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PREFACE.

HE attempt lias been made in this volume to
give a brief statement of the elementary
principles and chief facts on the subjects of which
it treats. Chapters one to eighf, and twenty,
twenty-one and twenty-two were prepared by Mr.
Morrow; the others by Mr. Hunt.

The authors have drawn freely from many
sources, both for matter and illustrations, and can
only acknowledge in this general way their indebt-
edness to many sources of information.

In the preparation of the chapters on Soils,
Warington’s <Chemistry of the Farm” was found
especially helpful, and for the chapters on Cereals
especial indebtedness is acknowledged to the ex-
haustive monograph on cereals by Prof. W. H.
Brewer, in the Reports of the Tenth Census.
Dr. W C. Stubbs kindly revised manuseript of
chapter on Sugar Plants and Prof. 5. M. Tracy
that on Cotton.

JANUARY, 1892,
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THE SOILS AND CROPS OF THE FARM.

CHAPTER I
PLANT FOOD AND GROWTH.

Plants live and grow. Growth comes from food,
Plant food must come from, or through, the soil or
air, or both. Plants cannot move about to seek food.
They do not have mouths like those of animals. They
cannot take in solid substances. Their food must be
brought into contact with them and be either liquid
or gaseous in form.

Finding out of what a plant is composed will
help to an understanding of how and from whence it
gets its food.

Water 1s found in any living plant in larger
quantity than is any other substance. Generally
there is a greater quantity of water in a living plant
than of all other substances. This is true of all farm
crops while they are growing. Turnips or pump-
kins have more than nine-tenths of their weight
made up of water. There is less solid matter in
such vegetables than in milk. The percentage of
water in farm crops is much lessened when they have
been harvested and are ready for use, but there is
rarely less than ten per cent of water in either the
grain, stalk or leaf of farm crops when called thor-
oughly dry. To drive off all the water from a plant
it must be exposed to a high temperature for many

hours.
21
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THE SOILS AND CROPS OF THE FARM.

Burning a plant causes it to divide into two
classes of substances; those which pass into the air
as gas or vapor, and those which remain asash. The
first may be called the combustible; the second the
incombustible or mineral part of the plant.

If the burning has been thoroughly done, the ash
will be found to be but a small part of the plant,
either in bulk or weight; generally not more than five
per cent, orone part in twenty of the total dry mat-
ter. The parts of the plant differ much in the per-
centage of ash or mineral matter. The leaves have
most; the stems next, and the seeds least.

Plants obtain from the soil, by means of their
roots, all the mineral or ash matter found in them.
The soil also furnishes most of the water they con-
tain. The air furnishes to plants through their leaves
nearly all the matter, except water, which passes off
as gas when the plants are burned.

The soil proper gives to plants but a small part
of their bulk or weight. Several wagon-loads would
be required to remove soil equal to a great tree in
welght or bulk. Had the matter of which the tree is
composed been mainly taken from the soil, the sur-
face would have been lowered so that the tree would
have stood in a hole. Instead of this the surface of
the soil about a large tree is often above the general
level. Ifthoroughly burned all the wood inthe tree
would leave but a comparatively small quantity of ash.

Chemical Elements in Plants. - The chem.
ical elements usually found in plants are thirteen
in number—three gases and ten solids. Of these,
ten—three gases and seven solids—are essential
to the life and growth of plants. The other three
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substances are not believed to be absolutely es-
sential, but are almost always found in plants and
probably serve important purposes. These substances
are:

GASES.
Oxygen. Nitrogen. Hydrogen.
SOLIDS.
Carbon. Magnesium.
Sulphur. Iron.
Phosphorus.
Potassium. Sodium.

Caleium or Lime. Silicon.
Chlorine.

The first five named elements compose the com-
bustible parts of plants—that is, these elements pass
off into the air as gases when the plant is burned.
The five next named are essential ash or mineral ele-
ments—as is also sulphur, a part of the sulphur in
the plant remaining as ash when the plant is burned.
The three elements last named are those not consid-
ered essential to plant growth. Inthe case of some
plants, one or more other chemical elements may be
found in very small quantity.

Oxygen and hydrogen, -chemically united so as
to form water, make up the largest part of any living
plant. They also, in different combinations, make
up perhaps forty per cent of the dry matter. Nearly
or quite one-half the dry matter is carbon. Nitrogen
sometimes makes as much as four per cent of the dry
matter, but generally not nearly so much. No other
element is in nearly so large supply, and the percent-
age of some is very small. There may be less than
one pound of iron in the hay grown on an acre of
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good soil, but without this very small guantity the
grass could not have grown.

The Structure of Plants.  Plants are made
up of bags or sacks called cells, usually so small as
to be seen only when magnified. These cells contain
a soft, whitish substance named protoplasm, of which
we know but little, but which a great scientist has.
called “the physical basis of life.” This is enclosed
in a “cell wall.”” The cells differ much in form.
They may be round or long, soft or hard. Tubes or
vessels are formed in the plant by rows of cells.
There are many cells in each plant of the kinds
grown by farmers, but there are plants each of
which has but one cell.

Most plants with which farmers have to do have
roots, stems, leaves, and flowers, producing seeds.

The roots of plants vary much in form. The
long, thick tap root of a clover plant is much unlike
the thread-like roots of most grasses. The tap root
has many small branches which serve important pur-
poses but may scarcely be noticed. The fibrous or
hair-like grass roots have a “body” to which they are
attached, but this may be so short and small as not to
be noticed.

Roots of plants have four important purposes,
They absorb plant food from the soil. They often
act upon the solid matter of the soil and prepare it to
be absorbed. In many cases they store up nourish-
ment for the plant and hold it for future use.  They
support and hold the plant in its place,

The absorption of water and of the substances
dissolved and held in solution by itis one of the most

important purposes served by roots, All the ash in-
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gredients are taken up in solution, almost always in
a very weak solution. Roots also have the power of
dissolving some solid substances in the soil, such as
potash or phosphorus, and then absorbing them. This
action probably depends upon the acid sap in the
roots. Roots take up oxygen gas and also nitrogen,
when this is found in certain chemical combinations.

The power of absorption by roots is believed to
be confined to a small space nearly at their tips; the
extreme tip being covered with a “root cap” of solid
dead matter. The large part of the roots have im-
portant uses, but not as food gatherers.

The stem and its branches connect the roots and
leaves, carrying the water and dissolved solids taken
up by the roots to the leaves.

The leaves are often called the lungs of plants.
Their action in relation to air is not, however, the
same as that of animals in breathing, either in man-
ner or effect. Animals inspire the air and give it
back charged with carbonic acid. Plants do the same
to a considerable extent. But plants also have an-
other and most important power, entirely unlike any-
thing possessed by animals. The leaves especially
have the power of taking in carbonic acid and other
gases from the air. The carbonic acid is decomposed,
the oxygen given back to the air, the carbon being re-
tained and used by the plant. Starch is first formed
from the carbon and water. This i1s changed
into sugar, which is carried in the sap to different
parts of the plant and used to build them up. It is
hard to understand just how this is done, but it is
probably the most simple of the several processes
necessary to the building up of the plant which are
carried on by means of the leaves.
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Plants can exercise this power of assimilating car-
bon from the air only in the light, while what we may
properly call the breathing of plants goes on continu-
ously. They take in and use much more carbon
than they give off. They thus make the air more
suitable to be breathed by animals, earbonic acid in
any considerable quantity in the air being injurious
to animal life. The breathing of animals, the burn-
ing or slow decay of vegetable or animal matter, in-
creases the supply cf carbonic acid in the air, thus
better fitting it for the use of plants.

Leaves are believed to. absorbsome water, especial-
ly in times of drouth, when the soil supplies less than
the plant needs. They also absorb some nitrogen in
the form of ammonia. They give off verylarge quan-
tities of water, chisfly throuzh small openings oa their
under sides. These openings are called stomata. Al-
though the shading of the surface by plants tends to
decrease the evaporation of water from the soil, the
leaves give off so much water that the soil is usu-
ally drier when covered with a growing ecrop thaa
when it is free from vezetation. The evaporation of
water from the leaves greatly aids the upward flow of
the sap.

Much of the work of the leaves is dependent on
aunlight, and much of 1t is done by means of the gresn
coloring matter of the leaves, called chlorophyll

The production of flowers and seeds is not essen-
tial to the growth of theindividual plant. The seads
may be useful to man in many ways and may bo nec-
essary for a future supply of plants, but not to the
growthand health of the plant producing them. In
many plants maturing the seed is accompanied or fol-
lowed by the death of the plant.
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The seeds each contain a very small plant called
the germ or embryo; also a quantity of plant food,
enclosed in a coat or outer covering. The germ or
little plant is readily examined in such seeds as corn or
peas, if these are soaked in water until they begin to
swell.

The matter surrounding the germ contains all
the food needed to support the little plant when it
commences to grow, except oxygen and water. The
principal content of most seeds is starch; of some, as
flax, fat. There is also nitrogenous or albuminous
matter, and all the ash ingredients needed by the plant.
The young plant is fed and nourished by the food
stored up in the seed much as the embryo chick is
nourished by the store of food in the egg.

Germination and Growth.—-Germination of
the plant; or growth of the germ in the seed,
commences when there is a suitable temperature
and a suffiecient supply of moisture and oxygen.
Warmth, moisture and air, or oxygen from the air,
are essential to the growth of any plant.  These sup-
plied the growth of any perfect seed will certainly
commence. Under like conditions the growth of the
“eye” or bud in a potato or other tuber will com-
mence,

The seed first swells; the solid matter becomes
goluble; the starch or fatis changed into a form of
sugar; the germ sends out a root called the ‘radicle,”
and the leaf called the ‘“plumule.” If the seed is sur-
rounded by soil in suitable condition the radicle soon
begins to absorb food from the soil. The plumule ex-
tends upward until it reaches the surface, when the
leaves more fully develop and begin their work.
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The degree of heat necessary varies much with dif-
ferent plants. Some seeds will start growth at a tem-
perature but little above the freezing point; others
may need 60 deg. F. The quantity of moisture nec-
essary also varies considerably. There may be
enough to cause the growth to commence but not
enough to continue it.  If the seed is deeply buried,
the food supply contained in it may be exhausted be-
fore the plumule reaches the surface. Usually there
is no good reason for covering seeds more deeply than
is sufficient to secure the needed supply of mcisture,
Deep covering of small seedsespecially, is not desira-
ble.

The order of growth and development of most
plants is much the same, with variations depending
npon whether they are annuals; that is, plauts like
corn or wheat, which complete their growth and die
within a year; biennials, which live two years, produe-
ing seeds only the second year, or perennials, which
live several or many years, sometimes producing seeds
each year and sometimes only rarely.

In each class there is first a considerable growth
of both roots and leaves. ~ With annual plants there
is next a rapid growth of the seed stalk; then bloom-
ing and the production of seed. With biennial plants
there is a storing up of plant food in the roots, stems,
thick leaves or tubers, near the close of the first year’s
growth. The second year a seed stalk is produced,
bearing sead largely made up from the food stored up
the first year. Beets and cabbages are good illustra-
tions of this class of plants.

In the young plants the roots furnish a larger
percentage of food tban after growth is further ad-
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vanced. In the later stages of growth comparative-
ly little is received from the soil, but so long as the
plant remains green it continues to absorb carbon
from the air and to produce starch, sugar, and other
compounds. The dry matter in the corn plant may
more than double in weight after it has reached its
full height.

Much of the material stored up in the matured
seed has been taken from the roots, stalks and leaves,
in the case of annual as well as biennial plants. There
is valuable food for animals in the stalks and leaves
of fully matured plants—notably in the grasses and
clovers—but much less than before the seeds have ma-
tured. The food is not lost, but transferred from
other parts of the plant to the seed. The production
of seed is the chief purpose of many plants, not only
that they may perpetuate their kind but that they
may be most useful to man.



CHAPTER IL
THE SOIL.

The soil is the upper stratum of the earth; the fine-
ly divided portion of the surface into which plants
send their roots and from which they obtain much of
their food. The sub-soil is that which lies beneath
the surface soil. Sometimes the wordis used to de-
seribe the soil lying below the depth which is usually
cultivated, and sometimes it means a stratum of soil
differing in color, texture or composition from that at
the surface. Examination of different soils shows
that in-some there is much stone or gravel; of others
the greater part is sand of differing degrees of fine-
ness, still others being mainly made up of matter in
very small particles, which we call elay.

In all soil capable of producing crops traces of de-
caying or decayed vegetable matter are found; in
some this matter forms a considerable percentage of
the soil. Most soils may be described as either
sandy or clayey, according as one or the other of these
substances is evidently present in largest percentage.
If there is more than 90 per cent. of either, the
surface is spoken of, not as soil, but as sand or
clay.

If there 1s a nearly equal division the soil is best
described as loam—or as sandy loam or clayey loam,
if one or the other ingredient is in somewhat larger
supply than the other. If stonesor gravel are present
in large amount, the soil is called stony or gravelly,
without regard to whether it is otherwise clay or sand.

30
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o, if lime is present in an unusually large amount,
the soil may be spoken of as limey or calcareous.

The decayed vegetable matter in soils is called hu-
mus. If this is in large supply the soil is called peat,
swamp muck, or more rarely, vegetable mold.

Formation and Distribution of Seils.—
All the mineral matter in soil was once solid rock.
The breaking up or disintegration of rocks and the
addition of vegetable matter has formed the soil as
it now exists. Not only are fragments of rock found
in many soils by even careless inspection; not ouly
does chemical analysis show that soil is composed of
the same elements as those which are found in rozks,
but the process of soil formation may be seen and
studied in many places. It is said that in less than
100 years lava rock thrown from voleanoes, in such
quantity as to thickly cover the mountain sides or the
valleys below, has been changed into fertile soil.

Air and water have been the chief agents in soil
formation; not pure air and pure water, but air and
water as they are ordinarily found 1n nature. In
the air there i3 always a very small percentage of car-
bonic acid. This is dissolved in or absorbed by
water and hasa powerful effect in causing rocks to
disintegrate into sand or clay. It works slowly but
surely. The oxygen of the air also unites with the
iron or manganese compounds in the rocks, thus hast-
ening the breaking up of therocks.

Water has even a greater influence on rocks than
has the air. Pure water has a considerable power of
dissolving mineral compounds. This power ismuch
greater when the water contains carbonic acid. The
_freezing of water aids greatly in this work. Water
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expands as it freezes and exerts a great force in so
doing. When water which has collected in eracks or
low places on the surface of rocks freezes it may split
off a great mass from the mountain side or atiny frag-
ment from a grain of sand. As freezing and thaw-
ing go on year after year the effect in breaking
up rocks and in pulverizing the soil is very great.
Water and ice in motionhave a preat influence in
the formation and distribution of soils. A little
stream as it flows down a hill-side carries with its
water, especially when swollen by rains, little stones,
sand and earth. As these move they loosen other
stones. A large stream or a great river does the same
work on a vastly larger scale. Streams may change
their course, washing out new channels and carrying
the rocks and soils to be distributed over lower lying
land. The great deltas at the mouths of the Missis-
sippl, the Nile and the Amazon illustrate on a large
scale the kind of work which running water is doing
in moving soil wherever there is a stream. The
worn and rounded pebbles at the brook side, contrast-
ed with sharp-edged, freshly broken rock, show the
power of moving water to wear and pulverize as
well as to carry solid substances.

Glaciers or streams of ice slowly moving down
mountain sides, carry with them masses of stone and
earth, and crush and grind the rocks over which or
past which they move. There is good evidence that
in past ages glaciers have donemuch work in many
parts of the earth. Icebergs carry masses of rock and
much earth, and distribute these as they maelt.

With some or all these forces acting continuously
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for many centuries, it can be understood how what
was once solid rock has become as finely divided as
18 the mineral part of the best soils.

It is evident that comparatively a small portion
of the soil of the earth remains where it was when
it was rock. Analysis of some soils shows that
they have the same composition as the rocks which
underlie them. Such soils are usually of only
moderate depths. In most soils, however, there
are fragments of rock different from that found
underlying or in adjacent hills. It needs no argu-
ment to show that the surface soil at the foot
of hills, along the banks of many streams, or
where there was once a lake, has been carried there
by water. Sometimes valleys have been filled to a
great depth and, later, a channel worn through this
filled valley by a river. Soils which remain where
they were formed are called sedentary soils, or soils
in place. Those which have been moved in, or after,
the process of soil formation, are called transported
soils. Those which have been carried by moving
water are called alluvial soils. These usually are in
layers or strata, sometimes differing In the kind of
material, almost always differing noticeably 1in the
fineness of division. Soils which were deposited by
glaciers are called drift. The most noticeable quality
of these is the presence of boulders. Wherever these
large, rounded rocks are found it may safely be de-
cided there has been glacial action in the remote past.
Sometimes drift and alluvial soils are mingled togeth-
er. Drift soils cover much of the United States north
of the 39th. parallel of latitude.
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Vegetable Matter in Soils.—Plants of a low
order, as lichens and mosses, are able to live on rocks
the surface of which has been very slightly acted on
by the air and moisture. These plants have the pow-
er, probably through the agency of the acid sap, of
partly or wholly burying their roots inthe rock, ¢c'ing-
ing so closely to it that it is sometimes necessary to
chip off pieces of the rock to secure specimens of the
plants. Minute furrows are often left in the rock sur-
face after the plants have decayed. The decay of
these plants adds a trifle of vegetable matter to the
mineral elements of the soil, thus fitting for a more
abundant growth or for plants of a higher order. At
Jast there isa considerable supply of humus or decayed
vegotable matter mingled with the mineral matter.
The plants have aided in the work of disintegrating
the rock in several ways, both while living and when
decaying, and the humus they leave in the soil is a
most important element of fertility, being a chief source
of the nitrogen of the soil.

The decayed and decaying vegetable matter in goils
is often spoken of as “organic matter,” and the same
term is applied to animal matter in the soil.

Chemical Composition of Seils. —Asoil cap-
able of sustaining plants must contain all the min-
eral, ash, or incombustible substances found in plants,
for the plants can obtain these from no other source.
It will also contain alumina. Such a soil will also
always contain, in some form, sometimes in several
combinations, each of the elements which pass into
the air when a plant is burned; but as the air is the
source from which the soil obtains these substances,
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the soil proper may be said to be composed of the fol-

lowing substances:
Phosphorus—(Phosphor-  Sodium—(Soda.)

ic acid.) Magnesium—(Magnesia.)
Potassium —(Potash. ) Chlorine.
Lime. Silicon—(Silica. )
Iron —(Oxide of Iron.) Aluminum —(Alumina.)

Sulphur—(Sulphurie acid.)

These substances make up 90 or 95 per cent. of
most fertile soils, the remainder being humus, or de-
cayed vegetable matter. In peaty soils this last may
be a fourth or even a half of the soil, but some fertile
soils.have not more than two or three per cent of hu-
mus. It will be remembered that the mineral or ash
constituents of plants usually constitute not more than
five per cent. of the whole plant. All the substances
named above, except alumina, are always found in
plants, and alumina is always found in good soils.
In one sense it may be said all are essential; hence
equally important. Some, however, are always found
in abundance, while others are frequently in insuffi-
cient supply for the produection of good crops. This
is especially true of phosphoric acid and potash.
Hence these substances are often spoken of as the
most important mineral elements in the soil.

If sand be thought of as silica, and alumina as the
base or foundation of clay, the other element being
silica, it will be evident there is no lack of these two
substances. Lime and iron are found in most soils in
great abundance, so far as their use as plant food is
concerned. The other substances are not found in so
large quantities, but almost any soil contains more of
them than crops need. A like condition is found as
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regards the elements of plant food which pass into the
air when the plant is burned or decays. There is a
oreat abundance of carbon, in the form of carbonio
acid, in the air and in most soils. Oxygen and hydro-
gen as water, and oxygen in combination with many
substances, are usually in abundant supply. Nitrogan,
however, although it forms the larger part of the air,
is often only sparingly found in either the soil or air
in such a state that plants can feed upon it, most
plants being able to make use of nitrogen only when
it is combined with some other element—in such com-
pounds as ammonia and nitric acid. Hence, while no
more essential to plant growth than is oxygen, hy-
drogen or carbon, nitrogen is commonly spoken of as
the most important of the combustible parts of plants.

In discussions concerning manuring or the value of
different artificial manures or commercial fertilizers,
nitrogen, as ammonia or as nitric acid; phosphorus, as
phosphorie acid, and potassium, as potash, are referred
to very much more than any other or than all
other substa ces.

Soils differ much in their fertility, or power
of producing crops. This may be because in one
soil there is a more abundant supply of one or more
of the chemical elements which have been named
as essential to the growth of plants. A soil may, how-
ever, have an abundant supply of each of these ele-
ments, and yet not produce good crops, because some
of them may not be in a condition in which the plants
can use them. This may be because of poor physical
conditions or because the elements of plant food are
in such chemical combinations as to make them muse-
less for the present, at least. Much of the soil is not
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capable of furnishing food to plants. Neither pure
silica nor pure clay can be used as food by plants.

By far the largest part of the substances in the soil
which are capable of being made plant food is not
available for this use at any given time. Probably
not one per cent. of even the most fertile soils is avail-
able plant food. It is fortunate this is the case. In
order that the mineral ingredients of the soil may be
used as food for plants they must be soluble in water
or in weak acid solutions. Were the mass of them
in such condition there would be much waste and loss.
The air, the water, the frost; the action of worms and
burrowing animals; the tillage of the soil by man;the
growth and decay of plants—all these are continually
changing the dormant, unavailable, potential plant
food of the soil into forms in which it may be active or
available in the nourishment of plants. Sometimes
the processes of manufacture of available food go on
faster than the food is used by the crops grown. In
such case the fertility of the soil increases. Some-
times the new supplies of available food are furnished
more slowly than the crops grown and removed by
the farmer make use of such food. In such cases the
land becomes less fertile; tends to become exhausted.

Value of Chemical Amnalysis of Soil.— An
examination of a soil by a chemist will show, with
great exactness, of what it is composed, and the_rela.
tive proportions of the elements. It may show that
there is evidently a too small supply of some essential
ingredient. Or it may show that there is some sub-
stance or.some combination present which will be in-
jurious to plants. In these ways such an examina-
tion may give most valuable suggestions as to manur-
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ing the soil or other methods of improving its fertil-
ity. A chemical analysis, however, will not show with
certainty whether the substances of which the soil is
composed are in condition to be available as plant food.
Often it gives very little help to an understanding of
whether or no the soil 13 in good physical condition.
The chemist is able to state not only the actual and
relative quantity of each element found in the soil but
also the percentage of this which is soluble in water
and soluble in acids. This information helps greatly
in estimating the quantity of each which is probably
in suitable condition to be taken up and used by plants.

Uses of the Soil. —So far as plant growth is con-
cerned the soil has three important uses. It furnish-
es a home for plants. The roots penetrate it and
thus are enabled to hold the plant firmly in place. It
also 1s a store-house of plant food; both of the large,
but relatively small quantity which is available for
immediate use by the plant, and the vastly greater
quantity which is capable of being made available.
It is also a laboratory in which the work of prepara-
tion of available plant food is continually going on.
The soil is not to be thought of as a finished product;
as containing simply a fixed supply of food for plants.
Soil formation is still going on. The forces of nature
are every day making available plant food in the soil
of materials which, heretofore, were unfitted for use
by plants.

Fortunately the farmer can help the soil to be better
for his purpose. He can so treat it that roots may
more readily penetrate it, and more readily. find ac-
cess to 1ts store of available plant fuod, and he can
aid the “weathering” forces of nature in increasing
the supply of such food.



CHAPTER IIL
PHYSICAL PROPERTIES OF SOILS.

Among the most noticeable or important physical
characteristics of soils are weight, color, adhesiveness,
fineness of division, and their relations to heat, to
moisture, to gases, and to dissolved solids. Inregard
to all these, soils differ much, and these differences
have much to do with the differing capabilities of soils
in producing crops. Differences in physical proper-
ties depend largely on the proportion in which sand,
clay, lime, stones, and vegetable matter are combined
in the soil.

Sand is heavy; is usually light colored; the grains
do not stick together. It has little power of attract-
ing moisture from the air, and allows water to run
through it readily. It absorbs and retains heat well.
A soil with much sand in it will be dry and warm;
easy to work; not sticky; will not ‘“bake.” In dry
weather crops on such soils will suffer from lack of
moisture. Soluble plant food willleach through such
a soil.

Clay, or a soil with much eclay, has a fine texture,
and the particles adhere tenaciously. It absorbs
moisture from the air readily, draws water from be-
low by what is known as eapillary power, holds it well.
This tends to make such a soil cool, but it will absorb
heat readily. Itabsorbsand holds ammonia and other
oases readily. If stirred while wet it becomes hard;
often cracks in drying. It differs much in color.
The presence of iron will give a red color. Common-
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ly it is a light yellowish color.  Clay soils usually
have more plant food than sandy ones; they hold
moisture better, and there is less loss of soluble ma-
nures or available plant food by leaching. They are
hard to work, and are often too cold and wet unless
vell drained. They “heave” as the result of freezing
and thawing.

A mixture of sand and clay makes a better soil
than one almost entirely composed of either. The
addition of clay to sand makes it moretenacious; ena-
bles it the better to absorb and hold moisture and
gases; gives it greater capillary power; enables it to
withstand drouth better, and, usually, will make it
cooler. The addition of sand to clay makes it more
easily penetrable by the roots of plants; moreeasy to
work; somewhat warmer;less injured by being worked
when wet; less apt to “heave.”

Humus, or decayed vegetable matter in soils, makes
them light in weight and dark in color; greatly in-
creases their power to absorb moisture from the air
and their capillary power; makes clay soil less
and sandy soil more compact. It will be seen that,
aside from its value as a source of plant food, hu-
mus is important in improving the physical condi-
tion of the soil.  Most soils containing much humus
are fertile, if not too wet.

Lime in soils has a considerable importance aside
from its use as food for plants. It improves the tex-
ture by making clay soils more easily worked and
sandy soils more compact. It hastens the decay of
vegetable matter.

Weight.-—The weight of a cubic foot of dry, loamy
goil may be one hundred pounds, or even more, The
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more sand or gravel the heavier the soil; the more
vegetable matter, the lighter it will be. It is said
some peat soils weigh not more than thirty pounds per
cubic foot. Few soils ordinarily cultivated will weigh
less than seventy-five or eighty pounds per cubio foot.
The soil on an acre, 43,660 square feet, to the depth
of one foot, will weigh rarely less than 3,000,000
pounds and often more than 4,000,000 pouads, or
1,600 to 2,000 wagon-loads of one ton each. It will be
seen that even though only a small percentage of th»
soil 1s ever in condition to be available as plant food,
there may still be an enormous quantity of such food
present in the first few inches of soil —enough t> pro-
duce the largest crops. A sandy soil may have a
greater supply of plant food than a eclay soil, because
of the greater weight, even though it have, as is usu-
ally the case, a smaller perceuntage of such food.

Soils are often spoken of as “light” or “heavy” not
with reference to their actual weight, but to their te-
nacity. Inthis sense a sandy soil is “light” and easily
worked, and a clay soil ‘“heavy,” although lighter in
weight than the sandy soil. A soil with much vegeta-
ble matter will be light in both senses of the word.

Texture.——All soils are porous, that is, have small
open spaces between the solid particles. Into these
the air and water pass, gases are condensed, and ths
roots of plauts penetrate in search for food. A solid
mass of pure plant food would give little nourishment
to a plant. A finely divided soil in which there is a
very small percentage of plant food may produce fair
crops. A large number of small pores is desirable.
Coarse sand has large openings between its graiuns.
A good loam or a well pulverized clay =oil has a multi-
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‘1e1o  f minute pores. The sand can do little in ab-
sor .:ng vi drawing up water or holding it; has little
power tocondense or hold gases and can give little
food to plants.

It is possible to have a soil too finely divided. The
particles of which it is composed may be so closely
compacted that neither air, water, gases, nor the roots
of plants can freely penetrate to the soil. This con-
dition is not a common one, is rarely found except in
compact clay soils Often the most important work
of the farmer in preparing a soil for crops is in pual-
verizing it——crushing clods, reducing the number of
large open spaces and so greatly increasing the number
of minute pores, and the quantity of plant food with
which the roots of plants can come into close contact
and thus be enabled to use.

Prof. James Mills says: *“No matter what the com-
position of a soil may be, it will not produce good
crops unless itis of a proper mechanical texture. It
must be firm enough to give the required support to
the crops growing in it, and yet sufficiently loose to
allow the delicate root fibers to extend freely in all
directions, according to their habit of growth——fine
enough to give capillary power, to hold water, to re-
tain fertilizers, to absorb and retain atmospheric
moisture and ammonia, and yet loose and open enough
to admit air freely down among its particles and to
let the excess of water drain away. In soil of the
right texture water neither lies on the surface nor
soalks very quickly through into the sub-soil. The excess
soon passes away and enough is retained to keep the
soil moist and in a fit condition for the growth of
crops, except in very wet or excessively dry weather.
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Rain water is the great carrier, the distributor, and,
to some extent, the manufacturer, of plant food, and
unless there is a free passage for it through the soil,
the food of plants will not be well prepared, nor will
the stationary plant root be properly fed.”
- Relations of Soil to Water.——All soils have
the power of absorbing and retaining water, but the
extent to which this can be done differs much, depend-
ing on the composition of the soil and its porosity.
A soil with large pores, as coarse sand, allows water
to percolate or run through it readily, retaining little.
Water poured on a soil with many small pores will
permeate it, saturating it thoroughly, and the soil will
hold much of if, unless the pores are very small, in
which case the water may not be able to enter them.

Soils not only have the power to hold some of the
water which passes through them but also the power
of drawing water from below and holding it. This
is known as capillary power. The action of the soil
in this respect is like that of a lamp-wick in drawing
up oil. If the bottom of a tube containing soil is
placed in contact with water, the latter will be drawn
up one, two, three or even more feet owing to the
character and fineness of division of the soil. The
soil will take up so much in this way that if a little
more water is poured into the top of the tube, the
water will begin to run out below. Good soils will
frequently absorb and hold one-half or more of their
own weight of water; some will hold much more than
this. Those with a large pecentage of humus will
hold the largest percentage of water.

Soils also have the power of absorbing moisture or
vapor of water from the air. This is called hygro-
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scopic power. The quantity of water so absorbed is
comparatively small, although in extreme cases it may
be as much as five per cent. A thoroughly dried soil
will absorb moisture from the air if the latter contains
it, but, ordinarily, the soil gives to the air much more
moisture by evaporation than it absorbs from it.
Even when the soil seems perfectly dry it contains
considerable moisture, as may be proved by heating it.
In examinations of a large number of samples of the
loamy prairie soil at the Illinois Agricultural Experi-
ment Station, during times of unusual drouth, the
surface soil, to the depth of six inches, was found to
contain less than ten per cent of water, in only a few
samples; in but a single sample was as little as eight
per cent of water found. The soil at greater depths
contained more than the surface soil in each sample
examined.

When rain falls in time of drouth, the surface soil
becomes saturated. As the rain continues the depth
of saturation increases until rock, impervious clay or
hard-pan is reached, or the water in excess of what
the soil can hold passes down into the sandy or
gravelly sub-soil, or through underground drains. As
the water goes down, carrying with it carbonic acid
and oxygen, it helps decompose the materials of the
soll, making the potash, phosphoric acid, lime, ete.,
soluble and suitable for the use of plants. Some of
this dissolved mineral matter is carried down by the
water. In time of heavy rains there is a loss of plant
food through drains or in the open sub-soil.

After the rain ceases, evaporation commences, with
greater or less rapidity, depending on the temperature
and dryness of the atmosphere. As the surface be-
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comes dry, water begins to ascend, because of the
capillary power of the soil. The water brings with it
some of the soluble plant food in the soil, thus bring-
ing to the surface roots of plants a good supply of
food. The water as it evaporates cannot carry the
dissolved mineral plant food into the air, so that, so
long a3 evaporation goes on, the surface soil accumu-
lates these salts. In regions in which there is little or
no rain there is a considerable accumulation on the
surface. The alkaline plains of our western territo-
ries are a good 1illustration, but the best is found in
the great beds of nitrate of soda on the west coast of
South America. In caves or under old houses the
goil often contains a large supply of saltpetre and
other salts.

Although there is often some loss from plant food
being carried off in drainage water the upward and
downward movement of water in soils 1s helpful in
several ways. The water not only does a great work
in making plant food available in the soil and bring-
ing it into contact with the roots af plants, but it also
carries into the soil carbonie acid, ammonia and nitric
acid from the air. Often the rain is warmer than the
soil and thus increases the temperature of the latter.
As the water goes down it is followed by the air and
this aids in decomposing the mineral matter of the
soil.

While water, espacially when charged with gases,
has the power of dissolving some of the mineral mat-
ter of the soil, and has a tendency to carry with it
the finely divided matter and all dissolved solids, the.
s0il has the important property of attracting and
bolding the dissolved solids it finds in water. The
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water which flows from a heap of stable manure will
not only carry away some of the small fragments of
litter but will be discolored and offensive to smell and
taste because it has absorbed and holds gases and dis-
solved solid substances. If this water be made to
pass through a vessel containing finely divided soil,
it will come out comparatively pure as tested by sight,
smell and taste. The soil has not only collected on
its surface the matter which was not finely enough
divided to enter the pores of the soil, but its particles
have had a stronger attraction for the dissolved solids
than that possessed by the water. If, however, a
large quantity of water charged with this solid matter
passes through the soil, the power of the soil to absorb
the solid matter will be exhausted and the water will
come through in much the same condition in. which
it entered the soil. If now pure water be passed
through this soil fully charged with the solid matter
it has absorbed, the water will flow out more or less
affected in color, smell and taste. Did not soils
have this power, the water in many wells would be
unfit for nuse. That it does not possess this property
in unlimited degree is illustrated by the fact that the
water in a good many wells is unfit for use.

Clay soils possess this power in a much greater de-
gree than sandy soils. A soil with much humus
also has this power in a noticeable degree. In asandy
soil there is much moreloss of plant food by the leach-
ing power of water than in a clayey or humus soil.

Absorption and Condensation of GGases.—
It has already been indicated that soils have the power
of absorbing gases from air or from water. The
offensive siell of decaying animal matter is entirely
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prevented by burying the putrid matter in the soil.
The efficiency of the earth-closet system of disposing
of human excrement largely depends on this power.
As vegetable or animal matter decays in the soil the
lattex absorbs and holds much of the ammonia and
carbonic acid given off, and also absorbs these as they
are brought to and into the soil by the rain and
winds. Clayey and humus soils can do this to a
greater extent than can sandy soils.

Relations of Soil to Heat.—The temperature of
the soil near the surface changes as that of the air
varies, although more slowly. During the day, es-
pecially if the sun shines brightly, the soil becomes
warmer but not so rapidly as does the air, chiefly be-
cause of the cooling effect of the evaporation of moist-
ure from the surface of the soil. At night the air
first cools, then the heat gained by the soil is radiated
into the air; the evaporation of water is checked
and often there is a considerable deposit of dew on
the surface and an increase of moisture in the air
held in the pores of the soil. A wet soil is cooler
than the same soil would be if dry. Usually a dark-
colored soil is warmer than a light-colored one. A
soil with much sand or gravel will become warm more
slowly and will retain the heat longer than an equal-
ly dry clay or humus soil. A plant surrounded with
stone or growing near a gravel walk may be uninjured
by frost when those growing in a clay soil may be
seriously injured. A soil covered with a sod is usual-
ly cooler during the day but does not cool so rapidly
at night as does one bare of vegetation. A soil which
slopes southward will be warmer than one with &
northward inclination.
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Color of Soil.—The color of a syil is a matter of
some importance. Not only is a dark-colored roil
warmer than a light-colored one, but the dark color
is generally an indication of fertility, as it is usually
the result of a considerable percentage of humus in
the soil. '

"Tihe Snb-soil.—The character of the sub-soil has
much to do with the fertility of a soil. Ths surface
soil may have the best possible chemical composition
and the most desirable physical characteristics, but if
it has an undesirable sub-soil at the depth of a few
inches, its ability to produce crops is greatly lessened.
A sub-soil of impervious clay or hard-pan is very ob-
jectionable. A s)5il so underlaid cannot have a large
store of plantfood. In wat weathar crops will suffer
from excess of moisture;in dry weather from drouth.
A coarse sand or gravel sub-soil near the surface is
also objectionable. The water passes through too
readily and takes with it much plant food.



CHAPTER IV.
IMPROVEMENT OF SOIL BY MANURING.

The growth of crops does not necessarily dccrease
the fertility of soils, if the product is not removed but
13 allowed to decay on the land. In most cases soils
improve so long as they are not cultivated by man.
The growth of plants through ages has been a chief
cause of the fertility of many soils. The mineral
matter drawn up from the sub-soil by the roots of
plants remains near the surface when the plants have
decayed. The supply of carbon and nitrogen in the
surface soil 1s also increased. In most cases the phys-
1cal properties of soils which have long produced nat-
ural crops, whether of trees, grass or weeds, are such
as well to fit the soils to continue producing them
in abundance. On hill-sides the best of the soil may
be washed away. There may be no acecumulation of
plant food on coarse, porous, sandy soils.  But gen-
erally either prairie or forest soils are fertile in a
marked degree, when first brought into cultivation.

Cropping Reduces Fertility.—The work of the
farmer tends to reduce the fertility of the soil. The
crops grown are removed from the soil; or, if con-
sumed by animals, the animal product is removed.
In either case plant food has been removed from the
soil. There may still remain anabundant supply. At
the famous Experiment Station, at Rothamsted, Eng-
land, after wheat had been grown on the same ground
for about fifty years, without the application of plant
food, the crop sometimes nearly equaled the average
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yield of wheat in the United States. On some fer-
tile soils in this country grain has been profitably
grown for more than a half-century without the di-
rect application of plant food. On many soils, how-
ever,a decrease in the yield of crops is noticed after
they have been cultivated for a few years, unless some
return of plant food is made.

The term “exhaustion of soils,” although often used,
is somewhat misleading. Continuous cropping may
reduce the fertility of the soil so that it may not be
profitable to cultivate it longer, but it is not probable
any soil could be exhausted, that is, made absolutely
barren, by the cultivation and removal of crops. As
has been said, the soil is not a finished product. Thae
supply of plant food in the soil i3 not like grain in a
bin, continued use from which exhausts the supply.
The forces of nature are continually manufacturing
available plant food in the soil. More or less of this
may be washed away, or leach into the sub-soil; some
of it passes into the air; man may remove some of it
in crops. But all soils, properly so-called, contain
plant food enough to support something of a crop.

It may be said that all soils have a ‘“natural fer-
tility.”  Under like conditions each will produce a
crop not greatly varying from year to year. Asa
consequence of the growth and decay of forest trees
or prairie grasses, virgin soils have accumulated
a large supply of material for the growth of plants,
either available for their use or capable of being made
available. This may be called “surplus fertility,” “ac-
cumulated fertility”” or “natural manuring.” Cropping
without return of plant food may exhaust this surplus
store and reduce the land to its natural fertility.
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It should be kept in mind that a part of the plant
remains on the soil in almost all eases. The roots
and stubble of grain and hay crops do much to keep
up the supply of humus in the socil and keep the sur-
face in a good physiecal condition.

Classification of Manures.——To manure land,
according to the original meaning of the word, was to
cultivate it by manual, or hand labor. Tillage or cul-
tivation, properly done, does increase the fertility of
the soil. Probably crops were grown for centuries
before the practice of applying plant food to enrich
the land was thought of. Now, by manurihg we mean
the application of something to increase the fertility
of the soil.

Manures may act in three ways:

1. They may directly add plant food to the soil.
Manure is sometimes defined as plant food and thisis
the most common thought in regard to it and its
action.

2. They may hasten decomposition and chemical
changes in the soil by whieh available plant food is
prepared from material which has been lying dor-
mant.

3. They may improve the physical condition of the
soil. The application of pure sand to a clay soil, or
pure clay to a sandy soil, does not add plant food,
nor directly affect chemical action in the soil, but by
making the one soil more open, and the other more
compact, the fertility of each may belargely increased.

Manures may be divided into two classes: General
and special; or complete and partial. They are also
gsometimes divided into ‘mineral” and ‘organic”

classes.
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A complete manure is one which contains all the
elements of plant food. Such a manure will increase
the growth of almost any crop if applied to almost
any kind of soil. It may increase the growth of the
stalk and leaves at the expense of the seed. Stable
or barn-yard manure is the typical, complete or gen-
eral manure.

A special manure is one which supplies some but
not all the elements needed by plants, or which is
specially prepared for certain classes of crops or of
goils. This class is known as artificial manures,
chemical manures or commercial fertilizers. They may
be by-products of manufacturing establishments; they
may be specially compounded, or they may be ob-
tained from the great stores of possible plant food na-
ture has stored up, as in beds of marl, of gypsum, or
of phosphatic rocks.

Stable manure ordinarily acts in all three of the
ways named. Artificial manures usually are help-
ful by directly adding plant food, or by aiding chemi-
cal action in the soil, thus hastening the preparation
of a sufficient supply of available plant food.

It has already been stated that the only mineral
elements of plant food probably in insufficient sup-
ply in the so0il are phosphorus and potassium; and
that nifrogen, in a form in which plants can make
use of it, 1s the only gaseous element of which plants
find it difficult to secure a sufficient supply. To sup-
ply some one, or two, or all three of these scarce or
“precious”—-because scarce-—elements, is the purpose
of most artificial manures. If prepared to supply one
or both the mineral elements, they may be called by
their names; if to supply all the mineral elements
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needed by plants, they are called complete mineral
manures. Wood ashes are a good specimen of such
a manure. If the supply of nitrogen is the chief pur-
pose of the manure, it may be called a nitrogenous
manure.

The commercial value of artificial manures is esti-
mated from the quantity of phosphoric acid, potash
and nitrogen they contain. A sample of such a ma-
nure may be said to contain a given percentage of
potash, of “soluble phosphoric acid,” or of “nitrogen,
equivalent to ammonia.” The number of pounds of
each of these substances contained in a ton can then
be determined. By multiplying this by the prices at
which they can be bought from manufacturing chem-
ists, the estimated value per ton of th» manure i3
obtained.

This expression is often misunderstood and its com-
mon use is unfortunate.

It is not meant that if a farmer uses an artificial
manure his crops will be increased.in value to the
amount the manure is said to be worth. This may or
may not be true. On soils already well supplied with
plant food it may not perceptibly increase the
yield. Thus in experiments with several kinds of arti-
ficial manures at the Agricultural Experiment Sta-
tion in Illinois, on the fertile prairie soils of that
State, and at the Station in Ohio, on equally fertile
river bottom soil, little or no increase of yield was
found by liberal use of manures which produce re-
markable results on many soils. Xwven if the crop is
increased by the use of the manure, the money value
of the increase varies greatly in different parts of the

country.
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1t would be better, in speaking of manures or of the
manurial value of foods, to say that the valuable plant
food elements they contain would cost a given sum,
rather than that the manure is worth that sum. The
actual value of any manure for a given piece of land
or for a particular crop on that land, can only be de-
termined by repeated trials. The physical effects of
stable manure and some other manures is often quite
as important as the addition of plant food by their use.

In some countries where the soil has long been cul-
tivated and lands are high-priced, the purchase of
manures by farmers is the rule rather thun the excep-
tion. Writing especially of English farming, War-
ington says: ‘“The farmer is generally obliged to
purchase manures for the land in exchange for the
crops and stock sold off it.”” This practice is be-
coming more common in the United States but it is
g'ill the exception rather than the rule, taking the
country as a whole. It is most common in the older
settled portions: of the country, near large cities, or
where attention is largely given to special crops.
The practice of purchasing both stable manure from
cities and artificial manures will doubtless become
increasingly necessary and profitable '

In some cases, but more commonly among market
gardeners than among general farmers, manures are
applied in such quantity as considerably to increase
the fertility of the land, even above that it possessed
when first cultivated.

Stable Manure.—The chief reliance of most farm-
ers in the United States, in the way of direct appiica-
tion of manures, is stable or yard manure. The value
of this depends on its composition, condition and the
method of application.
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The composition will depend on the kind and quan-
tity of food used, the kind and quantity of litter usad,
and, to some extent, on the kind of animals fed. In
general, the more nutritious the food, the more valua-
ble will be the manure. That from grain-fed animals
will be worth more than that from animals only straw-
fed. A'large quantity of litter reduces the value of
the manure: an iosufficient supply usually makes ib
less valuable because of probable loss of the liquid
manure. Manure from mature animals, especially
those being fattened, is somewhat more valuable than
that from growing animals or those giving milk, be-.
cause the latter use more of the mineral substances
needed by plants and found in the food.

Manure from horses, unless there is a too large
supply of straw or other litter, is usually more valua-
ble than that from ec>ws, because the horses have a
larger proportion of grain food, and there 1s less water
in their excrement. Horse manure 13 “heating;”’ cow
manure is cold. The manure from hogs is concen-
trated and very valuable. That of sheep 1s also valua-
ble. The droppings of poultry are especially valuable,
largely because -the solid and liquid excrement 1s
voided together. Often it is better to mix the manure
from all classes of farm animals than > use that of
each separately. The urine i3 often fully as valuable
as the dung of animals. It contains more nitrogen
than does the solid excrement.

Treatment of Manure.—Bofore stable manure
can ach as plant food it must not only be brought into
close contact with the roots of the plants but must
also have besn decomposed—well rotted. The appli-
cation of straw or of grain to land may make the
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physical condition better or worse, but plants cannot
feed upon them until they have rotted. In many cases
it 13 wise t> immediately apply stable manure, but it
cannot act as plant food until fermentation has com-
menced.

Fermentation begins promptly. Hspecially horse
manure and this loosely piled, will very soon becoms
hot, and carbonic acid will rapidly pass intd> the
air, greatly reducing the weight and bulk, but with-
out much reducing the direct value of the manurs,
unless it has been tyo dry and ‘“fire-fanged.” It
kept saturated with water, fermentation is checked
unduly. Unless litter is freely used there is a consid-
erable loss of ammonia while the manure is fresh.
The use of gypsum or even of earth will check this
loss. Keeping the manure moderately moist an'l well
compacted will best preveat loss of nitrogen. If
necessary to keep it in heaps for a considerable tims,
covering the heaps with a layer of earth will still
further prevent loss.

In many cases tho loss from water is much more
important than that by evaporation or vaporization.
If manure i4 scatterel about yards or piled under the
eaves of stables, mora than half its value may be lost
in a few months. The water carries away much of
the nitrogen and some of the potash.

Manure kept under cover, if kept sufficiently moist,
1s more valuable than that kept in the open air.
Many farmers, with present arrangements, cannot
keep the manure in either boxes or under sheds. If
they keep it in reasonably compact piles, not exposed
to washing from eaves of buildings, the loss will not
be especially serious.
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In very many cases, the best practice is to draw the
manure direct from the stables and spread it on the
land. Top-dressing grass lands is a practice deserv-
edly growing in favor. Applying the manure to land
which is to be plowed later, even if it be stubble-
land, is often good practice. Some nitrogen passes
into the air, but there is a great saving of labor, and
the loss is believed to be less than was formerly sup-
posed. The laborious methods formerly much recom-
mended, of frequent stirring the manure; of drawing
it to the field and there putting it in heaps, ete., are
lessin favor than formerly and not adapted to the con-
ditions under which most American farmers work.

Comparatively fresh and unfermented manure may
more advisably be applied on stubble-land some con-
siderable time before it is to be plowed, than well-
rotted manure.

Barn-yard manure, unless very thoroughly rotted,
is bulky and heavy in proportion to the quantity of
plant food it contains. Often three-fourths of its
weight is made up of water. But it will probably
long remain the most genaral reliance of farmers in
this country, and in most cases it is, especially when
produced on the farm where it is to be applied, the
cheapest and best manure that can be used. Its value
in keeping the soil in good physical condition is to be
considered as well as its value in supplying plant food.

Lime is an essoential element of all soils and of all
plants. Most soils in the United States have suffi-
cint lime to supply crops with all they need. When
used as manure the chief value of lime, as a rule, is
probably in its indirect effects in hastening decompo-
sition of vegetable matter in the soil and in correcting
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acidity. Over much of the United States lime is
rarely used and its cost, in many regions, will prevent
its use. In some parts it is largely used. English
writers usually attach more value to it than do Ameri.
can farmers.

Grypsum, or sulphate of lime, often called land
plaster, is a valuable manure on somze soils, especially
on clover. On many soils it has no perceptible effect.

Ashes may be called a complete mineral manure,
but are especially valued for the potash they contain.
Where attainable at moderate price their use can be
safely recommended. Coal ashes are not considered
of much value as manure. '

Bones are valued especially for phosphoric acid.
They also contain nitrogen. The principal objection to
their use is the long time required before they decom-
pose in the soil. The finer they are crushed the bet-
ter in this rospect. Steamed bones have less nitrogen
but the phosphorie acid 13 more readily soluble.

Superphosphate of Lime may be formed by
treating bones with sulphurie acid or by so treating
auny mincral phosphate. The bone superphosphate is
often called dissolved bone. On many soils this is
one of the best manures. On others it has little ef-
fect. Generally speaking, its use is not profitable on
naturally fertile land still in good condition.

Nitrate of Sodium and Suiphate of Ammeo-
niam are two manures valued for their nitrogen.
They are (uick-acting manures, and on some soils,
usually clayey soils, have a marked effect both on
grain and grass crops. Itis advised that they be
used generally in connection with superphosphate.

Large quantities of valuable manures are made
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from the refuse at the great slaughter houses in large
cities. The blood, bones, pieces of flesh, etc., may all
be utilized. The manure is usually offensive in smell
but is valuable on many soils.

No attempt is made hers to fully discuss the value
or methods of applying any of these manures.
Probably the best possible place for any manure, 80
far as fitting it to furnish the largest quantity of plant
food to crops is concerned, would be near but not on
the surface soil. The roots could then readily get
access to the manure; loss by evaporation would be
lessened or prevented by the layer of soil over the
manure; loss by leaching would be less than if the
manures were more desply covered. There is always
some loss if nitrogenous manures are applied on the
surface. There is almost always some loss if the
manures are covered several inches in the soil. In
wet weather, on porous soils, especially if the manures
are applied when there is no growing crop on the land,
the loss by leaching may be great. It will be com.
paratively little in dry weather, on compact soils, or
if the manure is applied while a crop is growing, or
shortly before the arop is sown.

Stable manure, bones, superphosphate and ashes
are slow acting manures. They may continue to pro-
duce good effects for several years. Nitrate of sodium
and sulphate of ammonium are quick acting manures,
rarely producing any considerabls effect except during
the year they are applied. It isunwise toapply these
long befcre the crop can make use of them, or to cover
them deep in the earth.



CHAPTER V.
SOIL IMPROVEMENT BY DRAINAGE AND IRRIGATION.

Water in the soil is essential tothe growth of crops.
There are soils which are barren simply from lack of
sufficient moisture. An excess of water in the soil is
always injurious, sometimes fatal to crops. There are
plants which thrive in soils saturated with water, or
even covered with it, but these are not the common
crops of the farm. Before any land can be used to
the best advantage it must be able, either naturally
or by artificial means, to rid itself of surplus water.

The rain-fall is the primary source of the water in
the soil. If a piece of land is too wet, it is because
the water which comes to it cannot readily enough
flow off or through it. The immediate source of the
water may be either the direct rain-fall or water which
flows from higher lands. This last may flow down
over the surface, or come up from below in springs;
in some cases it may ooze out from hillsides or up
from the sub-soil.

Some soils have good natural drainage, even when
the rain-fall is abundant. The natural tendency of
water is to flow downward, either directly into the
soll, or over the surface if this be incliced. If the
surface soil admits water freely and the sub-soil is
open to a considerable depth, or if a porous soil be
underlaid with rocks with many crevices in them, even
level land will rid itself readily of surplus water. In
such soils there will be little or no water, even after
heavy rains, in holes dug in the ground; there may

60
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be no necessity for providing aids to drainage of
cellars. Sometimes the surplus water so readily
passes down to a great depth that it is difficult to get
water from wells. There are vast areas of farm lands
in the United States where, in a few honrs after a heavy
rain-fall, the soil is in good condition for cultivation.
There is no need that man should undertake to do
that which nature has done well for him.

Reasons for Drainage. —By far the larger part
of the land in the United States east of the Missouri
river either has needed or still needs more or less arti-
ficial drainage. Without this much now valuable
land would have been comparatively worthless.
Probably no one thing has done more to increase the
value of the farm lands of several of the central west-
ern states than has the extensive work recently done
in them in the way of land drainage.

Obviously swampy land, or that with ponds, or that
on which water stands for a considerable time after
heavy rains, is not naturally well-drained and should
have work done to it in this direction. Much land
which does not show the signs of need of better drain-
‘age may be greatly improved by either surface or un-
derground drainage.

A wet soil is a cold soil. If the surface water can
not flow off or down into the deep sub-soil, it can be
removed by evaporation only. Evaporation is a cooling
process. DMuch heat is consumed in causing the
evaporation of stagnant water in wet soils. Water 1s,
relatively, a poor conductor of heat. Warming a
vessel of water by applying heat at the top is a slow
process. The heat from the sun’s rays has much less
effect in warming a wet soil than it has on a dry soil
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Stagnant water in the soil checks chemical action and
the preparation of plant food. It prevents the access
of air.

The roots of most plants make only slow and feeble
growth in such a soil. The yield of farm crops is
much reduced, and often the quality of the produce
is made poorer. Land which is too wet to be profit-
ably cultivated may give a fair return if kept in grass,
but the quality of the pasture or the hay is usually
not so good as that grown on well-drained land.

The working season is often shortened if the land.is
wet. The land cannot be cultivated so early in spring.
Heavy rains may unfit it for being tilled for days at a
time when the crops are in need of cultivation. In
many cases such land is cultivated when too wet, to
the serious injury of the crop.

On fairly level land the presence ,of a few small
ponds or swampy places may indicate that drainage
of the whole tract is needed; for, although the water
stands on the surface over only a small per cent of
the area, the soil may be saturated with water to with-
in a Tew inches of the surface over much of the tract.

Drainage of wet land tends to make the region more
healthful for both man and the domestic animals.

In general, it may be said, well-drained land can be
cultivated at less cost, with more ease, and will give
larger yields of a larger variety of crops, with less
danger of loss during bad weather or from frosts, and
that it is often more healthful and always more at-
tractive than undrained, wet land.

sSurface and Underground Drainage.

The
good results from improving the surface drainage of
wet land, by straightening and clearing the natural
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water courses, opening ditches, running furrows
through the fields, etc., have long been known and
such work has generally been done to some extent in
all civilized countries. Sometimes improving the sur-
face drainage may be all that is necessary or desirable.
It 1s better, however, that the surplus water, unless in
great excess, should pass down through the soil rather
than over it.

Water flowing over the surface washes away more
or less of the best of the soil and of manures which
have been applied. It may seriously wash the surface.

It is also true that while stagnant water in the soil is
almost always injurious, moving water, in reasonable
quantity, 1s beneficial. While the stagnant water
makes the soil cold, the rains in spring are often
warmer than the soil and inerease its temperature by
passing down into it. The rain carries with it am-
monia and carbonic acid from the air. It aids in the
preparation of plant food. The air will freely follow
the water as it could not if the water remained saturat-
ing the soil. When the surface has become dryer
than the deeper soil water will be carried up again by
capillary action, which cannot go on in a soil full of
water.

Underground or covered drains have advantages
over open ditches. They do notlessen the area to be
cultivated nor interfere with the passage of teams.
They do not invite the growth of weeds. Oftentimes
they are more effective than open ditches of equal
depth.

Material for BPrains.—Many classes of material
have been used in making underground drains, but
nothing is so good as ronnd tile made of clay, usually
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in pieces about one foot long. Where stones are abun-
dant and it is desired to get rid of them, they may be
used, sometimes giving good satisfaction. Boards,
poles, brush; even straw may be worth using under
exceptional circumstances. ‘“Mole drains,” made by
drawing a conical shaped piece of iron or wood
through the soil at the desired depth, have done good
work for years in fairly retentive soils. In most parts
of this country, however, there is little reason for
using anything else than the ordinary drain tile, or
“pipes,” as they are cailed in England. The use of
drainage tile was not common until about fifty years
ago, and comparatively few had been used in this
country until after the civil war. Within the last few
years there have been more than eight hundred facto-
ries for their manufacture at work in Illinois. For-
merly they were made in the shape of a horseshoe, at
first without, afterward with a ‘“sole.” Now round
tiles are almost universally used. It has been found
that good tile can be made from any clay suited for
brick-making.

The most desirable qualities in drain tile are that
they shall be straight, smooth on the inside, with the
ends squarely cut off, free from cracks and fairly hard
burned. As the water enters the tile almost entirely
at tha joints in any case, the porosity of the tile is
a matter of little importance.

Jethod of Action of Tile Drains.—Lands are
wet because the water is held on or near the surfacs
of a s0il so compact it cannot freely enter it; or be-
cause the soil i3 underlaid with rock, clay, hard-pan,
or other substance nearly impervious to water. The
land may be web on lhillsides because the impervious
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sub-soil comes near the surface and causes a discharge
of the water which has passed into the soil on the
higher land. In time of heavy rains land, such as
has been described, becomes full of water, and be-
comes dry slowly by the aid of evaporation from the
surface and the slow passage of water through the re-
tentive soil and sub-so1l.

If an open ditch be cut in such a soil, with the
bottom having a uniform slope to a stream or other
free outlet, it is evident it will rapidly carry off the
water until the line of saturated soil, near the ditch,
is on a level with its bottom. As the water cannot
move freely through the soil the line of satura-
tion gradually rises on either side, until at a dis-
tance depending on the depth of the ditech and the
character of the soil, no appreciable effect is produced
by the ditch.

If the ditch were cut in very retentive soil, it conld
carry off the water very slowly. If the surface soil be
open, but the ditch be cut into the impervious sub-
soil, it is evident the water can only enter it by flow-
ing along the top of the compact sub-soil until the
ditch is reached. If the surface slope up on either
side of the ditch, it will affect the soil to a grecter
distance than if the surface be level.

If aline of tile be placed in the bottom of the diteh,
with their ends so close together that dirt cannot be
washed in, and care 13 taken to see that therois a uni-
form fall toward a good outlet, and the ditch be filled
up, the action will be much the same as in the case of
the open diteh.

The efficiency of tile drains depends on many things,
as the character of the rain-fall, the retentiveness of
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the soil, the size of the tile, the distance apart and the
depth of the drains, as well as on the rate of fall, the
skill with which the work is done and the character of
the outlet.

The total rain-fall for a year is of less consequence
than the quantity which may fall in twelve or twenty-
four hours. Itis useless to undertake to carry off at
once the water which may fall in extraordinary cases.
Comparatively little harm is done by standing water if
it be removed in a few hours. The percentage of water
which will pass through the soil depends not only on
the amount which falls but upon the character of the
goil.

Size of Mile.—Smaller tile are used in England
than in this country. Those one inch in diameter
were formerly used, and two-inch tile are not un-
common. In many parts of this country tile less than
three inches in diameter are rarely used. A two-inch
tile is abundantly large for use in many places, but
there is danger of mistakes in deciding this point and
errors in laying small tile are more serious in their
effects than with large tile; hence it is safer to use
larger sizes. The carrying capacity of tile varies with
the square of their diameter. Thus a six-inch tile
will carry four times as much as a three-inch tile; in
fact somewhat more, because the resistance from {ric-
tion against the sides is relatively less in the larger
tile. It is a mistake to lay a long line of tile all of
the same size. =~ The quantity of water to be carried
increases as the line extends, and the rate of fall is
rarely great enough to allow an increase in veloecity.

For ordinary farm drainage, tile varying from three
to 81x inches in diameter are most commonly used in
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this country, with larger sizes for mains in most cases.
In the central Western States tile twelve, fourteen or
sixteen inches in diameter are not uncommon in main
drains on large farms, or where several farmers have
united in a system of drainage.

Depth and Distance Apartef Drains—There
13 a close relation between these two points. The
deeper the tile is laid, ordinarily, the greater may be
the distance between the drains. Shallow drains
cannot affect the land to any considerable distance,
and will not lower the line of saturation sufficiently
to give the best results. The tile may be injured by
frost. Little good comes from cutting deep drains in
very retentive soils. Frequent, shallow drains are
best for such. In open, porous soils, such as those of
the prairie States, drains laid three feet deep will ap-
preciably affect the soil for 100 feet or more on either
side, In some very compact English clay soil drains
are laid not more than 15 feet apart.

Usually a deep laid drain will begin to flow sooner
when rain comes, after a period of drouth, will con-
tinue to flow longer, and will carry off somewhat more
water in a given time than a shallow drain. The
reason these statements are true will be apparent if
the results of pouring water into a barrel filled with
earth, and with holes bored into its sides at different
depths, be thought of.

The cost of digging ditches rapidly increases with
their depth. There is no advantage, and some disad-
vantages, from lowering the line of saturated soil far
below the surface. In practice three feet is a desir-
able depth for tile drains in ordinary soils. The
nature of the soil and other conditions vary so much
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that it is not wise to attempt to specify the best dis-
tance apart. In prairie soils, 100 feet apart is usual-
ly a safe distance, even when the land is quite wet.

Cost of Tile Drainage.—What 18 known as
“thorough drainage” is rare in this country. The
cost would be so great that the practice is not advis-
able on lands of moderate price. In many cases the
cost would be greater than the price of lands equally
desirable and not needing much drainage. Drainage
is a permanent rmprovement, and if a fair interest
on the amount invested in it be returned by the in-
creased crops, the outlay is advisable. With drains
three feet deep and with tile obtainable near the
farm, using the sizes most common, the total cost of the
work may vary from fifty to seventy-five cents per
rod.

Rate of Fall.—A line of tile laid on an exact
level in wet land would carry off much water, if one
end were open. A slight fall would greatly increase
the carrying capacity of the tile. It is difficult to
have tile laid with accuracy; hence more fall is de-
sirable. A fall of one foot in one hundred of length
is abundance. Good work is done by many ditches
where the fall is not one-tenth this rate. On level
land a safe rule is to get all the fall practicable, but
not to leave the work undone because the fall is slight.
In case of very slight fall the rate can be increased by
making the ditch shallower at the upper end.

Planning and Making the Drains.—It is
wise to lay out the plan for a system of drains for the
farm; but the work may commence where it is most
needed. The advice and work of a drainage engineer
15 helpful but not essential. A good outlet is essential
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No drain can do good work without a free outlet. The
main drains should follow the lowest land, the natural
water courses, unless this line be very crooked. Side
drains should, usually, run up and down the slope.
Where the surplus water mainly comes from higher
land, it is often possible to cut it off by a line of tile run-
ning across the slope. The tile for the main drains should
be selected with reference to the water they may be
ultimately required to carry, and not simply with
reference to present needs. Digging the diteh and
laying the tile should commence at the outlet. A
leveling instrument is advisable, but good results can
be obtained by noticing the flow of water in the bot-
tom of the ditech. The tile should be placed as close to-
gether as possible. The side drains should enter the
main at an acute angle, and a little above the bottom.

The plow may often be profitably used for opening
the ditch. A common mistake in digging is in mak-
ing the ditch wider than is necessary. Another is in
determining the depth by measuring from the sur-
face. Many machines for digging ditches for the tile
drains have been invented. Some do good work un-
der favorable conditions. The great mass of the work
is still done by hand labor.

In exceptional localities ponds and swamps may be
drained or good outlets secured for tile drains by
openings through the compact subsoil into beds of
sand or other porous subsoil underlying the impervi-
ous strata.

Where there are large areas of level, wet lands, large
open ditehes often have to be made as outlets for the
farm systems of tile drains. In some States great
canals many miles in length and often thirty feet
wide have been dug for this purpose.
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Losses from Drainage.—The great benefits
from underground drainage are accompanied with
some loss, There is, sometimes, a considerable loss
of nitrogen in the drainage water. It is possible that,
if the water level is reduced to the depth of several
feet, the surface soil may be dryer during drouth,
as the soil cannot draw water up by capillary power
from a great depth. Usually, however, a well drained
soil has rather more than less moisture in it during dry
weather, than an undrained one. It is possible that
drainage of large areas may have some effect on the
climate, possibly affecting slightly the rainfall.
Wherever done with ordinary discretion, it may be
safely affirmed that tile drainage will do much more
good than harm.

Irrigation.—Where the rainfall is insufficient or
comes at long intervals irrigation is necessary for
profitable farming. The practice is very ancient.
Perhaps it was first introduced along the valley of the
Nile. In England the practice is most common in the
case of low-lying grass lands, often ecalled “water
meadows,” on which water is kept for a considerable
time in winter. In this country irrigation is practiced
with remarkable success in what is termed the “arid
region,” and on the plains of California. The water
from rivers or large streams is carried along hillsides
by canals and diteches and from these distributed over
the land, sometimes by mcans of elaborate systems of
shallow ditches. In some parts of the country great
supplies of water are obtained from artesian wells.
As yet, however, the regions in which irrigation 18
practiced, while actually large, are relatively but a
very small fraction of the country, and the methods
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adopted vary greatly in different parts of the coun-
try.

The fact that the yield of crops where the land is
irrigated are often surprisingly large, coupled with the
fact that the rainfall is uncertain in many localities,
makes the problem of irrigation one of importance to
farmers in many parts of the country. For excep-
tional crops profitable use of irrigation by water
pumped from wells by means of windmills or steam
engines has been secured. The utilization of streams
on hillsides or other high-lying land may already be
profitably attempted in some parts of the country.
However, irrigation is a problem of the future rather
than the present so far as most farmers in this coun-
try are concerned.



CHAPTER VL
TILLAGE.

The farmer is called a tiller of the soil. Agricul-
ture is defined as the culture of the field. The soil is
no more essential to crop produetion than is the air,
water, heat or light. But the farmer can directly af-
fect the condition of the soil, making it more suitable
for erop production, and, through it, can make the sup-
plies of air, heat and water more helpful.

The abundant natural vegetation in forest and on
prairie shows that tillage is not essential to the growth
of many plants. But nature is very prodigal in seed-
ing. Often not one seed in a thousand of those which
fall to the ground produces a plant. Most crops cul-
tivated by farmers would scarcely maintain themselves
without the aid of man.

Objects of Tillage,—The chief objects of tillage
Gperations are:

1. To prepare a suitable seed bed and properly
cover the seed sown.

2. To keep the soil in good condition during the
growth of the erop.

3. “Tillage is manure.”

The first object is accomplished by stirring, pul-
verizing, often inverting the surface soil, and by cov-
ering grass, weeds, stubble or manure growing or de-
posited on the surface.

The second object is generaily accomplished by

keeping the surface loose and preventing the growth
of weeds,

72
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That proper tillage or cultivation of the soil often
increases its productive power is undoubtedly truec.
The ability of a soil to produce crops is often as di-
rectly increased by tillage as by the application of
manures. The saying that “tillage is manure” asun-
derstood by Jethro Tull and by an occasional writer
of modern times—that is, that good tillage makes ma-
nuring unnecessary-—may lead to bad practice. Good
tillage, liberal manuring, and good drainage combined
are much more likely to continue to give satisfactory
crops than if one places chief reliance on either op-
eration.

Some of the reasons why cultivation makes soils
more productive are easily seen. Stirring and pul-
verizing a hard, compact soil enables the roots of
plants to penetrate it more easily and greatly increases
the quantity of plant food reached by theroots. These
operations also permit air and water to enter the soil
more freely and thus increase the supply of available
plant food. Autumn cultivation exposes the loosened
surface to the action of the frost. Prof. Wrightson
says: “No implement is so effective in pulverizing
the ground as frost.”

Sometimes tillage greatly improves very open, coarse
textured soils by making them more compact, increas-
ing the number and reducing the size of the pores.
This increases the capillary power of the soil.

Surface cultivation, keeping the surface soil loose
and dry, causes it to act as a mulch, retarding evapora-
tion.

The destruction of weeds prevents their robbing the
crop of food and water.

Plowing.—The plow is the typical farm imple-
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ment. The story of its development forms one of the
most interesting pages in the history of agriculture.
Many attempts have been inade to introduce substi-
tutes for it, and these have been largely successful so
far as cultivation of the soil while crops are growing
1s concerned; but the plow is still the chief reliance in
preparing soils for crops.

The modern plow cuts, lifts, and turns a furrow.
Sometimes it does a good deal in the way of
breaking up and pulverizing the furrow slice. There
is much difference as regards this last point be-
tween the common practice in the United States
and in England. American plows, especially those
designed for wuse in loose soils, take a wide and
comparatively shallow furrow, crumbling the earth
in stubble land, sometimes leaving it in fair con-
dition for seeding without {further tillage.  Eng-
lish plows, as a rule, take a narrower and deeper
furrow and the effort is made, especially in autumn
plowing, to expose as much surface to the air as pos-
sible, by laying the furrow slice at an angle of about
forty-five degrees. Nine inches is a common width of
furrow slice in England; twelve, fourteen or sixteen
inches, the latter for three-horse plows, are common in
the United States, especially in prairie soils. An acre
to un acre and a quarter 13 counted a good day’s work
in plowing in England. In this country, twice as
much is often donc with a pair of horses.

Plows have been much improved in recent years.
The draft has been reduced and the quality of work
done improved. But the best plows are not perfect
working implements. Plowing is relatively slow and
costly work. A man and team will go over a greater
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area in. a day in almost any other tillage operation
than in plowing. There is a tendency to compact the
subsoil unduly by the trampling of the horses and the
pressure of the plow. At the best, the plow imperfectly
pulverizes thesoil. The spading principle seems bet-
ter, but this has not been successfully applied in gen-
eral practice, although some ingenious machines for
the purpose have been introduced.

Depth of FPlowing.—Plow deep has often been
given as sound advice for all farmers. Sometimes it
is very bad advice. In some soils deep plowing is
worse than shallow plowing; in many more it is no
better in its results, while it always costs more.

The statement that the deeper the good soil into
which roots may descend for food the better for the
crops, is asound one. Where the soil is of like qual-
ity to a considerable depth, and is not naturally suffi-
ciently loose, deep plowing will generally be advisable.
Sometimes excellent results come from mixing a por-
tion of the subsoil with the surface soil, by deep plowing.
Plant food which has been carried down several inches
in the soil will be brought to the surface. Exposing
a portion of the deeper soil to the action of the frost
during winter often is a great help to productiveness.

Deep plowing is rarely advisable on wet, undrained
soils. Often this simply increases the depth to
which the soil becomes saturated with water, which
must escape by evaporation. In shallow sois, with a
poor subsoil, any marked increase in depth of plow-
ing at one operation will almost certainly do harm.
Gradually deepening the soil by increasing the depth
of plowing about an inch each ycar, may be helpful

in such soils.
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Much of the fertile prairie soils of the central west
and some alluvial soils in other parts of the country
often show no increase of yield from deep plowing.
Deep plowing is less common on the black prairie soil
of Central Illinois, for instance, than it formerly was.
These soils are so open in texture that neither roots,
air nor water find difficulty in descending to a consider-
able depth. Repeated experiments have shown that
good crops may be grown on such soils without plow-
ing; in fact without other preparation than covering
the seed, it being understood that the surface mu:t be
freed from rubbish in some way. This practice is not
advised, but it illustrates the fact that the physical
condition of some soils may be as good without tillage
as that of others after much work has been done by
the farmer. The latter may produce as large crops
as the former, but it is at the cost of more labor.

There is a disposition to over-estimate the depth of
plowing. For many soils six inches may be called
deep; comparatively few soils need frequent plowing
deeper than eight inches. Fall plowing may usually
be deeper than is advisable when the work is done
in the spring.

Subsoil and Trench Plowing,

Subsoil plow-
ing is loosening the subsoil without bringing it to the
surface. In trench plowing the loosened subsoil is
laid on the surface. Neither of these operations is
commonly practiced by American farmers. Many
thousands of acres are annually so treated, but the to-
tal is but a small percentage of the cultivated area.
Subsoiling is probably advisable on a larger variety
of soils in this country than is trench plowing. On
undrained soils it often is worse than useless, unless
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in rare cases, where there is a thin layer of compact
soil above a porous soil. In heavy clay soils the
effects are nof permanent. In deep, loose soils the
practice may do some good but not always enough to
repay the extra cost.

Subsoiling may be done either by a separate plow
or an attachment to the ordinary plow.

A double plow with a sma!l share and mold board
in front which cuts and turns over a shallow furrow,
followed by a larger plow which covers this furrow
with a deeper furrow, gives good satisfaction to many
farmers, especially in plowing sod land.

Time for Plowing.— There are some obvious
advantages in fall plowing lands designed for spring
sown crops. The pressure of work in the spring is
lessened. The crops can often be put in more
promptly. Exposing the upturned surface to the
freezing ane thawing, to the snow andrain of winter,
often helps much. Some insects may be destroyed by
the process. With some soils replowing in spring
may be advisable, but this is not the rule. For fall
sown grains, as wheat and rye, it i1s generally thought
best to plow as long before time for seeding as is con-
veniently practicable; these crops often doing better
when the seed bed, while well pulverized, is well com-
pacted. On the other hand there are advantages, in
many cases, when plowing ground in the spring, from
planting or sowing the crop very promptly after the
plowing is done. This is especially true if there is
little moisture in the soil. If a crop of elover or other
green manuring crop is to be turned under, the plow-
ing will naturally be delayed as long as possible to
allow greater growth to the manure crop.
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Summer fallowing, or plowing land in the spring
or fall and allowing it to lie during the summer,
either with or without further cultivation, is only ex-
ceptionally practiced in this country, and is not gener-
ally growing in favor. Where soils are badly infested
with weeds difficult to eradicate, or are especially com-
pact and tenacious, or have only a small supply of
available plant food, this practice may be advisable.
The condition of the soil may be improved; mineral
plant food may accumulate; nitrogen will be absorbed
from the air and brought to the soil by rains, or by
the decay of vegetable matter. But, if the soil be
open textured, and if there be much rain, more nitro-
gen will be lost than is gained. There isthe additional
great practical ohjection that the land makes no re-
turn in erop during the year.

Few soils can be plowed when wet without injury.
Some sandy soils are little affected, but elay soils are
much injured by this practice. It is often almost
impossible to get a compact elay soil in good condition
after it has been plowed, or even much trampled by
live-stock when wet, until it has been exposed to the
action of frost.

Harrowing.—Harrowing with any form of toothed
harrows affects the soil only to a moderate depth.
The operation is cheaply done. The same forco
of men and teams may go over ten times as much
ground when harrowing as when plowing. It isa
good method of leveling the surface, helping pulverize
the clods, covering seeds, and of destroying weeds.
The best of the toothed harrows, however, only slowly
and imperfectly pulverize land where there are hard
clods, and have almost no effect at a greater depth
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than three or four inches. Ior clay land especialiy it
1s better to harrow promptly after plowing il a erop
1s to be soon sown.

In recent years there has been a great imnecrease in
the number and variety of implements or machines
which, instead of pushing the soil about as does the
harrow tooth, cut it by means of blades or revolving
disks. For many purposes such implements are very
valuable. They pulverize the surface more effectually
than the harrow, and often loosen it to a greater depth.
They do not leave the surface smooth and level as
will a good harrow. They are being increasingly
used instead of the plow for preparing loose soils,
when comparatively free from stubble, for spring-sown
small grain erops.

Relling.—On many soils a good roller is one of
the most useful of farm machines. Used soon after
the Iand is plowed, when the surface is neither wet
nor thoroughly dry, it quite effectually breaks up clods
and tends to level and compact the surface. Rolling
cloddy, compact soils which have been plowed when
wet, may do some good,-but the tendency is to push
the clods into the ground rather than to pulverize
them. Rolling light soils tends to check evaporation.
Seeds are often better covered if the land be rolled
after the seeds have been harrowed in. Rolling grass,
clover or small grain in the early spring often greatly
reduces injury from freezing and thawing, as well as
makes the surface smoother for mowing. A roller of
large diameter is better for this last use; one of equal
weight but less diameter will be more effective in pul-
verizing the surface soil.

Instead of rollers, many farmers use what may be



80 THE SOILS AND CROPS OF THE FARM.

called “smoothers.” These are made in many forms.
A cheap and effective form is made by fastening two
or three planks together, preferably with some dis-
tance between them, and dragging them, broadside,
over the surface. For leveling the surface and pul-
verizing clods such an implement is often better than
either harrow or roller.

Tillage During Crop &Growth.—The state-
ment that a large part of the cultivation of a crop
should be done before it is planted, and that of the rest
a considerable part before the crop has started to
grow, may seem extravagant, but it suggests a truth—
that many farmers do not prepare the ground suffi-
ciently before sowing or planting the crops. Asa
rule the only cultivation soil designed for small
grains, grass or clover receives is that given before
sowing the seed. These crops may be lightly har-
rowed in the spring with possible benefit, but the
practice is not a general one. For the cultivated
crops, as Indian corn, work in pulverizing the soil and
destroying weeds can often be done to better advan-
tage before planting than afterwards.

One chief object in cultivating the soil while a crop
is growing is to prevent the growth of weeds. The
best time to kill a plant is soon after it has commenced
its growth. A weed or grain seed will withstand
much rough treatment without apparent injury. A
plant when well established, may lose much of its
roots or top and yet live. A slight disturbance will
usually kill a plant just starting to grow. Harrowing
or otherwise stirring the surface after the crop has
been planted will often kill many weeds just starting,
without injuring the deeper covered seed of the crop.
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The longer weeds are allowed to grow the greater the
loss of food and water which the crop might otherwise
have made use of.

Another chief purpose of crop cultivation is to keep
the surface of the soil loose and porous. Some soils
“bake” or “cake” on the surface, especially if they
have been stirred while wet. Shallow cultivation is
all that 1s needed in such cases. If the soil has been
deeply plowed or is naturally loose, it will hardly be-
come too compact while the crop is growing. The
roots of such plants as corn often grow more rapidly
than do the stalks while the plant is young. Close,
deep culture necessarily injures or destroys many
roots. Root pruning is almost always injurious to
the erop. It may be a necessary evil, but no more of
it should be done than is necessary. Deep culture
should be given, if at all, while the plants are small.

The relation of cultivation to soil moisture and its
evaporation 18 important. Improving the capillary
power of the soil may be accomplished by tillage in
many cases, by compacting too open soil, and loosen-
ing too compact soils. This work, except at the sur-
face, should be done before the ecrop 1s planted. At-
tempts to improve the physical condition of the soil to
the depth of six inches after the crop has well started
its growth will usually do more ‘harm than good.
Stirring the surface soil during drouth causes some
loss of moisture by increase of evaporation. If it is
desired to have a pan of wet sand dry rapidly, it is
well to stir it. But the loosening of the surface soil
and its becoming quite dry saves the moisture in the
soil by the dried surface acting as a mulch and thus
checking evaporation. A thin coating of finely di-
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vided dry earth will have much effect in this direction.
Deeply stirring the soil causes the loss of more mois-
ture, injury to more roots and little increase in the
benefit in the way of checking evaporation. Com-
paratively shallow cultivation while crops are growing
is very generally better than deeper cultivation.

So long as the ground is kept free from weeds
and does not become hard or very compact, there
seems no good reason for constant or very frequent
cultivation. Many crops are injured by lack of suffi.
cient cultivation; more by improper cultivation; some
undoubtedly receive more than is profitable. The
labor of men and teams may be more profitably em-
ployed than by repeated culture of a field already free
from weeds and with the soil in good condition for
growth of the crop. The condition of the soil and the
crop is a better means of determining whether addi-
tional cultivation is needed than is the number of
times the land has been stirred.

Of recent years there has been a marked increase in
the number and popularity of the tools which stir the
whole surface but only to a moderate depth, as com-
pared with the small plows or large shoveled cultiva-
tors, which stirred the scil to a greater depth.

Hand hoeing of field grain crops is not common in
this country. The work can be better done than by
horse power, but the cost is too great.



CHAPTER VIL
ROTATION OF CROPS.

A rotation of crops implies not only change, but
change in a regular order; that is, that different crops
shall be grown in something like a regular order
through a longer or shorter series of years, finally get-
ting backto the starting point. The practice is believed
to be very ancient. It issaid that, hundred of years
ago, 1t was the custom in parts of England to divide
the land into three parts, allowing one tolie in bare
fallow; having one in fall-sown and the third in spring-
sown grain, thus making a three years’ rotation.

Probably the first approach to rotation would be the
abandonment of a field after it had been cultivated
for some years, thus allowing it to become covered
with natural vegetation, the decay of which would
tend to increase its fertility

Rotation not Essential.—A rotation ‘of crops
is not absolutely essential to large harvests or, in some
cases, profitable farming. It has been noticed that
Sir John B. Lawes has grown wheat on the same
ground for about fifty years, and that, even where no
manure has been applied, the land still produces
a fairly good ecrop. Like trials have been made
with barley and roots, although not for so many years,
with similar results. The need of helping the fertility
of the soil in some way has been clearly shown in the
case of each erop. But where either stable or arti-
ficial manures have been regularly applied, it has been
shown to be possible to produce large crops for a

%3
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long series of years, without change, or rest to the
land. In a good many cases in this country, where
some special crop has been thought particularly pro-
fitable, it has been shown possible to grow 1t annually
for many years on the same land, by reasonable use
of manures.

In exceptional cases such a course of continued
cropping without change may be wise and profitable.
The general practice of good farmers and abundant
experimental evidence, however, show that a rotation
of crops is usually wise.

Reasons for Rotating Crops.—The reasons
why a rotation of crops is usually good practice mnay
be divided into two classes: Those which concern the
convenience and probable immediate profit of the
farm work, and, secondly, those which relate to main-
taining or increasing the fertility of the soil.

Aside from the usual arguments in favor of produe-
ing something of a variety of crops on a farm, such as
that thts practice reduces the risks of the farmer,
since it is not probable that all will be poor in yield or
low in price, and that it better distributes the work
of the year, enables the farmer better to provide for
live-stock, ete., all of which have some bearing on ro-
tation, it is also true that one crop may more profit-
ably follow another than itself, from its leaving
the soil in better condition. Iand long kept in crops
which are not cultivated while growing 1is liable to
become infested with weeds.

The most important reason for rotation is that the
practice helps keep up the productiveness of the land.
Three reasons why this is true may be given:

1. While all farm crops are made up of the same
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chemical elements the proportion in which they use
these varies greatly. So, also, the quantity and pro-
portlon of these they leave on the soil, in the stubble
or refuse, differs much.

2. The range of the roots and the power of assim-
ilating plant food differs much in different crops.

3. Farm crops differ much in the length of time
required to come to maturity, and in the time of year
in which they make much of their growth.

An ordinary grain crop will take from the soil much
less potash than will a crop of clover, potatoes or any
of the root crops. A crop of oats will take more pot-
ash than will one of wheat or Indian corn. A erop of
clover will take considerably more phosphoric acid
than will a grain crop, while one of mangels or tur-
nips will take considerably more than will the clover.
Obviously there is an advantage so far as the supply
of these substances is concerned in- alternating crops
which take less with those which take more.

The red clover plant, in a suitable soil, sends its
roots down to a greater depth than the mass of the
roots of such a grass as Kentucky blue grass. A long,
large mangel or sugar beet sends its roots much
deeper than a round turnip. The strong growing, far-
reaching roots of corn go deeper than those of oats.
The deep and shallow-rooted plants will obtain much
of their mineral food at different depths. A well
established crop of red clover would obtain a large
part of its food from a depth scarcely reached by a
crop of white clover or potatoes.

The unusual depth to which clover sends its roots,
and the large size of these roots, which greatly in-
creases the stock of vegetable matter left in the soil,
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are reasons for the high esteem 1n which clover is held
as a valuable crop in any system of rotation. Another
important reason is found in the fact that the clovers
and other leguminous crops,such as peas and beans, are
able to assimilate greater quantities of nitrogen than
are the cereal, grass, or root crops. In recent years
it has been shown that leguminous plants have the
power, not possessed by other plants, of assimilating
the free nitrogen of the air. It is believed that this
power is the result of the action of minute organisms
which cause the formation of tubercles on the roots
of plants of this order. It is a remarkable fact that,
although a crop of clover hay will often contain twice
as much nitrogen as will a crop of wheat, oats, corn or
grass, it leaves so much nitrogen in its roots and stems
that the soil contains more of this especially valuable
element than it had before the clover was grown. A
good crop of clover may be grown on soil which,
because of lack of nitrogen, would not produce a good
crop of wheat. After removing the hay, the soil may
be fitted to give a good grain crop the next year by

plowing under the stubble.
It has already been stated that there is a loss of

nitrogen from the soil in drainage water or by its be-
ing washed into an open subsoil. In wet weather,
especially where there are warm and wet winters, the
loss in this way may be considerable. The loss is
greater on soils free from vegetation than on those on
which a crop is growing. The roots of the growing
plants take up and make use of nitrogen which other-
wise might be lost. Kspecially is this true of deep-
rooted plants. The roots of red clover have been

called “nitrogen traps.”

Obviously crops like pasture
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grasses, or clover, which continue to grow from early
spring until late autumn,can make use of more nitrogen
than those which finish their growth in early summer,
as wheat. Indian corn, in this respect, has a great
advantage over the small grains. It makes much of
its growth after wheat has fully matured. It is thus
able to make use of the supplies of available nitrogen
which are being formed during the summer. Still
more i3 this true of grass or clover, which continue to
grow still later in the season.

It seems reasonable to believe that plants which
have a long season of growth can thrive fairly well on
soils with a less supply of available plant food of any
kind than can those which make their growth in a
short time.

In soils with loose, open subsoils or where manure
with much nitrogen has been applied, especially in
regions where there is considerable rain in the autumn
and early spring, there is good reason for following
early ripening crops with some fall-growing crops, as
wheat or rye, or for seeding the land with clover or
grass.

Green Manuring.—One form of rotation of crops
which is often highly recommended is the growth of
crops with sole reference to their manurial value. In
this country, sowing a crop of clover or buckwheat, or
of cow peas in the Southern States, in the spring, or of
rye in the fall, and plowing the crop under when it
has made a good growth, are the most common
methods of green manuring. The effects are often
very noticeable. Tho store of vegetable matter in the
soil is largely increased. Sometimes this much im-
proves the physical condition of the soil. Always the
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decay of this matter increases the humus and, ulti-
mately, the supply of available mineral plant food
near the surface.

The objection to this practice is that no direct re-
turn, aside from the increase of fertility of the soil, is
made for the time, labor and seed used, or, in many
cases, the land brings no money crop for a year.
Sowing clover with small grain erops and plowing
this under in preparation for a wheat crop in the fall
or corn crop in the spring is a practice becoming
more and more common. The only extra expenditure
in this case is the cost of the seed. Some one has
sald the only objection to this praetice is that, as a
rule, it would be still better practice to allow the
clover to stand another year, utilizing the crop for
pasturage or hay, and then plowing under the sec-
ond growth.

Fortunately it is not usually necessary to use a erop
solely for manuring. A part of the growth may be
utilized for hay or, better, for pasture, with little loss
of the manurial value of the erop, it being under-
stood that the manure made from the erop taken off
is to be returned, as well as the part of the crop not
removed plowed under.

Choice of Crops in Rotation.—The crops to
be used in a rotation will be selected with reference
to the ease with which they can be grown, and their
market or feeding value, as well as their value in
maintaining fertility, and the needs of the soil of the
locality. Fixed rotations have never been so common
in the United States as in Great Britain, and, even
there, more variation is allowed than formerly. Sbil
and climate must have large influence, but the relative
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value of different crops, the facilities for marketing
them, the greater or less price of live-stock products
and the present money needs of the farmer, often
must determine the exact rotation he adopts.

The alternation of grain with green crops; of culti-
vated with uncultivated crops, are fundamental prin-
ciples in theoretical rotations. So far as maintaining
fertility is concerned it would probably never be best
to repeat a grain crop without an intervening green
crop, but in practice 1t is often best to cultivate the
same crop two, sometimes even more, years in sue-
cession.

In Great Britain roots are the chief cultivated erop.
In the United States, Indian corn is the principal
cultivated crop. Unlike as maize and root crops are
in other respects this one point in common makes
each prominent in the best systems of rotation in
the country in which they are grown.

The ‘“Norfolk” four course, or four years rotation,
has been very popular on light land in England. The
order of cropping is: Roots; grain, usually barley;
“seeds,” that is, a mixture of clover and grasses;
grain, usually wheat—each one year. The roots
are turnips, or mangels, and are often eaten by sheep
on the ground where they grew. Sometimes, clover,
rye, tarnips, or vetches are sown after the wheat is
harvested and these crops followed by the regular
root erop. On poorer soils, or where it is not desired
to have a grain crop so frequently, the “seeds” may
be left two or three years, as is the usual practice in
this country. In some parts of England the rotations
are very elaborate, lasting several years and intro-
ducing a variety of “catch crops.”
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Prof. Wrightson gives the following specimen rota-
tions for clay lands in England: Poorclays—Fallow,
bare or cropped; wheat; beans, or oats, or clover.
Better clays—Fallow; wheat; beans; oats. Rich
clays—Fallow; wheat; beans; wheat; clover; wheat.
In each case the fallow land may be cultivated
throughout the season or have a “catch crop’ on it
in the latter part of the season.

In this country “roots,”” even including potatoes, are
little grown in comparison with the cereals. Peas
and beans also form but a very small percentage of
the crop acreage. Over much of the country the
choice in rotation is practically limited to grass and
clover, as the green crop; the small grains, usually
either wheat or oats or both, and Indian corn as the
hoed or cultivated crop. In a rotation made up of
these, the grass, and especially the clover, will be the
“manuring crop,” the corn the ‘“cleansing crop,” and
the small grains will be, as a whole, the most ‘‘ex-
hausting crops.” There are large regions to which
these statements do not apply—as in the cotton,
special potato, or tobacco-growing regions, but the to-
tals of these, large as they are, are relatively small.

Where it is adapted to the soil and climate, red
clever is the most valuable crop in a rotaticn for this
country. It gives a large crop of good food for
either pasture or hay. It leaves a large quantity of
vegetable matter on and in the soil, in its roots and
stubble. This contains much nitrogen, and the min-
eral matter has largely been |brought from a lower
depth of soil than the roots of some crops reach.
The decay of the roots not only increases the stock of
humus in the soil but helps its physical condition.
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The usual meadow and pasture grasses also do
good, if well managed. Where live-stock is pastured
on a grass field comparatively little valuable matter is
carried off. If the animals are well fed with grain,
their droppings may make the soil more fertile. The
quantity of both nitrogen and ash ingredients in the
surface soil will be considerably increased. That an
old pasture ground, when broken up, will usually give
a fine corn crop is well known. Permanent pastures
are not so common in this country as in Great Britain,
the pasture lands here being usually included in the
rotation. As awhole, this tends to keep up the fertility
of the whole farm. Hay-making and selling is more
exhaustive than pasturage, and a continuance of this
practice without manuring the meadows is not advisa-
ble, but the accumulation of humus and readily availa-
ble mineral plant food in the roots and stems of the
grass is such that when an old meadow is plowed it
frequently gives a good yield of grain, notwithstand-
ing the loss of plant food by the sale of the hay.

Indian corn is now generally thought a less ex-
haustive crop than it was formerly believed to be.
The longer period of growth, as compared with the
small grains; the fact that it can make use of nitrogen
supplies made available during the summer and early
autumn; the factthat it has abundant, wide-spreading
and deep running roots, and the fact, that, in many parts
of the country, only the grain is removed, the stalks,
leaves and husks being left on the ground, help ex-
plain why it docs not decreasc fertility so rapidly as
its large yield might suggest.

Oats are popularly supposed to be exhaustive, but
the oat crop is the one crop the application of ma-
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nure to which, when grown on lands of moderate fer-
tility, is often injurious. The growth of straw is
liable to be unduly stimulated and the crop to fall
down.

The great maize growing states are also great cattle
rearing regions, hence there is much pasturage and
meadow required. In these states the following rota-
tion is not uncommon: Three years in grass and
clover, two years corn, one year small grain (wheat
or oats), seeded with grass and clover. If less stock
is kept the grass and clover may be kept but two
years. If the small grains are more prominently
grown, wheat may be grown two years in succession.
If the land is not so well adapted to corn, there may
be but one crop of this. Commonly, however, the
second crop is fully as good as the first. While not
considered so good practice, three or even more corn
crops are not unfrequently taken in succession, on
fertile prairie or alluvial soil. In this general rota-
tion the manure is usually applied to the land while
in grass, either as a top dressing . for its benefit, or to
be plowed under for the corn crop.

Where pasturage is the main feature, or where the
Jand 1s thinner and not so well adapted to corn, the
land may remain in grass several years, the clover
usually mainly disappearing.

Over some considerable areas a four-course rotation,
but with many modifications, is practiced. It may
be: Corn; oats or fallow; wheat; clover and grass.
In this case the manure will be applied to the fallow
ground or the oat stubble for wheat.

Even in the almost exclusive grain-growing regions
some benefit is found to result from alternating the
corn and the small grain crops.
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Double cropping is not ecommon. Sometimes a
crop of corn or sorghum or millet may be grown after
wheat and removed in time for another wheat crop.
As has been stated, the practice of sowing eclover in
the spring on the wheat or oats ground, whether the land
18 designed for wheat the next fall or is to be put in
corn the next year, is growing in favor.

Clover alternated with some one grain or with the
potato crop is an uncommon but sucecessful rotation.

With a careful rotation, especially if clover have
a prominent place in it, land of naturally fair quality,
if well tilled, may be cropped for many years without
showing much, if any, reduection in yield. Some in-
telligent farmers think that, with a good rotation and
good tillage, the application of manure% is unneces-
sary. It may be for a considerable number of years,
but depreciation of fertility will finally come. Good
tillage, a good rotation, and liberal manuring, com-
bined, are the best security against ultimate loss.



CHAPTER VIIL
THE CHOIOE AND IMPROVEMENT OF CROPS.

There is a large variety of crops grown on the
farms of the United States. A very few, however,
occupy most of the acreage. What is popularly
called the grass crop—including many varieties of
grasses and the clovers—grown for pasturage and
hay, occupies the largest area and has the greatest
value. Next to this come the three great cereals, corn,
wheat and oats. The acreage in corn i1s about twice
that in wheat and three times that in oats. Cotton
comes next in acreage. Large as is the acreage in
some other crops there is none which makes any
considerable percentage of the total cultivated area.
A million of acres is a very large tract of land, but it
is insignificant when compared with the hundreds of
millions of acres in the farms of the country.

There has been rapid increase in the cultivated
acreage of the country and some changes in the pro-
portion given to different crops, but there is little
reason to believe that the time will soon come when
grass, corn, wheat and oats will not be the leading
crops of the country, at least so far as extent of acre-
age 18 concerned.

Almost every crop now grown on the farms of the
United States had been grown to some extent before
the revolutionary war. Improvementsin methods of
culture or in machinery for utilizing the erop have
brought some crops into greater relative importance,
This has been noticeably true of cotton, and it is

94
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much to be hoped may be true of beets and sorghum
for the manufacture of sugar.

The possibilities of crop production depend mainly
on climate and soil.  Of these the climate is the more
important. Manuring, culture, or drainage may great-
ly modify the soil and make it fit for crops for which
it was illy prepared. Plants, like animals, have great
adaptability; they may become aceclimated and do
fairly well where neither soil nor climate is like that
in their native land. Usually, however, it is unwise
to attempt the growth of any crop which experience
has shown to be illy adapted to the climate and soil
of a given region; at least as a leading crop.

The profitableness of the growth of a given crop de-
pends not only on the eclimate and soil, but very
largely on the market facilities, and, so far as the in-
dividual farmer is concerned, largely on his tastes,
experience and capital. The farming in many parts of
this country has greally changed, not because of soil
exhaustion or changes of eclimate, but because of
changes in the market demands. Usually, in regions
recently settled, where land 1s low-priced and trans-
portation facilities are poor, farmers devote them-
selves to grazing cattle or sheep or to the production
of crops, like corn and wheat or cotton, which can be
readily transported long distances. Where the soil
and climate are favorable wheat has been a favorite
crop with new settlers, because a considerable acre-
age can be grown with comparatively little expendi-
ture of money or labor, and a money return can be
secured more quickly than if stock-raising be selected
as the chief bu~iuess. Asthe land advances in value,
especially near large cities, the production of crops
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which give a larger money return for the acreage and
of such as cannot be carried great distances without in-
jury becomes more common. Thus supplying milk to
large cities is now a chief business on farms formerly
devoted to grain growing.

The general practice is usually the safest guide.
There are many exceptions to this, but no safer rule
can be given to one about commencing farming in a
region with which he has little acquairtance than to
follow the practice of the most successful farmers in
the vicinity, at least in the beginning of his work. As
stated, there are many exceptions. It not infrequently
happens that the most profitable farming in a com-
munity is that by some one who has introduced a new
industry, or sought to give a home supply of some
article which has hitherto been brought from a dis-
tance. A man of special skill and intelligence may
sometimes wisely work against peculiarities of climate
and soil. It often happens that those who are first to
see the probable value of a crop new to the region, or
first to adapt their farming to changing conditions,
are much more successful than their neighbors.

Specialties or Gemeral Farming.—For most
farmers the production of several crops is safer and
wiser than giving nearly exclusive attention to one
crop. Here again there are many exceptions. A
wisely selected specialty often gives much larger
profits than come to the farmer who divides his
efforts between several branches of farming. The
specialty farmer ought to learn more about produc-
ing and disposing of his one crop than if he looked
after several. He has a better opportunity of making
& good reputation and of getting somewhat higher
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prices. He may be able to produce more cheaply by
a better use of machinery.

General farming usually enables the farmer to dis-
tribute his labor and that of his employes and teams
to better advantage throughout the year. It gives

Jthe advantages of a rotation of crops, and, if stock
feeding be a part of the system, of retaining much of
the manurial value of the crops on the farm. It is
something of a safeguard against poor yields and poor
prices. It rarely happens that all the crops give poor
yields and also bring low prices. This may bappen
with a specialty in any one locality.

The attempt to produce a little of each of a large
variety of crops on any farm is almost always unwise.
The safe rule is to give the chief attention to one or
two or three crops, but not limit the farm work to
these.

The tendency in farming, as in almost all classes
of business, is toward specialization of effort and di-
vision of labor. Thisis wise, but it mnay be carried too
far. It is not now wise for farmers to attempt to
clothe themselves with the wool or eotton produced on
their own farms or to produce all that they eat; but it
i8 not the best management for the largest number of
farmers in this country to buy any large part of the
food of their teamsor other live-stock on their farms.

For reasons which need not be discussed here, but
largely because the feeding of farm animals on the
farm is one of the best methods of preventing de-
crease of fertility, animal husbandry in some form
should be a part of the system of management on the
majority of the farms in the country. Meat, milk or
wool is most cheaply produced where the animals get
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most or all their food by grazing in good pastures.
Hence liberal provision for grass or some of the clo-
vers should be made on most stock farms. In most
cases it 1s also best that the greater part of the grain or
other food given them should also be produced on the
farm. The by-products of manufactures are com-
ing more and more in use, and itis well this is so.
Oil cake or meal, whether of linseed or cottonseed,
will doubtless become a still more popular food than it
nowis. DBran, etc., may often be purchased with profit,
but corn and oats will long remain the chief grain
food for farm animals. Wheat will probably long
continue to be the great bread grain for civilized man.
The great majority of thefarmers north of thirty-five
degrees or thirty-six degrees north latitude will do most
wisely, so long as present conditions continue, to make
some or all of these crops the chief product of their
farms.

*

There are large areas in which minor crops may be
more profitable than these great staples, and in very
many neighborhoods a few farmers may do well to se-
lect some special line of work. Thus in the neighbor-
hood in which this is written, large profits were former-
ly made on broom-corn. Now this crop is scarcely
grown 1n this vicinity, but the presence of a large
cordage manufactory makes the culture of hemp an
especially profitable branch of farming, and a number
of farms are almost exclusively devoted to this crop.

Cotton will certainly continue to be the chief farm
crop of some Southern states, and it is probable the
area in the Gulf states in which sugar cane is most
largely grown will extend. It is believed, however,
that more variety of crops, allowing some rotation,
would be better in these regions.
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Potato culture and the growing of what are called
market garden crops, as well as fruit growing, are more
profitable than ordinary graingrowing in a good many
localities; but important as these crops are they are
still minor crops and engage the attention of but a
comparatively small percentage of the farmers of the
country.

Specific rules which shall be applicable to all parts
of the country cannot be given. The great staple
crops can safely be grown where soil and climate are
adapted to them and where there are reasonable trans-
portation facilities. When practicable a rotation is
better than continuous growth of any crop, and it 1is
very desirable to give a place in the rotation to clo-
ver or some plant of the same family. Generally the
crops of which the larger part is retained on the farm
are to be preferred. The growth of brocom-corn, where
only the brush is sold and this c¢ut befcre the seced has
matured, is less exhaustive to the soil than is the
continued culture of Indian corn where the grain is
sold. The order of cropping which will give em-
ployment during most of the year is ordinarily to
be preferred.

Specialities which require most of intelligence and
skill may give largest profits, with possibilities of large
losses.

Improvement of Farm ('rops.— Probably there
is 1o grain, grass, fibre, or root crop cultivated in the
United States which has not been greatly changed
since it was a wild plant. In recent years many new
varieties have been produced, differing in marked de-
grees from those formerly cultivated. Farmers gener-
ally do not actively interest themselves in the improve-
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ment of their crops; are not always careful to main-
tain them in their present standard of excellence.
Much can be done in this direction. It is often un-
necessary to rely on specialists or to pay high prices
for improved varieties. A frequent change of seedis
not necessarily a good thing; certainly it is not neces-
sary to obtain seed from distant parts of the country
for a region where the soil and climate is well suited
to the crop. If the region is not well adapted to the
crop frequent new supplies of seed may be helpful or
even essential. Probably no part of the world is bet-
ter adapted to Indian corn than is much of the central
Mississippi Valley. There would seem to be no good
reason for changing seed of corn in this region. Much
of this same region is not equally well suited for the
oat crop. The climate is too dry and hot. The oats are
much lighter than those produced in more moist and
cool regions. Obtaining seed oats from regions where
the crop does better is good business management.

Three methods of crop improvement are commonly
used. These are selection, cultivation,and crossing.
With some crops, as Indian corn, all these methods are
easily practiced. ~With some, as with the small grains
and grasses, crossing is more difficult. With plants,
as with animals, the rule is that like produces like, or
the offspring resembles the parent. Many things
may cause variation but the tendency is toward almost
exact reproduction. Persistent selection of seed
from plants possessing any characteristic will tend to
fix that characteristic until it will almost certainly be
reproduced. Much less attention is paid to selection of
most sceds than is given to selection in animal breed-
ing, but like results may be expected to follow.
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It 1s not alone the character of the seed but of the
whole plant that may be affected by selection. Selec-
tion simply with reference to the size or shape or color
of the seed 1s faulty. The character of the plant pro-
ducing the seed should also be determined. Selection
before or at the time of harvesting is wiser than se-
lection from the granary. In this way the size, form,
time of maturing, and prolificacy of the plant may be
determined.

Good cultivation will tend to improve varieties; at
least tend to prevent deterioration. Thick or thin
seeding has a marked effect on the quantity of seed
produced. The best varieties may become poor if
given poor treatment.

The produetion of new varieties by eross-fertiliza-
tion may unite good qualities of both or secure im-
provement. Sometimes greater vigor of plant or pro-
ductiveness is thus secured. Occasional production of
new varieties of potatoes from the seed seems almost
essential. Sometimes a single plant of grain, grass,
clover or other crop may, from some unknown cause,
present some desirable quality in unusual degree.
Selection of seed from such a plant is not “small
business.” It may prove a profitable step. Some
widely famous varieties of grain had their origin in
this way.

A definite idea of what is wanted, careful and per-
sistent selection with reference to the possession of the
desired qualities, and then good cultivation, is often
a wiser method of getting good varieties of farm crops
than purchasing new varieties from a distance and at
high prices,



CHAPTER IX.

WHEAT.

History.—The cultivation of wheat 1s much older
than the history of man. Very ancient monuments,
much older than the Hebrew Scriptures, show its cul-
tivation already established. The KEgyptians and
Greeks attributed its origin to mythical personages.
The earliest lake dwellers of Western Switzerland cul-
tivated a small grained variety of wheat as early as
the stone age. The Chinese grew wheat 2,700 B. C.,
and considered it a direct gift from Heaven. Wheat
is one of the species used in their annual ceremony of
sowing five kinds of seeds. Chinese scholars believe
it to be a native of their country.

The existence of different names for wheat in the
most ancient languages confirms the belief in its great
antiquity. It has been asserted that wheat has been
found growing wild in Western Asia, butthe evidence is
not conclusive. The Luphrates valley 13 believed by De
Candolle to be the principal habitation of the speeics
in prehistoric times.  So far as known wheat was not
grown in America before its discovery by Columbus.

Its ease of cultivation; its adaptation fo a climate
favorable to the beginning of civilization; its quick
and abundant return; its ease of preparation for use;
its abundant supply of nutritious substance; possibly
its rapid improvement under cultivation and the fact of
its being paniferous, or possessing that special quality
which adapts it above any other grain to the making
of light bread, were probably some of the reasons
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which caused primitive man to begin and continue its
cultivation. In addition, its wide adaptation to dif-
ferent soils and climates has made it one of the prin-
cipal foods of mankind.

Production. —The average wheat production of the
world is from 1,500 to 1,700 million bushels annually.
Europe produces annually about 1,200 million bushels;
about 3.0 bushels per inhabitant.

The largest five wheat producing countries of
Kurope, are, in order of importance, HFrance, Russia,
Austro-Hungary, Spain and Italy. Germany and
Great Britain were formerly more important wheat
producers than at present. The United States and
India are the only other large wheat producing coun-
tries.

The United States produces a large surplus of
wheat annually, and must compete in the markets of
the world with other nations. Europe is our foreign
market. She requires nearly four bushels per inhabi-
tant, or about a half-bushel per inhabitant more than
she produces.

Fach country of liurope, however, does not import
equally and some cxport in considerable quantities.
The principal importing countries are Great Britain,
France, Belgium, Germany, Italy and the Nether-
lands. The average total net import of wheat of the
various countries of Europe for the ten years, 1880 to
1859, was 203 million bushels annually. Half of this
import went to Great Britain. During the same ten
years, the average net export has been 88 million
bushels, most of it coming from Russia and Rouimania.

Outside of Ifurope the principal wheat exporting
countries are the United States and India. Australasia,
Canada, Algeria and Egypt export small quantities.
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The wants of Great Britain control the wheat mar-
ket of the world. Of the wheat consumed in Great
Britain one-third to one-half is home grown. Fifty
years ago only three per cent was imported. In that
time the price has fallen thirty-five per cent, and the
consumption has increased thirty-two per cent per
inhabitant. The consumption per capita is given at
5.5 bushels. Other grains used increase the quantity
to the equivalent of ten bushels of wheat per inhabitant.

The United States raises the most wheat of any
nation on the globe. The following presents the es-
sential statistics for the average of ten years, 1870-

1879, and 1880-1889:

1870-79. 1880-89.
Area,acres .............. 0. ..., 25,000,000 37,000,000
Yield, bushels................... 312,000,000 450,000,000
Value, dollars . .................. 327,000,000 372,000,000
Value per bu., dollars............ 1.05 - 0.83
Yield peracre,bu............... 12.4 12.1
Value per acre, dollars....... ... 13.00 10.00

The yield during this decade increased forty-four
per cent over that of the previous decade. The value
of the crop increased only fourteen per cent. The
value per bushel was twenty-two cents less during
this decade than during the previous one, and the
value per acre was three dollars less. The yield per
acre has not materially decreased.

According to recent estimates forty-two per cent of
the wheat grown in this country is consumed in the
county in which it is grown. Of this eleven per cent
is required for seed. About one-fourth of our crop is
usually available for export. About one-third of the
crop, therefore, is consumed in this country outside of
the county in which it is grown.

While wheat is grown in every State in the Union
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the greater part is raised in the Mississippi Valley.
The progress of wheat-growing is steadily westward.

In 1849 the central line of production passed
through Eastern Ohio; in 1859, through Eastern
Indiana; in 1869, through Eastern Illinois; in 1879,
through Central Illinois, and in 1889, the central line
was on the western side of the Mississippi river. In
1849 only three per cent of the wheat was produced
west of the Mississippi river. The fortieth parallel
nearly divides the crop into northern and southern
halves.

Wheat production has been stimulated by three
prominent causes: 1. The possession of large areas of
fresh lands, easily brought into cultivation; 2. The
extension of railway construction, and 3. A period of
several years of poor crops in Western Europe. The
first cause is fast disappearing, and the second is be-
coming less important. The third is as uncertain as
the seasons.

Structure.—The wheat plant belongs to that class
of plants in which the first leaves of the embryo are
alternate, technically known as monocotyledons. The
family to which it belongs is characterized by having
hollow stems with clesed joints, alternate leaves with
their sheathes split open on the side opposite the blade.

The flower of the wheat has three stamens, the
anthers, which contain the pollen or fertilizing ele-
ment, being suspended on thread like filaments. The
stigma, which receives the pollen and conveys it to the
ovary, or female element, is in two parts and is
feathery. It is necessary for the ovary to be fertilized
with the pollen before any seeds can be formed. It
is believed that it is better for the ovary of a given
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flower to receive the pollen of some other flower rather
than its own. This is accomplished in the case of
wheat and other cereals by the wind. At the proper
geason, this pollen may be seen floating in the wind
over the wheat fields.

Whether varieties of wheat mix by natural methods
when sown near together is one of the disputed ques-
tions. That they do not do so readily seems fairly
well established. Wheat varieties may be crossed or
hybridized by conveying the
pollen of one variety to the
stigma of another by artifi-
cial means.

The ovary, stigma and
stamens are enclosed in two
chaffy parts called palets.
The parts collectively con-
stitute the flower of the
wheat. Three or more of
these flowers are enclosed
by two more chaffy and
harder parts called glumes.
This is called collectively a spikelet.

These spikelets in the grass family are arranged in
two ways, viz.: On a more or less lengthened base,
as in the oat, when the whole head is called a panicle,
or joined directly to the stem as in wheat, when the
head is called a spike. Several species of the grass
family, including wheat, have the spikelets in a spike
arranged alternately at the joints of a zigzag jointed
stem, the joints being alternately excavated on the
side next the spikelet. The reader should study
a head of wheat in connection with this description.

(After Gray.)
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In the genus Trelicum, to which wheat belongs,
there is but one spikelet at each joint and it is placed
flatwise, usually on a single spike. We have in this
country some wild species which are usually placed in
this genus. They are perennial. Wheat is not only
anrual but the experiments of Lawes and Gilbert in-
dicate that artificial cultivation is essential to its
growth. Sir John Lawes is wont to say that if man
should disappear from the earth wheat would follow
him in three years.

The process of milling consistd in separating that
portion of the wheat berry which is desirable for
bread-making from the undesirable portion, and re-
ducing it to an impalpable powder.

The wheat berry is covered by a light, colorless,
spongy envelope composed of cellulose, which is the
principal ingredient in wood and straw. The en-
velope 1s about three per cent. of the entire berry and
is almost, if not quite, indigestible. Botanically it is
not a part of the seed proper, but is equivalent to the
pod of the bean or the shell of the hickory nut.

Within this envelope i1s the testa, or true cover-
ing of the seed, which is finer but similar in structure,
except instead of being colorless its cells are filled
with two coloring matters, one a pale yellow and the
other an orange yellow. These pigments give to the
berry its color, which varies according to the relative
abundance of the two. The testa is about two per
cent. of the berry. It is the portion which gives
millers so much trouble, as a surprisingly small
amount makes the flour dark and the bread darker.
The two envelopes described constitute the bran and
together make about five per cent. of the wheat. The
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bran of commerce contains about 75 per cent. of other
materials; that is to say, 15 per cent. of the nutritive
portion of wheat; otherwise bran would be practically
valueless as a food for stock.

Within these envelopes, and next to them, is a row
of irregular, cubical cells. This row of cells is sup-
posed to be simply an expansion of the embryo and
has been called the embryonic envelope. The cells
are filled with phosphate of lime, and a solvent sub-
stance called cerealine, which assists in germination.

The body of the grain or endosperm consists of large
thin-walled cells, filled mostly with starch but contain-
ing also gluten and other albuminous material. This
1s the portion from which flour is made and is 79 to
80 per cent. of the whole berry. In the modern pro-
cesses of milling, besides the bran proper, the germ or
embryo, the embryonic envelope and seven per cent.
or more of the endosperm is separated from the re-
maining endosperm, the latter only being made into
flour. About 70 per cent. of the berry is made into
flour.

Chemical and Physical Properties. —In
chemical composition wheat is very variable. It is
probably more susceptible in this respect to surround-
ing conditions than any other grain.

The following may be given as the average of over
300 analyses of American wheat: -

Pounds

Per Cent, per ton.

Total dry maftter....... e S — 89.46 1789.9
A INERTTIEN @Bl wvrmwsvms g g oon S99 5 B8 F5% 99 S 11.80 236.0
Cride Tatn sbissihdsdMAted. BLAAIAE Nhw! 2.11 492 .9
Nitrogen-free extract (starch, etec.)..... 71.89 1437.8
Crude fibre ... ... ... ... . ..., ... 1.80 36.0

AW oo . non S TOER BT TSGR B DEET - S——— 1.86 37.2
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The spring wheats contain a somewhat larger per-
centage of albuminoidsthan the winter wheats. In
individual instances there is considerable variation.
Flour made from the hard spring wheats is richer in
albuminoids than the winter wheats. The lightness
of bread depends upon the per cent. of albuminoids,
and it is for this reason that, with the modern process
of milling, spring wheat makes the best flour.

High weight is almost always an evidence of high
quality, but not always of large, plump, well-matured
grains.

The hard spring wheat of the Northwest, which is
small in gize, and not well-motured in the sense of
having a large, plump berry, is very heavy in its
weight per bushel; while the large plump wheat of
Oregon, which is very starchy, is light in weight. The
weight of a bushel may vary from 55.5 to 65.5 pounds.
In the majority of cases where trials have been made
the weight varies with the percentage of albuminoids.
Hence we find weight, together with the comparative
uniformity of the kernels and ecleanliness, fixes the
grade of wheat. The shape rather than the size of
the kernel affects the weight per bushel. Richardson
found, as the result of nearly 400 determinations, that
there were about an average of 12,000 kernels in
a pound of wheat; in some samples there were less
than 8,000, while in others 24,000 kernels to the pound.
Obviously one bushel of seed in the one case would
be equivalent to three bushels in the othez.

The analyses of wheat given show that wheat con-
tains 10 to 11 per cent. of water.

This represents the moisture in the samples as
analyzed, often after they have stood in the dry-room
of the laboratories. What percentage of water wheat
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contains as it goes on the market cannot be stated, but
it has been shown to vary largely from day to day
with the varying conditions of the atmosphere. In
California, where the atmosphere inland is very dry
at harvest, this subject is a matter of considerable
commercial importance. It 1s claimed that the mois-
ture that this California wheat will absorb during a
voyage from San Francisco to Liverpool will some-
times increase its weight enough to pay the entire
cost of the freight. Wheat boughkt inland and kept
in warehouses all the season would inerease in a sim-
ilar manner.

Experiments by Hilgard and O’Neil, of the Univer-
sity of California, indicated that wheat of the inland
of California might increase twenty-five per cent in
weight by the absorption of water when transported
to a temperate climate, while a gain of five to fifteen
per cent might be looked for with absolute certainty.
A difference of nine per cent was observed in twenty-
four hours. Brewer found a difference of from five to
eight per cent between thie water in wheat in a furnace
heated room in February and the moist air of New
Haven freely circulating in the same room in Septem-
ber. Richardson found that two days were sufficient
to equalize the moisture in samples of flcur which
varied from less than eight to over thirteen per cent
originally.  Afterward the water in the samples
fluctuated with the humidity of the air.

Wheat absorbs forty-five per cent of its weight of
water in germinating. The lowest temperature at
which wheat will germinate is forty-one degrees; the
highest temperature one hundred and ten degrees;
and the best temperature for the germination of wheat
is about eighty-four degrees Fahrenheit.



CHAPTER X.
WHEAT.

Climace.

The yield and quality of wheat and
hence its successful growth, agriculturally considered,
depénds mainly upon these six conditions: climate,
soil, variety, method of cultivation, liability to disease,
and attack of insect enemies.

The quality of wheat may be affected by the cli-
mate, as is evidenced by the difference between the
hard spring wheats of Dakota and the soft winter
wheats of Washington. Richardson found one sample
from Dakota to contain eighteen per cent of albumin-
oids while one from Washington contained only
7.7per cent of albuminoids. Differences exist else-
where, but in a less marked degree. It has been
shown that the climate of Colorado modifies the qual-
ity of wheat brought from other climates. Climate
and soil, however, are intimately connected, so that it
may be laid down as a rule that localities having
widely different climate and soil produce their pecu-
liar varieties and modify those which are brought to
them. It is believed by some that the annual renewal
of the seed from a desirable and favorable sonrce
often makes it possible to raise cereals whers other-
wise the climate and other unfavorable conditions
would render their profitakble cultivation impossible
through reversion.

According to the tenth census of the United States
seventy per cent of the wheat of the United SStates was
grown where the average January temperature was
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below freezing; eighty-five per cent was grown where
the average July temperature was between seventy
and eighty degrees and sixty-five per cent where the
mean annual temperature was between forty-five and
fifty-five degrees. We must be car eful not to attach
too much weight to this, as the soil, particularly its
ease of cultivation, has greatly affected the distribu-
tion of wheat. However, although there are some
noted exceptions, as California, Egypt and India,
most of the wheat of the world grows in regions of
cold winters.

The wheat plant for its best development needs to
have its early growth in the cool part of the year. It
is only early in its growth, during cool weather and
slow growth, that wheat tillers. A long period of
growth consequent upon cool weather gives it better
opportunity to get sufficient plant growth. A cool,
prolonged but not too wet spring is probably best.

According to the investigations of Lawes and Gil-
bert, there is a nitrifying agent in the soil which pro-
duces a supply of nitrates necessary to produce the
crop. Suppose a maximum crop requires twenty-four
pounds of nitrates besides those already formed in
the soil, and throughout the growing season four
pounds are produced per month. Six months of
growth would be necessary to produce a maximum
crop. If a warm growing season should force the
crop to maturity in five months, it would not have
enough food to produce a full crop. The loss of ni-
trates during wet seasons has been found to be greater
and the amount taken up by the wheat smaller. On
this account comparatively dry seasons should be
favorable for the production of large crops of wheat.
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Wheat of hot, sunny climates, with dry weather
during the latter part of the growth, is brighter and
makes a better quality of flour the world over. The
United States is particularly favored in this respect.

In a country of cold winters it is better to have
the ground covered continually with snow. Alternate
freezing and thawing with the plant exposed to the
wind is very destructive to wheat. Winter wheat
kills in two ways, by being frozen to death and by
being heaved out by alternate freezing and thawing.
When the soil is bare, that about the roots will reach
nearly the temperature of the air above, but if the
soil is covered with a couple of inches of snow, the
temperature of the soil will be little if any below the
freezing point.

Soil and Manures.—The character of the soil
affects the yield more than the quality of the wheat.
Light clay soils are eminently adapted to wheat. A
large proportion of the wheat is grown in this country
on what is known geologically as drift soil, the con-
trolling reasons being ease of cultivation and adapta-
tion to the use of light machinery

In the United States very little manure, compara-
tively, has been applied directly to wheat land. In
many places wheat is grown continuously without
manure. Undoubtedly a change from this practice
must take place eventually. ILxporting over one
hundred millions bushels annually, besides one-half
the home consumption going fo the cities to be lost,
must be decreasing the fertility of the soil,

In many places wheat forms a part of a rotation of
crops, stable manure being applied to the other crops,
such as corn. In some places, although less frequent-
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ly, stable manure is applied directly to the wheat,
where wheat forms a part of the rotation. Clover is
used in many places as a part of the rotation and
with good results. In some localities, potatoes and
wheat are