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0
MY

ol

Tan prime purpose in publishing this book is to aid-
the practical farmer and student of Agriculture. It has
been my aim to place before the reader in a plain, prac-
tical way useful knowledge and the results of scientific
research as applied to the common things in agriculture
without the use of technical terms or confusing tables,
so that the tiller of the soil may have a friend and hand-
book to which he may turn with confidence in time of
need.

No claims are made for originality or discovery, but if
there is merit in the work, it lies in the practical applica-
tion of scientific facts to the everyday problems and
conditions as they are found on the farm.

In the treatment of the various subjects I have tried to
present them in the briefest way, and have given the
results of scientific research as far as known and as far
as they square with practical experience, leaving all
theories in the hands of experimenter and investigator. '
This should enable the reader to secure a fairly accurate
knowledge of the subject in which he is interested with-
out the necessity of searching through many bulletins
and elementary works. The subjects treated are believed
to be those in which the great majority of farmers are
most interested.

INTRODUCTION

A4



vi INTRODUCTION

The science of agriculture (if, strictly speaking, there is
such a science) is as broad as the universe, embracing
within its domain, to some extent, all other sciences,
presenting rich fields in many directions for investigation
and discovery, and awaiting the intelligent application of
such discoveries to agricultural conditions as we find them.

No man, however great, can know it all, and the wise
farmer will profit by the experience of others and apply
the knowledge thus gained to the practical business of
farming. To the investigator and experimenter in every
department of agriculture the farmer owes his debt of
gratitude, for they have helped to make farming a dig-
nified, honorable, and successful occupation. They have
enriched the world and benefited their fellow-men.

To the farmer I will simply say that I have not at-
tempted to cover the whole field of agriculture, but have
confined my work to the things in which I have had some
practical experience and which must of necessity be
somewhat restricted in the life of any man. It is hoped,
however, that many will find this book helpful in their
daily work and concede that I have to some degree been
able to aid my many farmer friends.

JomN McLENNAN,
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s PRACTICAL FARMING

!’HE SOIL T».,_:':
Tre first and funda.men‘tal subject to be trested in a

work of this character, antk the foundation on’ wﬁmh must
rest every development in agr}culture, is the soﬂ

The soil, as the term is eommbnly»tmdersbood is the top
surface of the earth extending only'a ‘féw imches in depth,
and is the part usually occupied by the roots of growing

plants.
nThe subsoil is that portion of the earth lying imme-
diately below the soil, is not cultivated, and is compara-
tively little used by plant roots.
SOIL COMPOSITION
Both the soil and the subsoil are primarily composed of
molecules; that is, minute grains of rock of varying sizes

and forms. These are simply a result of the action of the
elements, such as frost, rain, wind, and heat in breaking

down and disintegrating the surface rock. Mixed with
the soil particles will be found also more or less decaying

organic matter known as humus.
B 1



2 PRACTICAL FARMING

SOIL AIR

These soil particles or molecules do not form a solid
mass, but a more or less open and porous substance with
air spaces between the particles through which the soil
air should circnlat¢ freely. As an illustration, we might
compare it toa gfaas ﬁiIed with very small shot.

SOIL WA’I‘EB

dees the air which clrculates .among the soil particles,
each sepa.rate particle is surrounded with a film of water,
held :in-place by the force of a.dheslon This water is
known as so;l moisture.

HUMUS

In addmon to .the air and water which permeate the
soil, there is also mixed with it, in varying quantities, or-
ganic matter -such- a8 deg:aymg roots of plants, leaves,
manure, and other decomposing vegetable matter. This
organic matter is known as humus.

In localities which are not readily drained the vegetable
matter, or humus, may accumulate so a8 to comprise
substantially the whole surface of the soil. Such localities
are then termed swamp or muck land.

The humus or decaying vegetable matter in the soil
aids in the production of nitrogen, which is one of the most
important as well as the most valuable of plant foods.

MINERAL ELEMENTS OF THE S8OIL

Besides the nitrogeﬁ produced by the decaying humus,
the soil also contains potassium, calcium, magnesium,
“phosphorus, sulphur, iron, and chlorine, and if a soil is
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CHARACTER OF VARIOUS SOILS - §

deficient in any of these essential elements of plant food,
it will not produce a satisfactory crop. With the open
particles among which the air can circulate freely, the
water or soil moisture which surrounds each particle, and
the several varieties of plant food mentioned above, we
have an ideal soil.

UNFAVORABLE SOIL CONDITIbNS

If there is an excess of moisture in the soil, the air will be
driven out and the necessary oxygen will be denied the
plant roots. If, on the other hand, there is a deficiency of
water, as in case of severe drought, the plant food will
remain undissolved in the soil and the plant roots will
starve, being unable to absorb the plant food except in

solution.
GOOD SOIL CONDITIONS

Generally speaking, then, good soil must be sufficiently
dry to permit a free circulation of air, moist enough to
hold in solution the various forms of plant foods, and rich
in the various ingredients which are necessary to plant
life, especially nitrogen, phosphoric acid, and potash.

CHARACTER OF VARIOUS BOILS

The soil may be composed of rather coarse particles,
such as sand or sandy loam, with usually a gravel subsoil,
or of finer particles known as clay loam, with a rock or
clay subsoil (sometimes known as hardpan); or it may
be of a muck character, with frequently a subsoil of marl.

The sandy loam or sandy soil is quick to respond to
applications of plant food, and is capable of storing and
absorbing large quantities of moisture, but it is more
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readily affected by drought than the finer soils, and plant
foods are more liable to be washed out and lost. The
clay soils absorb moisture much more slowly and retain
it longer; they also retain for a much longer period ap-
plications of plant food, for which reason they are usually
called strong soils.

The clay subsoils, however, being more impervious to
penetration by the roots of deep-growing plants, are less
desirable for the cultivation of that class of plants.

The muck soils are usually unsuitable for any purpose,
because of the excess of water and consequent exclusion
of air, until they are properly drained, when they fre-
quently become the most fertile and profitable of soils.



CHAPTER 1II
PREPARING THE SOIL

It is apparent that the finer the soil particles and the
more thoroughly the soil can be broken up and pul-
verized, the better will be the circulation of air through
it and the more water it will hold. To illustrate: if a
tumbler is filled with very coarse shot, and water is poured
into it and afterward removed, each shot will be found
surrounded with a very thin film of the fluid, and the
total moisture so retained will represent a considerable
percentage of the whole quantity first poured into the
glass. Now, if the glass is filled with very fine shot and -
exactly the same quantity of water is poured into it as
was used with the coarse shot, and then removed, the
shot in the second glass will retain probably twice as
much water as did the coarse shot in the first glass.

It is an established fact that all plant food, in order to
become available for the use of plants, must be held in
solution. The simple experiment noted above proves
that the finer the soil particles, the more water they will
retain, and consequently the more plant food will be held
in solution and rendered available. It is also true that
soil composed of very fine particles facilitates the thorough

mixing of the humus and other plant foods with these
5




6 PRACTICAL FARMING

particles, and tends to bring the plant food in closer con-
tact with the plant roots. Therefore it is necessary to
break down and pulverize all clods and hard pieces of soil
when preparing it for a crop.

A good combination plow.
PROPER PLOWING

The first step in preparing soil for any crop is proper
plowing, and the time and manner of performing this
work must be determined by the climate of a particular
locality and the character of the soil. Much also depends
upon the kind of crop which is to follow. Generally
speaking, the clay soils may be plowed to good advantage
in the late summer or autumn, because the frosts of
winter tend to break down any clods which may have
formed, and of added importance is the fact that fall
plowing makes it possible to begin much earlier in the
spring with seeding for the coming crop.

Spring plowing may be advantageously practiced on
soils of a sandy character and which are naturally well
drained. Such soils do not readily form clods, and more
quickly become dry and in proper condition for tillage.
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THE TIME TO PLOW

The proper time to plow should be determined not so
much by the time of year or the season as by the condi-
tion of the soil. Cultivation should not begin on any
soil that is either too wet or too dry. If too wet, the
action of the plow and the tramping of the horses’ feet
will compact the soil into hard, unyielding clods; these,
if allowed to dry, will exclude all air and water and remain
wholly useless in providing plant food. Plant roots can-
not penetrate such clods of earth, and they become a
direct menace to the coming crop in proportion to their
number and size. If for any reason such clods do exist,
they must be thoroughly broken down before the crop is
planted. The result of plowing clay soils when too wet
is known as ‘“‘puddling,” and it is usually disastrous to
that soil for several years. Almost any clay will produce
brick if sufficiently worked when wet. The same condi-
tion exists in the soil if it is plowed when too wet.

The sandy soils may be plowed when containing more
moisture than clay soils, but even these should present
a firm, elastic condition when ready for the plow. On
the other hand, no soil should be plowed when too dry.
Such plowing simply breaks off and turns up large, ir-
regular-shaped chunks of earth which are in no condition
to cultivate. Such plowing also requires a large amount
of additional power, also much additional labor in break-
ing up the clods, with no possible compensating results.
The proper time to plow the soil is when the plow leaves
the inverted furrow in a mellow, elastic, and crumbling
condition. There should be moisture sufficient to make
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the plow clean well, but the moldboard should not leave
a “shiny’” surface on the soil. If the soil crumbles readily
in the hand, it is, generally speaking, in good condition for
plowing. B
THE DEPTH TO PLOW

The proper depth to plow must be governed by the
nature and condition of the soil. Usually sandy loam
may be plowed deeper than clay loams, because hard-
pan, or clay, commonly underlies the latter, and it is un-
desirable to bring to the surface large quantities of such
clay. As a rule the wisest plan is to plow a little deeper
each successive year, so that the deeper soil may become
gradually mixed with the humus, until a depth of nine or
ten inches is reached. If the soil is naturally damp and
poorly drained, it will be benefited by plowing it in
narrow “lands’’ and making good open dead furrows so
laid off as to conduct any surface water from the field.

Plowing is a pleasant occupation with this machine.
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If the soil is liable to become too dry in summer, or is
a side hill which is inclined to wash during spring freshets
or heavy rains, dead furrows should not be plowed, and
all furrows should lie across the face of the sloping land.
This method will tend to prevent washing, and also will
aid in retaining the moisture in the soil.

The question of subsoiling is still in the experimental
stage, and it is not settled whether it is good practice to
use the subsoil plow.



CHAPTER III
TILLING THE SOIL

ArTER the s0il is properly plowed, and just as soon as
the surface begins to look slightly dry, the field should be
thoroughly harrowed. It is not good practice to delay
the harrowing until the whole field is plowed; the harrow
should follow the plowing before the clods have become
dry. If the soil is harrowed soon after being plowed,
such clods will be readily broken and pulverized, but if
allowed to become thoroughly dry, it will be found quite
impossible to completely pulverize the soil by any ordi-
nary means. Much additional labor is then required to
get the field in approximately good condition.

As a rule, in good weather, a harrow should follow not
more than one day behind the plow.

The harrowing should be just as deep as it is possible
to set a good spring-tooth harrow, and so thorough that
every clod, whether on the surface or beneath the surface,
will be thoroughly pulverized. If clods of considerable
size and number remain after the harrow, then roll the
land, breaking down the clods in that way, and harrow
again.

Many soils which, in former years, were plowed when
too wet and were badly puddled will continue to furnish
clods for years after unless they are broken down, as here

suggested.
10



CONSERVING S8OIL MOISTURE 11

_THE TIME TO HARROW .

As different soils under different conditions and at
different seasons of the year will require longer or shorter
periods of time between the plowing and the harrowing
in order to be in proper condition to secure the best
results, it is important that there should be some test
which may be applied to each individual field to deter-
mine the proper time to harrow. Such a test may be
made by taking a lump of earth in the hand, and if it
crumbles at the slightest touch and does not form a
paste between the thumb and fingers, it is time to start

the harrow.
CONSERVING SOIL MOISTURE

Besides the benefits just enumerated resulting from
starting the harrow at the proper time, another and quite
as important a consideration is that of conserving the
moisture in the soil. As will be noted in a subsequent
chapter, one of the chief factors in successful tillage is
the conservation of soil moisture, and the very first step
taken in that direction is starting the harrow at the
proper time.

As is well known, both the soil and subsoil store up
vast quantities of water, the result of months of accumu-
lation from winter snows or spring and winter rains.
This moisture must be conserved for the use of plant
life during the growing season of the year. The loss of
moisture from the soil in the summer season and in
periods of drought is largely the result of the capillary
movement of water through what is commonly known as
capillary attraction. This is simply the tendency of the
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particles of water to lift themselves upward, to travel
through the soil between the soil particles until the sur-
face is reached, when the moisture is quickly evaporated
and passes off in the air. ,

As an illustration of capillary attraction in all fluids,
place one end of a coarse towel in a pail half filled with
water and the other end on the floor. The water will
'soon be found on the floor, having traveled upward and
over the rim of the pail, following the threads or particles
of the cloth. In just the same way the moisture is taken
from the soil by capillary attraction, unless prevented as
far as possible by starting the harrow at the proper time
and subsequent frequent cultivation.

If the soil is left for a long time undisturbed during the
spring or summer season, it. will become a continuous
compact mass from the surface down to the subsoil, thus
forming the best possible conditions for the capillary
movement of water. If this condition is allowed to con-
tinue, the soil moisture will soon be exhausted, and the
surface will bake and crack open under the summer heat.

SOIL MULCH

Referring again to our illustration of the pail of water
and the towel, it is evident that if the towel were cut off
below the top of the pail and inside of the pail, there
would be no loss of water. Similarly, it has been found
by experience that if a mellow condition, or, as it is com-
monly called, “mulch,” is maintained on the surface of
the soil, the capillary movement of the moisture will be
largely retarded and the water conserved for the use of
the coming crop. To illustrate this fact, if a plank lies
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long on the ground, even in a time of severest drought,
and is turned over, the soil under it will be found moist
and soft, while the earth all about it is hard and dry.

The mellow surface mulch also serves another and
almost equally important purpose. It allows the air to
enter freely into the soil, which would not be possible if
the surface was allowed to remain in a hard, compact
mass. Air circulation among the soil particles is just as
essential as soil moisture. Proper tillage of the soil pre-
vents the moisture from escaping and aids the air in
entering.

ANIMAL LIFE IN THE SOIL

Countless numbers of microscopic forms of life, such as
bacteria, germs, worms, and insects, exist in the soil and
are a necessary element in the plan of nature. Some of
these are constantly at work breaking down the rock
particles and converting them into soil ready for plant
food. Others construct their homes in the roots of plants,
and by some wonderful unknown power extract the nitro-
gen from the air and convert it into nitrates which are
supplied to the plants. Other forms still, act in convert-
ing the decaying vegetable matter found in the soil into
nitrates and other forms of plant food. All of these
animal forms must have air; hence the necessity of proper
soil aération.



CHAPTER IV
FERTILIZING THE SOIL

FERTILITY i8, of course, one of the essential conditions
of the soil for successful farm husbandry. In fact, fer-
tility and proper tillage are the twin pillars upon which
must rest every structure and every plan of agricultural
activity. Fertility without proper tillage results in weeds
and disappointment. Tillage without fertility results in
wasted energy and financial loss.

In a preceding chapter we have seen that, in order to
support plant life, certain forms of plant food must be
contained in the soil. Some of these are provided by
natural causes and are always found in the soil in more
or less abundance; but some of them, and generally the
more important, must be supplied artificially by the hus-
bandman in all soils which have been many years under
cultivation.

NITROGEN

One of the most important forms of plant food is
nitrogen, and it may be found in the soil in several distinct
forms. The most important form, and the substance
which carries the largest proportion of nitrogen, is humus.
It also is found in the form of free nitrogen, which is
appropriated in some manner by microscopic forms of

life that live in the roots of plants, converted into some
14
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form of nitrates and supplied to the growing plant. It
also exists as nitrates of lime, magnesia, potash, ammonia,
and nitric acid. In whatever form it occurs, it is always
one of the most essential as well as the most expensive
of plant foods, and without it no crop can develop to
maturity. How, then, can nitrogen be supplied to the
soil?
BARNYARD MANURE

First of all comes barnyard manure. In order to
secure the best results with this, it must be handled
properly and applied intelligently. Barnyard manure in-
cludes not only all of the solids voided by farm animals,
but all the liquids as well. In fact, the liquids comprise
about 70 per cent of the plant food available in barn-
yard manure.

Where barnyard manure is used to fertilize the soil in
preparation for a crop to be grown on plowed land, the
manure should be thoroughly mixed with the soil par-
ticles in order that the humus may come into close con-
tact with the fine, growing roots of the plants. If the
manure is well rotted, this may best be done by spreading
it upon the soil after harrowing the first time, and then
complete the application by thorough subsequent har-
rowing. If the manure is not rotted, and contains con-
siderable quantities of straw or other roughage, it will be
found more profitable and advantageous to first spread
it upon the land and then plow it under. The rotted
manure applied upon the surface will give quicker results,
but the coarse manure plowed under will be more lasting
in its effect upon the soil. The well-rotted manure has
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necessarily suffered considerable loss in the process of
fermentation, and a considerable percentage of ammonia
and nitrogen has probably escaped into the air. There is
also usually some loss of liquid.

As a general rule it is better practice to apply manure
direct from the stable every day, both solid and liquid,
except such as may be required for top-dressing of meadows
or truck gardening. Another exception should perhaps
be made in the case of very coarse sandy soil having a
loose, gravelly subsoil. In the latter case it is believed
that much of the nitrogen is liable to wash out before
the plant roots can appropriate it if plowed under.

One of the most serious problems confronting the tiller
of the soil to-day is that of how to keep up the fertility
of the soil in the absence of barnyard manure, for it is a
well-known fact that there is not nearly enough made to
fertilize the land now under cultivation. Some other
means must, therefore, be found to supply the deficiency.

GREEN MANURES

Many successful experiments have been made in grow-
ing and plowing under green crops, and in that way sup-
plying the necessary humus and nitrogen. Very satis-
factory results have been obtained by sowing some of the
leguminous crops, such as crimson clover, red clover,
alfalfa, or cowpeas. Some experts, however, favor the
use of non-legumes, such as rye, buckwheat,’or even sowed
corn.

If the practice of plowing under green crops is to be
undertaken, it is believed to be the wiser course to use
the leguminous crops because of the wonderful power of
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those plants, aided by soil germs, to extract nitrogen
from the air and return it, at least to some extent, to the
soil. Such plants also help very materially to aérate the
soil and render it porous, making it more accessible for
both air and moisture. It has, however, been the expe-
rience of some that the practice’ of plowing under green
crops produces an acid condition of the soil, by reason
of the fermentation which takes place while the green
crop is decaying. This, while probably true to some ex-
tent, would not be likely to injure the succeeding crop
unless it belonged to the family of legumes. Even then,
such acidity could be corrected by the application of
lime, and even without the application of lime the non-
leguminous crops would probably not be injuriously
affected. In fact, there are many crops which seem to
thrive quite as well with some acid in the soil.

Altogether it seems to be a wise practice to plow under
green crops to keep up the fertility of the soil when there
is a failure in the supply of barnyard manure. It has
also become the general practice to supplement the barn-
yard manure with commercial fertilizers containing vari-
ous kinds of plant food in more or less concrete form;
and this practice, while it is believed by many to be
necessary and desirable, is still open to some very serious
objections, among which is the fact that such fertilizers
are very expensive, and are exceedingly difficult to retain
in some soils long enough to allow the roots of the plants
to use them.

Another serious objection to commercial fertilizers is
the fact that they add no humus to the soil, neither do

they in any degree lighten it or render it more porous.
(o]
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A third objection is that there is very little if any result
after the first year from their use unless applied in large
quantities. While it may be necessary to use such fer-
tilizers to some extent as a temporary expedient, it is
confidently believed that no general permanent improve-
ment of the soil can result from such use except in so
far as they aid in producing green crops which may be
plowed under and thus indirectly aid in permanent im-
provement. '

OTHER SOURCES OF FERTILIZERS

Another source from which it is believed a vast quantity
of very desirable fertilizers could be obtained is to utilize
the waste from our large cities. The street sweepings,
the sewage, the stable manure, the refuse of markets,
the waste from millions of people and hundreds of thou-
sands of animals should be used to enrich the farmer’s
land, instead of going to waste in harbors, rivers, and
creeks. It would seem to be practicable, at least for the
farmer living along the line of our canals, rivers, and
railroads, to secure a portion of this tremendous amount
of wealth that is now lost.

SAVING FARM FERTILIZERS

One of the most important lessons to be learned by
the tiller of the soil is the best method of conserving his
own fertilizers and their proper application to his land.
In the present condition of our soils every crop grown is
dependent directly upon fertilizers, which must be sup-
plied in some form. Nothing yet discovered equals barn-
yard manure. Yet it is believed that at least one half
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of this valuable material is allowed to go to waste by
the man most deeply interested.

About 70 per cent of the plant food found in good
manure is contained in the liquid portion; most of this
1s allowed to go to waste. The remainder is usually piled
in large heaps, where it ferments in the open, liberating
large quantities of ammonia and free nitrogen which
escape in the air. This represents a total waste of very
large Proportions.



CHAPTER V

DRAINAGE

DRAINAGE, a8 it applies to agriculture, has two funda-
mental purposes: first, to increase the yield of crops;
second, increased healthfulness.

Drainage may be either natural or artificial, and may
exist in any degree, from perfectly drained land to that
which is very poorly drained. Natural drainage results
where nature has provided brooks, creeks, and other out-
lets through which surface water is readily removed, and
where the surrounding soil is open and porous and so
situated that the surplus water contained in the soil finds
easy access to such outlets.

Artificial drainage is such treatment of the soil as will
remove the surplus water where nature has failed to do
it, and includes such methods as open ditches, covered
stone trenches, plank sluiceways and underground tile. .
After many years’ experience, the latter method has been
found most satisfactory for farm purposes, and has been
generally adopted.

There are three general classifications of soil which
practical experience has demonstrated are very materially
benefited by drainage, viz.: First, the pronounced marsh
lands which have practically no crop value until drained.
Second, the heavy clay soils which, by reason of the fine

particles composing the soil and its impervious charac-
20
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ter, are rendered very retentive of water and slow to
discharge any surplus accumulation. Indeed, evapora-
tion is the principal means by which this class of soil is
relieved of its surplus moisture. Third, in which class
are included all of the upland soils of rolling topography,
comprising a much larger area than the two other classes
combined.

BENEFICIAL EFFECTS OF DRAINAGH

Drainage removes the surplus water from the soil and
renders it more firm for tillage operations. Drainage
changes the physical condition of the soil from a com-
pact, impervious character to one of open, granulated
condition favorable to the free circulation of air, with
increased capacity to store soil moisture, and greatly
increases the root area of plants.

Drainage renders the soil several degrees warmer than
undrained land, and hence materially lengthens the
growing season. Drained land can be tilled much earlier
in the spring and much sooner after hard rains in the
summer than undrained land. Because of this higher
temperature of the soil, crops will grow and mature later
in the fall,

Drainage increases the available food supply in the soil
and enables the plant to make better use of the soil
moisture, because of the increased moisture-retaining
capacity, the higher temperature, the increased aération
and the increased root area, all of which tend to increase
the growth of soil bacteria and act directly upon the
minerals of the soil as oxydizing agencies.

Drainage tends to lower the average water table, and
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hence reduces the level of stagnant water into which plant
roots cannot enter, with the result that the plant roots
penetrate the soil deeply instead of spreading out laterally.

(3
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Root system of
alfalfa growing
- in a well-drained
soil. As the
water table is
lowered the root
area and plant
foods are in-
creased.

Another result consequent upon drain-
age and a lowered water table is the
prevention of injury to crop roots by
“heaving,” or the freezing of large
quantities of water in the soil. The
effects of heaving are very noticeable
on all winter crops of shallow-rooted
plants, and it is almost certain disaster
to the deep-rooted plants such as the
clovers, alfalfa, or any of the other
legumes through breaking and de-
struction of the roots.

Drainage reduces the injury usually
resulting from erosion — the washing
away of the soil as the surplus water
flows over it. Injury from erosion is
usually more marked in its effects on
clay soils, because such soils permit
the surface water to penetrate them
very slowly. Hence the desirability
of draining clay soils of rolling topog-
raphy.

Besides increasing the crop yield,
lengthening the growing season, re-
ducing injury from frost, and securing

the several other advantages enumerated above, we have
still another result from drainage quite as important not
only to the tiller of the soil, but to the community in
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which he dwells, to wit, increased healthfulness. Well-
drained land produces no malaria, mosquitoes, or fevers.

There is still another benefit resulting from proper
drainage that has recently been advanced by prominent
writers on the subject. This is the removal of soluble
salts which collect in stagnant soil water and become
poisonous to plants, causing what is known as acidity in
the soil. It is also believed that growing plants exude
or throw off certain poisonous products known as ‘‘ toxin,”
which, being left in the soil, render it unfit for subse-
quent crops until removed by proper drainage.

DRAINA/GE SYSTEMS

There is no fixed rule for the construction of a drain-
age system. So much depends upon the conditions in-
volved in each proposition that each one must be solved
with reference to the surroundings. Soils are so variable
in texture, and soils of similar texture differ so materially
in structure, compactness, depth, and the presence or
absence of aluminum, silicates, and other deposits that
a proper system for one locality would not be the right
one for another locality. Experience and good judgment,
applied under a few general rules, will, it is believed,
generally give satisfactory results.

There are two common types of drainage systems.
First, the irregular system which follows the natural
depressions in the surface of the land. This system
generally results in removing the water from the low
places only. This is the system adopted in a large part
of the country, and in comparison with its cost brings a
splendid return in crops, the land drained nearly always
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proving to be the most fertile and profitable part of the
farm,

Second. The second system is so arranged that the
lines of tile are at uniform distances apart over the entire
extent of the field to be drained; it is sometimes called
the gridiron system. This system should be adopted
wherever the field is rather uniform in topography and
the soil of such character that the whole surface is slow
in drying, is backward and cold. It is illustrated in the
following figures, A and B.
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A
RererenceEs: Sandy loam. Center line of Figure A and aide
lines of Figure B, 4-inch tile. All the remainder, 3-inch.

In laying out a drainage system where the land is low
and nearly level and the fall of the outlet is small, the
danger to the inexperienced will be that he will try to
make the water run uphill. To avoid mistakes of this
nature, it will be wise to employ a competent engineer to
lay out the plan showing a grade system with stakes to
indicate the necessary cuts. An improper grade of only
a few feet in extent in any part of the work may render
the whole system useless above that point; but a properly
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constructed system is a permanent improvement and will
render satisfactory service for several generations.

In the majority of cases, however, the grade will be so
apparent that an engineer’s services will be unnecessary.
In every case the course of the mains and laterals should
be staked out before excavation is begun, the aim being
to secure an even, constant grade throughout the entire
system.

Begin excavation at the outlet of the system and fol-
low the main line to the end. Wherever alateral joins
the main line, or where two laterals are joined, the junc-
tion should be made at an acute angle; never at a right
angle. (See illustration of the two angles.) The water
flowing into the main at an acute angle will tend to clear
away any sediment which may have been deposited in
that vicinity. If it empties into the main tile at a right
angle the tendency will be ] §
to impede the flow and

cause the precipitation of
" sediment.

Secure the greatest fall
possible, because the great- .
er the fall, the greater the
capacity of the system. ) 2
In many places it will be THE RIGHT way THE WRONG WAY
impossible to secure much fall, but when properly laid,
tile will work well with a fall of only one inch in 100 feet.

It is important that the outlet itself shall have a good
fall and clear discharge and be always well protected;
also that the main should have no less fall than the
laterals.
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DEPTH OF TILE

The depth at which the tile is to be placed will be
governed by the character of the soil and the danger
from frosts. Sandy loams and very porous soils will
generally require the tile to be laid at a depth of 3} to
4 feet, but in clay loams 2} feet will usually be found
satisfactory, unless it should be thought advisable to lay
them deeper to escape all danger from frost.

DIGGING THE DITCH

Where convenient, it is practicable to use a plow in
the first operation of opening the ditch. If the ditch is
to be cut through sod land, or, as often happens, through
tough bog grass, a plow with sharpened coulter will save
much hard work. After the sods and loose earth are
thrown to one side, the ditching plow can be used to
good advantage. - Any instrument that can be used with
horse power and save hand labor should, of course, be
utilized. The bottom of the ditch, however, must be
completed by hand, and should be done by an experienced,
careful man. The perfect grade of the bottom of the
ditch will insure the success of the system. For this
work-there are several special tools in the market, includ-
ing spades, finishing hoes, tile hooks, etc.

DITCHING MACHINES

If the system proposed is a very large one, or if several
farms in the same locality are to be drained, it might be
profitable to secure a ditching machine to do the work.
Under fairly good conditions the cost of digging a ditch
may be materially lessened by using such a machine,
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provided the total amount of work to be done would
warrant it. It is claimed for these machines that no
hand work is necessary in preparing the ditch to receive
the tile, and that ten rods per hour can be completed at
a depth of three feet.

LAYING THE TILE

The tile should be carefully laid and the ends fitted
80 that no earth can enter the drain. It is not necessary
to protect the joints unless the ditch extends through
muck or quicksand. In that case a handful of hay,
straw, or sod covering the joints will protect them and
prevent the inflow of sediment until such time as the
surrounding earth has become firm.

FILLING THE DITCH

As soon as the tile have been laid in the ditch, a few
inches of earth should be placed over them, being careful
not to change their alignment. This earth should be
tamped sufficiently to hold the tile in place. The sub-
sequent work of filling the ditch may be done in several
ways. A team hitched to a plow carrying an evener
nine or ten feet long sa that a horse may walk on each
side of the ditch maybe utilized to plow the-earth into
the ditch. Or aroad scraper drawn parallel with the drain
and over the earth to be handled will soon fill the ditch;
but it is not a serious task to do the work by hand.

DISTANCE APART OF LATERALS

There is no rule that can be laid down governing this
part of the work. If the soil is sandy and open, the
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laterals may properly be placed 100 feet or more apart;
but if the soil is composed of clay or clay loam, it may
be necessary to lay the laterals 40 to 50 feet apart. Much
depends upon the conditions, and good judgment must
be relied upon in this as in many other things about the
farm.

' NUMBER OF LINEAL FEET PER ACRE

The following table shows the number of feet of tile
required per acre if the drains are laid the specified dis-
tances apart: —

20 feetapart .. . . . . . . . . . . 2205 feet
25feetapart . . . . . . . . . . . 1760 feet
30feetapart . . . . . . . . . . . 1470 feet
40 feetapart . . . . . . . . . . . 1102 feet

50feetapart . . . . . . . . . . . 880feet
100 feetapart . . . . . . . . . . . 440 feet
150 feetapart . . . . . . . . . . . 270 feet

200 feetapart . . . . . . . . . . . 220feet

There are two general types of tile on the market for
use in drainage — the soft or brick tile and the hard or
burned tile.

HARD 98. SOFT TILE

The use of soft tile for drains is not recommended,
because the cost of hard tile is little, if any, more than of
soft tile, while the advantages of the hard over the soft
tile are many. Among these are greater durability, less
liability to break in handling, less injury from frost,
greater strength, etc. Good tile should ring when struck
with a hammer.
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COST OF DRAINAGE

Four-inch vitrified tile with collars, including the
necessary Y’s for laterals, should be obtained in most
of the Eastern States for $.05 per foot; three-inch
lateral tile, 1} cents per foot. .

The cost of installing a drainage system will depend
on the price of labor, materials, and local conditions, but
an average cost at the present time is about $.45 per rod.

Good tile drains are a permanent improvement, and
systems now working perfectly have been in use for
seventy years, The general verdict of those who have
had experience in the use of tile drainage is to the effect
that an increased crop yield on the farm of from 50 to
100 per cent is the result.

Nore. — A very exhaustive treatise on drainage may be found in

Bulletin 254, issued by Agricultural Experiment Station of the
College of Agriculture, Cornell University.



CHAPTER VI

COMMERCIAL FERTILIZERS

WhaiLE it is believed by the most advanced students of
scientific agriculture that the true method of enriching
the soil is to employ only such materials and such means
as are available through proper and intelligent treatment
of the soil itself, yet at the present time certain condi-
tions seem to render necessary the introduction of ex-
traneous substances into the soil to supply plant food
when it is lacking. These substances are generally known
as Commercial Fertilizers.

Next to the vast waste going on throughout the coun-
try in barnyard manure, comes the money loss and
haphazard methods employed in the purchase and appli-
cation of commercial fertilizers. The practice of purchas-
ing and applying these commercial fertilizers is almost
universal throughout the country, and a large proportion
of them are purchased and applied without the slight-
 est reference to their applicability to the particular soil
treated or even to the crops to be raised.

Manufacturers of commercial fertilizers place upon the
market hundreds of different brands, some valuable and
some nearly worthless. Some are recommended as food
for specified plants, while others are advertised as con-

‘taining the proper compounds to cause any kind of
30
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plant to grow and thrive. It is needless, perhaps, to
state that commercial fertilizers are valuable only when
they contain such ingredients as are lacking in the par-
ticular soil to be treated.

To illustrate: it is folly to purchase a fertilizer rich in
nitrogen to be applied on muck land, because such land
is already overrich in humus, and therefore presumably
in nitrogen. Such soil is usually in need of lime, which
is not considered a plant food in the ordinary sense, and
the cost is only slight in comparison with the ingredients
usually contained in commercial fertilizers.

Again, to illustrate: many manufacturers advertise a
compound which is stated to be especially adapted to the
raising of potato crops — high in percentages of phos-
phoric acid or potash. Potatoes, as is well known, re-
quire large quantities of phosphoric acid and potash, but
whether the application of that compound to the par-
ticular potato crop is wise or foolish depends wholly on
whether the soil is rich in those particular plant foods or
is lacking in them.

Two prime factors must be known by the farmer who
proposes to invest in commercial fertilizers before he can
successfully and profitably take full advantage of such
practice: first, he must know what plant food is lacking
in his soil; second, he must be able to determine what
plant food is contained in the advertised compound.

ANALYSIS OF FERTILIZERS

In the State of New York, as well as in many other
States, laws have been placed upon the statute books
which require every manufacturer and dealer in com-
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mercial fertilizers to place upon the outside of every
package the weight, brand, name and address of manu-
facturer, and the chemical composition of the compound,
with the percentage of nitrogen, of available phosphoric
acid, or total phosphoric acid, and of potash. The pur-
pose of these laws is apparent: it is to enable the pur-
chaser to know something of the constituents and value
of the material in which he is investing his money.

 In actual practice, however, while the requirements of
the laws are generally complied with, the statement on
the package tends more to confuse than to enlighten
the buyer. It would require a student in chemistry, not
a farmer, to properly understand the following formula,
which is taken from a package of commercial fertilizer: —

Ammonia . . . . « +« « + 2to3 percent
Soluble phosphorice acld .« « . . Bto7percent
Reverted phosphoricacid . . . . . 2 to3 per cent
Available phosphoricacid. . . . . 8 to 10 per cent
Total phosphoricacid . . . . . . 10 to 12 per cent
Bone phosphate . . . . . . . . 22to 26 per cent
Potash . . . . . . . . . . . 2to3percent
Equal sulphate . . . . . . . .3.7 to 5.0 per cent

Reduced to plain, intelligible language, it means this: —
Nitrogen. . . « + + « .« 1.65 percent
Available phosphonc acld ¢ « « + +» . 8percent
Potash . . . . e + + + « « . 2percent

Manufacturers apparently strive to make their guaran-
_ tees look formidable to the uninitiated, and it often hap-
pens that when the percentage of plant food is very low,



ANALYSIS OF FERTILIZERS 88

and the percentage of worthless filler is very high, the
formidable looking bulk will sell.

To determine whether the price of a given fertilizer,
judged by its guarantee, is fair and reasonable, we must
know the value of its constituent parts, to wit, its nitro-
gen, its phosphoric acid, and its potash. To illustrate,
suppose —

INitrogen is worth about 14 cents a pound.
Phosphoric acid, 4 cents a pound.
Potash, 44 cents a pound.

The percentages given in the manufacturer’s guarantee
are the number of pounds of the several ingredients
which appear in 100 pounds of fertilizer, and to arrive at
the quantity in a ton, multiply this percentage by 20, be-
cause there are twenty hundred pounds in a ton. Thus
it appears that the value of the actual plant food in the
guarantee given above is as follows: —

20X 1.65 equals 33 lbs. of nitrogen.
20X8  equals 160 Ibs. of phosphoric acid.?
20X2 equals 40 lbs. of potash.

To reduce this to dollars it is only necessary to mul-
tiply the quantity of the several ingredients by the price
of each, thus: —

33 Ibs. of nitrogen at $.14equals . . . . . . § 4.62
160 Ibs. of phosphoric acid at $.04 equals . . . . 68.40
40 Ibs. of potash at $.045 equals B .
Atotalof . . . . e e e e . . 81282

1The price of these chemicals has advanced somewhat since this
chapter was written.
D
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This is the real value of a ton of commercial fertilizer
which is quoted on the market at $20.

If commercial fertilizers must be purchased, it is ad-
visable to buy the nitrogen, the phosphoric acid, and the
potash and mix them at home; the advantages thus
secured are many: First. The purchaser then knows
just what he is paying for. Second. He can mix the
ingredients in such proportions as the soil requires.
Third. If he wishes to use fillers or make weight, he
can use fine road dust, ground muck, land plaster, or
other material, and thereby save freight charges. The
task of mixing is not difficult, while $8 per ton may be
saved.

LACK OF PLANT FOOD IN THE BOIL

It is utterly impossible to make any formula or lay
down a set of rules whereby it can be determined, even
approximately, what particular plant foods should be ap-
plied to any specific soil. Actual experience in any given
locality must be the guide. A soil may be rich in most
of the plant foods and still be unproductive, because
there is lacking some one essential which, if known,
might be easily supplied.

Also, a soil may be rich in all of the plant foods and
still be unproductive because of acidity, lack of air or
moisture, or other unfavorable physical conditions.. The
wise husbandman will determine for himself by intelligent
experiment what his soil requires and what crop it is best
fitted to produce, and then, if he learns to mix his own
fertilizers, he is in the best possible position to make his
experiments valuable. ,



CHAPTER VII

APPLICATION OF FERTILIZERS

It is a self-evident fact that soil fertility would remain
unchanged if all the ingredients removed by crop prod-
ucts as well as those lost by soil washing, chemical action,
and evaporation were restored to the land in the form of
manures. That this is not done is the usual cause of
soil exhaustion and resultant crop failures. The system
of so-called grain farming which is still practiced over a
large area of the United States is certain to result in soil
exhaustion, in spite of the fact that those soils were
originally the richest and most fertile to be found. The
growing of cotton and tobacco in the South and wheat
and corn in the West for a series of years without return-
ing to the soil a proper equivalent for the constituents
removed by the crops has already resulted in soil ex-
haustion that is quite startling in extent, and each year
crop yields are less per acre and crop failures more fre-
quent and far-reaching.

It should not be forgotten that ‘“the soil is the farmer’s
bank,” and if he constantly draws-out and never puts in,
he will soon come to the end of his account. On the
other hand, it is a well-known fact that men engaged in
market gardening, fruit growing, and dairying have fre-
quently increased the fertility of their soil, while at the
same time largely increasing their crop yield.

35
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In order that the farmer may know the value of his
manure, the following table is given, showing the amount
of fertilising constituents in one ton of various agricul-
tural products, if returned to the land in the form of
manure: —

PrOSPHO-

mic Acip | FoTAsR

Faru Propucts NITROGEN

Timothy hay . . . . . . . . 19.2 7.2 25.2
Cloverhay . . . . . . . . . 394 8.0 35.0

Alfalfahay . . . . . . . . . 53.2 108 49.2
Cowpeahay . . . . . . . . 79.6 13.2 47.2
Fleld cornfodder. . . . . . . 172 7.2 214
Cornsilage . . . . . . . . . 84 24 6.6
Wheatstraw . . . . . . . . 8.6 2.6 148
Ryestraw . . . . . . . . . 10.0 58 15.8
Oatstraw . . . . . . . . . 13.0 4.4 24.4
Wheat . . . . . . . . . . 34.6 19.2 7.0
Rye . . . . . . « .+ .. 324 16.2 104
Qats . . . . . . . . « . . 36.2 15.4 114
Corm . . . « + ¢« « « v o . 29.6 12.2 7.2
Barley . . . . . . . . . . 39.6 15.4 9.0
Wheatbran. . . . . . . . . 51.2 584 - 314

Linseedmeal . . . . . . . .| 108.8 37.6 26.2
Cottonseedmeal . . . . . . .| 1428 61.8 36.4
Potatoes . . . . . . . . . . 7.0 32 114
Milk . . . . . . . .. . 10.2 34 3.0

The importance of this table will appear when we
come to consider the various fertilizing constituents re-
quired by the usual farm crops.
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FERTILIZERS REQUIRED BY DIFFERENT SOILS AND CROPS

The essential constituents of plant food in the soil
are nitrogen, phosphoric acid, and potash, and the
value of manure or commercial fertilizers is determined
always by the quantity of these constituents which they
contain.

. DIFFERENCE IN SOILS

Soils differ in their requirements of specific plant foods,
owing to their different formations and to the different
systems of cropping to which they have been subjected.
A sandy soil is usually deficient in all of the essential
plant foods, while a clay soil is usually supplied with an
abundance of potash and often with phosphoric acid,
especially if there is a limestone subsoil. Soil rich in
humus is usually rich in nitrogen, but frequently is poor
in potash and also in phosphoric acid. So it will be seen
that soils which have never been cropped may differ
materially in their essential elements of plant food.

Again, if such soils have been subjected to a one-crop
system for a period of several years, it is certain to be-
come depleted in the plant food most necessary to that
crop, and if its productiveness is to be restored, the essen-
tial in which it is lacking must first be returned to the
soil.

HOW MAY THE ESSENTIALS BE RETURNED TO THE SOIL

If the soil is lacking in nitrogen, it is evident that only
crops should be planted which are able to thrive by pro-
curing their nitrogen from other sources than the soil.
The legumes belong to this class and include the various
clovers, peas, beans, vetches, etc., which differ from other
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plants in being able, under proper conditions, to acquire
the necessary nitrogen from the air by the aid of minute
organisms working in their root tubercles, and can there-
fore make perfect growth without depending upon the
nitrogen of the soil. Hence to supply nitrogen to the
legumes would be unnecessary as well as wasteful, as the
air furnishes to these plants without cost all that they
require. )

On the other hand, the grasses require generous ap-
plications of nitrogen during their period of rapid growth,
in order to attain their maximum development.

FERTILIZING MATERIALS

“Form” as applied to a fertilizing constituent has
reference to its combination with other elements. The
condition of the element, or constituent part, has also an
important bearing upon its availability and value as plant
food. Many materials containing essential elements are
practically worthless as plant food because the form is
such that plants cannot use them; such materials are
called ““unavailable.” In certain cases proper treatment
will so change the form as to render them available and
hence valuable for plant food.

NITROGEN
Nitrogen is found in fertilizers in three distinct forms,
viz.: Organic matter, ammonia and nitrate.
ORGANIC NITROGEN

Every form of life, whether animal or vegetable, con-
tains nitrogen in combination with other elements, and its
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value as plant food depends upon the rapidity with
which the substance will decay, as decay it must before
its form can be changed so that it will become available
for plant food. Some forms of organic matter are very
dense and are slow to decay, such as horns, hoofs and
green bone. Other forms, such as dried blood, ground
dried meat, tankage, and the refuse from fish canning
establishments, decay very.readily under favorable con-
ditions and become available for plant food.

The process of decay of nitrogenous organic matter
tends to dissolve various mineral ingredients in the soil,
and hence we find-the available phosphoric acid, potash,
and lime content somewhat increased.

NITROGEN AND AMMONIA

This form is usually found in commercial fertilizers as
sulphate of ammonia and is more readily available than
organic forms of nitrogen. These forms are generally
used in compounding commercial fertilizers, are highly
concentrated, contain about 20 per cent of nitrogen, are
readily converted into nitrates, and hence become avail-
able for plant food. If large quantities of this element
are used, the tendency will be to increase the acidity of
the soil, because the ammonia is more readily taken up
by the plants than the sulphuric acid, which latter ac-
cumulates in and near the surface of the soil. This con-
dition, if found to exist, must be corrected by applications
of lime.

NITRATES

Nitrates are found in commercial fertilizers as nitrate

of soda, nitrate of potash, etc. This form of nitrogen is
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immediately available as plant food, is instantly soluble
in water, diffuses readily through the soil, and if the soil
is open or porous, is liable to be washed out unless the
plant roots are ready to promptly receive it.

It appears from the foregoing that crops requiring to
grow to maturity, and especially if the soil is open, should
be treated with some form of organic nitrogen which, in
the process of decay, forms ammonia which readily com-
bines with other mineral elements of ,the soil to form
_ nitrates, thus becoming available for plant food.

Crops which mature quickly may be very highly de-
veloped by an application of nitrogen as nitrates, while
the crop is in the early stages of development, provided
the other soil conditions are favorable. In actual prac-
tice there is always some loss of nitrogen. Plants seldom
if ever secure the full benefit of the plant foods offered
to them. Ammonia is nitrified in the soil, and the change
involves loss. _

Nitrate nitrogen is liable to be washed out of the soil,
or washed into the subsoil, out of reach of the plant
roots. Whatever the conditions, let it be remembered
that nitrogen in some form must be supplied as food to
every growing plant.

PHOSPHORIC ACID

Phosphoric acid is derived from substances called phos-
phates and is found in combination with lime, iron, and
alumina. Phosphate of lime is, however, the principal
source from which the phosphoric acid of commercial fer-
tilizers is derived, and as such it occurs in three forms:
first, soluble in water and available for plant food; second,
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slowly soluble in water but still available, andjcommer-
cially known as ‘“reverted”; third, insoluble in water
and unavailable, or veryrslowly available, as plant food.
Certain other forms also should be mentioned, such as
slag, floats, and certain salts, which, by various kinds of
treatment, become more or less valuable as plant food.

ORGANIC PHOSPHATES

Certain organic matter also contains phosphates, such
as ground, burned, boiled, or steamed bone ; also tankage
and waste material from rendering establishments. All
of the organic phosphates contain more or less organic
matter and are usually associated with a percentage of
nitrogen, while the mineral phosphates contain no organic
matter. Rock deposits in South Carolina, Florida, and
Tennessee supply a large part of the phosphates used in
commercial fertilizers.

The soluble phosphates are derived from the insoluble
materials by grinding the rock or bone to a powder
which is mixed with sulphuric acid, thus changing the in-
soluble to the soluble form, known as superphosphates,
which usually contain about 15 per cent of soluble phos-
phoric acid

USE OF PHOSPHORIC ACID

The use of phosphoric acid must be governed not alone
by its origin and form, but also by soil conditions, cli-
mate, and the crop to be grown. If the soil is lacking in
lime, there is always more or less danger that a portion
of the phosphoric acid will unite with compounds of iron
and alumina and become ‘“fixed’’ in the surface of the
soil, producing a sour condition. If so, this condition
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must be changed by the application of lime. In soils
well provided with lime the soluble phosphoric acid is
“fixed,” but largely in the form of “reverted’ lime phos-
phate. While this is available, it does not produce the
sour condition just mentioned.

The best results from the use of superphosphates are
secured when they are applied on heavy, fine-grained
soils, such as clay loams; but good results may also be
obtained on light, sandy soils, provided there is present a
good supply of humus and barnyard manure.

POTASH

Potash as it exists in commercial fertilizers is usually
found as chlorides, or muriates, and is combined with
chlorine or sulphate, in which the potash is combined
with sulphuric acid. All forms of potash are freely
soluble in water and available for plant food. Certain
crops, however, seem to be favorably affected and others
unfavorably by applications of one or another of the
forms of potash. To illustrate: potatoes and tobacco
are unfavorably influenced by the use of muriate of
potash, while the same crops show very favorable results
where materials free from chlorides are used.

SOURCES OF POTASH

The potash mines in the north of Germany supply the
kainit, sylvinit, muriate, and sulphate used in this coun-
try in the manufacture of potash for commercial fertilizers.

USE OF POTASH

Light, sandy soils, well filled with humus, respond
readily to applications of potash, and still better results
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are obtained if the soil is well supplied with lime, because
the lime tends to “fix”’ the potash and retain it near
the surface of the ground. Even heavy clay soils that
are well supplied with lime retain the potash near the
surface and show most favorable results.

Potash can be used to good advantage on reclaimed
swamps and marsh lands, but it is believed that potash
in the form of sulphate is preferable for this kind of soil.

Root crops, such as potatoes, beets, and mangels, are
highly benefited by the application of potash in large
quantities, and it is believed to be the better practice to
apply it a considerable time before the crop is planted.

It should not be forgotten that large and frequent ap-
plications of potash tend to reduce the lime content in
the soil by forming lime chloride, which is readily washed
out of the soil. To correct this tendency frequent ap-
plications of lime should be made.

WHAT FERTILIZERS TO USE

Various conditions must be taken into account in
determining the kind of fertilizers to use in preparing for
a crop — the character of the soil, whether light, sandy,
and porous, or heavy and close-textured; whether or not
the soil is well supplied with humus and lime, and also
the kind of crop in view. If the soil is poor in humus,
the application of materials rich in nitrogen will be found
beneficial, while if the soil is well supplied with humus,
better results will follow the application of phosphates
and potash. As a general proposition it may be laid
down that the legumes require heavy applications of
potash and sulphuric acid and little nitrogen; that the
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root crops, such as sugar beets and mangels, require
plenty of nitrogen. Turnips and potatoes require phos-
phates and potash. Fruit trees do not require soluble,
quick-acting fertilizers as they are slow-growing. A mix-
ture of ground bone and muriate of potash is a satis-
factory treatment for them, especially if the mixture be
applied to clover and then plowed under.

Unlike potatoes, corn requires large quantities of nitro-
gen for its best development, and it also uses to good
advantage potash and sulphates, while it is always bene-
fited by applications of barnyard manure.

Wheat, oats, and hay crops may be considered largely
in the same class as corn, so far as actual plant food re-
quirements go. Specific suggestions will be given regard-
ing each in the chapters treating upon those subjects.
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CHAPTER VIII
LIME

THE practice of applying lime to the soil is very ancient
and has been followed in many of the countries of Europe
for centuries, and yet it is only recently that its real
value as an agent for soil improvement has been fully
recognized. While the effect of lime when applied to
soil is indicated by the growing crop and has been common
knowledge for many generations, it is only within com-
paratively recent years that a thorough understanding of
the actual workings and chemical changes which take
place in the soil through the presence of lime has been
gained.

Authorities seem to agree that lime is a necessary in-
gredient of the soil for proper plant development, and
that without it plants cannot thrive, even where there is
an abundance of all the other essential elements of plant
food. It is fortunate, therefore, that nature has provided
an abundance of lime in many soils so that its artificial
use is unnecessary. If nature has furnished a bountiful
supply of lime, it is utter folly to attempt to add to it
artificially. On the other hand, if soil is naturally defi-
cient in lime, it would be equally unwise not to supply

. it artificially. These truths are self-evident. Many soils
46
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we know are deficient in lime, such as granite formations,
soils derived from mica-schist, sandstone, slates, and
shales, as well as swamps and peat-bogs. Many other
soils, which were originally well supplied with lime, have
been deprived of it through chemical combinations during
years of cropping and also by being washed out of the
soil in the form of carbonate of lime. Whatever may
have been the cause of the deficiency, if lime is absent,
the result is sour land, as it is termed. Such a soil con-
tains a surplus of acids that are poisonous to most plants
and presents a condition which denies to the plant roots
the food which is actually stored in the soil.

CAUSE OF ACID IN THE SOIL

It is believed by some authorities that the presence of
the acids found in sour soils which have been cropped for
many years may be accounted for by the fact that plants
as well as animals throw off waste materials which are
always more or less poisonous — the animal from the
lungs and the pores of the skin, and the plant from the
roots, fibers, and tissues. If this theory is correct, it would
explain to some extent the presence of acids in soils that
have been continuously cropped for many years, and the
further fact that the same crop repeated year after year
upon the same soil will finally refuse to grow because of
the accumulation of acid.

TESTING THE SOIL

To determine the amount of lime- contained in soil,
the chemist usually treats a sample with strong mineral
acid (such as hydrochloric), and if the amount of lime
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thus dissolved is less than one per cent, immediate resort
to liming is necessary. The practical farmer may test
his soil in a much simpler manner. Small pieces of litmus
paper may be inserted into the soil in various parts of the
field while the soil is damp, and if red spots appear on
the paper, it indicates the presence of harmful acids.
Another practical method of determining whether the soil
requires lime, is to apply 40 pounds of lime to a small
plat of about 12 X 30 feet and leave an adjoining plat of
the same size untreated; then plant both plats with
beets. The resultant crop should determine whether or
not the soil requires lime.

‘THE ACTION OF LIME ON SOILS

Lime is said to liberate the potash in the soil and
render it available for plant food. In this particular,
gypsum (land plaster)is believed to act more energetically
than carbonate of lime, air-slaked or water-slaked (hy-
drated) lime.

When soluble phosphates are applied to soils deficient
in lime, the phosphoric acid combines with the iron and
alumina in the soil and becomes “fixed”’; that is to say,
unavailable for plant food. If, however, the soil contains
lime, this combination is prevented, or at least retarded,
and the plant is afforded an opportunity to assimilate the
phosphoric acid before it becomes *fixed.”

TWOFOLD EFFECTS OF LIME

Lime, therefore, when applied to soil requiring it, has
the effect, first, of neutralizing the acids that are harmful
to plants; and, second, of liberating the locked-up or
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“fixed” plant foods and rendering them available for the
use of plants.

EFFECTS OF LIME ON THE WORK OF ORGANISMS IN THE
SOIL

The soil contains millions of germs and bacteria so
minute that they are visible only under the microscope.
Their functions seem to be largely to change organic
matter and nitrogen into nitrates, ready for the use of
plants. This change is known as “nitrofaction,” and by
some not fully understood process is vastly promoted by
the presence of lime. It is believed that these minute
organisms are not able to live in a sour soil, and that the
lime so neutralizes the acids as to make it possible for
them to thrive and perform their useful work.

TOO MUCH LIME DANGEROUS

The direct effect of lime when applied to the soil is
to cause such activity among the microérganisms that
rapid decay of all the organic matter in the soil takes

E
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place. This chemical change will, of course, largely in-
crease the growing crop and also will rapidly deplete the
fertility of the soil. Hence, it is of the utmost importance
that the fertility of the soil should be maintained by fre-
quent applications of barnyard manure or green manure
80 as to maintain the proper quantity of humus. If this
is not done, the soil will soon be found poorer than it was
before lime was applied. Where, however, there is an
abundance of humus, and especially upon muck and
swamp land, there is little danger of weakening the soil
by adding lime.

In short, all the essential elements must be maintained
in the soil if continuous good crops are to be obtained.

PLANTS MOST BENEFITED BY LIME

Experiments at the Rhode Island Agricultural Experi-
ment Station have proved that the following named
plants have shown marked improvement from the use of
lime: spinach, lettuce, beets, okra, vegetable oyster,
celery, onion, parsnip, cauliflower, cucumber, eggplant,
canteloupe asparagus, kohl-rabi, cabbage, Swedish tur-
nip, pepper, rhubarb, common pea, pumpkin, summer
squash, wax bean, red valentine bean, bush lima bean,
lentil, hubbard squash, saltbush, hemp, tobacco, sorghum,
alfalfa, red, white, crimson, and- alsike clover, barley,
emmer, wheat, oats, timothy, Kentucky bluegrass,
Canada pea, Cuthbert raspberry, gooseberry, currant,
orange, quince, cherry, Burbank Japan plum, American
linden, American elm, sweet allyssum, mignonette, nas-
turtium, balsam, pansy, poppy, and sweet pea. Not only
were most of these crops largely increased by the use of
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lime, but they were ready for market much earlier than
where lime was not used.

Umod.. Unlimed.

CROPS SLIGHTLY BENEFITED BY LIME

Indian corn, spurry, rye, carrot, chicory, Rhode Island
bent, and red top.

It is very questionable whether it is wise to use lime
in the raising of potatoes. While it is possible that the
size of the tubers may be increased, it is quite likely also
to add to the danger from the disease known as ‘“scab.”

OTHER PLANTS INJURED BY LIME

_Cotton, tomato, cowpea, zinnia, phlox, Concord grape,
peach, apple, pear, lupine, sorrel, radish, velvet bean,
flax, castor bean, blackberry, black-cap raspberry, cran-
berry, Norway spruce, watermelon, and American white
birch.

It is plain then that lime, like all the other essential
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elements of the soil, should be used intelligently and with
a knowledge of all the conditions and plant requirements.

HOW TO APPLY LIME

If quicklime is to be used, the experience of the writer
leads to the belief that the best and most satisfactory
way to apply it to the soil is by the use of a plaster sower,
and immediately after the field is plowed; then follow
with the harrow until the lime is thoroughly and evenly
mixed with the soil. Several tons of the lime may be
placed upon a large platform near a brook or spring, in
the field, and after a few barrels of water are thrown over
the mass and the process of slaking is started, it may be
left until the next day, when the air will have practically
completed the work and the pile will be nearly as fine as
flour, ready to be placed in the plaster sower and spread
upon the land. It should be screened as used, and any
unslaked pieces can be reduced by the addition of a little
more water.

QUANTITY OF LIME PER ACRE

Of course the quantity of lime to be applied to an acre
of land must depend upon the condition of the soil and
to some extent upon the kind of crop to be planted.
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Alfalfa and clover crops should receive much larger quan-
tities than oats, wheat, and similar grains — usually about
one ton per acre. In fact, all the legumes are generally
large consumers of lime, while the non-legumes require
less. Besides the character of the soil and the kind of
crop to be grown, there is also the question of frequency
of application. Usually once in five or six years will be
sufficient, but this must also be decided with reference to
the condition of the soil, the kind of crop, and the quantity
to be applied. It is believed that it is better practice to
make light applications and frequently, rather than heavy
applications at long intervals.

FORMS OF LIME

There are various forms of lime which may be obtained,
which differ principally only in price and in the per cent
of actual lime. As lime is a very heavy substance at
best, the question of freight cha.rges must always be con-
gidered in this connection.

Quicklime should contain about 90 to 95 per cent of
actual lime (Ca0), and is the most concentrated form of
the material, consequently the most convenient to handle.

There are also gypsum, or land plaster, in which the
lime is in the form of a mild sulphate; ground limestone,
or agricultural lime, as it is called, in which the lime is
in the form of a mild carbonate; and marl, which is so
incertain in its composition that the percentage of lime
may vary from 5 to 90 per cent. Wood ashes contain
from 30 to 35 per cent of carbonate, and limekiln ashes
40 per cent of lime.

In conclusion it may be said that the first step in pro-
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" viding soil with lime is to ascertain whether or not it is
necessary. If it is, apply it judiciously. Never depend
upon lime alone to maintain the fertility of soil, because,
as has so often been shown, all of the essential elements
necessary for plant development must be present if a
profitable crop is to be secured.

EFFECTS OF LIME ON DIFFERENT CROPS
(See Plates.)



CHAPTER IX

HOW PLANTS GROW

AL plants are divided into leaf, stem, and root, and the
structure of each of these parts is adapted to the kind
and requirements of each plant.

THE ROOT

The chief purpose of plant roots is to search for and
secure moisture. In the performance of this work they
show such wonderful adaptability and power that it is
not a great flight of imagination to attribute to them some
degree of intelligence.

Soil moisture is stored below the surface of the ground,
and plant roots are guided, or force their way, unerringly
downward towards it. There are two principal kinds of
roots: the taproot which goes deep into the subsoil,
and the lateral roots which spread out in a mass near the
surface. The taproot also sends out lateral rootlets at
frequent intervals in the course of its descent, which
largely increase the food area of the plant. The end, or
extreme point of this root, is protected by a hard and
sharp cap, which is forced by the pressure from above
between the soil particles and even through clay and
hardpan in its downward search for water.

Why does water attract plant roots?

How do plants know in what direction to go for water?
55
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These are apparently simple questions, but as yet they
are unanswered.

The roots of trees have been found in cisterns 200 feet
from the tree. In the construction of a tunnel not long
ago, workmen found the roots of alfalfa which had pene-
trated through 40 feet of the hill above and were enjoying
the water in a rock fissure at that depth.

The principal roots of trees growing near a stream
always point toward the water. How do they know
where the water is, and why do they know it? Very
interesting questions which afford food for thought.

Nor is the work performed by roots in their search for
water in the soil the most wonderful thing to be learned
about them. The total length of all the roots and fila-
ments composing the root system of a healthy corn plant
has been estimated at a quarter of a mile, while measure-
ments made on a squash vine showed its roots to be
15 miles in length, and they had actually grown at the
astounding rate of 1000 feet a day.

While plant roots show such a powerful tendency in
searching for and securing water, it is also true that air
is about equally essential to their proper development.
Their best work is performed in soil in which the water
is held in a thin film surrounding the soil particles while
still admitting air among them. In this condition the
roots, rootlets, and root hairs energetically force them-
selves among the particles and absorb the moisture by
means of water-attracting qualities in the root hairs. As
each tiny particle of soil is relieved of its water film and
each little reservoir is emptied, the surrounding water
flows in, and this is in turn taken up by the plant.
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SOIL WATER

Not only do plants require large quantities of water,
but all their food is acquired through the medium of soil
moisture, or soil water. The nitrogen, the phosphoric
acid, and the potash must all first be dissolved in the
soil water before the plant can use them. In other
words, plant food must first become soluble before it can
be useful.

Why does the soil water containing the plant foods
apparently defy the law of gravitation and rise in the
stem of the plant and to the top of the tallest trees?
Many . theories have been advanced to explain this won-
derful phenomena, but as yet it is only theory. It has’
been claimed by some authorities that the action of air
bubbles in the roots would force the water upward; by
others that barometric pressure would accomplish the
work; by others that capillarity would do it; while the
latest experts in the field have advanced the theory that
leaves contain some substance which is actually able to
draw the water up from the roots through the stem or
trunk for their use at the top. This process is known as
““QOsmosis”’; but a little reflection will convince any one
that this theory will not hold good. If osmosis is the
result of leaf-pull, why is it that the sap of a maple tree
rushes to its very top in the springtime, before there is
a leaf on the tree? And why does the stump of a grape
vine continue to bleed ?

PLANT CELLS

What is actually known is that the soil water, or sap,
passes upward through a series of cells and ducts of



68 PRACTICAL FARMING

varying sizes and shapes, depositing its plant food through-
out the plant system, enlarging, adding cell upon cell,
and finally reaching the leaves, where the surplus moisture
is liberated through the leaf pores in the form of oxygen.
In many respects the process by which the plant breathes
and lives is analogous to that of the animal kingdom.

THE ‘“BIG FOUR”

From a study of the foregoing chapters it must be
clear that for the best development in plant life there
must be four principal conditions present, which we will
call “the big four”: —

First, plenty of soil moisture. )

Second, plenty of air in the soil.

Third, plenty of plant food.

Fourth, plenty of sunlight.



CHAPTER X

THE ROOT SYSTEMS OF FIELD CROPS

Tar direct intent and bearing of the preceding chap-
ters has been to bring the student and farmer to a full
realization of the importance of a proper condition of the
soil for the reception of the roots of growing plants. To
further impress this feature of the subject upon the
mind of every reader, this chapter will illustrate how the
roots of plants develop in the soil and how they may be
affected by proper or improper cultivation.

The root systems of our cultivated plants bear a most
important relation to the cultivation of the crops, the
application of fertilizers and the moisture content of the
soil; and in order to fully understand the reasons for the
different cultural practices it is necessary to know to
what extent and in what way the roots of the various
crops develop.

One of the surprising things which is met with in any
agricultural community is the lack of knowledge concern-
ing the roots of plants grown year after year by the
farmer; and it frequently happens that he is the most
surprised of all men when told of the wonderful develop-
ment of the roots of the plant with which he is most
familiar.

In order to study the natural distribution of the roots

of different field crops as they exist in the soil, it is neces-
59
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sary to remove the earth from around and among them
in such a way as to leave the roots not only intact, but
also in the same position which they occupied while the
plant was growing. This is accomplished by digging a
trench about the plant two or three feet wide and several
feet deep, and fitting an iron frame over this block of
earth. The frame is then covered with fine wire netting,
and several iron
rods with sharp-
ened ends are
driven through the
earth laterally in
various directions
and the ends se-
cured in the frame.
This arrangement
of the rods is such
that when the
block of earth is
removed the roots
and root fibers are
held in practically the same positions they occupied in
the soil when growing. The soil is then slowly and care-
fully washed away by the aid of a small force pump and
the roots left suspended among the iron rods.

Another method employed is to sink a cage into an’
excavation, and after the excavation has been refilled
with earth, the plant is started and grown in the usual
way. In the fall the cage is removed and the earth
washed out, as before stated, leaving the roots and fibers
in the position they held when growing.

Root system of corn plant.
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CORN ROOT SYSTEM

At the Wisconsin Station samples of corn taken 42
days after planting, when the plants were 18 inches high,
showed that the roots of two hills met and passed each
other in the center of the rows 34 feet apart, and had
penetrated the soil to a depth of 18 inches. The surface
roots sloped gently downward toward the center of the
row, where they were about 8 inches below the surface. .
When the corn was 3 feet high, the roots were found to
occupy the entire soil down to a depth of 2 feet, while
the surface laterals descended in a gentle curve towards
the center of the row and passed one another at a depth
of 6 inches. A third sample, taken when the corn was
coming into full tassel, showed that the roots had fully
occupied the upper 3 feet of soil in the entire field, and
that the surface laterals were then within 5 inches of the
surface. At maturity the roots extended fully 4 feet
into the soil and the laterals were within 4 inches of the
surface of the ground.

In studying the total root distribution of corn from
9 to 27 days old, it was found that at the end of 9 days
some of the roots had extended laterally to a distance of
16 inches, and that some had reached a depth of 8 inches,
while no root was nearer the surface than 5 inches at
6 inches from the plant. Eighteen days after planting,
the lateral roots had ‘grown to a length of 18 inches,
the taproots extended downward 12 inches, and there
were no roots nearer the surface than 2 inches at 6
inches from the plant. In 27 days the roots had reached
& depth of 18 inches, laterals 24 inches in length and 4
inches below the surface.
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In some other experiments made by the North Dakota
Station, the Colorado Station, and the Kansas Station, it
appeared that the roots of corn penetrate the soil to a
depth of from 3 to 8 feet and that the laterals completely
fill the soil, spreading 5 to 6 feet from the stalk and
coming to within 4 inches of the surface.

These experiments further show that the roots of corn
and all other cultivated plants spread out farther than
those of wheat, oats, and barley, but do not penetrate
the soil so deeply. The experiments further demonstrate
the fact that deep cultivation should not be practiced,
especially after the crop has attained any considerable
size, because the lateral roots will surely be cut off and
the plant injured. Shallow and frequent cultivation
should be the rule, and the cultivator should run a little
farther from the plants at each successive cultivation.

POTATO ROOT SYSTEM

Potatoes are not a deep-rooted plant as compared with
various other cultivated crops. Late potatoes, however,
root much deeper than early varieties, sometimes reach-
ing a depth of 3 feet; but the lateral roots of potatoes
fill the whole soil area to within 2} inches of the surface
and interlace from hill to hill. Under these conditions
it would be folly to practice deep cultivation. Indeed,
extended experiments amply prove the advantages of
shallow cultivation for the best results.

Wheat roots examined 110 days after sowing were
found to extend downward 4 feet; oats, 4 feet; winter
rye, 3 feet; flax 3 to 4 feet, and all throwing out laterals
until the soil area was completely filled. Brown grass
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roots reach a depth of 5} feet, and timothy frequently
deeper. Alfalfa is the deepest-rooted plant cultivated.

This plant is believed to have been originally a desert
native, and its capacity to penetrate the soil for water
is wonderful. If the water table is low enough to permit,
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it is not uncommon to find alfalfa roots 10, 15, and some-
times 20 feet below the surface of the ground. Red
clover reaches a depth of 4 feet, and crimson clover will
often penetrate to a depth of 3 feet in its first season.

The foregoing facts show conclusively several things
that are of practical interest and benefit to the farmer: —

First. Plant roots require conditions permitting deep
penetration of the soil; hence, deep plowing is desirable.

Second. The roots occupy the whole soil area; there-
fore the whole soil should be thoroughly and properly
prepared for the crop.

Third. The lateral roots grow close to the surface, and
will therefore be injured if deep cultivation is practiced.

Fourth. The water table should be at least 4 feet
below the surface, because the plant roots will stop when
the water table is reached; hence the advantage of under
drainage.

From the above facts it will be clearly seen that alfalfa
cannot be successfully cultivated unless the soil is natu-
rally dry and has a low water table; or, if not naturally
drained, then tile drainage must be resorted to.



CHAPTER XI

LEGUMES

Avv of the legume family have the distinctive ability
to procure nitrogen from the air and appropriate it to
their own use. This operation seems to be accomplished
through the aid of the microscopic germs or bacteria
which burrow into the roots of the plants and form
nodules or tubercles, and there change the various forms
of nitrogen found in the soil as well as the nitrogen from
the air into nitrates for the use of the plants. Just how
these minute germs are able to extract the nitrogen from
the air and deliver it to the plant, or what proportion so
delivered is obtained from the air and what from the
soil, is not known, but certain it is that soil upon which
such crops are grown seems to increase its store of nitro-
gen from year to year, notwithstanding the growth and
removal of large yearly crops.

To illustrate: a successful alfalfa field will produce at
least 5 tons per acre of hay each season for 10 years or
more, without the application of any kind of fertilizer
whatever, and at the end of that period, if the field is
plowed and planted with corn, the crop is likely to be

much larger than was ever grown upon that field before,
¥ 65 i
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and yet corn requires large quantities of nitrogen to prop-
erly develop.

Legumes, then, are regarded as the farmer’s best friend,
because they are able to supply without cost the most
valuable of plant foods — nitrogen. The legume family
comprises the several clovers, peas, beans, alfalfa, vetches, .
and others, all of which will now be considered. :

ALFALFA

The origin of this plant appears to have been in the
southwest part of Central Asia. Its name is of Arabic
origin and means ‘‘the best fodder.” It was cultivated
by the Greeks 500 years B.c., and Roman writers gave
fairly good directions for its cultivation. It was brought
by the Spaniards to Old Mexico, but not until 1854 did
it reach the United States by way of San Francisco from
Chili. Its great value in the irrigated sections of the
West soon brought it into general notice, since which
time its culture has not only been extended to the non-
irrigated regions of the West, but to almost every State
in the Union. It is believed that no other plant has so
rapidly increased in popularity, acreage, and commercial
value since its introduction into this country as alfalfa.

DESCRIPTION

It is a deep-rooted, long-lived, herbaceous forage plant.
Its flower is violet in color, clover shaped, and is borne in
clusters. Its most important characteristic is its long
taproot, which often penetrates 15 to 20 feet into the soil.
This enables it to find stores of plant food in the soil
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Alfalfa plant.
which cannot be reached by the shallow-rooted plants,
and also enables it to withstand long periods of drought
which would prove fatal to many crops.

ADAPTABILITY TO VARIOUS CONDITIONS

Alfalfa seems to adapt itself to a very wide range of
countries and climates in various parts of the world. It
grows below the sea level in California, and 8000 feet
above the sea in Colorado. It yields abundant crops in
the irrigated deserts of Arizona, one of the hottest regions
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in the world, and thrives well and withstands the winters
in New York State. It succeeds where the annual rain-
fall is only 14 inches, in semiarid regions, as also in the
Gulf States, where the rainfall is 65 inches. And yet the
most careful treatment and favorable conditions must be
given to the young plants, at least in the Eastern States,
in order to attain success in its cultivation.

CONDITIONS NECESSARY FOR
SUCCESS

=4 A deep, fertile, well-drained
<02 soil, rich in humus and contain-
ing an abundance of lime, with
freedom from weeds, is necessary
for alfalfa. The lack of any one
of these conditions is very apt to
cause failure of the crop in the
Eastern States, where it is always
produced ;under some disadvan-
tages. '

BARNYARD MANURE FOR ALFALFA

The best fertilizer to apply
upon land preceding the seeding
of alfalfa is barnyard manure,
well rotted when applied. If
fresh manure is used, it is better
) to apply it to the preceding crop,
Alfalfa root system in soil Wwhich WIu glv e time to destroy

well drained and low the germinating weed seeds by

water table, cultivation. The soil may be
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enriched by plowing under some green crop, such as
clover, cowpeas, or vetches. This treatment should
also be followed by some other crop before alfalfa is
sown, because the decaying vines are likely to produce
acid conditions in the soil which are unfavorable to alfalfa
plants.

COMMERCIAL FERTILIZERS FOR ALFALFA

If neither barnyard B Thod
manure NOr green manure B 50
is available, it will be nec- -' . ‘ "’t
essary to resort [to the use P ,’ ,& g_"',“:_ } P
of a commercial fertilizer. %( N .ﬁf{?’; S
This should be a mixture o ‘ "k‘ &J Q“»'\f'/
rich in phosphoric acid and 'j 750 *j;l i{.},} ‘f&@. =
potash, but need contain "?. -:iii'g'fw\ "i N
only a little nitrogen, be- W 4.‘1 ld.?.:d‘?
cause, as before stated, the QAN A ‘,;,;}' .,1!
plant.being a legume, it will ’\‘fgf@ 3&"&' AR
be able to secure its own g {'. ] ;&
supply of that element. 4 ,".l:;

i
GOOD DRAINAGE NECES- :;}{I‘

sany C AP

One of the most impor- | '/, ﬂ D J

tant conditions, and per- /1 ’“‘
haps the most important,

Alfalfa root system on poorly

for successful alfalfa grow- drained land and high water

ing is good drainage. table. Under these conditions
Badly drained soil is usu-  the plant will soon die.

ally more or less sour, and land acids are death to the plant.
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The soil must be well drained and also have a low water.
table, for it is a deep-rooted plant, and the roots, as before
explained, will stop when they reach water. A homely
but forcible expression in this connection is sometimes
heard: * “Alfalfa can’t stand wet feet.” Neither can
alfalfa withstand more than 24 hours of complete sub-
mergence in surface water during the growing season;
but this condition might exist for several days in the
winter, when the plant is dormant, without injury.

LIME ESSENTIAL TO ALFALFA

No other forage crop requires so much lime in the soil
as alfalfa. While lime is not generally considered one of
the essential plant foods for many kinds of plants, yet
there is strong evidence to prove that lime is essential
to the growth of alfalfa and to a less degree to. the other
members of the legume family.

Alfalfa refuses to grow and properly develop in soil
that is devoid of lime. A chemical analysis of alfalfa
shows the presence of 34.9 per cent of lime as against
4.7 per cent for timothy, indicating that alfalfa is a
ravenous consumer of that substance.

ALFALFA REQUIRES CLEAN SOIL

While the mature plant shows such a sturdy growth
and produces snch a wonderful root system, still the
young plant is exceedingly tender. Almost any weed
will beat the young alfalfa plant in the race for existence,
and smother and kill it. It is, therefore, of the utmost
importance that the soil should be kept free from weeds.
This may be accomplished in several ways: —




THE SEED 71

First. By raising some cultivated crop, preceding the
sowing of alfalfa, and thus keeping the weeds thoroughly
subdued during its cultivation.

Second. Seed the land to a crop of cowpeas, buck-
wheat, or some other densely growing crop, and follow
with alfalfa.

Third. Plow the land several months before seeding,
and during that period harrow or disk the land thoroughly
at frequent intervals, thus destroying the weeds.

It is good practice to grow some crop which makes a
very dense growth, such as oats and peas mixed, and
which can be removed for hay or soiling crop by the
middle of July; then disk the soil thoroughly and sow the
alfalfa seed. By that time the early weeds will have
been exterminated and the late weeds will not be likely
to smother the young alfalfa plants.

PREPARING THE SEED BED

The tender nature of the young alfalfa plant requires
that the soil shall be in the best possible tilth at the
time of planting. It should be thoroughly pulverized,
but fairly firm below the surface, so that the taproots
will not encounter dry, coarse earth in their downward
travel.

THE SEED

It is to be regretted that impure alfalfa seed offered
for sale is the rule rather than the exception; this is true
.of other crops as well. The seeds of alfalfa and the
clovers are generally costly, offering temptation to some
dealers to adulterate them with various weed seeds, and
seed growers are led to place upon the market seeds
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from crops that should never have been harvested.
There are, however, reliable and competent dealers from
whom seed can be purchased, and in this connection the
old adage applies with double force, ‘“the best is always
the cheapest.”

THE TIME TO SOW ALFALFA

The locality must necessarily govern to some extent
the time of seeding. The only general rule that can be
laid down is to sow as far as possible in advance of what
is likely to be the most trying season for the young plants.
In the South and Southwest late summer seeding is prac-
ticed, because the rank growth of spring and summer
weeds is thus avoided. In the Northern and the Eastern
States, spring or early summer seeding is practiced by
many, because the plants then have time to become
strong and well developed  before being called upon to
withstand the severe frost and storms of winter.

It is doubtful if it is ever wise to sow a nurse crop
with alfalfa, with possibly one exception: this being when
the soil is sandy and so light that it blows about in the
wind, with the probability of cutting off the young plants.

- QUANTITY OF SEED PER ACRE

A pound of alfalfa seed contains about 220,000 grains,
and there are 43,560 square feet in an acre. This would
furnish about 5 seeds to the square foot, which is about
the number of plants that will grow well upon a square
foot of good alfalfa soil. In actual practice, however, no
such result is obtained from seed. Much of it fails to
germinate, a portion at least is weed seed, and many other
unfavorable things befall the tender plants, so that it is
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Showing nitrogen gathering nodules on roots.
By courtesy New York Agricultural Experiment Station, Geneva, N.Y.
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usually necessary to sow from 20 to 30 pounds per acre
in order to secure a proper stand of plants. In the
West, where the conditions are nearly ideal for alfalfa
raising, a much smaller quantity may safely be used —
sometimes as low as 5 pounds per acre.

INOCULATION FOR ALFALFA SOIL

As explained in preceding pages, the legumes, in order
to properly develop, must contain within their root
systems certain minute germs, bacteria, etc. These
burrow into the roots and form tubercles through which
nitrogen is introduced to the plant in the form of nitrates.
In the bumid parts of the country thiese germs do not
usually exist except as they are introduced into the soil
by some artificial means, . Under such conditions it be-
comes necessary to provide them in the soil where
legumes are to be grown; this practice is known as inoc-
ulation.

The usual method of inoculation for alfalfa is to obtain
soil from some field where alfalfa has been growing for
some years and spread it over the new field at the time
of seeding for the new crop. From 200 to 400 pounds
per acre of such soil is sufficient to inoculate the new
field, if properly done. The soil so transferred should be
sown as evenly as possible over the new field at or near
evening, so a3 to escape the direct rays of the sun, as
sunlight is generally destructive to germs. Early the
next morning the land should be thoroughly harrowed, so
a8 to mix the transferred soil with that of the new field.
Or the whole process may be done on a dull day when
the sun is overcast. If no old alfalfa soil is convenient,
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and there is an accessible clump of sweet clover growing,
it may be plowed and the soil from it transferred in the
same manner. It should be noted that the germs which
inoculate sweet clover are the same as those in alfalfa.
If neither alfalfa nor sweet clover soil can be obtained,
resort must be had to artificial cultures, which are sup-
plied by the United States Department of Agriculture.

Everything is favor-
able for this alfalfa
plant except that
it should have a
lower water table.

These cultures are furnished in her-
metically sealed tubes, the contents
of which are mixed with pure water,
and certain chemicals are added to
the solution which cause the germs to
rapidly multiply, and the solution be-
comes slightly milky in color; it is
then applied directly to the seed.
The seed is then dried in a shady
place and sown as soon as dry.

The advantage of this process of
inoculation is that no weeds are
added to the soil, as is likely to occur
when so0il is transferred from one field
to another.

THE TIME TO CUT ALFALFA

Alfalfa should be cut when it is just
beginning to blossom. At that time
it is richest in feeding value. New
shoots are beginning to start from the
roots, and if the first crop is removed
and the sunlight let in, these will
soon bring forth a second crop.
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GATHERING THE CROP

After the crop is cut it should be allowed to wilt, and
before it becomes dry it should be raked and piled into
rather small cocks. It should not be cured to the ex-
tent of being absolutely dry, but should be put into the
barn or stack before the leaves begin to break off to any
great extent. It should be remembered that the major part
of the protein contained in alfalfa hay is stored in the
leaves, and if the crop is allowed to dry upon the ground
in the swath, most of the leaves will be lost in gather-
ing the crop and its value greatly reduced.

THE FIRST CUTTING OF ALFALFA

The first cutting of alfalfa should not be nearer the
ground than 4 inches, otherwise the new shoots will be cut
off and the second crop thus injured.

FEEDING VALUE OF ALFALFA

The .Arabs were wise in their generation when they
pronounced alfalfa “the best fodder,” and the results of
our own experiments amply confirm their judgment.
The following table, taken in part from Henry’s ‘“Feeds
and Feeding,” gives the digestible nutrients in alfalfa
and other forage crops when fed to animals on the
farm: —
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D1gEsTIBLE NUTRIENTS IN ALFALFA AND OTHER FoRAGE Crors

DieesTiBLe NUuTRIENTS 1IN 100
Dry Mar- Pounns
Kixp or Foraar 1';: tlrxmlxoo
proan | Oyt |
Pounds Pounds | Pounds Pounds
Fresh alfalfa . . 28.2 3.9 12.7 0.5
Fresh clover . 29.2 2.9 14.8 0.7
~ Alfalfahay . . . 91.6 11.0 39.6 1.2
Cloverhay . . . 84.7 8.8 35.8 1.7
Timothy hay . . . 86.8 2.8 43.4 14
Cowpea hay . . . 89.3 10.8 38.6 1.1
Wheat bran . . . 88.1 12.2 39.2 2.7
Shelled corn . . . 89.1 7.9 66.7 4.3

ActuaL FEEDING VALUE oF DIFFERENT FEEDS BASED ON AMOUNT
OF Di1GESTIBLE NUTRIENTS

V. Vav
Frxo PIBAL'I?OIN Ferp PER 'I?O‘N
Fresh alfalfa $7.00 | Timothy hay . $9.80
Fresh clover . 5.96 | Cowpea hay 19.76
Alfalfa hay 20.16 || Wheat bran 22.80
Clover hay 14.12 || Shelled corn . 20.16

ActualL YIELD PER ACRE oF THE THREE MosT CoMMON FoRraGR
CroPs PER YEAR

Alfalfa (three cuttings)
Clover (two cuttings)

Timothy . .

. . & tons per acre.

3 tons per acre.
2 tons per acre.

d
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What does a study of the above tables teach? Simply
this: that an acre of good alfalfa has a feeding value of
$100.00 per acre, while an acre of clover has $42.36 per
acre, and an acre of timothy has a feeding value of only
$19.60 per acre. And also that a ton of alfalfa is nearly
as valuable as a ton of wheat bran.



CHAPTER XII
CLOVERS

SweeT clover and burr clover are in some respects
allied to alfalfa, having a slight similarity of appearance,
and the same bacterial germs furnish the inoculation for
all alike.

Sweet clover and burr clover are not generally treated
as farm crops; they are considered simply as weeds, and
need no further discussion here. The principal clover
crops will be treated in the order of their importance: —

RED CLOVER

Red clover is adapted to a wide variety of soils and
climates, and hence is more generally grown as a forage
crop than any other legume. It is rich in protein and
nitrogen free extract, and furnishes a large amount of dry
matter. It is nutritious, palatable, and valuable as a
feeding substance, because it contains the elements of a
good feeding ration. It occupies an important place in
crop rotation and also as a green manure and cover crop.
It is biennial and, like most of the other clovers, shows
best results when grown on deep, rich loam that is well
drained, so as to escape the “heaving” incident to winter
frosts.

Clay soils, when properly fitted, produce excellent crops

78 :
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of red clover, as also do light, sandy soils if sufficiently
fertilized. ~
PREPARING THE SOIL

The preparation of the soil for red clover is practically
the same as for alfalfa. Lime in considerable quantities
must be supplied either naturally or artificially, and the
mineral plant foods must also be present in sufficient
quantities, especially potassium and potash.

It has of late become popular with many writers upon
the subject of legumes to urge that clover, being a
legume, and consequently a nitrogen-gatherer, is not
benefited by the addition of nitrogenous manures. It
is further claimed by some that the presence of large
quantities of vegetable matter in the soil actually pre-
vents the development of the bacteria necessary for the
best growth of the crop. In practice, however, this the-
ory is not borne out, for every successful farmer knows
that the richer his land, the better the clover crop. In-
deed, we may go farther and say that generally the most
abundant returns from the application of barnyard
manure are those derived from the application of liberal
quantities as a top-dressing to clover.

SEEDING

From 8 to 12 pounds of seed should be sown per acre
if the seed is of good quality and the soil is in proper
condition; but if the soil is weak or the seed is inferior,
the quantity should be increased. The seed may be
sown broadcast in March or April on land seeded the pre-
vious fall to wheat or rye; or, it may be seeded in the
spring with oats or barley, which is the usual prac-
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tice in cool and moist climates. Lately the practice of
seeding red clover without a nurse crop, in August or
September, has met with good success where the soil was
in good condition to allow the plants to make a strong
growth and become well rooted before winter. Such a
crop will usually be ready to harvest as soon as the crop
sown in the old way, and permits of securing some other
crop from the same land during the early part of the
preceding season.
AS A SOILING CROP

As a soiling crop, red clover should supply from 8 to
12 tons per acre, and should last at least two weeks from
the time when the heads are fully formed. The second
cutting should yield from 5 to 6 tons per acre, ready to
feed in August.

RED CLOVER AS HAY

Next to alfalfa, red clover is one of the most valuable
forage crops for dairy feeding. Indeed, alhnost every
farm animal is benefited by the feeding of red clover,
whether cows, sheep, young stock, swine, or poultry. It
is doubtful if its merits in this respect are half appreciated
a8 a farm crop. It is valuable as hay, as a soiling crop,
and as a green manure crop; its roots render the soil
open and porous and richer in nitrogen.

CURING THE HAY

Clover should be cut when free from moisture and
raked into windrows as soon as wilted, then allowed to
cure in cocks. It should be remembered that the chief
value of clover, like alfalfa, is contained in the leaves,
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and if the crop is allowed to dry in the swath, most of
the leaves will break off in handling, and much of the
value be lost.

Rains and dews are injurious to the crop while curing,
quickly changing the color of the leaves to a dark brown,
and soon destroying the rich aroma from the essential
oils which make clover so palatable and attractive, and
which have so often furnished a theme for the poet’s
fancy.

Red clover furnishes excellent pasture for stock of all
kinds; but it is not wise practice, because the result is
usually the destruction of the plants and consequent cur-
tailment of subsequent cuttings.

MAMMOTH CLOVER

Many farmers do not favor mammoth clover because
its large, coarse stems are not readily eaten by stock
when fed in the form of dry fodder; but for many pur-
poses it is unsurpassed in usefulness as a farm crop. It
makes a splendid soiling crop, good ensilage, and is one
of the most valuable of crops in renovating the soil and
preparing it for subsequent crops. Its deep-running roots
are able to penetrate the subsoil to remarkable depths,
leaving the soil in the open, porous condition 8o necessary
for the best development of plant life. The decay of its
strong roots adds large quantities of humus to the soil,
while as a green manure crop, when plowed under at the
proper time, it has no equal.

This crop, like all of the legumes, thrives best on rich,
well-drained soil that is well supplied with lime.

(-]
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WHEN TO SEED

The seed should be sown in the late summer or fall at
the rate of 12 to 15 pounds per acre without a nurse
crop, and it may be cut the first time in the following
June when in full blossom. The plant is perennial, and
yields from 8 to 12 tons per acre during the season as a
soiling crop.

ALSIKE CLOVER

Alsike clover is perennial, and in many respects differs
materially from the other members of the family. It
generally survives the hardest winters. It will thrive well
on soils that are too wet for other clovers, and produces .
good crops 5 or 6 years in succession. It is a shallow-
rooted plant as compared with other clovers, and should
always be seeded with a nurse crop. It is usually advis-
able to seed with this clover a liberal quantity of timo-
thy, thus avoiding as far as possible the tendency to
lodge. If the seeding is done in the summer or fall, it is
wise to seed with wheat or rye, as with red clover. Sow
at the rate of 6 to 8 pounds to the acre.

THE USE OF ALSIKE CLOVER

Alsike clover makes a fine-stemmed and very pala-
table hay, and is also very valuable as a soiling crop. It
is prolific in leaf development and should, therefore, be
handled with great care to avoid breaking and loss of
the leaves, which are rich in protein and give the plant
its high feeding value. In common with other clovers it
makes excellent pasture, but is very liable to injury by
the tramping of stock, especially if grown upon moist soil.
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CRIMSBON CLOVER

Crimson clover differs in many respects from the other
clovers. In some of its features it is deemed more desir-
able, and in others less, as a farm crop. First of all, it is
an annual, and hence requires reseeding every year as
long as the crop is grown. Second, it .does not thrive in
hot weather; hence, must be harvested in the spring,
when there is usually very little suitable weather for the
purpose. On the other hand, it is essentially a cool-
weather plant, thrives best in late fall or early spring,
maturing as early as June 1lst. It will readily be seen
that it is well adapted for a catch crop or clover crop, with-
out interfering with regular rotation crops. While it is,
as said, essentially a cool-weather crop, it is not a cold-
climate crop, and but little success has been reported with
it north of the southern or middle portions of New York
State. Wherever it can be successfully grown, it has
proved to be the most valuable in many respects of the
clover family. As a green forage crop, it has become
very valuable because of its habit of early development
and maturity. May 15 finds crimson clover ready to
take its place in the rotation of soiling crops, and by
June 1st it is ready for hay. In this form its percent-
age of feeding value compares favorably with any other
clover.

SEEDING

Crimson clover should always be seeded in the fall, as
it refuses to grow in hot weather. From 12 to 15 pounds
of seed should be sown per acre on mellow, well-tilled,
rich soil, and lightly harrowed in.
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Crimson clover is used to good advantage as a catch
crop seeded in corn at the last regular cultivation. It
will make a good growth after the corn is harvested
and until late in the fall, and will benefit the soil very
materially if plowed under in the spring in time to plant
the regular crop.

SOIL FERTILITY

The theory advanced by some writers to the effect
that crimson clover will thrive on poor soil where little
else will grow, is wholly erroneous. It not only requires
a rich soil that is well supplied with humus, but one
equally well supplied with mineral foods and an abun-
dance of lime. A little reflection upon the habits of the
plant will convince any one that this must be true. Its
period of growth in both fall and spring is very short,
being confined to the brief seasons when other plants
grow but little. Under such conditions the plant cannot
possibly develop unless the soil is rich and in the best
possible condition to insure such development.

As a forage plant, crimson clover is a cheap one to
raise. The seed is usually low in price, and as it is com-
monly grown as a catch crop and in no way inferferes
with the crops in regular rotation, it serves a very neces-
sary and useful purpose. It affords excellent pasturage
both late in the fall and early in the spring, when good
pasture is most appreciated.

WHITE CLOVER

It is unnecessary to discuss the subject of white clover
except for pasturage purposes. It is neither suitable nor
profitable as a forage crop, but when properly seeded
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WHITE CLOVER 85

with other grasses it makes ideal pasture for all kinds of
stock. Its habits of growth are such that it does not
stand erect, but creeps along the surface of the ground
and divides and subdivides its branches until large
areas are covered. The close proximity of its roots to
the surface of the ground enables it to withstand climatic
changes and extremes, and also to maintain itself on soil
that would not be strong enough for other clovers.

It should be seeded in the spring, with or without a
nurse crop, and with other grasses, at the rate of 10
pounds per acre, upon soil naturally slightly moist. A
top-dressing of wood ashes seems to be the ideal treat-
ment for a pasture of white clover. If a good catch of
the seed is secured, it will furnish the finest possible pas-
turage for 5 to 6 years.

It cannot be too strongly impressed upon the mind
that all clovers require large quantities of lime in the
soil; if this is not naturally present, it must be supplied

artificially if the best results are to be obtained.



CHAPTER XIII

OTHER LEGUMES

THE cowpea has become a valuable crop in many
sections of the United States for use as a soiling ration,
dry forage, and as a green manure crop. While it is best
adapted to the warmer climate of the South, several of
its varieties have been developed which thrive well in
many of the Northern States.

VARIETIES

There are more varieties of cowpeas than of clovers,
and the variations in their habits, form, and adaptability
are most remarkable. Varieties cultivated in the South-
ern States known as ‘“trailers” sometimes run along the
ground to a distance of from 10 to 15 feet, while other varie-
ties stand upright, and may reach a foot or two in height.
Some varieties have pods 2 or 3 inches long, while others
bear pods a foot long or even more. Some varieties
develop in 60 days, while others require 6 months.
Any of these varieties will grow and mature in the South-
ern States, but only the short, upright ones should be at-
tempted in the brief growing seasons of the more northerly
States. For the purpose of a soiling crop or hay, the best
varieties to cultivate are Red Ripper, Whippoorwill,
Wonderful, Clay, and New Era. These varieties are,
moreover, very valuable as soil renovators and green
manure crops. '

86
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SEEDING

The seed should be sown at the rate of about one
bushel per acre as soon as the soil becomes thoroughly
warm in the spring and all danger from frost is passed.
It may be broadcasted or sown in drills and cultivated
like corn, in which case less than half the above-named
quantity of seed would be required. The depth to which
the seed should be covered will depend somewhat upon
the soil and season. On heavy s0il and in a damp season,
one inch will be sufficient, but for a light soil and a dry
season, two or three inches may be proper.

FERTILIZERS

Like other legumes, the cowpea thrives best on a good,
rich, well-prepared seed bed, and also requires plenty of
phosphoric acid and potash. A good mixture to apply
would be 300 pounds of acid phosphate and 100 pounds

of muriate of potash.
YIELD

The yield per acre is practically the same in tons as
of good clover, but its feeding value is very high because
of the large percentage of protein it carries. It is relished
exceedingly by stock, and when properly grown, handled,
and fed, should materially reduce the quantity of the
grain ration.

SOY BEANS

The soy bean resembles the cowpea in many respects,
and the same course should be largely followed in its
cultivation. It is in no way superior in value as a green
manure crop, a soiling crop, or for hay, and presents
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some difficulties not encountered with cowpeas. It is,
however, an important crop in various localities where
cowpeas cannot be successfully cultivated. It always
grows erect, and its large, spreading leaves are supported
on large woody stalks which are of little use for fodder.

THE PEA AND ITS USE

The pea is an important member of the family of
legumes, and its use is general in certain sections as a
field crop for the production of grain for stock feeding,
for split peas for table use, for green peas for canning,
for forage crops, soiling crops, and ensilage. It is doubt-
ful if it has a superior as a soiling crop for dairy cows,
and the grain is hardly excelled by that of any other
plant as a ration for all kinds of farm animals.

SOIL AND CLIMATE

Peas thrive best in a cool, moist climate like that of
southern Canada and the northern part of the United
States. The Province of Ontario, Canada, has a climate
and soil peculiarly fitted to the requirements of the plant,
and the Canadian pea has acquired a wide and well-
deserved renown. In the United States, New York,
Michigan, Wisconsin, Montana, and Washington have
each become more or less prominent as pea-growing
States, and the use of the crop for various purposes is
rapidly increasing.

VARIETIES

The two principal classes into which popular usage has
divided peas are the field pea and the sweet pea. The
field pea is usually grown for grain, soiling crop, forage,
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and green manure crop, while the sweet pea is principally
used for canning and as a fresh garden vegetable for table
purposes. The field pea comprises such varieties as the
Prussian Blue, Canadian Beauty, Tall White Marrowfat,
Early Britain, and Golden Vine, while the Gregory Sur-
prise, Alaska, Advancer, Horsford, Telephone, Abun-
dance, Champion, and Everlasting are among the more
common of the sweet peas.

THE SOIL

Peas thrive best on clay loam. Sandy soils are gen-
erally too dry, and muck soils too rich, causing a rank
growth of vines, and seldom producing seeds.

SEEDING

Field peas on ordinary soils should be seceded at the
rate of two bushels per acre, and sweet peas at three
bushels per acre. The seed should be covered rather
deeply (two inches or more), and the crop may be sown
as soon a8 it is possible to work the land in the spring, or
at any time from then until June.

PREPARATION OF THE SOIL

The soil should be prepared substantially the same as
for other leguminous crops, and the same care should be
exercised in making a good seed bed.

BENEFIT TO THE SOIL

It is difficult to estimate the benefit to the soil derived
from a good crop of peas. In addition to the nitrogen
brought to the soil is the further advantage that the land
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is made mellow, open, and porous, and also that peas will
usually exterminate every weed in the field.

TIME IN WHICH TO MATURE

Depending upon the variety, the crop will usually ma-

ture in from 50 to 80 days from seeding.
BEANS

“The land won’t raise white beans” is a common and
very forcible expression which is often used to describe
poor land. Perhaps by the common use of this expres-
sion the belief is general that beans will thrive on poor
soil; this is very far from the truth. It is a fact that
beans require less fertility than potatoes or corn, but at
the same time it will be found that “good soil produces
good beans.”

Like most leguminous crops, beans develop best on
limestone soils, or upon soils otherwise supplied with
lime, and the soil best adapted to the crop is clay loam,
well supplied with humus and well drained.

VARIETIES

Same half a dozen varieties of commercial beans are
grown, including the marrow pea bean, the Boston bean,
medium bean, white marrow, red marrow, white and red
kidney, and the black turtle soup bean. These varieties
are distinct from those grown for garden and canning
factory purposes, and are known as field beans. There
are several varieties grown for table use in the green
state and for canning, but the principal one is the broad
bean.,
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CLIMATE SUITABLE FOR BEANS

In respect to climatic conditions the requirements of
beans and peas are substantially identical, and both
thrive best in cool, moist regions such as the northern
and eastern parts of the United States and the southern
part of Canada.

-

SEEDING

-The quantity of seed to be used will be determined by
the variety planted. Many growers sow from one half
to a bushel per acre of the small varieties such as the
marrow and the Boston beans, and six pecks of the kid-
ney varieties, varying the quantity according to size.

THE SEED BED

Beans may be successfully grown on inverted sod
land, but in that case the land should be plowed in the
fall or as early in the spring as possible, so that the sod
may have time to decay before the planting. In either
case it is good practice to harrow the land several times
at intervals before planting the seed. If the soil is poor,
the land should be treated with a dressing of barnyard
manure or generous applications of phosphoric acid.

TIME TO PLANT

In New York and the Eastern States the time to plant
ranges from May 15 to June 15, depending on the variety
used. The kidney beans are usually planted first, the
marrows second, and the pea and medium varieties last.
The point to be kept in mind is that the first named
require a longer time in which to mature, hence earlier
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planting is necessary; but beans should never be planted
until the soil is warm and in good condition.

HARVESTING

Formerly it was a laborious and expensive task to
harvest a large crop of beans, as the plants were pulled
by hand and hung upon poles to dry. The crop is now
generally harvested by the use of machinery, called the
“bean harvester’’; this is a two-wheeled machine pro-
vided with long, obliquely set blades which cut off the
plants at the surface of the ground, two rows at a time,
leaving it in the form of a windrow as the machine pro-
ceeds. This windrow is turned over when dry on top, and
when the whole is dry it is raked with a horse rake and
drawn to the barn. Special machines are used to thrash
beans so0 as to avoid splitting of the seed as far as possible;
but many farmers still prefer the flail, and no doubt are
compensated to some extent for their labor by avoiding
splitting of the beans. When the crop is finally thrashed
and cleaned as perfectly as possible with machinery,
there are still present the discolored and diseased beans,
with more or less gravel and other foreign substances.
All of these must be removed so that only perfect beans
shall remain. Up to the present time the only practical
method for this work is ‘“hand picking.” The dealer
who buys the crop is usually equipped with machinery
which facilitates the work by passing the beans slowly
and evenly on a canvas apron before the picker,” who
is thus enabled to see every imperfect bean or piece of

. graveljand throw it out.
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DISEASES

In many localities where the bean crop was profitable
and therefore largely grown in former years, its cultiva-
tion has been wholly discontinued because of diseases
which attack the plants and render its cultivation un-
profitable. The principal injury is caused by the disease
known as “ bean anthracuose,” which is a result of planting
diseased seed. It may strike the plants while they are
young, or may wait the development of pods, which it
then attacks and causes their destruction.

TREATMENT OF PLANTS

While it is not probable that this disease can be en-
tirely prevented or cured by treating the plants, yet the
following will be found very beneficial: when the plants
are putting forth the third leaf, spray them thoroughly
with a Bordeaux mixture composed of 6 pounds of vitriol,
4 pounds of lime, and 2 pounds of resin soap, all dissolved
in 50 gallons of water.

USES OF THE CROP

Besides the commercial value of the bean, which always
brings a high price in market, the straw is valuable as
roughage for stock, and the by-product or picked refuse
makes good food for many farm animals, especially swine
and sheep. The crop can be grown in rotation between
two grain crops, or between grain and corn or potatoes.
It loosens the soil, kills the weeds, adds nitrogen to the
land, makes a good green manure crop, and altogether is_
a good crop to raise.'
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THE VETCHES

In some localities and under certain soil conditions the
spring and winter vetches seem to be desirable as forage
crops, yet both seem to have serious defects under some
circumstances.

The spring vetch makes a good soiling crop when sown
with oats in localities where peas do not thrive, but the
crop is in no way superior to a crop of oats and peas,
and is liable to degenerate into a troublesome weed,
sometimes so infesting the land as to make the growing
of wheat unprofitable in many localities.

To secure a forage crop, the winter vetch may be sown
with wheat in August or September at the rate of about
one bushel of each per acre, on rich, well-tilled soil, so that
a substantial growth may be secured before winter sets
in. It will mature with the wheat in the spring, and a
large forage crop will result.

Complaints are frequently heard regarding the effects
upon stock fed upon winter or hairy vetch. It is claimed
that the hairy covering of parts of the plant, when eaten
by animals, fail to digest, and form into balls which obstruct
the digestive processes to such an extent as to cause the
death of the animals. It has the advantage, however, of
being an early spring crop, and is rich in feeding qualities.

UNIMPORTANT LEGUMES .

Among these may be mentioned the velvet bean, the
horse bean, and Japan clover, all of which have their
value in their proper place, but are not important for
consideration in a work of this character. None of them
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are native to the United States, neither have they become
sufficiently acclimated to be successfully grown except in
limited areas. Generally speaking, it is not the part of
wisdom to introduce these plants upon the farm except
to serve some special purpose.




CHAPTER XIV
CORN AND HOW TO GROW IT

THE SOIL

IN common with every other crop, the first question to
be considered under this heading is the soil. The ideal
condition of soil for corn is a sandy loam, rich in humus,
well drained, with a gravel subsoil which maintains a
constant supply of moisture and still presents a low,
permanent water table. The best results are obtained by
the application of 10 to 15 tons of fresh barnyard manure
to old meadow, growing clover or alfalfa, and plowing it
under the previous fall, thus giving the vegetable matter
an opportunity to decay before the plant roots reach it
in the following season.

The soil should be thoroughly harrowed or disked as
early in the spring as it is possible to get upon the land
without injury to the soil, and the field put in the best
possible condition. If barnyard manure is not available,
a good crop of clover, alfalfa, or peas should be plowed.
under and the same treatment given.

THE TIME TO PLANT

In the Eastern and Northern States it is_generally ad-
visable to plant the seed as early as the soil can'be put

in proper condition, for the reason that the growing
96
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season between early and late frosts is short, and a full
season is generally necessary to bring the crop to maturity.

There is, of course, some danger of injury from late
spring frosts, but, on the other hand, there is much greater
danger from early fall frosts. Early spring planting has
the additional advantage of securing a vigorous early
start before weeds have a chance to interfere, and when
the moisture in the soil causes quick germination and
rapid growth.

There is a condition in the early springtime, a vague,
unnamed something felt in the air, in the soil, every-
where, that seems to compel life, growth, and action. It
is the time of the spring awakening; when the air seems
to throb and the earth to respond with a silent yet per-
ceptible and plainly felt movement — the result of count-
less millions of awakening, growing forms of life. We
hear the hum of that wonderful workshop, but cannot
locate it; neither can we define it. It is the time when
the new year of nature is born. Fortunate is the farmer
whose crop of corn is in the ground and ready to receive
its share of the compelling forces which nature is provid-
ing for every living thing with lavish hand. :

Experience has demonstrated that two weeks of growth
in the early springtime under the conditions described is
more valuable than four weeks at any other time of the
growing season.

THE SEED

Such varieties of corn should be used as are b
to the climate and soil — the quick-
where the season is short and there |}
fall frosts, and the rslower-maturin
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seasons are longer. It is always important that a mature
crop shall be secured, regardless of the purpose for which
it is to be used. Before ears can be developed there must
be a large, vigorous growth of stalks, strong in structure,
and maintaining an abundance of foliage of the deepest
green color.

The first requisite for securing a good crop of corn is
good seed. Many failures are attributed to unfavorable
weather and other causes which are in reality the result
of poor seed. The ideal way to secure seed corn is to go
through a field of ripe corn and select perfect ears from
large, perfect stalks. This process of selection will, in a
few years, result in establishing a superior variety of
corn, perfectly suited to the locality, and producing at
least double the ordinary crop. If, however, the seed is
to be purchased from year to year, then it becomes im-
portant to test it before planting in order to determine
what proportion of the kernels will germinate and the
strength of the germination.

HOW TO TEST SEED

A small box one foot square and four inches deep, con-
taining two inches of moist earth or sawdust, may be
placed near a stove in a room where the temperature
is maintained at about 70° F. A handful of corn is
taken at random from the package of the proposed seed
from which 100 kernels are counted and scattered evenly
on the contents of the box. Cover the whole with a
piece of Canton flannel so cut as to fit closely over the
seed and soil. Moisten the cloth slightly by sprinkling
warm water over it. In the course of 4 or 5 days, if the
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seed is strong, small white shoots will appear at the
smaller end of the kernels. If 95 of the kernels do not
show good, strong shoots, look elsewhere for seed corn.

PLANTING THE SEED

When the soil is thoroughly prepared for the seed, the
method of planting is the next subject for consideration.
Extended experience has proved beyond a doubt that
check-rowing corn produces the best results in the ma-
jority of cases. That is, the hills should be so spaced as
to be a given distance apart in each direction, both length-
wise and crosswise of the rows.

ADVANTAGES OF CHECK-ROWING

This method of planting permits of cultivation both
ways, — lengthwise and crosswise of the field, — insuring
thorough cultural methods, permits the use of horse labor
almost exclusively, rendering it impossible for weeds to
grow. It also allows more air and sunlight to enter
among the plants, which is a necessary factor in their
proper development. This additional air and sunlight
also act as a preventive, to some extent at least, of dis-
eases that are more or less common to the crop. More
important, however, is the fact that the ears and grain
are materially improved by the check-row method of
planting.

DEPTH OF PLANTING

On ‘heavy clay soils the seed should be covered to the
depth of 1 inch; on light, sandy soils, from 2 to 4 inches,
the purpose being to secure sufficient moisture to quickly
germinate the seed.

-~ % ¥ R
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NUMBER OF KERNELS TO THE HILL

If the seed has been properly selected, cured, and stored,
or if it has been tested and found good, 3 kernels to the
hill will usually be found the proper number, provided
the rows are 3 feet or more apart. A larger number will
prevent proper earing, and in no way add to the value of
the crop. :

It should always be borne in mind that the ears and
grain are the most valuable parts of the crop, 'whether
grown for market or as ensilage for fodder. If intended
for a grain crop, it is the number of bushels per acre that
count. If for ensilage, the more mature grain there is
mixed in the silo, the more valuable the ensilage becomes
for fodder.

USE OF MACHINERY IN PLANTING

Various machines for planting corn and other seeds
are to be found on the market that are so far improved
as to do satisfactory work in check-rowing corn. The
depth, the distance between the hills, and the number of
kernels to the hill, can be regulated better even than by
hand work, and they have the additional advantage of
being able to distribute commercial fertilizers evenly and
in such quantities as may be desired and without addi-
tional labor. One man and a good team can easily plant
8 acres per day with such a machine and do it well.

USE OF COMMERCIAL FERTILIZERS

Many corn growers believe that the use of certain
forms of commercial plant foods are desirable when ap-
plied at the time of planting the corn crop, regardless of
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the natural fertility of the soil, with the result that a
variety of soluble, immediately available chemical foods
are thus supplied for the use of the young plants, giving
them a quick and vigorous start and rendering the root
system better able to take hold of the natural elements
found in the soil.

Corn is a large consumer of nitrogen and requires liberal
quantities of both the soluble form for immediate use,
and of the insoluble, or more slowly available, form for
use in the later stages of development. If the seed is to
be planted .upon fertile soil that is rich in humus, it will
generally be found profitable, when planting, to use a
mixture consisting of the following: —

Nitrateofsoda . . . . . . . . . . 500 pounds
Groundbone . . . . . . . . . . . 200pounds
Acid phosphate . . . . . . . . . . 200 pounds
Muriateof potash . . . . . . . . . 100 pounds

Apply it at the rate of 150 to 200 pounds per acre.
| It is proper to state in this connection that the more
fertile the soil, the more profitable will be the result of
applying commercial fertilizer, and the poorer the soil,
the less profitable. In fact, many soils are too poor to
profitably grow corn and should never be used for that
purpose.
CULTIVATION OF CORN

When the plants are up 3 or 4 inches, the whole field
should be harrowed with a light, spike-tooth smoothing
harrow, preferably following a heavy rain and as soon as
the soil is fit. This treatment will have the twofold
effect of destroying young weeds and of breaking up the
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crust which always forms upon the surface after a rain.
A crust should never be allowed to form on the surface
of the soil, for it supplies the best possible means for the
escape of soil moisture, and if allowed to continue, will rob
the plants of the moisture in a very few days.

The most effective means of preventing evaporation
from the soil is a blanket laid close upon the soil surface.
Proper cultivation will form such a blanket, which is
called “mulch.” This is simply maintaining a fine,
shallow blanket of soil on the surface, which has the
effect of breaking up the caplllary action and checking
evaporation.

CULTIVATORS

Several different forms of machines are successfully
used in the cultivation of corn, from the one-horse walk-

A gooci mulch maker,

ing cultivator, to the 2, 3, 4, and 5 horse riding machines.
The profitable use of any of these machines must be
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determined by the topography of the land and the con-
dition of the soil. As a rule, the larger the machine
handled by one man, the more profitable will be its use.

FREQUENCY OF CULTIVATION

There is a general rule which may be laid down regard-
ing when to cultivate corn, to wit: cultivate with suffi-
cient frequency to destroy all weeds, and cultivate as
gsoon as possible after every rain.

DEPTH OF CULTIVATION

Excepting the first cultivation, deep cultivation is in-
jurious to the crop. The first cultivation may properly
go as deep as the cultivator will do good work and not cover
the plants, but subsequent cultivations should not exceed
3 inches in depth. Lateral roots must be protected, and
a deeper cultivation will cut off many of them.

SOIL WASHING

Heavy rains frequently do considerable injury in wash-
ing out the plant foods and fine particles in the soil, which
are carried down to creeks in the form of muddy water.
Soil washing may be largely prevented by planting the
rows at right angles to the slope of the ground, or by
keeping the rows on a level and letting them follow the
curve of the hill. Straight rows are best on level land,
but curved rows are better practice on a hillside.

YIELD OF CORN

The average yield of corn per acre for the whole United
States is 25 bushels. By the adoption of improved
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methods of cultivation, proper seed selection, and im-
provement in soil fertility, many farmers are producing
75, 100, and some of them 125 bushels per acre.

It is apparent that if farmers generally would adopt
more rational methods, the yield from our corn ecrop
could be easily doubled without increasing the acreage.



CHAPTER XV

THE CEREALS

BARLEY

BARLEY is an annual cereal grain which is supposed to
be a native of Asia. In earlier times it was used exten-
sively for human food throughout the civilized countries
of Europe, Asia, and Africa. Other cereals that are
better adapted to bread making have gradually taken its
place in this respect until now it is mostly consumed for
brewing purposes and stock feeding. The value of the
barley crop produced in the United States each year is
about $50,000,000.

VARIETIES

As used by seedmen and farmers, the principal varieties *
may be described as the four-rowed, the two-rowed, and
the beardless barley.

ADAPTABILITY

No other cereal is grown under so wide a range of
climate and soil conditions, and none so readily adjust
themselves to new conditions and natural environment.
In Europe barley is cultivated from the Mediterranean
to Lapland, and in America from Mexico to Alaska.

THE SOIL

The soil for barley should be fall plowed and thoroughly
disked in the spring as early as it can be worked to ad-

vantage. All lumps and clods should be broken down
105
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with the roller and harrow and a mellow seed bed pro-
vided. The crop is quick-growing and matures early.
The soil should be well provided with plant food in avail-
able form. :

The best results are obtained when the soil is fully
supplied with well-rotted barnyard manure and free from
a superabundance of moisture. If there is a lack of
fertility, the soil should be treated with a mixture of 120
pounds of nitrate of soda, 200 pounds of acid phosphate,
and 30 pounds of muriate of potash per acre. A rich
clay loam is the ideal soil for barley.

The seed should be sown as early in the spring as the
soil can be put in good condition, usually the latter part
of April or first of May, and at the rate of about two
bushels per acre. If the crop is sown in connection with
a seeding of clovers or grasses, and is to be regarded as a
nurse crop, then one bushel per acre will usually be suffi-
cient. As a general rule, the richer the soil, the less seed
need be used.

ROTATION

Barley is one of the most valuable of crops in farm
rotation, as it naturally follows corn, potatoes, or other
root crops, and since it is a very successful nurse crop, it
is naturally followed by alfalfa or some one of the clovers.

DISEASES OF BARLEY

“Barley smut” is the disease most injurious to the
crop and causes more or less loss each year, especially in
localities where it is frequently grown in the same field.
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The smut is a fungus disease which is caused by minute
spores lodging beneath the hull in the grain. When
these spores are ripe, they are carried about the field by
the wind and lodge in the hulls of healthy kernels. The
hulls then close over the spores and the disease germs are
again planted for further destruction.

TREATMENT OF SEED

Into a barrel containing 20 gallons of water pour a
pint of formalin. Place a sack of barley seed in the
solution and let it soak ten minutes, then remove it and
spread it out on a floor or platform to dry, keeping it
covered for two or three hours with blankets so that the
fumes of the formalin may better act on the spores. If
this treatment is well performed, it will usually insure the
crop against injury from smut.

USES OF THE GRAIN

If barley is cut in the milk stage and is well cured, it
makes very rich and palatable hay for stock. The grain,
however, is commonly allowed to ripen and is disposed
of for brewing purposes and the by-product used for
stock feeding in the form of brewers’ grains, malt sprouts,
ete.

Barley meal is one of the best stock foods when used
in combination with other by-products, and is valuable
for cows, horses, swine, and poultry.

OATS
Unlike barley, oats are usually successfully grown only
in the north temperate zone, including such parts of
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Russia, Norway, Sweden, Germany, and the north-
central part of the United States and Canada as lie within
an irregular belt around the earth. This area supplies
the major part of the world’s oat crop. The oat crop of
the United States is valued approximately at $300,000,000
per year, and the average yield per acre is 34 bushels.
Eleven States produce four fifths of the entire crop of
the United States. These States, in the order of produc-
tion, are as follows: Iowa, Illinois, Wisconsin, Minnesota,
Nebraska, Indiana, New York, North Dakota, Penn-
sylvania, Ohio, and Michigan.

VARIETIES

There are more than seven distinct varieties of oats
representing various forms of kernel, from the long,
slender kernel to the short, plump, and nearly round form.
These varieties also show various colors, including white,
yellow, red, gray, and black.

The two principal varieties which constitute the major
portion of the crop as at present cultivated are the spread-
ing variety in which the branches spread out in all direc-
tions from the rachis; and the side or mane oats in which
the branches all hang from one side, giving them the
appearance of a mane.

ADAPTABILITY AND SEED

It is only necessary to say under this head that certain
varieties will excel in some parts of the country better
than others. Those varieties should be selected for seed
to which the conditions, surroundings, and soil are most
congenial. In other words, seed from oats producing a
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remarkable yield in Wisconsin may utterly fail in produc-
ing even an ordinary crop in New York; but seed from a
successful crop in New York will, if properly cultivated,
be reasonably certain to produce a good crop in the same
State.

As with every other crop, only the best possible seed
should be sown, heavy in weight, plump, full of kernel,
and free from all weed seed and fungus growths.

The best possible treatment for seed oats is to run
them through a fanning mill, using sufficient force to blow
out everything except the very heavy and plump seeds.
The lighter grains need not be lost, because they can be
used to advantage for stock feeding. The seed should
then be tested to determine its germinating qualities,
following the same course as described in testing corn. In
order to prevent as far as possible the disease of oat
smut, the grain should be treated with a 4 per cent
solution of formalin, as described for barley.

HOW TO TEST THE SEED

As the wise farmer should wish to test the seed of
almost every farm crop before placing it in the ground,
the simplest method of doing so with small seeds is as
follows: Take two dinner plates and a piece of Canton
flannel about a foot wide and two feet long. Wet the
flannel in warm water and run it through a wringer.
Place half of the cloth over the first plate and put upon
it 100 seeds to be tested. Cover the seeds with the other
half of the cloth, pressing it down evenly over them.
Place the second plate upside down over the whole, and
set them where the temperature will remain at 75 or 80
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degrees for three or four days. Keep the top cloth moist
by sprinkling it with warm water occasionally. At the
end of this period the good seeds will have sent out shoots,
making it possible to determine the percentage of fertile
seeds and also the strength of germination. If 95 per
cent of the seeds do not germinate, discard the seed.

PREPARATION OF THE SOIL

The vital point in oat culture is to “sow early.” Oats
require a cool climate and abundance of moisture, and
these are best secured by sowing the crop at the earliest
possible time that it can be done without injuring the
soil. By “abundance of moisture” is not meant wet
land, which is fatal to oats, but such treatment of the
soil as will best conserve the natural moisture in the
ground and prevent as far as possible a loss of it by
evaporation. The top soil should be disked and harrowed
thoroughly from the time it is sufficiently dry in the
spring (after fall plowing) until the crop is planted.

If the land is sour, it will be wise to apply 2000 pounds
of lime per acre, and if the previous crop was not well .
manured, it may be necessary to apply a mixture consist-
ing of 120 pounds of nitrate of soda, 200 pounds of acid
phosphate, and 30 pounds of muriate of potash per acre.
Both the lime and the fertilizers should be thoroughly
incorporated with the soil before the seed is sown. :

TREATMENT OF THE CROP

When the plants are about four inches high, the field
should be gone over once with a light, spike-tooth smooth-
ing harrow. This will break up any crust which may
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have formed on the surface, and aid materially in pre-
venting evaporation and loss of moisture, and preserve it
for the use of the crop.

It is suggested that any farmer who has not tried the
experiment of harrowing his oat crop, as just described,
should treat one half of his field in that way, leave the
other half untreated, and observe the result.

QUANTITY OF SEED

Most farmers sow too much seed. If the soil is fertile
and properly tilled, more and better grain will be secured
from a seeding of one bushel per acre than from three
bushels. Of course much depends upon the condition of
the soil and something also upon the season; but the
plant stools profusely, and heavy seeding is more likely
to result in injury than in benefit. One inch will usually
be found a sufficient depth to plant the seed.

A8 A NURSE CROP

Oats are considered one of the best nurse crops for the
seeding of legumes or grass, and if there is no unusual
amount of fertility in the soil, causing the oat crop to
lodge, the seeding will generally be successful.

AS A BOILING CROP

Oats as a green crop, or sown with Canadian peas, make
one of the most satisfactory soiling crops for dairy cows.
They should be fed just when the seeds are forming,
or, to use a common expression, just when they are “in
the milk.” They are very palatable and always a milk
producer.
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OATS AS FOOD

Regardless of results obtained by analysis of oats and
their value as feeding stuff as determined by their content
of digestible nutrients, every farmer of experience knows
that as food for horses no other grain compares with oats,
while as a milk producer in the dairy they have no su-
perior. As human food the use and popularity of oats is
increasing daily, and in Scotland, where their consumption
a8 food has been constant for hundreds of years, it is
said to produce both the largest men and the largest horses.

WHEAT

What has been said regarding oats and barley in respect
of thorough preparation of the soil, liming, fertilizing,
cultivation, selection of seed, testing seed, and planting,
applies with equal force to wheat.

VARIETIES

Like oats, we find many varieties of wheat differing
in shape and color of berry and contrasting strongly in the
general appearance of the mature plant, from the bald or
beardless club wheat to the long-bearded durum. For
all practical purposes wheat is divided into two great
classes, viz. winter and spring wheat.

WINTER WHEAT

There is little doubt that winter wheat is a result of
artificial breeding, aided by environment, and so success-
ful have been the results obtained that the plant is now
able to withstand the winters of many of the most severe
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and northerly climates, and continue its development in
the following spring, ripening one or two months earlier
than its brother, the spring wheat, in the same locality
and soil.

WHEN TO SOW

There can be no definite date fixed as the proper time
to sow winter wheat, as the matter must be decided ac-
cording to the conditions affecting the particular locality.
Generally it is wise to sow the seed so as to enable the
plants to make a fair growth before frost, and thus be
better able to withstand the winter. .

THE SEED

‘There is probably no crop grown that is more directly
affected for good or ill by the condition of the seed than
wheat. The crop grown from well-selected, good seed is
certain to show a material increase over that grown from
inferior seed, this increase frequently amounting to as
much as 100 per cent.

DISEASES OF WHEAT

The same treatment should be given seed wheat as has
been recommended for barley and oats to guard the crop
from the disease of burnt smut; but there are other forms
of smut which attack wheat which do not yield to this
treatment and for which it is doubtful if a sure remedy
has been discovered.

ENEMIES

The chinch-bug and the Hessian fly are the worst insect

enemies of wheat, and losses of millions of dollars annually
I
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result from the ravages of these two pests. No satis-
factory remedy has been discovered for either.

Wheat is the most largely used article of human food in
civilized countries, and the United States leads all coun-
tries in its production.

RYB

While rye occupies a much less prominent place as a
farm crop than wheat, oats, and barley, yet in many
respects it is unique and for many purposes very valuable.
The straw, if of good quality, is usually worth more in the
market than the grain. It is an excellent crop with which
to seed clovers and grasses, makes quite a satisfactory
soiling crop for early summer feeding, and fine fall pas-
turage for the dairy.

Rye, while not as rich in protein as many of the other
grains, still makes a good feeding ration when properly
mixed with other grains.

SEEDING AND CULTIVATION

All that has been said regarding the seeding and culti-
vation of wheat applies equally to rye, except that rye
does not require the high state of fertility in the soil
necessary for wheat.

ITS SPECIAL USE

Under present conditions the most profitable use for
rye is in connection with dairy farming. If the crop is
sown in July, immediately following a hay crop, upon
land well plowed and thoroughly tilled, it will furnish the
best fall pasture for milk production. In the spring such
a field of rye will be almost the first green crop on the
farm, and can be then fed to the dairy with gratifying



WHEN TO SOW 115

results in milk production. It does not last long as a
soiling crop, but is very satisfactory while it lasts, and fills
the gap until clover is ready to feed.

BUCKWHEAT

Buckwheat is known as ‘“‘the poor farmer’s friend,”
because it will grow upon soil so poor as to be worthless for
other farm crops; it can be sown after the corn or other
crop has failed; it generally yields a good crop in from
eight to ten weeks; it can be easily thrashed with the
flail; it always cleans the soil of weeds, and leaves it mel-
low and in good condition for potatoes or other crops.
The straw is rich in protein, and most farm stock relish it,
while the flour from the grain in the homemade pancake,
with a little maple sirup, makes a breakfast dish never
yet excelled by the art of the French chef.

While buckwheat responds readily to good treatment,
yet it is a fact that the soil may be easily made too rich,
with the result that the crop will lodge and fail to ripen.

VARIETIES

There are three principal varieties usually grown: the
common Gray, the Silver-hull, and the Japanese. With
some exceptions the Silver-hull is the favorite in the mar-
ket, and brings from ten to fifteen cents per bushel more
than other varieties; but all the varieties usually sell
readily, and the best price is obtainable as soon as the
grain is thrashed.

WHEN TO SOW

The crop should be sown so that it will blossom after
the intense heat of the summer has passed. A broiling sun
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will blast the blossoms and the drought of summer will
prevent ripening. Usually the best time to sow buck-
wheat is during the latter days of June or the first part of
July, and it is frequently sown on soil from which one crop
has already been taken in the earlier part of the season.
For its proper development it requires a moist, cool cli-
mate, which is best secured by a late fall growth, ripening
just early enough to escape the frost. If there is imminent
danger from frost before the seed has thoroughly ripened,
the crop may be cut, and it will be found that most of the
immature kernels will afterwards ripen in the swath.

ITS USES

Besides being the poor farmer’s best.friend, buckwheat
is fast becoming a delicacy on the tables of the rich. Its
grain is relished by most farm animals, including fowls,
swine, horses, and cattle. For these reasons it is doubt-
ful if it has received the attention it richly deserves. It
seems to occupy the position of a poor relation among
the cereals, existing on soils too unfertile for them, and
responds thankfully to a little inferior fertilizer, such as
slag or acid rock, actually bringing a crop to the farmer
who practices the most shiftless methods of tillage. The
inferior methods of some farmers are sometimes alluded
to by their more successful neighbors as ‘ having got down
to buckwheat.”

MILLETS

The millets are cultivated varieties of small seeded
cereal grasses, and in this country are grown principally
as a supplementary or catch crop. While millet may have
a valuable place in certain rotations, it is generally used
a8 a soiling crop, for hay, or for summer pasturage.
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VARIETIES

The principle varieties grown in the United States are
the Fox-tail, the Barnyard, and the Prosos, or Russian
millet. The Fox-tail comprises the common millets and
the Hungarian millets; other varieties, including the
German, the Japanese, the Aino, the Siberian, the Korean,
and others, are often grown for grass, hay, and soiling
Crops.

The Barnyard millets comprise several varieties which
are widely different in characteristics, but all showing
sturdy, spreading stems and broad leaves.

The Prosos millets also comprise several varieties which
differ in the form, color, and shape of the pinnacle or
head, the seed and the leaves. The seeds of all the Prosos
varieties are larger than those of any of the others, and
vary in color from white to yellow, gray, red, brown, and
black. #They also represent a wide variation in growth,
time of maturity, drought resistance and yield.

NEW VARIETIES

New and improved varieties of millet plants have fre-
quently been introduced, and there seems to be no limit
to the variation which the plants will undergo.

PEARL MILLET

Recently a variety called Pear]l millet has been intro-
duced which in size is really mammoth, and the yield as a
forage crop is simply enormous. Pearl millet grows to
8 height of from 7 to 10 feet, is surmounted by a head
resembling a “‘cat-tail”’ from 6 to 14 inches long, can be
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cut two or three times during a season, is very succulent
when young, but if allowed to head becomes woody, and
will not be readily eaten by stock. It is difficult to cure
and handle for hay, but if cut when young, makes excellent
soiling feed.
ADAPTATION

Millet will grow in almost any climate and upon a
great variety of soils, but certain varieties show greater
adaptability to peculiar soil conditions than others. For
example, Barnyard millet requires much more moisture
than those of the other groups, and should be sown on
soils moist in character; yet the plant will not grow in a
wet soil. The Prosos family, on the other hand, do better
in a dry climate, high altitudes, and a rather dry soil,
and they are extremely drought resistant.

CULTURE

Millets require a rich, mellow soil, and the plant foods
should be near the syrface, as the plant is shallow rooted.
The crop is somewhat exhaustive of the food supply in the
soil.

SEEDING

About two pecks of seed per acre are required, and the
seeding may be done at any time from May first to August
first. It may precede a crop such as alfalfa or clover, or
may follow a crop such as oats, peas, or rye in the same
season.

USES

Millet makes good hay if properly cured; good ensilage
if cut green; good soiling crops, good pasture,and is a
valuable grain crop. There is always some danger of
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overfeeding stock with millet, and the grain should be
fed in combination with some other grain and the ensilage
in combination with other roughage; otherwise injurious
effects may result in the animal’s digestive organs. Fatal
results have followed overfeeding horses upon such food.

VALUE OF CROP

Altogether millet is a desirable, valuable, and conven-
ient crop for the farmer to raise. It can be sown when
time will permit and when other crops are out of the way.
It kills all weeds and makes the soil light and mellow.
It is seldom affected by insect or fungus enemies. It
grows on almost any kind of soil, in almost any climate,
seldom fails, and is always useful.



CHAPTER XVI

THE GRASSES

Ter number of the grasses is so great that to enumer-
ate them would be useless and to describe them would
be well-nigh impossible. A few of the more important
ones will be considered because of their economic value
and general use in farm practice either as meadows or
for pasturage purposes.

: TIMOTHY

Of first importance among the grasses stands timothy
(Phleum pratense). In practice it is commonly grown
with red clover, the grass seed being usually sown in the
fall with some nurse crop, such as winter wheat or rye,
and the clover added in the spring, frequently upon a light
fall of snow or when the ground is slightly frozen. The
clover may, however, be sown later, when the ground is in
good condition to harrow and the seed harrowed in. In
practice this has proven not only a good way to seed the
clover, but also seems to benefit the grain.

The ‘more recent practice of many farmers is to sow
both the timothy and the clover seed together without
& nurse crop and late in the summer. When sown in this
way, a fall crop of hay is secured the following season, while
if sown with a nurse crop, as just described, a crop of hay

will not be secured until the second season.
120
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As a matter of fact, timothy seed may be sown upon
clover sod at any time during late summer or early fall, if
well harrowed in. So also may clover seed be sown upon
timothy sod in the spring and harrowed in. In either case
a good crop of mixed hay or pasture will result.

QUANTITY OF SEED

If it is desired to secure a mixed crop of about equal
- parts of timothy and clover, 6 quarts of clover seed and
8 quarts of timothy seed should be sown per acre. If
it is of good quality, this quantity should weigh about
24 pounds.
‘ REDTOP

If the land to be seeded is somewhat low and is not well
drained, or it has moist places, it may be wise to add 12
pounds of recleaned redtop seed, and if the land is too-
moist for timothy, it may be wholly replaced by redtop.
Such soils /are] usually more or less. sour, and redtop
will thrive on acid soil. Such conditions and treatment
would necessarily eliminate the red clover, and it might
be possible to substitute alsike clover in its place. In case
alsike is used in place of red-clover seed, the proper
quantity would be about 4 pounds per acre.

ALFALFA SEED

A practical way for a farmer to prepare his land for a
future crop of alfalfa is to mix a small quantity of alfalfa
seed with the timothy seed when sown in the late summer
or fall. The alfalfa seed will germinate, and good plants
probably will grow the first season and disappear the
second; but some of the bacteria which are essential to the
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full development of the alfalfa plant will have been pro-
vided, and the soil more or less inoculated and ready for a
future seeding of alfalfa.

WHY USE GRASSES IN MEADOWS?

It is always unpleasant and sometimes unsafe to pro-
pose a change in the usual order of things, especially if
it is in some almost universal practice in agriculture;
but the writer can see no advantage in seeding meadows
with any crop other than the legumes, 7.e. some of the
clovers or alfalfa. Some of the legumes or a mixture of
them will grow upon almost any soil if properly treated
and cultivated, and certainly the yield per acre will be
much larger without the grasses, while the feeding value
per acre will be increased many fold over that produced
by any of the grasses. More important still, the legumes
will continually enrich the soil, while the grasses will as
continually drain it of plant food.

It is often said that horsemen prefer timothy hay to
alfalfa or clover for feeding. Unfortunately this is often
true — unfortunate for both the horseman and the horse.
It is another of the ancient prejudices which must be met
and overcome and which is without foundation in fact.
Wherever the legume has been successfully grown, its
superior feeding value over any of the grasses has been so
clearly demonstrated that the question is never seriously
argued.

GRASSES NECESSARY FOR PASTURE

Good pasture land, however, should be seeded with such
a variety of grasses, well adapted to the soil and locality,
as will insure a plentiful supply of succulent, palatable
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food for all kinds of stock, from early spring to late fall.
A permanent pasture may be secured by sowing a mixture
of the following seeds: 4 pounds orchard grass, 4 pounds
meadow fescue, 3 pounds tall oat grass, 2 pounds timothy,
2 pounds alsike clover, 2 pounds white clover. Total,
24 pounds.

The purpose of combining these grasses in one ﬁeld is
to have plants which ripen at various periods throughout
the entire season, so that stock may always be able to
secure good forage. It is evident for the same reasons
that such a mixture would be entirely unsuitable for
meadow purposes, because none of the plants would
develop and ripen with the others.

IMPROVEMENT OF PASTURES

It is well known that the ordinary pasture throughout
the country receives very little attention and is of com-
paratively little value when compared with other farm
lands. And yet, with proper seeding and care, the pasture
might be made almost as valuable as any other part of
the farm. In several of the European countries land
valued at from $2000 to $3000 per acre has been kept in
pasture for generations and at a profit, because it is intel-
ligently seeded and properly treated. It is entirely prac-
ticable to reseed pasture with any kind of seed desired
without breaking up the soil or injuring the sod; and such
pastures can be so handled as to produce an abundance
of food for the entire season.



CHAPTER XVII
ROOT CROPS

POTATOES

THE most extensively grown crop in the world (with
the possible exception of rice) is potatoes. The value of
the potato crop grown in Europe exceeds the value of
the wheat crop of the whole world. The United States
produces annually in round numbers about)275,000,000
bushels, with an average yield of 84} bushels per acre.

SOIL

Potatoes are produced in every civilized -country and
under a wide divergence of climate and soil; but for the
most perfect development they require a rather cool cli-
mate and a moist, mellow, rich, and well-drained soil.
A sandy loam is the ideal soil for this crop, but other
soils can be made to produce satisfactory crops by proper
treatment. A plentiful supply of humus is necessary for
the best results, as such material insures an open, friable
soil condition, water-holding capacity, and facilitates the
growth and expansion of the tubers. Light soils that are
rich in humus produce larger crops and a better quality
of potatoes than heavy clay soils.

PREPARING THE SEED BED

Potatoes should be planted on land that has been well
tilled the previous season in the growing of some other
124
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crop, and preferably in rotation with other crops such as
corn, beets, oats, and clover.

For several reasons, to be noted later on, it is not advis-
able to plant potatoes on newly plowed sod land, neither
should one potato crop follow another in successive sea-
sons. If they must be planted upon sod land, it is advis-
able to plow the field the previous fall, so that the sod and
green vegetable matter may have time to ferment before
the potatoes are planted; otherwise there is much danger
that the disease known as “potato scab” will attack the
tubers. There is also danger in-a dry season that the
vegetable matter so’plowed under will cut off the supply
of moisture which the plants should receive from the sub-
soil and thus injure the crop. In other words, to obtain
the best results with potatoes, the sod should be thor-
oughly rotted. If sod land has been plowed the previous
season and a crop of corn grown upon it, which was at
the same time treated with a good coat of barnyard ma-
nure, and is then followed by potatoes, it will probably
be in the best possible condition for the crop. ‘

The danger from planting successive crops of potatoes
lies in the fact that disease germs peculiar to the vegetable
(such as scab), while present in small numbers the first
season, did not have time to so multiply as to destroy or
materially injure the crop; but if given a second oppor-
tunity at the same crop on the same soil in the following
season, their presence in large numbers would be likely
to seriously injure the crop. In a general way this reason-
ing may be applied to every other cultivated annual crop;
hence the necessity of crop rotation.

The best results in potato cultivation are usually ob-
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tained by plowing as deep as the nature of the soil will
permit, the previous fall, plowing again in the spring as
early as possible, and putting the soil in the best of tilth
without delay. This treatment will go far toward conserv-
ing the moisture in the soil and will also aid in securing a
mellow seed bed.

FERTILIZERS

There is no crop which responds more readily to ferti-
lizers than potatoes, and in common with most farm crops,
there is no fertilizer equal to barnyard manure. Fresh
barnyard manure should not, however, be applied directly
to the potato crop, but to the preceding crop in the ro-
tation, because the direct application of unrotted manure
will largely increase the danger from scab. If barnyard
manure has not been applied to the preceding crop, and
well-rotted manure is not available, then resort must be
had to commercial fertilizers. Many successful potato
growers make heavy applications of these fertilizers,
with generally good results, using the following formula:
nitrogen, 4.00 per cent; available phosphoric acid, 8.00
per cent; potash, 10.00 per cent; quantity applied per
acre, 300 to 400 pounds. Many manufacturers of com-
mercial fertilizers advertise compounds for which they
claim special merit for potatoes, but it is always well to
remember that such compounds are profitable or desir-
able only as far as they are adapted to the needs of the soil
in any given locality. What is good for one locality,
or even for one farm, may not be good for another locality,
or even for an adjoining farm. It all depends upon the
condition of the soil and the quantity of available plant
food naturally contained in it. This can only be deter-
mined by experiment.
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SEED SELECTION

It is generally believed by potato growers that a good,
vigorous variety of potato will “‘run out” after a few years
of constant reproduction in a given locality. Under
ordinary methods of management this is probably true;
but the fault is not with the potato, but with the man
who selects the seed from year to year.

Seed potatoes should not be selected from the bin, how-
ever large and perfect the specimens, but in the field at
harvest time, and from the largest, most vigorous, and
best-yielding hills, taking into the account also the size
and thrift of the vines as well as the size and number of
tubers in the hill. If only such potatoes were selected
and stored in a cool place until planting time, then prop-
erly planted and tilled, there would be no more ‘‘run out”
potatoes, but a constant improvement in the quality and
quantity of the crop.

PREPARING THE SEED

Only the large, plump, vigorous potatoes should be
selected for seed, discarding all shriveled and sprouted
specimens. To guard against scab, the seed must be
treated before planting. This may be done by dissolv-
ing 4 ounces of corrosive sublimate in 30 gallons of water
and suspending the seed in a loose bag submerged in the
mixture for one hour; then raise them and allow to drain
and dry.

HOW TO CUT SEED POTATOES

Experiments conclusively prove that the most profitable
potato crop is secured by selecting such potatoes as will,
when cut into halves, show a weight of at least 4 ounces.
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The seed should be cut through the long diameter, i.e.
from the small end to the large end. Other things being
equal, the yield of the crop will be reduced just in pro-
portion to the reduction in size of the seed pieces.

The young shoot must subsist for the first few days after
it begins to grow upon the starch stored in the parent
seed. If that food is abundantly supplied by a large
piece, the shoot will start strong and take hold of the soil
food rapidly and vigorously. If the seed piece is small,
the shoot will be slow to start, and never be as vigorous
as it should be.

HOW TO PLANT THE SEED

The tubers grow on branches that spring out from joints
formed on the main stems between the sets and the surface
of the ground. It is therefore important that the sets be
placed at a proper depth so that the tubers may develop
without coming to the surface. It is also important be-
cause deep planting allows of level tillage, which is gen-
erally desirable where possible.

The soil should now be opened in straight rows 3 feet
apart and at least 6 inches deep by means of a double mold-
board plow, piling the soil up in ridges on eachlside. When
the field is thus furrowed, the sets may be dropped about
18 inches apart in the row. The plow may then be used
to split the ridges and fill the furrows, which is a rapid
way to cover the seed.

CULTIVATING THE CROP

Before the plants reach the surface, the whole field
should be harrowed at least twice, using a light spike-
tooth harrow. When the plants are all well up, harrow
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the field a third time, which will destroy all early weeds
and maintain a fine mulch, which will conserve the mois-
ture for the use of the plants

As soon as the rows can be followed, the cultivator
should be started, going close to the plants the first time
and quite deep. At each subsequent cultivation the culti-

-
< —,

A good style of cultivator for use in potatoes.

vator should be kept a little farther from the plants and
cut a little more shallow. The reason for this is clear
when it is recalled that the plant roots soon fill the whole
area of the soil to within 3 inches of the surface. This
work should continue until at least 7 or 8 thorough culti-
vations have been given and until the vines cover the
major part of the ground. Cultivate as soon after rain
as the soil is in fit condition.

SPRAYING POTATOES

When the plants are 5 or 6 inches high, they should be

sprayed with a Bordeaux mixture to prevent early blight
K
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from attacking the crop, and again when they reach a
growth of 10 or 12 inches. This spray mixture should
contain also Paris green in order to exterminate any
potato beetles or other chewing insects that are liable to
injure the crop. Later still, and after the plants have
shed their blossoms, a third application should be given
to prevent the disease called late blight; and if necessary, -
a fourth application should be given. The wise husband-
man will not wait for signs of blight to appear, because
the whole crop may be cut down in a day or two and
before it is possible to apply the remedy. The Bordeaux
mixture will not injure the plants. In fact,it is claimed
by some that the treatment is actually beneficial. At
all events, the potato grower cannot afford to take chances.
The usual spray mixture for potatoes is made as follows:
6 pounds copper sulphate (blue vitriol), 5 pounds quick-
lime, and 50 gallons of water.

TO PREPARE THE MIXTURE

Put 30 or 40 gallons of water in a barrel and suspend
in it the copper sulphate tied in a cheese-cloth bag so that
it will be entirely submerged near the top of the water.
A little time will be required to dissolve the substance,
which will settle to the bottom of the barrel. Prepare
the lime by slaking with hot water, adding a little at a
time, so that the lime will crumble into & fine powder.
When the lime is completely slaked, add cold water suffi-
cient to convert it into a thin, milky solution. Pour this
into the barrel containing the copper sulphate, stirring
and mixing-it thoroughly. Then add water sufficient to
make 50 gallons. This mixture should be applied fresh
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and should be constantly agitated while being applied.
If Paris green is to be applied, a pound may be put into
the mixture dry and thoroughly mixed before using.

TESTING THE MIXTURE

It sometimes happens that lime varies in strength and
that consequently the proper proportions in weight do
not give the right chemical proportions. To determine
whether sufficient lime is present, put an ounce of yellow
prussiate of potash in a pint bottle and fill with water.
When dissolved, let a drop fall upon the spraying mixture,
and if insufficient lime is present, the ferrocyanide solution
will turn brown. Then add more milk of lime until it
will not turn brown when dropped upon the mixtyre.
Still a little more lime added will do no harm. It is wise
to strain the milk of lime before it is added to the mixture
to prevent the spraying nozzle from becoming clogged.

OTHER USES OF THE MIXTURE

The mixture described above may also be used for con-
trolling diseases in other plants and shrubs, among which
may be named the following: apple scab, apple tree
canker, asparagus rust, leaf spot of beets, leaf spot of
celery, leaf spot of cherry, cucumber mildew, leaf spot of
currant, ginseng blight, black rot of grapes, mildew of
grapes, hollyhock rust, onion mildew, leaf curl of peach,
leaf spot and scab of pear, leaf spot of plum, leaf spot of
quince, anthracnose of raspberry, black spot of rose, leaf
spot of tomato, and leaf spot of strawberry. The spraying
mixture should be applied with some force so as to produce
a perfect spray. It should not be applied in sufficient
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quantity to form a drench, yet every part of the plant
should be covered.
CAUTION

Never spray any plant while in bloom. Such treat-
ment destroys most of the blossoms and poisons and
kills the bees, preventing pollenization and fertilization,
causing crop failure.



CHAPTER XVIII

ROOT CROPS FOR STOCK FEEDING

THE production of root crops should not be confined
to the market, but should be of vital interest to the dairy-
man and stock grower as well. The dairy farmer and
stock raiser of the Atlantic States usually produce large
quantities of roughage, such as hay, straw, and corn fodder,
but are compelled to purchase a portion, at least, of the
grain and concentrates fed upon their farms. These con-
centrates are generally costly, and the purchase of sufficient
quantities to supply the dairy and growing stock is always
more or less burdensome.

It is the purpose of this chapter to demonstrate how it
is possible to substitute, to a large extent, the home-grown
root crop as a feeding ration in place of the grain ration
heretofore so largely used, and to suggest the most desir-
able kinds for this purpose and how to grow them.

FEEDING VALUE

The feeding value of roots is not to be judged by quan-
tity or volume of raw material, but is indicated by the
amount of dry matter. To illustrate, 65 pounds of man-
gels contain 7} pounds of dry matter, equal in feeding
value to 74 pounds of cereal grains, or 5§ pounds of cotton-
seed meal. It therefore follows, that if a ton of dry
matter can be produced for less money than is required
to purchase a ton of concentrates, it will be the part of

133
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wisdom to produce such feeds and a.v01d the purchase of
the higher-priced ones.

There is also the further questlon which is worthy -of
consideration, to wit: Roots as food are highly digestible,
even more 80 than cereal grains; they have a high net
available energy in themselves, and, in addition to that,
appear to render all other portions of the feed ration more
perfectly and easily digestible, thus adding value to the
whole. The effect of feeding roots may be observed in
the improved tone and healthfulness of the animal.

Extensive Danish experiments in feeding milch cows,
carried on for several months, where large quantities of
roots were used as a part of the feed ration, seemed to
prove the desirability of including them in a feeding
ration. The cows were fed roughage consisting of 6}
pounds of hay, 10 pounds of straw, and the following
ration: —

CEREAL CorTON Dry UTRITIV Darny

Gus | S, Plpmemm o VRIS Yipioor

Pounds Pounds Pounds Pounds
First lot . 7 1.5 4.5 1:89 22.4
Second lot 4 4.5 4 1:5-5-5| 23.7
Third lot . 4 1.5 7.5 1:8-9 22.5
Fourth lot 1 4.5 7.5 1:5-5-5| 242

It is interesting to note that the first lot were fed
7 pounds of grain and 40 pounds of fresh mangels, equal
to 4.5 pounds of dry matter, and that the third lot were
fed 4 pounds of grain and 65 pounds of mangels, equal
to 7.5 pounds of dry matter. In other words, the grain
ration was reduced by 3 pounds and the dry matter
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in the quantity of mangels fed increased by 3 pounds,
with the result that the yield of milk wasactually increased.

As one feature of experience many dairymen have
demonstrated that with good, well-cured legumes, such
as alfalfa and clover, fed in connection with well-eared
and fully developed corn ensilage, the cereal grains may
be entirely dispensed with, if plenty of roots are substi-
tuted in the feeding ration, and that the milk flow will
actually increase.

KINDS OF ROOTS

The following table shows the average yield per acre of
several kinds of roots grown upon the experimental farm
of the College of Agriculture at Cornell during the seasons
of 1904, 1905, and 1906. The average yield of dry matter
per acre as well as the percentage of dry matter in the
several varieties of roots are also given: —

AVERAGE

1804 1908 1906 AvERaGe

Fresh Fresh Fresh| Dry |Fresh | Dry
_§ub— AS]?.\?- _§ub- _gxrg- Sub- | Sub- | Sub- | Sub-

Tons { Lbs. | Tons | Lbs. | Tons | Lbs. | Tons | Lbe.

Mangels . . .| 20.8 4726 26.2 | 5800 | 23.9 | 4940 | 23.6 | 5155

Half sugar . — | — 1 29.6 | 6580 23.6 | 5180| 26.6 ; 5880
Sugar beets — | — 126.9 | 8120} 20.7 | 6060} 23.8 | 7090
Carrots . 9.6 | 31811 16.8 { 3720 11.3 | 2500 12.6 | 3134
Rutabagas . .| 17.13074|25.8 | 4820|26.0 | 5100} 23.0 | 4331
Hybrid turnips | 21.4 | 3561 | 24.7 | 4120 18.1 | 3400| 21.4 | 3694
Turnips . . .} 5.6 ——]20.9 |3380] 12.1|1980( 12.9 | 2680
Kohl-rabi . .| — |——122.3]4480] 20.0 | 3660 21.2 | 4070

Cabbages . .|43.86206|29.0|3640]22.5|4140| 31.8 | 4662
Parsnips . .{ — |——| 8.0]3240| 8.1 |3020| 8.1 | 3130
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As before observed, the feeding of roots depends not
so much upon the number of tons per acre, as upon the
quantity of dry matter contained in an acre of the crop,
and the foregoing table shows sugar beets to be in this
respect far ahead of all other roots. Sugar beets, however,
are very difficult to harvest because of their habit of
growing deep in the soil, while some of the other varieties
grow substantially on the surface and are therefore easily
and cheaply harvested. In fact, the difficulty in harvest-
ing sugar beets is believed to more than offset their greater
value as stock food. Furthermore, they do not keep so
well as mangels.

S0ILS FOR MANGELS

Almost all productive soils will produce mangels, but
deep loams are best for the production of the deep-growing
varieties. If the soil is light or shallow, such varieties
as the Globe or the Tankard should be selected.

The soil should be plowed deep, in the fall, following some
grain crop or corn, and thoroughly disked or harrowed
the following spring. No crop responds more satisfac-
torily to good tillage than mangels, and five or six good
harrowings will often be required to make the seed bed
fine.

If the soil has been treated to 10 or 12 tons of barnyard
manure per acre, it would be wise to broadcast 250 pounds
of acid phosphate, 110 pounds of nitrate of soda, and 120
pounds of muriate of potash per acre, well mixed just
before being applied and just previous to the last three
harrowings. If the land is sour, it should be treated with
1500 pounds of finely slaked quicklime, applied before the
harrowing is commenced.
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SEEDING MANGELS

The seed should be sown early in May in drills 30 inches
apart, at the rate of 6 to 8 pounds per acre,'and should
never be covered to a depth of more than § of an inch.
A deeper planting will cause the seed to rot, and few
plants will reach the surface.

CULTIVATION

As soon as the rows can be seen, shallow cultivation
should be commenced close up to the plants, in order that -
any crust which may have formed may be broken; other-
wise many of the tender plants will be unable to come
through.

While the plants are small, shlelds should be used upon
the cultivator to prevent the soxl from being thrown upon
and covering the plants. T

THINNING

As soon as the plants have four leaves, they should be
thinned. This labor may be materially reduced by sharp-
ening a hoe and “chopping out’’ the plants so that a bunch
will be left growing at distances of 10 or 12 inches apart.
The bunches will require hand thinning, and this must be
done carefully, leaving the largest plant in-the bunch,
pulling out all the others. Thinning must be done at the
proper time, a8 a few days of crowding will result in stunted
plants and permanent injury.

It is important that the crop should be kept ahead of all
weeds, and if the growth seems slow, the application at
this time of 50 pounds of nitrate of soda and 50 pounds of
acid phosphate, applied when the leaves are dry, would
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probably cause a quick start. Good, thorough tillage at
intervals of 10 or 12 days, and always as soon as the soil
is fit after every rain, will insure a good crop of mangels.

HARVESTING

Mangels should be harvested before frosts occur.
When the outer leaves begin to wither, the plants have
ceased to grow. The roots should be pulled, topped,
placed in the wagon and drawn directly to the root cel-
lar, with as little handling and bruising as possible. The
storehouse should be well protected from frost, but always
cool and well ventilated.

The roots will keep well all winter,-and may be fed with
profit to almost every animal on the farm. They may be
fed whole to swine, but should be cut for horses, cattle,
and sheep. A very satisfactory hand or power root
cutter can be purchased for $10.

SUGAR BEETS

The directions given for the treatment of the soil, seed-
ing, and cultivation of mangels apply in all respects to
sugar beets, except that harvest time arrives earlier and
may usually be commenced by the middle of September.

ROTATION CROPS

It is proper to state here that sugar beets, as well as all
other root crops, should be grown in rotation with other
crops in order to avoid the various diseases which are
likely to attack root crops when planted upon the same
soil for several successive seasons.
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HALF-8UGAR MANGEL

The half-sugar mangel is a cross between the sugar
beet and the mangel. It resulted from an attempt to
secure & mangel with a higher dry matter content while
still retaining the heavy yielding quality of the mangel.
This cross has not met expectations, but a very useful
feeding plant has been developed. The same treatment
should be given this plant as described for mangels.

CARROTS

THE SOIL

The ideal soil for carrots is a deep, well pulverized, sandy
loam, free from weeds. The stump-rooted varieties, how-
ever, may be successfully grown on shallow soils. The
soil should be fitted in substantially the same manner as
before described for mangels, except that the manure
should be applied to the preceding crop, so that all weed
seeds may have been killed. The reason for this is that
the carrot plant is so slow in germinating that it is diffi-
cult to prevent the growth of weeds before the plants
secure a start.

THE SEED

The slow germination of carrot seed makes it advisable
to start the process before pla.ntmg This may be done by
placing the seed in a box in 8 warm room and moistening it
with warm water every day for several days until germi-
nation begins. The seed may then be dried in sand or by
passing a draft of air through it; it will then be ready
tosow. From 3 to 6 pounds per acre is the usual quantity
planted, depending on the purity of the seed. The rows
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should be 30 inches apart. The crop must be thinned as
soon as the plants are large enough, and always kept free
from weeds. During the first two months a light dressing
of fertilizers should be applied, consisting of 50 pounds of
nitrate of soda and 50 pounds of acid phosphate per acre;

it should be well worked into the soil near the plants. ’

FEEDING VALUE OF CARROTS

The feeding value of carrots for horses is very high when
- fed in conjunction with cereal grains such as oats. A feed
of carrots alternating with a feed of oats proves equally
satisfactory, as if the entire quantity of material fed was
oats. In other words, a bushel of carrots is equal to a
bushel of oats in feeding value, when fed to work horses
in equal alternating quantities. The carrot tops, unlike
those of many roots, are exceedingly valuable as food, and
should always be secured for that purpose, for they will
add at least four tons per acre to the yield.

TURNIPS AND RUTABAGAS

The turnip is a biennial plant and comprises many va-
rieties, but the best-known types are the common turnip
and the rutabaga. The turnip may be distinguished from
the rutabaga by its grass-green leaves covered with rough
hairs, no neck, small yellow flowers, smooth roots, poor
in keeping quality, weighs from 3 to 12 ounces, and de-
velops in from 60 to 90 days; while the rutabaga has
smooth leaves of bluish green, a neck, large buff-yellow
or pale orange flowers, rough roots, good keeping qualities,
weighs from 16 to 50 ounces, and requires from 90 to 180
days to develop.
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Both turnips and rutabagas seed the second year, send-
ing up a strong stem which branches and bears heavily
of seed.

HYBRID TURNIP

The hybrid turnip is a cross between the turnip and the
rutabaga, and may resemble one or both of them in various
respects. Some varieties, like the Garton Pioneer, have
all the appearances of the rutabaga, with its good keeping
qualities, but develop sooner.

THE SHAPE OF TURNIPS AND RUTABAGAS

Almost every conceivable shape is represented by the
roots of these plants. Some taper from the shoulder to
the tip; others taper from the middle to both the shoulder
and the tip; some present a long body with parallel sides;
others are oval, others round, and still others flat. Cer-
tain varieties grow deep in the soil and others sit on the
surface.

THE SOIL

Turnips thrive best on good, rich, friable soil, while
rutabagas do best on rather heavy loams. The root
system of these plants grows near the surface; hence, in
very light soils they are liable to suffer from drought.
Plenty of moisture is requisite to secure a satisfactory
crop.

THE CLIMATE

A favorable climate for these roots is quite as important
as proper soil, if satisfactory development is to follow.
The moist, cool climate of some of the European countries
may account in a measure for the great popularity of these
plants as stock foods in those countries.
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PREPARING THE LAND

In a general way the land should be prepared, fertilized,
and limed as for mangels, but a mixture of 500 pounds of
acid phosphate and 75 pounds of nitrate of soda should
be applied and well worked into the soil before planting

the seed.
THE SEED

The seeds of these plants are very small, and 3 or4 pounds
per acre will be found sufficient if the seed is pure and of
good quality. It should be sown in drills 30 jnches
apart and from } to } of an inch deep. The plants should
be up by the middle of May and immediately thinned to
7 inches apart in the row.

CULTIVATION

The crop should be kept free from weeds by frequent
cultivation, and as the crop develops rapidly, the cultiva-
tion should be repeated at least once a week if the best
results are secured.

The common turnip keeps only a short time and should
be fed in the fall and early winter. The hybrid turnip
can be fed after the common turnip, and the rutabaga at
any time during the winter.

GROWING TURNIPS IN CORN

In many parts of the country, especially in the North
Atlantic States, the practice of sowing turnips between
corn rows at the time of the last cultivation of the corn
crop has been somewhat popular. There is no doubt that
large quantities of turnips are thus grown with very little
additional labor and expense. But as a general rule such
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practice is not to be commended because it is believed that
the corn crop is robbed of just so much plant food as is
secured by the rival crop, and that any gain in total yield
is more apparent than real. However, the question is an
open one, and there is need of careful experiment to gain
definite information in this direction.

CABBAGH

It would seem to be a wise course for every dairy farmer
to raise a field of cabbages every year. The crop usually
brings a reasonable price in market, and frequently the
demand is so great that a cabbage crop brings the largest
return of anything grown upon the farm. The farmer
should always be prepared to take advantage of such
market conditions. If, however, as sometimes happens,
there is little or no market demand for the crop, the thrifty
farmer still has his own home market, and his crop may be
fed to his stock and converted into dairy products to
good advantage.

It is estimated, that as a soiling crop to be fed from the
field in the fall, or as a winter ration supplying a succulent,
palatable food for stock, cabbages are worth at least $5
per ton. The crop is a milk producer of the first impor-
tance, and is only second in value to the best root crops as
a feeding ration for sheep, swine, and poultry. True, the
crop presents some objections, when compared with well-
known root crops, as a stock-feeding ration. It is more
expensive to plant, more difficult to store, requires larger
quantities of plant food, and contains a smaller quantity
of dry matter. Yet, considering the very high price fre-
quently obtained for it, it is a question whether the
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cabbage crop, one year with another, is not one of the
best the farmer can raise.

CLIMATE CONDITIONS

Cabbage will grow under a wide range of climatic con-
ditions, but the best results are obtained in a moist, cool
climate like that of the Northern States and Canada.

THE BSOIL

Unlike most farm crops, cabbage will thrive on almost
any kind of soil, provided a sufficient quantity of plant
food is supplied, and sandy, clay, or muck soil will show
almost equally good results, if properly prepared, fer-
tilized, and tilled.

PREPARING THE SOIL

During the winter and early spring, barnyard manure
should be applied to the soil at the rate of at least 10 tons
per acre, and even more if the soil is thought to be deficient
in humus. As soon as the land is sufficiently dry in the
spring to work, slaked quicklime should be applied at the
rate of 1500 pounds per acre and the land then thoroughly
disked in two directions. When this is done, the soil
should be treated to a mixture consisting of 150 pounds of
phosphoric acid, 120 pounds of muriate of potash, and
50 pounds of nitrate of soda. The soil should now be
thoroughly and deeply harrowed, lengthwise, crosswise,
and cornerwise, until it presents a fine mellow surface.

THE SEED

If it is desired toseed the crop direct, it should be done
early in May, in rows 3 feet apart, in which case the plants
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must be thinned when 3 or 4 inches high, so that they
will stand in the row 2 feet apart. This will permit of
horse cultivation and lessen the cost of the crop.

RESETTING PLANTS

It is common practice where small areas only are culti-
vated to grow the young plants in the greenhouse or in
boxes under cover, and then transplant them to the field
in their permanent position.

If this plan is adopted, the first of June will be found the
most desirable time to do the work. Early sown or early
planted cabbage will head better, escape its enemies more
successfully, and contain more dry matter than if later
sown.

CULTIVATING THE CROP

As soon as it is possible to follow the rows, the cultivator
should be started close to the plants and deep at first, but
a little farther away and shallower at each subsequent
cultivation. This should be continued until the leaves
80 cover the ground that they are injured by the passing
cultivator.

If the young plants fail to grow promptly, an application
of nitrate of soda at the rate of 50 pounds per acre will
start the growth., This should never be applied when the
leaves are wet, and should be hoed in about the plants.

If the market for cabbage is not satisfactory, and the
crop is not fed to the stock, and proper storage is not at
hand in the farm buildings, the crop may be secured for
the winter by selecting a grassy spot below the brow of a
hill, where snow usually drifts in winter, and there placing

the cabbage on the grass, heads down, roots up, in one
L
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single layer (not one piled above the other) and covering
it with a few inches of straw or other waste from the barn.
In the spring they will be found sound and fresh, when
the market may be good. If not, the dairy and poultry
will give good returns for the crop.
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CHAPTER XIX

CROP ROTATION

It seems scarcely necessary in a work of this kind to
remind the farmer that, from every consideration, crop
rotation is essential to his continued and best success.
It is true that the fertile soil of new countries will produce
the same crop for several successive years with little reduc-
tion in the yield, but the time will surely come when the
soil will refuse to longer produce a given crop profitably,
and the risk and loss from disease and crop enemies of
various kinds become largely increased.

Over large areas of our country the one-crop system has
been followed until profitablé crops are no longer possible.
The wheat and corn belts of the West and the cotton region

‘of the South are striking examples of the ruinous results

of such methods of culture. In much of the territory of
both the crop has ceased to return a profit, and in many
places impossible to grow, because of the diseases and
enemies with which the soil has become infected. The
soil itself is not necessarily exhausted, but the plant food
required by that particular crop is used up, and the ene-
mies of that crop have there established a permanent
foothold.

The remedy is a change of crops. In other words, crop
rotation. If the boll weevil infests the cotton field and

smut the wheat field, it is utter folly to continue to supply
147
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cotton and wheat plants for those pests to feed upon, when
corn, potatoes, or clover may be profitably grown instead.
Of course this involves a change of system, and may resolve
itself into dairy farming or stock raising instead of grain
and cotton growing; but the improvement will be readily
observed, not alone in the soil, but in successful crops as
well.

There is little doubt that dairying is the business best
adapted to keep up the fertility of the soil if the manure
produced is judiciously handled; but a system of rotation
which will provide a cover crop to be plowed under every
two or three years will largely solve the question of soil
fertility.

It is impossible to prescribe any fixed system of rotation
which will be perfectly adapted to every locality and to
varying conditions of climate; in each the farmer must
work out the problem for himself; but in each locality
there will be found certain crops suited to local conditions,
and from such crops a satisfactory rotation can be selected.

In the Northern and Eastern States a very common prac-
tice among those who have adopted a system of rotation
is to plant corn upon the newly broken meadow or pasture,
to be followed by potatoes and other roots the ensuing
season. The third season the land is sown to wheat, oats,
or barley and seeded to clover. The fourth year the cloyer
is cut for hay, and in the fifth year it is plowed under and
corn is again planted.

In this way the whole farm is gone over, and the various
diseases and enemies common to each crop do not have
time to become permanently incorporated in the soil.
The plant foods not required by one crop are appropriated
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by some succeeding crop, and the whole farm thus secures
a valuable application of vegetable matter once in every
four years.

In the cotton belt, cotton might well replace the potato
or grain crop in the rotation, and cowpeas could well take
the place of the clovers.

The combinations which it is possible and profitable to
make with various crops under the varying conditions of
soil and climate of our country afford a splendid oppor-
tunity for every farmer to exercise his judgment and in-
genuity in securing the system best adapted to the condi-
tions which surround him,



PART II
ANIMAL HUSBANDRY

CHAPTER XX

FEEDING FARM ANIMALS

ONE of the most important and least understood sub-
jects connected with farming is the proper feeding of the
animals upon the farm, and it is gratifying to note the
widespread and increasing interest now being shown by
the farmers and stock raisers.throughout the country
in this important subject. The writer is besieged almost
daily by letters and personal calls for formulas of balanced
rations adapted to the needs of the inquirers, and it is a
fact that every experimental station and agricultural
school in the country is receiving requests for, and is
supplying, similar information.

KIND OF FOOD REQUIRED BY VARIOUS ANIMALS

The farmer need not be told that his horses require
different feeding treatment from his dairy cows, nor that
his sheep, swine, and fattening steers must receive quite
different treatment from that given his cows; but the
information which he lacks and which would be most
useful to him is how to feed his different kinds of animals
80 as to obtain the best and most economic results from

150
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such foods as he may have or can most advantageously
procure. ’
PRINCIPLES OF FEEDING

There is little doubt that there is a vast waste in all
. parts of the country resulting from improper feeding, as
well as unsatisfactory and often injurious consequences.
The feeding of farm animals, like the use of fertilizers for
crops, rests upon well-defined principles.

Our knowledge of these principles has been derived from
the studies of the chemist and the animal physiologist
in the composition and functions of food and the way in
which it is utilized after it is eaten. It is well known that
the tissues of which the animal body is composed are con-
stantly breaking down and being consumed (burned up)
and are passing off as waste material, and that new ma-
terial must be supplied in the food if the animal is to be
kept in a healthy condition. To replace the waste con-
stantly going on is the chief function of food, but in
addition to this there must be food supplied to keep up
the heat of the body and generate the energy necessary
to perform the various muscular movements and bodily
functions.

Besides repairing the waste of the animal system and
supplying the heat and energy, growth is to be provided for
in young animals, milk secreted in cows, fat put on in beef,
pork, or mutton, and work to be performed by horses, all
of which require an additional supply of food.

To supply food in the right proportions to meet the
various requirements of the animal, without waste con-
stitutes scientific feeding.

The correct principles of feeding farm animals have been
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worked out by a careful study of the composition of food
stuffs, the proportions in which they are best digested by
different animals, and the requirements of animals when
at rest, at work, giving milk, producing wool, fat, or growth.
In applying these principles the feeder should not lose
sight of the fact that some foods are especially adapted
to certain animals; that ““palatability,” or the food which
the animal enjoys, is an important factor. Most impor-
tant of all is the good judgment and general adaptability
of the feeder for his work. A balanced ration can never
take the place of good judgment, good treatment, and
kindness; but the feeder who adds to his other good quali-
ties a thorough knowledge of how to compound his feeds
becomes the most valuable acquisition to the farm.

COMPOSITION OF THE ANIMAL BODY

Water is an essential constituent of the animal body,
and constitutes from 40 to 60 per cent of its live weight.

Ash constitutes from 2 to 5 per cent of the body, and
occurs mainly in the bones.

Fat varies greatly with the condition of the animal,
and may comprise from 5 to 30 per cent of the total
weight.

Protein includes all of the nitrogenous material found
in the body. All of the working parts of the body, such
as the skin, muscles, brain, nerves, and internal organs,
contain large proportions of protein. Protein is a general

term covering a group of substances, familiar forms of -~

which are seen in the white of the egg, lean meat, and the
casein of milk, Under the term “ protein ”’ is also included
a class of compounds known as albumenoids.
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COMPOSITION OF FEEDING MATERIAL

The same four groups of substances found in the bodies
of animals, a8 noted above, to wit, water, ash, fat, and pro-
tein, are also found in the food they eat, and in addition
to these the food of farm animals contains a class of
materials known as carbohydrates.

WATER

Water is always present in feeding stuffs, no matter how
dry they may seem, and may amount to 10 or 15 per cent,
a8 in hay, straw, or grain, and may be present to the
extent of 80 or 90 per cent, as in green corn fodder or roots.
While water may add to the palatability of foods, it has
no feeding value, and is of no more use in feed than if
drunk from the watering trough. It is therefore evident
that a comparison of the different kinds of foods must be
made on the basis of dry-matter content. That is to say,
the percentage of dry matler must be given on a water-free
basis.

ASH

Ash in feeding stuffs represents what would remain if
all of the combustible material were burned out. It
consists largely of lime, magnesia, potash, soda, iron, chlor-
ine and carbonic, sulphuric, and phospboric acids. It is
used largely in making bones. It is at once apparent that
young animals require foods containing & generous percent-
age of ash in order to enable them to build up the bony
structure of the body.

FATS

The substance which can be dissolved out from the

feeding material by ether is called fat, and when consumed
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by the animal is burned as fuel to furnish heat and energy.
If more is fed than is required for those purposes, the sur-
plus is stored up in the body, and the animal is then said
to be “taking on flesh.” If, now, the fat-producing foods
are withdrawn, the animal will draw upon the stored-up
fat and gradually become lean.

CARBOHYDRATES

The carbohydrates in feeding material comprise the
bulky portion of the food, and are made up of the cell walls
and framework of plants. This class includes the cellu-
lose and various other substances, as well as what is known
as “crude fiber.” Stored in the cells are also found starch
and various kinds of sugars.

In an analysis of feeding stuffs these, with a variety of
other substances, are included in the term, “mtrogen-free—
extract.”

For all practical purposes the fats and the carbohy-
drates serve nearly the same purpose in the animal econ-
omy, and therefore are usually grouped together. The
fats, however, are about 2} times as effective as the car-
bohydrates; hence, it is customary to multiply the fat
by 2}, thus reducing it to an equivalent of the carbohy-
drates, and then add the amount to the carbohydrates.

COMPOUNDING OF RATIONS

Nutritive ratio. — Since the protein on the one hand, and
the carbohydrates and fat on the other, serve, in the main,
different purposes in the animal economy, it becomes
evident that the relative amounts of these nutrients in
the food are important. This relation is expressed as
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the ‘“nutritive ratio,”” which means the relation of digest-
ible protein to digestible carbohydrates and fat — the
fat having been multiplied by 2} before adding to the
carbobydrates as explained above. The nutritive ratio
is found by dividing the carbohydrates, plus 2] times the
fat, by the protein. In the accompanying table, No. II,
the sum of the carbohydrates and fat, thus obtained,
divided by the protein, gives the second term of the nu-
tritive ratio.

A feeding stuff having a large proportion of carbohy-
drates and fat, as compared to protein, is said to have a
“wide” nutritive ratio, while one having a small pro-
portion of carbohydrates and fat, as compared to protein,
has a “narrow” ratio. While these terms are relative,
it may be said that a ratio greater than 1.:'8 is wide, while
one less than 1:5 is na.rrow The composition of feeding
stuffs, that is, the, proportlon in whieh the’ different nu-
trients oceur, is determined by ehemica] analysis, but the
-amount of each nutrient ‘that;is actually digestible bas
been determined by careful experiments with living ani-
mals. Only the digestible nutrients are considered in the
tables given in this publication.

In Table I, under the title of “Feeding Standards,’
are given the approximate requirements of various classes
of animals and under varying conditions.

FEEDING STANDARDS

The feeding standards prepared by Wolff, a German
investigator in animal nutrition, have been the most
widely used of any. These were based largely on the
weight of the animal, although an attempt was made to
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make allowance for the age of the animal and for the kind
of work performed. Of late, however, there has been a
quite general belief that the standards should take more
account of the amount or character of production. In the
case of milch cows, for example, it is thought that the
standard should be adapted to the amount of milk pro-
duced, making the live weight a matter of secondary con-
sideration. The most important use of protein in feeding
cows is in the formation of milk. Hence a cow producing
20 quarts of milk a day will require considerably more
protein to elaborate this milk than one giving only 8
quarts; and as the milk production of cows bears no par-
ticular relation to the live weight, a hundred pounds in
weight more or less need make very little difference in the
ration. The use of rations varying in accordance with
the milk production is comparatively simple, as it only
requires that the weight of milk given by different cows
shall be known. Wolff’s standards have recently been
modified by Professor F. Lehmann, as the result of addi-
tional experiments and practical experience, and also in the
attempt to adapt them more closely to the practical needs
of the animal. These standards are as follows: —
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TABLE 1

Worrr-LEaMANN FEEDING STANDARDS

[Showing amounts of nutr(ilints r 1000 pounds live weight for a
y's

eeding. ]
DrcesTiBLE NUTRIDNTS
ANDaAL hiy
MarreR| Protein Cﬁ';:g:" Fat
Oxen: Pounds | Pounds| Pounds | Pounds
Atrestinstall . . . . . .| 18 0.7 80| 0.1
Atlight work . . . . . .] 22 14 10.0 | 0.3
At mediumwork . . . . .| 25 2.0 11.5 | 0.5
At heavy work e e o« | 28 2.8 13.0 | 0.8
Fattening cattle:
First period e+ o« + . «| 80 2.5 15.0 | 0.5
Second period . . . . . .| 30 3.0 14.5 | 0.7
Third period R 2.7 15.0 { 0.7
Milch cows:
Giving 11 pounds milk a day. .| 25 1.6 10.0 | 0.3
Giving 163 pounds milkaday. .| 27 2.0 11.0 | 0.4
Giving 22 pounds milkaday . .| 29 2.5 13.0 | 0.5
g h(ggving 273 poundsmilkaday. .| 32 3.3 13.0 | 0.8
Coarsewool . . . . . . .| 20 1.2 105 | 0.2
Finewool . . . . . . . .| 23 1.5 12.0 { 03
Breeding ewes, with lambs . . .} 25 29 150 | 0.5
Fattening sheep:
Firstperiod . . . . . . .| 30 3.0 150 | 0.5
Second period . . . . . .| 28 3.5 145 | 0.6
Horses: '
Lightwork . . . . . . .| 20 1.5 9.5 | 04
Mediumwork . . . . . 24 2.0 11.0 | 0.8
Heavywork ... . . . . .| 26 2.5 133 { 0.8
Brood sows e e e e e e o] 22 2.6 15,5 | 0.4
Fattening swine: :
Firstperiod . . . . . . .} 36 4.5 25.0 | 0.7
Second period . . . . . .} 32 4.0 240 1| 05
Third period e s e« . | 25 2.7 180 | 0.4
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DiaxstisLe NUTRIENTS

A Bar
AL R
o Mu'r'nn Protein Cﬁ%g.y' Fat
Pounds | Pounds | Pounds | Pounds
Growing cattle:
Dairy breeds —
2 to 3 months old, weighing
about 150 poun nds . . 23 4.0 13.0 | 2.0
3 to 6 months old welghlng
about 300 po . 24 3.0 128 | 1.0
6 to 12 months old welghlng
about 500 pounds .. 27 2.0 125 | 0.5
12 to 18 months old, welghing
about 700 pounds . 26 1.8 125 | 04
18 to 24 months old, weighing
about 900 pounds .| 26 1.5 120 | 03
Beef breeds —
2 to 3 months old, weighing
about 1680 pounds . . 23 '] 4.2 13.0 | 20
3 to 6 months old, welghing
about 330 pounds . e 24 3.5 128 | 1.5
6 to 12 months old, welghlng
about 550 pounds . 25 2.5 13.2 | 0.7
12 to 18 months old, welghlng
about 750 pounds .. 24 2.0 12.5 | 0.5
18 to 24 months old, welghlng
about 950 pounds e . o] 24 1.8 12.0 | 04
Growing sheep:
Wool b
4to 6 months old, weighing
about 60 unds .. 25 3.4 154 | 0.7
6to 8 months old, welghlng
about 75 pounds. . . 25 2.8 13.8 | 0.6
8 to 11 months old, welghing
about 80 pounds . 23 2.1 115 | 0.5
11 to 15 months old, welghlng
about 90 pounds . 22 1.8 11.2 | 04
15 to 20 months old, welghlng
about 100 pounds e | 22 1.5 10.8 | 0.3
Mutton breeds —
4 to 6 months old, weighing
about 60 pounds. . 26 4.4 15.5 | 0.9
6 to 8 mont old welghmg
about 80 pounds . . .| 26 3.5 15.0 | 0.7
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DieesTisLE NUTRIENTS

) TB:AL
MA'm";n Protein C&rrl::;y- Fat
Pounds | Pounds | Pounds |Pounds
Growing sheep :
8 to 11 months old, weighing
about 100 pounds .. 24 3.0 143 | 0.5
11 to 15 months old, wexghlng
about 120 pounds . e 23 2.2 12.6 | 0.5

15 to 20 months old, welghmg
about 150 pounds . . o] 22 2.0 12.0 | 0.4
Growing swine:

Breedmg stock —
2 to 3 months old, weighing
about 50 pounds. . . 44 7.6 280 | 1.0
3 to 5 months old, wexghmg
about 100 pounds . . 35 5.0 23.1 | 08

6 to 6 months old, welghmg
about 120 pounds ... 32 3.7 21.3 | 0.4

6 to 8 months old, weighing
about 200 pounds . 28 2.8 187 | 0.3

8 to 12 months old, welghxng
about 250 pounds .. . 25 2.1 153 | 0.2
Growing fattemn% swine:

2 to 3 months old, weighing about

50 pounds . 44 7.6 280 ] 1.0
3 to 5 monthsold, wexghlng about

100 pounds . 35 5.0 23.1 ] 0.8
5t06 months old wemghlng about

150 pounds . 33 4.3 223 0.6
6 to 8 months old, wexghmg about

200 pounds . . 30 3.6 20.5 | 0.4
9 to 12 months old wexghxng

about 275 pounds. . . 26 3.0 183 | 0.3

In Table II is given a list of the feeding stuffs in most
common use by the American farmer, and calculations
have been made of the amounts of digestible protein, fat,
and carbohydrates contained in 100 pounds of each.

In making these calculations, the analyses and digestion
coefficients, as found by American experiments, were used
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as far as possible, because these are the figures which
the American farmer has to consult in selecting his feed-
ing stuffs and making up a ration.

TABLE II

DrY MATTER AND DiapstiBLe Foop INGREDIENTS IN 100 PoUNDs
or FEEDING STUFFS

&
[}
Freoine Srurr ?;,g E g gg -
il S A I
Green fodder: Pounds | Pounds | Pounds | Pounds
Corn fodder ! (average of all varie-
tles . . . . . . . < 1207} 11012.08] 0.37
Kafir-corn fodder. . . . . .| 27.0 | 0.87 |13.80| 0.43
Ryefodder . . . . . . . 23.4 | 2.05]14.11 | 0.44
Oat fodder . . . « « « .| 378 | 2441799 0.97
Redtop,inbloom. . ., . . .| 347 | 2.06(21.24| 0.58
Orchard ,inbloom . . .| 27.0 | 19111591} 0.58
Meadow fescue, in bloom . . .} 30.1 1.49 | 16.78 | 0.42
Timothy,? at different stages . .| 38.4 { 2.01 | 21.22 | 0.64
Kentucky blue grass. . . . 349 | 2.66}17.78 | 0.69
Hungariangrass . . . . . 289 | 1.92]15.63 | 0.36
Red clover, at different stages 29.2 | 3.07 |14.82 | 0.69
Crimson clover . . . . . 19.3 | 2.16 | 9.31 | 0.44
Alfalfa? at different stages . .| 28.2 3.80 111.20 | 0.41
Cowm N R (X 1.68| 8.08| 025
Soybean . . . . . . . .|285]| 279|11.82] 0.63
Rape . . . . . . . . . .| 143 2.16 | 8.65| 0.32
Cornsilage (recentanalyses) . . .| 25.6 | 1.2114.56 | 0.88
Corn fodder,* field cured . . . .| 57.8 | 2.34{32.34| 115
Corn stover, fieldcured . . . .| 99.5 | 1.98|33.16 | 0.57
Kafir-corn stover, field cured . .| 80.8 | 1.8241.42| 0.98
Hag from —
arley . . . . . . . . .| 8.4 511!3594]| 1.55
Oats . . . . . . . . . . .| 840 4.07 1 33.35! 1.67
Orchard grass e e s e e s o 901 478 141.99 | 140
Redtog e e s e e e e e 91.1 482 146.83 | 0.95
Timothy ? (all analyses) . . 86.8 | 2.89 |43.72| 143

¥ Corn fodder is entire plant, usually sown thick.
* Herd’s grass of New England and New York. s Luoern.
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8| = Eg
FrepINg Storr g g E § g
g a8 g
[
Pounds | Pounds | Pounds | Pounds
Orchard grass
Kentucky bluegrass . . . . .| 788 | 4.76|37.46 1.90
Hungariangrass . . . . . .| 923 | 4.50{51.67| 1.34
Meadow fescue. .« .+« .} 80.0 420 | 43.34 ] 1.73
Mixed grasses . . . . . . .| 87.1 | 4.22|43.26{ 1.33
Rowen (mixed) . . . . . .| 834 7.19141.20 | 1.43
Mixed grasses and clover . . .} 87.1 | 6.16 [ 42.71 | 1.46
Redclover . . . . . . . .] 847 7.38 1 38.15| 1.81
Alsikeclover . . . . . . .} 903 | 8.15(41.70| 1.36
Whiteclover . . . . . . .| 903 |1146}|41.82{ 1.48
Crimsonclover. . . . . . .| 91.4 |10.49(38.13} 1.29
Alfalfat . . . . . . . . .] 916 {10.58|37.33| 1.38
Co e« e s+ o e o+ o .| 893 {10.79138.40| 1.51
Soy e « o e o« + « .| 887 [10.78 |38.72 ! 1.54
Wheatstraw . . . . . . . .| 904 0.37 | 36.30 | 0.40
Ryestraw . . . . . . . . .| 929 0.63 | 40.58 | 0.38
Oatstraw . . . . + « + . 90.8 | 1203864 0.76
Soy-beanstraw . . . . . . .| 89.9 | 2.30|39.98) 1.03
Roots and tubers:
Potatoes. . . .-. . . . .| 211 1.36 | 16.43 | ——
Beets. . . . . . . . . .] 130 121 | 884 | 0.05
Mangel wurzels . . . . . .| 91 1.03| 5.65{ 0.11
Turnips . . . . . . . . .| 95| 081 646 0.11
Rutabagas . . . . . . . .] 114 088 | 7.74| 0.11
ts . . . . . . . . .} 114 081 7.83| 0.22
Grains and other seeds:
Corn (average of dent and flint) .| 81.1 | 7.14 | 66.12 | 4.97
Kafircorm . . . . . . .| 875 ] 578 153.58} 1.33
Barley . . . . . . . . 89.1 8.60 | 64.83 | 1.60
Oats . . . . . . « « . 89.0 0.25 ] 48.34 | 4.18
%e e e e e e e e e 88.4 9.12 | 69.73 | 1.36
eat (all varieties) . . . 89.5 | 10.23 [ 69.21 | 1.68
Cotton seed (whole) . . . . 89.7 1 11.08 | 33.13 | 18.44
Mill products:
Cornmeal . . . . . . . 85.0 6.26 | 65.26 | 3.50
Corn-and-cobmeal . . . . 849 | 4.76 | 60.06| 2.94
Qatmeal . . . . . . . . 92.1 | 4.53|52.06] 5.93
Barleymeal . . . . . . .{ 881 | 7.36{6288[ 196
Ground corn and oats, equal parts | 88.1 | 7.01|61.20| 3.87
Peameal . . . . . . . .| 895 116.77{51.78| 0.865

x * Lucern.
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Far

k
Fzeping STUP? gg E E 5 g
By a
°
Pounds | Pounds | Pounds
Waste products:
Gluten meal —
Buffalo . . . . . . . 91.8 | 21.56 | 43.02
Chicago . . . . . . . 90.5 | 33.09 | 39.96
Hammond . . . . . . 91.9 |124.90 | 45.72
King . . . . . .} 92.8 | 30.10 | 35.10
Cream gluten (recent analyses) .| 90.4 | 30.45 | 45.36
Gluten feed (recent analyses) . 91.9 | 19.95 | 54.22
Buffalo (recent analyses) . 91.0 | 22.88 | 51.71
Rockford (Diamond . . 91.3 | 20.38 | 54.71

Hominy chops. . . . . . 88.9 | 8.43]61.01

Malt sprouts .. PN 89.8 | 18.72 | 43.50

Brewers’ grains (wet) . . .} 2431 400 9.37

Brewers’ grains (dned) . 92.0 | 19.04 | 31.79

Distillery grains (dried, pnncl-

pally corn) . 93.0 | 21.93 | 38.09

Distillery ing (dned prlnci—

lly rye 93.2 | 10.38 | 42.48
gluten feed (dxstxllery by-
roduct e e e e e e . 92.6 | 23.33 | 35.64
e bran . « . 88.2 | 11.47 | 52.40
heat bran, all analyses .. 88.5 1 12.01 | 41.23

Wheat middlings . . . . . 84.0 | 12.79| 53.15

Wheat shorts . . . . . 88.2 | 12.22 | 49.98

Buckwheatbran . . . . . 88.5 | 19.29 | 31.65

Buckwheat middlings . . . 88.2 |22.34 | 36.14

Cotton-seed feed . . . . . .| 92.0 | 9.85| 38.57

Cotton-seedmeal . . ., . . .| 91.8 | 37.01|16.52

Cottonseed hulls . . . . ., .| 889 | 1.05|32.21

Linseed meal (old process) . .| 90.8 |28.76 | 32.81

Linseed meal (new proms) . .| 90.1 | 30.59 | 38.72

Sugar-beet pulp (fresh) . . . .} 101 | 0.63} 7.12

Sugar-beet pulp (dry) . . .| 93.6 | 6.80] 65.49
Milk and its by-products:

Whole milk . 128 | 3.38; 4.80
Skim milk, cream raised by settmg 9.6 | 3.10] 4.61
Skim milk, cream raised by separator] 9.4 | 3.01| 5.10

Buttermilk . . o e e e e 9.0 | 2.82| 4.70

Whey . e e e . 6.2 | 0.58| 5.00

[
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Assume now that the farm is supplied with good red
clover, hay, corn silage, buckwheat middlings, and that
gluten feed can be procured as cheaply as any feed on the
market; and that dairy cows are to be fed, each giving
at least 20 pounds of milk per day, and weighing an aver-
age of 1000 pounds each. Such cows should receive ap-
proximately 25 pounds of dry matter per day each, and
the ratio should be 1 ; 5,4. Turning to the table, it will
be seen that a proper ratlon can be compounded as
follows: —

20 pounds red clover hay.
20 pounds corn silage.
2 pounds buckwheat middlings.
2 pounds gluten feed.
And applying the rule, the ration would read as fol-
lows: —

TorAL CARBOHY-

Drr PROTEIN | DRATES

MATTER AND Far

20lb.clover . . . . . . . .| 18.94 1.476 8.444
20 1b. corn silage . . . . o 512 242 3.308
2 ]b. buckwheat dedhngs . . .| 1764 4468 1.002
2 ]b. gluten feed . . . e . 1.838 .399 1.325
25.662 | 2.5638 | 14.079

Ratio, 1; 5, 4.

Again, suppose the farmer has no silo and consequently
no silage, as is often the case, but has a mow of good clover
hay; he raises some good field corn and oats, and can pur-
chase cotton-seed meal at a reasonable price; how shall
he mix his ration so as to obtain the best possible results
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for the least money? A little study of the foregoing
tables will determine his feed ration: —

ToraL CarBOHTY-
Dry ProTEIN | DRATES
MATTER AND Far
20lb.clover . . . . . . . .| 16.04 1.476 8.444
4 lb. corn-and-cobmeal . . . .| 3.398 .190 2.667
3lb.groundoats. . . . . . .| 2763 .135 1.962
2 lb. cotton-seed meal . . . . . 1.836 740 .896
24.935 | 2.541 13.969

The foregoing ration is about what should be fed to a
cow weighing about 1000 pounds and giving 20 pounds of
milk per day. If she is giving more milk, feed more of
the ration; if she is giving less, feed less.

In compounding a ration it is generally desirable to
mix a considerable quantity at a time, and this work
should be thoroughly done; otherwise unsatisfactory
results will follow.

The trouble with most of the balanced rations is that
they cost too much, and at the present prices of grain and
milk products the margin of profit is too small. It seems
to be a very general practice throughout the country
for the dairy farmer to turn over his milk checks at the
end of the month to the feed man.

This should not be, and need not be, if a more rational
method of feeding is employed. The ordinary dairyman
cannot afford to buy Western grain for the purpose of
manufacturing it into Eastern milk. He must learn to
produce his own raw material on his own farm. How shall
he do this? Laying aside all prejudice in the matter,
and relying wholly upon the facts as established by the
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experience of hundreds of the most successful feeders in
the country, the writer undertakes to say that there is no
roughage produced upon the farm so cheaply, so healthful,
and so valuable for milk production as good corn silage,
and that every farmer who produces milk for any purpose
cannot afford to be without a good silo.

Every farmer could also, without much additional
labor, grow three or four acres of mangel-wurzel beets.
Most farmers grow clover or alfalfa, and some of them a
little grain. Now, referring to the table, it will be seen
that the best possible balanced ration can be provided
from material grown wholly upon the farm, and it will be
found superior to the purchased ration for both health and
milk production:—

Dry CARBOHY~
Marrzs | PROTEIN &n:%‘:r
20lb.clover . . . . . . . .| 1694 1.476 8.444
301b.cornsilage . . . . . . . 7.68 .363 5.962
30 Ib, mangel beets . . e . 2.73 .309 1.769
2 Ib. buckwheat mlddlmgs .. o] 1764 446 1.002
29.114 2.594 16.177

For all practical purposes this is a balanced ration, is
entirely homemade, and will prove in every way satis-
factory.

It is proper here to state that almost every animal
upon the farm is benefited by a regular feed of silage and
roots, and no cheaper ration can be furnished.
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FEEDING THE HORSE

In feeding his horses the farmer shows less judgment
and discretion than in feeding.any other farm animal.
He will cheerfully supply a varied ration for his cows in
the form of clover, ensilage, roots, and various grains;
he will feed his sheep, his swine, and even his poultry
on such variety of foods as he may have or be able to pro-
cure; but he insists on feeding his horses on timothy hay
and oats straight, three times a day, for 365'days each year,
as long as the animal lives. It is difficult to understand
how such a system of feeding could ever have become
general. It is not based on common sense; it is wasteful
and cruel.

A little reflection should convince any one that the
horse, in common with every other domestic animal,
requires and enjoys variety in his feeding. Indeed, no
other farm animal is so discriminating in his tastes and
so thoroughly enjoys palatable foods as the horse. He
appreciates the lump of sugar and the sweet apple to a
degree not equaled by any other animal on the farm, and
yet he is condemned for life to subsist on a single, monot-
onous, changeless ration. Timothy hay and oats may be
a good ration if used with judgment and in combination
with other foods, but alone such a ration falls very far
short of supplying the necessary bodily requirements.

A little reflection on the part of the farmer will recall
the fact that none of his animals are ever troubled with
colic excepting the horse; that indigestion, worms, and
other disorders of the intestines are not generally trouble-
some except among his horses.  Yet it has never occurred
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to him that his changeless ration of hay and oats 1s the
cause of most of the trouble.

The horse requires a balanced ration just as surely as
any other animal, compounded with reference to his size
and the kind of work he is required to do, and this ration
should be varied as much and as often as possible. A
very satisfactory ration for work horses — satisfactory
because they not only enjoy it but actually fatten upon it
— is 20 pounds of good corn silage, 15 pounds corn-and-
cob meal, 2 pounds bran, and 1 pound cotton-seed meal,
divided into three feeds and fed fresh, the grain being
sprinkled upon the silage. The quantity should, of
course, be varied according to the size of the animal
and the character of work performed. This ration may
be varied by substituting cut beets for the corn silage
and the addition of a small quantity of good clover or
alfalfa hay.

There is an erroneous belief among horsemen and
farmers that the feeding of clover and alfalfa hay is
injurious to horses, and that it causes ‘“heaves’ in the
animal. There is no scientific basis for such belief, and
the experience of the writer in feeding such hay to horses
for many years convinces him that there is absolutely no
foundation in fact for such belief. The feeding value of
clover or alfalfa is several times greater than that of
timothy hay; hence, much smaller quantities should be
fed.

As showing not only the value, but also the economy
of feeding horses a varied ration, such as carrots or other
succulent food, it may be stated that very careful experi-
ments have proven that carrots and ground oats fed
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together in equal quantities give equally good results,
bushel for bushel, as when oats only are fed. In other
words, half a bushel of ground oats mixed with half a
bushel of carrots gave better results than a whole bushel
of oats, and the cost of the ration was reduced by one
third. Horses enjoy a feed of cracked corn and whole
oats, and a hot bran mash on Saturday night is beneficial.

Never deny the horse a daily feed of fresh grass as soon
as it is possible to procure it in the spring, and if he can
be given a little vacation in the pasture, the beneficial
results will be at once apparent. ‘“Old Dr. Grass” is
the greatest veterinarian in the world, and he is indeed a
shortsighted farmer who will not employ him when he
is passing by the door in the springtime, offering to work
his wonders free of charge.

FEED MANGERS AND RACKS

As a rule, feed mangers and racks are an abomination.
The mangers are usually half filled with dust, chaff, dirt,
and sour feed, while the racks serve only as a means of
sifting the dirt, seeds, dust, and chaff into the eyes, ears,
and hair of the horse. The good farmer will employ
neither.

The stall should be supplied with a good floor and plenty
of bedding, and the hay should be placed upon the floor
in front of the horse in such quantities as he needs, not in
such quantities as he will eat. Nature intended the horse
to eat from the ground at the level of his feet; hence,
the floor of his stall and not a rack high above his head
is the proper place for his hay. His feed box should be
placed in the corner, well out of the way, and must al-
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ways be kept clean. Water should be pure and fresh and
frequently given. His bed should be clean and plentiful.
He should be provided with sunlight, good ventilation, and
a warm stable. In short, he should be fed, cared for, and
treated with common sense, and he will repay such atten-
tion with many years of faithful service.



CHAPTER XXI

THE DAIRY HERD

ITS FORMATION AND MANAGEMENT

THERE are two important factors entering into success-
ful dairy farming, viz. the man and the herd.

The owner or caretaker of a herd of dairy cows must
have a natural fondness for animals and especially for the
dairy cow, while the cattle must be good of their kind,
strictly dairy animals, and of the variety best adapted
to the conditions and requirements.

Dairying, like almost all other occupations, has become
divided and specialized into several distinct lines, differ-
ing mainly as to the form of product and manner of dis-
posal. The product may be worked up into butter at
home, or the whole milk may be delivered to the cream-
ery or cheese factory. Or the cream only may be de-
livered to the creamery or sold to private consumers.
Or the milk may be supplied to customers every morn-
ing, fresh from the dairy. Local conditions and markets
will determine which line can be most advantageously
pursued, and the requirements of customers will aid in
selecting the breed of dairy cows best adapted to a dairy-
man’s use.

» It is not the purpose of the writer to enter the lists
for the never-ended “battle of the breeds.” Every dairy-
man can determine for himself the kind of animals he

170
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should adopt, if he will acquaint himself somewhat with
the prominent characteristics of the various breeds and
make a careful study of his surrounding conditions.

FORMATION OF THE HERD

There are two practical ways of building up a dairy
herd. First, secure a few well-selected grade cows of
the breed decided upon and a first-class, pure-bred bull.
Raise only the heifer calves from the very best cows,
disposing of the bull calves at once, as well as the heifer
calves from inferior cows. When the heifers that are kept
arrive at maturity, serve them with another pure-bred
bull of the same breed, and so continue the process of selec-
tion until the fifth generation, when the whole herd will
be practically thoroughbred.

CHOICE OF BULLS

There is a trite saying among breeders that “the bull
is half the herd.” This is literally true with pure-bred
stock, and in grading up a herd he is much more than
half. The prepotency of the thoroughbred is so strong
that from the first cross he will influence the conforma-
tion, color, and temperament of the calves and implant
within them the characteristics of the breed which he
represents, and if he himself is a good individual, with
good pedigree, and is backed by good milk records, the
farmer may hope for final success.

WHAT USUALLY HAPPENS

After a few crosses of this kind the dairyman begins to
see the benefit of breeding up to the thoroughbred, and
he is also made aware of the demand for pure-bred stock
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which he is not able to supply. He then purchases a
cow or two of registered stock to mate with his registered
bull. He joins the association and becomes a breeder of
thoroughbreds.

The second way to build up a herd is to go into the mar-
ket and purchase such a number of thoroughbreds of such
character as his bank account will warrant, and start at the
top. This should be done ohly when the dairyman has
made himself thoroughly familiar with the pedigrees, rec-
ords, and characteristics of the breed and is a good judge
of the dairy cow.

It should not be forgotten that there are many worthless
cows among the thoroughbreds as well as among the
grades, and that the novice is made the dumping-ground
for the disposal of many such animals.

After some experience in breeding the thoroughbred
cow, the writer is justified in giving this advice: Buy the
best cow you can afford, for in this case, at least, the best
is the cheapest. If you have $300, put it all into one
first-class cow, and not into three merely fair cows, for
the first-class cow is worth three times as much as the
other. Her calves will sell for three times as much, and
a dairy bred from her will be worth three times as much as
a dairy bred from just fair cows. Her possession gives
pride to the dairyman and prestige to the dairy. The
beginner should purchase his first registered animals from
some breeder of known integrity and good standing in the
business.

_ THE BULL

Enough has been said to show the necessity of procuring

the best bull within reach of the beginner. The best is

—— . i .
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none too good and, as before stated, the best is the cheap-~
est. A good individual of good pedigree, backed by good
records, is the most valuable asset any breeder can pos-
sess. Such a bull should be kept as long as he remains
potent, and the more closely the whole herd is related to
him (without in-breeding) the better.

TREATMENT OF THE BULL

Without doubt bulls are generally improperly treated,
with the result that they frequently become vicious.
The fully developed bull cannot be allowed to run with
the dairy for various reasons; neither should he be wholly
isolated from the herd. He should be stabled where he
can have the company of the cows, and should be regularly
cleaned, fed, and cared for. More important still, he should
have plenty of exercise, for nothing tends to'spoil the tem-
per of a bull so much as enforced idleness, while nothing
8o surely promotes docility as plenty of work. A tread
power set up in the stable or adjoining building is not only
the best and easiest way to give a bull plenty of exercise,
but in this way he can be made to perform much useful
labor, such as separating cream and milk, cutting hay,
straw and roots, pumping water, shelling corn, grinding,
and many other necessary things that are usually per-
formed by hand. He should, of course, always be handled
with staff and ring. N

CULLING THE HERD

At least 25 per cent of all the dairy cows in this country
are kept at a loss, while quite as many more fail to produce
a profit at the end of the year. In other words, only one
half of our dairy cows should be retained. There is no
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excuse for keeping cows which fail to give their owner a
profit, and the sooner they are weeded out and disposed of
the better. The plan hereafter described, of testing milk
and keeping individual records, will enable the dairyman
to select the good cows and dispose of the poor ones; until
this is done, the business will not pay.

STABLING THE HERD

The fodder and the dairy should not occupy the same
building. However well constructed such a building'may
be, it will not give the best results. Under such condi-
tions it will be impossible to keep the stable free from
dust, or to prevent escaping odors from tainting the fod-
der. Sleeping, living, and storing food in the same room
is undoubtedly bad practice for man or beast.

The cow stable should not occupy a basement, but
should be wholly above ground and supplied with plenty
of double windows, so that every part of the interior may
be flooded with sunlight during some part of the day.
There is no known exterminator of germs equal to sun-
light, and it is absolutely necessary for the health of the
dairy and the production of good milk. It costs nothing,
and therefore every stable should be so constructed as
to secure the largest possible benefit from sunshine.

VENTILATION

Fresh air is quite as important in the dairy as sunshine,
and various systems have, from time to time, been advo-
cated, tried, modified, and adopted or discarded. Some
of these, involving large expense, will work successfully
in one location and utterly fail in another, while very few
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give entire satisfaction. After some years of experience
and considerable outlay, the writer inclines to the belief
that the cheapest and best way to ventilate the stable is
to replace window glass with muslin cloth in such a number
of windows as will admit the required fresh air. It is
quite surprising how efficient such an arrangement proves
to be, and the cost is almost nothing in comparison with
any other plan.
INTERIOR ARRANGEMENTS

The construction of floors, mangers, gutters, and ties is
as variable as the whims of various owners, and is largely
a matter of personal choice; but three results should
be secured, viz. comfort, convenience, and cleanliness.
Generally it is better to leave the feeding space in front
entirely open and unencumbered with manger or feed
boxes, 8o that it can be swept clean at least twice a day,
leaving no corners or cracks where sour feed and dirt
can accumulate.

WATERING

Much attention has been given to the question of water-
ing stock in the stable, with the result that expensive
systems of plumbing have sometimes been installed, all
of which are more or less open to objection. Like the
matter of ventilation, progressive dairymen are going back
to the simplest and least expensive way, and find it as a
rule the best.

All stock require some exercise every day and should
be let out at some time for that purpose; if a trough of
good water is provided in the yard, every requirement
demanded for exercise and water service will be met.



CHAPTER XXII

TESTING MILK AND CREAM

Every dairyman should know exactly, not only what
his dairy is producing from day to day and from month to
month, but also what each animal in the dairy is bringing
to him in return for the feed and care bestowed. It is
quite impossible to know which are the profitable and
which the unprofitable cows in the dairy until it is deter-
mined what quantity of butter fat they are producing.
Many cows giving large quantities of milk are really
poor cows to keep, because of the low percentage of butter
fat contained in their milk; while other cows, giving a
much smaller quantity of milk, are profitable because of
the high per cent of butter fat contained in their milk.

Whether the milk is disposed of to the creamery or is
manufactured into butter at home, the quantity of butter
produced by any given cow is the factor which determines
her value. To illustrate: Suppose Clothilde is the big
milker of the dairy, and produces 50 pounds per day.
Now, Jennie is a little cow producing 30 pounds, and is
considered of small account. But a test of the milk may
reveal the fact that Jennie is much more valuable than

Clothilde. A test often shows results like the following: —
176
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Damr Yreto Torfar| TRt | Bomme
Clothilde, 50Tbs. . . . . . . . 25 | 125 | 1.562
Jennie, 30 Ibs, . . . . . . . . 55 | 165 | 2.062

It will be readily seen that Jennie produces 4 more
butter each day than Clothilde, 3} pounds more in a week,
15 pounds more in a month, and 182 more pounds in & year.
If butter is sold for 25 cents a pound, the yearly return of
Jennie over Clothilde is $45.50, and this may mean just
the difference between a profitable and an unprofitable
cow.

If the product of the dairy is sold to the creamery or the
condensory, the basis upon which payment is usually made
is the content of fat, in which case the dairyman should
know positively that he is receiving honest payment for
the value of his milk. In whatever manner the product of
the dairy is to be disposed of, the most ordinary rules of
business would require that the dairyman should keep
a record of every cow’s milk and the percentage of fat
which she produces.

The weighing should be done immediately after milking
each cow, and the result entered upon the record sheet,
which should be kept in some convenient place in the
stable or dairy house. Without the exact weight of the
milk, the test would be of no value, while, at the same time,
the weight of the milk is of little value unless the percent-
age of fat which it contains is determined by actual test.
The practice of weighing each cow’s milk has the additional

advantage of showing the results of various feeds and other
N )
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conditions, — all important for the dairyman to know if
he expects to secure the best results.

A spring-balance scale should be hung
in some convenient place, of the kind
commonly used in making the Babcock
test, for keeping milk and butter records.
This scale is provided with a loose point-
er, which, by means of a thumbscrew,
may be set at any point on the dial to
offset the weight of the pail, so that this
does not have to be deducted from the
reading. The reading being in pounds
and tenths of pounds, the calculation is
much simpler than if pounds and ounces
were given, ason an ordinaryscale.” Such
a scale, capable of weighing 60 pounds,
can be procured for $3.50.

THE RECORD SHEET

A m";‘;i?hnw On the wall near the scale should be

placed a ruled sheet of strong paper, in
the left-hand column of which should be placed the name
or number of each cow, corresponding to the order in which
they stand in the stable. At the top, and extending across
the entire sheet, should be marked the days of the month,
as March 1, 2, 3, 4, 5, etc. The sheet of paper should be
about 20X 30 inches, and should have space enough at the
right of all of the columns for insertion of totals for the
month, of both the quantity of milk and of butter fat. It
is also convenient to place upon the sheet the date of fresh-
ening and date of service of each cow. With such a sheet
a complete record of the herd will always be accessible.
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HOW TO MAKXE THE TEST

To properly make the test, the milk, as drawn from
each cow, should be thoroughly mixed by pouring it from
one pail to another several times. Then a small quantity
of the milk should be put into a jar or bottle and placed
where it will keep sweet. If it is desired to test the
milk given during an entire day, the milk at each milk-
ing should be treated in a similar manner and samples of
each cow’s milk should be secured. - .

When ready to make the test, the two samples from
each cow should be thoroughly mixed by pouring from one
bottle to another several times. By means of the milk
pipette, or measure, graduated to hold 17.6 c.c., this
quantity of milk is transferred to a special bottle having
a long and very slender neck, on which are graduations, or
per cent marks, from 0 to 10. The capacity of the bottle
is a little more than one ounce, and the cubic capacity of
the neck from 0 to 10 is exactly 2 c.c. This is the volume
of 1.8 grams of fat, which is the substance to be measured
on the scale.

As the bottle is so graduated that 1.8 grams represent
10 per cent,‘it is necessary to use a sample weighing ten
times as much, or 18 grams, and the 17.6 c.c. pipette will
deliver practically this weight of milk. To the milk is
then added 17.5 c.c. of concentrated commercial sulphuric
acid having a specific gravity of 1.82. The acid and milk
are then mixed by an easy rotary motion while held in
the hand, and all of the milk constituents will be dissolved
excepting the fat globules. The whole mass will assume
a dark brown color and generate considerable heat. The
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READING THE TEST 181

sample is then placed in a centrifugal machine made for
that purpose and whirled at a high speed for five minutes.
Hot water is then added in sufficient quantity to bring the
fat up to the base of the neck. It is then placed in the
machine and whirled for two minutes. More hot water
is then added until the fat is brought opposite the grad-
uations in the neck. It is then whirled one minute, so
that all the fat possible may be forced into the neck,
where the reading or percentages should be quickly taken.
The correct reading can only be taken while the fat is
warm, as the fat globules rapidly contract as they become
cold, and the whole volume will shrink, sometimes to the
extent of several marks on the graduated neck of the bottle.
The test should be performed in a warm, light room, with
convenient hot water. i

READING THE TEST ,

To read the percentage of fat, hold the bottle up to a
level with the eye, and read the graduations at each end
of the column of fat. Each small division represents two
tenths of 1 per cent, and the larger spaces numbered
1,2, 8, etc., represent 1 per cent of fat. By subtracting
the sum of the graduations above and below the column
of fat from 10, the correct reading will be obtained. Thus,
if the top of the column stands at 7.4 and the bottom
at 2.6, the reading will be 2.6+2.6=>5.2. This subtracted
from 10 equals 4.8, which is the correct reading.

Or the same result may be obtained by simply sub-
tracting the figure at the bottom of the column from the
figure at the top, thus: 7.4—2.6=4.8, which means that
in 100 pounds of milk there are 4.8 pounds of fat.
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HOW TO COMPUTE THE YIELD OF BUTTER

It is obvious that the space occupied by the pure fat is
much less, and consequently the percentage is consider-
ably smaller than would be the case if it was in the form
of butter actually churned. It is quite impossible to
extract from butter all of the liquids, casein, and various
other constituents of the milk, all of which add volume
and weight. It has, therefore, become common practice
to add to the quantity of fat a certain percentage which
will more nearly represent the yield of butter as found
by actual practice through churning. The percentage so
added is not uniform, and varies from 15 to 20 per cent,
depending upon the dealer, creamery, or other purchaser.

It is evident that it is very important for the farmer to
know what percentage is being added by the purchaser
of his milk; it is also important that he should know
what percentage to add when computing the results of
his tests in his own dairy.

Stated in another form, the fat which appears as a
result of the Babcock test is only 80 or 85 per cent of
the amount of butter which would be obtained from the
same quantity of milk if it were churned. Taking, then,
as a basis, 80 per cent, and the reading of the fat in the
test just described, which was 4.8 pounds in each 100
pounds of milk (or 4.80, which means the same thing),
we have this result: 4.80 + .80 = 6 pounds of butter in
100 pounds of milk.

If the .85 per cent basis is used, the result would be
obtained in the same way, viz.: 4.80 + .85 = 5.647
~pounds of butter in 100 pounds of milk. The mathe-
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