of clay will maintain conditions of
moisture for the crops nearly in direct proportion to the amount
of clay they contain. In some cases the clay is so arranged that
it is more or less effective in its relation to the supply of moisture,
but as a rule, under the conditions prevailing in the Atlantic
States, the amount of clay determines the relation of these soils
to moisture and the class of crops to which they are best adapted.
Applying this rule to the examination of the soils in the first
group of these Tennessee samples, I should say, without allowing
for the amount of gravel and chert which has been removed from
them and of which I know nothing, that the soils have an agri-
cultural value about in the relative rank in which they are
arranged in the table. The amount of chert will make a very
material difference, but from the composition of this fine earth
and considering this alone, I should conclude that they had the
relative agricultural value shown by their position in the table.

The sample of Knox sandstone from Greene county is a typical
soil for the bright tobacco, and the texture is almost identical with
the bright tobacco soils of North Carolina and with the early
truck lands of the Atlantic coast. This is too light in texture,
and would probably be too little retentive of moisture with such
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a.low content of clay and of silt, to adapt the soil to wheat or
grass, and I should say that it was very poorly adapted to these
crops, but very well adapted to bright cigarette tobacco and to
truck crops. The two samples of Knox dolomite are shown to
have very nearly the same mechanical composition, the amount
of clay ranging about 24 per cent. Soils of this character
in Maryland make moderately good wheat lands, but they
are not considered the best we have by any means. 'The sample of
the sandstone and conglomerate from Grundy county has rather
more clay, and if it has not an excessive amount of chert I
should judge that it would make a very productive soil. ‘T'his is
rather below the grade of our grass lands in Maryland, and I
should not think the soil would be well adapted to that crop, but
I should think it would be very well adapted to wheat and corn
if this sample of fine earth truly represents the original material.
The samples of the St. Louis limestone, the Knox shales, and
the Lenoir limestone, contain much larger percentages of clay,
and I should think these soils have such a texture as to form an
excellent basis for fertile and substantial grass lands. I should
say, from the mechanical analyses, and provided these samples of
fine earth represent the original material, that these three soils
were the strongest and best agricultural lands of any on the list.

If experience shows that these soils of the first group are
materially out of place in the arrangement they have in the table,
then a further examination should be made of the soils in place,
for the departure of the agricultural value from its relative place
in the group would indicate the trouble with the soil and would
suggest the changes which should be made to make the soil
productive. Their natural capacity should conform to the
arrangement that I have indicated, and when they are all under
the best possible condition, they would probably have this com-
parative value. As thus arranged, they are not all equally well
adapted to the same class of crops, and the greatest stuccess will
come from the recognition of the conditions which they already
maintain and of the peculiar adaptation of these conditions to
certain crops. These soils should be applied to the specific class
of crops to which they are each best adapted.

Very respectfully,
MirroNn WHITNEY,
Chief of Division.
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Upon the Station farm a small field, 3.14 acres, was plowed and
subsoiled to a uniform depth of fourteen inches. This field was
divided into four plats, each 845 feet long by 40 feet wide. Plats
I and 2 were to all appearance alike from end to end. Plats 3
and 4 lie along the east side of the slope of the ridge, and these
two were, at the beginning of the experiment, like one to the
other so far ascould be judged from indications on the surface
and to the depth stirred by the plow and subsociler. The entire
field had been several years in mixed grasses and was covered by
a somewhat thin coat of the stubble of annual plants and
scattered tufts of perennials. Plats 1 and 2 embraced the better
land, the soil in better physical condition, requiring much’ less
effort by the plow team than the stiffer lands of plats 3 and 4.
The soil is derived from the same series of dolomite strata as the
lands represented by type No. 2 described in this Bulletin, ‘The
history of this field is not definitely known, but at the outsetof
this particular series of experiments was considered to be a fairly
well-kept bit of land. During the fall and winter of 1895 there
was hauled from the cow-barn as fast as it was made, and scat-
tered as evenly as possible, 16,000 pounds of manure upon plat
No. 1; 4,000 pounds on plat No. 2. This manure was turned
under to an average depth of four inches. Upon the surface of
the plowed land were then applied broadcast: plat No. 1, 200
pounds acid phosphate, guaranteed 14 per cent. total phosphoric
acid, with 100 pounds muriate of potash; plat No. 2, 400 pounds
fine ground raw phosphate from the Southwestern Phosphate Co.,
of Nashville, Tenn., said to contain *28.5 per cent total phosphoric
acid, with 100 pounds muriate of potash ; plat 3, 100 pounds acid
phosphate, with 200 pounds of muriate of potash; plat 4, 200
pounds acid phosphate, with 200 pounds muriate of potash. The
entire field was planted April 23rd,1896,and the various operations
of cultivation were precisely the same on all the plats, begun and
finished on the same day each time. The yield was: on plat 1,
82.35 bushels of shelled corn per acre; on plat 2, 61.21 bushels;

* Of this total, 3.2 per cent ‘*available.”
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on plat 3, 42.39 bushels ; and on plat 4, 34.75 bushels. When the
crop was gathered, the stalks cut down, and the land plowed
ready for seeding in the spring of 1897, the surface appearances
of the whole field were so nearly alike as to prompt our visitors
to say that such marked differences of yield were almost in-
credible. As a part of the work the Station is steadily pursuing,
samples of soil of these same plats were taken on the 20th of
March, 1897, before there was anything done upon the land,
which had been plowed some weeks earlier. When these samples
were taken the surface was bare except for a few scattered frag-
ments of corn stalks, the soil compacted by rains but in good
condition for working. The soil samples were taken to a uniform
depth of eight inches, and from five different places in each plat,
S0 as to get as nearly as possible accurate representations of the
soil of the four plats.

The official methods of analysis of 18g6-'97 were followed.
For determinations of assimilable phosphoric acid and potash the
method of Dyer was used. This work wasdone by C. A. Mooers,
Assistant Chemist. Certain figures from the analysis No. 2 on
page 45 of this Bulletin are given for comparison.

Virgin

Insoluble Residue and sol. Soil. Plat1l. Plat2. Plat3. Plat4

silica. . . . . ... . 85.675 84.18 83.32 78.41 80.52
K,O. . ... ...... 0.180 0.27 0.32 0.47  0.38
Na,O0. . . .. e 0.114 0.17 0.20 0.25 0.23
CaO. . . .. ... ... 0.060 0.11 0.10 0.11 011
Al,Fe,O5 . o o . ... .. 7.318 8.41 9.97 12.67 11.47
POy v v o oot 0.074 0.054  0.070  0.062 0.057
Volatile matter . ... . . 3.900 4.84 5.00 5.56 515

Humus. . . . .. .. 1.490 2.90 2.99 3.61 313

Nitrogen . . . . . . . . .. .. .. 0.129 0.114 0.113 0.092

P,0; sol.in 19, citricacid(Dyer’s method) 0.0137  0.0122  0.0065 0.0059
K20 sol. in 19, citric acid (Dyer’s method) 0.0204 0.0158 0.0160 0.0138

The entire field was planted to Soja beans and cow peas in
1897. These crops were very luxuriant, but, for controlling rea-
souns, could not be weighed with accuracy. No further applica-
tions of fertilizers were made. The land will be planted in corn
in 1898 ; no fertilizers are to be used. The resulting crop will be
weighed. We can then estimate the residual value of the fertili-
zers as shown by the analyses above, modified by the growing of
cow peas and Soja beans and three different methods of dispos-
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ing of these crops. The plats are large enough to present results
easily ascertained and of such marked character as -to be readily
uncerstood and appreciated by any observant visitor to the Sta-
tion farm.

From the analyses above and the statements preceding, it is
shown that farm manure has a direct value because of its con-
stituents ; another item of value because of the readiness with
which the resulting humus enters into the formation of humates.
Farm manure has still another value, which was recognized
throughout the season of growth, namely, the better condition of
the soil as to moisture content throughout the dryer season of
midsummer. Note also that, on plat 1 of the field we found, at
the date of taking the soil samples, of the total phosphoric acid
in the upper eight inches 25.3 per cent, and of the total potash
7.55 per cent was in assimilable form. In plat 2, 17.4 per cent
of the phosphoric acid and 4.94 per cent of the potash were
found assimilable. In plat 3, only 10.5 per cent of the phosphoric
acid and 3.40 per cent of the potash ; in plat 4, 10.3 per cent of the
phosphosic acid and 3.63 per cent of the potash, were found
assimilable. Dyer concludes that when as little as o0.01 per cent
of phosphoric acid is dissolved from a soil by his method, itis
justifiable to assume that it stands in immediate need of phos-
phatic manures. Upon plats 3 and 4 were found less than
0.01 per cent. No phospate manures have been applied since,
nor will any be used for the crop of 1898. We shall examine the
soils of these four plats in the same manner as in 1896, plant corn
thereon, and again be prepared to compare the determinations of
the chemist with the weighed results of the crop.

The account of this particular experiment is given here because,
to those of usatleast who know all the conditions, the figures
obtained by chemical analysis in a very remarkable way confirm
and give reasons for the results evidenced by the crops while
growing and when weighed after harvest. The analyses show
the “ capital on hand” when the field was planted to beans and
peas in 1897. We shall endeavor to determine by chemical ana-
lysis whether or not the supply of available plant food for the
proposed crop of 1898 has been increased or diminished by the
growing of cow peas, etc., and, later on, try to ascertain as definitely
as may be, by the test of crop results, the better methods for
disposing of cow peas and other leguminous plants as enrichers
" of the soil.
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We have tried, in a simple and direct way, to state facts, and
have ventured such suggestions only as are plainly justified by
the chemical and physical analyses of the principal type soils of
the State and the experiences of our best farmers.

We regard it as beyond dispute that on four-fifths of our farm
lands the use of commercial fertilizers, or fertilizer materials, must
come more and more into practice. ‘The making, saving, and use
of farm manures, the growing of crops specially planted for the
purpose of adding to the humus supply, the careful husbanding
of all materials which may be incorporated into the soil to aid in
chemical, physical, and biological changes which must be actively
persistent if fertility is to be maintained, are acknowledged neces-
sary things. Just how each man is to do best, can be determined
by experiment upon his own land, under his own conditions—mnot
in hap-hazard fashion, with guesses at results, but according to
definite plans, carefully set on foot, carefully conducted through-
out, and carefully recorded ““from start to finish.”

A record of any farm experiment should contain the following
data:

1. 'The nature of the soil and sub-soil; this based upon exam-
ination of the land in as many places as possible, to the depth of
twenty-four inches at least.

2. Crop previously cultivated ; how the land was prepared for
such previous crop; quantity and kind of manure used, if any;
and the character of resulting yield.

3. Manner of preparation of soil for the experiment crop.
4. 'The kind and quantity of fertilizer applied; when, and how.

5. Date of planting, and how it was done.

6. Date the stand was secured; condition and appearance of
plants at various stages of growth.

7. Methods of cultivation ; date of each working.

8. Memoranda of weather conditions from seed time to hatvest
with special notes of excessive rainfall or of drought, and their
effect on the plants.

9. Memoranda of injuries by insects, blight, rust, etc., with
dates.

ro. Final results, stating actual weights and measures.
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