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PREFACE

THE leaders in American farm-life to-day realize that the
farmer must be not only a good business man, but he must also
be acquainted with the science of agriculture. Therefore this
book aims to deal with the business side of farming and to
assemble the scientific knowledge of agriculture as studied and
practiced by a number of experts.

In order to make this practical knowledge more accessible to
the farmer, technical terms have been eliminated and an easily -
comprehended terminology has been maintained throughout the
book.

The author is indebted to many experiment stations for their
cooperation in supplying information and illustrations, credit
for which is given in the pages of this book.

He is particularly pleased to acknowledge his deep obliga-
tions to the International Harvester Company, the Du Pont
Powder Works, and the Gould Force Pump Company, for their
contributions. R

Grateful acknowledgment is due the Country Gentleman, the
Wisconsin Farmer, Doubleday, Page & Co., and the Macmillan
Company for extracts taken from their publications.

The U. S. Department of Agriculture has given valuable
service to the editor in furnishing material and in supplying
bulletins from which extracts and illustrations have been taken.

The farmer and his family are the most potent factors in
making the United States the greatest producing nation as well
as the greatest nation of happy homes. It is therefore hoped
that this book will aid in increasing production and happiness

among the tillers of the soil. :
‘Hucur Finpray, Editor

Columbia University
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CHAPTER I
SOIL MANAGEMENT

By A. G. McCaLL, Ph.D?

Good and poor soils.— A good soil is one that is capable of
producing a satisfactory crop under favorable climatic condi-
tions. Most of our soils are quite fertile and produce profitable
crops when they are first brought under cultivation, but it is a
matter of common experience that continued cropping results in
a loss of fertility as indicated by a steady decline in yields. This
decline in yield continues very slowly and gradually until the
crop finally becomes so small that it no longer pays for the labor
and cost of production and at this point the soil has become
exhausted for all practical purposes. Under proper systems
of management, however, virgin soils may be made to retain
their productive capacity indefinitely and old worn lands may
be restored to permanent fertility.

The intelligent use and the proper management of the soil is
based on an understanding of its composition and its structure.
A good soil is composed largely of two parts: (1) The organic
matter derived mainly from the plants that have previously
grown upon the land and that have become more or less decom-
posed; (2) inorganic matier derived originally from the rocks
that have broken down to form the soil. Both the organic matter
and the inorganic material play an important part in determin-
ing the fertility of the soil. Dark-colored rich loam soils are
usually well supplied with organic matter while the poor light
colored soils are deficient in organic material, and the restora-
tion of organic content constitutes one of the first steps in the
restoration of fertility. The inorganic part is made up of fine
rock particles of all sizes from coarse sand or gravel to those
so fine that they can not be seen with the naked eye.

A good soil may be distinguished from a poor soil by the
general appearance and by the character of the plant growth
which it supports. From the oldest time down to the present,
black soil has commanded the attention and the approval of
practical farmers for the reason that the black color is usually
the result of the presence of an abundant supply of organic

31 Maryland Experiment Station.
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matter. In some sections the black color also indicates the pres-
ence of an abundant supply of lime which is also essential. Next
to the black soils the reddish brown lands will usually prove to
be highly productive and will command the respect and approval
of practical farmers. Yellow lands are usually next in value,
while the white and the gray colors are not regarded as indica-
tive of naturally fertile soil. In dry arid regions, very white
spots usually indicate the presence of harmful amounts of alkali
salts.

The presence of well developed oaks or of hickory and walnut
trees are evidence of a naturally fertile soil, while a growth of
soft woods such as gum and short-leaved pine indicates a poor
soil. On cultivated fields the thrifty appearance of the crop
plants or a rank growth of weeds may be taken as a reliable
guide as to the fertility of the soil. Soils that are practically
useless for general farm crops, however, may be well adapted to
the growing of special truck crops for the early market. Light
sandy soil is best adapted to the growing of early vegetables,
small fruits, potatoes and other similar crops, while the heavier
loams are best suited to the growing of corn and other grains.
Clay soils are best adapted to the growing of wheat and grass,
because of their greater moisture holding capacity. The classi-
fication of soils with respect to their adaptability to different
crops is based largely upon the size of the rock particles of
which the soil is composed and to a lesser degree upon the
amount of organic matter present.

In farm practice soils are spoken of as being heavy or light
depending upon whether they are hard or easy to work. Clay
soils are difficult to till because of the fineness of the particles
and their tendency to stickiness, while coarse grained sandy soils
are easily cultivated because of the absence of any large quan-
tity of material that is finely divided. All soils, however, are
mixtures of different sized particles, the size of the individual
particles determining the fexfure and their arrangement the
structure of the soil. When the arrangement of the soil par-
ticles, or the structure is such as to be highly favorable to the
growth of crops the soil is said to be in good tilth.

Relation of texture and structure to soil management.— A
great majority of soils consist of particles varying in size from
very fine to coarse, although some have only fine and others
only coarse particles. The coarse particles are classed as fine
gravel or coarse sand; the next finer groups as medium sand,
fine sand, very fine sand; the finest as silt and clay. The rela-
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tive amounts of these different groups vary widely in different
soils, the relative predominance of the fine and the coarse par-
ticles determining whether a soil shall be classed as fine tex-
tured or as coarse textured. Soils that contain a large propor-
tion of clay are called clay soils; those containing a large pro-
portion of sand are classed as sandy soils; those that are inter-
mediate are called loam soils. A loam with a slight excess of
i:lay is known as a clay loam; one with an excess of silt a silt
oam.

Various other names, such as sandy loam, fine sandy loam, or
gravelly loam, are applied to soils of different texture. In the
soil survey reports certain proper names are prefixed to further
describe certain soil types, as Leonardtown Loam, Miami Clay
Loam, Cecil Clay, and Penn Shale Loam. The coarser soil has
less pore space than the fine textured soil, hence it has a greater
weight per cubic foot. A cubic foot of dry sandy material weighs
from one hundred to one hundred and ten pounds; of loam from
seventy-five to ninety pounds; and of clay soil sixty to seventy
pounds. The average soil is usually estimated as weighing two
million pounds per acre of soil taken to the bottom of the plow
line, or about six and two-thirds inches. The term ‘‘heavy
80il’’, however, is frequently used when referring to a soil that
is difficult to work, such as a clay or a clay loam. Such soils are
difficult to work because they are sticky and plastic when wet
and become very hard when dry. On the other hand, sandy soils
are called ¢‘light’’ by the farmer because they are easily worked.

The fact that certain classes of crop plants are better adapted
to certain kinds of soils does not mean that these crops cannot
be grown on other soils, but the successful farmer should select
the crops that can be produced most profitably on his particular
land. However, by the intelligent use of lime, manure and good
cultural methods he may fit his land for crops to which it is not
naturally well adapted. For instance, by the application of lime
and the plowing down of green manuring crops or heavy appli-
cations of stable manure a heavy clay soil may be changed to a
friable loam. On the other hand, the use of large amounts of
organic matter on a sandy field will increase its .noisture hold-
ing capacity and make possible the growing of crops that are
not naturally well suited to sandy land.

When the fine particles of the soil are grouped together in
granules they form a crumb structure that makes the soil loose
and friable. It is then said to have good tilth or to be in a good
physical condition. If these granules or crumbs become broken
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down the soil may lose its loose friable structure and take on
a poor physical condition. Plowing a field when it is too wet
breaks down the crumb structure and puddles the soil, causing
it to form hard clods and making it difficult if not impossible to
prepare a good seed-bed. Old poorly farmed land that has been
depleted of its organic matter is very difficult to keep in good
tilth and may become very compact at the surface as the result
of heavy beating rains. .

The following treatments are most effective in bringing old
worn lands back into good condition and keeping them in good
tilth after they have been restored: (1) Plowing in the fall and
winter and thus exposing the soil to alternate freezing and thaw-
ing in the northern states; (2) working organic matter such as
stable or green manures into the 80il; (3) providing good drain-
age; (4) applying liberal amounts of lime; (5) plowing down
clover or grass sod frequently; and (6) working the soil only
under proper moisture conditions.

The ease with which a soil can be tilled is very frequently a
matter of as much importance as the question of fertility and
is dependent on the texture and condition. Soils of fine texture
are much more difficult to keep in condition than sands and
sandy loams. The latter can be plowed earlier in the spring and
worked with much more water in them than can the clays and
clay loams. Similarly, soils that are rich in organic matter,
such as sod land, can be plowed earlier and worked under a
wider range of conditions than soils that are deficient in organie
matter. .

Pore space and soil moisture.— The space occupied by the
soil is taken up, partly by the soil particles themselves, partly
by air, and partly by water. About one-third of the total space
occupied by sand and about one-half of that occupied by clay is
taken up by the soil particles themselves, the remainder being
occupied by air if the soil be dry. For the best growth of crops
about half of the space not occupied by the soil particles should
be taken up by water. For the proper growth of staple farm
" crops, a fertile soil must have a certain proportion of these con-
stituents at all times. If there is too much soil there may be a
deficiency of water or air or both, while if there is not sufficient
soil the pore space may be so great as to permit the leaching
out of plant food materials and the soil will be unable to retain
sufficient moisture to meet the demands of the growing crop.
Heavy clay soils have a larger total volume of pore space than
sands, but the individual spaces are so small that they are more
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effective in absorbing and holding the moisture than are coarser
grained materials. When puddled by wet plowing or poor man-
agement the pores may become so small that water is held so
tenaciously that it is of little use to the crop. The following
table gives the proportion of pore space in some common classes
of soils:

—aeesbe

f—CLA)’—H
20491 - _PUDDLED

F16. 1.—Diagram representing the lgroportlon of space occupied by soil material,
water, and air in a section of different soils. The availability of the soil water
:ix:d priaoenee of sufficient air are dependent on the right physical conditions of

e soi

Pore SpACE-IN SorL

PROPORTION OF PORE SPACE
KIND OF SOIL
Percentage Parts by volume
Clean beach sand........................... 35 to 40 1/3 to 2/5
Sandy loam. Good tilth.................... 40 to 60 2/5 to 1/2
Sandy loam. Puddled...................... 20 to 40 1/5 to 2/5
Silt. Good tilth........................... 45 to 55 3/7 to 5/9
Clay. Good granular tilth.................. 50 to 65 1/2 to 2/3
Clay. Puddled . ...........ccooiinnnn... 25 to 45 1/4 to 2/5

The importance of the right proportions of the soil constitu-
ents and their relation to texture and structure is shown in the
diagrams of Figure 2, which is taken from a Cornell reading
course bulletin.

Soil moisture and crop production.—It is a matter of common
observation that crops make a much better growth in a moist
soil than in a soil that is too dry. The quantity of water used by
a growing crop is very large and varies considerably with dif-



6 THE HANDBOOK FOR PRACTICAL FARMERS
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FINE GRAVEL AND COARSE SAND o335
MEDIUM AND FINE SAND :
VERY FINE SAND
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F1a. 2.—Diagrams representing the textural composition of the more important

classes of soil, and the proportion of particles of different sizes that make up
each kind.—Cornell Reading Course.
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ferent plants. By comparing the amount required to produce
a crop with the total annual water supply and taking into con-
sideration the capacity of the soil to retain water for the use
of the plant, appropriate steps may be taken to conserve the
supply by proper methods of management and thus secure
larger crop yields. While the quantity of water varies not only
with the kind of plants but also with the climate and season, the
following table gives the approximate amount of water neces-
sary to produce a pound of dry matter and the number of inches
of rainfall necessary to supply the needs for the yields indicated.

AMOUNT oF WATER REQUIRED TO PrRODUCE CROPS

WATER REQUIRE- YIELDS PER ACRE

CROP MENTS PER POUND - INCHES OF

OF DRY TOPS | Bushels or| Total lbs. | BATTTALE

(pounds) tons dry matter

Corn ..........ccivvinnn 250- 375 100 10,000 11-16
Wheat .................. 250— 500 40 6,500 7-14
QOata .................... 400~ 600 70 7,000 12-18
Potatoes ................ 300~ 450 300 6,000 8-12
Alfalfa .................. 600-1000 [ ] 10,000 26-45
Red clover ............. .. 300~ 500 4 7, 9-15

Not only the total amount of rainfall, but its distribution
throughout the growing season must be taken into considera-
tion. Throughout a greater part of eastern United States the
rainfall is sufficient for profitable crop yields if proper steps
are taken to conserve the moisture. In the dry regions of the
west special dry-farming methods must be followed to conserve.
the scant rainfall and insure its storage in the soil until it is
used by the crop. In other sections of the west irrigation is
practiced to supplement the rainfall. In the east the limiting
factor, so far as water supply is concerned, is the capacity of
the soil, either naturally or under the good management of the
farmer, to retain sufficient moisture within reach of the plant
roots to carry them over periods between rains. :

‘When rain falls upon the surface of a field a part of the water
soaks into the soil and another part runs off the surface. If
the surface is dry and hard a very large proportion of the water
runs off and only a small quantity enters the soil. The part
that runs off the surface is not only lost to the plants, but it also
carries away with it a large amount of plant food material and
may even produce serious erosion of the surface soil. Observe
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what happens when a hard rain falls on a loose mellow garden
soil and compare this with what happens when the same rain
falls on a hard path or other compacted soil. Thrifty farmers
try to keep their fields loose and mellow on the surface during
the growing season so that the soil will absorb and hold the
rainfall.

The water that passes into the soil spreads out into a thin
film over the surface of the soil particles, the amount of moisture
retained depending upon the size of the individual grains and
the surface which they
present. A light sandy
loam in good tilth will re-
tain in the surface three
feet about six inches of

" rainfall; silt and clay
loams from eleven to fif-
teen inches, and a black
muck soil as much as sev-
enteen inches. Not all of
this moisture that is re-
tained is available to
plants because of the ten-
acity with which it is held

| ‘by the soil grains. In
heavy clays and clay
loams not more than half
of the moisture retained
is available, while in the
sandy loam a much larger
percentage can be util-
ized.

The first duty of the
farmer is to keep his soil
in condition to absorb the
rainfall and then to prac-
tice a system of manage-

Fre. 3.—Soils that have a tendenc{uto bal;«latgnd ment best calculated to
srack should have frequent shallow culive rotgin the moisture and
make it available to his

crops. Since coarse sandy soils are inclined to be lacking
in retentiveness, they should be kept as compact as possible.
Such soils are better plowed in the fall than in the spring, and
if humus is not being applied, shallow plowing is better than
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deep, since the operation of plowing tends to loosen the soil.
Plowing sandy soils when they are a little wet forces the smaller
particles into the larger spaces and thus increases the quantity
of water retained. The most effective means of increasing the
moisture capacity of sandy land, however, is by the application
of humus or well rotted organic matter and its thorough incor-
poration into the deeper layers of the surface soil.

The addition of humus is most effective when used in connec-
tion with deep plowing followed by compacting implements such
as the roller, the effect of the humus more than compensating for
any disadvantages from deep plowing.

In very fine textured soils, such as clay and in loams that are
puddled, the pores are so small in size, and sometimes also in
total volume, that the soil has a very low moisture holding
capacity. Great care must be exercised in the management of
such soils, since it is important that they should be kept in a
loose granular condition. The finer the soil the greater the
importance of putting it in a granular condition. In coarse
sandy soils the individual particles may rest close together and
yet the pore spaces be too large to be most effective. On the
other hand, if a clay soil is pulverized so that the individual
particles rest close together, the spaces are so small that they
retain too much moisture and thus cut off ventilation and lessen
the rate of formation of available plant food material.

Practical hints on tilth and tillage.— Since good tilth is
dependent upon a proper degree of granulation it is desirable
to study some of the factors affecting granulation.

1. Adequate drainage is the most fundamental of these. It
is impossible to keep a poorly drained soil in good tilth. Such
a soil is naturally inclined to puddle and compact, and when dry
works up into a rough, lumpy conditiop. Continual wetness
breaks down the granular aggregates by dissolving the cement-
ing material, and permits the particles to settle together. The
first step toward improvement of soil that is too compact is .
provision for good drainage by some means, preferably by tile
underdrains.

Drainage quickly removes excess water and permits a reason-
able amount of drying, which results in cutting and granulating
the soil by means of checks and cracks. Without any other treat-
ment, drainage will loosen the soil and provide an improved ecir-
culation of water and gases throughout the earth mass. In
proof of this is the observation of farmers that underdrains in
heavy soil gradually increase in efficiency over a period of years.
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This mode of action has been described as a “‘slacking’’ of the
soil, although technically it is a different process. The earth
seems to fall apart and loosen to such an extent that certain
persons have thought they noticed an elevation of the surface
adjacent to the lines of drain. Too much emphasis cannot be
placed on the fundamental value of drainage in improving the
physical condition of compact soils.

Fi1c. 4.—Cutting, pulverizing and compacting the seedbed at one operation.—
By permission of Dunham Co., Berea, Ohio.

2. Tillage of soil that contains only capillary (film) water is
very helpful. If the soil is either too wet or too dry the best
results cannot be obtained. That nicely moist condition in which
a mass of moist soil pressed in the hand will hold its form but
will not show free water, is the right stage for proper tillage.
‘When too dry, a soil breaks into chunks, or clods, that must be
broken down.

3. Plenty of decaying organic matter in the form of humus
is very helpful in developing good tilth. Humus is a dark-
colored, gelatinous substance that in many ways helps to pro-
duce granular structure. The tendency of soils to settle and
bake after years of cultivation is often due to exhaustion of the
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organic matter. This in turn reacts on the physical and drain-
age condition of the soil in a way which is doubly injurious.
The maintenance of humus in the soil is one of the most effective
means of improving the tilth. This applies to sandy land quite
as much as to clay land, but in sand the mode of action is dif-
ferent from the process of granulation.

4. Lime has a peculiar effect on clay soils. The fine particles
are thrown together in groups or floccules and when the soil
dries these become granules. Clay soils rich in lime carbonate
have sometimes been mistaken for sandy soils because of this
action. Clay soils that have heen granulated work more easily

1 2
F16. 5.—These figures represent two 8 of clay soil which had been puddled and
molded with a smooth surface. ile still wet, No. 2 was permitted to

freeze. Both pans were permitted to dry out. e cracks formed where the
structure of the soil was most open. The pattern in No. 2 shows the influence
of the ice crystals, and this soil was much more friable and crumbly than the
soil that was dried without freezing. :

than those that have not. An English farmer is reported to
have said that liming his clay land enabled .him to plow with
two horses. .

5. Alternate freezing and thawing breaks up heavy soils. As
water freezes in the soil, long, needle-like crystals are formed
that cut through the soil in many directions. So complete is this
network of crystals and so effective is their cleavage action that
the hardest clod rarely fails to fall to pieces after two or three
severe freezes. Nothing is more effective in breaking up sub-
soils than deep fall plowing which leaves them exposed to the
action of frost during the winter. To be most effective, how-
ever, the fall plowing should be accompanied by good drainage,
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which will help to prevent the soil from running together during
the spring thaws.

6. Penetration of roots, and the burrowing of earthworms,
ants and other animals are important agencies in soil improve-
ment. The roots of plants make their way through the soil in
every direction, the crops having fine fibrous roots like the buck-
wheat, being especially noted for their beneficial effect on heavy
soil. It is generally conceded that the best way to bring a poor
clay soil into condition is to put it down to grass for a few years,
after which it turns up loose and friable. The mat of vegetation
formed by plants, especlally grasses, protects the soil from beat-
ing rams, the puddling action of melting snow, and from washing
or erosion. Plants grown for the purpose of protecting the
surface of the soil are known as cover crops.

In order to accomplish good plowing the furrow slice must
be turned to the proper angle and should be straight and uni-
form. To set the furrow slice at the proper angle it is necessary
that the depth of the plowing should be about one-half the width
of the furrow. If the plowing is too shallow the furrow slice
is inverted. When the furrow slice is completely inverted,
stubble and sod or rubbish are thrown to the bottom of the
furrow where they tend to prevent the proper contact of the
furrow slice with the subsoil. If, on the other hand, the furrow
slice is set well on edge, there is a good chance for the capillary
rise of moisture, rainfall is more readily absorbed, and the sod
and rubbish are more evenly distributed throughout the depth of
the furrow. When the soil bears a heavy sod so that the furrow
holds its form, packing by heavy rolling is desirable, so as to
bring the sod in closer contact with the subsoil and to eliminate
intersoil spaces that are too large. The diagrams of Fig. 3
show the proper position of the furrow slice after it has been
turned by the plow.

The average depth of plowing in the United States is probably
not over five inches. For most soils, especially those having a
compact subsoil, deeper plowing is highly beneficial since by this
means their moisture capacity may be greatly increased and
deeper root penetration secured. On light, sandy soils deep
plowing should be accompanied by generous applications of
manure or other organic matter.

Several attachments are used on the plow for special condi-
tions of the soil. On sod land the jointer much improves the
result. This is a miniature plow which cuts the surface roots
and turns under the edge of the furrow, giving a smoother
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appearance. It tends also to prevent grass from growing along
the soil line of each furrow.

Several types of colter are used on sod or rooty ground for
cutting the furrow from the landside. All these should be placed

Fra. 6.—Diagrams illustrating the effect of depth of plowing relative to width of
furrow on the final position of the furrow slice. The second and third are the
most satisfactory. en set in this position the upper edge of the furrow slices
may be readily worked down to a bed without the interference of sod which
may have been turned under. Manure and turf are well distributed, without
breaking connection with the subsoil. Subsequent packing and preparation
should break down the lower edge of the furrow slice and bring the top soil in
close contact with the subsoil.—Cornell Reading Course.

a little back of the plow point and slightly outside the line of the
landside, so as to cut a clear course at the moment when the
roots are drawn taut over the point. The rolling and blade
colters are attached to the beam. The rolling colter adds less to
the draft, and is more satisfactory than the blade colter where
there is much surface rubbish. Occasionally a small fin colter
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is attached to the share. When the shin of the plow is sharp,
especially on fallow ground in good condition, colters are of little
service, and the jointer in particular is objectionable owing to
the increase in draft.

There are two types of turning plow, the moldboard and the
disk. The former is in most general use and is adapted to the
widest range of soil conditions. The disk plow is especially
suited to hard, dry soil and does particularly well where there is
much rubbish or vegetation to be turned under. Itisnotadapted
to sod land or to soil that is very stony.

On hard soil the disk plow is more efficient than the moldboard
plow for the draft consumed.

Subsoiling.— Subsoiling is the operation of breaking up the
subsoil without turning it to the surface. A special plow is used
in the bottom of the furrow behind the turning plow. Subsoiling
is practiced most safely in the fall. Unsatisfactory results are
likely to follow subsoiling in the spring.

Deep-tilling implements.—An intermediate implement between
the turning plow and the subsoil plow is the Spalding Deep-
Tilling machine. This is of the solid disk type. There are two
disks, one behind and below the other. They are carried on a
sulky frame, and by proper adjustment the soil can be worked
twelve to sixteen inches deep. Its use appears to be relatively
more safe than would be plowing with the moldboard plow to the
same depth, for, although the subsoil is stirred, it is only partly
thrown to the surface and mixed with the topsoil. In order to
accomplish the mixing of the right proportions of subsoil with
the soil, special attention must be given to the relative amount
of cutting done by the two disks.

After plowing, the soil should usually be worked down and
pulverized at once. At that time the lumps are most easily
pulverized, and by leveling and fining the surface moisture is
saved. In the case of fall plowing this practice is not recom-
mended, as the rough surface holds the snow during the winter
and is less subject to puddling during the spring thaws.
Cultivators stir the soil. For rapid work some type of harrow
is generally used.

The harrow is a broad, many-toothed implement, generally
without wheels or guiding handles. There are three main types
of harrows: the spike-tooth, the spring-tooth, and the disk. The
spike-tooth harrow is light, and is therefore suited to rather
clean soil in fairly good condition. The spring-tooth harrow
draws to the ground better than does the spike-tooth harrow.




SOIL MANAGEMENT 15

It works to greater depth and tends to bring lumps and stones
to the surface and to collect roots and vines. Usually the slant of
the teeth of the spike- and spring-tooth implements can be
readily adjusted, and this determines the extent to which they
stir the soil.

Something more vigorous than a harrow is sometimes required
on lumpy soil; grinding and crushing action is most effective.
For pulverizing and leveling the surface, the plank drag is
effective.

F16. 7.—The plank drag smooths and levels the surface. An efficient home-made
implement.— By permission of Dunham Co., Berea, Ohio.

The most common tool used to pack the soil is the roller, of
which the log roller is the pioneer type.. The value of the roller
depends largely on its weight and diameter. For the same
weight the smaller diameter is more efficient than the larger
diameter. The roller is often used immediately after plowing
to press down the furrow slices so that they will not be torn up
by the harrow and so that a more level surface is provided for
the team. In countries where the winters are severe and the
roots of plants are torn loose from the ground by frost, the roller
is used in order to press roots into the soil and to firm the soil
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around the roots so that they may renew their growth. Rollers
usually are made in two or more sections for convenience in
turning, and have a basket or some other arrangement for load-
ing in order to increase the weight. As a pulverizer the solid
roller is inefficient. Its weight is distributed over too much
surface and it is likely to press the clods into the soft soil rather
than to crush them.

Another type of roller is the subsurface packer, which comes
near to being an ordinary clod-crusher. Its surface is broken

F16. 8.— This corrugated roller is an effective pulverizer and at the same time
makes a compact seedbed.— By permission of Dunham Co., Berea, Ohio.

so that it cuts into the soil and exerts pressure to considerable
depth. It is especially useful in the spring of the year and in
arid regions, in pressing the furrow slice into close contact with
the subsoil and at the same time leaving a loose layer of soil on
the surface as a mulch to save water.

Farm manures and commercial fertilizers.— To the practical
farmer there is no question of greater importance than that of
soil fertility. Good farm management consists in producing
profitable crops and at the same time maintaining or even
increasing the productive capacity of the soil. Many farmers
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are accomplishing this result by making use of the knowledge
“which they have acquired through years of experience and a
study of the character of their land, its adaptability to crops,
and methods of management and manuring. Other farmers have
accomplished the same results in a much shorter period of time
by acquiring a definite knowledge of the fundamental principles
and making use of the experlence of others.

Crain and livestock farming.— In the system of grain farming
that has been practiced over large areas in this country for long
periods of time, and is still practiced, the livestock is often lim-
ited to the number needed for labor, the grain is sold and only
the straw and stalks returned to the land. Where a part or all
of the grain produced is sold from the farm it becomes a neces-
sity sooner or later to supply plant food materials from outside
sources and to make provision for keeping up the supply of
organic matter in the soil by plowing down sod gnd by the
growing of green manuring crops to be plowed down.

In livestock farming the same results are accomplished by
feeding the crops grown on the farm and saving the manure and
returning it to the land. If in addition to feeding all of the crops
grown on the farm, concentrated feeds are purchased and fed,
the loss of soil fertility may be reduced to & minimum, or there
may result an actual gain in fertility.

This system of farming is even more effective if some of the
produce that is low in fertilizing constituents is exchanged for
more concentrated feeding stuffs. For instance, the exchange of
a ton of corn for a ton of wheat bran will result in a gain of
twenty-one pounds of nitrogen, forty-six pounds of phosphoric
acid, and twenty-four pounds of potash. With an exchange of
milk or potatoes for concentrated feeds the gain is even greater.

Stable manures.— The manure produced by farm animals
constitutes one of the most valuable assets that the farmer has
at his command for the purpose of keeping up the fertility of
his land. The total annual production of manure, both solid and
liquid, for each thousand pounds of live weight is about nine
tons for the horse, thirteen tons for the cow, fifteen tons for
swine, and about five tons each for sheep and poultry. The wide
variation in the amount produced by the different classes of
animals is due largely to the difference in the amount of water,
horse, sheep and poultry manure being comparatively dry while
cows and swine produce a wet manure.

Handling manure.— Under the conditions that prevail on most
farms much of the value of the manure is lost by failure to -



18 THE HANDBOOK FOR PRACTICAL FARMERS

properly store and handle the animal excrements. The three
principal sources of loss are: (1) Failure to preserve the liquid
manure; (2) leaching by rain; (3) hot fermentation.

The necessity for preserving the liquid as well as the solid
manure is apparent from the following table which gives the
approximate composition of the solid and liquid excrement from
different classes of animals.

PLANT Foop MATERIALS PER 1000 Pouxps OF EXCREMENT

POUNDS OF ESSENTIAL ELEMENTS
SOURCE . .

Nitrogen P ho:‘]:)il:lonc Potash

Horse:
Solid . .........civiii 5.05 3.50 3.00
Liquid . ... ... 12.00 0.00 15.00

Wi

Solid . .......covviil 3.00 2.50 1.00
Liquid . ... ... .. .o 8.00 0.00 14.00

Swine:
Solid e v.vvnvviiiiiiiin 6.00 4.50 5.00
Liquid . .....covvvnnininn, 3.00 1.25 2.00

Sheeg:
olid . ...ooviiiiiii 7.50 6.00 3.00
Liquid . ..........ccooiine. 14.00 0.50 20.00

From this table it will be seen that for horse, cow, and sheep
manure more than two-thirds of the nitrogen is in the liquid
manure, and that the potassium is from five to fourteen times
more abundant in the liquid than in the solid manure.
Practically none of the phosphorus, however, is contained in the
liquid excrement. These facts point to the necessity of having

ABSORBING CAPACITY AND MANURIAL VALUE OF BEDDING MATERIALS

OUNDS OF WA-| POUNDS IN 100 POUNDS OF AIR-DRY

TER RETAINED MATERTAL
MATERTALS rER 100 LBS.

AFTER 24 ¥RS. Nitrogen |Phosphorus| Potash
Wheat straw................. 220 0.5 0.25 0.80
Oat straw. .. ................ 285 0.6 0.30 1.20
Corn stover.................. 350 1.0 0.30 1.40
Muek « covriviiienninenenns 450 1.5 0.25 0.30
Dried leaves................. 200 1.0 0.20 0.35
Pine needles................. 175 1.0 0.20 0.15
Saw-dust .......... ... 435 0.2 0.10 0.40
Shavings ................... 375 0.1 0.10 0.30
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tight stable floors and to the need for sufficient bedding to absorb
all of the liquid manure produced.

Both dry muck and soil are effective in absorbing the liquid
and in preserving the valuable parts of the manure, but since
they have a tendency to foul the stock and the stable they should
be used under a thin layer of fibrous material like straw or
shavings.

Manure always suffers appreciable loss if subject to leaching
by rain water. For this reason any of the methods of storage
that permits rain water to pass through the manure or to dis-
place a corresponding amount of liquid already absorbed, results
in serious losses. Small, thin piles are especially wasteful and
should be avoided both in the barn-lot and in the field. If manure .
cannot be taken direct to the field from the stable and spread
evenly over the soil it should be stored either in a tight pit or in
large compact piles so deep that the rain does not penetrate to
the bottom.

Application of manure to the land.— For the general farmer
the best practice is to apply the manure to the land as rapidly
as it is made, spreading it in a thin, uniform layer and depend-
ing upon the absorptive capacity of the soil to reduce the losses
to a minimum. Truck farmers and gardeners store their manure
in large compost heaps from five to six feet deep and flat or
saucer-shaped on the top to absorb the rain and thus keep the
pile moist. A pile of this depth has sufficient capacity to absorb
any ordmary amount of rainfall.

The place in the rotation where manure can be applied to the
best advantage is a difficult question to decide and must be deter-
mined by the character of the soil and the requirements of the
crops. In general forage and grass crops make a better use of
manure than do the small grains. In a rotation of corn, oats,
wheat, clover, the manure can usually be applied to best advan-
tage on the clover sod to be plowed down for corn. In mixed
farming where grass is let stand for three or four years the use
of manure as a top dressing on the new seeding greatly increases
not only the grass crops but residue of manure together with the
grass sod and stubble has a marked effect upon the grain crops
following the grass.

At the Cornell Experiment Station the application of ten tons
of manure per acre to grass land for two years in three,
increased the average yield of hay two hundred and fifty per cent
and the value of the succeeding crops of corn, oats and wheat to
the amount of $34.61. At the Ohio Experiment Station the
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value of a ton of manure as an average for several rotations over
a long period of time has been about three dollars. At the same
station eight tons of manure applied on the corn and on the
wheat in a five-year rotation has given a gross return of four
dollars and sixty-nine cents per ton.

The returns that may be expected from a ton of manure
depend upon the condition of the soil, the value of the crop and
the quantity of manure used. In general the largest returns per
ton of manure will be secured: (1) from soils that are deficient
in organic matter; (2) when used on crops of high value per
acre; (3) when used in moderate quantities. Within reasonable
limits the smaller the application per acre the larger the returns
per ton of manure although the total acre value of the crop
increase will be less. For example, if one-half of a field is
manured at the rate of five tons per acre and the other half at
the rate of ten tons, the acre yield from the latter will be much
larger than from the former but the increase derived from the
ten-ton application will not be twice that received from the
lighter application. In general farm practice the use of from
five to ten tons of manure per acre on each of two non-legumes
in the rotation is about as much as can be used with profit.
These light applications can be made most effectively by the use
of a manure spreader. By the use of the spreader the labor cost
is materially reduced and the same amount of manure can be
made to go farther than when spread by hand and a more even
distribution is secured.

For most soils the effectiveness of the manure is greatly
increased by re-inforcement with acid phosphate or with raw
ground phosphate rock at the rate of fifty to sixty pounds of
the phosphate for each ton of manure. This material may be
used in the stable under the bedding as an absorbent, or it may
be mixed with the manure in the storage shed or on the spreader
as it is being hauled to the field.

Green manuring crops.— All of the methods, such as tillage,
drainage, etc., employed for making plant food materials avail-
able tend to decrease the amount of organic matter or humus in
the soil, because the conditions that are favorable for making
plant food available, also favor the decomposition of the organic-
matter. The plowing under of green crops to restore the organic
matter and thus keeping up the fertility of the soil was advocated
by Roman writers more than two thousand years ago and has
been practiced by progressive farmers ever since.

Two classes of plants are in common use for green manuring
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purposes, (1) those that add nothing except what they get direct
from the soil and, (2) those that increase the nitrogen supply.
To the first class belong such crops as buckwheat, rye, rape,
maustard, etc., and grass sods that are plowed down. Although
these crops add no element of plant food to the soil, neverthe-
less they are bene-

ficial because they

gather food from

the soil and on

their decay leave it

in forms suitable

for the use of the

succeeding crop.

To the second class

belong the clovers

and other legumes

that in addition to

being humus form-

ers, have the power

of extracting nitro-

gen from the air

and upon their de-

cay making this ni- Fro. 9.—Plowing ?gge;r; aﬁir:e; t;{1t:s::‘1'urmg crop restores
trogen available to

non-legumes. Of the legumes, the crops most extensively used
are red clover, cowpeas and crimson clover.

In the East and South crimson clover and vetch are frequently
seeded in the fall and serve as a winter cover crop to be plowed
down for the benefit of the spring crop. In the Middle West
rye is used in the same manner. If these cover crops are allowed
to make a rank growth and are turned under late in the spring
they may work injury to the succeeding crop by cutting off the
moisture supply from the deeper layers of soil.

Commercial fertilizers.— As a rule the manure produced on
the farm is not sufficient to maintain fertility and the purchase
of plant food materials in the form of commercial fertilizers is
necessary to keep up fertility. The constantly growing demand
for something that will increase crop production and help to
maintain fertility has given rise to a commercial fertilizer
industry of gigantic proportions.

Soils and crops differ in their fertilizer requirements.—
Nitrogen, phosphorie acid, and potash are the plant food ele-
ments most likely to be deficient in soils or most quickly



22 THE HANDBOOK FOR PRACTICAL FARMERS

exhausted by the production and removal of crops. These
materials are known as the essential plant food materials or the
golden tripod upon which successful farrmng must rest.

The value of a commercitl fertilizer is determined solely by
the amount and the form of the nitrogen phosphoric acid and
potash which it contains Since the needs of the soil and the

requirements of the crops vary, it
follows that not all soils or all crops
will respond to the use of fertiliz-
ers containing these three elements.
A sandy soil is usually lacking in all
three of the essential plant foods
while clay soils contain more of the
mineral elements and are especially
rich in potash. Black muck soils are
rich in organic matter but lacking in
the mineral elements, while soils de-
rived from certain geological forma-
tions may be rich in phosphorus or
potash if these elements are found in
abundance in the parent rock.
Plants of the clover family differ
from other plants in being able to
take up and use the nitrogen of the
air, hence they are not dependent
upon the soil nitrogen for their
growth. On the other hand grass
and grain crops are wholly depend-
ent upon the soil nitrogen and must
have an abundance during their
period of most rapid growth if good
Fro. 10— Nodules on roots of CTODS are to be harvested. This vari-
alfalfa by means of which ation in the needs of soils and the re-
nitrogen ds absorbed from g pirements of crops makes it neces-
sary that every farmer should know
his own particular requirements before he can make an eco-
nomical use of commercial fertilizers.

Fertilizer materials.— From what has been said it will be
understood that any material that supplies one or more of the
three essential elements may be used as a commercial fertilizer,
but, as a matter of fact, only a few materials are available for
use as fertilizers because of the prohibitive price of many of the
substances carrying plant food materials, The manufacturers
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of commerecial fertilizers purchase these basic materials and mix
them together in proportions to give the percentages of nitrogen,
phosphoric acid and potash required for their particular brands.
Some of these basic materials, such as nitrate of soda, or acid
phosphate contain only one of the essential elements while others
like bone, or tankage, contain two of the essential elements. The
materials used in the manufacture of fertilizers are known as
carriers,

Nitrogen carriers.— The principal carriers of nitrogen are
dried blood, meat, hoof and horn meal, tankage, dried fish,
leather meal, nitrate of soda, and sulphate of ammonia.

Dried blood is the blood from slaughterhouses that has been
dried rapidly and ground into a fine powder. It contains from
six to fourteen per eent of nitrogen, the exact amount depending
upon the method of preparation.

Meat, hoof and horn meal are dried animal materials from
slaughterhouses and rendering establishments, ground to fine
meal. These materials contain from ten to fourteen per cent of
nitrogen, that in the meat meal being much more readily avail-
able than that in the hoof and horn meal.

Tankage consists of the dried waste materials from slaughter-
houses and is quite variable in composition. It derives its value
both from the phosphoric acid as well as from the nitrogen which
it contains. The nitrogen content varies from four to nine per
cent and the phosphoric acid from three to twelve per cent.

Dried fish is derived largely from the menhaden fisheries of
the Atlantic coast and from canning factories. The fish are
steamed and pressed to remove the oil after which the remains
are dried and ground. This product contains from eight to
twelve per cent of mtrogen and three to five per cent of
phosphoric acid.

Leather meal is made from small scraps of leather that have
been ground into a fine powder. Because of its low availability
it is not a desirable source of nitrogen, and in some states manu-
facturers who use leather or hair waste must make a statement
of that fact in giving the analysis of the fertilizer.

Nitrate of soda is a substance closely resembling coarse table
salt, and since it comes from Chili it is sometimes called ‘Chili
saltpeter. It contains fifteen to sixteen per cent of nitrogen and
is quickly and completely soluble in water, consequently its
nitrogen is readily available to plants.

Sulphate of ammonia is a by-product in the manufacture of
gas, animal charcoal and coke. It also resembles common salt
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and contains twenty to twenty-three per cent of nitrogen in a
readily available form. It should not be used on soils that are
deficient in lime. '

Market gardeners and others engaged in intensive farming
need to make liberal use of nitrogenous commercial fertilizers,
but the general farmer will find it much more economical to
depend upon clovers, stable manure and green manuring crops
to furnish nitrogen, supplementing these sources by the purchase
of commercial forms of nitrogen when it can be done with profit.

Potash carriers.— Previous to the war with Germany, practi-
cally all of the potash used for fertilizers came from that country
in the form of Strassfurt salts. Some of these salts were
imported in their crude form, such as kainit, but the great bulk
of the material was brought over as either muriate or sulphate
of potash, both of which contain about fifty per cent of actual
potash in a soluble form. During the war several sources of
potash were developed in the United States. The more impor-
tant domestic supplies come from the brines of old lake beds in
some of the western states, from kelp or giant sea-weeds, and
from flue dust collected from blast furnaces and cement mills.

Most soils, especially clays, contain much more potash than
nitrogen or phosphorie acid but the greater part of this native
potash of the soil is very insoluble and not readily available for
the use of crop plants. Even clay soils respond to light appli-
cations of soluble potash, and for light, sandy soils and muck,
potash fertilizers are absolutely necessary for profitable crop
yields. Potatoes, tobacco, and root crops are heavy consumers
of potash and give generous response to the use of fertilizers
high in potash.

Phosphoric acid carriers.— The phosphorus found in ferti-
lizers is derived mainly either from the minerals of certain
rocks, or from the bones and the tankage from slaughterhouses.

Mineral phosphates are obtained from extensive phosphate
rock deposits found in the Carolinas and in Tennessee and
Florida. These rocks contain from eighteen to thirty-two per
cent of phosphoric acid and are sometimes marketed as fine
ground raw phosphate rock or floats, the material being pre-
pared for fertilizer purposes by grinding the raw rock to a very
fine powder without previous treatment. Since this material is
not readily soluble it should be used only in connection with an
abundant supply of manure or where green manuring crops are
being plowed under. The rotting of the manure and the decay
of the green manuring crops in the soil produce acids which
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attack the fine rock particles and help to liberate the phosphorus.
Experience has shown that the raw ground rock can be used
with profit when plowed under with green manuring crops like
clover or soy beans and that it has a high fertilizing value when
mixed with stable manure.

The mineral phosphates are usually found on the market in
the form of acid phosphate which is made by treating the raw
ground phosphate rock with acid for the purpose of making the
phosphorus soluble in water and immediately available for the
use of the crop. The better grades of acid phosphates contain
from fourteen to sixteen per cent of phosphoric acid.

Bone phosphates.— Most of the bone sold for fertilizer pur-
poses is in the form of a meal that is made by grinding the bones
that have previously been treated with steam to remove the fat
and a part of the nitrogen compounds. Steamed bone meal con-
tains from one to two per cent of nitrogen and from twenty-
eight to thirty per cent of phosphoric acid and is considered to
be more valuable than the raw bone meal for fertilizer purposes,
because the steamed bone can be much more finely ground and
the removal of the fat causes the particles to decay more rapidly
in the soil. Tankage, mentioned under nitrogen carriers, is
sometimes called bone tankage if it contains a large proportion
of bone. Tankage varies greatly in the amount of phosphorus
carried, the amount depending upon the quantity of bone present
in the waste material. '

Phosphorus is present in the 8oil in much smaller quantities
than potash and experience has shown that it is more likely to
become exhausted than is the potash. In some sections of the
cougtry phosphates are practically the only commerecial fertilizer
used.

Mixed fertilizers.— In the making of commercial fertilizers
the manufacturer mixes two or more of the foregoing carriers
in the correct proportions to give the desired percentage compo-
sition of nitrogen phosphoric acid and potash. The fertilizer
unit is one per cent of a ton, or twenty pounds. A three-ten-four
fertilizer is one that contains three units, or sixty pounds of
nitrogen or ammonia, ten units, or two hundred pounds of avail-
able phosphoric acid, and four units, or eighty pounds of potash.
The #rade or commercial value of such a mixture should be
determined solely by the number of pounds of plant food
materials which it contains. The agricultural value of a ferti-
lizer is determined by the extent to which the mixture supplies
the needs of the soil and meets the requirements of the crops to
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which it is applied, and does not necessarily have any connection
with the price or trade value. For example, on a soil already
well supplied with nitrogen and potash a ton of acid phosphate
costing twenty dollars may have the same or a greater value
than the same amount of complete fertilizer costing fifty dollars
per ton.

Calculating and comparing trade values.— To calculate the
price per unit, the price per ton should be divided by the per cent
of plant food contained. Thus, for example, if it is desired to
determine what sixteen per cent acid phosphate, selling at
twenty-four dollars per ton, is worth per unit, divide twenty-
four dollars by sixteen, which gives one dollar and fifty cents
as the price per unit. To determine the price of potash in an
0-124 fertilizer, selling at thirty-four dollars per tonm, first
deduct the value of the twelve units of phosphoric acid which,
at one dollar and fifty cents, is eighteen dollars. This leaves
sixteen dollars as the price of the four units of potash. Dividing
sixteen dollars by four, gives four dollars as the price per unit
of potash. If, next, it is desired to know the price of nitrogen
in a 2-12-4 fertilizer, selling at forty-six dollars per ton, deduct
first the value of the twelve units of phosphoric acid and four
units of potash, which is thirty-four dollars. This leaves twelve
dollars as the price of the two units of nitrogen. - Dividing twelve
dollars by two, gives six dollars as the price per unit of nitrogen.

Quantity and kind of fertilizer to use.—The quantity of
fertilizer used must be related to the value of the crop treated.
The higher the acre value of a crop, the larger the quantity of
fertilizer that may be used profitably. The season when a crop
grows-influences the need for fertilizers. Grain and hay crops
may usually receive an application of two hundred to four hun-
dred pounds, potatoes six hundred to one thousand pounds,
garden and vegetable crops one thousand to two thousand
pounds, and fruits five hundred to eight hundred pounds.

Crops that mature seed are usually those most benefited by
phosphorus. Crops that make a large vegetative growth in
leaves, roots, and flowers, and are used for those parts, are
especially benefited by nitrogen. Potassium is most used in stem
and root plants; this element gives stiffness to straw, and is
especially beneficial to leguminous crops and to root crops.

Plants that start growth in early spring or late fall generally
are benefited by the addition of a little available fertilizer,
especially nitrogen. ‘

In the absence of knowledge that the soil is well supplied with




SOIL MANAGEMENT 27

Fra. 11.—The agricultural value of a fertilizer is determined by the extent to which
the mixture supplies the needs of the soil. The piles of wheat shown in A and B
were grown on the same area of land. ‘
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one or more elements in available form, the safest plan is to use
a mod.erate quantity of a complete high-grade fertilizer. The
following are some good standard combinations in percentage:

Nitrogen Phosphoric Potash

acid
U 4 10 [}
B e e ii et i 4 8 10
- 2 8 11 5
A 2 8 12
L A AP PP 3 [} 15
. PPN (] 8 4

Numbers 1 and 3 constitute good fertilizers for almost any
crop on a normal soil. Numbers 2 and 4 are relatively stronger
in potash for potatoes, root crops, and legumes. Number 5 is
especially suited for muck soil. Number 6 is especially a
vegetable fertilizer on normal upland soil in good condition.

Generally, large applications of fertilizers should be thor-
oughly mixed with the soil rather than placed in the hill or the
row. Small applications are more effective when applied in
the rows.

Home-mixing of fertilizers.— Commercial fertilizers may be
purchased ready-mixed or the materials may be bought and
mixed at home. Home-mixing is advisable for the farmer who
is in position to study the subject since the purchase of the
materials separately enables him to be sure that he is getting
only high-grade carriers and, furthermore, he is able to have a
slow or a quick acting fertilizer, as the needs of his crop may
demand.

The mixing of the materials is comparatively simple. Any
tight floor or wagon box may be used and the only tools required
are shovels and a screen. The materials are weighed out and
spread in layers, the most bulky first, and then thoroughly shov-
eled over. The mixture is then passed through a sand screen
and the lumps broken up with the back of a shovel. When large
quantities are to be mixed the use of a small rotary concrete
mixer is advised. The mixing should be continued until the
whole pile is fine and uniform after which it may be used at
once or bagged and stored in a dry place for future use.

The following table gives the information necessary to make
mixtures of any desired percentage composition. To make up a
three-ten-four mixture using nitrate of soda, acid phosphate
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(sixteen per cent), and muriate of potash, it will be necessary
to take three times one hundred and thirty-three pounds, or
three hundred and ninety-nine pounds, of nitrate of soda; ten
times one hundred and twenty-five, or one thousand two hundred
and fifty pounds of acid phosphate; and four times forty, or one
hundred and sixty pounds of muriate of potash. This will make
a total of 1809 pounds, to which can be added one hundred and
ninety-one pounds of sand or muck to make the weight up to
one ton. In a similar manner any other fertilizer formula may
be duplicated by using this table.

QUANTITY OF CARRIERS NECESSARY TO MAKE ONE PER CENT

POUNDS NECESSARY
INGREDIENT TO MAKE ONE PER
CENT
C'arriers of nitrogen:
Nitrate of soda................ ..., 133
Sulphate of ammonia................ e e 100
Dried blood .................... e - 200
Carriers of phosphorus: ’
Acld phosphate (14%)......................... ... . 142
ghoephate (16%) . ..o 125
Carriers o
Muriate of ............................. e 40
Kelpash (309%)..co0cenneinnninii .. 66
Nebraska potash (22%) .............................. 90

Liming the 80il.—On acid soils lime must be applied before
the best results can be secured. It must be remembered, how-
ever, that lime cannot take the place of fertilizers, nor can fer-
tilizers take the place of lime. The first step in building up
fertility is to make sure that the land is well supplied with lime,
sinece without lime it is not possible to grow clovers and other
legumes successfully and without clover sod or legume cover
crops the nitrogen supply of the soil cannot be economically
maintained under average conditions.

One of the easiest methods for testing the soil for acidity and
the need for lime is the litmus paper test. A sample of soil is
moistened with distilled or rain water and a strip of either blue
or neutral litmus paper is pressed into the moist sample. If
after a few ninutes the paper turns red the soil is acid and in
need of lime. Since clover and alfalfa are very easily injured
by acid conditions, a good stand of either of these legumes is a
good indication that lime is not needed.

Kind of lime to use.—When a ton of pure limestone or oyster
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shell is burned, about one thousand one hundred and twenty
pounds of stone or hurned lime is produced. When this is
slaked it takes up water until it weighs about one thousand
four hundred and eighty pounds and is known as hydrated
lime. When this is exposed to the air for some timeit goes
back to the carbonate or limestone form and to the original
weight. Since all lime quickly reverts in the soil, the form in
which it is applied is of importance only in regard to its con-
centration and the fineness of the particles. Raw ground lime-
stone or oyster shell have only about half the strength of burned
lime and two-thirds that of the hydrated lime.

Fi1a. 12.—Twelve bushels of wheat per acre with fertilizer alone; twenty bushels with -
lime and fertilizer. The first step in building up fertility is to make sure that
the soil is supplied with lime.

The value of any form of lime depends upon the total
percentage of calcium and magnesium oxide contained. Ground
limestone or shell should contain about fifty per cent of total
oxide; hydrated lime about seventy per cent; and lump or
burned lime above ninety per cent. To compare the prices on
several kinds of lime divide the cost per ton of each, delivered,
by its percentage of oxide. ‘This gives the cost per unit or per
twenty pounds of oxide or actual lime.

Applying lime.— Crops that grow moderately well on sour
soil are potatoes, tomatoes, buckwheat, berries, carrots, water-
melons and red-top grass. Practically all other crops are bene-
fited by lime, but the most responsive crops are alfalfa, clover,
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soy beans, corn, oats, wheat, cabbage, cauliflower, celery, beets,
cucumbers, lettuce, onions, spinach and sweet potatoes.

Since lime is gradually carried downward in the soil, it should
be applied to the plowed surface and worked in as the seed-bed
is prepared. Truck farmers sometimes plow under burned lime
and manure together in order to hasten the action of the manure,
but in general farm practice the manure should be plowed down
before the lime is applied, otherwise much of the value of the
manure will be lost.

Have your ¢ounty agricultural agent test the soil from your
fields. He can tell you not only whether lime is needed, but also
how much you should use of the different forms to supply the
lime requirements of your soil.

TR ! ’



CHAPTER II

LAND DRAINAGE
By ELMER O. Frerin, B.S.A2

Evidences of the need for drainage.— Large areas of farm
land are too wet for the best growth of crops. Land is too wet
. whenever within the zone of soil in which. the roots of crops
develop, namely, about three feet of the surface, free water
would stand in an excavation. Drainage does not remove useful
water from the soil. It removes the injurious surplus water from
the soil. Remember that the roots of the usual type of farm
crops — corn, wheat, clover, fruit trees and that type of plants
— will not live in a soil saturated with stagnant water for more
than two or three days, and even that period of submergence
weakens the general vitality of the plant.

This line of observation should suggest to the reader that it
is not necessary that water stand on the surface of the soil or
even in the plow furrow in order that the soil be poorly drained.
Roots of most crops penetrate two, three and even four and five
feet deep if given an opportunity, and therefore the creation of
perfect conditions for crop growth requires that the possibilities
of standing water in the soil within a depth of at least two feet
should be avoided by artificial drainage if the natural drainage
is inadequate for that purpose.

Other indications of a wet soil, in addition to that soft, mirey
character, familiar to all, are severe ‘‘heaving’’ when it freezes;
curled leaves of crops on such areas in dry periods, and areas
of weeds such as planton and other plants best able to withstand
such conditions. In addition, the subsoil that is poorly drained
has a mottled eolor and otherwise shows by its appearance that
it is inclined to be too wet. The more intensive the type of crop
production the more important it is that good drainage should
be insured.

‘Why land is wet.— Land may be wet from a number of causes.
Throughout the eastern half of the United States, and, in fact,
wherever the annual rainfall exceeds thirty-five inches, there is
more water than crops require or the soil can retain in the film

1College of Agriculture, Cornell University.
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form, from which crop roots are chiefly supplied. In fact, in
such regions from one-fifth to more than one-half of the rainfall
ultimately drains into the streams.

On any soil of a dense structure, such as clay, and on loamy
and lighter soils having a compact sub strata, and also where
the soil may be loose and porous, but shallow, due to the near
approach of bed rock, this surplus water is held too long in the
root zone near the surface of the soil. Such land needs drainage.
This condition may, and frequently does, occur on quite steep
slopes. A hillside is no guarantee that good soil drainage exists.

Another type of wet land is of the springy sort. For one
reason or another, the general underground flow of this surplus
water is brought to the surface by some impervious strata and
appears as springs of greater or less persistence and value. No
fixed rules for their occurrence can be laid down beyond that
already stated. The observations and experience of the average
individual will indicate to him that they may occur on a broad
flat as well as on a hillside or in the more common position at
the foot of a slope.

Then there is the wet land due to the overflow of streams at
periods of high water and the land that is wet because it is so
near the level of the surface of the water in some adjacent
stream, pond, lake or even the ocean; for there are thousands
of acres of tidal marsh land. Wet land may be divided into two
general types, namely (a) swamp or marsh land and (b) mod-
erately or intermittently wet land.

Extent of wet land.—The total area of wet farm land in the
United States is very large. Swamp and marsh land aggregates
something like twelve thousand square miles, or upwards of
seventy-five million acres. The very much larger area of wet
land falls in the second or intermittently wet group. This area
is included in farms and is more or less under cultivation. East
of the eastern line of Kansas the area of farm land now being
cultivated that is giving inadequate returns because of poor
drainage aggregates several times the area of swamp and marsh
land. Every farmer should understand that his first problem is
to drain this wet land on which he is expending money for labor,
materials and interest to grow poor crops. This is the really big
farm drainage problem in any part of the world having a rain-
fall similar to the eastern half of the United States. The inter-
mittent wetness of such land is even more injurious than is con-
stant wetness because it results in wider extremes of moisture
supply to the crop.
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Types of drainage.—There are two general classes of drain-
age: (1) Open drains; and (2) under drains. Any channel or
opemng which permits the removal of the excess water in a soil
is a drain. It may be an open ditch or canal so small as that
made with a shovel plow, or it may be as large as a river. It
may be an underground channel maintained by poles or brush
or straw or stone or boards in the form of a box, or in tight clay
it may be an unwalled opening made by a mold plow. On the
other hand, it may be an opening nicely graded and carefully
arranged in a system of more or less parallel channels lined with
short sections of clay or cement pipe or drain tile, and finally,
where there is a rather thin, impervious strata on which water
is held and below which is a porous strata, such as gravel, sand
or a porous rock, drainage may be provided by means of a well
dug, drilled or formed by an explosive through the impervious
layer down to the porous strata. This latter is verticle drainage
applicable to only a very limited area of land.

One’s choice of these different methods of drainage must be
guided by the conditions of soil and rainfall, the area of land,
volume of water, grades and other features with which he has
to deal in a particular case. It is usually unwise to attempt to
follow any set rules for drainage. One should study the par-
ticular conditions at hand, consider the underlying principles
involved and proceed accordingly. A. great many conditions of
wet land can be worked out by the average farmer with such
facilities as he may have at hand.

Beneficial effects of draining.— But why, it may be asked, is
proper drainage of the soil so fundamental to good soil manage-
ment? First of all, remember that practically all of the crops
ordinarily cultivated are accustomed to grow in soil in which is
distributed sufficient free air to meet the needs of the roots-for
their proper functioning. Roughly, this amount is represented
by a well-drained soil in good tilth. As any farmer knows, the
tilth or physical heart of the soil is linked up with its moisture
condition. Therefore, in enumerating the benefits of drainage,
we may start with its effects on the physical condition or tilth
of the soil. (1) Reasonable drainage is the first requisite to the
maintenance of that fine friable granular condition of soil known
as good tilth, Wet soils, if clayey, are usually lumpy when dry.
Otherwise, they are very compact and impervious. (2) Good
tilth results in a larger pore space in which to store available
moisture and necessary air for the roots. It means better and
deeper ventilation. This results (3) in deeper root penetration.
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As a consequence of all these changes (4) the soil actually car-
ries more water available to crops and drouth periods are better
withstood than on poorly drained land, especially intermittently
wet upland. One way to locate wet land is to obgerve the wet
spots where the leaves of crops are curled in dry weather.
(5) They are less subject to the damaging effect of freezing and
thawing, especially on winter crops. (6) All the myriads of
beneficial bacteria in the soil and necessary to its fertility are
favored by good drainage and the conditions incident to it. This
includes the organisms that bring about the formation of humus
and the fixation of nitrogen and its changes into available forms,
(7) Drained soil warms earlier in the spring and maintains a
higher average temperature than wet soil. (8) Less time is lost
after a rain and in getting crops planted in the spring. The
farm equipment and labor may be more efficiently managed.
(9) All the various materials in the soil used by the plant as
food are rendered more available by the conditions that have
been enumerated. The need for fertilizers may be reduced and
the efficiency of that applied will be increased.

Wet land is usually the potentially best land on the farm and
it usually responds with big crops when this condition is
corrected.

Open drains.—Very little need be said to the average farmer
concerning open drains. The smaller sizes suitable for the small
farm are simple trenches with such slope to the wall as to pre-
vent serious covering of the banks. Usually they may be fairly
steep. For large channels a one-half slope is common. This is
a slope formed by a one-foot vertical rise for a foot of horizontal
distance on the bank. For smaller channels a steeper slope,
namely, one foot vertical to one-half foot horizontal, or even less,
is used. Bends should begin and end gradually like the curve in
a railroad. Right-angle turns should be avoided. Keep the
channel clean and in good form. .

Under the best conditions, open ditches are very objection-
able. (1) They obstruct and waste the land surface. (2) They
are very likely to be filled up with weeds and sediment.
(3) They harbor weeds. (4) Most serious of all, the smaller
ditches, especially those so frequently made with a shovel or
turning plow and which are only six to ten inches deep, scarcely
remove surface water and do not accomplish the purposes of
real internal soil drainage. At the best, this type of open ditch -
is very inefficient. On the other hand, due to the need for tem-
porary results, or on very low, flat land, or where a very large
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volume of water must be handled, the open ditch may be the
only available means of drainage.

Under drains.— Farm drainage should generally be synony-
mous with tile drainage. Covered drains of any kind free the
surface of obstruction and are likely to be more permanent and
less expensive to maintain than open ditches. Tile drains, where
needed, and in which good clay or cement tiles are used, are
both a satisfaction and the very best kind of a business invest-
ment. The earlier substitutes, such as poles, brush and stone
drains, now have very little place in competition with tile for
drainage purposes. They are nearly, if not quite, as expensive
to construct, and much less permanent, especially on low grades.

7

F1a. 13.—View of system of underdrains placed at regular in-
tervals. Adapted to land wet throughout and on which
intensive cropping is to be practiced—New York BState
College of Agriculture.

In a few cases, namely, where the bottom is very soft or where
they are deeply placed and where the soil has a very pronounced
tendency to silting the drain, wooden box drains may be. th.e
better material. This is especially true in draining seepy, irri-
gated lands. But for the humid land farmer, tile drains are
usually the most satisfactory method of drainage. )
Quality of tile.—A good tile has walls that are nearly or quite
impervious to water, that are straight and fairly square at the
ends, smooth inside and without flaws due to lime nodules or
pebbles in the clay. They should give a sharp, clear ring when
struck with a hammer. They may be either hexagonal or round.
A single flat side is an undesirable form, since it increases the
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difficulty of forming a good joint. Horseshoe tile are even more
undesirable for the same reason.

Impervious walls are especially important in any cold region
where the tile is likely to freeze in the ground. The degree of
porosity that may be found in so-called, soft tile does not add
to their efficiency as drains, since water enters the drain through
the joints between the
tile. On the other | 3 3 1|
hand, the walls of a ' @@ ¥
tile may be so porous W ' i :
as to take up as much * £ *
as twenty per cent of
water in the minute
capillary pores, and
when this freezes the
wall of the tile is
ruptured, and if the
process is repeated
enough times the tile
will erumble to pieces.
Even one or two such

Py

Fie. 14 —The most common types of drainage tile and
other materials used for land drainage: -

weak pieces in a line

. . 1. Cobblestones with smaller pieces of stone on
of drains may jeo top.

i 2. Flat stones placed face to face and parallel
pz}rdlze the system to line of ditch. P
without any corre- 3 and 4. Throated drains constructed of flat
sponding benefit. stones used in different ways.

. 5. Pole drain.

The choice between 6. Triangular box drain.

good clay tile and 7. Square box drain. Note construction for
. admission of water along lower edge.
concrete tile ml}‘:lls 8. Horseshoe tile laid on a board.

i i 1 9. Horseshoe tile, bottom attached.
pqmarlt}y on t. 8 10. Single sole tile with round opening.
point o the poros1ty 11. Double sole tile.
of the walls. Unless 12. Hexagonal tile.

full d 13. Round tile.
very care y §na ?} 14. Y-shaped junction piece.
the concrete tile is 15. Elbow piece.

likely to be the more
porous.

—New York Btate College of Agriculture.

If concrete tile are used, there should be added to the

cement about ten per cent of its volume of hydrated lime, which
will make the walls more impervious.
Joints.—The construction of the joints is a critical part of

the system. Imperfect form of the ends of the tile will usually
make it easy to leave an opening one-sixteenth to as much as
one-quarter of an inch wide. The larger opening should be on
the under side. The more the soil in contact with the tile has

~
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that soft quicksand quality, the more important it is to have
good close joints. It is a good plan in all cases to cover the
upper half to two-thirds the joint with a strip of tar paper or
burlap about three inches wide. Water should enter the tile
on the lower side of the joint. In tight clay or in other soil
inclined to hardpan properties, a fairly open joint with this
covering on the top will greatly facilitate drainage.

Suitable grades for drains.—The low grade or slope at which
a tile drain will operate efficiently is one of the big advantages
it has over open ditches where the smaller volumes of water are
to be handled. If the slope is straight a tile will operate on as
small a grade as one or two inches per hundred feet. Naturally
this minimum depends on the size of the tile, the number of
turns, and the inclination to accumulate sediment, all of which
interfere with the use of low grade. Eight inches to one foot
of fall in one hundred feet of length is a more satisfactory
grade upon which to operate and simplifies the details of form-
ing the trench to receive the tile. Where very large grades are
used there is danger that the tile may be washed out by water
flowing along the outside of the tile in flood periods unless the
soil is worked down very closely around the tile.

Arrangement of tile.—The arrangement and size of tile are
questions specially related to the particular land to be drained.
First of all, if there is
any doubt about the direc-
tion and extent of grades
available, a survey ade-
quate to the situation
should be made. It may
involve the use of a very
accurate leveling instru-
ment with determination
of the form of the land
surface and position of
important points and
lines from which to con-
struct a map, or it may
. involve only a few rough
 ——— levels such as may be se-

o - s cured from the flow or
Fie. ;ysst::kitﬂl e fion ot il eed 5 the level of water, or the
draining forty acres of land in Scott yge of the less accurate

County, Ill. Only part of this land needed
draina’;e,—u. 5. Dept. of Agriculture. type of levels such as
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may be devised from a carpenter’s level and a straight edged
board.

A little assistance and advice from someone experienced in
land drainage to determine the layout of the drain and the size
of the tile may be the means of saving the entire investment
with the benefit that should occur. These details are funda-
mental to the system and one dare not slight them.

Construction for particular conditions.— Having established
the grades available on any particular area, certain types of
soil condition may be considered :
with reference to the arrange- r
ment and depth of drains. A
series of drains either in par-
allel lines or in lines having
irregular arrangement may be
joined together in a system hav-
ing a single outlet just as the
rills and creeks unite to form
the larger rivers. There are
two general types of arrange-
ment namely, (1) the natural or
irregular system in which the
drains are placed in hollows or
at strategic places to catch the
drainage water, but do not cover
the entire area at regular inter-
~ vals, (2) the regular or parallel
system in which lines of tile at
regular intervals are arranged
parallel, in so far as the uni-
formity of the slope will per-
mit. .

On flat land of tight, clayey
texture, drains are likely to be
needed at fairly regular inter-

M

ARANRNY

\

Fia. 16.—Sketch showing a system of
drainage in which the cost of in-

vals of from four to five rods for stalling is increased by too much
mixed general farming, down to o toyaning—U. B. Dept. of

two rods or less for the more
intensive special cropping, such as vegetable gardening. Then,
too, they should not be too deep. Two to two and a half feet
is sufficient for laterals. If the subsoil has pronounced hard-
pan properties an even less depth may be advisable up to eigh-
teen inches. This is a very exceptional case. The point is that
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in such soil the water mostly moves over the surface or through
the upper soil and will thereby reach a shallow drain more
readily than a deep one.

‘When a tight soil underlies a porous soil within three or four
feet, the best position in which to place the tile is at the junc-

tion of these two materials. A
—_———_1 shallow trough in the hard mate-

rial in which to lay the tile should
be formed if the tile would be less
than three feet from the surface
of the land.

Wherever the subsoil has tough
clay properties, it should be dried
beforeit is returned to the trench.
A hardpan quality of soil should
not be placed on the tile if a
porous top soil is reasonably
available.

Loose sandy land, if wet, re-
sults from some pocket or ob-
struction in the subsoil. The
drains should be placed at a me-
dium depth of three to four feet,
since the water table rises in the
soil until it reaches the level of
the drain. Often a rim of tough
soil will be encountered which
may be primarily responsible for
T i L the wetness of a large area.
L %{d =24 ..} Drains may be from five to ten

! rods apart, depending on the na-

F16. 17.—Sketch showing a system of .
drainage by which the area of ture of the soil.

double-drained land is reduced to In muck soil drains should be

a minimum.—U. 8. Dept. of 49> ¢16m three to four feet deep and

from fifty to one hundred feet

apart. Tile placed shallow may be uncovered by the shrinkage
and decay of such soil.

On slopes and hillsides that are uniformly wet, nearly the
same arrangement should be followed as on flat land. It is
usually best to run the drains up and down the slope.

‘Where local springy places and wet hollows occur, they should
be reached by the most direct course. Sometimes this condition

is combined with general wetness, and the two sets of principles
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then need to be united, namely, a regular system coupled with
spurs and side lines to reach the wetter spots.

Springy lines on the side of a slope or at its foot may often
be intercepted by a drain across the slope near the upper side
of the wet area and cutting fairly deep or down to the imper-
vious layer that is forcing the water to the surface. Sometimes
two or more such intercepting lines are necessary, and on a
springy hillside diagonal drains may be best.

Muck soil areas, especially small pockets, should generally
have a drain along the border at the foot of the slope. It should
be added that for muck soils the first drains should usually be
open drains until the muck has settled and the nature of its
subsoil and the sources of water have been determined.

Pronounced springs should be tapped by the most direct route
and if they spread over a considerable area spur drains on one
or both sides should be arranged like a funnel to intercept the
flow. These spurs should cut fairly deep.

Two or three feet is a good average depth for drains.

Plant roots and under drains.—The penetration of the roots
. of trees or other plants into tile drains is not determined by the
depth of the drain so much as by whether water flows continually
in the drain. In dry periods the roots are likely to be led
toward the tile where it carries a continual flow of water. Cer-
tain types of trees, such as the elm, poplar, willow and even the
apple, may be especially troublesome in this way. Tight joints
formed with cement in the neighborhood of such plants is the
only available protection. Ordinarily, plant roots do not much
interfere with field drains. When the land is uniformly drained,
roots do not enter the tile.

Size of tile.— The size of drains should be determined by
several factors. The more important of these are (a) the rain-
fall, which will determine the amount of surplus water in the
soil, (b) the slope of the drain, (c) the porosity of the soil and
the manner in which the rains occur, whether as ordinary show-
ers and rain periods only or very heavy downpours, (d) the
occurrence of springs and surface flow which would increase
the volume of water in the soil over that due to rainfall on the
local area, (e) the texture of the soil in relation to the grade.
Soils having silty or quicksand (very fine sand) properties
require the larger tile.

The capacity of a tile to carry water depends mainly on two
things: These are its diameter and the slope at which it is
laid. The capacity varies with the square of the diameter rather
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than with the diameter directly. An eight-inch tile will ecarry
as much water as two six-inch tile on the same grade.

Ordinarily, for large areas the outlet drain is of such size as
to discharge from the entire area of land tributary to the system
anywhere from one-quarter to as much as three-quarters of an
inch of water in twenty-four hours, depending on rainfall, sur-
face slope and the occurrence of springs. The following table
will give some idea of the area of land that may be drained by
different sizes of tile laid on different grades:

NUMBER OF ACRES FROM WHICH ONE-FOURTH INCH OF WATER WILL BE REMOVED IN
TwENTY-FOUR IIoURS BY OUTLET TILE DRAINS OF DIFFERENT DIAMETERS AND
DIFFERENT LENGTHS WITH DIFFERENT GRADES

GRADE IN INCHES PER 100 FEET, 666

1' 2~ 3' 4' 5'

Length of drain in feet

Diameter of tile in -
inches ........... 1,000| 2,000{ 1,000| 2,000 1,000 2,000{ 1,000 2,000] 1,000{ 2,000

Acres of land drained by different sizes of tile

.. 19.1| 15.7| 22.1| 19.4( 25.1| 22.7; 32.0| 30.3| 37.7| 36.3
A 29.9| 24.8] 34.8| 30.5( 39.6| 35.9| 30.5 47.8| 69.4| 67.3
T o 44.1 36.41 31.1] 44.8| 58.0| 52.8| 74.0] 70.1] 87.1| 84.1
8 ... 61.4| 50.7] 71.2| 62.6| 80.9| 73.6/103.3| 98.0{121.4/117.3
9 . 82.2| 68.1| 95.3| 83.8(108.4| 89.6/138.1|131.3|162.6|157.1

204.4

10 ..ot 106.7| 88.5/123.9(108.9/140.6 l28.1|179.2 170.5(211.1

For small field laterals on grades of one foot or more per
hundred within the limits of length of one thousand feet, three-
inch tile may be used. The general inclination is away from the
smaller sizes, especially those below three inch. For more flat
grades and especially in fine sandy, silty and muck soils four
and five-inch tile should be the minimum size.

For the submains and mains the tile should be correspond-
ingly larger according to the area of land served. For these
larger systems an experienced engineer is necessary to decide
on these important details.

The outlet.—The outlet should be the first thing located on
a drainage system and the last part safeguarded. The outlet
tile drain should be properly buttressed to prevent washing
and caving, and the end protected by a grating or gate against
the entrance of small animals.
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Junctions of tile—The junction of two lines of tile should
be in the form of a Y with the lateral pointing down the slope
and with the center of the two lines of tile on the same level,
especially for the smaller sizes of mains.

Filters and silt wells.—Surface intakes, filter basins and silt
wells are details that are sometimes very important. At best,
surface intakes are dangerous and in all cases much care is
required in the use of screens and settling basins so as to admit
only water free from much sediment or rubbish.

A rock filter to admit surface water should have fine gravel,
small stones or straw around the tile to hold back the flow of
water and collect
the sediment.

Silt wells, which
arewells in the line
of the drain and
several feet deep-
* er, in which sedi-
ment is collected,
require a large
exercise of judg-

ment in their loca-

3 F1a. 18.—Ditching plow used for looaenmg the earth in
t}OIl and construc- the bottom og the ditch. A number of patterns of
tion. plows of this type are on the market.

e handles

Drainm tools and the hitch are usually a.d]ustable, in order to suit
. the depth of the trench. The plow is drawn by two
and machinery.— or more horses, attached to a long evener so that

The tools for con-

they travel on either side of the trench.—New York
State College of Agriculture,

structing the ordi-
nary farm drain especially for tile may be divided into three
groups:

(1) Where the work is done by hand they include various
types of narrow, long-pointed spades, round-pointed, long-
handled shovel, grading scoop, pick and perhaps a tile hook for
placing tile in a narrow deep ditch. No more earth is moved
than necessary and consequently the trench is not more than
twelve to fifteen inches wide.

(2) The second group of tools embrace: Horsepower exca-
vating plows that range from a blacksmith-made tool for loosen-
ing the earth to big-wheeled plows drawn by six or more horses,
which both loosen the earth and more or less completely elevate
it out of the ditch.

(3) The third group of tools includes the engine power exca-
vator; some of these excavators cut the trench to full depth and
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accurately grade at one operation, and place the excavated earth
in a convenient pile at one side of the trench, where it may be
returned readily after the tile are placed in position.

The contract system.—As a result of the shortage in labor
in recent years, drainage is coming more and more to a con-
tract basis, under which arrangement the tools in groups two
and three, especially the latter, together with skilled operators,
are employed. In fact, the art of drainage is becoming more
and more an expert contracting proposition, and rightly so,
as we believe this is the better method aof handling large drainage
operations.

Fra. 19.—Tools for ditching.

1 and 2. Ditching spades for removing the major part of the earth from
the ditch.
8. Grading scoop used to finish the bottom of the ditch and the grade.
4. Skeleton spade adapted for use in very plastic soil.
5. Shovel for removing crumbs and loose earth.
6. Hook used to place tile in deep, narrow trenches.
7. Pick for loosening stone and hard earth.
—New York Btate College of Agrioulture.

Drainage a business proposition.—ILand drainage is a busi-
ness proposition just like a roof on a factory or a drain in the
cellar. It makes possible the more complete use of the poten-
tial resources of the farm and increases the product. If it is
wisely installed, it is a first class business investment and though
it is costly, like every other type of construction, it should be
regarded as an investment and not merely a short time invest-
ment, but a long time investment that, if well made, will con-
tinue to return dividends by the decade and the century, rather
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than for only a few years. Experienced farmers very gener-
ally agree that drainage of wet land under cultivation is one
of the best investments that can be made and the lower the price
of crops the more important it is that their production be made
as economical as possible by that improvement in the efficiency
of production which drainage makes possible.

Nearly a century ago John Johnston, he of Scottish birth,
~ laid crockery in his land near Geneva, New York, while his
neighbors scoffed. Those drains are still operating in good
form, and that farm is producing crops far above the average
for that section of the state. The missionary message from
those first tile laid in America is still sounding through the
country and that message is calling more and more farmers to
improve the drainage of their land as a business proposition.



CHAPTER III

CORN, WHEAT, OATS, BARLEY, RYE, AND ROTATION OF SMALL GRAINS
By R. F. Wigeans, Ph.D2?

CORN

Corn is by far the most important erop in the United States.
Not only the acreage and production but also the value of this
crop is far greater than that of wheat, oats, barley, and rye
combined.

The world’s corn crop.— The world’s yearly corn erop
averaged 3,867,247,000 bushels for the period 1910-1917. Three-
fourths of this is produced in North America, while the United
States produces ninety-three per cent of the North American
crop, as the following tables show, the data of which is
abstracted from the United States Department Year Books.

PERCENTAGE OF WORLD’S CorN PropUcED BY CONTINENTS (1910-1914)

North AmMerica ......voovivininiinnnnrieneanneennnn 75.7
Burope ... ... 16.3
South America ......ccooveeiiiiii i 5.1
AfTICR ...t . 2.6
Australia .. ..ot e e .3

PERCENTAGE oF WorLD'S CORN ?nonucm BY PriNcIPAL CorN PRopUCING COUNTRIES

(1910-1914)
United States ... ...coviiiiit e e 70.2
Argentina .............. i 6.3
MEXICO 1. vt voe v i et e e e 4.4
ROUMABNER ..o oo voe e oiiee e ei e et et e 2.8
TAly oo 2.7

Production within the United States.— Seven adjacent states
in the Mississippi Valley constitute what is known as the corn
belt. Within the borders of these states is produced more than
one-half of the corn crop. Regardless of the fact that corn
production is concentrated in Illinois, Iowa, Missouri, Nebraska,
Indiana, Kansas, Texas, and Ohio, every state in the United

1College of Agriculture, Cornell University.
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States produces some corn, although the acreage may be small.
The following table indicates the relative importance of corn in
the different divisions of the United States:

) PERCENTAGE OF TOTAL
DIVISION UNITED STATES
PRODUGCTION
North Atlantic ................oiiiiiiiiiiinnnn. 3.3
South Atlantic .............. ... .. ... ... .. 8.2
North Central ............ ... . ... i, 66.2
South Central ......... ... . ... . ... ... i 21.9
Far West ...ttt i it e - .4

Origin of corn.— Corn was probably first brought under
cultivation in the plateaus of Central America. From there, it
probably spreads in both directions. By the time Columbus dis-
covered America, corn was under common cultivation through-
out both continents. From America it soon spreads to Europe
where it has become of considerable importance, as shown by
the foregoing tables.

So far as the biological origin is concerned, it is uncertain
what wild plant is the ancestor of corn. There are two wild
plants, gama grass and teosinte, which are closely related to
corn, and there is good evidence that corn may have originated
from one or the other or some closely related form.

Classification of corn.— There are six principal types of corn
in cultivation, most of which have a large number of varieties.
These types are: Pop corn, flint corn, dent corn, soft corn,
sweet corn, pod corn.

This classification is based very largely on the character of
the kernel. The first four are distinguished from each other
by the character of the starch within the kernel. Pop corn has
a very hard and flinty kernel; flint corn is nearly as hard and
flinty but much larger and usually contains a small amount of
soft starch in the center; dent corn is not more than one-half
hard and flinty while the rest of the kernel is soft starch, the
larger part of which occurs at the top of the kernel which when
dry causes the denting; soft corn is made up entirely of soft
starch with a kernel shaped very much like that of flint; the
sweet corns differ from the others by possessing a sugary
instead of a starchy endosperm, the sugar failing to change
to starch as it does in the other types; the pod corns may be
any of the above types, whose individual kernels are surrounded

bv small scales or pods.
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Relation of climate to the production of corn.—Under favor-
able conditions of climate and soil, corn is capable of very high
yields. Yields of two hundred to two hundred and fifty-five
bushels per acre have been recorded where heavy applications
of manure and fertilizer were made and where the soil and eli-
matic factors were favorable. Regardless of the ability of corn
to yield, the average for the United States is about twenty-six
bushels per acre.

The best climate for corn production is one with abundant
sunshine, warm days and nights, and plenty of rainfall. Regions
with favorable temperatures and rainfall with frequent cloudy
days often cause a retarded growth and reduced yield ; likewise,
regions with warm days and favorable sunshine and rainfall
conditions but with cool nights are not ideal for corn produc-
tion. Rainfall is also a limiting factor in a large portion of the
United States, especially in regions of less than twenty inches.
A heavy crop of corn requires an enormous amount of water.
In the production of one bushel of corn from eighteen to twenty
tons of water is taken up by the roots of the plant and lost by
transpiration from the leaves. The time when an abundant
supply of water is required is during the three months of the
growing season, June, July and August. If other conditions
are favorable, a rainfall of twelve to fourteen inches during this
period, if well distributed, will insure a good crop.

Ada.pta.tlon.—Corn orlgmated in a warm, humid climate with
a long growing season, but has become adapted to regions vary-
ing widely in these climatic factors. Corn varieties vary in the
time required for maturity from ninety to two hundred days;
they likewise vary in their ability to yield in dry climates, at
high elevations, ete. Although corn is grown to a greater or less
extent in this wide range of climatie conditions, the greatest
production is restricted to a definite area with a mean summer
temperature of seventy degrees F. to eighty degrees F'., a mean
night temperature of about fifty-eight degrees, a season of one
hundred and forty days or more without frost and an annual
summer rainfall of at least eight inches with a total of twenty-
five to fifty inches.

Relation of soils to the production of corn.— The best corn
soils are deep, warm, dark-colored loams or silt loams with a
large amount of organic matter and available nitrogen. These
soils are most often found in the river bottoms of the Mississippi
River basin. However, corn production is not limited to such
soils or else there would be only a small acreage in the United
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States. As in the case of climatic factors corn has become
adapted to a wide range of soils, varying in texture from very
heavy clays to light sands, and in fertility from soils rich in
both organic matter and mineral nutrients to very poor soils.
Much can be done in improving poor soil conditions by proper
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F1a, 20.—Regions of corn production according to types grown (after Montgomery).

crop rotations, application of fertilizers and manures and proper
drainage, as will be explained later.

Varieties to grow.— In corn as in all other cereals there is
a very large number of varieties which cause confusion. Many
varieties are known under different names, while the same name
is often applied to different varieties. This confusion makes it
very uncertain in selecting varieties to grow. The best that
can be done at present to aid in the choice of varieties is to
give a few well established varieties that have proven satisfac-
tory in the different regions. Many local conditions, such as
elevation and locally developed varieties, ete., enter into par-
ticular cases. The following varieties are given for the regions
as suggested by the accompanying chart,
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GRAIN
BECTION - BILAGE
' Flints Dents
Eight-rowed Yellow | Pride-of-the-North Luce’s Favorite
1 King Philﬂ) Northwestern Dent | Early strains of Leam-
: Hall’s Gold Nugget | Cornell No. 11 in,
Hall’s Gold Nugget
Hickory King
King Philip Pride-of-the-North Luce’s Favorite
2 Smut Nose Minnesota No. 13 Early strains of Leam-
Eight-rowed Yellow | Wisconsin No. 7 mg
Early Huron Hall’s Gold Nugget
Hickory King
Leaming
g_elid’s Yellow Dent
ilvermine grain
3 Boone County White Same as for
Johnson Co. ite
St. Charles White
Boone County White
4 ing .
St. Charles White | Same as for grain
Hickory King
Eureka
Cocka Pralif
5 e’s Prolific S i
Boone County White Same as for grain
St. Charles White

Some of the well-established varieties may be grouped as
follows, according to maturity:

GROUP

VARIETY

DAYS TO
MATURE

Early Flints

New York State Flint
Dakota Flint

King Philip

Smut Nose
Longfellow

Sanford White

- 90-110

Early Dents

Early Huron
Minnesota No. 23
White Cap
Bloody Butcher
Silver King

100-110
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DAYS TO

GROUP . VARIETY MATURE

. Hall’s Gold Nugget
Late Flints Dibble’s Ma.mmoth 110—120

Northwestern Dent
Cornell No. 11
%’é}i:lie-o(fj-the-North
. ite Ca;

Medium Dents Minresote No. 13 ~ 115-126
Wisconsin No. 7
Calico

Bailey Dent

Semi- Luce’s Favorite 120-125
i-Denta Hickory King 130-140

Leami

Boone&unty White
Johnson County White
Late Dents Sweepstakes 120-140
St. rles White
Silvermine

Reid’s Yellow Dent

Eureka

Wood’s Virginian
Very late Dents Mosby 130-150
Cocke’s Prolific
Virginia Horsetooth

This list is by no means complete but will serve as a guide in
placing other varieties which may be of local importance.

Improvement of corn.— Each corn growing region of the
country has varieties which are particularly adapted to that
region. For example, the prolific varieties which are tall and
very late, with more than one ear to the stalk are characteristic
of the Gulf States, while in New England rather short, early,
single eared varieties are grown, These differences have come
about very largely through selection by farmers, consciously
or unconsciously, and by the natural adjustment of the corn
plant to its environment. Due to this fact a farmer in choosing
a variety should always investigate the local sorts first. After
the local varieties have been thoroughly tested there are three
general methods open for improvement in corn: (1) introduec-
tion of varieties from outside sources; (2) selection within local
or introduced varieties; (3) crossing.

Introduction of varieties from outside sources should not be
generally practiced because (1) the already confused condition
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existing in regard to varieties would be increased; (2) varie-
ties grown under certain climatic conditions usually require con-
siderable time to become adapted to a different set of condi-
tions; and (3) it is a rather expensive operation. If this method
of improvement is undertaken by the farmer the following pre-
cautions should be observed: (1) bring in varieties similar to
varieties that are known to do well in the region; (2) bring in
varieties that have been grown under similar climatic and soil
conditions; (3) begin in a small way, not trusting the entire
crop to the new variety ; and (4) compare thoroughly with estab-
lished varieties before passing final judgment.

Selection within the variety is the method whereby some of
our best varieties have been produced and a large amount of
improvement within the existing varieties has been accom-
plished. A good illustration of the development of a variety
by selection is Reid’s Yellow Dent, which is the result of nearly
fifty years’ selection for an ideal. The work was begun by
James Reid in 1846. To be sure it is not desirable or worth
while for every grower to attempt to produce a new variety,
but it is worth while for a large number to attempt improve-
ment both in uniformity and in yield of the existing varieties.

The lack of uniformity in varieties is readily seen either in
the field or after the corn is harvested. Just as much varia-
tion in ability to yield exists between individual ears as exists
between any readily observable character such as the shape of
kernels. Herein lies a great opportunity for selection and
improvement.

The methods used in selection within a variety are: (1) Crib
selection; (2) field selection; (3) pedigree selection. The old
and time-honored method of crlb selection, where the best look-
ing ears are used for seed, has not generally produced very
favorable results because the ability of an ear to produce high
yielding plants cannot be told by external appearances. This
method is, however, better than taking crib run. Field selec-
tion is a marked improvement over the crib selection method.
In this case plants are selected that produce the desired charac-
ters (yield, type of ear, position of ear, etc.) under average
conditions. Plants which have a distinct advantage by being
adjacent to missing hills or stalks, or by exceptionally fertile
spots, ete., should be avoided. It is best to select these plants
while still growing, but in case this cannot be done, the selec-
tion may take place when the corn is harvested. This corn is
then well cured and stored for planting. This method can be
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employed with good results by practically all farmers within
their own fields.

The third method, known as pedigree selection, is begun by
first selecting ears in the field as above, but instead of shelling
all the ears together they are planted separately the following
year in an ear-to-row test, where a portion of the grain from
each ear is planted in a separate row, harvested and weighed
separately, thus ascertaining the high yielding rows. The rem-
nants of the ears from which the seed came for the high yield-
ing rows are then planted the second year in a separate block
for increase. The seed from the increase block is used for the
general field the following year. This process may be con-
tinued time and again with good results. The difficulty with
this method is that it requires considerable time and care, more
time and care than the average producer cares to take. It is
suited only to those that are especially interested and are
willing to make the sacrifice of time and take the necessary
precautions.

Seed storage and testing.— It has already been pointed out
that crib selection of corn is not advisable, neither is the crib
a good place for storage of seed corn. After careful field selec-
tion seed corn must be properly stored to insure the best results
in germination. Proper treatment consists chiefly of quick dry-
ing of both cob and kernel, which have a moisture content. of
twenty-five to thirty per cent at harvest. This is best done in
a warm dry room with a large amount of ventilation. Artificial
heat may be employed successfully but is not necessary;
ventilation is, however, very necessary. The drying should be
nearly complete before freezing weather, since freezing injures
the vitality of the corn when damp. Well dried corn, corn with
twelve per cent or less water, is uninjured even by hard freezes.

The value of seed testing has been well proven the past few
years, especially following years with early frost and conse-
quently large amounts of immature seed. Even after very
favorable corn growing seasons there is always a considerable
acreage planted with poor seed, which results in a partial failure
of- the ecrop. On account of the ease with which the test can be
made, it should never be neglected completely with the one
excuse of not having time. The Iowa Experiment Station has
shown that it takes less than one and one-half minutes per ear
to test the germination of corn when several hundred ears are
tested. Itis sometimes permissible if one is fairly sure of excel-
lent seed to run a general test on the whole lot of seed corn by
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germinating two or three kernels from each of a hundred ears
selected at random. If they test very high a further test is
unnecessary, but if they test ninety per cent or less a detailed
test is very necessary. This test may be carried on by (1) the
rag doll method, (2) by germinating box of sand or sawdust,
or (3) any convenient method whereby a sufficient amount of
moisture and heat may be applied to cause good germination.

The rag-doll method is where kernels are placed on a strip
of cotton flannel or any other absorbent cloth about six inches
wide and thirty-six inches long and rolled up, tied, and dipped
into water about body temperature for eight to ten hours, then
removed and placed in a warm moist condition to germinate.
‘When the seeds have sprouted well the counts can be made and
the poor ears discarded. This method has not always proven
satisfactory because conditions have not been kept favorable
for germination.

The sawdust or sand box method is probably as good as any
other. In this case a box three inches to six inches deep is filled,
preferably with sand, marked off by strings placed across it in
both directions two and one-half or three inches apart. The
spaces thus formed are named (C4, D8, ete.) by lettering the
spaces on one side of the box and numbering them on the other.
Ears are then numbered to correspond with the squares and
six kernels taken from various parts of each ear and placed
in the sand to a depth of one inch, well watered and placed in
a warm room for germination. The sand should be kept moist
until the test is complete. By this method the strength as well
as the percentage of germination can be determined and thus
both weak and dead ears discarded. Seed corn testing should
always be done during slack time in winter.

In preparing corn for planting it is usually advisable to
remove the small kernels at the tip and the irregular kernels
at the butt of the ears, not because they will produce less but
because the planter will drop more evenly when seed of uniform
size are used, consequently a more uniform stand will result.

Rotations for maintaining yields of corn.—The term ‘‘crop
rotation’’ is usually understood to-day to mean a succession
of crops on a given area, including grass, grain and a cultivated
crop, so that fertility is more or less maintained as well as good
tilth of the soil. In the beginning of agriculture in this country,
crop rotation was unnecessary because of an over supply of
virgin soil. But as this surplus was taken up the maintaining
of fertility became more important. It was soon recognized
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that continuous cropping of a soil to one crop depleted the fer-
tility of the soil. This is very definitely shown by experlmental :
results for eighteen years from the Ohio Station as given in the
following table:

CROP FIRST FIVE YEARS | LAST FIVE YEARS
L 715 - PP 26 bu. 8 bu.
Oats ... ... i 28 bu. 15 bu.
Wheat ........ ... 10 bu. 6 bu.

Very similar results have been secured at various experiment
stations. Continuous cropping of land causes a depletion of
organic matter, nitrogen and mineral elements, and finally a
poor physical condition of the soil. It is due to these facts
chiefly that rotations have been developed.

The advantages of a crop rotation are listed below:

1. Helps maintain organic matter and nitrogen content of the

soil.

Keeps soil in good physical condition.

Helps control weed, insect and fungus pests.

Helps to make available more mineral matter.

. Distributes man, horse and machine labor so as to make
it more efficient.

6. Lessens risk of complete failure.

The effect of crop rotation on yield of corn may be illustrated
by data from the Illinois Experiment Station.

N

o oo

”::::E f)lvl;nn °: ORIGINAL  PBO-| PERCENT-
SYSTEM periop oF 99| PUCTIVENESS OF AGE

YEARS LAND . DECREASE
Corn, continuously ............. 27 bu. 70 bu. 61.4
Corn,o0at8 .......ocvvuunen, e 46 bu. 70 bu. 34.3
Corn, oats, clover............... 58 bu. 70 bu. 17.1

Although there has been considerable decrease in all cases,
the decrease has been very much greater under continuous crop-
ping than where the crops are rotated. The effect of a legume
in the rotation is also very apparent. Likewise the data show
conclusively that rotations alone where the crops are all removed
will not maintain fertility. Fertility can be maintained where
mineral fertilizers are employed in connection with a rotation
including legumes and green manures.
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Rotations for corn production.— In general the essentials to
be included in a good rotation are: (1) A cultivated crop;
(2) one or more legumes; (3) a heavy sod forming grass;
(4) deep rooted crops; (5) opportunities for catch crops to be
used as green manures. With these things in mind every pro-
ducer must choose a rotation that best answers his own condi-
tions. Some of the standard rotations, including corn, are:

FIRST YEAR SECOND YEAR THIRD YEAR FOURTH YEAR

(1) Comn................ QOats Wheat Clover

(2) Com................ Qats Clover

(3) Com................ Wheat Clover

(4) Com................ Beens Wheat Clover

(6) Com................ Oats Cotton

() Corn................ Cow peas, oats | Clover

(7) Corn................ Soy beans Wheat Clover

(8) Comm................ Wheat Alfalfa (several

years)

Many variations of these rotations might be given, especially
to include catch crops such as erimson clover, or rye and vetch.

Barnyard manure.— It was stated under crop rotation that
fertility, and consequently crop yield, cannot be maintained by
crop rotations alone, but by the addition of legumes, green
manures or barnyard manure and mineral fertilizers fertility
can be maintained and even increased. The value of organic
matter cannot be over emphasized in maintaining fertility,
neither ean the value of barnyard manure as a source of organic
matter. Results from various experiment stations, based on
fifteen to twenty-five years’ results, show an average value of
manure based on the increase in yield of corn alone in the rota-
tion to be about $2.50 per ton, and it must be understood that
the total value is by no means exhausted by the one corn crop.
In fact, it is just as well, and probably better, to apply the
manure to the grass and have the residual effect for the corn.
By this means the yield of grass is increased and a heavier sod
produced to turn under for the corn with a greater total return
per ton of manure for the whole rotation.

Mineral fertilizers.—Mineral fertilizers ordinarily do not pay
large returns when used alone on corn as only a part of it is
recovered by the erop. It will pay, however, when used in con-
nection with a rotation where manure and legumes are employed.
Under these conditions it is best to apply the mineral fertilizers
to the grain crops, the manure to the sod and plow a heavy sod
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under for the corn. Of the three mineral elements (nitrogen,
Phosphorus and potash) often deficient in the soil, phosphorus
is most often lacking. Phosphorus may be applied at times
at the rate of one hundred and fifty to three hundred pounds
per acre directly to the corn land with a good profit, but nitrogen
and potash have not usually given a profit. Although producing
considerable gains in yield, the gains have been only sufficient
in most cases to pay for the added cost. The value of manure
and phosphate to corn in a corn-wheat-clover rotation can be
shown by the following results secured at the Ohio Experiment
Station:

AVERAGE YIELD OF CORN
TREATMENT POUNDS PER ACRE FER ACRE
1897-19056 1906-1913
None.......ooevvveiinnnnnn. 37 33
Manure. .........o0ovvennnn 8 tons 57 64
Manure...........o000uunnn. 8 tons 62 73
Acid Phosphate............. 320 lbs.

Limes.—The value of lime in connection with certain legumes
has become well established, but its value when used with corn
has received less attention, and justly so, because (1) the suc-
cess of the crop by no means depends on an application of lime,
and (2) such large percentage gains have not been secured as
with other crops. However, lime has generally been found to
increase yield of corn, whether used alone or in connection with
manure and fertilizers, sufficient to more than pay for the appli-
cation and in some cases the cost per bushel gain has been as
low as ten cents. When this is considered, together with the
fact that lime continues to have a beneficial effect on soils for
several years, it is certainly worth applying, especially on heavy
soils and soils deficient in lime.

CULTURAL METHODS

Preparation of the seed bed.—The object of seed bed prepar-
ation in any case is to produce the most favorable conditions
for plant growth. In the case of corn, the seed bed should be
well plowed, pulverized and freed from weeds. The freeing
of land of weeds before planting is very essential because it
cannot only be done more cheaply but also much better before
the corn is planted than at any later date. Plowing in gen-
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eral is necessary in order to: (1) Increase the water-absorbing
capacity of the soil; (2) prevent evaporation; (3) warm up
the soil; (4) increase circulation of air in the soil; (5) increase
the available plant food elements. Plowing may be done either
in the fall or in the spring largely according to conditions on
the farm. In general, however, it is much better to plow sods
or land receiving a heavy application of manure in the fall in
order that the organic matter may become partially decayed.
On the other hand, very heavy soils run together so badly dur-
ing the winter that spring plowing is almost necessary. In case
land is plowed in the spring it should be plowed as early as
possible in order to get the maximum benefits.

Deep plowing is usually advisable for corn. Some exceptions
to this general rule occur: (1) If land has been plowed shallow
for a series of years it is not advisable to plow deep the first
year, but the depth of plowing should be gradually increased
each year until a depth of eight or nine inches is reached; (2) if
the land is to be plowed late in the spring, it should not be
plowed so deep that the seed bed cannot be firmed. Very deep
plowing (fifteen to twenty inches) has not proved generally
beneficial.

The objects of the preparation of the seed bed immediately
before planting are (1) to pulverize the surface soil; (2) to
compact the seed bed if spring plowed (fall plowed land becom-
ing well compacted due to rains and successive freezes and
thaws), and (3) to kill all weeds that have started development.
It is sometimes advisable to disk fall plowed land early in the
season and again at time of planting in order to destroy more
weeds.

Planting.—Corn is planted one and one-half to two and one-
half inches deep according to type of soil. It may be planted
(1) on the surface, (2) in shallow furrows made either with
a single shovel plow or with furrow opener attachments to the
corn planter, or (3) in lister furrows. The corn may be planted
either by hand, with a drill, or with a two-row planter. Most
of the corn planted on the surface or in light furrows is checked,
that is, rowed both ways, while the listed corn is usually drilled.
There is no particular advantage in yield of checked over drilled
corn as long as all other conditions are similar. The check
method, however, permits of plowing both ways which makes
cultivation much easier. On the other hand, if the corn is to
be cut with a corn binder or used for silage the drilled method
has the advantage.
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The practice of listing for corn is not to be recommended in
the eastern United States unless on very light soils. It is of
doubtful advantage even in the corn belt. It is, however, a
quick way to get corn in the ground and may permit of a little
cleaner cultivation than surface drilling, since more soil can
be thrown to the corn.

The rate of planting of corn is by no means uniform, as it is
influenced by (1) region, (2) variety, (3) purpose for which it
is grown. The following table shows the usual rates of plant-
ing in the different regions of the United States:

DISTANCE APART NUMBER OF DISTANCE APART WHEN
WHEN CHECKED | PLANTS PER HILL DRILLED

Plants in rows

Rows Ilgl;sin Grain | Silage | Rows
Grain | Silage

Gulf states ...... vy e |2 o3 | 4f | 24v |18moer
— 4 —
Middle states ....| {3, 3, g, S 23 | 3 3 &} 12167 127107
34

3 g"—| 3’ 6"- " » 10m
Northem states .. 3 0;' 3' 0" 4‘5 10”7-12 7 -12

The time of planting corn should largely be governed by the
time when the soil and climatic conditions are favorable for
the growth of the corn plant. This time varies from the
southern to the northern states as follows:

TiME oF PLANTING CORN?!

PLANTING
REGION BEGINNING | GENERAL | ENDING PERIOD
: l ) (days)
Gulf states .................... March 15 | April 15| May 10 55
Central states (Va. to Kan.)....| April 15| May 1| May 25 40
Northern states (N. Y. to Minn.).| May 10| May 20| June 1 20

Cultivation of corn is a universal practice, having become
so because it is necessary for successful production. There are
two chief reasons for cultivation: (1) To conserve moisture,
and (2) to destroy weeds. In a humid region (1) is of little
consequence, but in time of drought or in dry regions it is
important during the first period of growth before root system
has become well established. After the root system is well

1U. S. Department of Agriculture. Year Book, 1910.
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developed little or no moisture is conserved by cultivation.
Then the all important reason for cultivation is the destruction
of weeds which when permitted to grow cause a decrease in
both grain and stover by (1) using available plant food
nutrients, (2) using water, (3) shading the corn plants, and
(4) increasing the carbon dioxide content of the soil. Any tool
which will destroy weeds, leave the surface fairly level and well
pulverized, not injure the corn plants, and stir only the surface
few inches, is suitable for corn cultivation.

The depth of cultivation is an important consideration in corn
production. As a rule it is advisable to cultivate just as shallow
as possible in order to destroy the weeds. Deep cultivation
destroys feeding roots which come very close to the surface of
the s0il. In heavy soils the roots are as close as one inch of the
surface but as the soils beconre lighter the roots are a little
deeper. Cultivation to a depth of four inches in any case is sure
to cause root injury. The number of cultivations depends largely
on the weeds to be killed. If the field is fairly clean late cultiva-
tions have not given increased yields. Seldom have more than
four cultivations proven beneficial if the weeds have been kept
under control.

Harvesting of corn.— Various methods are employed in har-
vesting corn:

1. Harvesting of ears only. .

2. Harvesting of entire plant.

3. Stripping leaves while green and harvesting ears when
mature,

4. Topping of plant above the ear while green and harvesting
ears when mature. ‘

5. ““Hogging down,’’ where hogs are allowed to harvest the
corn,

The first-named practice is the one employed generally in the
Corn Belt where the corn is grown extensively and where coarse
fodder is not needed to so great an extent. Usually cattle, sheep,
or horses are turned into the stalk fields after the ears are
removed. The second method is employed in all dairy regions
where the entire plant is harvested either for fodder or for
silage. Here the corn is cut by hand, by means of sleds, or with
corn binders. If for fodder, the corn is shocked in the field for
curing and husked and fed later. If for silage, the corn is imme-
diately run through a silage cutter and into the silo. The third
method has been generally employed in the south but is going
out of practice on account of the high price of labor, The fourth
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method has been employed in the New England States where
fodder was desired and where it is thought to hasten the matu-
rity of the ears. The fifth method is coming into use more gen-
erally with the increased cost of harvesting the crop. When
practiced hogs should be turned into small areas at a time until
they have cleaned it up then into another similar area, etec.
These areas can easily be fenced as the wire can be tied to the
stalks at frequent intervals thus eliminating the need for posts.
The hogs make little effort to escape as long as the corn lasts.

The time to harvest corn is at or near full maturity either
when the ear alone or when both ear and stover are desired
because dry weight increases until the plant is fully mature.
This is well shown by the following data from the Michigan
Experiment Station.?

GREEN DRY

STAGE OF WEIGHT WEIGHT FERCENTAGE PE%?;W:: om *
MATURITY PER ACRE PER ACRE
IN TONS IE: LBS. Leaves Stalks Ears MATTER .
Tasseled. . ....... 10.6 3,670 .. .o .. 17.8
Milk. ........... 12.7 5,320 36 34 29 20.9
Glazed .. ......... 12.9 7,110 30 25 44 27.6
Mature. ... ...... 11.8 8,020 21 32 46 34.8

From a study of the table it is readily seen why it is advan-
tageous to harvest near the time of maturity. If the corn is to
be used for silage other considerations come in which require
a little earlier harvest. If not harvested before mature, water
must be added to silage when silo is filled; leaves and tassels
drop off easily when handling; and the silage does not pack well.
Early harvest is also necessary in many cases to avoid frost
injury. In this connection it might be said that in regions with
short growing seasons it is usually advantageous to grow a -
variety for silage that will not completely mature but will reach
the glazing stage in most seasons. This is advisable because
more food nutrients as well as green matter ean be secured by
growing such a variety to the glazed stage than by growing an
earlier variety to maturity. Of course this practice necessitates
purchasing seed from an outside source each year.

The loss in weight of ear corn in storage is from five to twenty-
five per cent during the first year, due largely to loss of water.
The loss in dry weight of either fodder or silage during a similar
period is about twenty per cent.

? United States Department of Agriculture, Farmers’ Bulletin 97.
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Uses of corn may be considered under three heads: (1) For
animal food; (2) for human food; (3) for miscellaneous pur-
poses. Animal food is the chief use of corn, as ninety per cent
or more of the crop is disposed of in this way and it is due to this
use that both the animal industry and the great production of
corn have developed together in the Middle West. Corn is used
as human food in the forms of: (1) Roasting ears; (2) corn
meal for mush and bread; (3) pop corn; (4) cereal food; (5)
starch. For roasting ears and for canning, sweet corns are
best suited. The miscellaneous uses are: (1) Production of
alcohol from the grain; (2) production of paper, mattresses, and
door mats from the stalks and husks.

Common disease and insect pests of corn.— Corn is less
injured by disease and insect pests than any other of our impor-
tant crops. It is especially free from attacks of all kinds of
fungi and bacteria but under certain conditions considerable
injury may be done by corn smut and certain ear rots. The
combined injuries from diseases seldom reaches one per cent.
As these diseases live over as spores on the infected ears, the
best control method is to gather and burn all diseased stalks
and ears.

The most injurious. insects are: (1) Cutworms; (2) grub-
worms; (3) wire worms; (4) corn-root worms; (5) ear worms;
and (6) migratory insects (chinch bug, army worm, and grass-
hoppers). The first three insects are more abundant after sod
and may be controlled to a large extent by exposing the larvae
to freezing by late fall plowing. The corn-root worm is bad only
where corn is grown on the same field several years in succes-
sion, and can therefore be controlled by erop rotation. The corn
ear worm damages the corn ears in the silk stage or later, not
only destroying grain but making easy the access of fungus
diseases. The greatest damage is probably to sweet corn in the
roasting-ear stage, producing unmarketable corn. The migra-
tory insects are not often very damaging to corn, but as in the
case of other crops, much damage is done in seasons very favor-
able for their development. The control methods for these
insects will be given under disease and insect pests of small

grains.
WHEAT

Wheat, although fourth in importance in the United States,
is by far the leading crop of the world. It is the most important
food stuff of the leading peoples of the world, has served as a




CORN, WHEAT, OATS, BARLEY, RYE 63
foundation to agricultural progress, and is now the foundation
for our great system of international commerce.

The world’s wheat crop.— The world’s yearly wheat crop
averaged 3,634,000,000 bushels for the period 1907-1916,
734,000,000 bushels, or 20.2 per cent of which was produced by
the United States during the same period.

The percentage of the world’s crops and to some extent the
world’s distribution of wheat is given in the following tables:

PERCENTAGE OF WORLD’S CROP BY CONTINENTS, 1914-1916

CONTINENT AVERAGE PERCENTAGE
North America ........co.iiiiiiiiierinneeennne tavannenns 30
South America ..............iii il 5
Burope . .. ... e e 45
. 1 1 PP 15
. 4 5 T PR 2
Australia . .. ... e i 3

PERCENTAGE oF WORLD’S CrROP OF THE LEADING COUNTRIES, 1914-1916

AVERAGE PERCENTAGE AVERAGE YIELD
COUNTRY OF PER ACRE
WORLD'S PRODUCTION
United States ....................... 22.4 15.3
Russia. . ...........coivinnnnnen.. 16.3 10.5
India...........c.iiiiiiiii., 8.8 cees
Canada . ................ciuuii.n.. 6.6 ceee
Austria-Hungary. ... ........0....... 4.9 18.1
Argentina ... ............... ... ... 4.0 cee
Germany ........................l 3.5 29.1

The average yield per acre varies from ten to thirty bushels.
Russia has the smallest yield per acre while Germany has the
highest. The United States has an average yield of a little over
fifteen bushels for the past five years.

Within the United States the five leading wheat-producing
states are Kansas, North Dakota, Minnesota, Nebraska, and
South Dakota. These five states produce forty to forty-five per
cent of the entire wheat crop of the United States and nearly
ten per cent of the world’s crop. The average yield per acre
within these states is ten and five-tenths to eighteen and five-
tenths bushels. North Dakota has the lowest average yield and
Nebraska has the highest.

Origin of wheat.— The origin of wheat is unknown, since its
cultivation precedes all history. De Candolle states: ‘‘Very
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ancient Egyptian monuments, older than the invasion of the
shepherds, and the Hebrew Scriptures show this cultivation
already established.”’ Evidence points toward Western Asia
as the probable home of the original wild plant from which
wheat has been developed.

Range of wheat.— Wheat in some of its forms is now grown
throughout the world in all kinds of environments, having a
wider range than any other cultivated erop except barley. It is
grown in practically all civilized countries, from the hottest to
the coldest, and at practically all elevations where civilized man
lives.

Classification of wheat.—Wheat, like corn, is made up of a
large number of varieties which can be divided into a few rather
distinet groups. These groups cannot be based on texture of
kernel, as was the case with corn, because of the variation in this
character within the same variety when grown under different
conditions. But the basis of the grouping is found in the varia-
tion of structural characters such as the shape of head, character
of the glumes or chaff, adherence of chaff to kernel, etc. The
eight groups commonly used in separating wheats are:

. Common wheat.
Club wheat.
Poulard wheat.
Durum wheat.
Polish wheat.
Einkorn.

Spelt.

. Emmer.

The first group includes most of the wheats cultivated in this
country, the characters of which are well known. The second
group is made up largely of soft wheats grown on the Pacific
coast but is distinguiched from common wheat by a short head
which is dub-shaped and a short stiff straw. These two groups
make up the bread wheats of the world. Groups three, four,
and five are distinguished from all other wheats by having a
pithy stem and unusually long kernels. Poulard is distinguished
by branched heads; durum by long, light amber, very hard ker-
nels; and Polish by very large, thin chaff. These wheats are
used largely for the manufacture of macaroni, etc. Einkorn,
spelt and emmer are distinguished from other wheats by retain-
ing the chaff when threshed. Einkorn has only one grain in each
gegment of the head while spelt and emmer have two grains.
Spelt possesses a long, very lax head, while emmer has a rather
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short, very compact head. A great deal of the emmer now on
the market is sold under the name spelt. These three wheats are
of little importance in this country but are grown in some poor,
dry soils, and are used for stock food.

Regional types of wheat.— The United States can be divided
into regions according to the types of wheat grown. The accom-
panying diagram map illustrates these regions. Some of the
varieties extensively grown in each of these regions are given

below:

SOFT WHITE WINTER

SEMI-HARD SPRING

Dawson’s Golden Chaff
Gold Coin
Early Red Clawson

Marquis
Fife
Preston

RED WINTER WHEAT
(Semi-hard)

SEMI-HARD SPRING

Fulcaster
Fultz
Poole

Red Wave

Nigger
Red

Mediterranean
Lancaster
Dawson’s Golden Chaff
garmer’s Friend

Y8y
Rudy

SOFT RED WHEAT

SEMI-HARD BPRING

Fultz
Currell Prolific
Harvest King

Fulcaster
Leap Prolific
Early May

HARD WINTER WHEAT

SEMI-HARD SPRING

Turkey
Karkov
Malakov

Kanred
Fultz
Harvest Queen

HARD SPRING WHEAT

SEMI-HARD SPRING

Marquis Bluestems
. Minnesota No. 163
Fife
IRRIGATED WHEATS SEMI-HARD SPRING
Gold Coin
Alberta Red

Club Wheats
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PACIFIC COAST SOFT WHEAT:; SEMI-HARD SPRING

California Club Sonora

Gold Coin Australian White
Little Club
Bobs

Early Baart

F1e. 21.—Wheat regions of the United States.

These varieties are not always the best varieties to grow in
these regions but are the varieties most widely grown at present,
which is a more or less reliable guide as to what is best. Like-
wise the regions overlap each other to a great extent. However,
the rather distinet regions indicate the great influence of envi-
ronment on the type of wheat. For example, the soft wheats
are grown in humid regions of the eastern and southern states;
the semihard wheats in the region east of the Mississippi river
with less rainfall than the above condition; the hard wheats in
the region west of the Missouri river to the semi-arid region.
Thus the hardness of wheat is generally related closely to
humidity and rainfall.

Choice of variety for any region is very important because
next to growing wheat better is to grow better wheat. The best
variety is difficult and in some cases impossible to find, but if




CORN, WHEAT, OATS, BARLEY, RYE 67

the desirable qualities of a good variety are kept in mind, the
choice of a variety will be much simplified. The desirable quali-
ties in good varieties of wheat are: (1) High yield, (2) stiff
straw, (3) early maturity, (4) rust resistance, (5) high gluten
content.

Choice of variety for any region is very important because
small grain production are quite simple. ¥1‘he chief principles
involved are: (1) Fertile soil; (2) elimination of weeds; (3)
compact, finely pulverized seed bed; (4) conservation of
moisture in some cases.

The kind of soil best suited for the production of wheat is
proven by the areas of long-continued wheat culture. Such areas
are mostly on silt or clay loam soils which are not as high in
humus as the best corn soils but which have an abundance of
available plant food. Very little wheat is grown on sandy soils,
because the yield is too small for profit. However, soil has less
influence than climate on wheat production.

Wheat is a delicate feeder requiring a well-compacted seed
bed which permits of a better root development, less drying out,
better contact with sub-soil, and less winter killing. In prepar-
ing such a seed bed early plowing (one to two months before
seeding) has proven considerably better than plowing just before
seeding. Likewise deep plowing (six to seven inches) has
proven better than shallow plowing (three to four inches) where
the plowing is done some time before seeding. Before seeding
the land should be freed of the new growth of weeds, fairly well-
pulverized on the surface and well-compacted beneath.

Rate of planting wheat.—The rate of planting may vary from
six to ten pecks per acre without any material difference in the
yield. On the average the extra bushel of seed will just about
increase the yield one bushel. This wide range in the rate of
planting is permitted because the wheat plant stools or tillers
abundantly under favorable conditions. Thus when seeded
thinly, the number of tillers per plant is greater than when
seeded thickly, resulting in about the same number of heads at
harvest time. Rich land can stand a thinner rate of planting
than poor land because tillering is more abundant under the
more favorable conditions of growth.

Time of seeding wheat depends on the locality. It is usually
advisable to sow six weeks to two months before the soil freezes
in order to permit.of sufficient growth to withstand the winter.
This general rule would mean the middle of September in New
York and later the farther south the seeding is done. Later
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sgedigg is sometimes necessary in order to escape the Hes-
sian fly.

Method of seeding.— There are two general methods of
seeding the small grains on prepared seed beds, namely, broad-
cast and drilling. The results of accurately conducted experi-
ments all show an advantage of two and five-tenths to three and
five-tenths bushels per acre for the drill method. This advan-
tage is ,due to (1) more uniform stand as a result of better ger-
mination since all seed are covered to the proper depth and more
even distribution; (2) less winter killing because the crowns are
better protected. Drilling has the added advantage of giving
clover or grass when seeded with the grain a better chance for
development. .

Mineral fertilizers for wheat.— The fertilization of land for
wheat is becoming more and more important as the natural
fertility is reduced. Wheat is a more delicate feeder than either
oats or corn and thus requires a supply of available plant food.
Generally phosphorus is the element most needed for wheat
and good returns are secured by applications of one hundred
and fifty to two hundred and fifty pounds per acre of acid phos-
phate. Likewise potash and nitrogen are often beneficial, but
where good rotations are followed, including legumes, little
nitrogen is necessary for wheat. Where a complete fertilizer is
used, two hundred and fifty to four hundred pounds per acre
of a three-eight-five, four-ten-five, or some other fertilizer of
similar composition will give profitable returns. Any commer-
cial fertilizer for wheat is applied at or near the time of seeding
unless nitrate of soda is added. In this ease it should be broad-
cast as a top dressing in the spring after growth has begun.
Manure had better be added to grass or the sod before plowing
for corn than as a fertilizer for wheat.

Harvesting wheat.— Wheat should be cut when mature but
not long before as the grain reaches its maximum dry weight
when well ripened. The common method to-day is to harvest
with a grain binder, but the harvest may be done with a self-rake
reaper or with a cradle and bound by hand. After the grain is
bound it is advisable to shock in loose, small shocks for drying.
It may then be stacked in the field or stored in the barn for
future threshing or may be threshed direct from the field if the
weather is very favorable. This last method, however, will
usually result in considerable loss in the eastern United States.

Market grades for wheat.— The farmer is often disappointed
when marketing his wheat to find that it grades quite low, which
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means a corresponding reduction in price. Up until recently
every market had its own grades and it was difficult for the
producer to become acquainted with them. This condition is
now partly eliminated by official grades, made and adopted by
the United States Department of Agriculture, Bureau of
Markets. The official grades and requirements for Soft Red
‘Winter Wheat are as follows:

MAXIMUM LIMITS
oy Foreign material
mum | . orelgn materia Wheats of
test Damaged kernels other than
GRADE | wt. per dockage other classes
No. bushel .
Mois- Matter
ture Heat other
Total ea than
Red damage Total corent Total | Durum
Winter sraing
Lbe. % % % % % % %
1........ 60 13.5 2 0.1 1 0.5 5 2
2. ... 58 14.0 4 0.2 2 - 1.0 10 3
3........ 56 14.5 7 0.5 3 2.0 10 10
4........ b4 15.6 10 1.0 5 3.0 10 10
[ SN 51 15.5 15 3.0 7 5.0 10 10
Sample o e .. . .. ..
==

The same requirements hold true for common white, white
club, and hard red wheats. Slight variations oceur in the grade
and requirements of hard red spring durum.

Uses of wheat.— Wheat is uséd chiefly in the manufacture of
flour for human consumption, either as bread or macaroni, spa-
ghetti, etc. The by-products from the manufacture of flour,
including bran, shorts and middlings, which amount to twenty-
six per cent of the whole, are used for animal food. Special uses
of wheat are (1) stock food, particularly poultry; (2) hay, espe-
cially on the Pacific Coast; and (3) breakfast foods, such as
puffed wheat. The straw is used for bedding animals, as
roughage in winter, and for the making of paper.

OATS

The oat crop stands next to wheat or fifth in importance in
the United States, but as a world crop, wheat is first and oats
fourth. This relationship, together with the rank of other crops,
is shown in the following table taken from the United States
Department of Agriculture Year Books:
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AVERAGE OF YEARS, 1910-1914

WORLD’S UNITED STATES UNITED STATES
CROP PRODUCTION PRODUCTION FARM VALUE
IN MILLIONS OF | IN MILLIONSOF | IN MILLIONS OF
BUSHELS BUSHELS DOLLARS
Potatoes ... .............. 8,369 361 213
Corm.oevvnnnnnnnnnnnnn, 3,867 2,732 1,577
Wheat. o oo ooiviviiit 3,736 728 630
Oats. oovvvnivnnennnnnnn. 4,266 1,168 43
Rice sueveerenincinnennn. 1,880 24 21
Rye.oeivinininnnn.. 1,754 38 28
Barley. .o .ooiievininnn. 1,453 186 111
HaY oo vvvniineananean | e 66* 812
Cotton.................. | .. ... 14,2594 764

In total production of oats the United States is the leading
country, with Russia a fairly close second, followed by Germany,
Canada, France and Austria-Hungary in the order named.
Within the United States the important production is limited to
eight adjacent states; Iowa, Illinois, Minnesota, Nebraska, Wis-
consin, North Dakota, Ohio and Indiana, in the order named.
This order varies slightly from year to year.

The states mentioned above produce about sixty per cent of
all the oats produced in the United States. The average yield
per acre in this group of states for the period 1906-1915 was
thirty-eight bushels, while the average for the United States for
the same period was thirty-nine bushels.

Origin of oats.— Like wheat, the history of oats is not known
definitely, although its cultivation does not date as far back as
that of wheat. Oats did not become important until about the
Christian Era. Considerable evidence points to two wild forms
which are still in existence as the ancestors of our cultivated
oats. Itis thought that Red Texas, with various selections made
from it, King, and Burt, have originated from one form, while
from the other the remaining varieties of cultivated oats have
probably been derived.

Range of oats.— At present the range of oats production is
much more limited than that of wheat. It is more inclined to be
a cool climate cereal although not exceeding wheat in its north-
ern range. Within the United States, however, oats are more
widely distributed than any other crop with the exception of
potatoes. This is due to the high esteem in which it is held as a

2 Millions of tons.
¢ Five hundred bales.
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horse feed and to its adaptation to a rotation in which corn is
grown and not to its profitableness as a crop.

Classification of oats.— Beginning with the above division
made on the probable origin, oats have been divided into groups
and varieties on several characters, such as, shape of head (side
or spreading), color of grain (black, yellow, white, red, or gray),
awns, character of early growth (spring or winter habit), etec.
By the use of these differences, fifty-five distinct varieties have
been recognized. However, as in other crops, there is a very
large amount of named varieties (five hundred to six hundred).
In this number the same varieties have received many names,
and similarly, different varieties have received the same name.

Distribution of oats in United States.— In general, in the
northern tier of states, including Pennsylvania, New York and
all of New England, white oats have grown the best. Most of
the varieties belonging te this group are medium to late in
maturing and include such varieties as Banner, Silvermine,
Swedish Select, Clydesdale, Lincoln, and Welcome. In some
seasons with late springs or when seeding is'delayed, for some
reason early varieties, such as Sixty-Day or Klerson, have
proven generally better than other types. Some varieties
belonging to this group lend themselves to fall sowing, which is
necessary in some regions. Between these two regions lies the
corn belt in which a large diversity of oats is. grown, but in
recent years the earlier varieties which mature before the hot,
dry summer sets in, have been growing in favor. The early type
is about the only one that is grown to perfection under corn-belt
conditions.

Desirable qualities in oats.— In choosing a variety to grow
it is well to keep in mind some of the qualities which are essen-
tial to good oats, the most important of which may be listed as
follows: 1, high yield; 2, early maturity; 3, stiff straw; 4, resist-
ance to smut and rusts; 5, white color; 6, small percentage of -
hull. The last-named quahty of a good varlety of oats has been
much overlooked. The percentage of hull varies from twenty to
forty, and when analyzed is found to be high in crude fiber, ash
and nondigestible carbohydrates, and low in protein and fat,.
which makes it of little value as a feed as compared with the
kernel. On the other hand, a low percentage of hull is usually
associated with a high weight per bushel. For these reasons,
with other things equal, a thin-hulled variety should be grown.

Cultural methods.— The same principles hold with oats as’
with wheat in regard to preparation of the seed bed, only oats’
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are less exacting in regard to soil preparation and respond less
to fertilizers and manure. On account of oats being a coarse
feeder, its soil adaptations are wider than the other cereals.
It will do well on any fairly productive soil se long as the cli-
matic factors are favorble. The richest soils and soils high in
nitrogen often produce too rank a growth in oats, causing lodg-
ing and a consequent loss. So far as fertilizers for oats are
concerned, ordinarily, it does not pay as high returns as when
applied to other grains. In a rotation including oats and wheat,
the fertilizer better be added to the wheat. Fertilizers high in
potash (four-six-six) have given very good results in the north-
eastern states when used with oats.

Generally less preparation of the seed bed has been practiced
for oats than for the other cereals. In fact, experiments have
"-shown that on soil in good physical condition, plowing and har-

rowing have given little increase over disking. It is, however,
better to plow the heavy clay soils of the eastern United States,
either in the fall or very early spring, than to try to prepare the
seed bed by disking.

Time of seeding oats.— Early seeding in the case of oats is
very necessary. This is important because the crop is exacting
in its climatic requirements, growing to perfection only in a

‘eool, moist condition. This is best fulfilled before the dry
‘weather of mid-summer. Seeding in the south begins in Febru-
ary and is not completed in the north until May, but ordinarily
oats should be seeded as soon as the land can be prepared.
Slight freezes after seeding do little or no injury.

Rate of seeding oats.— The rate of seeding oats varies from
eight to ten pecks, but ordinarily there is little or no increase
above ten pecks. The heavier rate is better on a cold, wet soil
or on a soil low in fertility where abundant tillering does not
occur, while eight pecks are sufficient on a warm, well-drained,
fertile soil, where all plants tend to tiller.

The manner and depth of seeding oats are same as for wheat.

Seed treatment for smut.— Where the seed oats is unknown
or where smut is known to be present, treatment of the seed to
kill the smut spores is very profitable. This can easily be done
by dissolving one pound of commercial formalin in forty gallons
of water and sprinkling this solution over the seed oats at the
rate of one gallon per bushel. The seed should be turned as the
solution is added so that all seed will be wet. After the applica-
tion, the seed should be piled up and covered with bags for
several hours, then spread out to dry. This can be done any
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time during the winter or spring, the only precaution is to get
seed well dried after treatment. In any case the seed should be
well dried before attempting the use them in a drill.

Harvesting oats.— Exactly the same methods are employed
here as with wheat. The only difference is that oats may, and
probably better, be cut before wholly mature, since there is little
increase in the kernel during the last stages of maturity, and if
harvested when mature there is an actual loss due to shattering.

Market grades of oats.— Oats have been officially designated
as white, including yellow, red, gray, black, mixed, bleached and
clipped. Each of these groups has been given grades according
to the following table taken from the ‘‘Handbook Official Grain
Standards for Oats’’ of the United States Department of Agri-
culture, Bureau of Markets:

GBADE REQUIREMENTS FOR WHITE, RED, GRAY, BLACK, MIXED, BLEACHED AND

CrrprED OATS
e 2 F] =3
& s 5 — 58
2 2 SE 2 °=
..;o'!’ 8 '§o & 3 <
B T g = g SE
CONDITION AND 0o 23 g% g k] k)
GRADE GENERAL tE gv | &2 g g <
APPEARANCE s3 =R .o R et Be
g El g3 £ = =g
. 3 - = = <
-
'-E-: 3 Not to exceed
~ /7]
1....... Shall be cool and| Lbas. % % o % %
sweet, and of |
good color .... 32 98 0.1 2 2 2
2....... Shall be cool and
sweet, and may
be slightly
stained ....... 29 95 0.3 2 3 5
3....... Shall be cool and
sweet, and may
be stained or
slightly weath-
ered .......... 26 90 1.0 3 5 10
4....... Shall be cool, and
may be musty,
weathered or
badly stained .. 23 80 6.0 5 10 10
Sample
grade| Shall be white, red, gray, black, mixed, bleached or clipped oats, respec-
tively, which do not come within the requirements of any of the grades
from No. 1 to No. 4, inclusive, or which have any commercial objection-
able foreign odor, or are heating, hot, sour, infested with live weevils or
otbo;r insects injurious to stored grain, or are otherwise of distinctly low
quality.
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With the aid of these standard grades the farmer should be
able to determine the grade of his oats before it is taken to the
market. -

Uses of oats.— Oats find their chief use as a horse feed, for
which it has a wide reputation. Many horsemen claim that no
other feed is equal to oats in maintaining condition and high
spirits. A very large precentage of oats produced is used in
this way. Oats likewise make a good feed for sheep and cattle
but is not suited for hog feed on account of the hull. Oats like-
wise have an extensive use as a human food particularly as rolled
oats, which, when properly cooked, make one of the cheapest
and best food products of the cereals. Long cooking increases
both the palatability and the digestibility. Oats have been
employed as a human food for many centuries.

Oat straw is used as a roughage and as such is more valuable
than the straw of other cereals. When not used in this way it
should be employed as bedding, thus being returned to the soil.
Even as bedding it has a value of at least three dollars per ton.
Consequently, it should never be burned, as is sometimes
practiced.

Another important use of oats, particularly on the Pacific
Coast, is for hay. When so used it is cut in the milk stage and
handled and fed as any other grass or legume. When used as
hay it is often sown with field peas or vetch. Hay made in this
way is very nutritious and is readily eaten by all kinds of stock.

BARLEY

Barley, although important as a grain crop, is less so both as
a world crop and as a crop in the United States, than either corn,
wheat, or oats. It ranks seventh in importance among the crops
of both the world and the United States as seen from the data
given on page 70. The world’s production averages about one
and a half billions of bushels, of which Europe produces sixty
per cent, North America nineteen per cent, and Asia seventeen
per cent, the other continents producing comparatively little.
Among the countries, Russia is by far the leader, producing
about three hundred and eighty millions. The United States
ranks second with about two hundred millions, with India, Ger-
many, Austria-Hungary and Japan following in the order
named. Within the United States, the leading states are Cali-
fornia, Minnesota, North Dakota, South Dakota and Wisconsin,
as based on the average production during the years 1914-1918.
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This order varies to some extent with the season. The five states
above mentioned produce about sixty per cent of the barley in
the United States. Very little barley is grown in the corn belt
as it comes in direct competition with corn both as a stock food
and for the market.

Origin of barley.— Barley, like wheat, has played an impor-
tant role as a food since the beginning of history. It was grown
by the people of Western Asia nearly two thousand years before
the Christian Era. Specimens have been found in the very old
Egyptian tombs and some of the oldest coins bear figures of
barley heads. The plant from which barley originated is not
definitely known but it is thought by many investigators that a
two-rowed wild form found near the Red Sea is one, if not the
only, ancestor of our cultivated barley.

Range of barley.— Barley probably has the greatest range of
all cultivated crops. It is grown at higher altitudes and lati-
tudes than wheat and is also grown within eighteen degrees of
the equator. Certain varieties will mature in 100 days as far
north as Alaska, while others in different localities require much
longer periods of growth. There are both winter and spring
varieties. The winter varieties are less hardy than winter
wheat but the spring varieties are much more hardy than spring
wheats.

Classification of barleys.— Due to the wide range of produc-
tion of barley many distinct varieties have been developed, and
as in other grains, there is much confusion in the naming of
varieties. On account of this confusion some kind of a classifi-
cation is necessary. The most common classification is based on
the number of rows of fertile spikelets and the attitude and
width of head as follows:

Head?1 lax and noddingI "
(Chevalier, Hanna, Hannchen, etc.)
Two-rowed Heads erect and broad

(Goldthorpe, Primus, etc.)
Barley

He&%; laiqugdd;ngh Featherston, Bay Brewing, et
Six-rowed - eidsa::ecl:r;:d b:;aguc er, Featherston, Bay Brewing, etc.)
(Triumph, Utah Winter, etc.)

Within the four types there are many variations consisting of
forms of hulled and hulless; awned and hooded; white, blue,
purple and black, ete. It is only the lax types, however, that
have become important in the United States. The lax two-rowed
types, including Chevalier, Hanna, Hannchen, etc., are mostly
grown at the high elevations in North Dakota, South Dakota
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and Montana. They are also very important in Canada. The
six-rowed types, chiefly Manchuria-Oderbrucher, are grown in
the area east of North Dakota and south to the Ohio river. Bay
Brewing is the leading barley in California, while in the South
winter varieties are employed.

Desirable qualities in barley.— In choosing a variety to grow
the following characteristics of a good barley should be consid-
ered: (1) Yield; (2) stiff straw; (3) early maturity; (4) thin
hull; (5) white or yellow color; (6) uniformity in size of grain;
(7) hulled barley; (8) mealy kernel The last five qualities are
more important if the product is to be marketed as these charac-
teristics are very important in malting.

Cultural methods.— Barley is usually grown in the same
relative place in a rotation as oats but requires a better prepared
seed bed. Consequently it is well to plow in the fall and work
the ground early in the spring until a firm seed-bed with a fine
mellow surface is secured. If the plowing is delayed until spring
it should be done as early as possible to permit of settling. As
good results cannot be expected with barley seeded on a poorly
prepared seed bed as with oats. When barley is grown as a
winter crop it is put in after corn or cowpeas and the soil is
simply disked well and seeded.

Rate, depth, and manner of seeding.— The rate of seeding
barley is from six to eight pecks per acre. The same principles
hold in regard to the effect of climatic and soil factors on rate
of seeding as hold in the case of oats. The depth and manner of
seeding are the same as for wheat.

Harvesting barley.— Barley is ready to be cut when the
kernels are in the hard dough stage and the straw and head
golden yellow in color. The handling after cutting is similar
to wheat and oats. An extra precaution should be taken, how-
ever, to prevent bleaching or weathering if the crop is to be
marketed. Bleached, discolored grain has a low market value,
but may not be materially damaged for feed.

Uses of barley.— Bafley is used chiefly for malting purposes
and for stock food. It is alse used for human consumption and
as hay in the South and on the Pacific Coast. The brewing
interests have at least up to date determined very largely the
price of barley and also dictated the kind of barley that should
be grown. They have been able to do this because such a large
percentage of the barley produced has been used for malting.
The characteristics of a good brewing barley have already been
given and it is the varieties that come up to these standards that




CORN, WHEAT, OATS, BARLEY, RYE 77

are being grown extensively to-day, namely the lax, nodding
i3,:ellow or white bearded varieties of the two- and six-rowed
orms.

As a stock food, barley has about the same feeding value as
shelled corn. It may be fed whole or ground. It makes a better
feed for hogs than for other stock. Barley straw is usually not
fed on account of the beards which cause injury to the mouths
of stock. When used for hay, beardless or hooded varieties are
usually employed.

The by-products of brewing also have considerable feeding
value. Brewer’s grains and malt sprouts are both fed to stock
and are a rather cheap source of protein.

RYE

Rye is more important as a world’s erop than barley, ranking
sixth among the leading crops of the world. However, it stands
ninth in importance as a crop in the United States, as seen by
the data given on page 70. The world’s production of rye is
from one and five-tenths to one and nine-tenths billions of bush-
els per year, over forty per cent of which is produced in Europe.
North America stands second as a continent in production, with
about three per cent of the total. Russia easily stands first as
a country, with more than fifty per cent of the world’s produc-
tion; Germany ranks second, with about twenty-five per cent,
followed by Austria-Hungary, United States, France and Swe-
den in the order named. In both Russia and Germany more
rye is produced than wheat. The United States has had an
average yield of fifteen and seven-tenths bushels per acre during
the period 1914-1918. The leading states in order of their pro-
duction during the same period were: North Dakota, Wis-
consin, Minnesota, Michigan, South Dakota and Pennsylvania.
It is only in very recent years that the Dakotas have become
important rye producing states.

Origin of rye.—Rye probably came into cultivation about the
same time as oats, near the beginning of the Christian Era.
Evidence seems to point to Northern Europe as the region of
earliest culture. The progenitor of cultivated rye is thought
to be a wild perennial form now found growing in Northeastern
Europe, but this cannot be definitely proven.

Classification of rye.—In direct contrast to other cereals, rye
is represented f)y only a few varieties varymg somewhat in
color of grain (white, brownish or green); in shape of head,
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and in habit of early growth (spring and winter). Only the
white or yellow winter ryes are grown to any extent in the
United States.

Cultural methods.—Rye is adapted to a wide range of soil
and climate. It can be grown on lighter soil and further north
than wheat. It is likewise more resistant to winter injury. It
is sometimes known as the grain of poverty, because it can be
produced on soils too poor and in too severe climate for other
cereals. This ability to overcome adverse conditions does not
mean that it will not respond with a larger yield to more favor-
able soils and climate.

It will pay to prepare the seed bed well when seeding rye,
although a fairly good crop can be secured by drilling in corn
without preparation, or after the corn is cut off by disking. The
rate of seeding varies from five to ten pecks where grain is
desired. If grown for straw, a lesser amount is needed, and if
grown for green manure even more may be desirable.

The time of seeding rye is somewhat earlier than for wheat,
but rye is not exacting in this regard. It may be seeded early
and pastured in the fall to prevent jointing, or may be seeded
very late so that it barely germinates and yet yields a very good
crop. Such extremes are not to be recommended, however,
when yield is the prime object.

Rye, like wheat, will respond favorably to fertilization.

Harvesting and threshing rye.—Rye is grown both for the
grain and for the straw. When grown for the grain it is har-
vested and threshed just as wheat, but when the straw is desired
the rye is cut while quite green, tied in small bundles, cured
carefully and stored inside as soon as possible to preserve the
color of the straw. After having been thoroughly cured in
this way, the heads only are threshed and the straw thrown
aside. The straw thus secured is used for horse collars,
upholstering, ete.

Uses of rye.—Rye grain is used for stock food, and for human
consumption. The straw is used for bedding and as described
above. The green plants are used for pasture and for green
manure. Thus it is seen that rye has a greater diversity of
uses than most of the cereals. Some of these uses need special
mention. Rye bread is the staff of life in some European coun-
tries just as wheat bread is in the United States. Rye straw,
when of good quality, sells for nearly as much as second-grade
timothy on ihe markets in the big cities. Thus the straw is
sometimes worth as much as the grain. Rye makes one of the
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best plants for green manures. It grows well in the soils most
in need of assistance and is very hardy. As a pasture it can be
used both in the fall and in the spring. It can also be used
effectively as a soiling crop.

Rotations for small grains.—The advantages of a crop rota-
tion over continuous culture have already been given under
corn, likewise a short list of standard rotations. Therefore,
they need not be repeated here. Barley and rye do not appear
in the rotations, but barley may be substituted for oats and rye
for wheat in any of the rotations where it seems to be desirable.
Likewise rye may be used in practically all rotations as a catch
crop to be plowed under for a green manure.

Small grains practically always follow inter-tilled crops
regardless of the rotation. There are good reasons for this
practice, as follows:

(1) The inter-tilled crop helps to prepare the soil for the
small grains.

(2) Small grains are more delicate feeders than tilled crops
and consequently cannot take advantage of coarse manures and
organic matter.

(3) Small grains can endure a more exhausted soil than tilled
crops.

(4) Permits of equal distribution of farm labor.

(5) Land is kept more fully occupied with crops.

(6) Small grains serve as nurse crops for grass and clover.

The matter of the place in the rotation of any one crop is
not so important, however, as the matter of rotating.

Rotation of crops is absolutely essential to an economic system
of maintaining soil fertility.

Improvement of small grains.—The same methods are avail-
able for the improvement of small grains as for corn, namely:
introduction, selection and hybridization or erossing.

Until the present time, introduction in the case of small grains
has been far the most important in the United States. This
is naturally to be expected since the small grains were grown
hundreds and in some cases thousands of years in Europe
under very diverse conditions before America was discovered.
During that period many varieties with special adaptation were
developed, many of which have been introduced into this coun-
try and have immediately come into prominence in regions
similar to the region from which they were introduced. Sev-
eral agencies have played an important part in the introduec-
tion, namely, United States Department of Agriculture, seed
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associations, seedmen and individuals. A few of the important
introductions are as follows:

‘WaEear — Mediterranean, Fife, Turkey Red, Kubanka, Daw-
son’s Golden Chaff. :

Oats — Swedish Select, Klerson, Sixty-Day, Clydesdale.
BIBA;.LEY — Manchuria, Hanna, Swan Neck, Hannchen, Smyrna

ac

RyE — Abruzzes, Ivanov, Giant Winter.
. It is the second method of improvement, however, in which

the average producer can and should take part. Improvement
by this method may be made by sorting, by mass selection, or by
pure line selection. By sorting is meant the selecting out of
mixtures in a given lot and thus purifying the variety, or by
sorting out the heavy from the light, or the large from the small
seed. Practically all commercial varieties now grown are mixed
badly —in fact it is the exception to see a clean field. For this
reason effort should be made to eliminate the undesirable types.

Light versus heavy seed.— Much has been said in regard to
the value of heavy over light or large over small grain for seed
purposes, likewise much work has been done by experiment sta-
tions, as the following table shows:

4 LENGTH
_ : LARGEST | BMALLEST
GRAIN BTATION | OF i‘;‘;’f:l HEAVIEST | LIGHTEST CHE

Wheat ............. Ohio 8 30.82 30.20 31.08
OQats ............... Ohio 4 58.98 58.01 58.43
Wheat ............. Kan 4 29.13 27.60 29.00
Wheat ............. Nebr. 11 31.80 31.40 31.90
Oats.........evnn Kan 9 30.90 27.50 29.89
Qats ............... Nebr (] 58.80 57.60 58.30

These data show very conclusively that there is very little
gain by the use of heavy or large seed, but does not prove that
fanning or screening to eliminate weeds, dirt and chaff is not
profitable. The only advantage of large and heavy seed is in
seasons unfavorable for early growth, at which time more food
material is furnished by the larger seed. Where seed is clean
and plump it is doubtful if any gain is made by separating out
the heavy and large seed for planting.

Mass and pure line or pedigree selection and hybridization as
methods of improvement require more time and labor than most
producers care to give. Careful and detailed tests must be made,
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all seed kept separate, etc. For these reasons they are not dis-
cussed in detail here.

Pests of small grains.—The common pests of small grains may
be divided into three classes: (1) Weeds; (2) insects; (3) para-
sitic fungi. The methods most generally employed to combat
these pests are: (1) Crop rotation; (2) cultivation; (3) quick
growing crops; (4) seed treatment; (5) pure seed.

Weeds as a pest are always present and without exception
cause considerable loss by using up the available plant food and
water as well as by shading and preventing proper root develop-
ment of the plants. This loss in the grain fields of Minnesota
alone is estimated at $2,000,000 annuaily.

Weeds are of three classes: (1) Annuals, plants maturing in
one year; (2) Biennials, plants maturing in two years; (3) Per-
ennials, plants that grow many years, but seed every year.
Examples of these weeds that are bad in grain fields together
with control method follow:

‘WEED

CONTROL METHOD

Wild mustard
Tumble mustard
Corn crackle
Chess or cheat
Common ragweed
Wild oats

Fox tail

Annuals ........

Clean cultivation, rotations, pure seed,
and pulling

Wheat never turns to cheat, but the per-
centage of cheat may continually in-
crease because it is not cleaned out of
the seed wheat.

Bull thistle

Biennials. . .. .... Evening Primrose

Prevent seeding by clean culture and
rotation, not very troublesome in grain
fields.

Canada thistle
Morning Glory

Quack grass

Perennials .. ....

Summer fallow, deep fall plowing, short
rotations, clean cultivation, pasturing
with sheep. Any way in which to starve
out the underground stems.

Insect pests are of two classes: (1) Those that attack the

growing plant; (2) those that attack the threshed grain. The
most destructive members of each class are given below with a
brief description of method of control:
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CLASS

INSECT

0

PLANT
ATTACKED

CONTROL METHODS

Insects attacking
growing plants

Hessian fly

Wheat, barley,
rye

(1) Delaying seeding until late
or until the second brood
of adults have disappeared.

(2) Burning stubble.

(3) Planting a drill width of
wheat early for eggs to be
deposited on and plowing
under later.

(4) Crop rotation.

Clinch bug

Corn, all
small grains,
grasses

(1) Elimination of dirty fence
rows and burning over
grass lands in winter to
destroy the adults which
are hibernating.

(2) During periods of migra-
tion from one field to an-
other adults may be de-
stroyed by plowing and
harrowing finely. Strip 10
to 15 feet wide in their
path. Heat and dust over-
come the insects.

Army worm

Corn, amall
grains,
grasses

(1) Plow a furrow around field
to be protected and keep
bottom of furrow pulver-
ized and sides steep.
Worms cannot climb verti-
cally or endure dust.

(a) Poisoning & strip around
field with paris green.

Insects attacking

stored grain

Wheat midge

Yheat

(1) Crop rotation; (2) deep
fall plowing; (3) burning
of chaff and screenings.

Granary
weevil

Corn, wheat,
barley, oats

Saw-toothed
grain weevil

Grains,
Flour, meal,
breakfast

foods

Augoumois
grain moth

All cereals,
buckwheat

(1) By heating grain to 118° to
120° F. for a period of 8
to 10 hours.

(2) By fumigation with hydro-
cyanic acid gas (1 oz. po-
tassium cyanide, 1 oz. sul-
furic acid and 3 ozs. water
to 100 cu. ft. of space).
Dangerous.

(3) By fumigation with carbon
bisulphid (1 1b. to 35 bush- °
els of grain). Place in
shallow on top of
grain in tight bin or box.

t then evaporates and set-
tles. Also very dangerous.
Any one of these methods
are effective in controlling
insects attacking stored
grain.
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There are many other insects of minor importance not men-

tioned above.

Parasitic fungi probably do less damage than either weeds or
insects, but the annual loss from fungi alone is estimated at
about $50,000,000. The fungi attacking small grains may be
Rusts, smuts, and miscellaneous
fungi. The most destructive members of each class are given
in the following table, together with methods of control:

divided into three groups:

CLASS

FUNGI

PLANTS
ATTACKED

CONTROL METHOD

Orange leaf
rust

Wheat, rye

Black stem
rust

Wheat, oats,
rye and
barley

Crown rust

Oats

Rusts cannot be controlled, but
the damage done may be re-
duced by (1) using rust re-
sistant varieties; (2) using
early maturing varieties to
avoid the rusts; (3) seeding
early for same reason; (4)
avoiding dums, low places,
and (5) avoiding over pro-
duction of vegetative growth.

Bunt or stink-
ing smut

Wheat

Loose smut

Oats

Covered smut

Oats

Covered smut

Barley

These four smuts are carried
from one crop to another by
means of spores on the seed
and may be controlled when
.all smut balls have been
blown out by (1) formalin
treatment already. described
under oats; (2) hot water
treatment used in Euro
and to some extent in U. S,,
but more trouble and less
effective than formalin treat-
ment.

Loose smut

Wheat

Naked smut

Barley

No control method, as it is car-
ried within the kernel from
one crop to the next. May
be reduced by hot water
treatment (wheat 10 minutes
in water, 129° F.).

(Barley 13 minutes at 126° F.
after being soaked 4 to &5
hours in cold water.)

Miscellaneous fungi

Ergot

Rye, barley,

wheat

Plant clean seed. Does not
cause much loss to the crop,
but is dangerous when fed to
stock.




CHAPTER IV
FORAGE AND SOILING CROPS

By Freperrc W. OLDENBURG, B.S.!

“Forage crops’’ includes those plants that are grown pri-
marily to be fed whole, either green or cured, to live stock. Not
only does this include the grasses, millets, clovers and alfalfa,
but soy beans and cowpeas, corn and sorghum and -any other
crop when used in this way.

Soiling is the term used when the crop is cut green and carried
to the animal. 'When the finer stemmed plants are cut and cured
the resulting produce is called hay. Curing does not mean
merely drying, but that under proper conditions a slow fermen-
tation takes place, due to the presence of enzymes in the plants,
which gives hay its characteristic aroma. In the North the term
‘‘fodder’’ is used in connection with the corn plant when cut
and fed without removing the ears, and ‘‘stover’’ with the ears
removed. In the South the term fodder is applied to the dried
tops and leaves taken from the standing corn before it is fully
matured. Both terms are also used in connection with sorghum,
kafir corn and other coarse-stemmed plants.

Distribution.—Owing to the fact that ‘‘forage crops’’ include
such a wide variety of plants adapted to various soil and climatic
conditions, they are widely distributed over the United States.
According to the census of 1909, these crops occupy fully one-
half of the cultivated land. However, in some sections of the
country they are much more important than in others. In New
York and the New England states fully eighty to ninety per cent
of the improved land is given over to pasture, hay and forage.
This is due to the excellent markets for hay furnished by the
big cities and by the dairy interests. In the West, while the
percentage of improved land is small, more than forty per cent
is occupied by hay and forage. In the Lake States, while the
acreage is large, the part occupied by the forage crops is small.
In the South the forage crops occupy only five per cent of the
improved land.

Varieties.—Timothy and clover mixed is the principal forage
crop in the northeastern part of the United States from southern
Vu'g'mla and Kentucky northward, and east of the Missouri
river (see Fig. 1). Corn silage, whlch is classified as coarse

1 Maryland Africultural College.
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forage by the Census Bureau, is also important in this section,
while red top and orchard grass are common in parts of New
England. Cowpeas and corn fodder stand first in the South,
but in the drier regions, in western Texas, Oklahoma and Kan-
sas, sorghum and kafir corn take this place. Farther north, in
the spring wheat region, wild and prairie grasses rank first.
Alfalfa is the principal forage crop in that part of the corn belt
west of the Missouri river and in the irrigated regions on both
sides of the Rocky Mountains. On the high plateaus of these
mountains timothy stands first, and timothy and clover in the
western part of Washington and Oregon. ‘‘Grains cut green’’
are the most important forage crop in California and Oregon.

Fig. 22.—Leading varieties of hay.

TEN LEADING STATES AND THE UNITED STATES
. STATES MILLIONS Of ACALS MILLIONS OF TONS |  ACRES PER FARM

10WA
new YORK
NEBRASKA
KANSAS
MINNCSOTA

. MISSOUR!
SOUTH DAKOTA
ILLINOIS
OHIO
PCNNSYLVANIA

10 10 30 60 80 900 8 » 2030 W W8N

_URITED STATES

F1a. 23.—From the Geography of the World’s Agriculture,
U. 8. Dept. of Agriculture, Office of Farm Management,
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ACREAGE, PRODUCTION AND VALUE ACCORDING TO THE CENsSUS oF 1909

. PRODUCTION
LEADING VARIETIES ACRES (tons) VALUE

Timothy and clover mixed.......... 19,542,382 24,748,555 $257,280,330
THMOthY « v o e vevvevrrinaanannns 14,686,393 17,985,420 188,082,895
ClOVET « v eeeeeeaeieeianannnn. 2,443,263 3,158,324 29,334,356
Grainscut green................... 4,324 878 5,367,292 61,686,131
Wild and’ prairie grasses........... 17,186,522 18,383,674 91,026,169
Miscellaneous tame grasses.......... 4,218,957 4,166,772 44,408,775
Coarse forage ..................... 4,034,432 9,982,305 46,753,262
Alfalfa. ...t 4,707,146 11,859,881 93,103,998
Millet. . .. ..oiviiiie i iiininennnnns 1,117,789 1,546,533 11,145,226

Timothy.— In the United States timothy is the most important
grass grown, either alone or with clover. According to the cen-
sus of 1909, there were 14,686,393 acres grown alone and
19,543,382 with clover. This total of more than thirty-four
million acres produced nearly forty-three million tons of hay.
The reasons for its great popularity are not hard to find. Among
these may be mentioned, (1) the cheapness of the seed. This
is due to the fact that timothy is prolific in seed production which
is easily procured. (2) It yields well and makes an excellent
grade of hay, both when grown alone or in mixtures. (3) When
cut late it still makes a good grade of hay. (4) It is the best
known and in great demand by the city trade. -

Much the greater part of the timothy is grown in the region
north of the Ohio and east of the Missouri (see Fig. 2). This
broad section has the cool humid climate most favorable to its
best development. To the westward the climate becomes too
dry, to the southward it becomes too hot for favorable produc-
tion. Itis a cool climate crop, and is adapted to the well-drained
clay and loam soils of this region.

Rotation.—The most common practice in the timothy-growing
region is to have the.timothy follow the small grains in the rota-
tion. In that part of the country where winter wheat, corn and
oats are grown, the rotation consists of corn, oats, wheat, each
one year, followed by timothy or timothy and clover for one to
three years or more. In the southern part of the timothy region,
however, where oats do not thrive well, the rotation is more
often corn, wheat, followed by timothy or timothy and clover.
In the more fertile soils of the corn belt it is a common practice
to give not more than one year to timothy or to timothy and
clover in a three or four-year rotation.

In these rotations the corn may be replaced by potatoes or
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some other cultivated crop. Rye, soy beans or cowpeas may take
the place of wheat or oats.

Seeds.—Timothy seed has such a characteristic appearance
that adulteration with other seeds is almost impossible without
being easily detected. While the legal weight is forty-five
pounds to the bushel, it may vary from forty-two to fifty pounds.
In any sample it will be found that a part of the seeds retain
their hulls.

Under good storage conditions seed may retain its vitality
for five years, after which it deteriorates rapidly under ordinary
conditions. Seed more than two or three years old will gen-
erally be found to have deteriorated considerably. Good seed
should be about ninety-nine per cent pure and have a viability
nearly as high, and will ordinarily germinate in five or six days.

Methods of seeding.—A common practice is to sow timothy
with the wheat or rye in the fall, adding clover in the late winter
or early spring. The timothy seed is sown by means of a grass
seeder attachment that scatters the seed either in front or behind
the drill hoes, generally in front, which insures a better covering.
" Sowing timothy with a winter grain crop has a number of advan-
tages. It enables the timothy to form well-developed roots
before the hot summer weather, and since the winter grains are
cut earlier than spring grains there is less competition for water
on the part of the former. With both winter and spring grains
it requires but one preparation of seed bed, but with winter
grains the seed bed generally has more time to settle, making a
better seed bed for grass than is the case with spring grain.

In much of the timothy-growing region no winter wheat is
grown, and the timothy is commonly sown in the spring with
oats. This grain shades the ground more and is credited with
using more water from the soil than wheat or barley. If, how-
ever, oats is used as nurse crop, not more than two to two and
one-half bushels per acre should be sown. The grass seedlings
will then have a better chance to survive.

‘When sown with winter grain timothy is not always success-
ful. This is often the case in the southern part of the timothy-
growing region where the summers are hot and dry. The more
vigorous grain robs the soil of moisture, and after harvest the
young timothy plants are destroyed by the sudden exposure to
the sun. On fields foul with weeds the timothy may be crowded
out, and if there is not & total failure there is at least a decrease
in both quality and quantity of the hay.

‘Where failures occur when sown with winter wheat a common
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practice is to sow the timothy alone the following summer. The
plan is to sow the grain in the fall as usual, but without the
timothy, and as soon as practicable after the grain is harvested
the following season to plow down the stubble and prepare a
good seed bed. If sown in August a good growth will be made
that season, and the crop may be cut the following summer, at
the same time as if it had been sown the fall before with the
winter grain. Where the growing season is long enough as it is

F16. 24.—Soil in good tilth. The Meeker harrow is a very efficient pulverizing
tool. It consists of a series of small disks fitted rigidly to a straight axle.

- —Indiana LEzperiment Station, Farmers Bulletin 202.

in the latitude of Virginia, clover may be put in at the same
time. :
‘While summer planting makes it necessary to prepare a seed
bed especially for the grass, the process will destroy many
weeds, making a better quality of hay, and the increased yield
will pay for the extra labor.

Seed bed.—A well-prepared seed bed is important. The soil
should be well compacted, firm below, with a well mulched sur-
face above. In this condition the seed bed will retain moisture
well and give a good start to the seedlings. If the plowing has
been done early enough to allow the seed bed to settle thor-
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oughly, and if it is well disked and harrowed, it is not necessary
to pulverize the surface completely. In fact, under these con-
ditions the ideal seed bed is one covered by fine lumps one or
two inches in diameter that have been brought to the surface by
the harrow. These small lumps afford winter protectlon to the
seedlings.

Rate of seeding.—The amount of seed sown per acre varies
in different sections and with different farmers from eight to
thirty pounds. Fifteen to twenty pounds are generally sown.
If only eight pounds per acre are planted there are nearly two
hundred seeds to the square foot, while one hundred plants to
the foot would be a good stand. If mixed with red clover eight
pounds of each may be used, and if alsike is included, the follow-
ing: Timothy, eight pounds; red clover, six pounds; alsike, two
to four pounds.

Fertilizers and lime.—As ordinarily grown in a rotation, tim-
othy receives only the residual effects of the fertilizers applied
to the grain crops. The practice of applying manure and com-
mercial fertilizers as a top dressing on timothy meadows has
shown such good results that many believe that the best results
are obtained when used in this way. Manure gives the greatest
net return when spread evenly over the whole meadow rather
than placing all of it on part of the field. Nitrogen in some
form brings the greatest increase. The results with phosphorus
are not so striking. These fertilizers should be applied in a
soluble form early in the spring just after the first growth starts
so that the rains can carry them into the soil. The crop follow-
ing the timothy shows a decided improvement not only from the
residual effect of the fertilizer applied but to the increased
amount of root growth plowed under. Whether or not it pays
to use commercial fertilizer, especially nitrogen, depends on the
relative price of hay and fertilizer and to the increase that can
be obtained.

A good top dressing for meadows consists of one hundred to
one hundred and fifty pounds of nitrate of soda and one hundred
and fifty to two hundred and fifty pounds of acid phosphate per
acre, and on soils that need potash fifty to one hundred pounds
of sulphate or muriate of potash.

When soils are acid, which is generally the case in the older
settled regions, the application of lime will generally increase
the yield. With clover and timothy mixtures a decided increase
is generally due to the greater growth of clover, for clover
receives the greater benefit from the application of lime.
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Time to cut for hay.—When the bloom begins to fall or soon
after is regarded by most farmers as the best time to cut for
hay. If left till the ‘‘dough’’ stage there will be some increase
in weight, but some loss in digestibility. While the later cuttings
are easier to cure, there is also some loss in palatability. This
is shown by cattle; when fed hay alone they will choose the
earlier cut hay. However, when they receive other feed with
the hay, they show no preference, indicating that the difference
in palatability must be slight.

Yields.—While the average yield in the United States is only
one and twenty-two one hundredths tons per acre, on good fields
it is not far short of two tons, and on rich well-fertilized fields
in the Northwest the maximum yield may reach four and one-
half tons per acre.

Pasturing timothy.— Continuous and close pasturing may
destroy timothy. Each stalk of timothy has a bulb at its base
that is easily injured by the trampling of farm animals or by
close grazing. In any case a decreased yield of hay may be
expected after pasturing timothy closely.

It is, however, a good practice to include timothy in pasture
mixtures, for on account of its quick growth it will furnish a
large amount of palatable grazing when conditions for its growth
are favorable, and by the time it has disappeared the slower-
growing plants, such as blue grass and white clover, will have
taken its place.

Timothy and clover mixtures.—It is a good practice to sow
clover with the timothy. Timothy, like other true grasses, takes
plant food from the soil and adds nothing except the organic
matter in its roots and stubble. Clover increases the fertility
of the soil by adding nitrogen taken from the air by the bacteria
that live in the tubercles found on the roots. It also adds more
organic matter to the soil than timothy, and is of greater feed-
ing value, being much richer in protein. If a good stand of
clover is secured the yield of hay the first year will be more
than with timothy alone. The second year the yield is mostly
timothy, due to the fact that clover is a biennial and timothy a
perennial plant.

In the winter wheat region, timothy is usually sown in the
fall with the wheat, and the clover is added in the spring. When
early fall planting without a nurse crop is practiced the clover
is planted with the timothy.

Both the medium red clover and the mammoth red clover are
grown with timothy. Medium red clover matures earlier than
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the mammoth and is favored where early cutting is practiced.
Where, on account of farm operations, late cutting is the com-
mon practice, mammoth clover is commonly grown. Where
these clovers fail, alsike clover often succeeds, and should be
sown with the timothy. It grows on soils too acid or too wet
for the red clovers. Alsike clover matures even earlier than the
medium red clover and is generally overripe by the time timothy
has reached its best cutting condition. It greatly adds to the
feeding value of the hay, however, and, like other clovers, adds
to the fertility of the soil.

Life history.—Timothy is a perennial plant, propagated from
year to year by means of small bulblets formed each year at the
base of the stem about seeding time. The following spring these
bulblets send out roots and stems which in turn produce bulblets
for the next crop. Timothy usually reaches its maximum growth
the second or third year, after which it declines unless the soil
is very productive or the sod has been well top dressed with
manure, fertilizer, or both.

Redtop.—This is known as Herd’s grass in some parts of
the South and holds an important place as a forage crop. It is
a perennial, with small wiry stems, usually about thirty inches
tall, bearing flat leaves about one-quarter inch' wide and four
to eight inches long. It has an open, erect, many-flowered pan-
nacle. Vigorous shallow rootstalks, two to six inches long, are
usually present. These are constantly producing new stalks.
When growing isolated, tufts are formed, but in pure cultures
a fair turf is produced.

Soil and climatic adaptations.— Redtop has a wider range
than timothy both for soil and climatic conditions. It reaches
its best growth in & eool climate on moist soils, but it will grow
on soils that are either too wet or too dry for timothy. It will
withstand more acidity, at least as much cold, and thrive where
it is too hot for timothy. It has, consequently, a wider range
than any other cultivated grass.

Seed and seeding.—Redtop seed is smaller than that of other
commercial grasses, and it should consequently be pure, since
foreign seeds can easily be screened out. It is grown chiefly
in southern Illinois and is sold in two grades, known as ‘‘chaffy’’
and “‘recleaned’’. The former weighs about fourteen pounds
to the bushel, while the recleaned should weigh about thirty-six
pounds. The latter should be used as it is cheaper and less apt
to contain noxious weed seeds. It may be seeded about the
same time and manner as timothy. Ten pounds of recleaned
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seed per acre or a corresponding amount of seed in the chaff
will be sufficient for a good stand when seeded alone. When
sown with other grasses four or five pounds are commonly used
for hay mixtures, while two or three pounds per acre will be
found sufficient for pasture mixtures, as it spreads readily.
Timothy, redtop and alsike clover make a good mixture.

Value and uses.—It is the most important hay crop in por-
tions of the New England States. In the rest of the timothy
growing states of the Northeast it is second only to blue grass
as a pasture grass. The hay is somewhat tough and is not
popular on the market. For home use, however, it should be
included in hay mixtures, especially if the soil is somewhat
sour or wet, for it will increase the yield. The best results are
obtained if cut early. After the blossoming period a rapid
deterioration in quality takes place. In yield it is exceeded
by timothy only. It is the only tame grass that will do well
on very wet soils, and it is useful as a soil binder on steep
slopes. :

The bent grasses.— Redtop is one of the bent grasses, of
which there are many varieties. Few have any agricultural
importance, for redtop will outyield them all. If the purpose,
however, is to establish a good lawn, velvet bent, carpet bent
and Rhode Island bent are valuable. They will succeed on soils
too-wet or too sour for blue grass. Rhode Island bent was
formerly quite commonly grown in New York and in the New
England States as a pasture grass, but redtop is gradually tak-
ing its place. This is due to the difficulty of obtaining the seed
of the Rhode Island bent on the market, while the seed of red-
top is plentiful.

Orchard grass.— Orchard is a long-lived perennial grass,
growing three or four feet tall, forming dense tufts that may
become a foot or more in diameter. Its leaf blades are long
and flat or slightly keeled and its pannacle is so characteristic
that it cannot be mistaken for that of any other grass.

Soil and climatic adaptations.—Orchard grass will thrive on
a wide range of soils; doing best, however, under good drainage
conditions, on rich loam soils, and well on heavy clays. It will
not succeed on poor sandy soils or on muck, but will grow on
soils too wet or too sour for timothy and will also withstand
drought better. It is grown farther south than timothy because
it will stand more heat; on the other hand it is not so common
in the North because it is more easily injured by severe winter
weather. Onme of its important characteristics is its ability to
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thrive in a partial shade, making it especially suitable to sow
in orchards and woodland pastures.

Advantages and disadvantages.—It is one of the first grasses
to start in the spring, making the earliest pasturage. As it
grows older it becomes unpalatable, unless kept closely eropped,
and is avoided by the livestock. It also makes a good late fall
pasturage. In meadows, after the hay is cut, a considerable
growth starts up, making fair pasturage, and in favorable sea-
sons a second cutting of hay may be expected. To make good
hay of orchard grass it must be cut promptly at blossoming

"time, for after this period it rapidly becomes woody and unpala-
table. It is slow to develop; in mixtures taking two or three
years to reach the blooming stage. When once established, it
is persistent both in pastures and in meadows, but grows in
tufts, producing an uneven sod and making it difficult to cut
hay. The seed costs several times as much as timothy, and in
most regions the yield of hay is smaller.

Seed and seeding.—The seed of orchard grass is grown in
Kentucky, Ohio and Virginia. An average yield is about twelve
bushels per acre. The seed is very chaffy and on the average
a bushel weighs only fourteen pounds. When planting for hay,
two bushels of seed are used. In mixtures for permanent pas-
tures, five pounds are used. The seed is too light and chaffy to
feed properly through a drill, consequently the sowing is usually
done by hand or with a wheelbarrow seeder or other type of:
seeder. Fall plantings are not often successful because orchard
grass is easily winter-killed unless planted very early. It may
be sown in the early spring with a nurse crop or in the winter
grain as early as conditions allow. For pasture, it is customary
to mix other grasses with orchard grass because it does not
make a good sod. Redtop and blue grass-are often used. For
meadows, clover is commonly mixed with the orchard grass.

Kentucky blue grass.—This grass, often called June grass,
or simply blue grass, is a narrow-leaved, fine-stemmed peren-
nial, growing from a few inches to two feet tall. It spreads
slowly by means of fine underground stems and forms an excel-
lent sod.

Value and adaptations.— Kentucky blue grass is the most
important pasture grass, and is second to timothy in total value.
It forms a permanent sod that, under favorable conditions, does
not deteriorate with age. Not only is it one of the earliest
grasses to start in the spring, but it gives late fall pasturage.
However, during hot, dry summer weather it makes scant



94 THE HANDBOOK FOR PRACTICAL FARMERS‘

growth, due to the fact that it is shallow rooted. Unlike most
of the other tame grasses, its dry herbage is readily eaten by
the livestock; and it starts new growth promptly after rains.

F1e. 25.—Kcntucky blue grass.—Farmers Bulle-
tin }02.

It grows over a wide
range of territory, since
it can survive both se-
vere winters and hot
summers, and grow on
a wide variety of soils.
It also succeeds well un-
der irrigation, but is at
its best in the timothy
and clover region on the
soils derived from lime-
stone.

Though seldom used
for that purpose on ac-
count of the small yield,
blue grass makes an ex-
cellent hay, containing
fully ten per cent pro-
tein. After passing the
blossoming stage it rap-
idly deteriorates, and if
good hay is to be made
it must be cut promptly
since it soon becomes
wiry and unpalatable.

Seeds and seeding.—
Blue grass does not pro-
duce seed abundantly,
which is generally ex-
pensive. As a conse-
quence, in Kentucky,
Missouri and Iowa,
where most of the seed
is raised, while some
hand stripping is done,

it is largely harvested by machinery that removes the heads,
which are then cured and threshed. If heating occurs during
the curing process the vitality of the seed is lowered. Indeed,
much of the commercial seed has a vitality of only fifty per cent
and it may be much lower. Much chaff is usually present in the
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seed, which often weighs only ten to twenty pounds per bushel.
Seed thoroughly recleaned will weigh ten pounds more.

Because it varies so much in weight and viability, it is hard
to determine the best amounts of seed per acre to sow. All the
way from twenty to forty pounds per acre are recommended,
when seeded alone for hay or pasture, and fifty pounds or more
when seeded for lawn purposes. . It is always wise to test for
germination.

However, on account of the slowness with which it takes pos-
session, taking two years or more to form a good sod, it is
nearly always sown with other grasses. For lawn purposes
it is wise to make the mixture one-third redtop and two-thirds
blue grass, with two or three pounds of white clover per acre
added. For hay and pasture, a mixture of blue grass, timothy,
redtop and orchard grass with red and alsike clovers added,
and sown at the time and in the manner recommended for clover
and timothy mixtures, will usually be found satisfactory. Only
a few pounds of blue grass seed will suffice in this mixture. The
other grasses will develop good pastureage early and will be
driven out gradually by the blue grass, which finally will take
complete possession. The fact is that a large part of the per-
manent blue grass pastures were not seeded at all. They were
originally covered with native grasses, which have been gradu-
ally driven out by the natural spreading of the blue grass.

Canada blue grass.— This is another of the blue grasses that
is of considerable importance. It differs from Kentucky blue
grass in being somewhat smaller, with a more compact seed
head and having a stem that is oval and with a bend at each
joint, while that of the latter is round and straight. In color
it is somewhat lighter green. It also spreads by means of
underground stems and forms an excellent sod.

The seed is cheaper than that of the Kentucky blue grass
because it does not have to be stripped from the stem, but when
mature the grass can be cut and threshed in an ordinary separ-
ator. On account of this cheapness it has often been used as
an adulterant in the seed of Kentucky blue grass, which gave it
a bad name. It has, however, considerable importance of its
own. While not so desirable as Kentucky blue grass where
that will thrive on soils too poor or too sour for Kentucky blue
grass, the Canada blue grass often takes possession, producing
excellent pasturage and sometimes the only hay that could be
grown.

Brome grass.— This is a deep-rooted perennial with stems
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reaching to the height of four feet. It spreads by means of
underground stems and has a tendency to grow in tufts or mats
that gradually increase in diameter till in the course of time a

F1g. 26.—Canada blue grass.—Farmers
Bulletin 402.

dense sod is formed, after
which few culms are produced.
This grass is therefore better
suited for pastures than hay
meadows. It is not popular in
the timothy and clover region,
but it has an important place
in that part of the Northwest,
having dry and moderately
warm summer weather. It is
grown chiefly in the Dakotas
and northward and westward.
On account of its deep root
system it produces summer
pasturage when shallow-rooted
grasses are dried up.

Seeds and seeding.— The
seed usually weighs only four-
teen pounds per bushel, but
may vary in weight from twelve
to twenty pounds per bushel.
For hay, a bushel of seed usu-
ally is sown, but for pasture
twice that would not be too
much, since the brome grass

- would in that case form a sod

sooner. Under semi-arid con-
ditions, it is usually sown in
the spring without a nurse
crop. If grown in the timothy
and clover region, it may be
sown at the same time and
manner as orchard grass.
Value.—In the semi-arid re-
gions of the Northwest this
grass is one of the most im-

portant pasture grasses, withstanding dry weather better than
any other cultivated grass and at the same time producing a
most palatable pasturage. As a hay crop it reaches its maxi-
mum growth the third year, after which the yield decreases
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rapidly. It is like timothy in the fact that its cutting stage
extends over a wide period of time without seriously injuring
the quality of the hay. The yield, however, usually is not high.

Secondary grasses.— A number of other grasses are some-
times grown in various parts of the United States. Among
these may be mentioned: (1) Tall meadow oat-grass, which
has many of the adaptations and charaecteristics of orchard
grass and may be sown with it; (2) meadow fescue which has
many of the adaptations and some of the characteristics of
timothy. It yields much less and is not so desirable and is
therefore little grown. (3) Tall fescues, and other fescues.
These grasses have about the same characteristics as (2) and
no one is grown extensively in the United States. (4, 5) Italian
rye grass and English or perennial rye grass. These grasses
are used principally as annual hay crops, for lawn mixtures
and for winter pastures in the South. (6) Slender wheat grass.
This is a native grass of theNorthwest and is especially adapted
to the semi-arid condition of that region. It is also used some-
times in grass mixtures in other parts of the country. (7) West-
ern wheat grass is another native grass of the West. It is char-
acterized by being more alkali resistant than other cultivated
grasses.

Millets.— The term ‘‘millets’’ is applied to a number of
related plants that are used for forage in this country, and in
the old world principally for human food. They are annuals,
and their principal use in the timothy and clover regton is as
a catch crop after some early crop has failed. When cut in the
blossoming stage a fair yield of good hay may be expected. In
the west, from Kansas northward, they are much more gen-
erally grown. .

Sorghums.— The term ‘‘sorghum’’ covers a wide range of
related plants, among which are a number of varieties that are
valuable for forage and for grain. Others are used for syrup
production, while still others are used for broom-making.

In the southwest, from Kansas southward, the sorghums are
commonly grown, constituting the principal grain and forage
crop of that region. The varieties used for syrup produection
and broom-making are grown quite extensively in the eastern
half of the United States. :

Soudan grass.—This is a tall grass-like plant, growing five
or six feet tall under cultural conditions. It matures early
enough to be grown in the north, and produces a good quality
of hay. Like the millets, it can be used as a catch crop, but it
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gives a higher yield and generally produces a better hay. In
the south a number of crops may be cut. It may be broadcasted
or sown in rows. In the former case, twenty-five to thirty
pounds of seed per acre will be necessary, while if planted in
rows five or six pounds will suffice.
_ The legumes.— This is a group of plants to which peas, beans,

clovers and similar plants belong. It is an important group,
containing, besides the three mentioned, alfalfa and sweet clover,
cowpeas and soy beans, vetches, Japan clover and many others.
The two principal characteristics of this group are: (1) Their
richness in protein. (2) Their ability to assimilate nitrogen
from the air with the aid of bacteria growing in the nodules
developed on their roots.

The following table shows the superiority of hay made of

legumes :

DiIGESTIBLE NUTRIENTS CONTAINED IN 100 PouNps oF Hay

VARIETY | PROTEIN ngbmumo o| FAT VARIETY | PROTEIN Kgnmu; o ¥AT
Timothy .. .... 2.8 42.4 |1.3 || Sweet clover..| 10.0 37.0 1.5
Red top .....| 4.8 46.9 1.0 || Alsike clover . 8.4 39.7 1.1
Orchard grass | 4.9 42.4 |1.4 || Soy bean ....| 10.8 40.9 1.2
Millet o ... 5.0 46.9 |1.1 || Co eee..| . 9.2 39.3 1.3
Alfalfa....... 10.5 40.5 .9 || Vetch....... 11.9 37.8 1.8
Red clover 7.1 37.8 1.8 || Wheat bran 12.5 41.6 3.0

From Henry's Feeds and Feeding

This high protein content makes their feeding value greater
for all kinds of livestock, and allows them to take the place of
high-priced concentrates to a considerable extent. More than
that alfalfa, and to a less extent clover, are very rich in lime
content, giving them an added value for young growing live-
stock and dairy animals.

. Legumes are the only plants that have the power of utilizing
the free nitrogen from the air. The exact amount they are able
to assimilate cannot be stated, for it varies with (1) complete-
ness of the inoculation, (2) condition of the soil, (3) amount of
nitrate already in the soil, (4) kind of legume.

The amount of nitrogen taken from the air varies from noth-
ing, in cases where no inoculation has taken place, up to fifty
to two hundred pounds per acre in case of complete inoculation.
This is equivalent to applying from three hundred to twelve
hundred pounds of nitrate of soda per acre.

Free nitrogen will be taken from the air only when the proper
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kind of bacteria are present to form nodules on the roots.
Generally no special care has to be taken with clovers and other
commonly grown legumes to see that the proper bacteria are
present, but that is not the case with the more recently intro-
duced varieties, such as alfalfa and sweet clover, soy beans and
vetch. When sown for the first time they should always be
inoculated with their special nitrogen gathermg bacteria.

The proper bacteria for each legume is being spread much
faster by the fact that there are only seven groups among the
cultivated legumes, each group having the same variety of
nitrogen gathering bacteria. These groups are:

1. Red, white, alsike, and crimson clovers.

2. Alfalfa, sweet clover, bur clover, yellow trefoil.

3. Cowpea, Japan clover, peanut, velvet, bean.

4. Garden pea, field pea, veiches, lentil, sweet pea.

V. Soy bean.

6. Garden or field bean, navy, kidney beans, scarlet runner.

7. Lupine, serradella.

Inoculation.— When grown on any soil for the first time, any
legume may be inoculated by scattering one hundred to five hun-
dred pounds or more of soil to the acre, from an old field where
the same legume (or one belonging to the same group as indi-
cated above), has been previously grown successfully and
produced nodules.

If soil is difficult to secure, a small amount may be obtained
and thoroughly sifted and well mixed with the seed after they
have been made sticky by being moistened with a small quantity
of water containing a little liquid glue or molasses and allowed
partly to dry. A quart or two of soil to each bushel of seed will
be sufficient. 'When treated in this way each seed will have a thin
coat of soil.?

All things considered, probably the most satisfactory method
of inoculation is to use cultures. These may be obtained from
nearly all seed houses. The seeds are simply moistened some
time before planting with the liquid. Complete directions come
with the culture. Under certain restrictions, limited quantities
are supplied by the United States Department of Agriculture
and by several experiment stations.

If the soil is rich in nitrogen, legumes will grow well without
inoculation, but in that case no part of nitrogen used by them
will be taken from the air, and one of the principal advantages
of growing them will be lost. .

® Wisconsin Circular 96; Bulletin 202, Illinois Experiment Station.
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. Medium red clover.— Red clover is the most commonly grown
and the most important leguminous forage crop. It thrives best
in regions having a humid climate and a moist soil not deficient
in lime. It will not thrive on soils that have become very acid,
but the application of lime will generally make it possible to
secure a stand.

Seeds and seeding.—The seeds are generally secured from the
second crop of clover. They are produced wherever clover is
grown extensively.

When seeded with timothy, eight pounds per acre are used, but
when seeded alone ten to twelve pounds or more are commonly
used. In the winter wheat region, it may be sown in the grain
very early in the spring, depending on the alternate thawing and
freezing to cover the seed. Later, when the soil becomes dry
enough, the special grass seed drill may be used. Usually all the
seed are put in with the seeder going at right angles to the grain
drill rows.

Sowing in the spring and in the late summer is also practiced.

Characteristics.— Medium red clover is generally regarded as
a biennial. The great majority of plants die at the end of the
second year after producing a crop of seeds, but some may live
longer if they are prevented from producing seed by pasturing
or frequent cutting. Most of the plants that appear after the
second year may be accounted for by self-seeding or by the fact
that in any ordinary lot of clover seed there are many so-called
‘‘hard seeds’’ that will not germinate till they have undergone
the freezing and thawing of a winter or two.

Time to cut for hay—The clovers are at their best state for
cutting at their blossoming period, after which they become
woody, and decrease in weight and protein content, on account
of the loss of leaves.

Value.— Some of the reasons why clover is so generally
grown, besides its high yield and good feeding qualities are: It
fits in so well in the usual four- or five-year rotation. The clover
or clover and timothy can be seeded with the grain, causing no
loss of time, and the following year producing hay and pasture
or hay and seed. When the stubble and roots are plowed down,
the soil is benefited more than by any other legumes except
alfalfa and possibly sweet clover. Fully thirty per cent of the
organic matter, and nitrogen of the plant is in the roots.

" Mammoth red clover.— This is a larger variety of red clover,
blossoming about two weeks later. It is also called sapling
clover. It is better adapted to mix with timothy, since both
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blossom at the same time. However, its coarser stems do not
make such fine hay and generally but one cutting can be secured.

Alsike clover.— This is a thin-stemmed, leafy perennial,
having flowers much like those of the white clover ‘While it is
shallow-rooted, it resists drought about as well as the red clover,
and has. a W1der range, for it does not winter-kill as easily and
will endure more heat. It will thrive on soils too wet and too
sour for red clover and therefore is valuable wherever red clover
no longer will thrive and on wet fields. This fact also makes it a
valuable addition to grass mixtures.

Seed and seeding.—The seeds of alsike clover are small, and
five to eight pounds per acre are sufficient when seeded alone,
while in mixtures two to three pounds will suffice.. With red top
it makes a good mixture for wet soils.

Alsike clover can be seeded and the crop treated in much the
same way as red clover. Its blossoming period comes later and
it retains its good qualities longer without deterioration. The
vield on the average is smaller than that of red clover.

White clover.— This clover resembles alsike, having slender
stems, similar flowers and being a perennial. The stems, how-
ever, ereep along the ground and produce roots at every joint,
and in the course of time a single plant will occupy a consider-
able area. This habit of growth makes it of little value as a
hay plant but makes it an excellent addition to mixtures for
pastures or lawns. It is able to maintain itself not only by the
fact that its creeping stems are producing new plants, but that
it is able to reseed itself under pasture conditions by its short
heads dropping seed from time to time. Some of these seeds
are ‘‘hard’’ and do not germinate for a number of years. The
seed are about the same size as those of the alsike, and two to
three pounds per acre for pastures, and twice that much for
lawn mixtures will be enough. \

Crimson clover.—This clover, as its name indicates, has a con-
spicuous erimson head. In the region where it is most commonly
grown, which is along the Atlantic coast from New Jersey south-
ward and in many parts of the cotton belt, it is a winter annual.
In this region it is grown principally as a green manure, being
sown after an early crop such as potatoes, or in the standing
corn, and then plowed down the following spring.

When used for hay it should be cut before the flower heads
develop. These heads are covered with hard, stiff hairs, and if
found in the hay are apt to cause trouble in the intestines of
the horses.
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The seed of crimson clover is two or three times as large as
that of red clover. After the first year, the vitality of the seed
rapidly deteriorates, consequently it is wise to have it tested
before buying. Twelve to twenty pounds per acre is usually
sown.

Japan clover.— This is a small, thin-vined annual that grows
wild in many parts of the South. It will grow as far north as
southern Pennsylvania and will thrive on any well-drained soil;
its great value, however, lies in its remarkable ability to grow
well and form a dense mat on poor, sandy soils. After a few
crops, on such soils it is often possible to grow larger plants.
‘When once planted, although an annual, it is able to maintain
itself and spread because it readily reseeds itself in the region
adapted for it. It is wise to plant this clover on the soils too
thin for other clovers, and to include it in pasture and lawn
mixtures for the poorer soils.

Sweet clover.— This plant is a biennial and has only recently
come to be well known as a forage crop and a soil builder.
When young, the plant much resembles alfalfa, but has a bitter
taste. When growing isolated, it forms a large bushy plant,
five or six feet, or, under favorable circumstances, even eight
or ten feet tall, with the ends of its twigs covered with small
white flowers.

During the first season the plant grows slowly at first, but by
fall may reach the height of four or five feet and even develop
some blossoms, especially in the South. Meanwhile, it develops
a root system that is characterized by a large tap root which is
powerful enough to penetrate the stiffest clay, and in which the
plant is storing reserve food. Very early the next spring, from
the crown of this root, a number of shoots are sent up, forming
the very earliest pasturage.

Live stock will usually refuse sweet clover at first, but after
they have once acquired a taste for it, there is no further trouble
from this source. The bitter taste in the plant is due to a sub-
stance called cumerin, which it contains. Some plants have more
than others and old plants have more than new shoots.

Sweet clover will thrive almost anywhere in the United States,
on soil too poor or too deficient in organic matter for clover or
alfalfa to grow, but the soil must have plenty of lime. Sweet
clover requires a very firm seed bed to give it a good start. In
fact stands have been obtained when the soil was so hard that
the drill could scarcely scratch the ground. When sown on any
soil for the first time, inoculation should be practiced.
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Seeds and seeding.—The seeds on the market are generally
unhulled. These contain a high percentage of ‘‘hard seeds’’
requiring twenty-five to thirty pounds for a seeding, and some-
what less if hulled seeds are used. The seeding may be done at
the time it is customary to seed red clover. In the crimson clover
region, it may also be sown at the same time and manner as that
clover with a good chance of success. When used for hay, it
should be cut just before the first blossoms appear or a little
earlier, for the stems rapidly become woody thereafter. Two
cuttings may be expected. However, care must be taken that it
is not cut too low, for, unlike alfalfa, the new shoots do not come
from the crown of the roots, but from the lower joints.

Varieties.— Besides the white blossomed sweet clover, there
are two yellow blossomed varieties found in this eountry, one a
biennial, the other generally an annual. The biennial variety
is much less valuable than the white variety while the annual
variety has still less value.

Alfalfa.— This is a deep-rooted perennial legume living for a
number of years under favorable soil conditions. A mature
plant has a large root up to an inch in diameter, and, when con-
ditions are favorable for its growth, extending many feet into
the soil. From the crown of the root many fine stems are sen#
up early in the spring, and a second set about the time the first
begins to show blossoms. The flowers of the common alfalfa
are violet or purple in color, and are arranged in head-like
clusters.

Alfalfa is best adapted to regions having dry air with a good
supply of water in the subsoil. Consequently alfalfa occupies
the same place in western agriculture that clover does in the
eastern part of the United States. In the West, little difficulty
is experienced in getting a stand, on almost any type of soil
In the East, however, where the climate is more or less humid,
more precautions are necessary and the soil conditions are more
exacting. A deep, fertile, well-drained soil, free of acid, is
required. It thrives best in loam soils, with an open subsoil.
A stand may be obtained on sandy soils provided enough lime
and organic matter is supplied. However, on loose, sandy soils,
especially if underlain with gravel, a higher percentage of fail-
ures is to be expected. Failure is almost certain on soils under-
lain, at shallow depths, with hard pan, with a layer of rock,
or impervious clays. Neither can success be expected, if stand-
ing water is found near the surface, nor if at any time water or
ice remains on the surface for any length of time.
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I'16, 27.—A vigorous two-year old alfalfa plant.—Maryland Experiment
Station, Bullctin 118.
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Lime and fertilizers.—To thrive well alfalfa requires both a
plentiful supply of lime and of organic matter in the soil. A
liberal application of good manure is nearly always beneficial,
especially if applied to the seedbed. - On older soils three hun-
dred to four hundred pounds of acid phosphate in addition will
usually give.good results. When sown on any soil for the first
time, inoculation should be practiced.

Varieties.— In the North, where winters are severe, the more
hardy varieties will often do best. In the great central region,
the common variety should be grown, using seed from the north-
west, from Kansas northward. In the far South, it is safe to
use the southern varieties of alfalfa.

Seeding.—The greatest percentages of successful stands have
been obtained by sowing, without a nurse ecrop, in early August,
or even earlier in the far North, after a good seed bed had been
prepared early in the season. Early spring sowing is often
practiced but the percentage of failures is greater, both when
sown with or without a nurse crop.

F1g. 28.—Sections of the United States where alfalfa is grown.

Alfalfa should generally be cut for hay when the young shoots
at the base of the plants first appear. If cutting is delayed till
these young shoots become long enough to be cut by the mower,
the next crop may be damaged. The shoots generally appear at
the same time as the first blossoms, but they may appear consid-
erably later. Blossoms alone are therefor not a safe guide.

Soy beans.— The soy bean is an annual legume with a stiff
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upright stem having the beans clustering around it. Both beans

and plant mature at the same time. It is grown for the seed,

for hay and for pasture. There are many different varieties

and they vary in height from one and one-half to five feet, and
from sixty days to two hundred
days in time for maturing. Soy
beans are adapted to a wide range
of soils, but in the South they are
replaced by cowpeas on sandy
soils, where the latter will outyield
them.

If a seed crop is desired, they
are planted in rows wide enough
apart to cultivate, usually three to
four feet. The corn planter may
be used to plant them. For hog
pasture they are planted in rows
about half that far apart. The
corn planter may be used, strad-
dling every other row, or the grain
drill, by stopping up the proper
number of holes. For hay they
are planted thicker in the rows,
or sown like grain, in which case
it will take one and one-half to
two bushels of seed per acre. For
seed, one-half bushel per acre will
suffice. They are a hot weather
plant and should not be planted
any sooner than the corn.

If planted for the first time on
any soil, they should be inoculated.

For hay, they should be cut be-
fore there is any danger of losing
any leaves, which is indicated by
the fact that some of the bottom
leaves are turning yellow. For
seed, they are left till the leaves
have dropped off, when they are
cut, dried, and threshed. There

- are a number of special harvesters
FiG. 29.—The soy bean plant.—  that strip the beans from the

Maryland Experiment Station .
Bulictin 201. > standing plant.
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Soy bean hay is nearly as nutritious as that of alfalfa, while
the beans are a very concentrated food, usually carrying from
twenty-five to thirty per cent of protein and up to twenty per
cent of oil. The oil is self-drying; and can be used in paints.
It is also valuable for culinary purposes.

Cowpeas.— The cowpea plant has much the same appearance
as the soy bean and is used in much the same way. The planting
and cutting is much alike also. It is not grown as far north
because there is no variety that matures quick enough for north-
ern conditions. Even in the South the cowpea is being replaced
somewhat by the soy bean, for the reason that on the better soils
the latter is superior to the former both in yield of beans and
forage. On the poorer and on sandy soils, however, the cowpea
is the better yielder, and is favored. It is also favored on the
smaller farms on account of the ease with which seed may be
obtained by picking pods from plants growing in the standing
corn.

Field peas.— The field pea is an annual and differs but little
from the garden pea, one difference being that some of the
flowers of the former are colored. It is quite commonly used in
the North as a quick hay erop, and for the same purpose in that
part of the South where the winters are mild enough to grow
it as a winter annual. The vines are very weak, making it
difficult to cut the hay. Oats are commonly sown with the peas,
to help hold up the vines. This mixture makes an excellent hay
and gives no special difficulties in curing. Two bushels of each
are commonly seeded. A yield of two to three tons of hay is
often obtained.

Vetches.— The two varieties of vetches most generally known
in the United States are the hairy vetch and the common vetch.
The former is best adapted for the North and the latter for the
South. The hairy vetch will do well on almost any fertile soil,
but it has gained the name of sand vetch on account of its ability
of doing well on sandy soils.

‘When planted alone, the vetches are difficult to cut for hay on
account of their tangled vines. They are therefor commonly
sown with grain. The hairy vetch, which is also sometimes
called the winter vetch, is commonly planted in the early fall
with rye or wheat. In the South, the spring vetch is commonly
planted with oats.

The best time for cutting is when the vetch is in full bloom,
Of all the legume hays, the vetch is the highest in protein. On
account of the smaller size of the seed, one-half bushel of hairy
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vetch and one bushel of grain per acre is sufficient, while one to
two bushels of common vetch seed must be used. One of the
principal reasons why more vetch is not grown is the relatively
high cost of seed.

Hay making.— To make hay of good quality a number of
important factors must be considered, such as the condition of
the weather, the proper time of cutting, and the proper time and
manner of curing and storing. _

Weather conditions.—This important factor, of course, cannot
be controlled by the farmer. Good hay cannot be made during
rainy weather. Much of the damage done by cutting during wet
weather could be avoided if farmers did not so generally depend
on their own ‘‘guess’’ as to what the weather was going to be.
With the daily paper and the telephone available, the farmers
now have the weather forcasts of the Department of Agricul-
ture, or can easily obtain them. These forecasts are the work of
hundreds of trained observers, working over a wide area, and
are very reliable. With more attention paid to these forecasts,
less damage by rain would follow.

Proper time for cutting.— The stage of maturity at which
cutting gives.the best results, varies somewhat with the plant
and with the use to which the hay is to be put. The common
grasses, when cut at an early stage, and well cured, make a good
hay. As a rule, they are cut just as they are beginning to bloom,
or just after the bloom has fallen. If cut when in full bloom,
the hay is sure to be more or less dusty. If cut after it has
reached a more mature state, a greater weight of hay may often
be secured, but it will usually be less palatable. In the case of
timothy, for home use it is usually cut at an early stage; if for
the city market, it is cut at a more mature state. With clover
the best results are obtained if cut when in full bloom just as a
few heads turn brown. If left till a more mature state, there
will be a great loss of leaves, which contain the most protein.
Soy beans should be cut when the pods are well filled, and before
the bottom leaves turn yellow, while in the case of the cowpeas,
the yellow leaves at the bottom indicate that the proper time of
cutting has arrived.

Proper curing.— When hay has been properly cured a change
has taken place that gives it a characteristic odor and makes it
palatable. This change is not simply a drying out but a fermen-
tation, brought about by enzymes present in the plant.

It is well known that rains and excessive dews damage the
quality of hay. Excessive exposure to the sun is also damaging.
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The curing should be done largely by the action of the air and
wind. To understand this, it is well to keep in mind how plants
grow. The great amount of water that plants take from the soil,
passes up through the stems and branches and escapes to the
air through the millions of fine openings in the leaves. This
process continues after the plant is cut, the leaves pumping the
water out of the stems as it were. If, however, the leaves are
exposed to the hot sun, they dry up, the fine openings are sealed
up, and the escape of the water in the plant is made difficult.
‘We should therefor ‘“make hay while the sun shines’’ but allow
the leaves to dry in the shade.

Before beginning to cut in the morning, it is well to wait till
the dew is well dried off, for this drying will take place quicker
with the grass standing than with it lying in the swath. It
should be left in the swath only long enough to become thor-
oughly wilted, and then raked into windrows, where the leaves
will continue to pump water from the stems. If the hay is left
in the swath till the leaves are thoroughly dry, they will break
off when the hay is handled, and much of the best part of the
hay will be lost. This applies especially to the clovers and to
alfalfa.

Where large amounts of hay are made, it is usual to cure it
in windrows, using the side delivery rake and to load with the
hay loader. The best hay is probably made by curing in cocks,
since there is less exposure to the sun.

Storing.— Hay is best stored in barns or sheds. When stacked
in the field there is considerable loss, especially if the stacks are
small. In tests made it was found that there was a twenty per
cent loss in a ten-ton stack before the first winter and a forty
per cent loss when left till the following spring.



CHAPTER V
POTATOES

White potato.— The white or Irish potato, as it is sometimes
called, is grown extensively in various parts of the United
States. It is one of the most important food products taken
from the soil. '

THE TEN-YEAR AVERAGE ACREAGE, ACRE-YIELDS, PRODUCTION, FARM PRICE, AND Faru
VALUE OF POTATOES FOR THE TEN LEADING POTATO-PRODUCING STATES, 1908—-1917

AVERAGE 'AVERAGE
AVERAGE AVERAGE AVERAGE
STATE ACREAGE | ACRE-YIELD | PRODTCTION FA:::‘CPBIICE F “;‘Eg Alws
(acres) (bushels) (bushels) ( cen.te) ( doll;u's)
New York .......... 383,800 93 36,026,100 82 26,853,700
Michigan. .......... 345,500 90 31,274,400 64 17,938,900
Wisconsin. . . . ......| 283900 99 28,338,400 60 15,552,200
Maine. ... .......... 128,300 205 25,741,600 71 17,452,100
Minnesota. . ........ 235,000 100 24,007,500 58 13,310,000
Pennsylvania. . .....| 284,300 83 23,609,100 84 19,473,200
Ohio............... 167,300 82 13,745,800 85 10,796,800
Jowa..........c.... 150,200 80 12,158,900 80 8,671,400
Illinois .. ........... 141,400 75 10,721,200 89 9,161,800
Virginia . .. ........ 105,600 92 10,034,200 84 9,194,900
Utah.............. 20,600* 162% 3,369,400* 78% 2,682,800*
United States ....... 3,704,400 95.9 (356,125,200 76 266,114,800
* Five-year average, 1913-1917, Utah Agricultural College

t Ten-year average, 1908-1913.

Climate—The cli-
matic conditions in
which the potato is
grown play an impor-
tant part in the yield.
‘Where the summers
are cool and moist,
with a growing season
of from one hundred
and fifty to two hun-

' dred days, is consid-
Fie. $—Cutting the polato, Leere from one 0 ered the ideal condi-
tion for production.
Moisture is also an important factor, since the tuber is about
seventy-eight per cent water, and the plant requires a moist
(not wet) soil to produce a maximum yield. .
110
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ReELATION OF MEAN TEMPERATURE FOR JUNE, JULY AND AUGUST TO YIELD IN 1909

JUNE JULY AUGUST YIELD
(degrees (degrees (degrees | PER ACRE
REGION Fahrenheit) |[Fahrenheit) |Fahrenheit)| (bushels)
New York ..................... 65.0 70.0 67.0 123
Maine. ... ..................... 61.9 66.9 65.0 210
Scotland . ... ... ....... .. .. 55.0 58.0 58.0 350

N. Y. State College of Agriculture

Soil.—Both the sandy
loam and clay loam are
ideal. Heavy clay, or
very light, sandy soil
are not satisfactory.
Clover or alfalfa sods
are desirable, but all
grass land infested with
white grubs or cut-
worms should be avoid-
ed. Land cropped the
previous season, left in
the rough over winter,
incorporated with suffi-
cient well-decayed hu-
mus, is most desirable.
For a late crop, the

F1a. 31.—One seed potato was used for the pro-
duction of each plate. Seed (A) was selected
from a poor hill and yielded only 1.1 pounds

or 56 bushels per acre.

Seed (B) was from

a highly producing hill and gave 11.1 or 560
bushels per acre. Save the seed from the best
producing hill.

sod should be clover, alfalfa, rye or some similar crop. The
soil should be moist when plowed, disked, if necessary, and the
land formed into a desirable sced bed.

RELATION OF ROTATION 10 YIELD OoN 228 FARMS IN STEUBEN COUNTY IN 1912

MANURE OR FERTILIZER ON PART OF ACREAGE
ROTATION : Average
Number of Averz;ge i’;e]d number of
farms i Bushels |bushels of seed
€ used per acre
Potatoes, grain, hay............... 13 177.0 10.9
Potatoes, grain, hay, hay......... 117 134.9 10.3
Potatoes, grain, hay, hay, hay.... .. 62 122.7 10.0
Potatoes, grain, grain, hay, hay. .... 25 150.1 9.2
Potatoes, grain, grain, hay, hay, bay. 11 143.0 8.8

N. Y. State College of Agriculthre
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Rotations vary greatly under different soil, fertilizer and
climatic conditions. It is desirable that the crop or crops pre-
ceding the potato should never rob the soil of the necessary
fertilizer to support a maximum yield. Do not grow potatoes
on the same soil year after year.

-~

Fi10. 82.—Map showing the potato-producing areas of the United States in 1909.
—After U. 8. D A.

FERTILIZERS FOR POTATOES
By C. W. Wagp, BS}

Stable manure is the most satisfactory fertilizer for potatoes.
It is, however, not always available in sufficient quantity to
supply the required amount of plant food. Land on which a
good crop of clover or alfalfa grew the previous season may
produce a satisfactory yield of potatoes without the application
of fertilizer in any form. The yield will, as a rule, be profitably
increased on such land if stable manure is applied at the rate
of eight to ten tons per acre. On grass land or cultivated land
the application of manure should be much heavier, fifteen to
twenty tons per acre being desirable under these conditions.

‘When the supply of stable manure is not sufficient, commerecial
fertilizer may be used to furnish needed plant food. Some form
of commercial fertilizer may be used profitably on nearly all
goils in which potatoes are grown. On clover or alfalfa sod-land
two hundred fifty to five hundred pounds of acid phosphate per

1 Extension Specialist, Michigan Agricultural College.
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acre may be used. The heavier applications should be made on
the heavier types of soil. On land which has not grown clover
or alfalfa the previous season a fertilizer containing two to four
Pper cent nitrogen, eight to twelve per cent phosphoric acid, and
at least four per cent potash will be desirable. The rate of
application of a complete fertilizer should be from five hundred
to one thousand pounds per acre. Unleached wood ashes used
at the rate of five hundred to one thousand pounds per acre will

supply a considerable quantity of potash and a small amount of
phosphoric acid.

TIME AND METHOD OF APPLICATION

Manure.— Stable manure will give the best results when used
on sod-land if applied in the fall. The best time to make the
application of manure is just after the hay crop is removed.
Manure applied at that time will stimulate the growth of grass,
including the roots of the plants, and thus add organic matter
indirectly to the soil. Except on land which is subject to surface
washing, it is better to apply manure for potatoes during the
winter months than in the spring. If the application of manure
is delayed until spring the earlier it is applied the better it will
be for the potato crop. Whenever applied it should be spread
as it is hauled and not allowed to remain in piles. Manure
applied as a top dressing on potatoes does not, as a rule, give
satisfactory results.

Commercial fertilizers.— To get the best results from the use
of commercial fertilizers they should be so applied that they
will be incorporated with the moist soil. The time of application
should be either before or when the planting is done. The most
common method of application is through the fertilizer attach-
ment of the potato planter. Where hand-planting is practiced,

. or when the horse planter has no fertilizer attachment, the fer-
tilizer may be applied with a grain drill having a fertilizer
attachment. When such tools are not available the fertilizer
may be spread by hand evenly over the field and thoroughly
disked or harrowed into the soil. When the fertilizer is applied
primarily for the benefit of the potato crop the best results will
be secured by making the application of all of the fertilizer in
the furrow or drill. If, however, it is desired that the fertilizer
benefit the following crops equally with the potato crop, a por-
tion or all of the fertilizer should be applied evenly through the
soil. 'When applied in the furrow the residue which is not used
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by the potato crop frequently causes an unequal growth of the
grain or other crops which follow.

Varieties.— It is difficult to suggest any group of varieties to
be raised on a commercial scale, because of the wide variation
in the adaptability of tubers to different localities. The follow-
ing list may be a guide for the farm garden. The varieties are
arranged according to the time of ripening.

Beats Them All (Mitchell’s), Beauty of Hebron, Bliss Tri-
umph, Early Ohio, Early Rose, and Irish Cobbler. The first
five varieties are especially adapted to the North, while the
Irish Cobbler does well both north and south. In the northern
part of the United States, such varieties as Green Mountain,
Sir Walter Raleigh, Rural New Yorker, Carman and State of
Maine are grown, while in the South, White Star, Lookout Moun-
tain, and McCormick are prolific producers.

It is suggested that the grower write to his State Experiment
Station for advice on the varieties suited to his local conditions,
soil and climate. 4

Seed.— The potato seed should be free from all diseases. The
amount of seed required per acre varies from twelve to thirty
bushels, according to the size of the seed pieces. Two to three
eyes should be in every seed piece. If the seed is selected in the
fall for planting the following year, the potato plant should show
vigor, health and a high yvielding quality. Small whole potatoes
from a healthy plant may be planted. Do not plant seed that
have been frosted. Potato tops frozen in the fall do not injure
the tuber providing the-frost does not reach the tuber itself.

Treating seed.— The most effective treatment against scab or
black scurf is corrosive sublimate. Dissolve four ounces of
corrosive sublimate in hot water and mix with thirty gallons of
water. Keep solution away from live stock, chickens, ete., for
it is deadly poison. Mix the solution in a wooden barrel or
vessel; never use metal. Soak the seed one and one-half hours.
Solution may be used for three to four treatments of the tubers.
-Dry the potatoes before cutting and planting. Do not allow the
seed potato to come in contact with any disease after treatment.

Planting.— The time of planting depends on the condition of
the soil, temperature and market demands. Never plant in a
wet, cold soil. Usually, the rows are three feet apart and the
seed dropped eighteen inches apart in the rows. The depth of
planting depends on the type of soil and the uniformity of mois-
ture available. On heavy soil, shallow planting is practical and
the cultivator works the soil up to the plants during the growing




POTATOES 115

season. Seed may be planted deeper in light soil. Where there
are more than five acres to plant, use a machine. Of the two
types generally used (picker planter and platform type), the
notched-platform is considered the best.

In hand-planting, draw a furrow with the plow, drop the seed
and cover by dragging or with a shallow plow furrow.

F16. 33.—Notched-platform potato planter. A, hopper carrying cut sets;
B, notched platform; E, furrow opener; D, drop spout; C, covering disks.
Two operators can plant nearly all the hills—about 95 per cent efficient.
After Utah Agri College. :

Cultivation.— Before planting, harrow the land thoroughly in
order to destroy all weed seedlings. Slant the harrow teeth back
and cultivate once after tubers are planted, especially if the soil
has become a little ecrusted from rains. After sprouts appear
cultivate deeply, repeat later with a shallow cultivation.

F16. 34.—Diagram of elevator potato digger. A, blade which passes under hills;
B, elevator rods; C, spring release for throwing off vines; D, device for
separating very small and very large tubers from medium-sized ones.—Utah
Ezperiment Station.
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Cultivate often during the growing season. After the plants
reach a considerable size, winged shovels may replace the rear
teeth of the cultivator and thus throw the soil towards the plant.
Keep down weeds throughout the season.

Harvesting.— Where the potatoes are grown on a large acre-
age, the potato digger, as shown in the diagram, is used. A small
digger with bars at the back, which jerks up and down with small
arm beneath, is recommended for the small farmer, rather than
the plow. Allow the soil and moisture to dry from the skin
before picking and sacking. Do not allow the tubers to be
exposed to the sun for long. Harvest early varieties when large
enough to eat; late varieties, after allowing the vines to ripen.

Grading.— U. S. Grade 1:

Round varieties graded over one and seven-
eighths-inch screen.
Long varieties graded over one and three-
quarters-inch screen.
U. S. Grade 2:
All potatoes grading over one and one-half-
inch screen.

Storing.— Average storage temperature forty-five degrees to
fifty-five dégrees F. The air should be free from odors, and
should have good ventilation. The freezing point of the potato
is twenty-six to twenty-eight degrees F. Potatoes may be stored
in a pit, well-drained and ventilated. For special information on
storage, send for Farmers’ Bulletin No. 847, United States
Department of Agriculture, Washington, D. C.

F1a. 35.—Colorado beetle or “ potato bug.” a. egg on underside of
leaf; b. larva that eats the leaves; c. pupa; d. imago or per-

fect insect; e. wing-cover; f. leg. |
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F16. 36.—Potato disease on the leaves.—

After Jonk.

ComMoON INSECTS

INSECTS

CONTROL

REMARKS

Potato-beetle

Spray, Arsenate of Lead,
Paris Green

Both adult and larva eat foliage
Spray as soon as the larve appear

Flea-beetle

Repelled by Bordeaux
Mixture

Eats small holes in leaves. Found
mostly on under side of leaf. This
small black insect lives on bitter-
sweet, horse-nettles, jimson weed
and ground cherry. Destroysweeds

Blister-beetle

Spray, Arsenate of Lead

Controlled when spraying for com-
mon potato beetle

Stalk weevil

Burn old stalks

Found mostly in the south central
States. An ash-gray beetle, the
whilte grub of which bores in the
stalk

May-beetles

Plow sod in fall

Leave the land in the rough over
winter and destroy the white grub

Mire worms

Fall plowing

Feeds on the roots and burrows
holes in the tuber
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CoMMON DISEASES

DISEASE CONTROL REMARKS

This fungus causes dark brown

. Spray, Bordeaux Mix- spots on leaves. The concentric
Early blight ture. Burn dead leaves r?:gs increase and destroy the
after harvesting crop entire leaf. Spray early in the

season and repeat several times

Spray, Bordeaux, several
Late blight times during summer
and before rains

Leaves turn brown and die; the
stem and tuber may be affected

Disease lives in the soil; therefore,

Dry rot Use clean seed. No do not plant potatoes in the same

remedy soil in which disease was dis-
covered
Scab ' See seed treatment Disease lives over winter on tuber
) o Remove and burn dis- | Stems and leaves turn brown,
Bacterial wilt eased plants shrivel and finally blacken

CULTURE OF THE SWEET POTATO
By A. G. SuitH, Jr, B.S?

The sweet potato belongs naturally to warm climates, since
it is of tropical origin. It is now so universally cultivated that
it has become a part of the daily food of millions in the Far
East, on the islands of the Pacific, and throughout tropical South
America. In our own great country, it has been a favorite
vegetable for centuries.

In the tropics the sweet potato grows as a perennial where it
sometimes blossoms and produces seeds. In all parts of the
United States, however, where the potato is cultivated, it is
handled as an annual and rarely every produces seeds.

A warm, sunny climate and a long growing season are two of
the essential requirements which Bailey gives for successful
sweet potato culture. While such ideal conditions in the United
States are found chiefly in the southern and southeastern sec-
tions, sweet potatoes are grown profitably as far north as New
Jersey and Central Illinois where soil conditions are suitable.

Soil.— The soil should be well drained, loose, and warm.
Sweet potatoes will grow on a variety of soil types but tubers

1 Instructor in Horticulture, Virginia Polytechnic Institute.
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of the highest quality may be expected from the sandy or sandy
loam soils. Fairly heavy clay soils may give a satisfactory yield,
but in appearance, flavor, and keeping qualities, the potatoes
are inferior to those produced on lighter soils. Light soils, as a
rule, are better drained, more easily tilled, and lessen the cost
of harvesting the crop. Potatoes grown on light soils have less
dirt clinging to them than those grown on clay soils.

Stucky states that when a friable sandy loam soil is properly
fertilized and cultivated it gives a larger yield and a better grade
of tubers than clay soils.
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Fia. 38.—Map of the United States, showing the areas adapted to the i
of sweet potatoes. The heavy line represents the northern limits of sweet-
potato production for home use. The shaded portion indicates the sections
adapted to the commercial growing of sweet potatoes.—U. 8. Dept. of
Agriculture,

Johnson and Rosa found that stiff, clay soils produced
excessive growth of vine, while the tubers were long, irregular,
rough and inclined to be somewhat watery.

Garcia writes that sweet potatoes do better in a sandy loam
than in an adobe soil, and adds that while the best results may
be had from a loam which is rich and conserves moisture well,
very sandy soils produce low yields.

Rotation.— Sweet potatoes should not be grown on the same
piece of ground year after year. Even if the fertility of the soil
is maintained by leaving the vines and adding other plant food,
the danger of diseases, which may live over in the soil, becomes
too great. The sweet potato responds as readily to intelligent
crop rotation as any of our staple crops. The following is sug-
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gested by Johnson and Rosa for Eastern Virginia conditions:
Sweet potatoes, followed by crimson clover or rye; followed by
early potatoes with late corn between the rows and rye or cow-
peas seeded between the corn at last cultivation; followed by
potatoes or any truck crop; followed by sweet potatoes. For
Arkansas conditions, Wicks suggests-the following three-year
rotation: After the sweet potatoes are taken off, hogs are
turned on to pick roots, etc. The land is then plowed and a crop
of corn with cowpeas between the rows is put in. This is fol-
lowed by winter oats, which, in turn, are followed by spring
cowpeas sown broadcast. The peas are pastured down or cut
and followed by sweet potatoes. Such rotations would leave
the soil in excellent condition for sweet potatoes. Care should
be taken not to plow under heavy crops of rye or clover just
before the plants are transplanted to the field.

Preparation of the s0il.—The soil should be carefully prepared
before setting the plants. It is a fatal mistake to attempt to
make the cultivation of the sweet potato during the growing
season take the place of the ‘‘tillage of preparation.”’ It is
necessary to pulverize the soil thoroughly for the best results.
Stucky suggests that this may be done best by breaking the
land eight or nine inches deep with a two-horse disc plow and
following this with a disc harrow. .

About a week before planting, the land should be thrown into
narrow ridges, about three or four feet apart,-by means of a
one-horse plow or ‘“sweep.”” At planting time these ridges are
partly leveled by dragging a small log, or any home-made board
scraper, down the rows, leaving a smooth, moist surface for the -
plants.

Sweet potatoes demand a soil which carries a moderate
amount of organic matter. This may be supplied in sufficient
quantity by turning under cover crops, as previously suggested,
or by the use of manures and composts. Where stable manure
is used it should be applied to the crop preceding the sweet
potatoes. Well-rotted composts may be applied at the rate of
fifty to seventy-five tons per acre during the winter precedlng
planting.

Stable manure, when applied alone to the soil in large
quantities, according to Stuckey,® gave a heavy yield of vines
and a heavy yield of tubers. The potatoes, however, were rough
and poor in quality.

Commercial fertilizers.— These fertilizers may be used very
profitably on sweet potatoes. However, one should be careful
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to provide the plant foods in as nearly the proper proportion as
possible.

According to Keitt the sweet potato removes a comparatively
small amount of phosphorus, a larger amount of nitrogen, and
a very large amount of potash from the soil. The same investi-
gator found the following fertilizer mixture satisfactory on
South Carolina soils, when applied at the rate of five hundred
pounds per acre:

200 pounds sulphate of potash.

100 pounds nitrate of soda.

400 pounds sixteen per cent acid phosphate.

100 pounds nitrate of soda when vines are eighteen inches
long.

Stuckey, who conducted extensive experiments with sweet
" potatoes , obtained good results on Georgia soils by using the
following mixture at the rate of 1,040 pounds per acre:

1,000 pounds acid phosphate.

250 pounds nitrate of soda.
675 pounds cottonseed meal.
300 pounds sulphate of potash.

Duggar and Williamson show conclusively that in many
Alabama soils better results may be obtained by heavier appli-
cations of phosphoric acid and nitrogen and lighter applications
of potash.

From experiments conducted ‘at the Illinois Experiment
Station, Durst concludes that only manure or steamed bone
applied under the ridge is likely to give any material increase in
the net value of the ecrop, after deducting the cost of the
fertilizer.

The following formuls, is given by Johnson and Rosa, who
state that it has been popular among Virginia growers during
the potash famine and has given extremely good results:

4 per cent ammonia.

8 per cent acid phosphate.

The amounts of fertilizers to be used must necessarily vary
under different conditions, but it would be safe to use from three
hundred to five hundred pounds on all soils which have an
abundance of organic matter and increase this to one thousand
pounds or more on all thin soils that are lacking in organic
matter. Where heavy applications are used, it is best to broad-
cast a part of the fertilizer and drill the remainder in the row.

Experiments, conducted to determine the best form of
nitrogen and potash for sweet potatoes, show conflicting results.
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Keitt found cottonseed meal slightly superior to nitrate of
soda as a source of nitrogen, while Vorhees obtained much
better results from nitrate of soda than from cottonseed meal.

Shiver concludes that sulphate of potash is apt to give larger
yields than muriate, although either will aid in better produetion.

Stuckey’s experiments show that while nitrogenous fertilizers
gave heavy yields of vines, they may or may not give large yields

F16. 39.— Sweet-potato slips ready to be drawn.—Virginia
Truck Exp. Station, Bulletin 19.

of tubers. In the same work it was found that acid phosphate
alone did not increase the yield of potatoes.

Varieties.— Varieties which gave the largest yields are not,
as a rule, desirable for table use, and are usually grown for
stock feeding. In the north, the sweet potato is usually boiled,
and for this reason a variety high in starch is more in demand
than the sugary-fleshed varieties, which are used so generally in
the South. ‘

Two varieties of the dry or mealy type are Big Stem Jersey
and Yellow Jersey. The soft flesh sorts, which are more popular
in the South, are Nancy Hall, Triumph, Porto Rico, and Dooley
Yam. Bermuda is the best representative of the larger type
which is grown exclusively for livestock.
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Propagation.— Sweet potatoes are usually propagated by
means of rooted plants or ‘‘slips’’ from the tubers, and by cut-
tings from the vines. In parts of Virginia and the Carolinas
the early vines may be planted for a crop of small potatoes to
be used for seed. In the more southern states the main crop is
produced from the vine cuttings.

If an early crop of potatoes is desired the slips should be
planted in the field as soon as danger of frost is past. It is
necessary in such a case to order the plants from a more south-
ern latitude, where the plants may be grown in the open soil;
or if home-grown plants are desired, the seed tubers should be
bedded in hotbeds where early sprouting may be forced and pro-
tection against frost afforded. As a general rule, home-grown
plants will make more satisfactory yields than those shipped
from a distance. )

Hotbeds of the ordinary types may be used for bedding the
tubers. These beds are usually six feet wide and as long as
desired, in order that the standard sash, which is three by six
feet, may be used. In addition to the heat from the sun’s rays,
hot-beds are usually supplied with artificial heat, which may be
obtained from fermenting horse manure or from heated pipes
or flues.

In preparing the hotbed for the seed a layer of fresh horse
manure should be placed in the bed to a depth of eight to ten
inches after it is well packed. The manure should be thorotighly
chopped and mixed in order that it may be of uniform texture
throughout. If it is dry, sprinkle with water to make it pack
evenly. A layer of good sandy soil three inches deep should
then be spread over the manure. Use pure sand if it can be
secured. .

After preparing the bed, cover with the sash and allow the
bed to heat for a few days before bedding the potatoes.

The tubers are pressed down sidewise in the soil, far enough
apart to prevent touching, and are then covered with two or
three inches of loose, sandy soil. The space required to plant a
given quantity of sweet potatoes varies with the size of the
tubers. More space is needed for a bushel of small tubers than
for the same measure of large ones. A bed six by thirty feet
should give enough plants for one acre.

The bed should be watered carefully in order that it might
not become saturated nor allowed to get dry. Keep the sash on
the beds during cold weather and ventilate on warm days by
propping up one end of the sash.
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‘Where a very early crop is desired, bed the seed tubers six
weeks before the last spring frost is expected. When the slips
are drawn from the bed, care should be taken not to pull the
mother-tuber out of the soil. The strong plants, which are six
or eight inches long, should be used and the smaller ones left
for further growth. Itisa good plan to water the bed after each
drawing, and if this is done plants may be drawn several times
at intervals of six or eight days. Do not allow the roots to dry
after the plants are drawn. Dip the roots in mud or pack under
damp moss or cloth until transplanted.

Time of transplanting.— For earliest sweet potatoes plant as
soon as danger of frost is past. This is practiced by many mar-
ket gardeners who obtain high prices for their first tubers. The

F16. 40.— Sweet-potato tuber and sprouts.—Virginia Truck Exp. Station, Bulletin 19.

largest yields are usually obtained from plantings made after
the soil becomes thoroughly warm. Stuckey® found that for
Georgia conditions slips planted from May 16 to June 11 gave
larger yields than those planted earlier or later.

Setting in the fleld.— It is best to set the plants when the soil
contains an abundance of moisture. If the soil is wet do not
puddle it by pressing too hard next to the slip. Water the plants
where the ground is very dry. Garcia states that in the irri-
gated sections of New Mexico most growers transplant the slips
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in the dry earth and irrigate immediately after transplanting.
A week following the date of transplanting another irrigation is
given. Where irrigation is practiced it is better to plant on one
side of the ridge rather than on top or on both sides.

Distances for planting sweet
potatoes vary with different
varieties and soils. The aver-

" age distance is three and one-
half feet between rows and
eighteen inches apart in the
row. The vineless varieties,
which are rather light bear-
ers, may be planted closer to-
gether.

Cultivation.— The cultiva-
tion of the sweet potato is easy
or difficult in direct proportion
to the texture of the land and
its freedom from weeds. The
essential points in the cultiva-
tion are to keep down weeds,
to conserve moisture, and to
retain the ridges intact. Spe-
cial tools are provided for the
cultivation of this crop, but
any implement in commen use
for white potatoes and cotton
may be used successfully for
sweet potatoes.

Continue cultivation until
the vines almost cover the
ground. Remove weeds on the
ridge with a hand hoe.

Experiments conducted in
several states to test the value
of pruning and uprooting sweet
potato vines show conclusively
that the practice cuts down the
yield of tubers.

Harvesting.—Sweet potatoes
should be dug before the vines

Fro. 41— Black-rot of sweet potato— ore killed by frost. In trucking
Farmers Bulletin 71}, sections they are often dug as
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soon as the earliest tubers are large enough for market. Such
early harvesting may cut down the yield very materially, but
the profit may be greater due to the high price for early truck.
The digging may be
done by wusing a
sweet potato digger
which is equipped
with rolling coulters
to cut the vines, or
the vines may be cut
with a hand blade
and an ordinary
plow used to turn
the tubers out.

Sweet  potatoes
should be allowed to
dry in the field for
a few hours before
being hauled to the
place of storage. It
is best to provide
slatted crates of
convenient size in
which to keep the
potatoes throughout
the storage period.
The tubers are put
in the crates in the
field. Where such
crates are not pro-
vided it is best to
use smooth contain-
ers, such as buckets
or pans, in prefer-
ence to baskets of
any deseription for
picking up the pota-
toes. The potatoes
should be handled with the greatest care to prevent scratching
and bruising the skins.

Storage.—The keeping of sweet potatoes is one of the most
important items in their culture. Were the difficulty along this
line removed the area planted would be greatly increased.

F1c. 42.—Soft rot of sweet potato.—Farmers Bulle-
tin 71}.
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The old practice of storing sweet potatoes in pits and care-
lessly made sheds resulted in the loss of a large percentage of
the annual crop. The development of the modern types of sweet
potato storage houses has decreased the annual loss to a mini-

F16. 43.—Sweet-potato plant af-
fected by black-rot.—Farmers
Bulletin 714.

mum. While it is impossible in this
discussion to give fully the best
methods of keeping sweet potatoes,
it would not be complete without
outlining briefly some of the essen-
tial features of successful sweet
potato storage.

Cure the tubers at a temperature
of about eighty-five degrees F. for
ten days in order that they may be

- sufficiently dried to keep. During

this period much of the starch is
changed into sugar. While this

- drying is taking place ample ven-
tilation should be provided. Fol-

lowing the drying period a uniform
temperature of fifty-five degrees F.
should be maintained.

Valuable literature on the sub-
ject of sweet potato storage may
be obtained free of charge from
the Department of Agriculture at
Washington and from the various
state experiment stations.

Insects and diseases.— The root
borer or weevil is the worst insect
enemy of the sweet potato. It is
found in tropical sections and in
several of the Gulf states. The only
means of checking it seem to be
through the destruction of all in-
fested potatoes and systematic ro-
tation.

Several fungous diseases occur on sweet potatoes and when
present may cause heavy losses in the field or during the storage
period. Among these are black rot, stem rot, soft rot, and dry
rot. The eight rules, summarized from Farmers’ Bulletin 714,
to save sweet potatoes from fungous diseases are as follows:

Select seeds free from rots or spots of any kind.
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Treat seed with a solution of bichloride of “mercury (1 oz. in
8 gal. of H.O) for ten minutes.

Replace old soil in seed béd with new soil, or preferably sand,
from a high place in the woods or from where sweet potatoes -
have not been grown.

After removing old soil it is a good plan to disinfect this bed
with a formalin solution (1 pint Formalin to 25 gal. H.0).

Move the bed every year if possible.

Do not use manure in beds or fields from stock to which sweet
potatoes have been fed unless the potatoes were previously
cooked.

Burn diseased plants.

Rotate crops.



CHAPTER VI

TOBACCO
By DrR. W. W. GARNER, Ph.D."

Kinds of tobacco grown and varieties of seed used.—The
tobacco plant will thrive under a wide range of soil and climatic
conditions, but only when grown on proper types of soil and
under proper conditions of climate will the cured leaf have the
necessary properties for commercial use. Several distinet types
of tobacco are grown commercially, each adapted to certain uses
and requiring for successful production special soil and climatic
conditions and cultural methods. The trade can absorb only cer-
tain fairly definite quantities of each type at prices which are
profitable to the grower. For these reasons tobacco culture has
become a highly specialized farming enterprise and is limited
to well-defined areas. Generally speaking, it will not pay the
farmer to try to grow tobacco commercially outside of these
recognized areas.

The four chief commercial types of tobacco are as follows:
(1) Cigar leaf, used almost exclusively for the domestic manu-
facture of cigars and grown in the Connecticut Valley of New
England, Lancaster and adjoining counties of Pennsylvania, the
Miami Valley of southwestern Ohio, and southern Wisconsin;
(2) Flue-cured or Yellow tobacco, used for the manufacture of
cigarettes, smoking and chewing tobacco and for export are
grown in southern Virginia, in North Carolina and in South
Carolina; (3) White Burley, used for the manufacture of chew-
ing and smoking tobaccos and grown in north central Kentucky
and southern Ohio; (4) Dark Fire-cured Shipping, used for
export and for snuff and grown in western Kentucky, adjoining
counties of Tennessee, and in central Virginia. Other types of
importance are the Dark Air-cured of Kentucky and Tennessee,
the Virginia Sun-cured, and the Maryland Export. For grow-
ing cigar leaf the Connecticut Broadleaf, Havana Seed, and
Cuban varieties are used in New England ; Pennsylvania Broad-
leaf in the Lancaster district; Ohio Seedleaf and Zimmer Span-
ish in the Miami district; Comstock Spanish and Havana Seed

1Tobacco expert.
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in Wisconsin. The White Burley is a distinct variety. In Mary-
land the Maryland Broadleaf and Narrowleaf varieties are
grown. For the flue-cured and the dark fire-cured and air-cured
types various subvarieties of Orinoco and Pryor are grown.
Soils and soil management.— Both the physical and the chem-
ical properties of the soil greatly affect the properties of the
tobacco produced. In all cases thorough drainage is essential
to success. The cigar tobacco of the Connecticut Valley, the

Fi1c. 44.—Crop of cigar tobacco which has been topped and has reached the proper
. stage for harvesting.

typical flue-cured tobacco of Virginia and the Carolinas, and
Maryland tobacco are grown on light sandy and sandy loam
soils which are naturally rather infertile. The subsoil also is
rather open and sandy except in the ’iedmont section of the
flue-cured district, where the subsoil is more clayey. The
tobacco soils of Wisconsin are sandy loams, light clay loams, and
dark “‘prairie’’ loams; those of Pennsylvania are fine loams of
limestone origin, and those of the Ohio cigar tobacco district
are clay loams. The typical Burley soils are the fertile silty
loams of phosphatic limestone origin in the Blue Grass region
of Kentucky and in southern Ohio. The dark fire-cured and air-
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cured tobaccos are grown on heavy brownish or reddish-colored
soils containing rather high percentages of clay or silt. In Penn-
sylvania tobacco is grown in systematic rotation with wheat,
grass, and clover. In southern districts the practice of resting
the land for a time after growing one or more crops of tobacco
has been extensively followed,
while in New England, par-
ticularly, the common prac-
tice has been to grow tobacco
continuously on the same
land. As a rule, rotation of
tobacco with other ecrops is
desirable. Under some cir-
cumstances, however, best re-
sults cannot be had by grow-
ing tobacco after legumes.
Fertilizers.—Except where
the soil is already fertile lib-
eral fertilizing of the tobacco
crop is usually profitable. As
a rule, liming the soil is less
necessary for tobacco than
for many other erops. In the
cigar tobacco districts barn
manure is extensively used.
In the Connecticut Valley ap-
plications of a ton or more
per acre of commercial fer-
tilizers composed of such ma-
terials as cottonseed meal,

Fio. 45.—Tobacco plant, with paper bag 8round fish, quickly available
placed over the sced head to prevent phosphates and sulphate or
rtli::‘mg or crossing with other varie- carbonate of p otash also are

commonly used. For cigar
tobaccos fertilizers containing muriate of potash should not
be used. In the flue-cured district commercial fertilizers are
necessary and an average application consists of eight hun-
dred pounds per acre of a mixture containing three per cent
each of nitrogen and potash and eight per cent available phos-
phoric acid. Fertilizers of about the same composition are used
for the dark fire-cured and air-cured tobaccos, but the aver-
age rate of application is somewhat less. Fertilizers are not
required in the Burley district.
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The seed bed.—The tobacco seed is quite small and the young
seedling is very sensitive to excessive heat or drought so that it
is necessary to develop the young plant from the seed in a cold
frame until it is large enough for transplanting to the field. The
soil for the seed bed should be open and mellow, containing suf-
ficient organic matter to retain moisture and to prevent baking
and must be well drained. Unless virgin soil in the woods is
available, the surface should be sterilized by using surface fires
or by steaming. After the soil has been brought to a fine tilth
the seed are sown evenly, using a tablespoonful for one hundred
square yards of seed bed and covered very lightly. Twenty

F16, 46.— Tobacco curing barn in Kentucky, of the type used for air-curing.

square yards of seed bed should furnish sufficient plants for
setting one acre. The seed bed should be covered with glass or
cheese cloth supported by a frame of boards or logs. The plants
are ready for the field when three to five inches high, that is, six
to ten weeks after planting. Seed beds are planted in February
in the South, up to and through April in northern districts.
Transplanting and cultivation.—The land should be prepared
about the same as for corn, the rows being spaced three to four
feet apart. The seedlings should be pulled from the bed and
transplanted when the soil is quite moist, if possible, for other-
wise watering may be necessary. For considerable acreages on
smooth land the machine transplanter should be used, otherwise
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setting by hand is practiced. The plants are spaced sixteen to
twenty-four inches apart in a row in the cigar tobacco and
Burley districts and two and one-half to four feet elsewhere.
Clean and shallow cultivation should be practiced. When the
flower head appears this should be broken out for the purpose
of increasing the development of the lower leaves. In carrying
out the process of ‘‘topping’’ the number of leaves left on the
plant varies with the type of tobacco produced. Suckers or
branches appearing in the leaf axils must also be broken out.

Harvesting and curing.— Sixty to ninety days after trans-
planting the tobacco will be ripe, as indicated by a change of the
deep green color of the leaf to a lighter shade, with the appear-
ance of yellowish green flecks on the surface and a tendency for
the leaf to become brittle. Harvesting is done either by cutting
off the stalk near the ground or by plucking the leaves at intervals
as they ripen, beginning at the base of the plant. The leaves
alone or the stalks bearing the leaves, as the case may be, are
attached to sticks by means of strings, hooks or otherwise, and
hung up in the specially constructed barn for curing. In all
methods of curing the rate of drying must be carefully regulated.
In flue-curing heat is applied by means of a furnace and pipes
extending through the barn. In ‘‘fire-curing’’ slow open fires
are maintained on the earthen floor of the barn, the tobacco
being thus exposed to the smoke from the fires. Air-curing, in
which no artificial heat is used, is employed in the cigar tobacco,
Burley, and certain other districts. In air-curing it is essential
that effective ventilation be provided. Flue-curing requires
three to five days, while air-curing requires four to ten weeks.
After curing is completed, as indicated by the midrib of the leaf
becoming dry and brittle for its whole length, the tobacco is
removed from the barn at a time when sufficient moisture has
been absorbed from the air by the leaf to soften it so that it may
be handled without breaking. The leaves are assorted into
grades according to size, color, freedom from blemishes, ete,
and are then tied into small ‘“hands’’ or bundles in preparation
for market. The tobacco thus prepared may be disposed of by
private sale at the farm, through sale based on samples dis-
played by the warehouseman as agent of the grower, or by auc-
tion sale on the floor of the loose leaf sales warehouse on a
commission basis.*

3 For further details regarding the growing, curing and handling of tobacco, the
series of Farmers’ Bulletins on these subjects issued by the U. S. Department of
Agriculture may be consulted.




CHAPTER VII

COTTON
By Joax~ R. Fain, B.S:?

Cotton grown in the United States can be divided into two
general classes, the upland and the long staple. The upland can
be divided further into the ordinary upland and long staple
upland. These classifications are based on the kind of fibre pro-
duced. The fibre of the upland cotton usually runs from seven-
eighths to one and one-eighth inches in length. Long staple runs
from one and one-quarter to about one and one-half inches, while

the long staple runs above one

and one-half. Some Sea Island

as long as two inches is produced.

In general the requirements for

a cotton soil are that it should

be well drained, should warm up

quickly in the spring, and be at

least reasonably well supplied

with mineral constituents. Cot-

ton is grown on all types of soil

from a coarse sand to a stiff clay,

and, irrespective of the type,

where it meets the above condi-

tions a fair amount of cotton can

be produced. A good many bot-

tom land soils are known as cold

. N . soils and do not produce cotton.

F A B el b€ Thig is unquestionably due to a

ing; ¢. seed with fibers (lint).—  surplus of moisture. A soil that

ossidlo. . . .

does not crust is desirable in get-

ting a stand of cotton because the crust interferes materially

with the germination of the cotton seed, or at least it interferes

with the cotton seed getting out of the ground after germination
starts.

One of the principal climatic requirements of cotton is that
there should be enough heat units during the growing season to
properly develop the cotton. While there are some very early
cottons grown, the type that makes the heaviest yield is one

? Professor of Agronomy, Georgia State College of Agriculture,
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that has at least a reasonably long growing season. On the
northern edge of the cotton belt it is the usual practice to plant
the cotton on a ridge so that it will heat up sufficiently quick in
the spring to get a quick germination. During the time that
cotton is getting established it is rather a delicate plant, but
after it is once established it will stand a considerable amount
of adverse climatic conditions. A low temperature during this
period will retard the growth of the plant very materially.

F16. 48.—Plowing under the cotton plant after the crop has be¢n harvested.

Therefore, a climate is needed where the spring comes on
rapidly, warming up the soil, and without recurring cold periods.
After the cotton is once established it seems to thrive pretty
well with very little moisture. A dry May is very desirable in
getting the plant well started. After this time seasonable
showers are necessary to give it the proper growth. Four
inches of rainfall per month during the growing season is a fair
average for the cotton belt. During the period of harvest, dry
weather is essential in securing a good quality of cotton. Rainy,
stormy periods will lower the grade and value of cotton very
materially.

In planting cotton care should be taken not to get the seed too
deep, as it is rather difficult for a seed like cotton to get out of the
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ground. The seed is covered with lint that retards its progress
through the soil very materially, and as the seed is usually
pushed up and the seed cover thrown off after it gets above
ground, it can be better understood how this would interfere
with its growth. Usually the seed are planted thick and chopped
to a stand later. The main reason for planting them thick is
that the combined force of many seed can push through the soil
where a single seed would fail. In chopping to a stand, plants

F16. 49.—Preparing the soil for a cotton crop.

are usually left from nine to eighteen inches apart, sometimes
further, depending on the type of the land. To facilitate the
chopping, often a turning plow is run down either side of the
row, leaving the plants on a ridge. After the chopping is over
the dirt is thrown back to the plants.

Grass is one of the greatest enemies of the cotton plant and
is fought very persistently by the cotton grower. In fact, cot-
ton growers are about the most successful weed fighters that
can be found. Cultivators with sweeps are used to a large extent
because they give shallow cultivations and are effective weed
killers. Weeders or light harrows are used quite often just
before and after the crop germinates to clean out the grass and
weeds. This is probably the most effective piece of cultivation
in the whole operation, as it saves an immense amount of hand
labor later on. Most of the cultivation is done with one-horse
cultivators. The Planet Junior type ot cultivator is used to a
large extent. A good many two-horse cultivators are being used
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with good results and will probably be used more and more in
the future. It is very necessary to hoe the crop at least once so
as to be sure to get all of the weeds that are left by the culti-
vators. The hand work necessary in the production of cotton
makes it a rather expensive crop.

Through most of the cotton belt fertilizers are found essential.
A fairly high percentage of the mineral fertilizers with a low
percentage of nitrogen is the usual combination. Fertilizer is
usually applied in the row with the cotton, and often a second
application is applied at the side of the cotton row later in the

F16. 50.—Diversified farming. Cotton crop in the foreground.

season, although on the majority of the soil types there seems
to be very little difference in the yield by applying all the fer-
tilizers at one time as compared with dividing it.

- Much of the cotton belt practices continuous cotton cultiva-
tion, although in many cases a rotation has been used. For
many years a standard rotation was cotton, corn, small grain
and cowpeas. Since the advent of the velvet bean and the boll
weevil, and the necessity thereby of turning under the cotton
stalks, the rotation has been changed to corn and velvet beans,
cotton and small grain. From data at hand at this time it would
seem that the small grain does better after cotton than it does
after corn. '

‘With the advent of the boll weevil many changes in cotton
production have been brought about. First, a rotation is more




COTTON 139

common than before. The type of plant and kind of seed used
have received more attention, as the risk must be reduced to the
minimum from other causes than the weevil. It has added a
considerable burden to the production of cotton in that all the
weevils than can be found must be picked off early in the spring
and destroyed, and later the squares that have been punctured
and the egg deposited in which the larva will develop must be
picked up and destroyed. The culture must be more rapid so as
to bring the plant to maturity at as early a time as possible.
More study is being given to the fertilization of the cotton plant
than heretofore. During a season of hot, dry weather it is pos-
sible to keep ahead of the boll weevil pretty well, but during
periods of heavy rains in the growing season of the cotton it is
very difficult to handle the weevil. The use of calcium arsenate
as a poison against the weevil is being used to a limited extent
and gives promise of success. This is more effective in a dry
season than a rainy one. The cotton stalks are plowed under
early in the fall so that the food of the adult weevil will be
destroyed and it will go into the winter as weak as possible. In
this way a great many of them are destroyed.

The boll weevil does more damage than all the other insect
enemies of cotton combined, but there are several insect enemies
that in the aggregate do considerable damage. The red spider
does much damage at times,. infecting cotton fields to such an
extent some seasons that the growth is very materially checked
and the yield reduced. It is combatted by special cultivation or
by sprays. The cotton worm attacks the cotton at times in the
latter part of the season. The cotton boll worm or corn ear
worm destroys the young buds or bolls and in this way reduces
the crop. These two pests are held in check with poisons.

'Wilt, anthrocnose and rust are probably the most common dis-
eases of cotton and cause more loss than any other diseases. The
wilt is confined to a large extent to the sandy areas of the Coastal
Plain, and the only method of combatting it found at this time is
by resistant plants. The same method is also employed against
anthracnose, while, in some cases at least, fertilization with
potash fertilizers will help to reduce the rust.

Information can be had from any of the agricultural colleges
or experiment stations in the cotton belt regarding the produc-
tion of cotton, as this is the main crop, and practically all of
them have compiled a considerable amount of data regarding
this crop that they are desirous to put at the disposal of those
who can use it to an advantage.



CHAPTER VIII
THE FARMER'S ORCHARD

Apple.—An orchard of from one to three acres of early,
medium and late varieties will supply apples for family use and
have a surplus for sale.

F16. 51.—Putting lime on the young orchard. For most cases

lime should be applied to the land after it is plowed and

artly fitted.—The Country Gentleman, published by the
urtis Company, Philadelphia.

Location.— Never locate in a shady place. A free circulation
of air is necessary; gases, dust and smudge are objectionable.
Never locate where the soil is sour, soggy or too dry. Best
flavor and color are produced where the fruit is grown at the
northern extreme. Plant only varieties suitable to your
locality. Exposure to destructive winds should be avoided.
Southeastern exposure and as near the farm house as possible
is considered best. .

Soils.— Rich clay loam, deep and mellow, for Northern Spy,
McIntosh, King, Fall Pippin, Wagner.

140
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Garden loam with medium heavy subsoil for Rhode Island
Greening and Grime’s Golden.

Rich garden loam with very light clay subsoil for Baldwin,
Hubbardson, Newton Pippin and Rome Beauty.

F16. 52—Cherry trees of the grades illus- Fre. 53.—When this {ree was

trated in figures 1 and 2, showing the lanted the roots were jammed
methods of shaping the tops used when Into the hole which was too
planted: A, a two-year-old Large Mont- small. The tip of the root
morency, unpruned; B, a one-year-old came to the surfuce and then
Large Montmorency, unpruned; C, same took a downward course. The
as B, pruned to be grown with an open photograph was taken when the
center; D, a one-year-old Large Mont- tree was seven years old.

morency, pruned to be grown with a cen-
tral leader; E, a one-year-old Schmidt,
unpruned; F, same as E, headed back
ready for planting.—U. 8. Dept. of
Agriculture.

Varieties.— Buy trees from reliable firms and direet from
nursery. .

The tree.—Two-year-old trees are considered the best. Head
eighteen inches high for sod mulch. Cultivate orchards twenty-
four to thirty inches high. Branches should alternate. Oppo-
site branches equal bad crotches. Do not let roots dry out;
heel in if land is not prepared. Order trees early.

Planting.— Mild climate, plant in fall. Zero winters, plant in
spring. Standard varieties, 30 x 40 feet, 36 trees per acre; small
trees, 20 x 30 feet, 72 trees per acre. Dig large holes. Place sod
in one pile, loam in another, and the clay-soil (subsoil) in a third.
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In planting, fit the fine soil about roots, sod packed in next, and
subsoil on the surface.

Prune off all bruised and broken roots. Cut the branches back
four to five buds from the trunk. Have the rows straight.

Fillers of cherries, pears, currants, gooseberries and other
fruit may be used between the standard trees. Never allow
fillers to crowd or shade the apple tree.

Culture.— Cultivate orchard (clean culture), plow in spring,
disec harrow after plowing and harrow surface soil frequently.

F1c. 54.— A fine root system. Note F16. 55.—A very bad crotch. The
the bend in the trunk. This is limbs should alternate so that
where the graft was inserted. ) no two would be opposite. Note
Plant so that the surface of the the tag attached with a wire.
ground covers about two inches If it is not removed it will
above where the bend starts. girdle the limb.

Stop cultivation July 15 to August 1. Do not bruise trees while
cultivating, wrap harness with burlap.

Plant cover crop July 15. This prevents injury from frost
and washing, checks fall growth, adds humus and nitrogen,
protects the fruit, and holds leaves and snow.

Cover crops.— Barley, 8 to 10 pecks seed per acre; rye, 6 to 8
pecks seed per acre; turnips, 2 to 4 pounds seed per acre; buck-
wheat, 3 to 5 pecks seed per acre; clover, 8 to 14 pounds seed per
acre; vetches, 1 bushel.

If companion crops of beans, squash, cabbage, turnips and
other late maturing crops are planted in the orchard, mulch trees
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with manure. Do not pile the manure about the trunk. Place
manure on soil where water drips from the foliage, for this is
where many of the feeding
Toots are located. Sod,
mulch, cut cover crop and
place material over surface
soil where the water drips
from the leaves. Usually no
fertilizer is necessary where
the sod mulch method is prac-
ticed.

Fertidizer for clean culture.
—Three-year-old trees: One
pound dried blood, one pound
bone meal, one-half pound ni-
trate of soda per tree. In-
crease a little each year. Sta-
ble manure is the best fertil-

izer. : ‘
Fertilizer for twenty- to

twenty_ﬁve_year-old trees: F1a. 56.—Plan of tree at _planting time.—
Four hundred pounds basic U- & Dept. of Agriouiture.
slag and two hundred pounds sulphate of potash.

: Prunc a little each
ycar—Do not leave
stubs. Use only sharp
saw with small teeth.
Paint all wounds over
one inch in diameter.
Do not over-prune,
but keep head open
s0 there may be a
free circulation of air
through the limbs.
Never allow limbs to
crowd, rub or cross.

Thinning.—Thin in
July, when fruit is
size of a quarter.
Leave one apple to a

. \ NS spur. The vitality
F16. 57.—Plan of top after one year’s growth in the tha‘.: would naturally
orchard.—U. 8. Dept. of Agriculture. go into the seed of a

...\p 2
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heavy crop, if thinned, will go into the fruit spur for the fol-
lowing year. Eliminate ‘‘off’’ years.

Harvesting and storage— Handle apples like eggs. Line
baskets with burlap to prevent bruising. Do not pull out or
break off the stem or the fruit bud. Pick fruit before it is dead
ripe. Place clean straw on shelves before storing apples. Do
not harvest while damp or pile in heaps. The fruit cellar should
be clean, well ventilated, and the temperature thirty to thirty-
three degrees Fahrenheit.

Winter protection.— Place small mesh wire screens about the
trunks of young trees. Protection from mice, woodchucks and

other animals is necessary. Make pro-
tector firm and stationary by the use of
two to three stakes. Tar paper and thin
wood may be used, but remove early in
the spring to prevent sun-scald. It is not
necessary to remove wire protectors each
year.
Renovating the mneglected orchard.—
Many orchards throughout the country are
unprofitable because they have been neg-
lected. The trees have not been sprayed,
or pruned or cultivated for years and have
fallen into decay. Both insects and dis-
ease infest such orchards and leave their
destructive marks.
Many of these trees may be reclaimed if
ey properly treated and made to yield a re-
Fio. 58.—A five-branched INUnerative crop.
‘ti'ee at the end of the In order to determine whether or not the
rat season’s growth. . o e
—U. 8. Dept. of Ag- orchard is worth reclaiming one must de-
riculture. cide the following points:

1. Is the orchard situated in low land (pocket) so that the
early frost destroys much of the bloom? If so the trees will
never be worth the time and money necessary to rejuvenate
them.

2. Is the orchard exposed to the drying winds of winter and
the fall winds which whip off the fruit? In this case a wind
break of poplar trees may be planted and the difficulty partly
overcome.

3. Has the site good air and sufficient drainage? If on a
hillside or slightly rolling land the air will circulate freely. The
cold air will roll down hill and the summer breezes prevent, to
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a large extent, several of the fungus diseases. The trees will
never retain their vigor or bear satisfactory fruit if there is an
excess of water in the soil, hence the ne-
cessity for good drainage.
4. How badly are the trees diseased
and decayed? Here the owner must use
his own best judgment. If, after the dead
limbs are dug out, but little of the tree re-
mains, and that part diseased, it seldom
pays to try to reclaim it. If, on the other
hand, the dead wood is cut out, the suckers
and water sprouts removed, and the head
opened up so there is a free circulation of
air among the branches, and there is still
a well-formed, rounded head, not too high
from the ground, the tree is worth saving. Fic. 59.—Method of cutting
Many of the diseases may be controlled ~ & large limb which
. . should be avoided.—
by spraying, as suggested in the spray U. 5. Dept. of Agricul-
calendar. ture.
Second 5. How old are the trees and
are they vigorous? Usually an
" apple tree after it is forty years
I old, providing it has been neg-
‘ lected for several years, is hardly
worth saving; cherries, after
twenty years; pears, twenty
vears; plums ten to fifteen years;
and peaches ten to fifteen years.
~ Frequently apple trees sixty -
| Final Cut years old may become valuable if
1 U they have a sound trunk, rounded
)" head exposing considerable leaf

surface and a good root system.

6. How tall are the trees? If

the heads are so high that it re-

quires a double extension ladder

to reach the fruit the trees are

hopeless. Sometimes by prun-

Fre. 60.—Removing large branches. ing out the top the head may be

Splitting down often occurs in brought down
removing large branches. There 7 C .. .

will be little chance for trouble . Are the varieties desirable?
if the branches are :‘:fn;“_*‘;’r:f If not, the trees may be worked
consin Bulletin 269. over by cleft grafting. The cions,
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if taken in the fall, should be secured from bearing trees of a
desired variety and packed in moist sand in a cool place. If

F16. 61.—Proper method  F16. 62.—Results of correct and incorrect pruning.

of cutting off a large A, correct method; after two years; B, incor-
limb.—U. 8. Dept. of rect method.—U. 8 Dept. of Agriculture.
Agriculture.

taken in the spring they must be cut before the buds start. The
wood should be of the previous year’s growth.

F16. 63.—Different states of the San José
Scale (enlarge five times).. Virginia State
Crop Pcst Commission Bulletin 1904,
Massachusetts Dept, of Agriculture Cir-
cular No, 6,

Grafting is simple and
may be done in the follow-
ing way: The cion should
have three buds; it should
be cut on both sides of the
lower bud so that a wedge
is formed, the bud side be-

~ing wider than the side

opposite. The cion should
be cut on a slant about
one-half inch above the
upper bud. The tip buds
are seldom used.

In preparing the stub,
never cut a limb at a knot
or when it is over three
inches in diameter. Cut
the limb off squarely and
split it with a grafting
knife just far enough to
insert the cion. The bud
side should be out and
the lower bud level with
the top of the stub. Place
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two cions on each stub so that the growing tissue of the cion
coincides with the growing tissues of the stub. Cover the top
and split sides of the stub and the upper tip of the cion with
grafting wax. This should be done a week before the buds
start. After the grafts grow for a year, cut out one of them
to prevent a bad crotch. Work over one-third of your tree
each year. The '
cions, if inserted
into the limb of a
bearing tree, will
bear fruit in three
to four years.
8. Are the trees
crowded so that
the head has a
tendency to reach
up for the light?
If so it might pay
to cut out every
other tree. Do not
de-hort the trees
with the hope of
giving the head
more room. The
branches usually
run to water
sprouts and the

tree never recov- Fie. 64.—Oyster Shell Scale. ¢. under side of female scale,
ers from the showing eggs; b. upper side of same, both much en-

. larged; e. female scales on a branch natural size;
shock if the en- d. male scale, much enlarged; e. male scales on branch,
tire head is cut natural size. The file lines to the right of a, b, and d

show the real length of the scales.

away.

If you have decided that the orchard is worth saving then you
should prune. Use a sharp saw with small teeth. Cut out all
dead limbs and limbs that cross. Cut at the collar of the limb
and never leave a stub. Do not over prune. Paint all wounds
over one inch in diameter.

Next graft the head if the varieties are not desirable. The tops
should be well pruned first, then a root pruning should follow.

A light, shallow plowing and frequent cultivation is advisable.
Cultivate the surface soil so as to form a dust muleh and stop

cultivating in July, then plant a cover crop, as suggested in a
previous paragranh.
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L)

F16. 65.—The tent caterpillar. a, the female moth; b, cocoons; ¢, mass of
eggs; d, caterpillars on the web; e, larvae.

4

/
»

F16. 66.— A spot disease of apple leaf.—After Soraurer.
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If the soil is very poor a light coating of barnyard manure

may be applied in the fall. If three hundred to five hundred

pounds of phosphoric acid and

two hundred to two hundred and

fifty pounds of sulphate of pot-

ash per acre is applied the re-

sults are good. Never apply

a nitrogenous manure in any

a2 form after the orchard has been
« pruned.

If cultivation cannot be prac-

ticed then keep the grass cut
ﬁ short and mulch the trees
g
3
. .

!

with it.

The winter spray, one to eight,
lime and sulphur, should be ap-
b  coddling - o s h plied before the buds start, but

urrow; e entrance hole; ¢ the s
larva; d the pupa; e moth at rest; after prunng. The. Summer
ffnlmth wi’th wings spread; g head Sprays as suggested in a pre-
of larva; h cocoon containing pupa. vious paragraph.

Burn all prunings and clean up the orchard before the bloom
appears.

¥1a. 67.—The coddling moth. @ is the

F16. 68.— Bitter rot of apple.—After Clinton.

Pears.— The pear is the most luscious of any of the fruits,
but it is much the most difficult to grow. It may be grown to
some degree of success in various types of soils which are well
drained. Whenever ‘possible, plant the trees on a northeast
exposure in order to keep the buds back in spring and thus
prevent the possible injury from late frosts.
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Soil.— A clay loam with a deep, porous subsoil is considered
the best. In preparing the soil it should be well incorporated
with humus, green manure, such as clover preferred, but stable
manure should also be added. If the young trees are to be
planted in a clay loam make sure that it is well drained in the
fall previous to planting. Cultivate the soil, leaving it in the

’ rough over winter.
In the spring disc
and harrow the
surface and then
dig the holes fif-
teen feet each way,
one hundred and
ninety-three trees
per acre (dwarf
trees). Standard
pears, plant fifteen
by thirty feet, nine-
ty-six trees per
acre. .

Planting.—Place

a little decayed sod

and fine top soil in

the bottom of the

Fie. 70.—One-year- }ole before setting

old r tree.
The iii': shows the trees. Prune

where to cut H
There o ot off all bruised or

pruning—U. A. broken roots be- . :
D] A fore planting.  Re- gy 71 tyo.year-old pear tree. The
move all longwhlp- lines show where to cut back at
like roots to within six inches of ~ {me of prning—T. §. Dept. of
the trunk. The tree should be set )
in the middle of the hole with the fine, rich top soil worked
in around the roots and tramped down firmly. Set the trees
about three inches deeper than they were planted in the nursery.
The depth of planting in the nursery is shown by the soil line
on the bark.

It is not advisable to plant more than two rows of any one
variety together, because some of the varieties are infertile.
Rows have pollenization in the orchard in order to insure fruit-
fulness. In general, spring planting is considered the best.

Cultivation.—A light harrowing of the surface soil is desirable
if the orchard is under cultivation. Stop cultivating about July




152 THE HANDBOOK FOR PRACTICAL FARMERS

1 and plant cover crops, as suggested for the apple. In many
sections the trees often begin to fruit when cultivation is
discontinued.

Fertilizers— Barnyard manure or green manure such as
clover turned under in the spring will insure fertility in the soil.
Where a commercial fertilizer is wsed, six hundred pounds per
acre of 2-9-10 is recommended.

Pruning.— All pruning should be done early in the spring
before the sap flows. Cut out all limbs that eross and form the

head, as symmetri-
cally as possible, al-
lowing the sunlight
and air to reach all
parts of the tree
and thus prevent
the deadly action of
blight. -The branch-
es, on the other
hand, should not be
exposed to the di-
rect rays of the sun.
Maintain sufficient
foliage to protect
the bark. On start-
a ] c. d ing the top, cut back

F16. 72.—Right and wrong ways of cutting off shoots. the leaders to about
@, the right way; b, ¢, d, wrong ways.—U. 8. Dept.  twelve to fourteen

of Agriculturc. .

inches from the
ground. Each year for four years cut back the young growth
to about half and always keep the head of the tree low. Old
trees may be cut back severely and allowed to build a new head.
The young growth should be pruned so as to keep the head
the desired shape and height. Pears are sometimes planted
close to a wall and tied to a trellis. The branches are trained
fan-shape, and this method of culture is not only artistic but
productive.

Thinning.— It is always advisable to thin the fruit, leaving
the pears from three to six inches apart on the limb. This
should be done when the pears are quite small, less than the size
of a quarter.

Harvesting.— For keeping, gather pears before they are dead
ripe, and place on shelves in a dark, cool room.

Insects and disease.— One of the worst insect enemies is the
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San José scale which attacks the bark and sucks the sap from
the growing cells. Spray before the buds open with a strong
solution of lime and sulphur, one part of sulphur to eight of
water. :

The codling moth does some damage but is easily controlled
with the same preparation and method as that used on the apple
tree. : '

Pear scab may be controlled by spraying with Bordeaux
Mixture or lime sulphur, summer mixture one to forty.

Pear blight or fire blight is the worst disease. It attacks
various parts of the tree causing the tips of limbs to wither and
die and the bark on the trunk and limbs to shrink, tighten close
to the wood and become sunken black blotches. This disease is
prevalent where the soil is very rich and the tree has grown soft
and rapidly. No remedy has yet been discovered. Cutting out
the diseased areas and spraying with lime and sulphur may
check the disease. Buy varieties that are less subject to its
attack, such as the Seckel, Angouleme, and Kieffer.

Plums.— For a limited planting about the home, the trees
are most generally planted on the lawn, and in sod. The soil
should be moderately fertile and well
drained. 'While the plum thrives best
in a clay loam, yet it will succeed in
almost any kind of soil.

Make the holes large so as not to
crowd the roots. Place the sod in one
pile, the fine, mellow surface soil in
another, and the subsoil in a third
pile. Place some of the mellow soil
mixed with two pounds of bone meal
to each hole, in the bottom. After Fro. 73.—The plum tree cur-

. . culio. a, the larva; b, the
packing the mellow soil around the pupa; c, the beetle; d, cur-
roots, fill in the sod and finally the culio, 'l‘at“"‘l size, on
subsoil. Cut off all broken or mutil- young pim-
ated roots and prune back the top or branches so as to form
a symmetrically headed tree.

The plum tree requires considerable moisture to complete the
development of a crop. After planting in the early spring, fif-
teen to twenty feet each way, mulch the surface of the sod with
straw or coarse manure. If the trees are planted on cultivated
soil, form a dust mulch about them and continue to cultivate.
Of course where there is sufficient rainfall to keep the soil moist,
mulching is not altogether necessary. If the cultivation is dis-
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continued about July 1, sow oats and Canada field peas mixed,
or rye and vetch as a cover crop to protect the roots in winter.
Dig this green manure under in the spring.

If the ‘‘framework’’ of the tree has
been properly constructed (low, loose
head), little pruning will be necessary
after the fifth year’s growth.

Thin the fruit so that the tree may
produce each year and the remaining
fruit will be larger, a finer texture, and
better flavor. The plum curculio is con-
trolled with the same solution as sug-
gested for the same insect on the cherry.

To control the brown rot, pick off all
the ‘“‘mummies’’ or rotten plums after
the foliage has fallen. Spray w1th Bor-
deaux mixture.

Cherries.— All low-lying land should
be avoided for both the sweet and sour
cherries. The sweet cherry, if grown
with any degree of success, requires a
deep, sandy loam, so exposed (north-
Fia. 74— Black knot. ¢, on €ast) that the blossoms will be held back

plum; b, on currant. yptj] all danger of frost has passed. A
Cut out infected parts

two to three inches be- Southern exposure not only causes the
;;’l‘l‘;_n ﬂ:;l %‘.ﬁiﬁ M &(ﬁ buds to break early but often causes sun-
After pruning spray the Scald. The sour cherries are hardier
trees ~with Bordeaux than the sweet varieties and do well in
mixture.—After Massee. a light clay Soil.

The sweet cherry should be planted twenty-four feet each way,
seventy-five trees per acre, while the sour cherry has ample room
at eighteen feet each way, one hundred and thlrty-four trees per
acre. Both should be planted early in the spring, set firmly in
the soil and the surface of the soil cultivated until July 15 when
a cover crop should be planted, clover, rye or vetch. If crops
arc grown between the trees continue cultivation until Septem-
ber and ‘then mulch with straw or manure. After the trees come
into bearing (five years) apply each spring one-half wheel-
barrow load of manure, two pounds of bone meal, and one pound
of muriate of potash to each tree working this fertilizer into the
first three inches of soil.

Both the sour and sweet cherries require very little pruning
after they come into bearing. Keep the head low, remove all
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limbs that cross, also all dead branches or twigs, cut out and
keep the limbs open enough to allow a free circulation of air
through the tree. The best growers head their trees about eigh-
teen inches from the surface of the ground at planting time.
There is a wide difference of opinion as to time and methods of
pruning. In general, prune early in the spring before the buds
start. After the tree comes into bearing, very little pruning is
Tequired.

The general culture in the treatment of the soil is similar to
that recommended for the pear or plum.

The three insect enemies that the average grower has to
encounter are cherry fruit fly, plum curculio, and pear slug. The
cherry fly is about two-thirds the size of the house fly. It appears
in June. The female stings the fruit and lays her eggs under
the skin. The maggot is full grown about the time the cherry
ripens. Spray with one-half pound arsenate of lead to seven
gallons of water. Before spraying add one pint of cheap
molasses. The molasses attracts the fly and the poison kills it.
Spray when the Early Richmonds show signs of red.

The plum curculio is a grayish-black beetle which lays her eggs
in the green cherry. Clean away brush piles and weeds and
cultivate. Spray with arsenate of lead the same strength as used
for the cherry fruit fly.

The pear slug in the larve stage is a small, blackish slug
which feeds on the upper part of the foliage. Spray with
arsenate of lead.

The principle disease of the cherry is the brown rot, causing
the cherries to decay. Allow sunshine and a free circulation of
air through the branches. Destroy all diseased fruit after
harvesting and spray with Bordeaux Mixture.

Birds are sometimes a common enemy of the cherry tree.
Cover the tree with mosquito netting. One dollar will buy
enough to protect a six-year-old tree.

Peaches.— In past years it was thought that the peach was
partial to a sandy type of soil, but it has been demonstrated
beyvond a doubt that the peach will grow on any type of soil that
will grow corn or potatoes. A sandy loam with a light clay
subsoil is especially desirable because of the adequate supply of
moisture, warmth of the soil drainage, and general physical
condition. )

If peaches are grown in a commercial way, the orchard should
be located where the transportation facilities are close at hand.
The orchard site is influenced by elevation, bodies of water and
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slope (see Farmer’s Bulletin No. 917, United States Department
of Agriculture).

Planting.—*‘As a rule, only thrifty, well grown, well rooted
one-year-old or June budded trees free from injurious insect
pests and fungous diseases should be planted.”” Plant in the
spring. Never allow the roots to dry out; heel the trees in.
Trees planted 18 x 18 feet, one hundred and thirty-four trees per
acre, 20 x 20 feet, one hundred and eight trees per acre. Plant
in straight rows and do not crowd the roots. Set the trees two
to three inches deeper than the nursery planting. Remove all
mutilated roots with a sharp tool. Prune back the head vigor-

F16. 75.—Wounds made in pruning. Left—Wound improperly
made. Do not leave stubs. Center—The proper place to make
the cut. Right—The properly made wound heals rapidly.—

- Wisconsin Bulletin 269.

ously after planting. Fit the finely pulverized soil about the
roots and pack it down firmly.

Cultivation.— In general, peaches thrive best on land that is
tiled each year. Plow early in the spring and harrow the sur-
face soil so that there is a dust mulech. Stop cultivation about
mid-season and plant a cover crop of red clover, ecrimson clover,
veteh, or rye, oats, ete. No special commercial fertilizer can be
safely recommended. ‘

Pruning.— The principle objects sought in pruning may be
summarized as follows (United States Department of Agricul-
ture Bulletin No. 917):

1. To modify the vigor of the tree.

2. To keep the tree shapely and within bounds.
3. To make the tree more stocky.

4. To open the tree top to admit air and sunshine.
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5. To reduce the struggle for existence in the tree top.

6. To remove dead or interfering branches.

7. To renew the vigor of the tree.

8. To aid in stimulating the development of fruit buds.

9. To secure good distribution of fruit buds throughout the
tree.

10. To thin the fruit.

11. To induce uniformity in the ripening of the fruit.

12. To make thorough spraying possible.

13. To facilitate the harvesting of the fruit.

Thinning.— If the fruit is to attain a commercia. standard, be
of a good quality, attractive appearance, and to eliminate ‘‘off”’
years, thin to four to six inches between each fruit. Thin after
the ‘‘June drop’’ or about four to six weeks after the petals fall.

If the leaves curl early in the season, you
may have the leaf curl disease among your
trees and they should be sprayed with Bor-
deaux mixture or lime sulphur. ,

If the leaves turn yellow early in the sum-
mer, dig out the tree or cut off any affected
branch and burn it. There is no remedy for
the peach yellows.

Quince.—The quince is seldom grown be-
cause it is slow to bear and very irregular
in growth. It requires a well-drained, clay

F1e. 76.—The flat-

soil. Secure one- or two-year-old trees, prune headed borer. a,
off all side shoots and form a standard on the larva; b, the

. upa; d, the per-
which a low head may be formed. Prune },ect beetle. It in-
out all superfluous shoots each spring before i‘f"el' many kinds

the sap flows and allow the air to circulate
freely among the branches. Sucker growth is ecommon and
should be cut out. The same treatment of the soil in fertilizers
and cultivation which is suited to the culture of the peach is
demanded by the quince.
Age of bearing.— Not infrequently amateur fruit growers
expect fruit from their trees much sooner after planting than
they should, and disappointment is inevitable. The statements
that follow concerning the age at which different fruits bear will
serve as a general guide. The age of a tree is usually reckoned
from the time it is planted in its permanent place.
Apple trees should begin to bear, as a rule, when they have
been planted six to eight years. Certain varieties, as the Yellow
Transparent and Wagener, may bear considerably younger, and
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others, such as the Northern Spy and Yellow Newtown, not until
they are somewhat older. Individual trees of the same variety
vary somewhat in this respect.

Pear trees bear, in general, at about the same age as apple
trees, though perhaps a little younger.

Peach trees under favorable conditions often bear at three
years of age, and in any event they should bear at four years
nnless injured by frost or otherwise.

Plums vary considerably according to the group to which they
belong, but most sorts begin to bear in four or five years after
planting.

Sour cherries ordinarily begin to bear in about four years and
sweet cherries at six or seven years after planting.

Apricots come into bearing at about the same age as peaches,
or sometimes a little later.

Quinces are usually five or six years old before they bear much
fruit.

Raspberries, blackberries, and dewberries, if planted in the
spring, should bear a light crop fhe next year. Strawberries
planted in the spring or early enough in the autumn to make a
good growth before the advent of cold weather should produce
a good crop the next season.

Currants and gooseberries commonly bear a few fruits the
third season after planting.

Grapes may bear very lightly the third season where condi-
tions are favorable, but not much fruit should be expected earlier
than the fourth year.

LISTS Oi" VARIETIES FOR DIFFERENT DISTRICTS

District 1

Varieties marked with an asterisk (*) are of special importance for the colder sec-
tions of the district. For an explanation of the abbreviations used in connection
with peaches, see under “Peach varieties” (p. 159) ; under strawberries the abbre-
viation imp. — imperfect. A synonym is shown by printing the name in italic
type in parentheses. <

Apples—Early: Yellow Transparent, *Oldenburg (Duchess), Tetofski, Peach
(Peach of Montreal). Midseason: *Wealthy, *Dudley, Fameuse. Winter:
MecIntosh, Bethel, *Scott Winter, Tolman (sweet).

Pears—Flemish (in milder sections), Clapp Favorite (in milder sections).

Peaches.—Planting not advised.

Plums.—Arctic (Moore Arctic), De Soto, Forest Garden, Wolf, Cheney.

Cherries.—Richmond, Montmorency.

Raspberries.—Herbert,! Ranere (St. Regis).!

Blackberries—Snyder.!

Dewberries.—Planting not advised.

*Hardy in the more favorable parts of this area.
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Currants.—Perfection (red), White Imperial.

Gooseberries.—Downing,

Strawberries—Dunlap, Warfleld (imp.), Progressive.

Grapes.—Planting not advised,

District 8

EAST AND WEST AS A WHOLE

The following varieties are suggested for all of district 2, aside from the
exceptiof noted: )

Apples—Early: Yellow Transparent, Early Harvest, Oldenburg, Primate,
‘Williams, Jefferis, Benoni, Maiden Blush, Gravenstein. Midseason: Wealthy,
Ramsdell (sweet), Fall Pippin, Mother, Hubbardston. Winter: McIntos{,
Tompkins King, Tolman (sweet), Rhode Island Greening, White Pippin, Bald-
win, Northern Spy.

Pears—Qiffard, Tyson, Bartlett, Seckel, Howell, Bosc, Anjou, Lawrence,
‘Winter Nelis.
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t the United States, showing the districts into which the country
divided for use in applying the fruit-variety lists.

Peaches—Greensboro (w fc), Carman (w fe), St. John (y f), Champion
(w fe), Reeves (y £), Oldmixon Free (w f), Elberta (y £), Late Crawford (y £),
Chairs (y f), Stevens (w £), Smock (y £).

Plums.—Bradshaw, Lombard, Diamond, Reine Claude, Grand Duke, Arch-
duke, Jefferson, Monarch, Middleburg, Italian (prune), Shropshire (damson).
Japanese varieties: Red June, Abundance, Burbank, Chabot.

Cherries—Sour varieties: Richmond, Montmorency, English Morello. Sweet
varieties: Tartarian, Spanish, Windsor.

Raspberries—Cuthbert (red), Golden Queen (yellow), Cumberland (black),
Columbian (purple).

Blackberries.—Eldorado (except along northern border in New England),
Snyder, Mersereau.

Dewberry—Lucretia.

Currants.—Perfection (red), White Imperial.

Gooseberry—Downing,

Strawberries,—Early: Dunlap. Late: Belt (William Belt), Sample (imp.).
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Grapes.—White: Diamond, Empire State, Niagara, Winchell. Red: Brighton,
Brilliant, Delaware, Salem. Black: Concord, Ives, Moore, Worden.

EAST AND WEST SBEPARATELY

The following varieties are suggested for distriet 2, east: Gooseberry—Co-
lumbus (European); raspberries—Herbert, Marlboro (both red), and ¥Farmer
(black) ; strawberry—Marshall (early). For district 2, west: Currant—London
(red) ; raspberry—King (red) ; strawberry—Bubach (imp.).

. District 3
EAST AND WEST A8 A WHOLE

The following varieties are suggested for all of district 3, aside from the
exceptions noted:

Apples.—Early: Yellow Transparent, early Harvest, Early Ripe, Red June,
Williams, Benoni, Horse, Maiden Blush, Wealthy. Midseason: Smokehouse,
Bonum, Delicious, Grimes, Kinnard. Winter: York Imperial, Rome Beauty,
White Pippin, Stayman Winesap, Winesap, Royal Limbertwig.

Pears.—Bartlett (in Pennsylvania, Ohio and Indiana only), Seckel, Kieffer.

Peaches.—Mayflower (w ¢), Early Wheeler (w ¢), Greenshoro (w fe), Arp,
(y ¢), Carman (w fc), Hiley (w fc), Belle (w fc), Ray (w fc), Reeves (y f),
Elberta (y f), Frances (y £), Late Crawford (y f), Chairs (y f), Smock (y 1),
Levy (y ¢), Salwey (y f). . .

Plums.—Native and hybrid varieties: America, Forest Rose, Gonzales, Mil-
ton, Miner, Munson, Newman, Poole Pride, Pottawattamie, Robinson, Whitaker,
Wildgoose. Japanese varieties: Red June, Abundance, Burbank, Chabot.

Cherries—Same as for district 2, but with decreasing value southward.

Raspberries—Cuthbert (red), Golden Queen (yellow), Cumberland (black),
Columbian (purple).

Blackberries—Early Harvest, Eldorado, Evergreen (in New Jersey only).

Dewberry.—Lucretia.

Currants.—Perfection (red), White Imperial.

Gooseberry—Downing.

Strawberries.—See below.

Grapes—White: Diamond, Niagara, Winchell. Red: Brighton, Brilliant,
Delaware, Black: Concord, Moore, Worden.

EAST AND WEST SEPARATELY

The following varieties are suggested for district 3, east: Gooseberry—Co-
lumbus (European) ; raspberry—Ranere (red) ; strawberries—Premier (early),
Success (early), Joe (late), Chesapeake (late); grapes—Elvira (white), Lutie
(red), Ives (black). For district 3, west: Currani—London (red) ; dewberry—
Mayes (Austin) ; raspberry—King (red) ; strawberriecs—Dunlap, Bubach (imp.)
(both varieties except in Tennessee and southward), Thompson (in Tennessee
and southward), Aroma (throughout section) ; grapes—Martha (white), Catdwba
(red), Carman (black).

District 4

EAST AND WEST A8 A WHOLE

Apples—Early: Yellow Transparent, Red June, Early Harvest, Red Astra-
chan, Horse, San Jacinto, Bledsoe. Midseason: Bonum, Kinnard. Winter:
Winesap, Texas Red, Yates, Terry.

Pears.—XKieffer (with Le conte or Garber).

Peaches.—Same as for district 3, though the late varieties should probsbly
be omitted.

Plums.—Same as for district 3.
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Cherries—Planting not advised.

Japanese persimmons.—See district 5.

Figs.—See distriet 6.

EAST SEPARATELY

Raspberry.—Ranere (above 500 feet altitude).

Blackberry—Early Harvest (above 500 feet altitude).

Dewberry—Lucretia.

Strawberries.—Klondike, Missionary, Thompson.

Currants and gooseberries.—Planting not advised.

Grapes—White: Diamond, Empire State, Elvira, Niagara. Red: Agawam,
Brighton, Brilliant, Delaware, Black: Concord, Carman, Moore, Diamond.
Along the Atlantie coast and extending about 100 miles inland the varieties of
the Muscadine group of grapes also succeed. These include Thomas, James,
Eden, Flowers, Mish and Scuppernong.

WEST SEPARATELY
Blackberries—Early Harvest, Dallas, McDonald (self-sterile), Haupt.
Dewberry.—Mayes (Austin).
Strawberries.—Klondike, Thompson.
Raspberries, currants and gooseberries—~Planting not advised.
Grapes—White: Gold Coin, Wapanuka, Winchell, Rommel. Red: Headlight,
grilliant, Brighton, Last Rose. Black: Husmann, Fern (Fern Munson), Moore,

arman.
District &

EAST AND WEST AS A WHOLE

A pples.—Planting not advised.

Pear.—Kieffer (with Le Conte or Garber).

Peaches.—Jewel (y f), Honey (w f), Imperial (w f;, Pallas (w £), Waldo
(w f), Florida Gem (w f), Climax (w f), Colon (w f), Triana (w f), Angel
(w £), Hall Yellow (y £), Cabler (r ¢), Estella (y £), Onderdonk (y £).

Plums.—Six Weeks, Excelsior, Terrell, America, Poole Pride. Japanese
varieties: Red June, Abundance, Burbank, Kelsey.

Cherries—Planting not advised.

Japanese persimmons.'—Tanenashi, Hachiya, Hyaknme, Okame, Triumph,
Tamopan, Eureka, Zengi, Costata, Ormond, Gailey,’ Masugata.'

Figs—Celeste, Turkey® (Brown Turkey), Brunswick, Ischia, Lemon,
Magnolia.*

: gmntively little definite information exists in regard to the range of adapta-
bility of different persimmon varieties. This list includes the principal sorts that are
planted in the South Atlantic and Gulf States. Tanenashi is probably grown more
extensively at present than any other sort. The Eureka has proved especially hardy
and desirable in Erath County, Tex., about sixty miles southwest of Fort Worth, and
also at one or two points considerably farther north. The Tamopan is a Chinese
variety and may possess a greater degree of hardiness than was formerly supposed.

i is one of the earliest varieties. Costata and Ormond may be too late for grow-
ing in most parts of district 4.

Gailey and Masugata are not of much value for their fruit, but, unlike the other
varieties, the trees have both pollen-bearing and fruit-producing blossoms. As a rule,
these two types of blossoms are borne on separate trees. While some varieties pro-
duce fruit without pollination, others do not; hence, in planting any large number of
persimmons it is advisable to include & pollen-producing sort.

3 The Celeste is regarded as the hardiest variety of this 5“)“]” with Turkey perhaps
only slightly less hardy. The former is much more widely planted than any of the
others in the list. These two sorts should be planted in district 4 in preference to
the others, unless ibly in a few especially favorable localities.

¢ The Magnolia is planted in the Gulf coast region of Texas nearly to the exclusion
of other varieties. 1t is not satisfactory in other parts of district 5, except possibly
in the southwestern part of Louisiana.
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Grapes.—White: Wapanuka, Hidalgo, Niagara, Krause. Red: Brighton,
Captivator, Agawam, Valhallah. Black: R. W. Munson, Cloeta, Carman, Cham.
penel. The varieties of the Muscadine group named under district 4, east, are
also adapted to most parts of district 5. By adopting special methods of train-
ing and by grafting on resistant stocks, certain varieties of Vinifera or Euro-
pean grapes have been grown with some success. However, they are not recom-
mended for general planting in this distriet.

EAST SEPARATELY

Raspberries, blackberries, dewberries, currants, gooseberries and strawber-
ries.—Same as for district 4, east.

WEST SEPARATELY

Raspberries, blackberries, dewberries, currants, gooseberries and strawber-
ries.—Same as for district 4, west.

District 6

Apples.—Early: Yellow Transparent, Early Harvest, Red June, Oldenburg,
Benoni, Maiden Blush, Wealthy. Midseason: Grimes, Jonathan, King David,
Delicious. Winter: York Imperial, Stayman Winesap, Winesap, Ingram.

Pears.—Bartlett, Seckel, Anjou, Kieffer.

Peaches—Early Wheeler (w ¢), Greensboro (w fc), Arp (y ¢), Carman
(w fe), Hiley (w fc), Belle (w fc), Family Favorite (w fc), Elberta (y f),
Stevens (w f), Stump (w £), Smock (y £f).

Plums—Native and hybrid varieties: De Soto, Miner, Surprise, Terry,
Whitaker, Hawkeye, Pottawattamie, Golden (Gold), Brittlewood, Emerald.
Japanese varieties: Red June, Abundance, Burbank.

Cherries.—Richmond, Montmorency.

Raspberries—XKing (red), Pearl (black), Cardinal (purple).

Blackberries.—Mersereau, Eldorado, Early Harvest.

Dewberries.—Lucretia, Mayes (Austin).

Currants.—Perfection (red), London (red), White Imperial.

Gooseberries.—Downing, Oregon.

Strawberry.—Dunlap.

Grapes—White: Winchell, Diamond, Noah, Elvira. Red: Brilliant, Lautie,
Catawba, Brighton. Black: Moore, Concord, Worden, Bacchus.

District 7

Apples—Early: Yellow Transparent, Livland Raspberry, Oldenburg, Char-
lamoff, Whitney, Benoni, Dyer. Midseason: Wealthy, Brilliant, Patten, Rams-
dell (sweet), Roman Stem. Winter: Banana, White Pearmain, Northwestern,
Black Annette, Delicious, Tolman (sweet), Windsor, Stayman Winesap, Ralls.

Pears.—Flemish, Bartlett, Seckel, Kieffer.

Peaches are uncertain at the best in this distriet. In favorable seasons the
following varieties would probably fruit in some sections: Greensboro (w fc),
Champion (w f), Bailey (w fc), Crosby (y f), Wright (w fc), Russell (w f),
Bokhara (w f), Lone Tree (y f).

Plums.—Forest Garden, Stoddard, Wolf, Surprise, Rockford, Hawkeye, Terry,
De Soto, Wyant, Miner, Emerald, Brittlewood.

Cherries.—Timme, Richmond, Montmorency.

Raspberries—King (red), Sunbeam (red), Minnesota No. 4 (red), Older
(black), Columbian (purple).

Blackberries.—Eldorado, Snyder.

Dewberries.—Planting not advised.

Currants.—Perfection (red), London (red), White Imperial.




THE FARMER’S ORCHARD 163

Gooseberries.—Downing, Carrie.

Strawberries.—Dunlap, Warfleld (imp.).

Grapes.—White: Diamond, Niagara, Noah, Winchell. Red: Brighton, Ca-
tawba, Lutie, Woodruff, Black: Concord, Ives, Moore, Worden. .

District 8

EAST AND WEST AS A WHOLE

Apples—Early: Yellow Transparent, Livland Raspberry, Oldenburg, Iowa
Beauty, Benoni. Midseason: Wealthy, McMahan, Anisim, Wolf River, Utter,
Peerless, Plumb, Cider. Winter: Mclntosh, Patten, Northwestern, Jewell Win-
ter, Milwaukee, Scott Winter, Malinda.

Pears.—Flemish, Warner.

Peaches—Planting not advised. :

Plums.—De Soto, Forest Garden, Cheney, Wolf, Wyant, Stoddard, Surprise,
Rollingstone, Waneta. Sand cherry-plum hybrids: Compass, Hanska, Sapa,
Opata, Sansota, Cheresota, Wachampa.

Cherries.—Timme, Richmond, Montmorency.

EAST SEPARATELY

Raspberries, blackberries, dewberries, currants, gooseberries and strawber-
ries.—Same as for district 7, except that the Columbian raspberry should be
omitted.

Grapes—White: Diamond, Niagara, Noah, Winchell. Red: Brilliant, Dela-
ware, Merrimac, Woodruff. Black: Concord, Ives, Moore, Worden.

WEST SBEPARATELY

The same varieties of currants and gooseberries are suggested as for distriet 7.
On account of limited precipitation, raspberries, blackberries and strawberries
are not likley to be very satisfactory in district 8, west, except under irriga-
tion. If water can be applied, and perhaps winter proection given, the same-
varieties as those suggested for district 7 may prove of some value. Conditions
are similar with reference to grapes. No varieties can be recommended for
this section with confldence of success, but where irrigation and winter protec-
tion can be given the following may be worth trying: White—Diamond, Lady,
Martha, Niagara; red—Agawam, Catawba, Delaware, Vergennes; black—Con-
cord, Hartford, Isabella, Worden.

District 9

Apples.—Oldenburg (Duchess), Patten, Okabena, Hibernal.

Pears.—Planting not advised.

Peaches.—Planting not advised. :

Plums.—The list for district 8 contains the varieties of most importance for
district 9, The sand cherry-plum hybrids are also of value in many sections of
distriet 9. :

Cherries—The varieties named for other districts are not likely to be hardy,
as a rule, in this district. Sand cherries, however, are of value for jellies, etc.
Buffalo berries and other native wild fruits are also used for jelly-making.

Currants.—Perfection (red), London (red), White Imperial.

Gooseberries.—Downing, Carrie.

Strawbefvries.—With winter protection : Dunlap, Warfleld (imp.), Progressive.

Respberries, blackberries, and dewberries.—Planting not advised.

Grapes.—The conditions are not well adapted to grape growing, and only the
very hardy sorts are likely to succeed even in the more favorable locations.
The ones suggested for trial are Alaska, Beta No. 1, Beta No. 2, Beta No. 3,
Bicolor, Dakota, and Janesville,
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District 1C

Apples—Early: Yellow Transparent, Red Juné, San Jacinto, Maiden Blush,
Gravenstein, Wealthy. Midseason : Grimes, Jonathan, Kinnard. Winter: North-
western, Texas Red, Winesap, Missouri, Arkansas Black, Ralls, Limbertwig.

Pears.—Bartlett, Seckel, Kieffer.

Peaches.—Alexander (w ¢), Sneed (w ¢), Triumph (y ¢), Arp (y ¢), Carman
(w fc), Mamie Ross (w fc), Chinese Cling (w ¢), Elberta (y £), Lee (General
Lee) (w ¢), Krummel (y f), Heath (w ¢).

Plums.—Six Weeks, De Soto, Golden (Gold), America, Hammer, Poole Pride,
Pottawattamie, Laire, Robinson, Wayland, Whitaker, Wildgoose, Wolf, Wooten.

Cherries—Richmond, Montmorency.

Raspberries.—O0f doubtful value.

Blackberries.—Crandall, Early Harvest.

Dewberry.—Mayes (Austin).

Strawberries—Klondike, Arizona, Michael.

Blackberries, dewberries, and strawberries are likely to fail in district 10
without irrigation, on account of limited precipitation.

Currants and gooseberries.—The same varieties listed for distriet 7 are sug-
gested for trial in distriet 10.

Grapes.—White: Hidalgo, Krause, Rommel, Wapanuka. Red: Captivator,
Ellen Scott, Headlight, Marguerite. Black: Bailey, Champenel, Fern, Husmann.

District 11

Apples—Early: Yellow Transparent, Early Harvest, Red June, Maiden
Blush. Midseason: Wealthy, Grimes, Jonathan, Delicions. Winter: Winesap,
Missouri, Rome Beauty, Arkansas Black, White Pearmain.

Pears.—Bartlett, Seckel, Kieffer.

Peaches—Alexander (w ¢), Triumph (y e), Greensboro (w fe), Carman
(w fc), Ray (w fc), Texas (Tezas King) (w fc), Mamie Ross (w fe), Belle
(w fc), Elberta (y £), Late Crawford (y f), Crothers (w fc), Krummel (y f),
Salwey (y f).

Plums and cherries.—Very few grown. Probably the varieties suggested for
district 10 would furnish satisfactory supplies for home use.

Little information exists econcerning the adaptability of bush-fruit varieties
to this district.

' Raspberries—Of rather doubtful value,

Blackberries, dewberries, and strawberries.—The varieties named for district
10 are suggested for distriet 11.

Currants and gooseberries.—The varieties named for distriet 12 are suggested
for trial in district 11,

Grapes.—No very definite suggestions are possible with reference to varieties.
In some places along the Pecos river and the Rio Grande a few Old World
varieties are grown, of which the Mission is the prinecipal one. Sultanina, Sul-
tana, Muscat, Alexander, and Black Hamburg might succeed, but all of these
varieties should probably have winter protection. _

District 13

Apples—Early: Yellow Transparent, Red June, Red Astrachan, Early Har-
vest, Gravenstein. Midseason: Grimes, Jonathan, Ortley, Wagener. Winter:
Delicious, Rome Beauty, Banana, Stayman Winesap, Winesap, White Pearmain,
Arkansas (Mammoth Black Twig), Arkansas Black.

In some of the irrigated valleys in Washington the Esopus and Yellow New-
town are also grown but they do not occur as widely as most of the varieties
named in the above list. The McIntosh is one of the most important varieties in
the Bitter Root Valley in Montana.

Pears.—Bartlett, Flemish, Anjou, Winter Nelis,
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Peaches.—Alexander (w c¢), Early Hale (w fc), Early Crawford (y f),
Elberta (y f), Muir (y f), Late Crawford (y f), Lovell (y f).

Plums.—Japanese varieties: Red June, Abundance, Burbank, Wickson, Sat-
suma. European varieties: Bradshaw, Lombard, Reine Claude (Green Gage),
Peach, Columbia, Washington, Yelow Egg, Pond.

Prunes.—Italian, Silver, Agen (French), Hungarian, German, Tragedy.

Cherries—Sour varieties: Richmond, Montmorency. Sweet varieties: Tar-
tarian, Bing, Napoleon (Royal Ann), Republican, Lambert.

Apricots.—Moorpark, Blenheim, Royal, Tilton. Apricots habitually blossom
very early in the spring; hence the blossoms are often killed by frosts except in
very favorable localities.

Raspberries.—Marlboro, Cuthbert.

Blackberries.—Eldorado, Lawton, Snyder, Logan (in the milder valleys of
Idaho, Oregon, and Washington).

Dewberry.—Lucretia.

Curranis.—Perfection (red), White Imperial.

Gooseberries.—QOregon, Poorman.

Strawberries.—Dunlap, Jucunda (in Colorado and Utah), Clark, Superb.

Grapes.—In the milder portions of district 12, especially in the southern part,
some of the Vinifera, or Old World, varieties may be grown, the Sultanina being
the favorite one. In some parts of Idaho and Oregon, with winter protection,
the more hardy varieties of the Old World grapes have given fairly good results.
These include such sorts as the Black Hamburg, Chasselas de Fontainblean,
Flame Tokay, Jura Muscat, Sylvaner, and Zinfandel. American varieties sug-
gested for trial planting in this district are Diamond, Niagara, Winchell, Brigh-
ton, Delaware, Concord, Isabella, and Worden.

District 13

Apples.—Most of the varieties in the list for distriet 12 occur widely in district
13. However, in the Puget Sound region such varieties as Alexander, Tomp-
kins King, McIntosh, Rhode Island Greening, Baldwin, and Northern Spy, to-
gether with Gravénstein and Wagener of the list named for distriet 12, are rela-
tively the most important sorts. Most of the above-named sorts also are grown
to a limited extent in other parts of district 13 as well as at the lower altitudes
in the eastern part of Oregon.

Pears.—Bartlett, Howell, Bose, Anjou, Comice, Winter Nelis,

Pcaches, plums, prunes, apricots, and cherries.—Substantially the same as
for district 12.

Raspberries—Cuthbert (red), Antwerp (red), Golden Queen (yellow).

Blackberries.—Eldorado, Snyder, Evergreen, Logan.

Deuwberries—Lucretia, Gardenia.

Currants.—Perfection (red), White Imperial.

Gooseberry—Oregon.

Strawberries—Gold Dollar (early), Marshall, Magoun, Oregon, Clark (for
canning), Superb. .

Grapes.—Conditions in western Washington are not favorable for grape grow-
ing. In western Oregon the same varieties suggested for district 12 may be
grown without winter protection.

District 14

Apples—While there is considerable difference in the adaptability of varieties
to the different sections of California, those named in the list for district 12 have
a wide range of adaptability and comprise the most important ones grown in
distriet 14, aside from the Yellow Bellflower and Yellow Newtown, which are
grown largely in the Pajaro Valley, and the Gravenstein, which is produced in
large quantities about Sebastopol, in Sonqma County. These three varieties
make up a large proportion of the commercial apple industry of California.
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Pears.—Bartlett, Howell, Bose, Anjow, Comice, Winter Nelis.

Peaches.—Alexander (w c), Triumph (y fc), Early Hale (w fc), Early Craw-
ford (y f), Tuskena® (y ¢), Foster (y ¢), Decker (w £), Elberta (y f), Muir?
éylf), Mclgvitt (w ¢), Late Crawford (y f), Lovell? (y £), Phillips® (y e),

alwey (y £f). . .

Plums.—Yellow Egg, Washington, Jefferson, Grand Duke, Climax, Clyman,
Wickson, Kelsey, Burbank, Satsuma,

S Prunes.—Agen (French), Sugar, Imperial, Sergeant (Robe de Sergeant),
ilver.

Cherries—Chapman, Tartarian!, Napoleon (Royal Ann), Big, Republican’,
Lambert.

Apricots—Moorpark, Blenheim, Hemskirk, Royal, Tilton.

Figs.—Adriatic, Ischia, Mission, Marsellaise, Smyrna type*.

Japanese persimmons.—Qoshio, Hachya, Hyakume, Tanenashi, Yemon.

.Igaspberries.—-—Cnthbert (northern California), Surprise (southern Califor-
nia).

Blackberries—Mammoth (self-sterile), Logan, Himalaya, Lawton (northern
California), Crandall (southern California and Arizona).

Dewberry—~—QGardenia.

Currant.—Perfection (northern coast section).

Gooseberry—Oregon (northern coast section).

Strawberries.—Marshall (Fresno and northward), Oregon (Fresno and north-
ward), Brandywine (southern California only), Arizona (in Arizona).

Grapes—In thi§ district the Vinifera, or Old World, varieties are grown
nearly to the exclusion of American sorts. On account of the destructiveness
of the phylloxera it is necessary to propagate the vines on stocks or roots that
are resistant to that insect except in the case of the “direct produeers,” which
are themselves resistant to the phylloxera.

The following varieties are named for district 14, and especially for Cali-
fornia northward from a region somewhat south of Los Angeles: White—
Alexandria, Green Hungarian, Palomino, Sultanina; red—Aramon, Flame
Tokay, Barbarossa, Chasselas de Fontainbleau; black—Bellino, Gross Colman,
Muscat Hamburg, Zinfandel.

1Used largely for canning. '

?* Though used for canning and for shipping fresh, Muir and Lovell are of impor-
tance largely for drying.

? See comment on page 00 concerning the self-sterility and intersterility of sweet
cherry varieties.

¢ Several varieties of figs of the Smyrna type are grown in district 14. In parts of
California they are being planted on a large commercial scale. Perhaps the Lob Ingir
variety is one of the most important. Smyrna figs require caprification in order to
develop fruit; hence, caprifig trees must be planted with Smyrna figs. The ama-
teur grower not otherwise informed should seek further advice before planting figs
of this type.




CHAPTER IX
BUSH FRUITS AND STRAWBERRIES

Blackberry.—The blackberry is becoming more popular every
Yyear, but in many farms it is allowed to grow wild and produce
inferior berries.

Location—The canes should be planted where there is con-
siderable moisture during the growing and ripening season.
Never plant where there is standing water in winter. The loca-
tion should be sheltered, protected from late frost and with good
air drainage.

Soil.— Deep sandy loam with considerable humus in it. The
soil should be deep and capable of holding moisture. Plow sod
land in the fall. If the subsoil is more or less stiff, subsoil plow-
ing is highly recommended. ‘

Planting.— Plant early in the spring. Set slightly deeper
than planted in the nursery. Remove all bruised roots and cut
the top back to five to seven inches. Rows eight feet apart and
plants four feet in the rows, 1,361 plants per acre.

Fertilizing.—The blackberry is a gross feeder and should have
from fifteen to twenty tons of stable manure per acre. Coarse
bone meal mixed with the manure will add the needed plant food,
but commercial fertilizers are not usually recommended. Legu-
minous crops such as cowpeas, clover, ete., if plowed under each
spring, will add the necessary plant food, as well as humus.

Cultivation.— Cultivate early in the spring, as soon as the
soil is fit to work. Surface cultivation should be frequent. "Keep
down all suckers and weeds. Keep a dust mulch over the sur-
face. Cultivate shallow, and discontinue at least one month
before freezing, and apply the mulch of manure.

REsSTLTS OF DIFFERENT DEGREES OF CULTIVATION

) AVERAGE AVERAGE
TREATMENT FARMS ACRES QUARTS INCOME

PER ACRE PER ACRE

Intensive cultivation ...........
Plowing plus cultivation.......
Moderate cultivation ............

14.65 1,890.64 $244.65
14.83 1,766.55 153.46
2.58 1,032.56 92.45

oo O
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Training.— There are many practical methods of training,
and they vary according to the conditions under which the black-
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Fia. 78—Blackberry canes of the upright type tied

to two wires, one placed above the other.—U. 8.

Dept. of Agriculture.
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Fia. 79—Blackberry canes of the u right type held
between two wires.—U. 8. Dept. of Agriculture.
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Fm 80—Blackberry canes of the traili

e

\old

type

trained along four wires.—U. 8. Dept. of Agri-

culture.
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Fia. 81 —Blackberry canes of the traihn

- — -

type

trained along two wires.—U. 8. Dept. of Agri-
culture.

Fm 82-—Blackberry canes of the upnght type tled

to posts.—U. 8. Dept. of Agriculture,

berry is grown. One
thing is certain — the
canes should never be
allowed to run wild
Cut out all old growths
close to the surface of
the crown. Pull suck-
ers and keep the plant
to from three to four
vigorous canes. These
may be pruned back
before the buds start
to form, three to four
feet from the crown
A few of the systems

of training are here
shown in Figures 78,
79, 80, 81 and 82, as
suggested by the U. S.
Department of Agri-
culture.

New plants may be
secured by digging up
a sucker with part of
the root system attach-
ed, and transplanting.
Root cuttings three to
four inches long and
one-quarter inch in di-
ameter, taken in the
fall or early spring,
will develop satisfac-
tory plants. The plan-
tation should be re-es-
tablished about every
six to seven years.

Winter protection.—
‘Where the canes are
injured by very severe
frosts, they should be
bent over in the fall




BUSH FRUITS AND STRAWBERRIES 169

and covered with soil or some litter. This should be done after
the canes become dormant. Uncover early in the spring.

Raspberry.—There are three types of raspberries — the red,
having upright canes and producing red berries; the black,
arched canes having black berries; and the purple, arched canes,
producing purple berries.

Location.—A cool climate is most desirable, and good air,
drainage, and a sufficient supply of moisture are very necessary.
Better on a hillsid