I3

i

1

il j.‘//.'!?'if" f

J
Hy
7
3
I

-
.,

v‘“‘\-.
o
s

-




A A i s

N 0
‘
2 T\ .y







Digitized for Microsoft Corporation
by the Internet Archive in 2007.
From University of California Libraries.
May be used for non-commercial, personal, research,
or educational purposes, or any fair use.
May not be indexed in a commercial service.



LIPPINCOTT’S
FARM LIFE TEXT SERIES

EDITED BY
KARY C. DAVIS, Pu.D. (CorNELL) .

PRODUCTIVE PLANT HUSBANDRY



LIPPINCOTT'S

FARM MANUALS

Edited by K. C. DAVIS, Ph.D.

SECOND EDITION REVISED

PRODUCTIVE SWINE HUSBANDRY
By GEORGE E. DAY, BSA.

PROF OF ANIMAL HUSBANDRY, ONTARIO AGRICULTURAL COLLEGE, CANADA.
06 tllustrations. xiit + 303 pages. $1 75 net.
SECOND EDITION REVISED
PRODUCTIVE POULTRY HUSBANDRY
By HARRY R. LEWIS, B.S.

POULTRY HUSBANDRYMAN, NEW JERSEY AGRICULTURAL
EXPERIMENT STATION.

330 tllustrations. xx1 -+ 530 pages. $2.00 net.
SECOND EDITION REVISED
PRODUCTIVE HORSE HUSBANDRY
By CARL W. GAY, B.S.A.

PROF. ANIMAL HUSBANDRY, CHAIRMAN ANIMAL HUSBANDRY SECTION,
DEPARTMENT OF AGRICULTURE,
UNIVERSITY OF MINNESOTA.

176 illusirations. xvi + 331 pages. $1.75 net.

- PRODUCTIVE ORCHARDING
By FRED C. SEARS, M.S.

PROF. OF POMOLOGY, MASSACHUSETTS AGRICULTURAL COLLEGE.
157 illustrations. x1v + 314 pages. $1.75 net.

PRODUCTIVE VEGETABLE GROWING
By JOHN W. LLOYD, M.SA.

PROF. OF OLERICULTURE, UNIVERSITY OF ILLINOIS.
104 illustrations. X415 + 339 pages. 31.75 net.
SECOND EDITION REVISED AND ENLARGED
PRODUCTIVE FEEDING OF FARM ANIMALS
By F. W. WOLL, Pu.D.

PROF. OF ANIMAL NUTRITION, UNIVERSITY OF CALIFORNIA.
100 tllustrations. xi1 - 375 pages. 31.75 net.
SECOND EDITION
COMMON DISEASES OF FARM ANIMALS
By R. A. CRAIG, D.V.M.

PROF. VETERINARY SCIENCE. PURDUE UNIVERSITY.
124 tllustrations. X1t + 334 pages. 31.75 net.

PRODUCTIVE FARM CROPS
By E. G. MONTGOMERY, M.A.

f _PROF. OF FARM CROPS, CORNELL UNIVERSITY.
204 illustrations. xix + 501 pages. $1.75 net.

PRODUCTIVE BEE KEEPING
By FRANK C. PELLETT

% 2 STATE APIARIST OF IOWA,
135 tllustrations. xiv + 302 pages. 31.75 net.

PRODUCTIVE DAIRYING
By R. M. WASHBURN

PROF. OF DAIRY HUSBANDRY, UNIVERSITY OF MINNESOTA,

132 tllustrations. xit + 393 pages. $1.75 net.







‘LSIGYVHDYO NV SI HHWYVJH  AHHAHE LSOWIV ‘NOLLOWS dALVOIHYI NYHELSHM V NI HNIMOUD LINUd HAISNILNI

A . TR .



FARM LIFE TEXT SERIES

EDITED BY K. C. DAVIS, Pu.D. (CornELL)

PRODUCTIVE
PLANT HUSBANDRY

A TEXT-BOOK FOR HIGH SCHOOLS

INCLUDING PLANT PROPAGATION, PLANT
BREEDING, SOILS, FIELD CROPS, GARDEN-
ING, FRUIT GROWING, FORESTRY, INSECTS,
PLANT DISEASES, AND FARM MANAGEMENT

BY
KARY CADMUS DAVIS, Pu.D. (CorNELL)

PROFESSOR OF AGRICULTURE, KNAPP SCHOOL OF COUNTRY LIFE, GEORGE PEABODY COLLEGE
FOR TEACHERS, NASHVILLE, TENNESSEE; AUTHOR OF PRODUCTIVE FARMING;
EDITOR OF LIPPINCOTT'S FARM MANUAL SERIES, ETC.

312 ILLUSTRATIONS

PHILADELPHIA & LONDON
J. B. LIPPINCOTT COMPANY



ov
‘&R‘\Q’ i ? 3

-~

COPYRIGHT, 1917

BY J. B. LIPPINCOTT COMPANY

L7 PO
Bie e
a% w's o8 o, o
Y er o ¢fe ,
+ % PRI JE- A% RN
«*
T e e e denle ey
s - " 28 .
: % e oo
oy s e Vg Tege ¢ o, . e .
*“ven « Byt &' 7 a afgal >

Electrotyped and Printed by J. B. Lippincott Company
The Washington Square Press, Philadelphia, U.S. A.



PREFACE

A cLANCE at the table of contents will show that this book
treats, first, the subject of plant life and growth, and methods of
improving plants. A preliminary study of botany is not essential
to the understanding of these lessons. Soils and their improve-
ment and maintenance are next considered. The treatments of
the various farm crops, including fruits, vegetables, field crops
and forestry, are given in much more detail than in texts which
attempt to include also the study of livestock. The latter is
omitted from this book except as it enters into the discussion of
the principles of farm management, the business of farming, or
the principles of breeding. The enemies of crops—weeds, insects,
and diseases—are considered somewhat fully. Much emphasis
is laid upon the improvement of the home and the community.

The field and laboratory exercises at the close of each of the
chapters are given so fully that it is believed they will be easily
understood and may be readily followed.

The time allowed to complete the studies and the exercises in
the book should be one school year. In many instances there are
more exercises in field and laboratory work, suggested at the ends of
the chapters, than can be performed by all students. A good plan
may be to divide the exercises among the students. In other
cases the materials may not be available in the particular region,
but similar exercises will naturally suggest themselves. The
different sections of the country have been in the writer’s mind
while preparing the text and suggesting the exercises.

More than 4,600 high schools are giving courses in agriculture.
The courses offered vary from one-half to four years of agri-
cultural work. In addition to these regular high schools there are
many agricultural schools offering much more agriculture, and
also giving courses in manual training for boys and home eco-
nomics for girls. At the present day there is a tendency to for-
mulate more systematic courses in the agriculture offered by high
schools. In the past, too many have started-with a one-year
course of general agriculture and then later tried to change it by
adding one, two, or three years of agricultural work. Students
continuing under such a plan found that the first year of work
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Vi PREFACE

had covered much of the matter taken up in the following years.
Such duplication is discouraging to the student, and less real
progress is made in the instruction.

This book, including the study of soils and plant husbandry,
offers a solution for this difficulty.

The book has had its origin in the discussions and plans
formulated by the agricultural teachers of acecredited high schools
in conferences beginning in 1914. These conferences for southern
states have been held and reports formulated in eooperation with
the United States Department of Agriculture.

A decided effort has been made to get away from the one-year
plan for the starting of the high school course in agriculture.
There has also been a feeling that high school students should not
be required to purchase too many separate text-books for each
year of the high school course.

The plan, somewhat modified, would be:

High schools ot’feﬁng only one year of agriculture, should give—

A year of plant husbandry (with a view to adding a second year of animal husbandry
later).

High schools offering two years of agriculture should give: First year: Plant Husbandry.
Second year: Animal Husbandry (including Poultry).

High schools offering three years of agriculture should give: First year: Plant Hus-
bandry. Second year: Animal Husbandry (including Poultry). Third year: Farm Mechanics
and Engincering (half year). Farm Management and Accounting (half year).

High schools offering four years of agriculture should give: First year: Plant Husbandry.
Second year: Animal Husbandry (including Poultry). Third year: Farm Mechanics and
Engineering (half year). Farm Management and Accounting (half year). Fourth year:
Dairying, or Poultry (half year). Feeds and Feeding, or Special Fruit Growing (half year).

Electives from the following may be substituted in the third year of three-year high
schools, and in the last two years of four-year high schools: 14 unit each of Fruit Growing,

Vegetable Gardening, or Improvement of Home Grounds; 14 unit each of Dairying, Animal
Husbandry (Feeding), or Field Crops; Y unit each of Insecets or Forestry.

In the high school curriculum the science work to be taken
parallel with the agricultural course, should be of a practical
nature. The biology should include additional studies in eco-
nomic insects, birds, bacteria in relation to country life, and the
main types of plant diseases. Physies or chemistry, or perhaps
both of these sciences, can be given a strong practical trend.

This plan may or may not be preceded by agricultural lessons
in the grades below the high school, but such an elementary course
covering the whole field in a very brief way, would be helpful,
and is recommended. Some Nature lessons in the grades may
also be given, and these should have a practical and perhaps an
agricultural trend.

In some instances it may be found advisable to reduce the
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work offered in this book to one-half year. Such might be the
case while adjusting the high school course to the new plan. If
this be attempted it could be accomplished by omitting certain
chapters which seem of least value in the particular locality.
Some of the exercises suggested at the ends of chapters could
then also be omitted if necessary.

The supplementary reading, offered by the references at the
ends of the chapters, may be done wholly or in part, to suit the
special needs of the course pursued.

The school equipment, for laboratory work may be very s1mple
or it may be very elaborate, ‘to suit the funds of the school. For
example, in the study of soils, tin cans, lamp chimneys, and soil
boxes may be used in place of expensive brass cylinders and similar
apparatus.

Land for use in teaching high school agriculture is always
helpful. It maintains the interest of students, makes the lessons
more concrete, and inspires confidence in the work, among patrons.
Large areas are not usually to be recommended, except for special
agricultural schools. Plots may be either rented or owned. On
them should be grown such crops as should be more grown in the
community. Demonstrations in soil treatment, as liming, fertil-
izing, or subsoiling, may be carried on. Variety tests are valuable.
Cultural methods may be shown.

Home projects suggested at the close of a number of these
chapters will give valuable farm practice. Credit for such work
should be given. It is as valuable as, and perhaps more so than,
the school work itself. Of course the home gardens, club work,
and home projects should always be under the guidance of the
instructor. Satisfactory reports of the work should be made; and
inspection of the progress of the work will be necessary from time
to time.

Criticisms of the plan and subject matter of the book will be
gladly received by the author.

K. C. Davis
NassviLLe, TENN,, April, 1917
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PRODUCTIVE
PLANT HUSBANDRY

CHAPTER 1
PLANT LIFE

Whatsoever a man soweth, that shall he also reap.—Bible.

ALL animals used by man are dependent upon plant life. Man
himself is directly or indirectly dependent upon it. Plant life
either furnishes food for man directly or the nourishment neces-
sary for the production of the animal food he eats. Plants also
furnish much of the fiber used by man in industrial arts, and for
his clothing. Likewise they furnish much of the building material
and fuel used by him.

Man is interested in the soil chiefly because of the crops which
it may be made to produce. His chief interest is, therefore, in
plants—not in soil.

Agriculture is the science and art of producing plants and ani-
mals and their products for the benefit of man. It is the oldest
and most important occupation known because it is fundamental
to all other occupations of man. Indeed no civilization can exist
long without agriculture.

The Cycle of Plant Life.—The plants used by man are nearly
all very complex in their structure, and their physiology is as in-
teresting as it is important. The study may begin with the ger-
mination of the seed. The little plant soon develops a stem from
which will spring both roots and leaves. The complexity of the
young plant is rapidly multiplied. Later on buds are formed, then
flowers and seeds. In time the plant may die and the species
survive only through the remaining seeds.

Germination.—The conditions for germination of any given
kind of seeds are: proper amount of moisture, warmth, and air.
Light is not necessary during this stage of growth (Fig. 1).

Of these conditions for growth, moisture and warmth are the
ones most essential for consideration, as air is usually present.

1
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Moisture.—Most farm and garden seeds rapidly absorb water
when placed in contact with moist soil. The rate at which water
will be taken up depends on the nature of the seed coat; the tem-
perature of the soil and seed; the amount of water present; and
the completeness of the contact.

The seed coat itself may be of such a character as to retard
the absorption of water. Such seeds are better protected against
germination at improper seasons than are other seeds with soft
coats. Even the seed itself may contain much oily matter which
helps to preserve it a long time. 'Such will not absorb water so

F1g. 1.—Germinating oats, on left, and barley, on right. Note that oats has three tem-
porary roots and barley six. The plush-like root hairs are abundantly shown. (Produc-
tive Farm Crops.)

readily, and usually their germination is slower. For these reasons
some kinds of seeds should be soaked a few hours before planting.

Many seeds will not germinate until the temperature of the
soil is nearly equal to that of warm spring air.

Water must not be so abundant in the soil as to exclude the
air. If this be so germination of most kinds of seeds will be pre-
vented and the seeds will rot instead of germinating. Such a con-
dition is commonly found in wet soils in early spring. The re-
planting of corn is perhaps as often due to this trouble as to the
lack of sufficient warmth. Neither should the soil be too dry.
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If there is not enough moisture to cause the seeds to take up water
rapidly they will remain dormant for a long time in the soil. As
* many seeds are planted very shallow, and as the top layer of soil
is usually drier than that farther down, their germination is often
very slow. It may be hastened by increasing the moisture in
some way. This may be done by watering the seed bed or by firm-
ing the soil.

If the moist soil be pressed firmly against the seeds water will be
absorbed and germination take place sooner than if the soil is left
very loose. It is for this reason that seed beds are rolled. The .
gardener may tramp upon the row of seeds after he has planted it.

Warmth.—The needs for proper temperature for germination
are usually well understood by the farmer or gardener. It is pos-
sible for him to control the temperature of the soil to a very great
extent. Harrowing will warm the soil by letting in warm air.
Rolling in the spring cools it by increasing the evaporation. He
also knows that certain kinds of seed will start when the soil is
comparatively cool, while others must not be planted until later
when the air and soil have become very warm. Oats will not
sprout well at a temperature below 40 degrees F., and prefer a
temperature of 60 degrees or more. Corn needs about 50, and will
do better if the soil is as warm as 80 or 90 degrees.

Air and Oxygen.—Air is usually present in soils in sufficient
abundance to allow seeds to germinate properly. This is par-
ticularly true of coarse or sandy soils. In heavy clay there may
be enough water present to exclude the air. If the air be kept
out because the soil is puddled or too firmly packed when wet,
germination is not likely to take place. Seeds differ a great deal
in this matter. Flax for example does not require so much air
for germination as wheat or corn. It is partly because of these
differences in seeds that the cultural methods are found to vary
so widely. The student may prove the need of air for germina-
tion by placing seeds of any kind in a bottle of water to see if they
will germinate. They should be compared with others placed in
proper conditions of moisture, warmth and air.

What Germination Is.—When seeds begin to germinate the store
of plant food in them is changed into a form suitable for circulation
(Fig. 2). Asmoisture is absorbed and oxygen taken in, carbon diox-
ide is given off. During these changes the tissues of the embry-
onic plant contained in the seed begin to grow. Soon a stem is
formed which turns its growing joint downward and away from the
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light. As this young stem extends in length it either forces the
first seed leaves upward and toward the light or raises the seed itself.

If the seed is in the ground the lengthening of the young stem
may either push the young leaves up out of the ground, or push
the remainder of the seed into the air. This is called sprouting.
The seed leaves are called cotyledons, and the young growing
stem is called the hypocotyl. The next
leaves formed, and which appear in the
growth after or above the seed leaves, form
the plumule. This is the terminal bud of
the young plant.

Depth of Planting. —Seeds differ in the
character of growth of the hypocotyl. In
the field and garden pea, for example, the
two halves of the seed, called cotyledons,
are usually not forced above the ground.
In the germination of melons, squash,
beans and others they are lifted through
the surface of the ground into the air.

Because of these differences in seeds the
depth of planting must be varied. Those

Fi16. 2.—A seedling maple
tree showing the pair of seed-

leaves (cotyledons) still cling-
ing. hese have furnished
much of the nourishment for
the ecarly growth-of the plant.
When these drop off the other
leaves must supply all the car-

bon dioxide from the air and .

the roots will supply the neces-

seeds which push the cotyledons out of the
ground should not be planted so deep and
care must be exercised to avoid the soil
becoming crusty at that time. Those which
leave the cotyledons in the ground may

sary mineral matter from the

sarg use their energy in foreing the ascending

stem and leaf cluster through a firmer

layer of soil. Peas are usually planted much deeper than beans.

Depth of planting is somewhat in proportion to the size and

vigor of the seed. The character and amount of moisture in the

soil also help to govern the depth of planting. For any given kind

of seed, plant deeper in warm weather and in light soils. Plant
shallower in wet weather and in heavy soils.

THE LEAVES
Green Color.—As soon as the plant appears above ground
light causes it to assume a green color. This is because the proto-
plasm or life fluid of the plant produces a substance called chloro-
phyll. Its purpose is to enable the plant to make use of sunlight.
The higher forms of plants contain chlorophyll, and are able to
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use carbon dioxide from the air because of its presence. Lower
forms of plants, such as mushrooms and other saprophytes, as
well as parasitic plants, do not contain chlorophyll. They must
get their food already prepared for assimilation.

Starch Forming.—Plants containing no chlorophyll are unable
to break up carbon dioxide to form starch for their own nourish-
ment. Fungi which attack growing plants have no chlorophyll in
their tissues. They use the starch made by the host plant. The
formation of starch is performed only by plants which contain
chlorophyll. The starch is manufactured in the presence of sun-
light from carbon dioxide and water taken into the tissues.

6 COz +5 HzO =CQH1005+12 0 '
6 Carbon dioxide +5 Water=Starch+12 Oxygen.

Office of Leaves.—When
the young plant began its
growth a store of nourish-
ment in the seed supplied
the energy necessary to
cause the plant to burst the
seed coats and perhaps to
sprout above the soil. The
leaves formed near the sur-
face of the ground must then
supply nourishment to the
young plant. From this
time on the growing plant
receives a large proportion
of its nourishment from the
air through the leaves. There
are breathing pores in the
surface of the leaves through
which air may come in con-
tact with the soft cells within.

In the making of starch,
carbon dioxide is taken in
through the pores (or sto-
mates) of the leaves where =X
lt comes in contact VVlth Fia. 3.—A self-balanced aquarium. When

placed in a window the plants in the aquarium
water taken up by the young give off oxygen, which the animals use. The ani-

mals produce the necessary carbon dioxide for
plant- Here ) thI‘Ollgh the the plants, which live principally on it.
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influence of sunlight and the work of the cell fluid, called protoplasm,
if chlorophyll is there, starch will be formed. Oxygen is given off
in the process of making starch (Fig. 3). Starch is the staple food
of the plant. Thus the leaves acquire from the air and develop
much of the substance of which plant tissues are formed.

Breathing.—The work of acquiring the materials and manu-
facturing starch is related to digestion. Leaves also perform a
funection which is related to breathing in animals. The breathing
process is carried on through the surface of the leaves both day
and night. Tt is exactly analogous to the breathing in animals.
In this process the plant uses the oxygen from the air and gives
off carbon dioxide to the air. But in the daytime, when the sun
is shining, the leaves are carrying on the digestive process more
rapidly than they are breathing. The net result of the two
lines of work is that the plants really give off more oxygen than
they take up and they use up more carbon dioxide than they
exhale. In the dark the starch-forming process ceases, but breath-
ing continues. Those plants in the house breathe out carbon
dioxide at night just as people do.

The object of the breathing in plants is similar to that in
animals. Because of this work of the leaves they may properly be
called the ‘‘lungs” of the plant.

Leaf Structure.—A fresh green leaf mdy not be very thick,
but it is composed of a number of layers of cells. Those in-
side are very soft with very thin walls. These contain the live
cell fluid, called protoplasm, in which is the green chlorophyll.
Among these soft cells, called parenchyma, there are spaces for
air (Fig. 4).

Outside of the soft cells, that is on the upper and lower surface
of the leaf, there are layers of cells called epidermis, corresponding
to skin. These epidermal cells do not contain any green coloring
matter. They are transparent, and the green chlorophyll from
the inner walls shows through, giving the leaf a green appearance.
Sunlight shines through the epidermis during the starch-making
process.

Stomates.—Numerous small openings are found in the epi-
dermis of the leaves. In many kinds of leaves they are more
abundant on the under surface. It is estimated that about 150,000
to the square inch exist on the under side of an apple leaf. These
openings, called stomates or mouths, are for the purpose of breath-
ing and the taking in of carbon dioxide for the making of starch.
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Guard-cells.—These little openings in the epidermis of the
leaves are guarded by special cells, called “guard-cells.” They
differ from the other cells in appearance by being of a different
shape and containing a little chlorophyll. They are long and
slender, but curve so that two of them surround each opening.
The pair may be said to form the lips of the little mouths in the
leaves. They are sensitive to moisture and heat. They are called
guard-cells because they control the size of the openings. When
the weather is favorable they leave the mouths open, but when
the weather is dry and hot they close the mouths to help prevent
the evaporation of water from the inner parts of the leaf (Fig. 4,9).

. F1a.4.—Asection of green leaf under the microscope, showing air spaces (A, A), a breath-
ing pore at S, epidermal (skin) cells at the top and bottom, palisade cells below the upper skin,
and the loose cells just below these. Chlorophyll grains are seen in all but the epidermis.

Leaves in Their Relation to Light.—Probably the chief office
of the leaves of the plant is to manufacture starch from earbon
dioxide and water in the presence of sunlight. The leaves on a
plant are therefore arranged in such a way as to gather as much
light as possible. Many different plans or devices to accomplish
this end are found among plants. The leaves of the corn plant
turn their broad surface toward the light and curve over to catch
as much as possible. The under leaves of many plants may wither
and drop off when younger leaves from above have completely
shaded them. Leaves on vines climbing on a wall often spread out
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in such a way as to avoid shading each other too much. Thus the
plant secures all the light possible. Trees in dense woods grow
tall in search of light. There is little need for them to produce
side branches, because the sun would not reach them.

If rows of corn or garden crops are planted east and west each
plant will receive more light during the young growing stage than
otherwise. Of course if the distance between plants in the rows
is the same as the distance hetween rows the direction will make
no difference.

. THE ROOTS

Young plants soon after germination produce rootlets at the
lower end of the hypocotyl.

Purpose of Roots.—Besides holding the plant in place, the
roots gather moisture and plant food from the soil. Indeed all or
- nearly all of the moisture taken in by plants must enter through
the roots. The food gathered by the roots must be dissolved in
the water of the soil.

The amount of water required by growing plants is difficult to
comprehend. Many of our field crops may require 500 times as
much water as dry matter during their growth. Thus a ton of
mature dry corn fodder may have required 500 tons of water from
the soil where it grew. If this amount of corn is grown to maturity
in 125 days, then four tons of the soil water would be the average
amount taken in by the ton of corn each day. It is for this reason
that much attention must be given to the matter of soil moisture
for our growing crops.

How Water is Acquired by Plants.—When the water in the
soil is distributed in films through the grains, the roots of the plant
must be finely divided and come in close contact with these films
to obtain the water. The fibrous roots of half-grown plants in
the garden may reach from one row to the next. Some are at
considerable depth, and others near the surface.

Root-hairs.—For the purpose of greater increase in the sur-
face of fibrous roots, numerous root-hairs are produced on the
surface, particularly on the younger growth, but not at the
growing tip. When the root-hairs are examined closely they give
the appearance of fine white plush, as each is very short and the
mass is dense and soft. The walls of this fine growth are very
thin and water can be taken in readily. A study of root-hairs
can easily be made by germinating pumpkin or other large seeds
on moist cloth, and allowing the growth to continue for a few days.
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Osmosis.—Liquids pass through cell walls and other mem-
branes by a trading process called osmosis. It is aforce or process

almost as universal as gravitation itself.

Among the cells of all

living creatures exchange of liquids is taking place by an osmostic

process. It may be defined as an exchange
of liquids or gases of different density,
through a membrane.

Tie a piece of bladder from a butcher
shop very tightly over the mouth of a fun-
nel tube (Fig. 5). Fill the funnel either
before or after with a very strong sugar
syrup as dense as it can be made when it
is hot. Then support the funnel as shown
in the figure in a vessel of water. The liquids
will immediately begin to exchange places
through the membrane. The greatest move-
ment of the liquids is always toward the
denser. But both liquids will pass through
the membrane to some extent. There is
an exchange going on. After a few hours
some sugar may be proved to be in the outer
vessel. The rise of liquid in the funnel tube
will prove that much of the water from the
outer vessel has gone into the funnel through
the membrane. If conditions are favorable
more glass tubes may be fastened with a piece
of rubber at the the top of the funnel and the
water will come to a height of several feet.

It is by this process that water is forced
through the cells of the plant to the height
of the leaves.

Exchange at the Root Surface.—Growing
plants must have in them sap which is denser
than the moisture found in the films about
the grains of soil. If the soil water were very
heavily saturated with plant food in solution,
and if the sap in the roots were not so dense,

T

F1a. 5,—Osmosis with
a bladder membrane tied
on mouth of funnel tube.
After the bladder is tied
in place, the tube is filled
with thick syrup or other
strong solution. Water is
in the large bottle. As the
osmosis takes place the
liquid may ascend the tube
many feet if it is extended
high enough.

the plant would have to give off more water to the soil than it
would absorb. This would cause the plant to wilt.

This may be illustrated by putting a fresh plant of lettuce
with its roots and lower part in a glass containing a dense syrup;
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wilting will take place in a short time. Compare it with a similar
plant placed in fresh water at the same time.

Water must be supplied to the soil to make the density of the
soil water less than that of the sap in the roots. When conditions
are thus favorable growth may follow. During the normal process
the plants give off a very little liquid to the soil in exchange for a
large quantity of very dilute liquid made up of a large quantity
of water and a very slight trace of plant food in solution. The
liquid given off by plants at the roots usually has an acid reaction
and is sometimes useful in dissolving lime, phosphates and other
minerals in the soil. It thus becomes changed in its character and
when diluted may be later taken up by the roots.

In certain other cases where the soil conditions are unfavor-
able the liquid thrown out by roots may remain in the soil, and until
it i1s changed has a poisonous effect upon the plant. The action
of air and water during the process of tillage will help to remove
or change this poisonous substance. This makes the soil again

_suitable for plant growth.

THE PLANT AND THE SEASONS

In the temperate climates of the globe the change of season
during the year is so regular that plant growth has adjusted itself
to the extremes of winter and summer. In the more northern
parts of the temperate zone the changes are more pronounced
than in the extreme south.

Examples of the preparation for winter are found among all
plants in the ripening of fruits and seeds in the fall. Woody
plants and other perennials form buds and some means of protec-
tion, as the formation of scales, waxy or downy growth, lenticel
or corky growth on the leaf scars near the buds. :

In early fall while leaves are still upon the trees examine twigs
of various fruit trees, such as apple, peach, and plum. Study the
protective coats found on the buds. See if any of the leaves will
snap off readily, indicating the formation of a natural separation
from the twig which will leave a leaf scar. If this study is made in
the winter the protection of the buds may be shown even better
and leaf scars may show corky growth. The surfaces of young
twigs will show more protection. The green color is then destroyed
and breathing pores are filled with corky growth.

The orchardist understands the need of checking the growth
of his fruit trees in early fall by the growth of a cover crop to use
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up the surplus soil moisture. This checking of the growth of
the trees will allow the plant to better protect itself from winter
killing.

Plants store up food for the early spring development. Ex-
amples of these are found in all seeds and fruits, in the stems of
plants and in underground parts. The stored parts of plants may
form food for animals and man. This is illustrated in beets and
in other root crops, in corn, wheat, oats and other grains. The
sap from sorghum cane is used for making syrups because of the
sugar stored there by the plant.

FIELD AND LABORATORY EXERCISES

1. Sugar and Starch.—Test the stems of corn or sorghum for sugar and
starch. The same test may be made with twigs and buds of the apple or
other woody plants. Starch may be detected by a drop of iodine on the cut
surface. The color will change to blue or purple if starch is present. Sugar
may be detected in beets, sorghum stems and other tissues by the use of a
little copper sulfate solution on the cut surfaces. In a few moments rinse
this off. Then heat the tissue on a glass slip over a flame after adding a few
drops of very strong potassium hydroxide. If sugar is present a blue colora-
tion will gradually appear in the liquid.

2. Test for Oil.—Examine the seeds of a castor-oil plant, flax, cottonseed,
soy beans, peanut or others for oil. In soft seeds the presence of the oil may
be detected by pressing it between two layers of paper or between the fingers.
If a chemical test is desired use henna root dissolved in alcohol. This solution
is called aleanin. Drops of oil or fat will be stained red by alcanin.

3. Examining Starch.—If a high power microscope is available a useful
study may be made of the different kinds of starch found in seeds. Compare
the grains of such seeds as rice, wheat and corn with those of the potato tuber.
Then examine a few samples of flour to see if more than one kind of starch is
present. It is not an uncommon thing to find some corn starch present in
wheat flour. What is the probable source of the grains found in laundry starch?

4. Moisture and Germination.—Students should carefully read over
exercises showing the effect of moisture on germination, warmth influencing
germination and the necessity of air in germination. Exercises of this charac-
ter are outlined in the writer’s book on School and Home Gardening. 1f this
or similar exercises have not been performed by the students, they should be
taken up in connection with this chapter.

5. Sprouting at Different Depths.—An exercise on depth of planting is
outlined in “Productive Farming.”” This may be repeated.

6. The Effect of Sunlight in producing green color in leaves should be
tried. A simple way to prove the effect of sunlight in producing green color
is shown by placing a light board over a plot of grass for a few days. Then
notice the bleached appearance of the grass leaves.

7. Window Aquarium.—In connection with the paragraph on plants,
the student should start a self-balanced aquarium by putting into a two-
quart glass jar or gallon jar a little clean sand and gravel. Then a supply of
water plants from stagnant pools, such as alge, duck weed, Nigella and
others; then a few water insects and a few minnows, and place the glass jar
in direct sunlight, as in a south window. See description of such an aqua-
rium in School and Home Gardening (Fig. 3).
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8. Structure of Leaves.—If compound microscopes are available in the
school, the students should make cross sections of leaf structures and study
the tissues, stomates and guard cells.

9. Leaves Seek the Light.—Have some house plants growing in the window
and note the leaves turn toward the sunlight. Turn the plants around half
way, and note the length of the time required to change the direction of the
leaves toward the light again.

10. Root Hairs.—Plant corn, beans and other large seeds in bottles of
sand or soil. Wrap each bottle with black paper, or otherwise shut out the
light. After the roots are well formed, remove the covering and study the
root hairs and root systems which can be seen through the glass bottles. Of
what use is the black paper? .

11. Osmosis Through Egg Membrane.—In addition to the exercise sug-
gested to show osmosis with a piece of bladder over a funnel tube, try also
the exercise describing osmosis with an egg detailed in Productive Farming.

QUESTIONS

. Give the conditions for germination of plants.

. How are each of these conditions provided in out-door germination?

. Give some cases of difference in depth of planting seeds.

. Of what value is the green color in leaves?

. What important product is manufactured in leaves exposed to sunlight?

Describe the breathing of plants, and give the leaf structure which pro-
vides for this.

. Give some examples you have observed of the struggle of leaves to get

sufficient light.

. Enumerate the purposes of roots.

. Describe the structure and state the use of root hairs.

. Define osmosis and state its relation to plant life.

. Describe an experiment by which osmotic action is demonstrated.

. In what ways do woody plants prepare for winter? How do others pre-

pare for winter? 4

References.—U. S. Farmers’ Bulletins: 157, ‘“The Propagation of

Plants; 586, Collection and Preservation of Plant Material for Use in the

Study of Agriculture. .

o



CHAPTER II
FLOWERS.—SEED PRODUCTION

The soil receives in its bosom the seed scattered broadcast upon it, softened
and broken up; she first keeps it concealed therein; next, when it has been
warmed by the heat and by close pressure, she spllts it open and draws from
it the greenery of the blade.—CicEro.

NEearLy all plants used by man for farm and garden crops
produce flowers and seeds. The sole purpose of the flowers of
plants is to produce seeds.

The Flower.—A perfect flower contains the essential organs
necessary for the production of seeds. These are the stamens,

F1G. 6.—The poppy flower shows a large pistil in the center to bear the seeds around this
are the numerous stamens surrounded by the bright petals. (U. S. D. A.

bearing pollen, and one or more pistils bearing ovules which may
develop into seeds (Fig. 6). Other organs are sometimes present
in the flower. These consist of petals and sepals sometimes called
the floral envelope. The purpose of the floral envelope may be

to protect the flower from cold in the early stages of its opening,
13
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to attract insects by the color and perhaps to form a case for
xectar, which will reward insects for their visits.

1f the flower does not contain both of the essential organs—
stamens and pistils—it is called an imperfect flower (Fig. 7).
In such cases the other set of organs is found in other flowers on
the same plant as in
corn, or on other indi-
vidual plants, as in pop-
lars. Monecious plants,
as corn, are those in
which the staminate
flowers and pistillate
flowers are both on the
same plant. Diecious
plants are those in
which the staminate
and the pistillateflowers
are on different plants,
as in the cottonwood
and poplar trees.

Flowers may be
borne singly as in case
of the poppy (Fig. 6),
in heads as in the sun-
flower (Figs. 8 and 12),
in spikes (Fig. 11) and
in many other forms of
clusters.

Pollination.—In per-
fect flowers the pollen
found in the stamens

F1a. 7.—Ear of corn in full silk and ready to be ikl i:%ll! dlreCtly LT
pollinized. There is one silk from each kernel and each the pistil. The pollen

must receive a pollen grain, from some corn tassel, which G

sends a thread-like growth the entire length of the silk. grains may then de-
(Productive Farm Crops.) Velop a long, thread-
like growth which reaches the ovules within the base of the pistil.
When the pollen growth reaches the ovule a fusion of the two
takes place. This may be termed the fertilization of the ovules.
Seed cannot properly develop until such fertilization takes place.
Flowers which pollinize their own pistils are probably not so
common among the cultivated plants as in wild ones. Self-pollin-
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ating is impossible among plants which have imperfect flowers.
Other conditions or structures may make cross-pollinating neces-
sary (Fig. 9). Self-poliination is sometimes compulsory, as in
hidden flowers of the violets, blossoming under ground (Fig. 10).

Cross-Pollinating.—Any plan or structure which requires that
the pollen be carried from one flower to another will enforce cross-
pollination.  Certain perfect flowers may have their pistils and
stamens mature at different times. If the pollen is not ‘‘ripe” or
ready to be distributed at the time the pistil is ready to receive
the pollen, then pollen must come, if at all, from some other
flower where it is more mature. Again, if the pollen is ripe before

Fra. 8.—Cross-section of head of wild sunflower showing the individual flowers in different
stages of development. Note the curled stigmas at the left. (U. S. D. A.)

or after the pistil in that flower, then the pollen can be useful only
in some other flower where the pistils are in the right condition.

The structure may also be an important factor in causing
cross-pollination. In drooping flowers the pistils may be shorter
than the stamens so that the pollen will fall away from, instead of
toward, the pistil. In ercct flowers the pistil may be longer than
the stamens so that the pollen cannot fall directly upon the stigma
or receiving surface of the pistil.

In certain varieties of fruits, as in the apple, it has been found
that perfect flowers may be self-sterile. The pollen falling upon
the pistil of the same flower will not grow so well as pollen received
on the same stigma surface from other varieties of apples. It is
for this reason that two or more varieties of apples are frequently
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(U.S.D. A)

Fia. 9.—Ear of corn from isolated corn stalks, showing approximate amount of self-polli-
nation.
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Fia. 10.—Violet showing cleistogamic flowers blooming under ground. The seed pods pro-
jecting up above ground in order to spread seed. (U. 8. D. A))
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planted near together in the same orchard. The same is some-
times true in such other fruits as pears, plums, peaches and straw-

berries. ) :
Wind Pollinating.—Usually pollen is carried either by wind
or by insects. Flowers in which the wind is the chief force to aid
in cross-pollenating have certain characteristics. Usually the
pollen is light and dry. The flowers themselves are inconspicuous
as to color, but may be placed where the wind can easily strike
them. There is no odor or

e nectar present. Examples of
the class are corn, grasses and
" grains.

Insect Pollinating.—Many
of our cultivated plants are
dependent upon the work of
insects in transporting the
pollen from one flower or plant
to another. Bees, flies and
other insects aid greatly in this
work. Flowers which are de-
pendent upon insects to carry
the pollen have some or all of
the following characteristics:
(a) Sticky, heavy pollen. (b)
Showy flowers. (¢) Fragrance
and nectar (Fig. 11). (d) Some-
times special structures to ae-
commodate the insects. An ex-
i U/ O ample of the special structure
Fi1a. 11.—Larkspur flowers bear nectar is fOl_lIld in sweet pea blOSSOIIlS.

in the deep ‘‘spur,” to attraet insects. The O 3
latter carry pollen from flower to flower, and When the nsect allghts upon

they are ‘‘cross-pollinated.” (U. S. D. A)) the Kmb of the flower the pOl-
len is brushed from the coat of the insect by the stigma surface.
As the insect leaves the flower other pollen is scattered by the
stamens upon the coat of the insect to be earried to other flowers
(Fig. 12).

Growth of Seeds.—After pollination takes place the ovules
usually develop rapidly and mature seed may be formed in a
very short time. The period elapsing from the time the timothy
field is in blosson until the seed is ripe is only a few weeks. This
is noticeable also in wheat and other small grains. During this
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FiG. 12.—The honey bee gathers honey only from those flowers which are open and ready
to receive or distribute pollen. (F. C. Pellett.)

F1a. 13.—When the pistil of the peanut Fi1a. 14.—Base of peanut plant,showing seeds,
blossom receives its pollen its stem greatly roots and nodules. (U.S.D. A.)
elongates downward and pushes the end into

the soil. Here the pod develops into the

mature peanut. (U. S, D. A))
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development much of the nourishment of the plant is taken to the
seeds by the process of circulation through the stems. Note the
peculiar action in the case of the peanut (Figs. 13 and 14).

This is a very critical period in the life of the plant or crop.
The moisture conditions must be as nearly perfect as possible.
The yield of the crop of seed, as of wheat, is largely dependent
upon the development during-this period. If conditions are

F1a. 15.—Tobacco flowers and seed in different stages of development from left to right.
Note the abundance of seed from one case. (U.S. D. A))

unfavorable the mature seed may be shriveled and poor and the
resulting crop be very light.

~ Purpose of Seeds.—In nature seeds are formed for the purpose
of reproducing the species at a later time and in other places.
Distribution is accomplished largely through seeds (Fig. 15).
Annual plants live through winter in the form of seeds only.

The length of time which seeds may live is dependent upon
several things: (1) The nature of the storage matter in the seed.
If much oil is present the seeds may be less subject to weather
conditions because they do not absorb moisture readily. (2) The
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seed coat or the seed case may be resistant to moisture. (3) The
place of storage of seed if very dry or very cold may hold the life
of the seed much longer. Grains sowed in very dry soil in an arid
region may live for several months without germinating. When
the next rain comes germination may follow quickly. Stories
are often told of seed being found in cases with Egyptian mummies,
which would germinate after many centuries. These stories are
not duly authenticated, but such conditions would be very favor-
able because of the absence of moisture,

FIELD AND LABORATORY EXERCISES

1. Study the flowers of different plants, and find some provided with
pistils, some with stamens and others with both organs.

2. Determine what the effect would be of having only pistillate plants in
a strawberry bed.

3. Study pollen of various flowers. This may be done with or without a
compound microscope. Decide whether the supply of pollen is abundant or
scarce with various cultivated plants that may be available. Determine
what flowers have light, dry pollen, which could be scattered by the wind,
and what ones have waxy or sticky pollen which would be carried chiefly
by insects.

4. From Pistil to Seed.—If possible, examine a certain kind of plant, tor
example, peas or beans, in the different stages of development of the seeds
(Figs. 13, 14 and 15). Begin with the first pollination and early development
of the embryonic seeds, and trace them toward maturity.

5. Parts of Seeds.—Study the parts of mature seeds, including those with
two seed leaves, as the bean, and including those of the monocotyledonous
type, as corn. The seeds are more easily examined if they have been soaked
a few hours in advance.

QUESTIONS

. What are the organs of a flower essential for the production of seed?

. Of what use is the floral envelope?

. How may imperfeet flowers produce seed?

. Describe the pollination and fertilization of a perfect flower. Of the corn
plant. Of a pistillate strawberry. 4

. What are the characteristics of wind-pollinated flowers?

. Give the characteristics of flowers pollinated by means of insects.

. Mention the conditions which influence the longevity of seeds.
References.—United States Farmers’ Bulletin 195, Annual Flowering

Plants. Cornell Bulletins: 320 and 342, Sweet Pea Studies, III and IV.
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CHAPTER III
PRINCIPLES OF PLANT BREEDING

The vast possibilities of plant breeding can hardly be estimated . . .
They are not for one year nor for our own time and race, but they are benefi-
cent legacies for every man, woman, or child, who shall ever inhabit the earth.

—LuTHER BURBANK.

BreepING of cultivated plants or domestic animals is their
systematic raising or reproduction under the direction of the
expert for the purpose of securing improved forms. The object
may be to increase the profits or merely for scientific experiment.
When desirable traits or characters are noticeable in certain
individuals or types, a trial may be made to determine whether
or not those points will be reproduced or perhaps intensified in
the offspring.

Heredity.—This is one of the laws of nature which governs
the work in scientific breeding. The law of heredity is that all
plants and animals inherit from their ancestors certain charac-
teristies, forms, qualities, ete. ‘‘Like produces like,” or ‘‘similar
produces similar,” are true of both plants and animals. The
undesirable characteristics are just as certain to be transmitted
as the more desirable ones. The law is not absolute. It is subject
to some variation due to environment or other causes.

Variation.—There is a natural tendency in nature for all
creatures to differ from each other and from their parents. It
may almost be said that no two trees in a nursery row are exactly
alike, or that no two plants in a bed of seedlings are alike (Iiig.
16). This tendency of varying from each other and from their
parents is even more noticeable among animals. It allows the
scientific breeder to select the desired types and produce from
them, in time, those valuable for special purposes.

Mutation or extreme sudden variations from the type are
sometimes noticeable. These may be called ‘‘sports.” It is
believed by some scientists, De Vries and others, that the extreme
characteristics of mutation or sports may be transmitted to suc-
ceeding generations. Others believe that plants do not have the
power to transmit these. It is certain that the offspring often
revert to the original type. The breeders of plants and animals

22
)
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MUTATION

Fi1a. 16.—Seedling carnations showing slight variation. New varieties are developed from seed and are then kept pure by propagation
by cuttings. (U. S. D. A))
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often try to make use of such sports in the establishment of new
types better suited to the uses of man, and perhaps better suited
to the environment. The object of using such sports, when it is
found possible to do so, is that much time is gained in establishing
new types. Certain it is that successful results have been attained
through their use, in breeding both animals and plants.

Reversion.—This is the tendency found among both plants
and animals for the offspring to exhibit characteristics of different
ancestors which the more immediate ancestors did not show. The
tendency to reversion is usually detrimental to the progress of
the work of the scientific breeder. It brings results contrary to
his expectation and perhaps contrary to his ideals.

Environment.—The principle of selection is the one most
commonly used by the scientific breeder. It is believed by many
scientific breeders that environment or surroundings of the indi-
vidual, is a vital cause of variation. There is no doubt that en-
vironment has a vital influence upon the results ohtained from
the growth of certain farm crops or certain domestic animals.
Seeds that are of the same origin, planted on different farms, may
produce very different yields. Just as fertilizer and tillage may
influence the development of a crop, so may feed and other en-
vironment influence the development of animals. A litter of pigs
if divided into equal lots at weaning time may show variations in
their growth during the next few months, due to difference in
feed or other conditions. Differences would likewise be noticed
if we plant all the beans borne by one bean-stalk.

To what extent these differences, due to environment, will be
inherited by the offspring is a matter of contention among scien-
tists. Most modern breeders act upon the principle that extremes
of variation, due to environment, do influence the offspring to
some extent.

Prepotency.—The power of individual animals or plants to
impress certain characteristics upon their offspring is called pre-
potency. Use is made of this in scientific breeding. Characters
thus fixed may be spoken of as dominant characters. But pre-
potency means more than dominance of character, for certain
individuals have the power of fixing many of their characteristics
upon their offspring.

Selection.—The breeder of plants or animals must carefully
practice selection; indeed his greatest skill must be exercised along
this line (Fig. 17). After the several lines of variation in any type
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have been discovered it is necessary that he should make a wise
selection among them to attain the results desired.

In nature selection is going on constantly, but less carefully.
The struggle for existence in a dense bed of seedlings of field
plants causes some natural selection. The most thrifty individuals
will reach light and air above the others and soon dwarf or kill
the weaker. In an arid region a thorny cactus has prevailed over
the spineless kinds because animals do not molest the former.
Volumes are filled with such examples of natural selection.

Selection by man is more rapid than in nature. It is an im-
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Fia. 17.—Vegetable trial grounds, Potomac river flats near Washington. Varieties
and new strains are here tested by the United States Department of Agriculture. Man
large seed companies test new varieties of vegetables and flowers in this way. (U, S. D. A))

provement upon nature by the application of the intellect of man
to natural laws. Certain valuable results may be attained within
a few generations which might require centuries if left to nature
(Fig. 18). Under natural conditions certain valuable types might
be entirely submerged, but under the guidance of the breeder they
may be protected and established as fixed types.

To be suceessful through the medium of selection the breeder
of plants or animals sheuld keep in mind the following elements:
(1) He should keep his ideals or afms clearly in mind. (2) He
should know the laws of nature governing variation. (3) He



26 PRINCIPLES OF PLANT BREEDING

should be familiar with the pedigree or history of the types he is
using. (4) He may have occasion to depart from the fixed rules
or principles of breeding and should then be wise in his judgment.
(5) It is usually best that he should keep in mind the economic
aspect of the results.

Adaptation to Surroundings.—The student will understand
that natural conditions are the most important influences involved

F1a. 18.—Breeding plants to resist root disease. Dlseased and resistant tobacco plants in
field under cloth. (U. S. D. A.)

in variation and selection, whether selection be by nature or by
man. De Candolle studied the influences of climate upon plants
and reached conclusions which are very valuable in agricultural
practice. Plants suited to a moist climate are usually not thrifty
in an arid region. Corn grown in a warm climate, as in Mexico,
will not mature its seed in a region several hundred miles farther
. north. The orchardist well knows that he must select the varieties
of apples, peaches, plums or other fruits which are adapted to his
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climate. Seedsmen may find it necessary when securing enough
seeds to supply the demand to buy many lots grown in very
different climates. The purchasers may not know where the
seeds were grown. The results are often disastrous. KExamples
of this are common among garden seeds. It is also true of several
field crops, such as alfalfa, cow peas, Canada peas, corn, special
varieties of wheat and others. Dealers should keep records of

Fi1c. 19.—The modern chrysanthemum is a triumph in plant breedmg—the blendmg of
two distinet species, both resembling the common or oxeye daisy. (U. 8. D, A.)

where seeds are grown. The purchaser should know the source
of the seed before using it. Adaptation to surroundings not only
refers to climate but also to the character of soil, fertility, season
of growth, tillage and other environment. The gardener who saves
seeds from his own garden has all of these elements within his
own control.

Crossing.—This is the result of breeding two fixed types of
plants or two pure bred animals of different breeds. The Light
Brahma may be crossed with the Black Langshan or the Plymouth



PRINCIPLES OF PLANT BREEDING

RN

o

Fia. 20.—Methods of emasculation of tobacco flowers—instruments and method of
preparing flowers for crossing. The central flower has had the anthers removed. The pistil
may now be pollinated wit

paper bags in figure 22. (U. S. D. A.)

h pollen from another plant. Note the protection by means of
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Rock with the hope of securing a type suited to some particular
purpose which the breeder has in view, as a strain particularly
suited to a special meat market. Pop corn will cross with sweet
corn; a white variety of corn may be crossed with a yellow variety.
The offspring from such crossing may be called hybrids.

The effect of crossing extreme types, as when the oxeye
daisy is crossed with a chrysanthemum with very different charac-
teristics, is to cause extreme variations in the offspring and future
generations. The parental types are said to be'broken. When
extreme variations are thus started the breeder is able to make
selections which may more nearly suit the ideals for which he is

F1e. 21.—Methods of wheat breeding. The stamens must be removed before natural
pollination takes place. After artificially pollinating the flowers, the operator covers the
head of wheat with a bag and labels it. (U. 8. D. A.)
striving. It was in this way that the modern chrysanthemum
was produced (Fig. 19).

The crossing may be within closer relationship and may have as
its purpose the blending of characteristics of the parents, and an
effort to estalilish or fix one characteristic and cause othersto depart.

Artificial Pollinating.—Among plants, crossing is accomplished
through artificial pollinating of the flowers. The pollen from one
parent may be placed upon the stigma surface of the pistil in the
other with successful results. This is done by careful hand manipu-
lation. The stamens must be removed to prevent other pollen
from reaching the pistil (Fig. 20). Then the flower must be pro-
tected until the stamen surface is mature enough to receive pollen.
Then pollen from the desired parent may be brought by means of
a very fine, soft brush, or feather, and carefully dusted upon the
stigma surface. Again this flower must be covered to keep away
all other pollen,
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Stamens from the flower to be worked upon may be removed
with a pair of fine pointed scissors (Fig. 21). Care must be exer-
cised to not injure the pistil. This work must be done before: the
pistil is ready to receive the pollen. y

Such flowers may be protected from receiving outside pollen
by tying a paper bag over the stem supporting the blossom
(Fig. 22). Natural development will take place within the paper

,z‘

Fra. 22.—Tobacco field showing bagged plants in seed breeding plots. (U. 8. D. A.)

bag. After the pollen growth has reached the ovules in the pistil
there is no longer any danger of outside pollination. Then the
bag may be removed.

During the cross-pollinating of flowers it is necessary to place
labels on the stems. This should indicate both the staminate and
pistillate parents. Records should also be kept of all such cross-
ing. Numbers or letters may be used to designate the different
parents. These are often written above and below a horizontal
line, the staminate number being above the line and the pistillate
below, thus: :

325
157

The study of flowers and their cross-pollination may be carried
on during the winter by placing several branches from fruit trees
in a jar of water in a warm room for several days before the study
is made. If the conditions be favorable the blossoms will develop
in a week or two. Let the several steps mentioned in the above -
paragraph be tried on these flowers.

Testing for Purity of Type.—When a new strain of plants or
animals has been formed, through crossing or otherwise, the
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breeder may not know whether the characteristics found in this
strain are permanent or not. If the type be pure the characteris-
tics will be perpetuated in future generations; but if it is a mixed
type the succeeding generations will be variable. It is always
necessary for him to establish the purity by aetual trial through
one or more generations.

Mendel’s Law of Heredity. —When the minute growth of
pollen unites with the ovule in the pistil a union is formed which
develops into a new individual. This seed will produce a plant
with certain characteristics. If the pollen is from a yellow variety
of corn and the pistil is on a white variety, the seed produced will
be either yellow or white, not both colors. The corn grown from
this seed, if no other crossing be allowed, will be one-fourth pure
white, one-fourth pure yellow, and two-fourths (one-half) will
appear as yellow but will produce both white and yellow offspring
in the next generation. The proportion in the first generation is
UY+2 YW+ YW (if Y=yellow and W =white).

In the following generations the one-fourth pure yellow will
produce yellow without mixture; the pure white will produce pure
white without mixture, but the mixed (or hybrid) two-fourths
will produce either yellow or white corn in the same proportions
as before, breaking up in each generation, thus:

First Second Third Fourth Fifth
Generation Generation Generation Generation Generation
1/4Y (pure) Y (pure) Y (pure) Y (pure)
1/4 Y (pure) Y (pure) Y (pure)

‘(1/4Y (pure) Y (pure)
. 1/4 Y (pure)

Y(hybrid){2/4 Y (hybrid) {2/4 Y (hybrid) {2/4 Y (hybrid) {2/4 Y- (hybrid)
1/4 W (pure)

1/4 W (pure) W (pure)
1/4 W (pure) W (pure) W (pure)
1/4 W (pure) W (pure) W (pure) W (pure)

The net results, expressed in fraections of the first hybfids,
would be in the three generations:

3/8 Y (pure) + 2/8 Y (hybrids) + 3/8 W (pure).

The law which covers these results, when individuals with
such different characters are crossed, was first discovered by the
Abbot of Bunn, named G. J. Mendel, who published his result
prior to 1865. Similar results have been attained by other experi-
menters in recent years. Mendel experimented with garden peas
and contrasted them in such characters as color of blossom,
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length of stem and wrinkled or smooth seed. In nearly all cases
where large numbers of individuals are used in the experiments
results similar to those experienced in the formulas are obtained.

In such experiments it is necessary to consider unit characters
only in contrast with each other. When two characters are con-
trasted one may prevail over the other and is then said to be a
dominant character, and the other over which it prevails is a
recessive character. White color in any blossom or plant, as in
white corn, is recessive in contrast with any other color. A light
color is recessive in contrast with a dark color. Mendel found that
in peas round seed was a dominant character and wrinkled seed a
recessive character. In wheat the beardless character is dominant
over bearded heads. In cotton the long staple is dominant over
short staple.

If D represents the dominant character and R the recessive,
the result in the first generations after the cross would be expressed
thus: 34{D+424DR+14R. The breaking up of the hybrids in
succeeding generations would follow the formulas given in the table.

Pedigrees are records of lineage or ancestry. It has been very
common to keep such record for pure-bred animals. As scientific
breeding of plants becomes more common it becomes necessary
to keep their records in pedigree form. ‘‘Pedigree corn” or ‘‘pedi-
gree wheat’ are strains having a recorded history or ancestry.
The terms are sometimes used for farm seeds when the record is
very incomplete so far as individuals in the lineage are concerned.

It must be remembered that a pedigree is no guarantee of
quality; but that will depend upon the value of the individuals
in the lineage. Stock breeders’ associations are formed for each
breed of animals for the purpose of keeping such records. They
establish and maintain certain rules governing the records.

Animals’ pedigrees are much more exact than those of plants.
This is because the breeder learns to know the individuals better,
the numbers are fewer, and the cost for the raising of each indi-
vidual to maturity is greater. The action of wind and insects in
the pollination of plants is difficult to control. Whenever a good
strain of plants is established it can be named and this name may
be the only record necessary. Such is the case with plants that are
readily propagated by grafts, buds, cuttings or other asexual
means. The type once fixed may never have the danger of being
mixed with other strains, as might be the case if seeds were used.
The Grimes Golden apple, for example, was established by chance.
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No record of its history is known. The individual tree producing
the desired fruit was named. From this grafts and buds have been
its only means of propagation. The same is true of many other
fruits and vegetables.

FIELD AND LABORATORY EXERCISES

1. Effects of Environment.—Bring to the laboratory weeds or other plants
that have been growing in dense clusters, and, to compare with these, the
same kinds of plants grown in open spaces. What differences are noticeable?
What is the influence of the environment shown here? Why do trees grow tall?

2. Take two boxes of growing corn, each a few inches high, that have
grown under the same conditions of environment. Place one of these in a
warm room in a light window. Place the other in a cool room with less light.
Note the difference in growth during the next week. Let all conditions of
moisture, air and plant food be maintained as before. What influences of
environment are here shown? 3

3. The value of selection may be studied in a group of tomato plants,
some of which are affected with blight. Select plants which seem to be strong
and vigorous in spite of the presence of the disease. If tomato plants are not
available for this, use alfalfa or any other plants where a disease exists.

4. Variations among plants should be examined, and a full list of their
variations may be made. Why are some taller than others? Why do some
have small and others slender stems? Why are some darker in color than
others? Why are some more leafy than others? Would it be possible to
establish an ideal for the kind of plants you are studying and select those
which most nearly approach that ideal?

5. Each student should determine, if possible, five or more examples of
adaptation to surroundings among plants which he may observe in window
boxes, gardens, along roads or on farms.

6. Hybridizing.—Students will understand the possibility of hybridizing’
much better if they practice cross-pollinating among a number of flowers.
Let the pollen from red corn be placed on the silks of white corn. Or any
other similar plants or erops may be used in the exercise.

7. Testing Mendel’s Law.—A good home project would be to take some
one line of plants, as white or vellow corn and test so far as possible the work-
ing of Mendel’s law. This can be carried at least to the second generation.

QUESTIONS

. Define and illustrate what is meant by heredity in plant breeding.
. Of what value is variation to one who is trying to improve a certain type
of plant?
What is the meaning of mutation? Give examples of this.
Define and illustrate reversion.
. Illustrate what we mean by the environment of plants.
Explain how variation and selection are used together in the improvement
of plants. 5
. Give the elements which a plant breeder must always keep in mind.
. Define and illustrate the term ““cross’”’ among plants.
.. Describe one method of artificial pollination and state its use.
. On the blackboard, or on a sheet of paper, give a bracket outline of
results of crossing according to Mendel's law. )
11. What are pedigrees? What is meant by pedigreed corn? :
Reference.—Cornell Reading-Courses No. 38, Principles and Methods
of Plant Breeding.
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CHAPTER IV

APPLICATION OF PRINCIPLES TO FARM CROPS

Still will the seeds, though chosen with toilsome pains,
Degenerate, if man’s industrious hand :
Cull not each year the largest and the best.—VERGIL.

TuE principles of breeding have only recently been applied to
field crops.: Some more or less careful selection has been exercised
for many years. Man has searched the world over for natural
varieties and strains, but in many cases has failed to keep them
pure or to improve them by continued selection. Crossing, break-
ing the types and establishing new varieties is now 1much more
common among scientific breeders of plants. The New York
College of Agriculture is establishing a new strain of timothy.
The Minnesota Station and the Kansas Station have established
new and valuable strains of wheat. Many scientific breeders have
worked upon corn. It is an easy subjeet to work upon, and gives
striking results. Cotton and tobaceo have been improved and
valuable varieties of each established by the work of several
southern states. Experiment stations have done much to improve
the yield and quality of Irish potatoes (Figs. 23 and 24). Sugar
beets were greatly improved by careful selection during the Napo-
leonic wars. Prizes were offered by Napoleon for any variety yield-
ing a high percentage content of sugar. Commercial plant breeding
is successfully conducted on seed farms in America and in Europe.

Self-Pollinated Plants.—The methods employed in the im-
provement of wheat, oats and other self-pollinated plants are very
different from those used where the pollen may be carried from one
plant to another. The chief work in the breeding of wheat or
oats is to study the yield of individual plants. The seed from
different plants is kept intact by covering the heads with cloth,
as shown in figure 25. This keeps the birds away and prevents
the shelling of the seed. The plants yielding the most and best
seed are kept separate from the others. The seed may be planted
in separate rows or plots without danger of mixing with the others.
The yield of individual plants or rows is again recorded. By such
careful selection the improvement may go on for many generations
(see Fig. 26).

34
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F1a. 23.—Strong tuber units on left, 1, 1,1. Weak umts onright, 2,2,2. The lower figures
show the small ones sorted from the others in each lot. (U S. D. A)

Fia. 24.—Potato harvest, showing variation in yields from individual tubers. (U. S. D. A.)
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Cross-Pollinated
Plants.—The problem of
improving plants belong-
ing to this group is much
more difficult. There is
always the danger that
they will be mixed with
other seeds or individuals
through the distribution
of pollen by wind and
insects. Corn, cotton,
timothy and rye are im-
portant farm crops be-
longing to this group.
Little can be done by the

Fi1a. 25.—Wheat breeding in Minncsota. Each ine 1 T
trial plot is easily kept pure because the plant does ordma,ry fa’rmer m im

not cross-pollinate, but the ripening seed must be rovin .
kept from shattering and also protected from spar- p 2 such oS The

rows by tying the heads as shown. Accurate tests ca,reful breeder devoting
are then possible. (Minnesota Station.) hlS e AR to the
work may suceceed in establishing improved varieties.
Note the great effect of extreme crosses as shown in figure 27.
Corn Breeding.—The corn plant bears the pollen in the tassel
and the pistils are located on the young ear. The ovule is attached
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. Fia. 26.—The methods involved in breeding wheat are very tedious. After the flowers
are artificially cross-pollinated they are protected with bags and properly labeled and records
are kept of both parents so the pedigree of all the seeds will be known. (U. 8. D. A.)
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to the center, which becomes the cob. Each ovule has its own
silk (Fig. 6). In other words, each grain of corn has its own silk
extending to the upper end of the ear, where it may be readily
pollinated by the action of the wind. Examples are often found
in ears in which a number of the kernels did not develop. This
may have been due to the silks being eaten off by insects, or
because pollen failed to grow on the stigma surface of the silk
(Fig. 8).

There are several methods by which the corn grower can
improve his variety of corn without great difficulty.

F16. 27.—Wheat (left) crossed with pollen from rye (nght) The three central heads are
average results of this cross. (U. S. D. A))

1. Go through the windward or westerly side of the field just
before the pollen begins to scatter and cut off the tassels from
every stalk which does not promise a thrifty growth and a good
ear. The tassels may be thrown upon the ground or used for feed.
By this method the poorest stalks in the field will not become the
parents of the seed corn for future crops.

2. Just before the pollen scatters cut all the tassels from
every alternate row. This is to enforce cross-pollinating to some
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extent. The seed corn should be selected from the rows which

were detasseled. This seed corn will have received its pollen from
other plants and not from itself.

3. Select seed corn before the main crop is harvested. This
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Fic. 28.—Variable types of Johnson county corn, showing the need of close selection

at the time of saving seed corn. Compare with figure 29 to see the possibilities of careful
selection. (U. S. D. A)
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F1a. 29.—Prize-winning white dent corn of the Johnson county variety.

Study the uni-
formity of the ears. (U.S. D. A))

should be done in the field after the corn is reasonably mature.
Select the ears which are drooping and otherwise show maturity.
Take ears only from stalks showing a heavy yield. Attention
may also be given to all of the good points of the ears and the
kernels mentioned in the score card. Compare figures 28 and 29.
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4. Select plenty of seed corn so that future sorting may be
done after a more careful study of such characters as depth of
kernel, size of cob and others which indicate heavy yield.

5. Ears from heavy yielding stalks should be especially marked.
These may be planted in separate rows and the hill-row method
of improvement followed. if desired. More careful breeders will
follow such a method. Yields from the separate rows are recorded
and the best ears of the best rows are again saved for future seed
corn.

6. Individual ears should always be tested for germinating
power before planting time. (See Productive Farming, Corn
Chapter.) By this process the strains of corn with weakest
germ are eliminated.

Cotton.—It is more difficult to improve cotton by preventing
cross-pollination. The pistils and stamens are borne in the same
flowers. The work consists chiefly of selection. There are a number
of points to be considered in the selection of cotton. The plant
should have good shape with rather short nodes, and an abundant
supply of blossoms and bolls. The crop should mature somewhat
uniformly and with the proper consideration of earliness. There
should be a large number of bolls of desired size. Select plants
which show resistance to cotton diseases, wilt, rust and rot.
Plants vary in the storm resistance of the bolls. The selection
should be done with a view to increasing the length of the lint,
and make it more uniform, as well as to increase its yield and
earliness.

Selection of cotton seed may be done at either the first or
second picking. A skilled workman should first go through the
field and pick the seed from the best plants. At the cotton gin is
a poor place to select cotton seed. Much of the seed obtained at
such a place may be light or immature or from very poor plants.
After carefully selecting cotton seed in the field the grower should
have a separate field in which to grow it. Frem this future selec-
tions may be made, and thus the yield and quality may be in-
creased annually. The grower who establishes a ‘‘seed patch”
and yearly selects the best from the best in that seed patch is on
the right road to improvement of his crop. After the first year
or two the whole farm will show marked improvement in the
yield of cotton.

Tobacco is usually cross-pollinated, but may be self-pollinated.
Self-pollination may be enforced by covering the center cluster
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of flower buds with
paper bags. Seed thus
formed will produce
plants which are more
vigorous and product-
ive, and are also more
uniform. Much atten-
tion should be given
to the improvement of
varieties by selection.
For example, if a cer-
tain variety is used as
cigar wrapper the
qualities desired for
that purpose will serve
as a guide in selecting the plants from which to save the seed.

Oats.—As the flowers of this plant are self-pollinated there
is no danger of poor varicties mixing with better ones. .Improve-
ment is therefore easily carried on. Save the best heads showing
greatest yield. In certain varieties it is well to eliminate the
beards by selection. Uniformity in height and size of heads,
plumpness of grain, ability to harvest without shattering are all
desirable characters. Much can "
be done to prevent disease by
selecting seed from plants which
resist the attacks of smut and
rust.

Timothy.—Under careful se-
lection timothy will show wide
differences in the length and
diameter of heads, the quan-
tity of seed produced, the height
and leafiness of the growth, and
the number of stalks from a
single root. In improving the
strains the seed from individual
heads may be kept separate and
planted in separate rows or
clumps, where the plants will not
be pollinated by inferior strains. - I e
The work thus far indicates that >~ timotay. . (Coraeiy . oo

ornell.)

&
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strains much superior to those in common use will be established.
The natural variations in timothy are shown in figures 30, 31 and 32.

Potatoes.—The hill-row method of improving the quality and
yields of potatoes is very successful. Record is kept of heavy-
yielding hills (Figs. 23 and 24). Yields are also kept separate and
planted in individual rows or sections of rows, each being properly
labeled by stakes. Records are kept of the yields of each and the
best are again selected. Those which prove most inferior are
eliminated. =~ Marked differences have been
found.

New varieties of potatoes are established
through the use of seeds which are produced in
seed-balls (Iig. 33); but this should not he com-
monly practiced. Improvement in quality and
yield by selection of tubers gives far better re-'
sults. Variations in seedling potatoes are seen
by comparing figures 34 and 35.

Sweet Potatoes.—-The
work of improving sweet
potatoes is similar to that
with white potatoes. They
are both chiefly propagated
by asexual methods. Inboth
attention may be given to |
disease resistant qualities of |
the vines and tubers. Size |
of the tubers, neither too ]
large nor too small, should
be considered in both of & ‘ i
these crops. by / T

Sugar Cane.—The Louisi- F1a. 32.—Variation in length of heads of timo-
ana Sugar Station has con- b (Carpells)
ducted a series of experiments in the improvement of sugar cane.
As the crop is,usually grown by planting the buds or joints, and not
by planting the seeds, the work is chiefly that of selection. Plants
grown from seed show a wider variation than those grown from
buds. New and improved varieties of sugar cane are started from
seed. After improved strains are established by planting seed
from the best canes the cutting method of propagation is followed
and little deterioration in quality will follow. Qualities to be
considered in improving sugar cane are the total yield of cane and
the percentage of sugar.
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. F1a. 33.—Potato seed cases. . New varieties of Irish potatoes are developed by plant-
ing the true seeds and then selecting the most desirable forms for propagation. See other
figures showing variation in seedling potatoes. (U. S. D. A.)

Fig. 34 Fi1a. 35,

F1a. 34.—Potato_seedlings, of the short form desired for market; this would be the
form to propagate. It might have distinctive characters in texture, soundness, season,
ete., to entitle it to a new varietal pame. (U. S. D. A))

Fia. 35.—Potato seedlings, showing variations to the extremely long form. (U.S.D.A.)
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FIELD AND LABORATORY EXERCISES

1. The flower structures of wheat, oats and rye may be studied. Which
ones of these seem to require self-pollination, and which ones will allow of
cross-pollination? How can new varieties be bred from grains which naturally
self-pollinate?

2. Safe Distances between Varieties of Corn.—Determine, if possible,
how far corn pollen may be scattered by the wind. Shake a tassel of corn
bearing ripe pollen and see if any of the pollen can be detected ten feet away.
If the wind were strong, what could limit the distance which the pollen
might be carried?

3. Why Kernels Fail to Develop.—Just before pollinating, a young ear
of corn may be selected and with a knife cut the silks around the middle line
of the ear without injuring the cob. Study the effect of such treatment upon
the future development of the kernels on the lower half of the cob. What
would be the effect of worms or other enemies injuring part of the silks of corn
before pollinating time?

4, Value of Good Cotton Seed.—A good home project with cotton is to
plant seed which has been well selected from ideal cotton plants, as described
in this chapter, and other seed taken at the gin from unsegcted stock. Com-
pare the growth and development of the two lots.

5. Try Heavy Seed.—Plant two lots of any one kind of farm seeds, one
lot in each case being heavy, well developed seed, and the other being light,
or chaffy. Try wheat, oats, rye, radishes or other available kinds.

6. Improving Yields of Potatoes.—If possible, a home project in the hill-
row method of growing Irish potatoes should be carried out by students.

QUESTIONS

. How may plants which are self-pollinated be improved by the plant breeder?

. What methods must he use with cross-pollindted plants?

. Describe each of the ways by which the corn grower may improve his

variety of corn.

. What are the methods used with corn? With tobacco?

Why do self-pollinated plants have more stable varieties? Explain this
with reference to oats.

. How are potatoes improved by the hill-row method?

Reference.—Improvement of Cotton Seed by Selection, Year Book, U. S
Dept. Agr., 1902, pp. 363-386.
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CHAPTER V

FARM AND GARDEN SEED

Good tilth brings seeds,
11l tilture, weeds.
TuPPER.

ImpurITIES are frequently found in farm and garden seeds.
Weeds are disseminated through this channel. The problem of
obtaining pure seeds, true to name, and free from weed seeds, is
one of the most serious things to be considered In good agricultural
practice.

How Impurities are Detected.—Weed seeds can usually be
detected by means of a good hand lens or reading glass (Fig. 36).
The trueness to name can best
be determined by growing the
seeds. Some of this kind of
impurity can be detected soon
after sprouting time. But dif-
ferences between closely re-
lated varieties can seldom be
detected hy growth until the
development of stems and
leaves and perhaps not until
= flowers are formed. This may
Fi1a. 36.—Such a lens is inexpensive yet require too much time to be of

efficient in helping to detect weed seeds in
any seed sample. Each student and each yse to the grower before plant-

grower should use a simple lens of some kind. %
ing the main crop.

.Experts who make special study of seeds are frequently able
to detect mixture of varieties of seeds or to discover improper
naming of varieties.

Students may compare seeds found in samples with other
labeled samples, as in figures 37, 38 and 39.

Seed Analysis.—A number of states have laws authorizing
the employment of such seed experts to examine samples of seeds
for prospective planters and also for dealers. Laboratories are
established either at State Experiment Stations or State Depart-
ments of Agriculture for the analysis of seed samples. The work of
such laboratories is chiefly along the following lines:

1. Examination for impurities by means of microscopes, sieves,
fanning devices (Fig. 40), and scales.

44
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2. The percentage of weed seeds and the names of the different,
weeds, particularly the most injurious. ;

3. The detection of foreign, inert matter, such as sand, chips,
pulp, chaff or other similar impurities.

Fia. 37.—A method of preserving seed samples in small bottles. This collection shows
a mixed sample at the left to be compared with pure sample in the other bottles. The case
is made by students. (U. S. D. A.)

Fic. 38.—Student’s collection of seeds—all valuable kinds except the Johnson grass. Such
a collection may include all economic seeds.



46 FARM AND GARDEN SEED

F1a. 39.—School set of one hundred economic seeds supplied by the United States Depart-
ment of Agriculture, for cost of case, bottles, corks, and labels.

g el T

AT T

FIG 40 —An inexpensive fanning mill should be used to reclean farm seeds before plant-
ing. Light seeds, chaff and other trash are blown out by the fan. Sieves should be used of
suitable size to separate the seeds of different sizes. (U. S. D. A.)
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4, Identification of crop seeds and the determination of the
admixture of inferior varieties. For example, winter and spring
veteh may be detected by the expert from the appearance of the
seeds. If the sample is sold as winter veteh it would be very
detrimental in most climates to have spring vetch mixed with it
or substituted for it. Germination tests are made in the seed
laboratories to help determine the trueness to name, as well as to
help determine. certain kinds of weed seed. Seed incubators,
where the temperature is maintained at any degree desired, may
be used for this purpose.

5. Tests are made for vitality of seed.

6. The age of seed is detected so far as possible by different
methods for different kinds of seeds.

Reports from Seed Laboratories.—Reports by the seed analyst
are made to the person or firm requesting the analysis. Such
reports may give the percentage of weed seeds and name the most
injurious kinds present; the amount of inert matter; trueness to
name; the percentage of germination; and the probable freshness,
maturity, and other points regarding the seed.

The laws of some states require the publication of the results
of all samples examined. The laws may require that the details
of such analysis accompany each lot of seed sold by dealers.

The benefits to be derived from such laws are clearly apparent.
Dealers are in this way able to state on authority the exact worth
of their seeds. Planters are able to avoid lots of seeds which are
not up to the desired standard in every respect. Poor lots of seed
are thus thrown out or put through a cleaning process. Distribu-
tion of weeds through the planting of weedy seed is reduced to a
minimum. State seed analysts are in charge of laboratories to
accomplish these purposes in a number of the states.

Seed Testing at Home.—Whether there he a public seed
analyst in your state or not, it frequently pays to test seeds at
home. Samples tested by the public analyst may not be true
samples, or there may be more work than he can do because of
insufficient help in his laboratory.

There is a great deal of poor seed sold upon the market. Many
seasons it is practically impossible for dealers or planters to secure
seeds of certain kinds with high percentage of germination. This
may be due to drought, late spring, early fall, ravages of insects,
plant diseases or other causes. Each planter should know from
his own test the exact germinating power of all seeds he has to use.
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Reasons for Testing.—Attention is called to impurities in
seeds during the testing operation. Foreign inert matter is then
more easily detected. The vitality or germinating power of the
seeds can be determined in no better way.

Why Know the Germinating Power.—The grower who knows
the germinating power of seeds before sowing time may be able to
save the money which he would otherwise throw away in buying
poor lots of seed.

He will save the time and labor expended in planting seeds
which will not grow.

He will save the labor necessary for re-planting those parts of
the field where there would be a poor stand of the crop.

He will save something in the amount of seed used in planting
the field.

A poor and uneven stand of the crop is avoided if seed with
strong and even germination is planted at the beginning.

He will have a more uniform and evenly maturing crop at
harvest time. This means a better paying crop.

Testing of Seed Corn.—A seed analyst can never give the
grower the information desired regarding the germinating power
of corn. The grower should know the percentage of germination
for the kernels on each ear of corn. A wide variation is found
among the ears in any lot of seed corn. Probably no two rows in
a field are of the same degree of maturity. After test of each car
is made those showing poor germination may be discarded entirely,
and used for stock feed. As each ear may contain from 700 to
1000 kernels the removal of such a number with low germinating
power is important and very easy.

Methods of Testing Ear Corn.—Number the ears of corn on
small cards or bits of paper by thrusting a slender nail through
the paper and into the large end of the cob. Arrange all the ears
of seed corn in some systematic way on shelves or in racks or by
suspending them as shown in the chapter on corn.

The Rag Doll Method of testing ear corn is described as follows
by the Illinois Station:

“In preparing to make this test, secure sheeting of a good
quality and tear into strips from eight to ten inches wide and three
to five feet long. Where these are to be used very much it is well
to hem the edges, as otherwise the ravelings sometimes disarrange
the kernels in unrolling. Each cloth should then be marked with a
heavy pencil, first lengthwise in the middle and then crosswise,
making squares about three inches wide.
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‘“ Moisten one of these cloths and lay it out on a board of con-
venient size in front of the ears which are to be tested. Remove
six kernels from ear No. 1 and place in the square No. 1 in the
upper left-hand corner of the cloth. Take six kernels from ear
No. 2 and place in square No. 2. When the cloth has been filled
begin at the upper end with ears 1, 2, ete., and roll the cloth up.
Since the cloth is moistened the kernels will not likely push out
of place. If a small irregular-shaped piece of wood or some other
substance is used as a core in rolling, a more uniform germination
may be secured. ' When the rolling of the cloth has been finished,
tie a string rather loosely about the middle of the roll; or, better
still, use a rubber band. Number this roll No. 1. Then progeed
with roll No. 2 in the same way. As many rolls may be used as
are necessary to contain the corn. From 20 to 50 ears can be
tested in each roll, depending upon the length.

“ After the rolls have been filled they should be placed in a
bucket of water, where they may remain for from 2 to 18 hours,
depending upon the preference of the operator. At the end of this
time pour off the water and turn the bucket upside-down over the
rolls—or a common box may be used for this purpose. Small
pieces of wood should be laid under the rolls and one edge of the
pail should be lifted from one-half to one inch in order to give
sufficicnt ventilation. Some have left the pail in an upright
position, placing a few sticks or corn cobs in the bottom of the
pail to insure proper drainage, and then packing a moist, coarse
cloth over the rolls to prevent excessive drying. Cover the pail
with a kettle lid. At the end of five days the kernels should be
ready to read.

“Depending upon the arrangement of the ears, select, first,
either roll No. 1 or the last roll filled. This cloth will be unrolled
in front of the ears which are represented. IExamine all kernels
carefully.”

After the test is made the ears showing low germination should
be removed from the others. Those with about 80 per cent of
germination may be kept in reserve for use only if there are not .
enough with perfect seed.

Testing Smaller Farm and Garden Seeds.—There are several
good methods by which farm and garden seeds may be tested.

1. The seeds may be planted in trays or boxes of soil. These
should be well watered and kept in a warm room and away from
mice. A record of each lot should be placed on a label in the soil

4
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at the edge of the box. This should show the number of sceds
planted, the kind and the date.

2. One hundred seeds of each lot may be placed on wet blotters
with a paper label for each. The blotters may be piled upon
each other as high as desired and placed inside a moist jar or other
vessel. This should be loosely closed to retard the evaporation
and yet allow some air to enter.

3. Use a modification of the rag doll method, placing a label
with each lot of seeds as the cloth is rolled up.

4. The plate method is often used. Blotters or cloth are used
to help retain the moisture, as the seeds must be kept uniformly
moist as well as warm during the germination.

Other methods can be easily devised to suit the particular
needs or conditions in any school or home.

Obtaining Good Seed.—Careful gardeners find it profitable
to save seeds of their own growing. This is the most satisfactory
way of improving the special strains or varieties which they wish
to grow. For example, if a tomato grower finds certain plants
bearing tomatoes which most nearly meet his market conditions
he should save seeds from those plants. The admixture of seed
from other inferior fruits will not pay.

In the wholesale methods of obtaining tomato seeds for sale
to dealers no such careful selection can be made. It may be that
such lots of seeds are taken from the fruits which matured late
in the season after market prices for tomatoes had dropped below
the profitable point. Crops grown from such late-matured seeds
would be less likely to be ready for the early markets when the
prices are best. Tomatoes vary greatly in the proportion of flesh
and core. In the wholesale methods of obtaining tomato seeds
for market such variations within varieties cannot be taken into
consideration.

Similar reasons can be found for the home selection of seed
for other garden and field crops.

Limits.—There are certain garden crops which will not mature
. seeds well in the climates where the crops themselves are profit-
ably grown for market. For example, this is the case in some
localities where onions, cauliffower and sugar beets are grown.

Home Grown Seeds should be thoroughly and carefully dried
as soon as they are mature. They may then be placed in envelopes
or other receptacles and properly labeled. Special descriptions
may be desirable in certain cases. These envelopes or containers
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should be placed in tin boxes or other vessels to keep them free
from the attacks of mice, weevils, grain moths and other enemies.
It is important that the seeds be kept dry during the storage
period. This may be done by placing them in an upper room
near the chimney where the temperature is moderate.

Reliable Sources of Seed.—Seeds which are purchased should
be obtained from reliable dealers. If possible, information should
be obtained through them as to the climates in which the seeds
were grown. Local dealers or special agents for the planters of
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Fi1c. 41.—Map of United States sh(z\[’}insg‘ %iei s)ources of vegetable and flower seeds.

any single community should visit the wholesale dealers or growers
and obtain at first hand information regarding conditions in which
the seed crop was produced. Here is found one of the advantages
of cooperation among local growers. The maps (Figs. 41 and 42)
show the chief sources of vegetable and forage seeds produced in
the United States.

Local Seed Growers.—Seed may sometimes be obtained from
local growers where the conditions are well known by all of his
customers. This plan is to be recommended to those who do not
save their own farm and garden seeds.
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Improving Poor Lots of Seed.—Field seeds which are ob-
tained in larger quantities than garden seeds may be improved by
recleaning. If upon examination, as during a testing, a lot of seed
is found to contain weed seeds, chaff, dirt or other impurities the
whole lot may be greatly improved by cleaning and recleaning
(Fig. 40).

The principles involved in the cleaning of corn, grass and other

field seeds are:
1. Seeds vary in size and may be separated by running them
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Fia. 42.—Chief seed districts for grass and forage
States. (U.S. D

market seeds produced in the United
. A)
through sieves of different sized mesh. Corn cockle weed seed
may be separated from wheat by the use of a sieve which is just
fine enough to prevent the wheat from going through and coarse
enough to allow the weed seeds to pass through. Seeds or other
material coarser than wheat are separated by sieves which are just
large enough to allow the smaller ones to pass through. The seeds
of dodder may be separated from alfalfa by using a sieve with
nineteen or twenty meshes to the inch.

2. Some seeds are lighter than others, and may be separated
by the use of fans or any other way, using a strong breeze to blow
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away the lighter parts. Records are given in the Bible of the use
of this method by the ancients. Modern hand fanning mills are
inexpensive and should be used more commonly than they are for
the removal of chaff from grass or the removal of light weed seeds
from the heavier seeds of the desired crop.

The use of sieve and fan methods are often combined and
machines are devised for sifting and fanning out at the same time.
A lot of wheat or oats, for example, may be easily improved and
the best selected by running it through such a machine a few
times. Small seeds are sifted out and light seeds perhaps con-
taining smut are blown farther than the others and may be
removed.

Seed Cleaners.—There should be a seed cleaner either on every
farm which produces seed for sale, or for home use in every neigh-
borhood. In the latter case, the machine may be owned by
several farmers in the community. If owned by one, he may do
seed cleaning for other people at a stated compensation, or he
may rent the machine to others at so much per day.

There are several types of machines used for cleaning seed.
The most satisfactory among these have provisions for both
sifting and fanning. The large kinds of seed are separated from
the small by the sieves. During the same process the heavy seeds
are separated from the light seed or chaffy ingredients by the
fanning (Fig. 40.) It is surprising how uniform a lot of seed
may be.

Storage of Grains and Seeds.—Conditions for the saving of
garden seeds have already been given in this chapter. Larger
quantities of farm seeds should be stored in mouse-proof bins in
well-sheltered buildings. There is always danger of attacks by
weevils and grain moths. These enemies are commonly found
in the warmer climates. Beans, peas, cow peas, soy beans and
others are frequently attacked by bean weevils. In some cases
the eggs are laid before the crop is stored. As soon as they begin
to hatch the, whole mass of seed should be treated with carbon
bisulfide. This may be"done in a bin by placing the liquid in an
open vessel above the grain. Evaporation takes place quickly and
the fumes settle through the mass of seeds. Sheets or canvas
should be spread over the bins, or if possible the bins should be
made more nearly air tight during the treatment. This should be
repeated in a few weeks after more of the larve have hatched.
The process is inexpensive and may be used with corn, grain or
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seeds of any kind without injury. Care should be taken not to
breathe the fumes nor to have any fire present, as the fumes are
very inflammable. Have tight bins and use one ounce of carbon
bisulfide to each ten cubic feet of space.

FIELD AND LABORATORY EXERCISES

1. The six lines of work of seed laboratories, as mentioned in this chapter,
should be made the subject of laboratory practice. Samples of seed for this
purpose may be obtained from dealers.

2. The state law regarding seed inspection should be studied and the
percentages mentioned for some of the amounts of weed seed allowable under
the law should be compared with samples that may be available.

3. Different methods of testing seeds should be practiced in the labora-
tory or at home. Try the rag doll method for seed corn. Use the blotter
method, the seed box method and others. Which methods seem most suitable
for large seeds, and which for small seeds? Which methods seem to give
conditions most nearly like the field or garden?

4, Samples of spoiled grain, spoiled corn or other seeds injured by im-
proper storage should be obtained. Let the conditions of storage in each case
be described and the better methods compared with these.

QUESTIONS

. Explain the operation of state laws regarding seed analysis and give the
work done by state seed laboratories.

. Of what use are the reports from seed laboratories?

. Give the advantages of seed testing at home.

. Why should the grower know the germinating power of seeds before
planting? ]

. Describe the “rag doll”” method of testing seed corn.

Give some methods of testing smaller farm and garden seeds.

. How can the grower obtain good seed through testing methods?

Give the advantages of home-grown seeds.

. Give the methods and principles involved in the cleaning of a lot of seeds.
. What are the precautions to be taken in the storage of grains and seeds?

References.—U. S. Farmers’ Bulletins.—111, The Farmer’s Interest in
Good Seed. 194, Alfalfa Seed. 229, The Production of Good Seed Corn.
253, The Germination of Seed Corn. 260, Seed of Red Clover and Its Impuri-
ties. 286, The Advantages of Planting Heavy Cotton Seed. 306, Dodder in
Relation to Farm Seeds. 382, The Adulteration of Forage-plant Seed. 415,
Seed Corn. 428, Testing Farm Seeds. 434, The Home Production of Onion
Seeds and Sets. 495, Alfalfa Seed Production. 646, Crimson Clover: Seed
ISJrlc;duftion. Cire. 96, U.-S. Office of Exp. Sta., How to Test Seed Corn in
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CHAPTER VI
PROPAGATION OF PLANTS BY DIVISION

All are but parts of one stupendous whole,
Whose body Nature is, and God the soul.—PopE.

MeTHODS of propagation of plants may be grouped into two
classes, sexual and asexual. The first includes propagation by
spores and by seeds. Spores are produced by mushrooms, by
parasitic fungi and by somc others of economic importance. Seeds
are produced by practically all classes of farm and garden plants.

F1a. 43.—A single sweet potato from the hot-bed, showing many young sprouts. When the
largest shoots are about twelve inches high they may be pulled and set in the fields.

The method of seed formation is sexual, involving both stamens
and pistils, as described in Chapter II.

Many such plants are multiplied by means of stems, leaves or
roots. This is without sex, and is called asexual. The propagation
is accomplished by a division of the parent plant in some form.
Examples of division are by roots, underground stems, tubers,
bulbs, runners, cuttings, layers, buds and grafts.

Root Propagation.—The sweet potato is a true .root. The
store of plant food is abundant. Buds may start under the epi-
dermis at any point, and many plants are started from a single
root (Fig. 43).

55
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The blackberry is commonly propagated by means of cuttings
from the roots, seeds being used chiefly for the starting of new
varieties. Roots about one-fourth inch in diameter are taken
up in the fall and cut into two-inch lengths. These are kept in
wet sand or sawdust in a cool cellar until spring, when they may
be planted in shallow furrows and covered with about two inches of
soil. They are sometimes started in hot-beds in very early spring
and transplanted to the permanent garden about six weeks later.

Difference Between Roots and Stems.—The technical differ-
ence between a root and a stem is that a root does not bear true
buds, at least the buds are not arranged in systematic order as
they are upon stems. There are no scales or modified leaves
about the “buds’ on roots as there are on stems. True buds are
often only upon stems. They contain rudimentary leaves for
future growth.

Divisions of Crowns.—Truc buds are found at the crown of
the root stem. This is true of many woody plants and herbaceous
perennials. Such plants may be readily multiplied by division of
the crowns in such a manner that some of the buds remain attached
to each part of the roots after the division is made. Thus a lilae
bush may be divided into a number of plants. Many of the
perennial flowers are propagated in this manner; for example,
dicentra, delphinium, columbine, perennial phlox, golden-glow and
peonie. Division of roots may be accomplished best when the
plant is dormant, as in late fall or early spring. This is one of the
casiest methods of multiplying plants. It is used in the propaga-
tion of hundreds of different shrubs, such as roses, currants,
gooseberries, altheas, wygelia and spirea.

Rootstocks, or underground stems, creep near the surface of
the ground and may be partly out of the ground at different
places. They are supplied with buds, and at many of these new
stems may be sent upward and roots sent downward. Thus new
plants may be propagated by division at any point. This is a
common method of propagation among many of the grasses, such

“as blue grass and quack grass. White clover spreads extensively
in this way.

Tubers and Bulbs.—Tubers are commonly used in the propaga-
tion of white potatoes, dahlias and a few others. True buds are
often found upon the tubers. These are sometimes calied “eyes.”’

Many bulbs are multiplied in the moist climates of western
Washington (Fig. 44) and western Europe. The Dutch bulbs are
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perhaps most commonly found in American markets. A common
method is to slit the bud in sections running vertically through
the center (Fig. 45). Each piece then develops a number of small
buds (Fig. 46) which in time grow to a size large enough to be used

F1a. 44.—A field of young bulbs bemg grown to marketahle size; in the moist climate of
Bellingham, Washington. (U. S. D. A)
commercially. Examples are hyacinth, crocus and Chinese lily.
Scaly bulbs are more easily divided. Bulbs may start from
the base of a scale and form new plants. A number of lilies are
propagated in this way.

Fig. 45.—Mother hyacinth bulbs. Those on left are scored on right scooped, to cause them
to develop bulblets. (U. S. D. A.)

The bulbs of canna are similar to the true tubers. They are
divided in the crown by merely breaking apart at the natural
divisions.

Runners.—Horizontal stems are developed by some plants
for the purpose of propagation. Such runners are above ground
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and take root at any or all of the nodes, wherever they may come in
contact with the ground. Bermuda grass spreads rapidly by means
of runners. This plant becomes a bad weed in fields of corn or
cotton because the runners take root so readily when the soil is
moist. The grass apparently suffers from drought quickly, but
does not really die. As soon as rains begin the brown runners
revive, turn green, and send up new leaves.

The wild Buffalo grass of the arid regions also spreads by means
of runners.,

F1a, 46.—An excellent crop of young bl(xll};)letsls)tagte)d from the wounds of the mother bulb.
. 5. D. A,

The strawberry is seldom propagated in any other way than
by runners, except when new varieties are desired. It is after the
crop of berries is 'harvested that the runners make their most
vigorous growth. If the weather is favorable strong plants may
be formed at the first joint of the runners. After this the runners
should be cut off to prevent secondary plants from starting. In
this way the strongest strawberry plants may be obtained. The
ground should be kept well tilled to conserve the moisture and
encourage the rooting of runners. The young plants may be trans-
planted in August or September to their new location, or this may
be done in early spring. Plants which are desired for use in hot
beds or indoor growth during the winter may be started in pots
or cans by plunging these in the soil near the open garden before
the runners take root.

Layers.—There are three types of layering: Tip layering is a
common method of multiplying the black raspberry (Fig. 47).
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The tips of the canes are bent over and pegged or otherwise held
to the ground. Usually the tip is recurved and perhaps slightly
broken a few inches from the top, and this wounded point is brought
in contact with the loose soil. If this is done immediately after
the crop of berries is harvested the new plants will be well started
in time to transplant them the following fall if desired. After
rooting takes place the canes of the parent plants may be cut
loose from the young plants by the use of long-handled hedge
shears or a sharp spade.

Vine layering is practiced with certain varieties of grapes and
with such other plants as certain kinds of roses, Virginia creeper
and viburnum (Fig. 48). It is possible to use the method with
almost any shrub. The vine is laid down in a furrow and covered
at several points with soil. With some vines, rooting will take

Fia. 47.—Tip layering as practiced with black cap raspberries and many other shrabs.
Fra. 48.—Vine layering as practiced with ampelopsis, grape, and many other vines.
Fia. 49.—Mound layering as practiced with the gooseberry, quince, lilac, and some others.

place more readily if a wound has been made at the point of con-
tact with the soil. ~
Mound layering.—Many shrubs, such as the gooseberry and
sometimes the quince, may be propagated by this method (Fig. 49).
A mound of loose earth is formed among the branches above the
crown. When roots have formed in this mound the plant may be
taken up and divided by cutting the branches apart. Each will
have its own roots, thus forming a separate plant.
Cuttings.—Many house plants are started by means of cut-
tings made from either the green stems or the leaves or both. This
is a method familiar to many, because it is practiced in so many
homes. Begonia, geranium, fuchsia, spiderwort and numerous
others are thus propagated. The condition most favorable for
the starting of green cuttings is to have very clean sharp sand par-
tially shaded from the sun by means of newspapers or very fine
covering to retard evaporation. The room should be warm.
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Hardwood cuttings are used in propagating several varieties
of grapes, currants, some hardy roses, and many ornamental
shrubs (Fig. 50). Willows and poplars are so quickly rooted that
they are recommended for practice by students.

F1e. 50.—Making hardwood cuttings from shrubs. With some shrubs cuttings may be
taken in mid-summer and set in rows in the garden. Others must be taken in their dormant
condition in fall, winter, or spring, as the ripe buds will start better. (U. S. D. A)
off. They are cut in such length as to leave one or two buds on
each piece (see figure 51 for four types of cuttings). They are tied
in bunches properly labeled, and stored in wet sand or sawdust
in a cool cellar until spring. During this time callouses form on
the cut surfaces. They are set in the open garden or vineyard
about planting time. One bud should be left at the surface of the
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ground or just above it, packing the soil well about the base of
the cutting to cause the roots to start promptly (Fig. 52). Young
plants may be thus started in the garden or nursery row and left
for one season. They are trans-

planted to the vineyard a year

or two later.
Buds are used in the propa-

gation of peaches, plums, pears,

apples and many ornamental

trees and shrubs by a process '

called budding or bud - grafting.

The most common form of bud-

ding, in the propagation of fruit

trees, is that known as shield-

budding (Fig. 53). Other forms

of budding are sometimes used.
Plate-budding, in which a rec- %

tangular plate bearing the bud :

is made to fit into an incision in
: . 4 Fi1g.51.—Methods of making four t 8
T’he b&l‘l'{ Of hke _ha'pe and S_lze of hardwoqd cuttings. Fromlll:-gft tl:)rrisgl)xi:
‘18 sometimes used n propagatlng mallet cutting, heel cutting, single-eye cut-
= ing, two-bud cutting.
olive trees. :
H-budding is a modification of this in which a flap of bark is
left both above and below the center of the opening on the stock;

those cover the bud at the ends when it is inserted.

Fia. 52.—Method of placing hardwood cutting in a trench. The soilis now to be filled in
and tramped firmly against the cuttings, leaving one bud projecting above the surface.

Ring- or annular-budding may be used in propagating magnolia
and hickory trees, which have very thick bark. A ring of bark is
removed entirely from the stock and in its place is put a piece
with its good bud, to fit the ring closely.
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If this be modified by removing only a part of the ring it is
called veneer-budding.

Shield-budding is so named because of the shape of the bark
removed with the bud which is to be inserted in the stock. The
name T-budding is also given to this method because of the T-
shaped cut which is made in the stock bhefore inserting the new
bud (Fig. 53). This method of budding is the most rapid and for
this reason has become the method in most common use.

Shoots of the current season’s growth are cut from good va-
rieties, as seen in figure 50. The plump buds from these should be

Il

i
il :
F1a. 53.—Three steps in the budding operation. The shield-shaped ‘“bud” at the left

is from the good variety desired. The stem on which it is placed is the ““stoek.” The buds
inserted in stocks in August or September start growth next spring. .

inserted, without delay, into the growing stocks. The leaves are
trimmed from the shoots, leaving a portion of each leaf-stem, with
which to handle the bud. The shoots are then wrapped in moist
paper or cloth to keep them fresh until all are used.

Stocks used in budding fruit trees are usually grown from seed.
Apples and pears are usually not budded until the second summer,
if grown in a northern climate. The stocks for peaches and plums
are more commonly budded the first season of their growth from
seed—August or September in the north, and June or July in the
south. When June budding is practiced the buds to be used may
be taken during the dormant season, stored in wet sawdust or
sand in a cool cellar or in cold storage until budding time.
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. The operation is very simple and much skill can be attained
by practice. The shield-shaped bark with bud is cut by slanting
the cut about a quarter of an inch above or below the bud and let-
ting the blade pass behind the bud and complete the shield about
a quarter of an inch past the bud. Very little of the wood of the
shoot should be cut. The knife used should be very sharp and
the blade very thin. The bark of the stock is cut in the form of
a T a few inches above ground. The angles of bark are rolled
back to admit the shield with bud. The latter is pushed well
down to the base of the cut and until the
entire shield is-within the bark and adjacent
to the wood of the stock. The angles of the
bark will cover the edges of the shield. The
stock is then wrapped with waxed knitting
_eotton, or raffia fiber, to hold the bud snugly
in place until it has united to the stock. The
wrapping is cut on the opposite side of the
stock soon after growth starts, to prevent
strangulation or other injury.

Buds set in late summer should not start
growth until the following spring. Then all
the stock is pruned away above the bud
(Fig. 54). This will force all the sap into the
expanding leaves of the bud, and the growth
should be very rapid (Fig. 55). When buds
are set in'spring or early summer more atten-
tion must be exercised in pruning away the
leafy growth of the stock, as it should not =
all be cut off at one time for fear of checking young“s’jmﬁf' :_;tﬁ?f. A vti]::
the growth of the stock which had started Suerivom  part - of” the
before the bud united with it. D s o,

Top-working with Buds is frequently practiced because the
wound formed by the union is not so bad as in some forms of graft-
ing. This is described under the head of grafting.

Grafts are used in the propagation of many fruits as well as
for many ornamental trees and shrubs. Grafting differs from true
budding in that there is a piece of the twig inserted upon the stock
and not merely a bud. This piece is called the scion (or cion).
It may have either one or more buds, as desired. Scions are taken,
from the kinds which we desire to propagate, in the fall after the
leaves are off. They are stored in moist sand or sawdust in a cold
cellar until used.
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The stocks for young nursery trees are grown from seeds,
started in beds or rooms early in the spring. Conditions for their
rapid growth should be made as favorable as possible. After they
have made one season’s growth they are usually taken up.

For root grafting, the seedlings are dug in the fall, tied in
bundles and stored carefully in a cellar for winter use. But if they
are to be grafted at or near the crown they are reset in open rows
to be worked the second season.

Fia. 55.—Sweet cherry trees during their first season’s growth in the nursery—Wind-
sor on the right, Lambert on the left. The former variety usuaily develops a few branches
the first season as indicated, but most other sweet vanetles grow the first season without
branching as is the case here with the Lambert. (U. S AL

Whip or Tongue Grafting is one of the most common methods
employed. It is used extensively in root-grafting of apple trees
(Fig. 56). The work may be done in a cellar during the winter
season. The process is only slightly more difficult than that of
budding. The tops are cut from the seedlings and destroyed.
The roots and sciens must be protected from the air to keep them
moist during the process.

Make long sloping cuts across the lower end of the scion and
the upper part of the root. This should be done with a very sharp
knife. Then make secondary cuts forming tongues on each piece,
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as shown in the figure. Push the pieces together firmly.

65
If the

root and scion are of the same size the cambium layers just be-

neath the bark will be in contact. This
is essential to future union. The graft
is now ready to be tied. This is usually
done with moist raffia fiber or with No.
18 knitting cotton which has been dipped
in melted grafting wax. The scions used
for this purpose should be very thrifty
twigs, and should bear from one to sev-
eral buds each. The roots are usually
cut into pieces varying in length from
four to six inches. Some nurseries pre-
fer to have the entire seedling root used.
Such grafts are then called “whole-root”
in distinction with “piece-root”’ grafts.

As the grafts are made they are kept
moist and tied in bunches of from 25 to
100, with a label for each. These are
stored in moist sawdust or sand and are
held until spring. About corn-planting
time they are set in nursery rows (Fig.
57) from six to twelve inches apart. The
distance between rows should allow of
cultivation and is usually from three to
four feet, depending upon the soil. The
depth should be such as to leave one or
more buds exposed to the air. The
ground should be pressed firmly about the
graft to cause it to produce fibrous roots
immediately. The young trees should be
well cultivated the first season, and care
given to the removal of any sprouts as-
cending from the roots below the point
of union. After one or two years the
young trees may be transplanted to the
orchard.

Top-Working of Fruit Trees is a more
common practice than formerly. There

Fia. 56.—Apples are com-
monly propagated by root
grafting. The twig (scion), the
root (stock) are shown slipped
together and ready to tie with
waxed cotton.

are several reasons for top-working. (1) The tree may be in bearing
and the fruit be of an undesirable kind, either because the trees

5
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were improperly named or because the fruit does not suit the
market. (2) The orchardist may desire to try some new variety on
a tree of bearing age and bring it to fruitage more quickly than if
it were worked on young stock. (3) The grower may wish to intro-
duce into a block of trees in his orchard a few rows of any desired
variety for the purpose of aiding in the cross-pollination of the trees.

Top-working is done chiefly by three methods: cleft grafting,
tongue grafting, and budding. Still other methods are occasionally
found but are less common; for example, side grafting consists in
inserting a- wedge-shaped scion beneath a very large stem or trunk.

Cleft grafting was formerly the most common method of top-

F1e. 57.—Students setting out rooting grafts in garden rows. Note the completed row at
the right. (New Jersey Station.)

working orchard trees. Limbs varying in size from one-half to
two inches in diameter are cut square across with a saw. With a
chisel or special grafting cleaver, the end is split to receive two
scions bearing the buds of the desired variety. The scions are cut
in a wedge-shape form, one being inserted near the cambium layer
at one edge, and one at the other, of the split stem. The scions
should be slightly beveled to make them fit the stock most perfectly
at the cambium layer and bark. The wounded surfaces are then
thoroughly covered with grafting wax to protect them from the
weather. This operation may be performed at any time during
the early part of the growing season, dormant scions being used.
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Tongue grafting is used in the top-working of trees, but must
be practiced on smaller branches of the stocks. The wound formed
by this method is not so great and the union is more apt to become
perfect. In order to completely change the bearing tree from one
variety to another by this method it is necessary to insert a much
greater number of scions than would be necessary by the cleft
grafting process. i

Budding is used in top-working by inserting the buds either
on large or small branches. Budding is coming into more general
use for this purpose.

Pruning is essential after top-working of a large tree. The buds
or scions which have been inserted must be protected in their
struggle for growth. Competing branches near them must be
pruned away after the new buds have produced leaves. Common
sense and good judgment are the chief guides in this matter. There
is always great struggle in a tree top among the different branches.
The owner must aid the ones he wishes to develop and cut away
the others.

Double Working.—Growers sometimes practice what is called
double working of stocks. Young root grafts, for example, may
be grown in the nursery row one year or more and then may be
again budded or grafted at a height of from one to three feet above
ground. This may be done either before or after the trees are
transplanted to the orchard. This second operation would seem
to be unnecessary, but may be required for one of the following
reasons: (1) The young trees may be of bad shape, and the buds
inserted may be for the purpose of lowering the first main branches.
(2) The grower may have been unable to secure from a nursery
the variety he desired, andso planted in his orchard an inferior
variety. He will then change the variety by budding or
grafting with the desired kind. (3) He may have a special strain
or variety of his own well suited to that soil and other environ-
ments. By inserting the scions or buds himself upon young trees
that have started growth in the orchard he can be more certain
of securing fruit of his special variety.

FIELD AND LABORATORY EXERCISES

1. Root Cuttings.—Make cuttings of roots of blackberry. Plant these in
favorable conditions and watch their growth.

2. Compare Roots with Stems.—Take the roots of any convenient shrub
and compare them with the stems, or if possible with underground stems from
the same plant. Note the buds and the stalks near the buds which form the
nodes on underground stems called rootstalks. Note the absence of such
nodes on roots.
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3. Division of Roots.—Take groups of tuberoses, asparagus, golden glow
or any other convenient plant in the garden which has a supply of buds near
the crown. Divide the clump into separate plants, and plant them separately.

4. Types of Bulbs.—Compare bulbs of different kinds and determine
which ones are more scaly than others, and which ones you would call firm or
solid bulbs. In any one variety,as tulips or hyacinths, sclect those bulbs which
would produce the best growth. What are the points you see in this selection?

5. Purpose of Plant Runners.—Examine the runners of strawberry, trail-
ing buttercup, Bermuda grass and others that are propagated naturally by
runners. From what points are the roots sent into the soil? At what points
do the new shoots start up? What plants seem to be largest—those near
the parent plant or those farther away? Why is there a difference?

6. Layering.—Make tip layers of raspberry plants, and vine layers of
grape vines. :

7. Cuttings.—Make cuttings of various woody shrubs found in the yard
or along the roadside. Determine what trees will grow from cuttings if taken
at the proper size. Use also cuttings of grape, English ivy, geranium, begonia,
and others.

8. The Practice of Budding.—Students should practice budding. The
operation may be learned by practicing on willows or other twigs which have
stood in water in a warm room for a few days. This loosens the bark and makes
the operation more like the real conditions found in the peach orchard in Sep-
tember. Buds of any kind may be used for practice, but at the right season
the buds of good varieties of peaches should be inserted on stalks of seedling
peaches. Use the method called shield budding in this work.

9. Practice the cleft graft on twigs brought into the laboratory. Then
let the work be done with some good scions of apple trees grafted on the limbs
of trees out of doors. » 3

10. Learn to make the tongue or whip graft, and secure a supply of seed-
ling apple roots from a nearby nursery. The expense of securing these may
be covered by the sale of the grafts made from them. Cut off the tops of these
young seedlings and graft on to the old scions from good varieties of apples
which may be secured in the vicinity. Store the products in moist sawdust
or sand in cool cellars until about corn-planting time. These should then be
set in rows in the garden at proper distances for cultivation. Set the grafts
so that only one bud projects above the ground.

QUESTIONS

. Give-examples of propagation by means of roots.

What are the technical differences between the root and stem?

. Describe the division of ecrowns and give examples.

How are root stalks used in the multiplication of plants?

. Describe the different kinds of tubers and bulbs.

What plants have runners? Tell how runners multiply the plants.

. Describe the multiplication of black raspberries through tip layering

. Describe vine layering.

. Explain how mound layering is done, and how it increases the number of
lants.

10. Gige examples of plants multiplied by green or soft-wood cuttings.

11. Mention several plants propagated by hard-wood cuttings.

12. Describe the budding by shield-bud method. Apply this to the peach.

13. Why is top-working with buds better than top grafting? Apply this to
the apple.

14. Describe and illustrate the whip or tongue graft.

15. What special pruning should follow after top-working of an apple tree?

References.—U. S. Farmers’ Bulletins: 157, The Propagation of Plants.
471, Grape Propagation, Pruning and Training.



CHAPTER VII
SOILS AND THEIR USES

Whoever will be perfect in the science of agriculture must be well
acquainted with the qualities of soils and plants, and must not be ignorant
of the various climates, so that he may know what is agreeable and what is
repugnant to each.—CoLUMELLA. :

AvL elements or substances found in plants or animals are
from either the soil or the air. Plants are produced from the soil
and air; animals, in turn, secure their food from plants. The
grower of field and garden crops is interested directly in soils; and
the stock raiser is only slightly less interested in them. Both must
know what kinds of soil are best for their special lines of farming.

What the Soil Really Is.—Soil has often been defined as the
surface part of the earth in which crops may grow; but this gives
us very little idea of its real nature. To understand it better let us
follow the suggestion of I. P. Roberts and put a sample of good
black soil to different tests. It will usually be found to contain
insect life and other animal life in different forms. The bacteria
present are not only abundant but are of too many kinds to be
all known by the bacteriologist. Seeds and spores are usually
present in countless numbers. The dark color is chiefly due to
the presence of decayed organic matter—the result of both animal
and vegetable matter which has begun decay soon after death.
Much moisture is there and with it different chemicals in suspen-
sion. Oxygen, nitrogen and other gases constitute the air of the
soil. The greatest bulk is probably made up of particles of clay
and sand which have resulted from the disintegration of rocks
through the long ages past.

In the study of soil formation through the crumbling of rocks
of different kinds, a student must not lose sight of the real nature
of soil and the multitude of organisms and substances in it.

The best farm soil is made up of a proper mixture of sand, clay,
and decaying organic matter called humus, in just the right pro-
portions. With it must be plenty of moisture in the best form.
It must be in such physical condition as to allow the proper degree
of ventilation for the supply of oxygen and the removal of injuri-
ous gases, and to supply heat at the proper seasons. It must
have an abundant supply of useful bacteria and similar organisms.

69
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Enough lime must be present to help produce valuable chemical
changes in the soil. Plant food of various kinds must be present.
This may be either in solution or in particles to become valuable
at a later time.

Such an ideal soil is one which every good gardener or farmer
will strive to produce and maintain. The methods of soil improve-
ment discussed in Chapter IX are used by man in his efforts to
produce or maintain such ideal soils.

Organic matter in the decayed or decaying form in the soil
is called humus. The amount of it present in a given soil is to a
very great extent the measure of the value of that soil. It deter-
mines its moisture-holding powers, the amount and activity of
the bacteria present, and the condition of the soil with respect to

Fia. 58.—A quiet lily-pond where the feeding stream is depositing its heavy load of
soil. As the soil fills in more plants will grow, until the place becomes a level field, suitable
for growing Crops.
ventilation and drainage. Humus is also one of the chief sources
of nitrogen and other plant food.

Under natural conditions humus is produced in soils by the
death and decay of insects, worms, grasses, leaves, twigs and
trunks of trees, and other natural growth (¥ig. 58). As these
substances decay they are readily incorporated. with the soil
through the action of water and other natural agencies.

A sample of soil from the woods is usually black because of the
humus present. Such soil is phenomenally rich. Under agri-
cultural conditions the grower tries to imitate nature in the pro-
duction of such qualities in farm soils.

There are other forces in nature, such as erosion and the blow-
ing by wind, which tend to remove the surface layer of the earth
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from a given area, and with it humus is taken. Because of the
erosion, or wearing away by water, the surface layer of black soil
is not so deep in a humid region as in regions of less rainfall. In
arid regions the decayed organic matter which has accumulated
for centuries makes the black layer of surface soil much deeper.
The decayed matter will penetrate more deeply into a loose, open
soil because of better ventilation. Root growth is deeper and
the decay of such roots will form humus at a great depth. These
conditions help explain the fact that in the arid regions the black
layer of soils may be several feet deep, while it may be only a few
inches deep in a more humid region, particularly if the conditions
are favorable for erosion.

Live Organisms in Soil.—A good soil contains much life. It
may almost be said to be alive with bacteria, molds and other
organisms. They are so abundant in kind that specialists fre-
quently discover new ones. Their work is only half understood
by soil bacteriologists, and farmers are only just beginning to
believe in their benefits. They attack the tissues of the dead
plants and hasten their decay; the plant-food is thus rendered
available to erops. Certain baeteria bring on chemical changes
which result in making nitrogen available for plants. Other
kinds produce other series of changes. There exists among soil
bacteria a specialized division of labor.

If the sample of soil be baked in a hot oven until well heated
through, the bacteria and other organisms will probably all be
killed. Such a soil would then be much less productive, and if
no bacteria were allowed to enter such a lot of soil, its productivity
in the growing of crops would soon be reduced to a minimum. If a
little soil containing a number of kinds of bacteria were added
the whole mass would again become thoroughly alive with them.
Under favorable conditions the process of reproduction of bacteria
by division is very rapid. The proecess of division takes place
within a few minutes. Simple calculation will demonstrate the
great number which may be produced in a single day from a small
beginning. It is estimated that a small handful of good soil may
contain as many as a billion or more micro-organisms.

Soil Inoculation.—The process of adding certain desirable
bacteria to a soil for any particular purpose is called * soil inocu-
lation.” It is well known that certain bacteria enable alfalfa to
acquire nitrogen from the air. A different kind enters into partner-
ship with the roots of red clover. Still other kinds help other
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members of the clover family to accomplish the same purpose.
Each of these makes its host plant more thrifty and productive.
See the nodules on the roots of soy bean in figure 59. These are
full of bacteria. The farmer is thus enabled to introduce into
any field the bacteria which will be most helpful to the member
of the legume family which he wishes to grow. If alfalfa, for
example, has never been grown upon a certain field, the most suit-
. able bacteria for this crop may
Y be introduced by spreading

: upon the field a few hundred
«  pounds per acre of soil from’an

. old alfalfa field. This should be
done under favorable condi-
tions, as when the sun is not
shining. The top dressing of soil
is harrowed in to mix it with the
othersoil. The rapid multiplica-
tion will soon thoroughly inocu-
late the whole mass, resulting in
great benefit to the alfalfa crop
as soon as it begins to grow.

Pure cultures are sometimes
used for inoculation of soils.
Bacteria for this purpose may be
grown under favorable condi-
tions in laboratories and applied
to the field in different ways.
The seed to be sown may be
& i treated with water containing

Fic. 59.—A soy bean nitrogen factory. bacteria or some soil may be so
Daerss TaUEET ot ‘medules inte forms that treatedand spreadupon thefield.
B e Y Fecyiment for making protein. The cost of such pure cultures is

so great that the natural soil
method first mentioned is usually preferred.

Air in Soils.—The presence of living organisms in the soil re-
quires ventilation not only for their own existence, but in order
that they may accomplish the work which they do. Bacteria
which change nitrogen into nitrates could not de so without the
presence of oxygen. It has long been observed that air is neces-
sary for the germination of seeds and for the growth of roots of
farm and garden crops.
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Air is able to circulate or move among the soil particles, if the
soil is in good physical condition. For the best growth of crops
the soil must allow the entrance of fresh air to supply oxygen.
A fresh supply of atmospheric nitrogen to be worked upon by
nitrogen-fixing bacteria is brought into the soil through the venti-
lating process. Air which has once been used must be removed;
thus an excess of carbon dioxide may be liberated from the soil
by ventilation.

There are a number of forces constantly active whieh tend to
aid the movements of air in soils. Each change of temperature
is helpful. Some days the air is heavy -and other days it is light.
These changes will condense or expand the soil air. The action
of wind, -particularly on a hillside, has a strong influence. As rain
water enters the soil it may not only carry air in solution but also
draw air downward through the openings left behind it. Under-
drains may take away surplus soil water and leave pores to be
filled with air. Ventilation often follows the channels left by de-
caying roots. ’

If a field becomes hard and dry the crust may be broken by a
cultivator, harrow or other implement. This will allow air, as
well as rain water, to enter more readily. Deep tillage will also
greatly increase the amount of air space in the soil and aid in its
ventilation.

Soil Grains.—The finest particles of those portions of the soil
formed from rocks are called clay. The next finer are called silt,
and those coarser than silt are fine sand or coarse sand. Gravel
may also be present in the soil. These particles of rock are larger
than sand and are usually not considered a part of the soil at all.
Following are the sizes of such soil particles as are used in soil
analyses (mm. indicates milimeters in diameter):

(Cil7idios i e O AR IR B S L LT 0.005 to 0.0001 mm,
S0 il el LR e A RN ...0.05 to 0.005 mm.
Very fine sand 50 to 0.05 mm.
Fine sand ........ .0. to 0.1 mm.
Medium sand . ... .0. to 0.25 mm.
Coarse sand ...... N to 0.5 mm.
[ CEFITVRISIENE | . o v S E A to 1 mm.

Disintegration of Rocks.—There a number of forces or agencies
that work in nature tending to disintegrate both large and small
rocks and make them into finer particles which may finally be-
come useful in helping to form soils. Among these agencies com-
monly seen about us are the action of running water; the freez-
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ing of water; the work of air; the action of the sun and heat; the
action of growing roots; the agency of plants; the work of earth-
worms, insects and burrowing animals. The action of the ancient
ice sheets called glaciers had a mighty influence in grinding the
rock of the northern part of this continent. No other single in-
fluence has been so great.

Soil Movements.—The ancient glaciers not only ground up
rocks but moved them from place to place. Much soil was carried
by the moving ice. Soils became mixed. The surface contour
was greatly changed. High places were ground off and moved

e e Ty

F16. 60.—When eroding fields are neglected the soil is carried away to the streams below—
a barren waste is the result. (Fights of the Farmer.)
away. Valleys were filled and at melting-points moraines were
formed. These were sometimes in the form of hills, long ridges,
or occasionally served as dams across valleys. Water was im-
pounded in the form of lakes. The long chains of lakes of Minne-
sota, New York, Canada and elsewhere were thus formed.
Running water has ever been a mighty force in the movement
of soil (Fig. 60). Very heavy rain may form streams which carry
with them large quantities of clay and silt. In regions where
the natural streams are muddy much movement of soil has taken
place. In regions where the streams are clear less soil is being
carried.
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In the hilly sections farmers are compelled to face the problems
of soil erosion. The natural efforts of running water to carry
away the surface soils of fields should be prevented so far as pos-
sible (Figs. 61 and 62). This is done by the use of cover crops on
fields; by the use of the steep hillsides for wood lots; by terracing
cultivated fields; by plowing and cultivating along level lines at
right angles to the slopes, instead of up and down the slopes.

Wind is a mighty force in the movement of soils, particularly
in dry climates or during dry seasons in the humid climates. Crops
are sometimes blown out by the roots. Hills may be removed in a
single day and others as quickly constructed. The influence of

('—f, RTINS PR PRI oA e Pl e 1
; |
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F1c. 61.—Hillsides may often be prevented from erosion by throwing up furrow-slices
to form dams or ‘‘balks’ along the meandering contour lines of the hill. Water follows these
80 slowly that no erosion occurs. (Fights of the Farmer.)
the wind is greatest upon such soils as do not retain moisture
readily and those which do not have much binding material. For
just these reasons sandy soils are more frequently blown by winds
than clayey soils. To prevent the blowing away of the surface
soil fields should be kept well covered with a growing erop, par-
ticularly in dry seasons when the danger is greatest. Sheltered
belts of growing timber will be helpful. Such are strongly recom-
mended for use in the prairie states. The addition of humus to
soils will cause them to hold moisture better and thus prevent
blowing. When fields are plowed late in the fall they may be left
rough and thus be less damaged by plowing than when harrowed.

Soils Classified.—Many kinds of soil are in use by man in the
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production of crops. They may be classified according to fineness
into sandy, loamy, and clayey soils, according to the proportions
_of sand, silt, and clay present. This classification is based en-
tirely upon the size of the inert particles present. A sandy soil
is coarse, loose and open. A clayey soil contains much silt and
clay, and is therefore very fine, close, and compact. Loams are

intermediate between these two extremes.
If the soil particles are formed from the crumbling of limestone

Fia. 62.—Hillsides may be terraced for each row of orchard trees—to prevent erosion.
(F. A. Waugh.)

they may be designated as limestone soils. They usually have the
" characteristics of clay loams, but are darker in color. Peaty soils
are those which contain a very great proportion of vegetable matter
in a more or less perfect state of preservation. They may be
formed in bogs where the presence of water prevents decay. On
exposure to air the decay may be very rapid. The color is usually .
black or dark brown.
In like manner, other soils may be given special names referring
to special characters which they exhibit.
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According to fineness of the rock particles present, common
soils may be arranged as follows: clay, heavy clay loam, clay loam,
loam, sandy loam, light sandy loam, fine sand, medium sand,
coarse sand, gravel (P. 73).

Special Use of Sandy Loam.—Sandy soils are usually poor in
plant food as compared with clayey loams. Because of their loose,
open texture they do not hold water well. Air passes through
them readily and, if the weather is dry, erops will suffer for want
of moisture on such soils sooner than on those containing more
clay. Beecause of their loose, open texture sandy soils are quicker
to warm in spring by the entrance of warm air. This makes them
well adapted for use in the growing of early spring vegetables.
Market gardeners find such soils most profitable. In wet seasons
sandy soils are much to be preferred for general farming, as crops
do not suffer so much from heavy rains. Their drainage is natural
and they dry out quickly. They seldom become cloddy, even if
plowed during wet weather.

Heavy Clay Loams.—When clay soils are wet they are sticky
and likely to become cloddy if plowed hefore they are sufficiently
dry. It is difficult to keep such soils in proper condition. They
are well adapted to the growth of grains and grasses, and are used
for general farming, hay and grazing. They are very properly
called “cold soils,” because moisture and air do not pass through
them readily. In dry seasons general crops may suffer less than
on sandy soils, but if much clay be present the surface is likely
to become baked and crusty. This is very detrimental to the
best growth of crops. Great care must be exercised to keep the
surface in proper condition by tillage. Because of the difficulty
in plowing clay soils, and because of their sticky condition, they
are spoken of as “heavy soils”’ in contrast with sandy soils, which
are called “light.” Clay soils with much gummy substance are
often called gumbo.

Limestone Soils.—Soils derived from limestone contain the
important plant food calcium. Lime is usually considered a
valuable asset in soils. It improves the physical condition of
both heavy and light soils. It aids in the decay of vegetable
matter and in the liberation of plant food from it. It neutralizes
acids and certain other poisonous substances in soil. The texture
of limestone soils is usually very good. They are easy to work
and usually well adapted to general crops and fruits.

Lime may be added to soils in a caustic condition in such
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quantities as to liberate plant food too readily. Sandy soils are
more likely to suffer under such treatment than clay soils. The
liberated plant food may be lost from the sandy soils more readily
than from clay soils. If the lime be in a carbonate form the liber-
ation of plant food and the rotting of vegetable matter is slower
and the growing crop may use the food as fast as it is liberated.
There are a few special crops, such as cranberries, watermelons,
and others, which prefer acid soils. These do not thrive on soils
where much lime is present.

Four Great Soil Types.—There are a number of special soil
types which have been studied and mapped by the Bureau of Soils
and which are well known in the sections where they occur.

Four of these occur abundantly in the Central States.

1. Fargo clay loam is the principal soil in the Red River Valley.
Similar soil is found in a few other ancient lake basins, in North
and South Dakota and in Minnesota. These are all formed of
glacial sediment. The soil is deep, and rich in humus. The color
is dark brown and the texture that of a clay loam. Particularly
because of the climatic conditions these soils are abundantly used
for the growing of spring wheat, barley and oats. Flax was
formerly much grown.

2. Marshall silt loam covers an extensive area from central
and western Indiana through northern Missouri, southern Iowa,
eastern Kansas and west beyond the center of Nebraska. In this
extensive area it is the most common type of soil found. The soil
is well supplied with humus, is very deep and varies in color from
brown to black. It is a loose, silty loam and is easily tilled. It is
the best corn soil of any extended area. It is the best soil for this
purpose in the great corn belt.

3. Carrington loam is the prevailing soil over the northern
region between the Missouri and Mississippi Rivers, including
the eastern portions of North and South Dakota, outside of the
Red River Valley, southern Minnesota, and northern Iowa. This
loam is of glacial origin. It is loose, deep and usually dark or
black in color. The soil is well suited to the growing of corn where
the climate will-permit. Spring wheat is the most important crop
of the region; others are flax, barley, oats, winter wheat and hay.

4, Miami clay loam was the natural forest soil of southern
Michigan, eastern Indiana, and western Ohio, with limited areas
in Towa and in Wisconsin. The soil is of glacial origin and is of a
heavy clay or silty texture. It varies in color from dark brown to
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yellowish or grayish in color. The surface soil varies from eight
to twelve inches in depth. The area is adapted to general farm
crops, with hay taking the lead. Permanent pastures are very
successful and the associated industries of dairying and stock
raising are extensively carried on. The chief grains grown are
winter wheat, corn and oats.

Special Crop Soils.—A number of soils occupying much smaller
areas than the four just described have been studied with refer-
ence to crop adaptation. Some of these are well suited to special
crops. The soils of the Portsmouth series are adapted to small
fruits and somewhat used for late truck. The soils of the Porter
series in the Blue Ridge section are used for apple growing. The
Norfolk fine sand, of the Atlantic coastal plain, is best suited to
the production of early truck crops. The Wabash clay loam of
the Mississippi delta is speecially suited to the growing of sugar
cane. Crowley loams of Louisiana and Arkansas are well adapted
to rice-growing. The Clyde soils, of southern Michigan, are used
for such special crops as celery, onions, and sugar beets. The
Dunkirk series of soils of the lower Great Lakes are used for
orchards, vineyards, and general farm crops.

FIELD AND LABORATORY EXERCISES

1. Field and Weed Seeds in Soil.—Try to prove that there are live seeds
in chance samples of garden soil. Put the soil in favorable condition for ger-
mination, keeping the moisture and temperature favorable, and see if any
seeds germinate.

2. Germs in Soils.—Examine a sample of garden soil for organic life by
testing the presence of mold germs. This may be done by taking two samples
of the same soil in two cans. Place one of these samples in an oven for half
an hour to kill all spores or other life present. Then in each can place a piece
of freshly toasted bread or freshly baked biscuit. Moisten these with water
that has been boiled and cooled. Cover both cans alike to exclude mold from
the air. Set them on a shelf and await developments. In which one does
mold develop first? The bread in this case serves as food on which the mold
can grow. i

3. Bacteria and Growth.—Sterilize two samples of soil as in the above
exercise. In each plant wheat and moisten both with water which has been
boiled and cooled and is free from bacteria. Compare the growth in the two
lots of soil.

4. Bacteria Cultures.—If conditions are favorable for making bacteria
cultures, test samples of garden soil by making cultures from them.

5. Soil inoculation may be illustrated by taking two flower pots which are
filled with the same kind of soil. Sterilize both of these in the oven. Intoone:
of them introduce a culture of clover bacteria by taking a few ounces of soil
where clover is growing thriftily. Stiritintoapot. Then plant clover, using
the same number of seeds for each pot. Compare the clover for the next six
or eight weeks, taking care to keep the moisture conditions and temperature
favorable for clover.

6. The above exercise may be varied by using an artificial culture for clover
obtained from the United States Department of Agriculture.
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7. Test the value of air in soils by growing two lots of corn in two pots,
one under favorable conditions of reasonably loose soil, and the other using
heavy clay soil which has been puddled by mixing when very wet and the air
has been almost entirely driven out. The air may be excluded by keeping the
clay soil very wet. In wet seasons such adverse conditions are often found
in low spots of corn or cotton fields.

8. Soil Collection.—Make collections of all the types of soils available.
Classify these and put the proper labels on them.

9. Soil Grains.—If microscopes are available, study the soil grains of
clay, silt and fine sand. Compare them as to size and as to their tendency to
cling together. .

10. Soil Analysis.—We may analyze a sample of soil in a erude way by
placing, say, ten grams or 4 oz.in a bottle of water. Pour off all the water
into another bottle, or drain it off with a glass siphon, leaving the coarsest
sediment in the bottom of the first bottle. Shake the second bottle a few times
and allow it to stand for thirty seconds and draw off the water into a third
bottle, leaving a finer sediment in bottle Number 2. Continue this separation
of the soil until nothing but the finest clay is left in the water. If we wish to
determine the exact amount of soil of each degree of fineness, the water from
each may be evaporated, and the grains may be carefully weighed. Compare
this with the table showing the sizes of soil particles given in this chapter.

11. Comparative Study of Seils.—Obtain several samples of soil from
different fields. Rub a bit of each sample between the thumb and finger and
decide as nearly as possible which sample contains the most clay and which
the most sand. Which seems to contain the most organic matter. For this
purpose the fingers should be wet as each sample is examined.

12. Soil Types.—The school should provide itself with samples of soil of
each of the great soil types. A bulletin describing the soil types of America
may be obtained from the Bureau of Soils, United States Department of Agri-
culture. Send for samples of these soils by writing to friends or prominent
teachers who live in each of these soil areas. The samples may then be used
for comparative study and in contrast with the soils in the vicinity of the school.

’ QUESTIONS
. Describe what soil really is.
. What are the advantages of organic matter in the soil?

. What are the effects of bacteria in soils?

. Describe an exercise to show the difference between a sterilized and an
unsterilized spot of soil.

. Describe the method of soil inoculation. What other methods are there?
Of what importance is air in soils?

. Give some idea of the range in size of different soil grains.

. Name the kinds of grains in order of size.

. What are the agencies at work in the movement of soil?

. What are some of the special uses of sandy soils and sandy loam?

. Give the special adaptations of heavy cla{ loams.

. What family of plants is best adapted to limestone soils?

. Tell briefly what {ou can of the Fargo clay loam.

. Where is Marshall silt loam found? What crops are suited to this region?
. Tell what you can of Carrington loam and its uses.

. Tell what you can of Miami clay loam and its uses.

References.—U. S. Farmers’ Bulletins: 245, Renovation of Worn-out
Soils. 257, Soil Fertility. 494, Lawns and Lawn Soils. Soil Laboratory
Manual, Eastman & Davis, J. B. Lippincott Co., Philadelphia Soils, Their
Properties and Management, Lyons, Fippin and Buckman, The Maecmillan
Co., N. Y. Soil Physics and Management, Mosier and Gustafson, J. B. Lippin-
cott Co.
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CHAPTER VIII
WATER IN SOILS

It is difficult to comprehend the importance of water in soils.
Not only must the water be present in the right amount, but the
condition in which it exists during the growth of plants affects -
their development. The annual rainfall in any region may be
abundant for the growing of crops if it were distributed evenly
throughout the growing season. It is found that in many sec-
tions of this country the greatest rainfall is during the dormant
season, and much of the growing season is without sufficient rain.
Long dry periods are frequent during the summer when plants
are in greatest need of water to maintain their rapid growth.

Water Required During the Growing Season.—Much of the
rain which falls during winter or when there are no plants growing
upon the fields may be lost by running off or percolating to great
depths. Much less of the rain which falls during the spring and
summer, when growing plants occupy the field, will be lost.

By'a number of trials King showed that the average amount
of water used by various crops during their growth, to produce
one ton of dry matter, was as follows: Oats, 504 tons, or nearly
40 inches; Barley, 464 tons, or nearly 21 inches; Clover, 576 tons,
or 22 inches; Potatoes, 385 tons, or nearly 24 inches; average of
these four crops, 482 tons, or 27 inches. The number of inches of
rainfall is not proportional to the tons of water for a ton of dry
matter, because of the variation in yield in these crops.

Average Annual Rainfall.—The average annual rainfall in the
humid sections of this country is much greater than this average.
The Pacific Coast of Oregon and Washington has fifty to sixty
inches of rainfall annually. This amount is also found in the
southeastern states, along the coast from l.ouisiana to Virginia.
It exceeds forty inches throughout the eastern states as far west
as southeastern Kansas, Oklahoma and eastern Texas. In most
of the region west of Minnesota and the western third of Nebraska,
Kansas and Texas the annual rainfall is twenty inches or less. As
we go westward this amount is seldom exceeded in any locality
until we reach the central lines of Oregon and Washington, and
the western line of Nevada.

6 81
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Wheat requires a little less water than the other small grains.
It has been shown by King that if the rainfall be well distributed
through the growing season twelve inches is sufficient to produce
a heavy yield of wheat. Wheat is grown in some regions where
the rainfall is too light for a number of other field crops. Note
the management illustrated in figure 63.

The most important lesson, however, to be learned in the
study of crop requirements is the fact that the rainfall is not
evenly distributed and that regions with twenty or thirty inches of
annual rainfall will not produce good yields of wheat, or corre-
sponding yields of other crops. So much of the rain comes at a
season when it is lost instead of being used by crops. A part of

F1a. 63.—Moisture conservation methods as practiced in some sections of the arid
regions, Winter wheat coutmuous cropplng on right, alternate crop and fallow on left.
Note the comparative yields. (U. S. D. A.)

the rainfall may be saved over till the growing season by fall
plowing, as shown in figure 64. It is more important to know the
amount of rainfall during the growing season than to know the
total annuzal rainfall, but even here we may be misled by the
figures, as much of the rain which comes during the early spring
or summer may be lost in streams or by percolation through loose,
open soils.

Three Conditions of Soil Water.—The water which soils con-
tain may be: (1) free water, (2) capillary or heavy film water,
(3) hygroscopic or fine film moisture.

Free water is that which can be plainly seen as water when
the soil is handled, or when openings are made as for post holes or
wells. When the soil is saturated with such water, field crops
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cannot make use of it. Its presence excludes the air so that most
farm crops cannot thrive until the surplus water is removed. An
abundance of free water may wash out valuable plant food in
solution.

If the free water stands at a level in the soil of say two feet
below the surface, such level is called the free water table in the
soil. In practically all field conditions the free water table is
constantly moving. After a period of heavy rains it may be near
the surface and during dry weather may recede to a great depth.
In regions where wells are shallow the depth of the water table is
practically that of the surface of the water in the wells, In the

Fia. 64.—Moisture conservation methods. Spring and fall plowing in Colorado for corn
Note the heavier growth on left due to fall plowing. (U. S. D. A,

spring after the heaviest rains have ceased it is a good plan to
determine the depth of the free water table. This may be done
by digging holes a few feet deep as if for the setting of fence posts.

The Benefits of Free Water.—Probably the greatest benefit
of free water to the growing crop comes from the replenishing of
other forms of water in the soil from it. As the capillary water is
used up by plants, more is supplied from the soil below the water
table, if the distance is not too great. A secondary advantage
sometimes exists by the free water washing away injurious sub-
stances in the soil. This is apparent where the soil contains
alkali, as in some of the arid regions.
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Capillary Water.—Above the free water table in the soils and
in surface soils after rains, the capillary water may exist in large
quantities. Each of the many grains of soil has surrounding it a
film of moisture. These films about the grains are thick enough to
allow the moisture to readily move from moister to drier parts.
This process is called capillary movement. It may be illustrated
by the oil of a lamp moving upward through the wick to the flame.
A soft cloth placed with one end in a vessel of water and the other
end outside may draw the water out of the vessel. The cloth over
the edge of the vessel cannot be said to contain free water, because
it is so finely spread out in films over the fibers of the cloth.

An ounce of sandy soil contains about sixty billion particles

F16. 65.—Common lamp chimneys with cloth tied on to prevent the escape of soil
samples placed in them. This may be used to show the rate at which different soils will take
up rain water and their relative power of retaining water for use of crops. From left to
right they may contain coarse sand, loam, clay, and humus soil.

and an ounce of clay loam contains about four hundred billion
particles. It is possible for a comparatively large amount of water
to he held in soils when we consider that the number of particles
is so great. The amount of capillary water which a soil may hold
depends somewhat upon the size and number of grains in it. A
clay soil will always hold much more capillary water than a sandy
-soil, because of the greater number of particles in it (Fig. 65).
The capillary film of water may readily move from soil grain
to root surface and root-hairs. It is in this condition chiefly that
plants make use of soil water. Free water must first be changed
to the capillary condition before field crops can use it. Capillary
water contains the plant food for roots to absorb. Soils wet with
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capillary water may contain air in the intervening spaces. This
allows the constant work of bacteria and other soil organisms.
This condition is affected by tillage. If the soil be puddled by
plowing it when it is too wet the particles may be pressed so firmly
together that much air is excluded. If conditions are favorable
at the time, the operation of plowing or harrowing will allow more
air to enter.

Hygroscopic Moisture.—This may be termed fine film moisture.
The film about the soil grains is so thin that it does not move by
-capillary action from one part to another, and from the grains to
the root surface. If a sample of air-dry soil which has the appear-
ance of dust be heated in a test tube over a flame, moisture will
be seen to collect above the dust on the sides of the tube. This
water had existed in the form of hygroscopic moisture on the soil
grains. It is thus seen that water in such fine films can be caused
to move from place to place through the action of heat. Air in
the soil may become saturated with such moisture when the soil
is very warm. At night, as the surface cools, this soil air may
deposit some of its moisture upon the cold grains near the surface.

Hygroscopic moisture is of value to the plants by keeping the
plant food in solution during dry weather. It helps to maintain
the life of plants in arid regions, and during dry seasons in humid
regions. If the amount of soil moisture be reduced to this condi-
tion the plants cannot thrive. Its presence in the soil will cause the
soil to take up water more readily when rains occur. A soil which
is absolutely dry will not take up water quickly. As soon as each
particle has a thin film about it this may be increased through
capillary action as soon as water is supplied.

Movements of Soil Water.—Free water moves downward
through soils by the force of gravity. For this reason it is some-
times called gravitational water. The process may be called
percolation. When such water carries with it certain plant food,
or other ingredients in solution, these substances are said to be
carried away through the pores by ‘‘leaching.”

It is evident, from what has already been said, that ecapillary
water moves by capillary action. This may be in any direction
in the soil. It is natural, however, to think of it ds being chiefly
upward or laterally. But it may be downward also, as when a
light rain occurs upon a rather dry field, the water near or at the
surface is distributed among the soil grains below, through the
capillary process.
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The process by which hygroscopic moisture moves is called
thermal movement. This is because the internal evaporation and
condensation of such moisture in the soil is due to the difference
in heat. More heat causes evaporation and less heat causes con-
densation from the soil air.

Water-holding Power of Soils.—No reference is here intended
to the capacity of a soil for free water. The only form of water
that is valuable to plants is that in capillary condition. The more
capillary water a soil can hold the better it can produce crops.

~

Fi1a. 66.—Placing dynamite and fuse in a drill hole two feet deep. The explosion 100sens
the subsoil for the roots of trees and other plants. They find the moisture conditions much
better after such treatment. (New Jersey Station.)

It is therefore highly important that a farmer or gardener should
endeavor to increase the capacity of his soils for holding capillary
water. This he can do in a number of ways:

1. Deep tillage will greatly increase the air space and allow
the soil to hold more capillary moisture (Fig. 66). Portions of
the soil ' which are not stirred by the plow become so closely packed
together that the capacity for capillary films is greatly reduced.
Soil gralns gather together in compound particles, and if this con-
dition is prevalent in any soil the result may be that of having
very coarse particles. Coarse soils hold less moisture. Tillage,
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which breaks up the compound particles, pulverizes the clods,
and breaks up the solid or packed masses, will allow the soil
to hold more moisture. The modern deep-tillage machines which
stir the soil to a depth of 12 or perhaps 24 inches are among the
most successful machines for the deepeningof the “water reservoir.”’
Heavy clay soils become very compact below the level of ordinary
plowing. The use of subsoil plows will loosen the soil and subsoil
to a greater depth and if done when the soil is not too wet will
deepen the root bed and otherwise increase the moisture capacity
of the field.

2. Humus in soils increases their water-holding capacity. We
have seen that clay soils will hold much more ecapillary moisture
than sandy soils. A rich, black soil containing an abundance of
well-rotted organic matter will hold four or five times as much
moisture as a heavy clay soil, if both are in well-drained vessels
whoere the free water may fall away. The amount of humus in
any soil is largely within the control of the owner. It may be
readily increased by plowing under barnyard manure, straw, vines,
weeds and other farm wastes, green manure and special crops
grown for the purpose. The best systems of farming are
those in which suitable rotations are established whereby certain
crops are grown during the rotation to be plowed under for this
purpose. Sods, resulting from the growth of grasses for hay or
pasture, will produce much humus in the soil when plowed under.

3. Underdrainage has its effect upon the amount of water
available to plants. If the free water table be near the surface
roots can feed to only a shallow depth. If the water table be
lowered by underdrainage the soil space above the deep water
table will be suitable for the growth of roots. The amount of
capillary water which the roots may obtain is thus greatly in-
creased. If by any natural or artificial means the water table is
lowered to a very great depth the free water will not readily re-
plenish the capillary moisture as fast as it is used up by roots.

4. In the soils of arid regions perhaps no free water table can
be found at certain seasons of the year. The soil a few feet below
the surface may be drier than that above it. The problem of in-
creasing the capacity of the soil in such cases is chiefly that men-
tioned in paragraphs 1 and 2; but if the soil be very open and
porous the moisture during the rainy season will penetrate to
great depths and be lost from use of the crops which are soon to
be planted. If such loose soils are firmly packed by the use of
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very heavy packers, rain water will be prevented from percolating
so readily and much of the rainfall may thus be held among soil
particles within a few inches or a few feet of the surface. Such
management of arid soils is known as ‘sub-surface packing.”
The packers used for this purpose are heavy roiis of some form
with a rough surface. Three main types are in use: Some have a
number of heavy cast wheels with fluted rims; some have a number
of heavy cast wheels with V-shaped rims; some have ribbed sur-
faces made with iron pipes or bars.

CONSERVATION OF MOISTURE

Since much of the rain water which falls in a given region is
lost by surface run-off, or by evaporation, and by rapid percola-

Fi1a. 67.—The Acme harrow is a good clod crusher. When the soil surface becomes pulver-
ized the moisture is conserved.

tion; and since there is much suffering from droughts, even in
humid regions, it is essential that every practical means be used
to save the moisture which falls during wet seasons. Among the
sources of loss of moisture which are largely within] the control
of the farm manager, are: (1) evaporation through baked and
crusty soils; (2) run-off is increased by bad management; (3) the
growth of weeds; (4) reduction of the humus content of soils; (5)
failure to loosen packed soils; (6) failure to pack loose soils; (7)
failure to check winds.
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Dust Mulch.—Evaporation of soil moisture, particularly dur-
ing the hot, growing season of the year, is one of the greatest losses
of the farm. The modern methods in vogue in semi-arid regions
tend to prevent this loss. They are just as applicable to humid
regions during the growing season, because of the droughts which
usually occur. If the surface soil be kept loose so that the capillary
contact of the particles is broken, the loss through surface evapora-
tion is greatly reduced. Such a condition of the surface soil is
spoken of as a dust mulch. It can be readily produced by the use
of a harrow. The surface soil may be easily kept in this fine broken
condition before crops are sown, by the frequent use of a harrow
(Figs. 67, 68). In the so-called hoed crops, such as corn, cotton,

e iy

Fig. 68.—The weeder will produce a fine dust mulch and conserve moisture in the soil.
(Bateman Mfg. Co.)

potatoes, tobacco and others, a fine-tooth cultivator may be used
to stir the soil very frequently and thus prevent the formation of
a crust. , x

The student should understand that a crust formed upon the
surface of soils, by drying rapidly after heavy rains have packed
the particles together, is very detrimental to the growth of all
crops. Such a crust causes very rapid evaporation of soil mois-
ture. The particles are so close together that the capillary climb
of water is direct- and rapid. As soon as the ground begins to dry
enough to allow the use of a harrow or light cultivator these im-
plements should be used. The farmer who allows a crust to form
on any field loses water which the crop will need later. The same
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operation which prevents the formation of the crust and stops
evaporation will also be effective in causing the water to penetrate
a litile deeper into the soil where it may be saved for use of the
crop during dry weather. It may thus be seen that if the harrow
or cultivator be used at the proper time it accomplishes two
important purposes in the saving of soil moisture.

Ridging up the surface causes it to lose water more rapidly
because the exposure to the air is much greater (Fig. 69).

Cover Crops.—If hillsides are constantly clothed with growing
crops there will be less soil erosion. The water and the soil which
would both be wasted are held by such cover crops. The roots of

Fia. 69.—The practice of ridging the soil, for certain crops, tends to make it lose water more

rapidly than if the planting is in the level surface. (New Jersey Station.)
the cover crop allow water to enter the soil more readily. The soil
will thus take up much more water and take it more quickly than
if the ground were bare. This drinking in of the water is made
more rapid also by the mellow condition of the surface soil. A
cover crop prevents the surface from baking or becoming crusty.
During a heavy rain the soil is not packed by the heavy patter of
rain drops, because of the protection given to the surface by the
growing cover.

The most important time for having a cover crop upon any
hillside field is during the rainy season. The use of winter cover
crops which are started in late summer, before the main crops are
harvested, is practiced in modern farm management, and should
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be emulated. Small grains, such as winter wheat and winter rye
for the north, and winter oats for the south, serve well the pur-
pose of a winter cover. These small grains may have mixed with
them for this purpose such legumes as may he suited to the sec-
tion where they are used. Crimson clover and winter vetch do
well in the middle and southern states. Seed for such winter cover
crops may be mixed and sown between the rows of corn, cotton,
' tobacco, sugar cane and other cultivated crops. As soon as the
main crop is harvested the growth of the cover crop becomes more
vigorous and a fine cover for winter conditions is produced.

Besides these benefits of cover crops there are several other
uses discussed in Chapter IX.

Adding Humus.—The presence of humus in all kinds of soils
improves them in a number of ways. We have already seen that
humus increases the water-holding capacity of both clay and sandy
soil. Soils containing a large proportion of humus will receive
the rain water more readily than those containing little humus.
If the rain falls rapidly this characteristic of soils is very impor-
tant. Much surface run-off is thereby prevented.

As soils containing little humus will absorb much less water,
they soon become saturated by continuous rains. If other rains
follow upon this condition the soil is either washed away in masses
or rivulets will be formed, cutting gullies down the hillsides, and
torrents of water may rush to the valleys, bearing with them much
valuable plant food and soil materials. The addition of humus to
the soil tends to prevent all of this, as much more water will be
held by the soil and washing will not take place until the soil be-
comes saturated. Methods of adding humus have been mentioned
in Chapter VII.

Wind Breaks and Shelter Belts.—In all climates wind causes
much loss of soil moisture. Water which is once taken into the
soil should not be allowed to escape by evaporation from the sur-
face, if it can be prevented. One method of reducing surface
evaporation is by using wind breaks or more extensive shelter
belts. In a level region the influence of such a barrier will be ef-
fective for a distance of ten or twelve times the height of the wind
break. Within this area the evaporation of water will be greatly
reduced because of protection from rapidly moving air. Crops in
this area will suffer less from drought because of such protection.

A number of crops will thrive better when they are not dis-
turbed by wind, and the presence of an abundance of soil mois-
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ture makes them all the more thrifty. Truck crops, orchards and
other fruit plantations usually thrive better under such protection.

One objection which is often raised to the growing of wind
breaks near fields or erops is the drying effect of the trees on the
soil very near them. This is sometimes prevented by digging a
trench two or three feet deep between the trees and the growing
crop. This should be a few feet from the tree trunks. Surface
roots are thus cut and prevented from drawing moisture from the
soil beyond the ditch. The roots of trees will send out many
fibrous branches where they have been cut, and it will require
several years for them to draw moisture from a distance beyond
the ditch. Of course the ditch is not left open. It may be reopened
every five or six years and closed immediately. By this method
the roots of the growing wind break are turned and the moisture
is conserved for the use of the money crop.

In prairie countries the wind break may be made wide enough
to produce a crop of its own. Such may be made wide shelter
belts and produce timber for posts, poles, lumber and fuel. It is
believed that such shelter belts will be profitable in themselves,
aside from the benefits they give to the adjacent cultivated fields.

FIELD AND LABORATORY EXERCISES

1. Distribution of Rainfall.—Obtain weather reports covering your region
and find the average annual rainfall. In what months does most of the rain
occur? What are the dry months for your section? - What years in the last
ten have been considered wet years and what ones were dry years? If the hot,
dry months are during the growing season, what is the conclusion regarding
the need of saving moisture in the soil?

2. Depth of Water Table.—During the wet season of the year dig a post
hole in the field or yard and determine, if possible, the depth of free water.
Protect the post hole from being filled up by placing a board or flat stone over
it. From time to time examine and see if the free water has disappeared or
has reappeared during the changes of weather.

3. Capillary Action of Soils.—Compare two samples of soil in their capil-
lary action. Use sand for one and clay for the other. Place them in two lamp
chimneys, with a cloth tied at the bottom of each to hold the soil. Place both
at the same time in a dish of water and note the rise of water in each. Is this
water climbing in the soil capillary water, free water or hygroscopic water?

4. Moisture in Dust.—Take a sample of dry road dust. Put it in a test
tube. Place a little wad of paper in the mouth of the tube to partially exclude
the air, and heat the sample over a flame. Note the moisture which collects
near the top of the tube because it is the coolest part. Such moisture when
found in dry road dust or other dry soil is cafled hygroscopic moisture. The
films on the soil grains are finer than in capillary moisture.

5. Percolation in Different Soils.—Place a sample of clay and a sample of
sand packed alike in two lamp chimneys of the same size, and having cloth
tied under each to hold the soil. Set them in a dry pan, and pour water in
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the top of each equally, and keep a good supply of water in the top of each.
In which soil is the downward movement of the water most rapid?

6. Water-holding Power of Soils.—In the above exercise, the amount
of water poured into each may be measured, and the pouring may be con-
tinued until each lot of soil has taken up all the water it,will hold; that is, until
all the soil is wet and the surplus water begins to run through at the bottom.
The water-holding capacity of the two samples may then be compared.

7. The above exercise may be varied by weighing the two samples of soil
while dry, before any water is poured on. %hen weigh the samples after each
is thoroughly saturated with water. Compare the weights and calculate the
percentage in each case.

8. The effect of a mulch may be studied by placing a layer of straw or
carpet over dry soil in the garden. The next day remove this straw or other
mulch and compare the soil which has been thus covered, with that around it.

9. Take two deep boxes of soil, say six to ten inches in depth. The soil
should be alike in each and should be moistened well when the exercise is
started. Weigh each. Leave the soil loose by scratching with a kitehen fork
over the surface in one of the boxes. Pack the surface of the soil in the other
box with a brick or block of wood so that a crusty surface may be formed.
From day to day for about a week compare the evaporation by weighing the
two samples.

10. Organic Matter Aids in Holding Water. Test the water-holding
capacity ofg organic matter when added to garden soils. To one sample of
soll add half its volume of black humus soil from a peat bog or from a compost
heap. This is to be compared with another sample of soil without the added
humus. Put them in lamp chimneys and weigh each.. Pour in water from
above until saturated. Reweigh and determine the percentage in each case.
This will prove the immense water-holding capacity of humus and organic
matter, 3

QUESTIONS

. Tell of the quantities of water required by plants during the growing

season.

. What is the average annual rainfall of your region? How much of this

falls during the months of erop growth?

. Explain how crops can be grown when so little rain falls during the grow-

ing season.

. What are the three conditions of soil water?

What is free water? How can it be detected in soils?

Of what use is free water in soils?

. What is the direct use of capillary water?

. Tell hov:i hygroscopic moisture may be detected in soil which is apparently

very dry.

. Tell }2’0\\' )\,vater in each of the three conditions is moved from place to
place in the soil. Explain for each condition.

10. Explain the different ways by which a grower can increase the capacity

of his soil for holding capillary water.

11. What are the chief sources of loss of moisture from soils?

12. What do you mean by dust mulch? Of what use is it?

13. What relation have cover crops to the moisture-holding power of soils?

14. How and to what extent does humus aid in the holding of moisture?

15. Explain the effects of wind breaks.

Reference.—U. 8. Farmers’ Bulletin 266, Management of Soils to
Conserve Moisture,
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CHAPTER IX
CONSERVATION AND IMPROVEMENT OF SOIL

Better farming, better business, better living.—R00SEVELT.

REGions that were naturally forested, but have since been
cleared by man, have been found to rapidly deteriorate in their
ability to produce crops. When first cleared they were spoken
of as virgin soils, and were usually very productive.

Prairie soils were also much more productive when first used
by man than after he had made use of them for a number of years.
Statistics show a great decrease in the yields of wheat, corn, cotton
and other staple crops in the older systems of American agriculture.
These facts seem to indicate that the systems as followed by man
have failed to give enough attention to the conservation of the
soil. The effort of the farmer in the newer sections of the country
has been to get from the soil as much of its fertility as possible by
raising large crops on the land until it would no longer give him
profitable returns. He then abandoned the land, or left it to others
who were not so familiar with its condition, and moved westward
or southward to newer regions. The reaction has now set in.
Some men from the west are returning eastward. Those in the
middle states have realized the temporary nature of the methods
originally followed and are rapidly changing them to more per-
manent methods. The term ‘‘permanent agriculture” is now
often used in the vocabulary of the best farmers in all parts of
the country. Conservation of the soil is recommended by all and
few are left to doubt the teachings of the leading advocates of
soil conservation. The actual practice of these teachings is coming
more and more to be a reality in American farming.

Soil Maintenance.—As crops are removed from the soil, fer-
tility must be returned. Conditions which reduce the humus or
bacteria content must be remedied immediately. Activities in
the soil must be kept up. Chemical changes which are so rapid
in a virgin soil must not be allowed to decrease because of misuse
by man. As many of the soils used by man in all sections have
already been reduced to a much poorer condition than they were
when he first began to crop them, the problems with which he is
now confronted arc those of improvement rather than conserva-

94
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tion. The man who buys a “worn out” farm will endeavor first
to bring the soil to the condition which will make it as good as,
or better than, it was hefore it was first used for farming.

The principles of soil improvement are numerous, but they
may be chiefly grouped under the following headings: better
tillage; the frequent use of green crops as manure; more frequent
use of barnyard manure, and more attention to its proper manage-
ment; drainage of heavy soils, even where the land is not too wet;
irrigation not only in arid regions but in humid climates; intelli-
gent use of commercial fertilizers. All of these are considered in
this chapter with the exception of drainage and irrigation. For the
latter see the next chapter.

BETTER TILLAGE

Plowing of the land is the most expensive operation of farming.
The actual cost in labor, time and equipment for plowing the
fields of a given farm is so great that the operation is readily
neglected. Many fields which would be improved by plowing
once or perhaps twice a year are often put under a system of crop
rotation whereby the plowing may not be necessary more than
once in three or four years. A farm manager who is endeavoring
to improve his soils should study the benefits of plowing and other
forms of tillage. If he finds thatimore frequent plowing would
greatly benefit the soil he should if possible adopt a system of
cropping which will give a return in money, as well as in improved
condition of the field, for the extra laborexpended. If thesoil belight
the cost of an extra plowing in a year is not so great as for heavy
soils. The owners of light soils often find it profitable to plow
twice a year—once for the turning under of the stubble or other
remains of the main crop, and once for turning under the green
manure crops between the seasons of the main crops. In such
cases the increased money returns come from the increased yields
of the main crop because of the presence of the green manure.
The cost of deep plowing is sometimes reduced by the use of a
tractor (Fig. 70).

Reference has already been made to the importance of plowing
soils very deep. Deep tillage has its limits. The importance of
emphasizing deep tillage arises from the fact that many of the
“run down” farms of America are plowed entirely too shallow.
In determining the depth for plowing a field this is a good rule to
follow: Turn up very little of the subsoil each time the surface
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is plowed; gradually deepen the soil by increasing the depth of
tillage each time. By this method a little of the subsoil is very
gradually incorporated with the surface, and the depth of tillage
is increased without detriment. Too much of the subsoil turned
up at one time might be injurious, particularly if it be sour or
contain matter poisonous to plants. It has been said that a
man with a forty-acre field which was usually plowed to a
depth of six inches can double the yields by gradually doubling
the depth of tillage. Thus, when he is able to plow the field regu-
larly to a depth of twelve inches he will have in effect an eighty-
acre field. In fact the management of the forty-acre field, taken
as a whole, will be much less expensive than if he really had eighty-

F1a. 70.—This tractor has wheels of the * caterpillar” type and may be used on rather
rough land without difficulty. Tractors give enough power to allow very deep tillage of
soils. Farming thus becomes both more intensive and more extensive.

acres plowed to the original depth of six inches. If organic matter
be added from time to time during this process of deepening the
soil, the increased depth may be attained much more rapidly.

Disk plows and disk harrows (Fig. 71), have greaily improved
the method of tillage. Heavy soils turned with the original mold
board plows are usually not sufficiently crumbled and mixed
during the process. If the plowed field be thoroughly disked the
tenacious particles are thoroughly crumbled and mixed.

The effects of tillage may be either physical or chemical.
Proper tillage also includes the conditions for soil bacteria. The
moisture-holding effects of tillage have already been considered.
Dynamiting the soil is for moisture effects and is seldom practiced
except for the planting of trees (Fig. 72).
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F1a. 71.—The disk harrow may be made to stir the soil deeper than other harrows.
The clo&s f_fe éies)troyed and the surface will be made finer, thus aiding in the saving of mois-
ture. . H. Co.

F1a. 72.—Loosening the subsoil with dynamite aidsin the conservation of moisture. Itis
practiced before setting orchards more than for other crops. (New Jersey Station.)
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Chemical changes are often much inereased by tillage. The
more rapidly chemical changes are going.on in the soil the more
rapidly plant food is liberated, as most of the changes tend to
liberate plant food, or make it available for use by plants.

The stirring of soil by plows or other implements exposes new
surfaces to the sun, air and other weather influences (Fig. 73).
Obnoxious gases, such as carbon dioxide, may readily escape.
Nitrogen and oxygen may become combined with chemicals in the
soil. Particles of lime, phosphorus, or other valuable materials
may be brought in contact with each other and with other acids,
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Fia. 73.—A spring-tooth harrow is well suited to such a rough soil as this. No other harrow
would do good work among the rocks. (New Jersey Station.)

alkalies or other compounds, resulting in changes which are usually
beneficial.

Plowing is often the best means of incorporating new materials
with the soil, such as green manure, barnyard manure and others.
The subsequent actions of these are of a chemical nature,and will
of course improve the soil chemically as well as physically.

The physical changes in soils produced by tillage are of several
kinds. The plow loosens and shears the soil. As the common
mold bhoard bends the furrow-slice the particles are moved among
each other and past each other so that each comes in contact
with new parts. A field plowed with a very abrupt mold board
“‘shears” the soil more than a long mold board with gradual slope.
The latter is more commonly used in turning over sod.
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The surface of a plowed field is a few inches higher than before
it was plowed. This difference is due to the looseness of the parti-
cles and the added pore space among the grains. These pores are
first filled with air. As snows melt, or as rains fall upon such a
field, much of the pore space may be filled with water. The use
of the harrow (Fig. 74) and the roller will repack the surface to
some extent.

Heavy soils are often plowed in late fall, particularly in the
middle and northern states. This has a marked physical effect
upon such soils. The weathering of under-soil thus exposed on the
surface is beneficial and the effect may be readily observed by

F16. 74.—The common spike-tooth harrow is sometimes called a drag harrow. It
is one of the best implements for smoothing the surface of the soil and producing a dust
mulch to save the soil moisture. (New Jersey Station.)

any one. Fall plowing may be practiced on any soils in any climate
for the purpose of destroying certain forms of injurious insect life,
by exposing the hibernating forms of the destructive insects to
winter weather and to attacks of winter birds. Fields which have
been plowed in the fall can be prepared for crops early in the
spring. On level fields, not subject to erosion, winter moisture
may be conserved best by fall plowing. The field may be harrowed
before spring winds cause the ground to become crusty. This
harrowing will allow the air to enter and the temperature is made
warmer.

Late fall plowing cannot well be practiced where it is important
to have a winter cover crop growing. The farm manager must
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use judgruent in deciding whether to plow a field in the fall or to
have it protected with a cover crop. He must consider the char-
acter of soil, slope, insect enemies, the possibilities regarding
time and labor, and perhaps other special matters which bear upon
these points.

Packing Loose Soil.—Soils which are plowed in the spring,
only a short time before the planting of the erop, may be so loose
as to prevent the capillary rise of water to the seeds or to the roots
of the crop after it begins growth. To correet this difficulty
it is necessary to bring the surface soil in contact with the
soil below the furrow-slice. ~ This may be done by packing
the soil with a plank drag or roller. If the latter is wused
the soil should be left with a loose, broken surface to pre-
vent too rapid evaporation. The harrow may follow the roller,
unless the roller is of a type which leaves a roughened
surface. Packing may sometimes be accomplished by the use
of a common spike-tooth harrow with the teeth sloping
backward.

Sandy soils or other loose soils may be greatly improved by
packing. (See Chapter VII.)

GREEN MANURING

This term applics to the growth of crops not intended as money
crops, but intended to be plowed under to benefit the soil. They
are not always turned under in their green state, but may improve
the soil nearly or quite as much if they die before being plowed
under.

Green Manure from Cover Crops.—A double purpose is very
often accomplished in this operation. (1) The crop, while grow-
ing, serves the purpose of a cover crop. (2) It may be used as
green manure to improve the soil.

The other purposes of cover crops should here be mentioned:

{a) Erosion of soil is checked or prevented; this is particularly
helpful on hillsides.

(b) When grown in orchards they prevent the frequent freez-
ing and thawing of tree roots and thus avoid much winter injury.

(¢) If grown in late summer and fall in orchards they check
the growth of the trees, so that the wood may become more mature
before winter.

(@) They conserve plant food and moisture which would
otherwise be wasted.
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(e) The preparation of soil for them, as well as the growth of
cover crops, will tend to check the growth of weeds.

Improvement Due to Green Manuring.—1. Probabiy the chief
benefit following the use of green manure is the addition of humus.
This is often the most satisfactory way of adding humus to the
soil, particularly on farms where there are only a few animals.
During the decay of the green crop a number of changes take
place which are in themselves directly beneficial.

2. During the growth of the green manure crop its roots gather

FlG 75.—Plowing under a green manure crop of rye, which was sown the fall before. (Pro-
ductive Farm Crops.)

plant food which might otherwise be wasted, or not be available
for use of other crops. This accumulation of plant food in roots,
stems and leaves becomes quickly available after the crop begins
to decay, and helps the crop which is to follow. The growth of
such green manure crops at off-seasons, when the main crops are
not occupying the soil, conserves much plant food which would
otherwise be lost by leaching or in some other way. Such losses
cannot be prevented by any other practical method. The rapidity
with which plant food is liberated from the green manure crop
after decay begins will depend upon the temperature of the soil
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and the amount of moisture present. It may also depend somewhat
upon the character of the stems and growth and the maturity of
the crop. If a large quantity of green manure be plowed under
at any one time the decay may be very slow indeed. The best
plan is to plow under a moderate growth each time, rather than 2
heavy growth. If the soil be well packed after the crop is plowed
in, decay will take place more quickly.

Under favorable conditions green manure plowed under in
the spring will liberate an abundance of plant food for the grow-
ing crop the same season (Fig. 75).

3. If all or a part of the plants forming the green manure crop
belong to the legume family a supply of nitrogen will be gathered
from the soil and be changed to the form of nitrates for the use
of money erops. This is usually the cheapest way to supply
nitrogen to any soil. Commercial forms of nitrogen are becoming
much more expensive year by year. The gardener or farm mana-
ger will find much profit in growing leguminous crops to supply
nitrogen to the soil for the production of market crops. Not only
is there a saving of money, which would be expended for com-
mercial nitrogen, but the results are more satisfactory. Larger
crops are produced when the equal amounts of nitrogen are
compared.

4, Many chemical changes take place in the soil during the
growth and decay of the green manure crop. Comparatively
inert particles are acted upon. The soil as a whole is in better
condition for the future crop.

5. The soil is a better medium for the growth and multipli-
cation of beneficial bacteria of many kinds. Indeed the soil is
made into an active, live mass instead of an inert, soggy, dead
clay or sand.

The above five benefits arising from the use of well-planted
systems of green manure ‘are not in any sense theoretical. They
have all been proved to exist in a very practical way, with the
result that the best farm managers have formulated some regular
system of green manuring as a part of the annual maintenance of
the farm.

Planning Ahead.—Any one intending to have crops ready to
be plowed under for the frequent or yearly improvement of soils
will find it necessary to make definite plans for the succession or
rotation of crops on each field. In many southern states, for
example, corn or cotton is grown annually on the same field as
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the money crop. The fertility is chiefly kept up by the growth
of erimson clover, which is sowed between the rows of the main
crop in July or August, if moisture conditions are favorable. The
crop grows throughout the fall and winter and is plowed under
in spring as early as desired to prepare the ground for the main
crop. An annual rotation is thus established.

In the potato-growing sections farther north a similar annual
rotation is sometimes practiced. If crimson clover is not hardy
a mixture of winter vetch and rye may be used. In a slower rota-
tion coarse heavy sod, as timothy and clover, may be plowed under
every three or four years. In regions wheére spring grain is grown
a winter cover ‘crop is sometimes grown after corn and plowed
under in the spring before the grain is sowed. After small grain
has been harvested a quick-growing crop, such as cow peas, soy
beans, or buckwheat, will produce a supply of green manure, to be
turned under cither in late fall or the following spring.

USE OF MANURES

Barnyard Manure.—In all parts of the country where livestock
is kept, barnyard manure is one of the chief assets. The benefits
arising from the use of barnyard manure for farm and garden crops
have long been recognized. Near cities of all sizes farmers make
use of the manure from the stables. It is often shipped long
distances and sold at prices far above its actual value. The value
of course should not be under-estimated, but prices, including the
cost of hauling, are sometimes found to be as high as three dollars
or more per ton, and this for inferior grades.

Humus is always added to the soil by the use of barnyard
manure. The amount of humus derived from it depends upon
the kind of litter used for bedding of the stock.

Barnyard manure acts as a direct plant food for crops. Under
the most favorable conditions nitrogen is added more abundantly
than other fertilizer ingredients, but some phosphoric acid and
potash are always present. These are the three plant foods most
needed by growing crops. The henefits arising from the decay
of barnyard manure in soil are similar to those found in the decay
of green manure. An average 1000 pounds of fresh manure from
a horse stable contains about six pounds of nitrogen, three pounds
of phosphoric acid and five pounds of potash, if the value of these
elements is taken from market prices of chemical fertilizers. On
this basis the manure from a 1000 pound horse has a value of
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nearly $30.00 a year. 'This value, however, does not include the
humus produced, but merely the three chemical plant foods
mentioned. .
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Fi6. 76.—Comparative manurial values of feeding stuffs. The actual prices given are
based on the commercial prices of fertilizers: nitrogen 15 cents, phosphoric acid 4 cents,
and potash 4 cents per pound. (Productive Feeding.)

If equal weights of manure from the different kinds of farm
animals are considered, the relative values would be arranged
from poorest to best in this order: cattle, horses, swine, sheep
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and poultry. There are a number of other conditions which help
to determine the real value of barnyard manure: the age of the
animals; kind of bedding used; whether the feed contains much
or little grain or other concentrates (Fig. 76); the age of the manure
and the care of it after it is made.

Care of Manure.—On farms where much manure is produced
improper care of the manure is frequently a very serious farm
loss. This is chiefly from two causes: heating and leaching.
When manure accumulates in large heaps in the barnyard the
chemical action and the work of anaérobic bacteria eause the
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Fi1g. 77.—When manure is left in piles in the barnyard the water may wash away the
richest part. Some pond or stream of water usually receives the drainage of the barnyard,
and the loss is very great. (U.S.D. A))
manure to heat or “fire fang.”” This results in loss of nitrogen
and much of the organic matter is burned out.

When manure is left in open barnyards or, worse yet, is left
under the eaves where large quantities of water will fall upon it,
the loss from leaching and washing is a serious one. As the manure
leaches the most valuable parts of the plant food are lost first
(Fig. 77).

Because of such losses as these it may be estimated that fully
one-half of the value of barnyard manure produced on American
farms is wasted. Under good management at least four-fifths of
all of the crops fed to stock, or used in the barn for litter, should
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be again available in the fields for the production of future crops.
The amount of plant food retained by growing animals or others
is insignificant in comparison with the amount lost through im-
proper management of the manure.

Liquid manure should be saved by using enough litter to absorb
it. Fully half of all the nitrogen in manure is found in the liquid,
and in this form it is more quickly available for use of*plants than
any other. The floors and gutters in stables should be so tight as
to prevent waste of the liquid. With tight floors and plenty of
absorbent, as bedding, very little of the liquid need be wasted.
The common use of cement for flooring in barns does much to
help save this valuable part of the manure.

Preservatives in Manure.—The use of finely ground rock
phosphate, called ‘‘floats,” on the floors and in gutters will do
much to prevent the escape of the volatile parts of manure. It
also acts somewhat as a direct absorbent of the liquid. As nearly
all farm soils, where manure is spread, need more phosphate, the
addition of such material to the manure brings to the land a
much needed fertilizer ingredient. It helps to “balance” the
manure and makes it a more perfect fertilizer for either heavy or
light soils. The use of rock phosphate in the stable or in the
manure heap may be at the rate of fifty pounds to each ton of
manure. This means a very light sprinkle daily. Acid phos-
phate or the treated rock phosphate may be used in the manure
heap, but should not be brought in contact with the animals
directly. Any excess of acid in it is detrimental to the coats of
horses or other animals. It is a better preservative, chemically
speaking, than the rock phosphate. Kainit is sometimes used
with the acid phosphate or the rock phosphate, but it does not
have the same balancing effect in the manure, and is in itself a
poor absorbent.

Land-plaster was formerly much recommended for this pur-
pose. It is rich in lime and is beneficial upon fields in need of
lime. Its chemical action in preventing loss of nitrogen is also
in its favor. Such absorbents as dried soil, dried peat or marsh
earth act only in a physical way in absorbing the liquid. The
same results should be accomplished through the use of enough
litter which will make a suitable stable bed for the animals.

Among the best available materials for use as litter may be
mentioned straw from small grains, corn stalks finely cut, low
grades of hay, forest leaves, straw from other crops after thresh-
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ing out seed, such as clover, soy beans, field beans and pea vines.
It is well to let much of this material pass through the manger and
be picked over by animals before it is used for bedding. The more
modern use of shavings and sawdust as bedding for dairy cows
has resulted from efforts to reduce the amount of dust so that
clean milk may be produced. Shavings and sawdust as ingre-
dients of manure are not particularly beneficial to the soil. If
they are made from pine timber there may be much resin present
which will prevent their rapid decay and cause plants to suffer
worse from drought. One effect is sometimes deseribed by saying
they make the soil sour. The hard wood produects are less detri-
mental.

The immediate spreading of manure on the fields almost
daily is considered the best method of making use of it in America.
Where many animals are housed during the winter a special
wagon or a manure spreader may be kept under cover where it
will be filled as the barn is cleaned. The time required to haul
it to a field and spread it by the power of the team itself is very
little annd hand labor is reduced to a minimum. Contrast with
this the bad method too commonly practiced of throwing the
manure into the yard from thebarn, allowing it to waste by
leaching and burning; then in the spring and summer when all
lines of farm work are clamoring for attention, it is dug out, loaded
on wagons, sometimes put in piles in the field and again handled
in spreading. By a little proper planning a suitable place may be
found at all times for the immediate spreading of manure as fast
as it is made. If some fields are too muddy, spread it on sod or
grass. Do not hesitate to spread manure when there is snow on
the ground. The melting of snow will help take the fertility into
the soil. There can never be such great loss in the field as in the
barnyard.

Covered yards are sometimes provided for the shelter of loose
stock feeding from racks. The manure is tramped down daily, no
“fire fanging” oceurs, and there is practically no loss from leach-
ing. It is a very economical way of preserving the manure from
sheep, swine, beef cattle and young stock running loose. Such
covered yards are frequently used as exercise lots for dairy cattle or
other animals, whether they are fed there or not. If the shed
is well enclosed on all sides but the south, much of the time of
the animals may be spent there during winter.

Some stockmen realize the value of keeping manure under
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such a cover, and having it well spread and thoroughly tramped.
They sometimes spread the manure from stalls in such covered
barnyards where stock during exercise will tramp it down.

Rotted manure is often needed for special lines of gardening
and for some farm crops. To produce well rotted manure, without
sertous loss, requires good management. The manure should
be spread so well that the heat will not become too great. The
top of the pile should be left flat, or slightly hollow, so that rain
water will enter the mass and help prevent heating. If the amount
of rain be too great, loss will occur by leaching. This loss may be
reduced by a cover of straw or other matcrial to shed off sur-
face rain.

Composts are often made by gardeners for the purpose of
preparing well rotted manure for use in their work. A good plan
is to make the pile of manure with alternate layers of heavy sod.
Leaves raked from lawns may be used in addition to, or as a sub-
stitute for, the sods. Lime, wood ashes, land plaster, and rock
phosphate are also valuable materials to add to the compost heap.
The tops should be kept rather flat to allow the entrance of rain,
particularly during the summer.

Some of the benefits to be derived from rotting manure are:
Weed seeds are killed; the manure is not so bulky; its heating
effect is reduced and there is less injury to certain plants; it is
not so likely to produce potato scab or other injurious diseases;
it is much more suitable for use in flower heds, green house beds
and for potted plants; and the plant food in the manure is made
more quickly available.

USING LIME

Liming of soil is the direct application of lime to soils. This
treatment is usually very beneficial, and within certain limits is
exceedingly profitable. The uses of lime on soil are of several
kinds: Light, sandy soils are affected in such a manner as to make
them more compact and are thus more retentive of moisture and
plant food.

Heavy clay soils are also affected physically. They become
more open and more easily tilled. They allow air and moisture
to move more freely, with the result that they are more easily
warmed in early spring.

Any soils containing acid are neutralized by the use of lime.
Soils may hecome acid, or sour, by the use of barnyard manure,
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green manure and by the action of certain chemical fertilizers.
Few farm crops thrive in sour soils. The action of lime is there-
fore beneficial to all such crops.

For clover, alfalfa and most other members of the legume
family, lime seems to act as a direct plant food, supplying a
material actually used in the growth of the plant (Fig. 78).

When lime is applied after the plowing under of green manures
or other vegetable matter, decay takes place much more rapidly.

The presence of lime in the soil makes conditions more favor-
able for the rapid development and growth of bacteria. This is
particularly true of those forms of bacteria which aid legumes in
acquiring nitrogen from the air. It is doubtless also helpful to
other kinds of soil organisms.

F1e. 78 —Liming the soil improves the growth of leguminous crops The large yield wag
from the limed plot. The other was unlimed. (U.S. D. A)

Its general action upon sand. clay and organic matter helps
in the liberation of plant food in all soils. This may in some cases
be more rapid than the growing crop can use the food thus liberated.
If some form of lime is applied, the action of which is not too rapid,
the growing crop may use the liberated food without appreciable
loss.

The combined use of green manure, or other vegetable matter,
with the application of lime, causes the most favorable action in
soils for the produection of large crops. Much activity is set up
within the soil, making the conditions most favorable. By the
use of lime the soil will produce much larger crops of alfalfa, clover
and other legumes. These in turn have their beneficial effects
upon the soil, and make it possible for the owner to carry the soil
improvement to the utmost limit. [t is often found that the
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application of lime is the first step in the building up of a worn-
out soil. The owner must remember that other methods of
improvement must accompany this treatment.

The need of lime on a field is often indicated when clover will
not grow. Sourness in the soil may be detected by the presence
of certain weeds, such as sheep-sorrel. It may also be detected
by the use of litmus paper, as described in one of the exercises.
If the need of lime is doubted by the owner, a small strip instead
of the whole field may be treated. This trial may be made upon
a field used for clover or almost any other field erop. If marked
improvement is shown the owner can easily draw his conclusions.

Forms of Lime.—There are several forms of lime in common
use. Some understanding of each of these should be had before
lime is applied. Ground limestone is perhaps the most common
form used by farmers, particularly in regions where the distance
for shipment is not very great. Limestone grinders are in use near
stone quarries in all parts of the country. From such grinders the
products vary in fineness from a fine powder to a coarse granular
state. Commercially the fineness is indicated by the sieves
through which the ground stone will pass. That which passes
through a sieve of fifty or sixty meshes to the inch will contain
some material which is as coarse as this and much more that is a
great deal finer. The coarse products used for agricultural pur-
poses should be fine enough to go through an eight-mesh sieve.
Ground lime as coarse as this can be produced without artificial
drying of the stone, but the finest grades must be artificially
dried, thus greatly multiplying the cost of production.

Ground limestone is chiefly composed of carbonate of lime or
calcium carbonate (CaCQOj).

Burned lime is extensively used for agricultural purposes. Tt
is prepared in lime-kilns by burning under such conditions as to
produce great heat without much moisture or air. The carbonate
of lime is broken up by the heat into two compounds; calcium
oxide and carbon dioxide, thus CaCOz;=CaO+ CO,.

The carbon dioxide is driven off into the air and the calcium
oxide exists in a form which is sometimes called stone lime, or
caustic lime or quick lime. It is this form of lime which is used
in making mortar ifor masonry or plaster. Because of the driving
off of the carbon dioxide the weight is reduced nearly one-half.
This must be taken into consideration when deciding upon the
qualities of lime to be applied to the soils.
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Hydrated Lime.—Another form of lime less commonly used
for agricultural purposes is called hydrated lime. It is formed
from burned Jime which has taken up some water and usually
some carbon dioxide has also been acquired by it. It is shipped
either in bulk or in bags, and is usually much more expensive than
the other forms of lime. Its composition is expressed by the mix-
ture of the compounds CaH,0; and CaCOs.

The pure hydrated lime or calcium hydrate would be formed
by the addition of water to caustic lime:

CaO + H, O =Ca H,0,
lime + water = hydrated lime

When water is added to the lime the weight is increased about
one-third, as fifty-six pounds of lime take up eighteen pounds of
water, making seventy-four pounds of hydrated lime. In this
amount there is forty pounds of calcium, both before and after
combining with water.

Air-slaked lime is usually mixed with some hydrated lime,
even when sold under its own name. If it were pure its composi-
tion would be the same as pure limestone 1t is formed by the
slaking of lime with only a small amount of water. A part of the
lime takes up water as shown in the preceding paragraph, and as
it becomes exposed to the air it takes up carbon dioxide, and the
water is displaced. If the influence of the water is not considered
the real effect is shown thus:

Ca O + C 02 = Ca. CO:{
calcium oxide + carbon dioxide = caleium carbonate

This action is the reverse of that which is produced when lime-
stone is burned in kilns. The weight increases less than once
as fifty-six pounds of caustic lime takes up forty-four pounds of
carbon dioxide, forming one hundred pounds of air-slaked lime.
There is no more calcium than before it was slaked.

Other forms of lime are upon the market under different
names, such as “"limeoid,” “agricultural lime,” “land lime,” and
many others. They may be made from various sources, some
from wastes about grinders, others from wastes about kilns, or
from places where builders’ lime is handled in large quantities
and may become damaged. These miscellaneous lime products
are not standardized, but are sold in the powdered or ground
form Such a product is usually of no greater value to the farmer
than the same weight of ground limestone.
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Ashes, if made from hard wood and well stored to prevent
leaching, contain, besides about four per cent of potash, a good
supply of lime. This may be calculated at the rate of about thirty-
three per cent of calcium carbonate, or 600 to 700 pounds to the
ton. Marl is found in many parts of America in deposits accessible
for agricultural purposes. It is rich in lime of a form well suited
for agricultural purposes. The richness of the particular deposit
should be determined, as the compositions vary widely. It may
sometimes be found to contain ninety per ‘ecent of calcium
carbonate.

Action of Different Kinds.—The most active forms of lime in
the soil are the quick lime or calcium oxide, and the hydrate.
Carbonated lime in the form of ground limestone acts more slowly.
The former burn out the humus from soils more rapidly than pul-

1000 LBS. t32) LBS. 1321 TO 1786 LBS. 3000 LBS.
BURNED HYDRATED 1786 LBS. GROUND ROCK HARD WOOD
LIME LIME AIR-SLAKED oR ASHES

LIME OYSTER SHELL

F1a. 79.—Equivalents in the different forms of lime when applied to soil.

verized limestone. They are more effective in causing the decay
of organic matter and the unlocking of plant food from the soil.
Their effects upon the soil are not so permanent. Pulverized lime-
stone acts slowly in the unlocking of plant food and in causing
the decay of organic matter and humus. Its effect upon the soil
lasts for several years. The lasting effects are determined some-
what by the fineness of the powder. The finest forms are used up
more quickly because they are more rapid in their action. Coarser
forms act slower and last longer.

Just what form of lime to apply to the soil depends upon several
soil conditions, besides the question of which is most available
for purchase. If a heavy supply of organic-matter has been plowed
under and a rapidly growing crop, such as cabbage or other truck
crop, is to occupy the field immediately, quick lime, or calcium
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oxide, may be used to best advantage. Plant food should not be
unlocked more rapidly than the growing erop will use it, other-
wise wastes will result. If a field is well supplied with humus and
more permanent forms of field crops, such as hay, grain, corn, or

F1a. 80.—Lime may be spread with a manure spreader; if a wooden hood is placed over the
beater the dust will not be so badly blown by the wind. (U. S. D. A.)

cotton, are being grown, it is then better to use ground limestone.

Rate of Application.—From what has just been said it is evi-
dent that light applications of quick lime, or calcium oxide, should
be made (1000 pounds to the acre), and this every year or two.

f1a. 81.—The spreading of lime or fertilizer with a machine of this type gives an even dis-
tribution. (Ohio Station).

Heavy applications of pulverized limestone may be used (Fig. 79).

Applications of one or two tons to the acre may be used once in

four or five years. The use of lime on soil should be adapted to

the crop rotation used on the farm. If a three-year rotation is

used with clover as one crop in that rotation, it is well to apply
8 N
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the lime just before the growth of clover, as it will benefit this
crop and clover will prevent loss of lime itself. If the rotation be
long or short the lime may still be applied once in the rotation
course. The form and amount of lime to use will depend some-
what upon the length of the rotation course.

In determining the quantity of lime to apply to a field the
actual amount of calcium in the form to be used should be con-
sidered, remembering that other ingredients, such as water and

SUPERPHOSPHATE

THOMAS SLAG

AMMONIUM BARNYARD
MANURE AND
SULPHATE GUANG

POTASH SALTS

SODIUM NITRATE

F16. 82.—This diagram shows what fertilizers may be mixed before they are applied.
Those that cannot be mixed before applying may be spread on the field separately if desirad.
Ingredients joined by black bands should not be mixed. Those joined by light lines may
be mixed. Those joined by two lines should be applied separately. (U. S. D. A.)
carbon dioxide, add much weight, but do not add more calcium.

Methods of Liming.—It is a very disagreeable task to spread
lime on a field when the wind is blowing. This is particularly true
of hydrated and air-slaked lime. Compare figures 80 and S81.
Quick lime, or caleium oxide, should always be air slaked by leav-
ing it in a pile long enough to accomplish the purpose.

A little water is usually added to hasten the proecess, if rains
do not occur. Some low, box form of fertilizer spreader or special
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lime spreader may be used in applying lime to the field. Bags or
old grain sacks may be allowed to drag back of the delivery tubes
at the surface of the ground to prevent much of the disagreeable
cloud of dust for the driver and team. Pulverized limestone is
not caustic and is usually not so dusty. It can aso be hauled
directly from the car to the field and requires no extra handling.
Burned lime must be handled twice to accomplish the slaking and
spreading.

Lime is usually spread on top of the plowed field, and should
rarely be plowed under. 1ts tendency is to work downward through
the soil too rapidly. Quick lime, or caleium oxide, should not be
applied long in advance of the time when it is to be used. Pulver-
ized limestone may be hauled at any time when teams are not
busy, as its loss upon the field is much slower.

COMMERCIAL FERTILIZERS

It is sometimes said in reference to rich humus soils of the
western prairie states that ‘‘“They do not need commercial fertili-
zers.” This might also have been said regarding the newly
cleared lands of the timber states farther east. But after soils
have been used by man for a generation or more they deteriorate
in the actual amount of available plant food. Analyses of old
soils usually show an abundant supply of potash and phosphate,
but little of them in available forms. The amount of potash and
phosphate is usually greater in heavy soils containing much clay or
silt. The nitrogen may have almost entirely disappeared unless-
some system has been used for its special maintenance.

Because of the deterioration of soils in long use for farming
.purposes, it has usually been found very profitable to resort to
the use of commercial fertilizers. The greatest profit from their
use is usually found in the growing of special crops, such as truck
crops, cotton, tobacco and potatoes. Indeed when a farmer is
making a specialty of any particular crop he usually finds it very
profitable to use fertilizers. American farmers are using at the
rate of between 200 and 300 million dollars’ worth annually.

In one form or another commereial fertilizers contain nitrogen
or phosphoric acid or potash—perhaps two or all three of them.
These are applied to the soils at the time the crops actually need
them for the purpose of directly feeding and stimulating the crops.
As a general rule they should not be used with the hope of perma-
nently improving the soil itself, except when they are used to
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stimulate the growth of a green manure crop which will itself be
more permanent in its effects. Any commercial fertilizer is
available in proportion to the amount and kind of the three plant
foods which it contains.

Commercial fertilizers are inspected by nearly all states for
the purpose of keeping up their standards, food content, availa-
bility, and to proteet legitimate business from fraudulent sales.
The laws of some states require that the sources of the three ingre-
dients be published by manufacturers. By this means the user may
know more regarding the availability of the plant food he is buying.

Nitrogen is the most expensive as well as the most important
element in commercial fertilizers. It usually costs three or four
times as much per pound as the other ingredients. Because of
this great cost the nitrogen must be carefully conserved by
applying it at a time when it can be readily taken up by plants,
particularly if it is all or nearly all in an available form.

Nitrogen is derived from several sources: meat scraps, dried
blood, tankage, fish, cottonseed meal and such minerals as sulfate
of ammonia, nitrate of soda, and caicium cyanamid. Nitrogen in
the first four forms is sometimes called organie nitrogen.

Nitrogen from dried blood is usually more quickly available
for the use of plants than from other forms of organic nitrogen.
It may contain from ten to fifteen per cent of nitrogen, but may
be as low as five or six per cent. When the price is satisfactory
this is a very suitable form in which to purchase nitrogen as plant
food. The danger is that the price per pound will be too great
when compared with other forms of nitrogen. Some phosphoric
acid is found in samples of dried blood. This is greater when meat
seraps have been added. :

Tankage is the waste from the slaughter of animals in the
packing houses. It varies widely in composition and the analysis
should always be known before a purchase is made. If much
meat scraps be used it may be rich in nitrogen and phosphoric
acid. The presence of ground bone in it increases the phosphoric
acid. Tankage is usually slow in its availability for plant growth.

Fish is often a source of fertilizer ingredients. Waste fish
products from seine fishing along sea coasts are ground up and
used for fertilizer. They usually contain, besides a good supply
of nitrogen, some phosphoric acid. The price of these ingredients
in this form is usually high in spite of the fact that they are not
quickly available for plant growth.
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Cottonseed may contain six to seven per cent of nitrogen. It is
used extensively as a source of nitrogen in the South. The nitrogen
in this form is not as quickly available as in dried blood. The price
of cottonseed meal has greatly advanced since its merits for stock
feed have been discovered. It is now found to be better economy
to use it for feeding stock and then use the manure as a fertilizer.

Sulfate of ammonia is produced in the manufacture of coke
and illuminating gas. It usually contains about twenty per cent.
of nitrogen. The nitrogen in it is not all quickly available, as
that found in sodium nitrate. A part of it may be taken up directly
by some plants. Because of its acid nature it should be used in a
system of farming where lime is practiced. Use of it without lime
tends to make the soil sour. The cost in this form usually compares
favorably with that from nitrate of soda.

« Nitrate of soda is usually considered the very best form in
which to purchase nitrogen, if the grower wishes the nitrogen to
be immediately available. Since this salt dissolves in soil moisture
or rain water, it must be used by the plants or much of it may be
lost by leaching. For this reason it is well to make several small
applications at different times during the early part of the growing
season. Nitrate of soda is imported from Chili and other western
countries of South America, where it is mined from extensive beds.
It is usually received in American ports in the somewhat purified
form, containing about fifteen per eent. of nitrogen. In comparing
the cost of nitrogen from different sources, the market price of
nitrate of soda is usually taken as the standard for comparison.

Calcium cyanamid is a new form of nitrogenous fertilizer, con-
taining much lime. Because of the presence of these two valuable
ingredients it is given vartous commercial names, such as ‘‘lime-
nitrogen,” or ‘‘nitrolime.” It was first made in Norway and
Germany, but it is now made extensively in Italy, the United
States and elsewhere. It may be produced in any locality where
electric power is not too expensive. It is a dark gray powder,
having a composition of Ca(CN),. On exposure to air or moisture,
or in the presence of steam it decomposes into ammonia and
calcium carbonate, thus

Ca (CN)2 + 3 H20= 2 NH3 + 03003
calcium cyanamid + water = ammonia + calcium carbonate

It compares favorably as a fertilizer with sulfate of ammonia,
but is still thought to be somewhat injurious to very young plants,
if the above mentioned change has not all taken place. One of
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the greatest difficulties in the use of this material is its tendency
to lose ammonia, because of this change in composition. It is
sometimes mixed with a little dry peat to help hold the ammonia.
It does not tend to make soils acid, but acts in the very opposite
way because of the great amount of lime present.

Our greatest interest in the production of calcium eyanamid lies
in the fact that its production is unlimited. The products from
which it is made, atmospherie nitrogen, carbon and lime, are inex-
haustible. The danger that other sources of nitrogen for fertilizing
purposes will soon become exhausted, or nearly so, has been the
great fear of all mankind. But man ean always make use of legumi-
nous crops in farm rotations and thus acquire nitrogen from the air.

Phosphoric Acid.—There are two main sources of phosphorie
acid: (1) animal substances; (2) phosphate rock.

Animal bone is the chief source of phosphoric acid. It was much .
used as a fertilizer before rock phosphate was known to be avail-
able for this purpose. Indeed bone phosphate is considered so
valuable that much of the rock phosphate is sold as bone. This is
due to a false belief that the bone is better than the rock form. A
good sample of raw bone meal contains about four per cent of
nitrogen and twenty to twenty-five per cent of phosphoric acid,
but samples poorer in both of these ingredients are often used.
To make the phosphorie acid in bone more readily available it is
put through a steaming process. ‘‘Steam bone” is sold on the
market, containing as much as twenty-five or thirty per cent of
phosphoric acid. During the process of boiling or steaming the
nitrogen content is usually reduced to almost nothing. But the
phosphorie acid is made more available.

Rock phosphate is obtained from a number of deposits in
South Carolina, Florida, Tennessee, Utah, Wyoming, and Idaho.
The rock as quarried from the earth is used in two ways: (1) In
a form called ‘‘floats.” In this condition the natural rock is
ground very fine and applied to soils, yielding phosphoric acid
very slowly to plants. It may be applied only once in three or
four years, but the applications are very heavy; perhaps a thou-
sand pounds or more per acre at a time. (2) The rock may be
ground and afterward treated with strong sulfurie acid to change
the composition from caleium phosphate to acid phosphate. The
sulfuric acid takes from the natural rock a part or all of its calcium,
forming calcium sulfate or land plaster, which remains mixed with
the phosphoric acid. The resulting mixture is sold under the
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names of superphosphate or acid phosphate. This form of phos-
phate is chiefly soluble and is quickly available to plants. It may
contain from fourteen to twenty per cent of phosphorie acid.

Superphosphates (acid phosphates) are sometimes, though
rarely, made from bone, and bone tankage, by treating them with
sulfuric acid. The change which takes place when rock phosphate
is treated with sulfuric acid is here shown:

Caa (PO4)2 3 HZSO4 =3 CaSO4 + 2 Hz(POq)

caleium phosphate 4 sulfuric acid = calecium + phosphoric
sulfate acid

If all of the calcium is not removed from the original rock by
the sulfuric acid the resulting phosphate may be represented by
the formula i

CaH4 (PO4)2 or Casz (PO4)2

Basic slag, sometimes called Thomas slag, is a by-product of the
manufacture of steel from ores containing much phosphorus.
The amount of phosphoric acid present varies widely, seventeen
or eighteen per cent being commonly found. Its availability for
plant growth is usually slow. In the older methods of manufac-
ture this product contained much lime, but in the more recent
methods very little lime is left in the sla‘r

Potash is not so generally needed as phosphoric ac1d and nitro-
gen, but a little is often combined with the other ingredients in
commercial fertilizers. It is particularly valuable on sandy soils,
on soils containing an abundance of humus ‘and other soils that
have been used many years. We have already seen that it may
be derived to a limited extent from unleached hard wood ashes.
The chief commercial sources, however, are certain mineral salts
from mines in Germany. The natural material exists in the mines
in the form of kainit, sylvinit and other less common forms. From
these salts two chief products are made by a process of separation
and purification: (1) Sulfate of potash containing about 48 per
cent of actual potash, KyO. (2) Muriate of potash containing
about 50 per cent of actual potash. Both of these forms are
soluble in water and are easily absorbed by plants.

Muriate of potash is slightly cheaper than the sulfate and is
recommended for use when potash is required for such staple
crops as cotton, potatoes, tobacco and others. It is usually con-
sidered the better form to use if the soil is light and sandy.

Sulfate of potash is perhaps more commonly used than it
otherwise would be, because of its physical condition, which
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renders it more easily mixed with other fertilizer ingredients. It
is more expensive than the muriate. Some farmers have a notion
that it improves the quality of potatoes and tobacco. This belief
has not been well established experimentally.

Kainit is one of the crude mined products and contains about
twelve per cent of potash (K:0). It is used to a limited extent,
particularly near eastern ports where the cost for shipment is
not too excessive for such a low grade of fertilizer.

The Use of Fertilizers.—There are several ways of determining
what fertilizers to use on each field for each crop. The actual
requirements of any given crop should be known. Tables show-
ing the composition of different crops will tell in a very definite
way the amount of nitrogen, phosphoric acid and potash removed
from the soil during its growth. If a wheat crop, for example, is
grown, and the straw used for litter and returned to the field, the
amount of plant food actually taken from the field and not re-
turned is represented in the composition of wheat grain which
may have been sold from that field. When the yield is known the
amount of plant food removed may be easily calculated. (See
tables in Chapter XII).

Other indications of the amount of fertilizer to use are found by,
(1) analyzing the soil, (2) plot method of trial; (3) the observation
of growth and yield of the crop itself through a series of years.

Soil Analysis.—In some states it is a common mistake to put
too much dependence upon analyses of soils made by State Experi-
ment Stations and employed chemists. Such analyses are valua-
ble only as indicating the total amount of plant food of each of
the three or four main ingredients, but they do not indicate how
much of each of these is available for growth of plants. If the
analysis shows a superabundance of any or all of these elements
in a certain field, it may be a fair guide to the owner, when con-
sidered in connection with what he knows regarding its yielding
ability. But the analysis as an independent fact does not tell
him definitely what fertilizers to use. If, however, one of the
ingredients is shown by the analysis to be very deficient he will
know that such deficiency must be supplied. The range in com-
position of surface soils is so great that analysis serves as a guide
in detecting the great reduction of any one element.

Plot Trial.—A manager of a large farm should determine the
needs of each field by actual trials on small plots. For small
grains, grasses, corn and cotton, use small strips about one rod
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wide across the field. Each trial strip or plot should have a dis-
tinct treatment and one should be left unfertilized as a check
plot for comparison with the others. In fertilizing a erop of wheat
one strip may be fertilized with a given amount of acid phosphate,
another with rock phosphate (floats). Another may have one of
these fertilizers with the addition of some muriate of potash, and
perhaps another with a little nitrogen added. Still another may
have a supply of lime with or without the other fertilizers. It is
often well to compare the chemical fertilizers with barnyard
manure. This can easily be done by applying manure alone to
one, and manure with lime to another plot.

During the growth, and as the crop matures, the farmer may
determine well which treatment has benefited the crop most. It
may not be profitable for the farmer to make actual weights of
the yields, but that may be left to State Experiment Stations.
In most states the soils vary so widely in their characteristics that
it is important that the soil on each farm be tested in such a
manner. The farmer who does such work will improve his method
more rapidly than by simply studying the results in some other
part of the state.

Buying Fertilizers.—There are several different problems in-
volved in the purchase of commercial fertilizers. Since laws have
been passed controlling their sale some of the difficulties have
been overcome. In most states it is still impossible to determine
the source of ingredients from which the nitrogen, phosphoric acid
and potash are derived. A number of the state laws require that
the source of the phosphoric acid and the potash be indicated, but
few if any of them require that the source of the nitrogen content
be published. Fortunately changes in state laws regarding this
are gradually being made. At present comparatively few buyers
know the real nature of the numerous preparations which are
offered for sale every year under special brand names. These
names are not permanent or do not represent an unchangeable
composition in the fertilizer sold under the name. Usually the
name is meaningless, if not actually misleading. ‘‘Brown’s Truck
Grower”’ may not be suited to all truck growers, and indeed may be
very badly suited to certain soil conditions and special truck crops.

The analysis is usually required by law to be printed upon
the tag or upon the bag containing the fertilizer. This analysis
should be studied very closely by a man who has power to elimi-
nate the non-essentials, as much is usually added which tends to
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confuse the ordinary buyer. For example, the following is a
common statement of analysis:

Analysis
. Per cent
INAtROan:- 25 i v, L okl T SR =S 0.85 to 1.10
Equal to ammonia.. .. 4o o n oSSR 1.03 to 2.00
Soluble phosphoric acid .. ................. 6.50 to 7.50
Rewertedis: . =/ ol (] Sl rs T an. U 2.00 to 3.00
Available:. . v . ds . vt i T R R oy 8.50 to 10.50
Tnsolable . 5 A i o A e et R B Rl 5050, 13100
Total™ |5 L s L S T R SN 9.00 to 13.00
Potadifi(actual): o A3 S e i 1.00 to 1.50
Equal to sulfate of potash................. 2.00 to 3.00

The minimum or first column only is guaranteed by the seller
under the law. As there are only three ingredients in the table
which are to be used by plants, the other six lines are superfluous.
The buyer should be interested only in the following three facts:

Nitrogen ......... 3t Oro 45 A Ao o o5 o, 0.85
Available phosphoricacid.................: 8.50
Pobash. 4.0 a g o TouSS e rs S ansl: s g 1.00

This shows the need of eliminating from the analysis all but
the essentials. The insoluble portions of the phosphoric acid
should not be considered. Two thousand pounds or one ton of
this fertilizer would contain only seventeen pounds of nitrogen,
one hundred and seventy pounds of phosphoric acid and twenty
pounds of potash. This would be called a very low grade of
fertilizer, and contains much material which should not be handled
in an effort to fertilize the soil. Freight has to be paid upon it
and much hauling is required for material which is valueless.
When ready-mixed fertilizers are purchased those containing much
valuable plant food should be used. After eliminating the non-
essentials in the analysis the actual valuation may be determined
by multiplying the number of pounds of nitrogen in the ton by
twenty (cents); the number of pounds of phosphoric acid by six
(cents) and the number of pounds of potash by six (cents).
Adding these three values will give the real value of a ton of
the fertilizer. In the above example the nitrogen is worth
$3.40; the phosphoric acid $10.20 and the potash $1.20, giving a
total value for the ton of $14.80. As prices fluctuate the pound
values for these ingredients may be changed, but fertilizers of
different grades should always be compared on an equal hasis.

Fertilizer formulas are often indicated on tags and fertilizer
bags. They express the ingredients in the sample, expressed in
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percentage or pounds per hundred. In the above analysis slightly
simplified, one is the total nitrogen; nine is the total phosphoric
acid and one is the total potash in each hundred pounds of the
mixture. This would be expressed 1:9:1. A higher grade fer-
tilizer might be 3:10:4. To determine the money value of a ton
when the analysis is given a verification should be made in the
formula itself, and the figures for the available constituents must
be substituted for the total constituents, so far as known. The
analysis will usually show this at least for the phosphoric acid.
If a 3:10:4 formula is corrected to read 3:9:4, then the ton value is
determined by multiplying each of these by twenty (the number
of hundred weight in a ton), and then multiply each by the average
market value per pound. That is multiplying the nitrogen con-
tent by twenty, the available phosphoric acid by six and the
potash by six. The sixty pounds of nitrogen in a ton equals $12;
the one hundred and eighty pounds of phosphoric acid is valued
at $10.80, and the hundred pounds of potash equals $6.00, making
a total of $28.80.

Home Mixing.—It has long been the custom in European
countries, such as Germany and England, to practice the home
mixing of commercial fertilizers. American farmers have probably
not understood so well the scientific principles involved in fertiliz-
ing the soils, and there is comparatively much less home mixing
in America. Those farmers who practice it are able to save in sev-
eral ways: (1) They are able to secure the raw materials which
they know to be well suited to their own soils and crops. (2) They
are able to avoid the use of such low grade materials or fill-in
materials which are, in effect, of little or no benefit to the soils.
(3) They are able to save on the cost of freight and the amount of
material hauled for the same amount of plant food. (4) They
are able to save much in actual cost of each year’s production.

There is no secret about mixing. The amount of material
suitable to use in various home-mixed fertilizers for different
crops is published by a number of experiment stations. Figure 82
indicates what ingredients may be mixed before they are applied
and those which should not be thus mixed.

FIELD AND LABORATORY EXERCISES

1. Depth of Plowing.—When plowing is being done in the vicinity, or at
home, have a ruler handy to take several measurements of the depth of the
furrow on the landbar side. This will help to gain a correct impression of the
depth of plowing at sight. In the bottom of the furrow, dig with a spade and
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determine the depth of the surface soil. If the surface soilis not all being turned
up, find if possible why the plowing is not made deeper.

2. Have one part of the field plowed extra deep and the remainder plowed
asusual. Then compare the yield after the crop is grown. Young people not
having an opportunity to carry out this exercise on their own placesmay induce
some farmer or gardener to conduct the experiment under their guidance.

3. Fall or Spring Plowing.—Compare the yields of crops, or fields plowed
in the fall, and those not plowed until the following spring.

4. Study the effects of rolling by having one part of a grain field rolled
after seeding, and the other part not rolled. In which plot does the grain
sprout first? Which has the more rapid growth later on?

5. Effect of Green Manure.—Compare the yield of grain or corn on two
plots, one of which has been supplied with green manure turned under and
the other having no green manure. This exercise is more valuable if the green
manure consists of the crimson clover or other legume crops. A comparison
may also be made between crimson clover and rye as green manures.

6. Testing Barnyard Manures.—On two plots test the value of spreading
manure fresh from the barn on the field instead of allowing it to remain in a
heap in the yard for some time. Test one plot with fresh manure from the stalls
and the other plot with a like amount of manure which has stood under the
eaves of the barn for six months or so. Corn may be grown on these plots, and
yields recorded.

7. The value of rock phosphate as an absorbent in stables may be shown
by manuring two plots. On one use manure in which the rock phosphate has
been used as an absorbent, and on the other use the manure without this.’
"The result should show the first season on corn or cotton. :

8. Forms of Lime.—Test the caustic effects of the three main forms of
lime: freshly burned lime, hydrated or slacked lime, and ground limestone.
Use litmus paper in the test. Also wash a small quantity of each of these ma-
terials and determine the alkalinity of the water resulting therefrom. Which
would be more quickly available in the soil? Which is the most caustic?
Which would remain in the soil a longer time?

9. Slack some fresh lime in a pile after having determined its volume in
advance. After the air slacking is entirely finished, determine the volume
again. How much increase do you find?

10. Take a pound of freshly burned lime. Let it gradually air slack, and
then again determine its weight. How do you account for the change in weight?

11. Potash from Ashes.—Put a few pounds of wood ashes in a tin can pro-
vided with holes in the bottom. Fill with water and allow it to leach through.
Catch the leachings and test for alkalinity. Feel of the liquid and see if it
feels slippery to the fingers. ;

12. Fertilizer Samples.—Make collection of samples of fertilizers in glass
bottles. Obtain all kinds in the market, including materials from which mixed
fertilizers are made, and also the mixtures themselves. Label each with the
name and composition.

13. Solubility of Certain Fertilizers.—Test the solubility of sulfate of
ammonia, nitrate of soda, and the several potash salts.

14. Study Phosphorus as suggested in a high school chemistry. Care-
fully handle the material, as it is very combustible. If a piece of phosphorus
is exposed to the air for a fow minutes, the white fumes produced when dissolved
in water, are the same as pure phosphoric acid in fertilizers.

15. Availability of Phosphoric Acid.—Put samples of rock phosphate,
phosphoric acid and ground bone each in separate test tubes or bottles to de-
termine their solubility. Whether any of the material is dissolved or not may
be determined by pouring in a little clear lime water. If there be any soluble
phosphate present there will be a white cloudy appearance. Which one of
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these would be available first in the soil, and which would remain longest
without being leached out?

16. Effects of Fertilizers.—Make pot trials with different fertilizers as
suggested in this chapter. This work may be done either on farms or nearby
places, or in the home gardens and farms of students, if not at the school itself.

QUESTIONS

. Explain what is meant by the problem of soil maintenance.

What are the chief features of soil improvement?

What are the ways by which tillage may improve soils?

What are the chemical changes wrought by good tillage?

. What are the physical changes? '

Explain the different lines of improvement due to green manuring,

In what ways do live stock aid in soil maintenance and soil improvement?

. Give directions reggrding the caré of manure. :

. Explain the use of rock phosphate as a preservative in manure.

10. Compare the different kinds of litter for use in stables.

11. What is the use of a covered barnyard, so far as manure is concerned?

12. Describe how to make a compost for garden use.

13. Enumerate the benefits from liming of soils.

14. Explain why green manuringand limingshould be combinedin farm practice.

15. What are the different forms of lime? Which ones of these forms are
cheapest in your locality? Give approximate prices for each form.

16. What are the comparative weights of the different forms of lime? Which
form has the most calcium in a ton? .

17. Describe how to handle freshly burned lime in applying it to a field with-
out injuring the soil or plants.

18. To what extent are hard wood ashes valuable in the liming of soils?

19. Give directions to aid in choosing the kind of lime to be applied to a cer-
tain farm.

20. What are some of the common rates of application?

21. What are the three essential elements in commercial fertilizers?

22. What is the advantage of state inspection of commercial fertilizers?

23. Give some of the sources from which nitrogen is obtained by fertilizer
companies. Discuss the relative values of these.

24. How is calcium cyanamid made, and what valuable ingredients does it
contain?

25. State the difference between phosphoric acid and rock phosphates.

26. Which of these is more permanent and which is most active?

27. Give methods of determining how much fertilizer to use on a certain field.

28. Give the advantages of home mixing of fertilizers.

29. Take a fertilizer tag which gives the analysis of the mixture and reduce
the statement to its simplest form.

References.—United States Farmer Bulletins: 44, Commercial Fertilizers;

77, The Liming of Soils; 88, Alkali Lands; 192, Barnyard Manure; 222,

Home Mixing of Fertilizers; 245, Renovation of Worn-out Soils; 257, Soil

Fertility; 259, Uses of Commercial Fertilizers; 278, Leguminous Crops for

Green Manuring; 326, Building up a Run-down Cotton Plantation; 327,

The Conservation of Natural Resources; 342, Conservation of Soil Resources;

398, Farm Practice in the Use of Commercial Fertilizers; 406, Soil Conserva~

tion; 421, Control of Blowing Soils; 446, The Choice of Crops for Alkali Land.

Introduction to the Principles of Soil Fertility, Cornell Reading-Courses,

Soil Series No. 1 revised. The maintenance of Fertility, Ohio Exp. Sta., Buls.

182, 183. The Fertility of the Land, Roberts. Improving Acid Soils, N. J.

Exp. Sta. Cire. 54. Crops and Methods for Soil Improvement, Agee, The Mac-

millan Co., N. Y.

© 00 NG G 09 10 1



CHAPTER X
DRAINAGE AND IRRIGATION

Till taught by pain, men really know not what good water’s worth.—
2 Byron.

TuEsSE two special methods of soil improvement are closely
associated with each other in many places. In regions which are
irrigated throughout the entire growing season with an abun-
dance of water, it is often found advisable to remove surplus
water by underdrainage. This would not be necessary if the
soil and subsoil are open and very porous; but is found advis-
able if the subsoil is very heavy and compact. In regions where
the soil contains considerable black alkali with a superabundance
of sodium carbonate or similar salts, the effect of irrigation water
may be to dissolve the alkali salt which is deposited at the surface
during the process of evaporation. This is very injurious to plants.
1f such fields be underdrained much of the surplus salt will be
washed into the drains and thus be removed from the soil entirely.
A combined drainage and irrigation system is the best plan by
which to improve such alkali soils.

The student should understand that alkali as used in this
agricultural sense is not a true alkali in a chemical sense. It is
really a surplus salt which has an injurious effect, by ‘‘super-
saturing” the soil water, which causes plants to wilt because of
reversing the osmotic action in the roots.

DRAINAGE

It is often thought that drainage is needed only in places where
there is too much water. There are millions of acres of marsh
land requiring drainage for the removal of surplus water. But
there are also a number of other places which should be drained.

Where Drainage Will Help.—Soils which warm up too slowly
in the spring may be improved by underdrainage. There are often
limited areas where water stands near the surface, but is not
exposed to view; these are improved by lowering the water table.
Drainage is desirable in places where the water is abundant in
the early part of the season, but where plants actually suffer from
drought later in the summer, The effect of drainage in such

126
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instances is to allow the roots to penectrate the soil much deeper
at all times and thus prevent suffering during the dry season.

Where an annual overflow of water occurs along streams its
prompt removal through some system of drainage is essential to
the best production of crops. Most farm crops would be smothered
when the water is allowed to stand on the field for many days at a
time. Underdrains would prevent much damage.

There are often areas on mountain sides or hillsides where
water from above enters the ground and appears again at the
surface or near the surface. The crops may there suffer from too
much water, even though the area is much elevated and drainage
seems natural (Fig. 83)., Such paradoxical cases are frequently

F1g. 83.—Glade land in a mountainous region which was much improved by drainage.
After being both drained and limed it is very productive.

found and are caused by the.peculiar underground formation
which brings seepage water toward the surface. This water is
not abundant enough in any one stream to be called a spring, but
in reality numerous springs cause the condition. The remedy is
to place a line of underdrainage along the upper side of the area to
gather the seepage water and conduct it away.

Limited low areas within the boundaries of a single farm are
often found where the surrounding high land drains the surface
water into them. Usually the soil in such places is very rich.
Drainage will permanently improve them by making the soil
available for crop use each season.

Large areas of flat land which may be so set as to be commonly
called marshes are often capable of improvement by an extensive
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system of drainage. Miles of acres of this type of land have been
improved by some system of codperation among land owners
and by the work of state drainage officials who are sometimes
authorized under certain conditions to drain the land and assess
the cost in the form of a tax against the owners.

Value of Drained Land.—Usually any area requiring drainage
is rich in plant food. The very conditions which make drainage
desirable have brought to the areas an abundance of plant food
and organic matter during past ages. When soils are very rich and
conditions may be made favorable for the production of enormous
crops of high money value, by simply draining them, the results of
drainage may he very profitable. The amount of profit which
may result from the drainage of land is dependent upon the kind

F1a. 84.—Students may have practice in surveying for drainage lines.

of crops which the owner may desire to grow and the facilities
for marketing such crops. Very often the soil after being drained
is well suited to the growth ofe market garden crops, such as
cauliflower, celery, spinach, onions and cabbage. If the railroad
or other facilities for marketing such valuable crops are favorable,
the money expended in draining the land will be amply repaid.
On the other hand, if the area is to be used for a general farm crop,
and if the cost of drainage per acre is found by caleulation to be
very great, the project would probably not be a profitable one.
Profits from Drainage.—Several things must be considered in
determining the cost of draining a given area. This should always
be determined as closely as possible before the work is undertaken.
By the use of the carpenter’s level or an inexpensive farm level
(Fig. 84), any one can determine whether or not drainage is pos-
sible. In doing this the distance for each line of drain may be
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measured. The outlet of the main drain must first be determined.
The length and number of lateral drains running to the main
drain should also be determined. If tile drains are to be used the
cost of material, as well as an estimated cost of digging and closing
ditches, and the cost of placing the tile, is easily determined.

After thus estimating the elements of cost for any drainage
project it is wise to estimate the increased price of land result-
ing therefrom. This should be measured by its probable crop-
producing ahility, and should not be based upon speculative land
values. Usually when such calculations are made in advance the
profits from any drainage project are great enough to fully warrant
the cost. The increased price of land is so great, and the cost
of drainage so small, that results are usually very favorable.

F1a. 85.—Students placing tile in ditch for land drainage.

Kinds of Drains.—There are two main types of artificial
drainage in use: (1) Underdrainage; (2) open ditches. These
two methods may be combined in the same project. The main
drain may be an open ditch with lateral underdrains leading to
it. This is most desirable where the quantity of water to be
carried by the main may be very great during the rainy season.

In small drainage projects it is usually best to use underdrains
(Fig. 85). This type has several advantages over the open system:
(1) No area of land is wasted if the drains are covered. (2) There
is no waste time and labor of man and teams in farm work because
of open ditches. (3) There are no strips left for the growth of
weeds. (4) The cost of repair is reduced. (5) The results in
actual removal of soil water are better.

9 .
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Effects of Drainage.—When underdrains are properly installed
the benefits resulting from drainage are of several kinds. We
usually think of the removal of surplus water as the chief ad-
vantage; but other results are as important. The feeding area
for roots is deepcned. Instead of the roots remaining near the
surface during the wet season they may extend to a much greater
depth at all times. This results in less damage during the hot,
dry weathér of midsummer. Underdrains cause the upward
movement of surplus water. This often prevents surface wash-
ing and will aid in drawing air into the soil. As the water
moves downward air must follow. In the spring the entrance of
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'FIG. 86.— Acreage of crops irrigated in 1909 total 7,241,561 acras.

air by this meaus has a beneficial effect in warming the soil. Crops
may be started much earlier and the growth be more rapid. Such
conditions favor the growth of market garden crops, early potatoes
and fruits which are to mature in time for the best market prices.
A corollary to all of these effects of drainage is an increase in bac-
teria and chemical action in the soil and subsoil. This increase
is due chiefly to the admission of oxygen and nitrogen among
particles of soil which have not been sufficiently supplied with
air. Underdrains ventilate the soil by admitting oxygen and
nitrogen and by removing carbon dioxide. Much of the surplus
carbon dioxide may be dissolved in soil water which is carried
downward to the drains.
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IRRIGATION

This name is given to a number of different methods of supply-
ing water to soils used for agricultural purposes. Every one is
familiar with the needs for irrigation in regions having low annual
rainfall. The purpose is to supply water at a time when the
growing crops most need it, thus securing increased yields suffi-
cient to give ample returns for the cost of irrigation. Not only is
irrigation needed in arid regions, but it is often found profitable
even where the annual rainfall is abundant. This is because
water may be artificially supplied during dry, hot weather when
the rainfall is not enough to produce maximum crops. Recent
trials made on hight soils in the east have shown that yields of
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Fia. 87.—A dam of wood and earth erected by pnvate capital to irrigate land to be sold to
users. The water ‘‘shares’’ go with the land.
potatoes and truck crops can be increased many fold and that the
profit from such irrigation is very great.

About twelve million acres of land are irrigated in the United

~ States. This is only a small fraction of the arid region which
could be improved by irrigation. There is also a very extensive
area which can never be profitably irrigated because of the diffi-
culty and enormous expense of conducting water to the land.

The United States Government has under construction a
number of irrigation projects which will irrigate many thousands
of acres (Fig. 86). As soon as the land watered by this means
becomes available for use it may be sold to actual users and the
money reinvested in other irrigation projects. Extensive areas
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have also been irrigated by grants of land made by the national
government to individual states. The states or companies char-
tered by them have installed irrigation systems and thus reclaimed
several million acres of arid land which was otherwise useless for
the growing of crops. Individual owners have irrigated small
areas in all parts of the country.

Irrigation Systems.—In large irrigation projects water is
stored in large reservoirs formed by the building of dams across
either deep gorges or shallow cuts made by streams. Some of the

. Fia. SS.—Elephant Butte dant, Messila Valley, New Mexico, completed May 13, 1916.
It is one of the largest re-enforced concrete dams of the United States Reclamation Service.
81 thlese pr(;]ects the land is sold in small tracts to actual settlers only. (Courtesy Country

entleman.

largest and highest dams in the world are found in these projects.
The Arrowrock dam in Idaho is the highest dam in the world,
being 349 feet high. The Roosevelt dam in Arizona has a total
height of 290 feet. Another government dam at Elephant Butte,
New Mexico, has a total height of 300 feet (Fig. 88). This dam
forms the largest artificial reservoir in the world, excepting the
Gatun Lake on the Isthmus of Panama. The Elephant Butte
dam is capable of storing 2,627,700 acre-feet of water and will
create an artificial lake of over 40,000 acres which is, however,
mostly worthless land.
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Before such projects can be safely undertaken it is always
necessary to determine the annual stream flow through a series of
years. The supply of water for the project can thus be accurately
determined and the investment of money in the project is well
founded. For many years the United States Government has
gauged the stream flow in many parts of the country for the
purpose of determining the water supply. The information thus
recorded may be useful at any time that a project is contemplated.

Canals are huilt to conduct the water from storage reservoirs
to the upper side of the area to be irrigated. Smaller canals or

Fia. 89.—A dredge digging a ditch for irrigating an extensive area. (U. S. D. A.)

divisions are used to carry the water to different parts, and canal
systems may ramify the whole area (Fig. 89).

Water from Dry Streams.—Another plan of supplying water
for irrigation is to pump water from large wells in the beds of
submerged streams. The water from such wells is supplied to
the canals, by which it is conducted to the areas within reach.
A noted project using this system is near Garden City, Kansas,
where water is pumped from the apparently dry bed of the Ar-
kansas River.

In humid climates water may be obtained from streams, wells
and springs. It may be pumped to small storage reservoirs or
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directly into irrigation ditehes. It may be forced by the pump
directly through pipes to the fields.

Methods of Applying Water.—Water may be applied to fields
where crops and orchards are growing in several different ways.
One of the most common methods is to conduct the water along
shallow ditches and let it flow from them into furrows which run
along the rows of the growing crop. In the fields of clover, al-
falfa or other sowed crops the furrow system is also sometimes
used (Fig. 90), but has the objection of leaving bare strips where
the crop has been killed by the furrow. For such sowed crops
the method known as flooding is more commonly used. The field
when laid out may be levelled if necessary, so that water flowing
in at one side will spread somewhat evenly through the surface
without washing the soil or damaging the growing crop.
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Fra. 90.—Irrigation of wheat as seen here is practiced only where the water rights arelow.
The method here in use is known as the “ open furrow method.” (U. S. D. A.)

Subirrigation is sometimes practiced by laying tile deep enough
in the ground to avoid damage when plowing. Irrigation water is
allowed to flow into the main, which is slightly higher than the
late;'als, and water is thus conducted to the whole garden or field.
This system is applicable only to small areas. It has the advantage
of not wetting the surface and thus puddling the soil or causing it
to bake. Such difficulties are sometimes found in other systems
of irrigation.

Overhead pipes, placed on posts high enough to allow the work
of men and teams under them, are used to supply water directly
to truck crops. Each line of pipe running across the field is con-
nected with the head pipe, supplying water to all the lines. The
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delivery pipes are supplied with numerous openings through
which the water flows upon the field. By turning the line of pipe
with a lever the direction of the small streams of water is changed
so that the water may be more conveniently and evenly distrib-
uted over the surface. The delivery pipes are close enough to-
gether so that the water from two parallel pipes may reach all of
the area between them.

FIELD AND LABORATORY EXERCISES

1. Make a farm level by securing two elbow joints of 34-inch pipe on the
ends of a piece of 24-inch pipe 2 feet long. When the elbows are securely on,
they should both point upward when the pipe is on the table. Then in the
upper openings of the two elbows insert a piece of glass tubing about £ inch
in diameter and 4 inches long. This may be done with perforated rubber
corks or in some convenient method. Color some water with a little black
ink and fill the ““level” until the water stands level half way up in the glass
tubes. This ‘“level” is permanently level whenever it is resting on a table or
box in the field where it is being used. One may sight across the top of the
liquid in the two glasses and this line of sight will be in the level plane of opera-
tion in laying out drainage systems.

2. Another device for use in running levels is made by driving two four-
penny finish nails in the two ends of a carpenter’s level which is about 2 feet
or thirty inches in length. Have the nails stand at equal heights above the
wood. When the spirit in the level reads correctly, the operator may sight
across the top of the two nails, and this line of sight will be in the level plane.
Both of these devices are reasonably accurate for preliminary surveys.

3. Make a sighting pole by selecting a large piece of wood about 1x2 inches
and 12 feet long. Carefully mark this off with a soft black pencil at intervals
of one foot. Number chese by pasting on a prominent number above each of
the marks. The figures for this may be eut from a large calendar. This pole
may be held by the pole-man, who will carry a foot ruler in his hand for use in
determining the exact height of the pole where the line of sight of the instru-
ment-man strikes the pole. For longer distances the pole-man may point to
the line of sight with a pencil covered with a handkerchief and when the true
point on the pole has been found, the height above the nearest foot mark is
measured with a ruler and the reading recorded.

4. Running Levels.—With the above instruments, students should prac-
tice running levels, taking the readings at intervals 100 feet apart along a road
or along other lines sefected for practice. From the data thus obtained, make
drawings showing the amount of rise and fall along the surface of the ground,
indicating the distances at each point below a stated line above called the
datum line.

5. The above exercise should be repeated in a field where drainage might
be worth considering. From the data obtained calculate the amount of fall
possible along the line of operation. It is safe to assume that the head or
upper end of the line of trial drainage should be two feet under the surface
of the ground, and should not come closer to the surface than that at any
point, except near the mouth, where the water is to empty.

6. Outflow from Drains.—If drain tiles are in use in the vicinity, the out-
lets should be examined at intervals of say every eight hours after a heavy
rainfall. The records should be taken each time. Make notes of the gradual
increase and decrease in the outflow. What do these indicate with reference
to the efficiency of the drainage in that particular case?
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7. Cost of Drainage.—Study the structure and make notes regarding the
items of cost of a complete drainage system in a field where the project is
either completed or being contemplated.

8. An overhead irrigation system, if one is in use in the vicinity, should
be studied by the students and the structure of the nozzles, the location of
valves and other details should be well understood. Make a drawing of the
pipe lines and indicate the distances apart, the size of pipe, the length of each
line. Show location, direction and size of the supply pipe.

9. Testing Effect of Irrigation.—If possible, on two plots grow one crop
having all conditions for growth the same, except the supply of water. Let
one plot be irrigated and the other supplied only with natural rainfall. Cal-
culate the increased yield due to irrigation and compare this with the cost of
the water supply. Credit the net increase to the cost of the irrigation plant.

QUESTIONS

. Give the advantages of drainage.

. Tell what kinds of places are likely to need drainage.

How much increase in value often accompanies drainage?

How can an owner figure the profits to be derived from drainage?

. Give the advantages of underdrains as compared with open drains.

. Give some idea of the area of land under irrigation in the United States.

How much more needs irrigation?

. Describe the reservoir plan of water storage and irrigation.

. Describe the methods of applying the water to the field.
References.—United States IFarmers’ Bulletins: 138, Irrigation in Field

and Garden; 158, How to Build Small Irrigation Ditches; 187, Drainage of

Farm Lands; 263, Practical Information for Beginners in Irrigation; 266,

Management of Soils to Conserve Moisture; 371, Drainage of Irrigated Lands;

373, Irrigation of Alfalfa; 392, Irrigation of Sugar Beets; 394, The Use of

Windmills in Irrigation in the Semi-arid West; 399, Irrigation of Grain; 404,

Irrigation of Orchards; 524, Tile Drainage on the Farm; 698, Trenching

Machinery used for the Construction of Trenches for Tile Drains.
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CHAPTER XI

CROP ROTATIONS
A field becomes exhausted by constant tillage.—Ovip.

TuE production of crops may be divided into two classes.
(1) The general crop production when a number of kinds of crops
are produced. (2) Special farming or special crop production,
when attention is given chiefly to one or perhaps two money crops.
Specialized farming is more and more coming to be the practice
in America. Many farmers in New York state, as well as else-
where, produce timothy hay as their only money crop. In the
West alfalfa is now frequently found to be the only money crop.
In the South the money crop on different farms may be cotton or
sugar cane or tobacco. In parts of Louisiana and Arkansas rice
is sometimes the only crop raised for sale. In the northwest and
middle west wheat or other small grain is sometimes the only
crop on many farms. Potato growing is an example of special
farming in many parts of the country. Other examples of this
kind are orcharding, or market gardening, or raising of sweet
potatoes, or sugar beet growing.

Specialized farming may extend beyond the production of
crops and is illustrated in poultry raising or more specialized egg
farming, or swine farming, or the production and sale of dairy
products, or the raising of mules, or the production of some pure
breed of livestock. Where livestock farming is involved the opera-
tions on the farm are usually less specialized. The management
and feeding of livestock usually involve the production of a wide
range of farm crops.

Whether the system of farming carried on by any manager
is classified as special or as general farming it is advisable, and
usually necessary, that he should adopt suitable systems of rota-
tion. In general farming, where several crops are grown, it is
easier to establish a suitable plan for their rotation. When only
one or two crops are produced it is not so easy to profitably plan
a rotation course, but this may be accomplished by the growing
of cover crops, green manure crops, and catch erops between the
regular seasons when the main crops are produced.
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Management Required.—DBy rotation of crops is meant the
order or arrangement of their suceession. On a given field the
plan is made to have one crop follow another for the purpose of
securing certain definite beneficial results. This is in contrast
with the plan of having the same kind of crop grown on the same
field for several seasons, with no other crop intervening.

One of the most important elements in good farm management
is.to have a good system of rotation established for each field.
The plan should always have for its foundation good scientific
reasons which are applicable to the particular case in hand. The
rotation should suit the soil, the kinds of crops grown, and also
take into consideration the market conditions and money return
from the business.

Many good systems of rotation are in use. No one can hope
to specify any definite rotation which would best suit all condi-
tions. IEach farm manager must become thoroughly acquainted
with the underlying principles or reasons, and then make use of
them in formulating the rotation course for each field.

Take, for example, a dairyman in Wisconsin, who has his farm
divided into four fields and has on each of these fields a four-year
rotation. ;

The first year field A has corn; field B has oats, followed by
clover just starting; field C has clover with timothy; field D is
chiefly timothy with some clover and is used for growing pasture
for that year.

The second year field A is sowed to oats, with clover and
timothy seed as B was the year before; field B is now used for
clover hay; field Cis used for pasture and D is growing corn.
Thus each year the rotation is pushed back one and the cycle is
complete in four years. The four fields are approximately the
same in size.

It must not be supposed that this identical plan can be followed
even by all dairy farmers.

Underlying Principles.—There are a number of fundamental
reasons which are applicable in special cases. These should all be
borne well in mind by the owner or manager when he is planning
any rotation course.

1 Some crops gather nitrogen from the air and add it to the
soil, while others exhaust it or rob this element from the soil. If
a rotation be adopted whereby the use of nitrogen-gathering crops
of the legume family are used once or perhaps oftener in the rota-
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tion, money is saved which would otherwise need to be used in the
purchase of nitrogen in the form of manure or commereial fertilizer.
The growth of legumes may be so planned as to actually increase
the store of nitrogen in the soil. The growth of a legume with a
non-legume is shown in figures 91 and 92.

2. Crops differ widely in their root systems. Some have very
shallow roots, as timothy and other grasses; while others have
deep roots, as alfalfa and clover. The growth of crops varying in
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F1a. 91.—Peanuts may be grown between the rows of corn as far north as Nebraska and
New Jersey. (Fights of the Farmer.)

this respect on a certain field will make hetter use of the fertility,
and the plant food will not be exhausted S0 soon.

3. Cover crops should be grown in the winter and usually in
other seasons after the main crops have been harvested. These
cover crops prevent the loss of soil and plant food by washing and
leaching. In a well-planned rotation a growing crop can be kept
on the field practically all the time. When but one crop is grown
the soil is often poorly protected. This does not apply, however,
where the single crop is grass or alfalfa.
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4. Diversification of crops means a variety of soil treatment,
as fertilizing, liming, plowing and cultivating at different times of
the year. Such a variety of treatment is usually better than
following the same tillage at the same season each year. By suit-
able planning soil moisture may be conserved by proper tlllage at
the right season.

Weeds are better kept in check. Annual Weedg are seldom
in]urlous in hay fields. Most perennial weeds are less common in
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F1e. 92.—Just right for hay making. Canada field peas and oats, when grown together,
are used for hay if cut when the peas are in blossom. They may be allowed to ripen and the
seeds threshed out together and ground for feed. When growing the peas are improvers of
the soil because they gather nitrogen from the air. The crop may be followed with timothy
or with alfalfa sown in August.

grain fields and cultivated crops. Rotation therefore tends to
choke out each type of weeds. The growth of a cultivated crop
will help to destroy perennial weeds, and the growth of a perennial
crop will help to destroy annual weeds.

6. Injurious matter in the soil exuded by roots during their
growth are somewhat poisonous to the one kind of plants. By
rotation this material may be used up or changed by the action
of plants of a different kind.

7. Certain crops are often badly affected with special kinds of
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injurious insects. By the growth of different plants the next year
these insects may be destroyed or caused to leave for want of
their special kind of food. The wheat midge is not injurious in a
corn field. The clover maggot does not affect the cotton crop. The
cotton boll weevil is not injurious to other crops.

8. Plant diseases are often kept in control by rotation. For
example, club root of cabbage lives over in the soil and would
affect subsequent crops if cabbage is grown continuously. It may
also affect closely related creps, but it will not attack potatoes,
corn and many other crops. Similar affections living over in the
soil may be injurious to the roots of beets and raspberries. If
these plants be grown together or in succession the rotation must
be planned to destroy such diseases.

- 9. Rotation may require a greater diversity of farming. This
in turn results in more sources of income than where one crop
only is produced for market. Some income is more certain when
several market crops are produced. If one crop fails the others
may not. If the market be poor for one it may be good for the
others. :

10. If rotation brings about more diversified farming it will
give more continuous work for men and teams, because the work
will be distributed more evenly throughout the year. One of the
great losses on many farms arises from the fact that man and
horse are not steadily employed in profitable work. In the one-
crop system much loss arises from this source.

One-year Rotations.—The farm may produce only one kind
of market crop. This is true in many lines of special farming.
Rotations are still possible. Cotton may be grown year after
year on the same field. The objections to this may be chiefly
overcome by establishing an annual rotation; that is, by the use
of a winter cover crop grown during the late summer, fall, and
winter and turned under in the spring as green manure, perhaps
a few weeks before cotton is planted. The winter cover crop may
be sown in the late summer or early fall between the rows of
cotton. An extra cultivation may be necessary to make the con-
ditions favorable for the seed. Some cotton growers use crimson
clover for this purpose. Much the same effect may be secured by
the growth of peanuts, cow peas, soy beans or other summer crops
between the rows of cotton or between the rows of corn. The
ground thus receives a different treatment and nitrogen is accumu-
lated by the legumes to supply nitrogen for the growth of cotton.
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Similar annual rotations may he adopted for other cultivated
crops, such as corn, potatoes, sweet potatoes and market garden
crops. If the winter cover crop cannot he grown between the rows
of the main crop it may in some cases he started after the main
crop is removed. Such would be the case in the annual rotation
with spring wheat, spring oats, or other small grain. .

Two-year Rotations.—Two market crops may be grown in
alternation with each other and frequent or constant use may he
made of cover crops. Under careful management winter wheat
may follow corn. When the wheat is harvested a cover crop is
grown until the next spring when corn is planted. A cover crop
may be composed wholly or in part of leguminous plants, and the
nitrogen supply will then be maintained. :

When cotton and tobaceo are both grown one may follow the
other if a cover crop is used after each.

Early potatoes and corn may be used in a two-year rotation
with a cover crop following each main crop.

Three-year and Four-year Rotations.—In systems of farming
where livestock are used and general farm crops are produced,
four-year rotations are commonly found. The four-year rotation
already described is a very common one. If more oats are pro-
duced by this method than are desired for the farm teams, Canada
field peas may be sown with the oats every other time the oats
are planted. The mixture of oats and Canada peas may be cut
for hay just at the ciose of the blossom period (Fig. 92). Some of
the oats and peas may be allowed to mature and then ground
together to be used as feed for dairy cattle, swine, poultry or other
livestock. This use of Canada peas with oats is a success in
northern and middle states but not far south.

A good three-year rotation on a livestock farm may have
corn, followed hy a cover crop, the first year; spring grain the
second year; clover which was seeded with the grain is cut for hay
the third year and the second growth of clover the third year is
used as green manure and turned under before corn is planted.
Thus two legumes may be used in the three-year rotation.

This plan gives no timothy hay, but the rotation could easily
be extended one more year and if timothy seed is used with the
small grain, in addition to the clover, mixed hay is obtained the
third year and nearly clear timothy may be cut the fourth year.

A good four-year rotation is illustrated in the main plots of
figure 93, a five-year rotation in figure 94, a seven-year rotation in
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figure 95, a three-year rotation in the three plots back of the
orchard in figure 96.

Three-year Rotation for the South.—A good rotation for a
southern farm raising its own feed may be planned as follows:

First year, corn with cow peas sown at the time of the last
cultivation, followed with winter oats and vetch sown at the time
the corn is cut.

Second year, oats and vetch for hay or grain, followed by cow
peas for hay, followed by crimson clover or bur clover as winter
cover crop, to be pastured and cut for hay or seed the next spring.

Fia. 93 Fig. 94
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Fia. 93.—Rotation of crops in a ten-acre school farm where the public roads are on
the nort,h and west sides. The crops in the rotation should be changed to suit the region.
(U.S.D.A)

F1a. 94.—Another plan for a school farm, both the main \ building and the principal’s house
facing the road along the east side. RS, AL)

Third year, cotton with crimson clover or bur clover sown
between the rows at the time of the last cultivation; or oats and
vetch may follow the cotton after an early harvest—this latter
plan being better in the holl weevil region.

Another plan for a three-year rotation, to use just north of
the cotton belt, is as follows:

First year, corn followed by winter oats or other winter grains
(with or w1th0ut crimson clover) sown when the corn is cut or
before.

Second year, oats, in which red clover or alsike clover was
sown in very early spring; cutv oats for grain or for hay, and the
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clover will make enough growth to furnish some pasture that
season.

Third year, clover hay one or two cuttings, and pasture through
the following winter.

In the growing of alfalfa a rotation may be followed. Corn
followed by a cover crop may be used the first year. In the spring
oats and peas are sown and the crop cut for hay in the blossom
stage. The 'soil is prepared immediately for alfalfa and kept
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F10. 95.—A ten-acre school farm showing the building facing south. The crops in the rota-
tion are merely suggestive. (U.S. D. A))
F1a. 96.—A school farm plan in which the school building faces west. The principal’s
home yard opens on the side road. (U. S. D. A))

fallow until August when the alfalfa seed is sown. Alfalfa may
then occupy the ground for three or four years, or as long as the
stand reniains good. It is then plowed up for corn.

Long rotation courses are sometimes followed in regions
where a single crop is desired for market. This may be the case
where cotton is to be grown as frequently as possible without
detriment to the soil. In the corn belt and in wheat growing
states long rotations are sometimes adopted.
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Winter wheat is sometimes followed by winter wheat with a
cateh crop of very early cow peas or soy beans started quickly by
disking the stubble. This plan is pursued for two, three or four
years, and then the ground is seeded to clover and timothy after
the last crop of wheat. After one year of clover and one or two
years of timothy the sod is turned under and corn is grown two
or three years with a winter cover crop sown in the corn each
summer until that fall when wheat is to be started again.

In cotton fields the crop should be followed each year with a
winter cover started each summer in the cotton. After three
years of cotton on the field, corn crops, or perhaps early potatoes,
are grown for two seasons. Or corn is grown one season and pota-
toes cne season. A winter cover crop should follow in each case.
The ground is then given one year’s rest from any market crop by
leaving the winter cover for an early hay crop during that summer.
A crop of cow peas may be grown and the soil prepared for cotton
the following spring.

Shorter rotation courses are always more beneficial to the soil.
The yields are better and other advantages of rotation are realized.

Washington’s Rotation.—In the years preceding 1800, George
Washington was using the following seven-crop rotation on one of
his farms in Virginia:

Wheat, fall sown.

Buckwheat, for manure.

Wheat, fall sown.

Clover or grass, three years.

Corn and potatoes in alternate rows.

Rotation for Peanut Growers.—Southern peanut growers may
adopt a four-year rotation somewhat like this:

First year, cotton and bur clover.

Second year, corn and cow peas.

Third year, peanuts, followed by winter oats.
Fourth year, peanuts for hogs after oats.

In some sections the peanut crop is grown between the rows
of corn as shown in figure 91. In that case the rotation may be
much shorter, and cotton need not enter into the rotation.

Rotations for Truck Farming.—In gardens and truck farming,
rotations should he practiced. It isin such places that the greatest
benefits are realized. When a single crop is grown continuously,
in the same part of the garden, some of the greatest difficulties
are found. Beets, potatoes, turnips and other root crops. are

10
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subject to scab and similar diseases which live over in the soil.
For these the hest remedy is rotation. The use of short season
crops, called catch crops, grown between the seasons of the main
crops, may often be used in market gardening as well as in the
home garden. Whether these catch crops be used for green
manure or not, some benefit will arise from their use. The greatest
benefit, however, usually comes from plowing them under as
green manure.

Succession cropping may be practiced in market gardening by
having the rows of one crop far enough apart to start a second
crop between the rows before the first is removed. This plan,
known as succession cropping, may be helpful to the soil, or much
less injurious than the growth of a single crop. For example, if
sweet corn is grown with the rows wide enough, start peanuts
in alternate rows with the corn. Nitrogen will be gathered from
the air by the peanut plants

C’ompamon cropping is only slightly different from succession
cropping, and has the same advantages. Examples of these are
the growth of garden peas with early spinach or either of these
with lettuce.

Acres in the Rotation.—It is often found that the number of
acres used for a given crop may not suit the number of acres to be
used for the crop which is to follow on the same field. For example,
in the first four-year rotation here described the owner used the
same number of acres for each of the four crops or purposes. If
another farmer wished to adopt the same plan he might prefer to
have more corn than oats. In any such case the area for a given
crop may be reduced by using a part of the field for a subsidiary
crop. Thus the size of the field devoted to oats in that case could
be reduced by using a part of it for potatoes. This could be done
systematically, and if planned in advance would cause no variation
in the rotation system.

Market Fluctuations.—It frequently happens that the price
of a market crop is very low for a year or two, and many farmers
change their system and stop growing the crop. This may result
in the price being very high immediately. Then the pendulum
swings back and all farmers raise more of that crop because the
price was high last year. This condition is due to a desire on the
part of many farmers to speculate on the market conditions. It
usually results disastrously. A better plan is to adopt a definite
rotation system and follow it in spite of slight annual variations
in price.
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What Crops to Grow.—The young farmer starting for himself
in a given locality will usually be guided in the selection of crops
by observing what crops are grown to good advantage in his
neighborhood. This is usually a wise course to follow. There are
a few respects in which it may be misleading. It is well also to
consult with the authorities of the State Experiment Station
regarding the adaptation of the soil and climate to the particular
crops desired. Recent changes in market conditions for the given
locality should also be studied. These may include new methods
of transportation or new industrial conditions in nearby cities.

Much time may be saved by making such studies in advance,
even before the farm is purchased, if possible. Rotation courses
cannot well be established without knowing the possibilities of
the soil, and the suitability of crops to the climate, markets and
transportation facilities.

It should be remembered by the young manager that it is
usually better to produce several kinds of crops than only one.
Diversified farming has many advantages: better rotations can
be planned; the returns may not always be so great, but they are
more certain year by year; the men and teams on the farm may
be used to better advantage; more livestock can be kept, and
thus more manure produced for the upkeep of the soil.

FIELD AND LABORATORY EXERCISES

1. Charts of Actual Rotation.—Visit farms and gardens where systematic
rotations of crops are carried on. Make charts showing the rotation on each
of the fields and discuss the merits and demerits of these. If a number of places
are studied, the benefits of the system in each case should be considered with
reference to the objects in view by the owners.

2. Rotation and Labor.— tudy local rotations with reference to the amount
of labor required in putting in the crops used in the rotation, . e., the number
of plowings required during the seasons of yield, the number of harrowings,
applications of fertilizer, ete. Suggest if possible any improvements, con-
sidering the fighting of insects, weeds and other enemies.

3. Rotation and Nitrogen Supply.—Find, if possible, a rotation system in
use in the vicinity which does not sufficiently provide for the natural supply
of nitrogen by growth of legumes. Suggest a plan by which more legumes
could be grown without changing the number of money crops during the sea-
sons of rotation. Calculate the Increase in cost of producing these legumes
considering seed, sowing, and other items. Determine from this what saving
of commereial fertilizer or farm manure would be effected by the growth of
the legumes. In cases where no fertilizers are being used, determine what in-
crease in money crops would be necessary to overbalance the cost in growing
the legumes. Would the growth of the legumes improve the soil?

4. Find examples of bad rotation or lack of rotation, showing some of their
disadvantages on those farms. Consider each of the ten points mentioned
in this chapter.
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5. Good Local Rotations.—Outline one-year rotations, two-year rota-
tions, three-year rotations and four-year rotations. Use crops producing
yields suited to the market conditions of the region. This exercise should
give systems different from those suggested in this chapter.

6. Succession Cropping.—Find examples of succession cropping among
gardeners nearby. Give a description of the time of planting and other points
of management for each of the crops in succession.

7. Companion Cropping can easily be found among commercial gardeners
and in home gardens. Each example should be described in detail.

~ QUESTIONS

. Distinguish between general crop production and special farming,

. Give some idea of the manager’s problem in establishing rotation systems.

. What are the underlying principles which the manager must keep in mind?

Explain what is meant by one-year rotations and give examples.

Give illustrations of two-year rotations.

Why are three-year and four-year rotations better suited to livestock
farming?

Give an example of each of these.

. Give some good rotations for truck growing regions.

. Explain what is meant by succession cropping and companion cropping.

. How may market fluctuations tend to change rotation systems?

References.—United States Farmers’ Bulletins: 144, Rotation of Crops;
242, An Example of Model Farming; 294, Farm Practice in the Columbia
Basin Uplands; 310, A Successful Alabama Diversification Farm; 337, Crop-
ping Systems for New England Dairy Farms; 365, Farm Management in
Nolrthem Potato-growing Sections; 614, Efficient Farm System for the Corn
Belt.

Cornell Farm Crop Series No. 2, The Rotation of Farm Crops,
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CHAPTER XII

FORAGE CROPS—GRASSES

Isn’t it wonderful when you think,
How the creeping grasses grow,

High on the mountain’s rocky brink,
In the valley down below?

A common thing is a grass-blade small,
Crushed by the feet that pass,—

But all the dwarfs and giants tall,

Working till doomsday shadows fall,
Can’t make a blade of grass.

—Jurian S. CUTLER.

THERE are two great families of plants from which are pro-
duced nearly all of the hay, pasture and soiling forage for live-
stock—grasses and legumes. Grasses have certain definite
characteristics by which they are distinguished from other families
of plants. The leaves have parallel veins and are usually very
long, slender and pointed—the bases sheathing the stem. The
stem has fiber bundles scattered through it, except in those
which have hollow stems. The scattered bundles are shown in
the stem of a corn stalk. The stems are marked with closed and
enlarged joints or nodes. The flowers are inconspicuous and when
the pollen is carried it is usually by the wind. To this family
belong the numerous grasses used for pasture and hay, as well as
a number of the cereal plants, corn, wheat, rye, oats and barley.

Definitions.—When the leaves and stems of plants are used for
stock feed, such plants are called forage crops. The plants may
be eaten by stock while growing, as in a pasture; or the plants may
be cut green and fed before drying. They are then called soiling
crops; and such a practice of feeding is called soiling. When a
forage crop is cut and dried before feeding it is then called hay or
fodder. Forage from the finer grasses and plants is called hay
and that from the coarser leaves and stems is called fodder. Ex-
amples of fodder plants are corn, kafir and sorghum. When corn
has had the ears removed the remaining feed is ealled stover.
When corn or other forage plants are cut up and preserved in a
silo the feed is known as silage or ensilage. Straw is the resulting
stems, leaves and chaff after seed has been thrashed from the
mature crop. Examples are legume straw of several kinds, and
straw from buckwheat, small grains, millet and others.

149
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Pastures may be classified into permanent and temporary, as
the crops used in each case vary widely. Temporary pastures
may be produced by the growth of annual crops or other plants
having a short duration. A field may be used as a temporary
pasture after a crop has been harvested and aftermath has started.
The second growth of clover is very commonly used as a temporary
pasture. Stock are frequently allowed to graze on young grain
in the fall, winter or spring before the plants begin to form true
stems. If conditions are favorable this practice induces plants
such as wheat and rye to ‘‘stool-out,” and send up many more
stems from the plant. The result is usually a better crop than
where grazing is not practiced.

Permanent pastures are usually kept on farms where there
are hillsides too steep for tillage. Fields that are too stony, or
too wet, or otherwise unsuitable for cultivation, are used as perma-
nent pastures. The amount of stock feed grown in a permanent
pasture will depend largely upon the grasses and legumes used,
and upon the attention or conditions given them for suitable
growth.

The plants to use must be adapted to the conditions. In low
lands, where water stands much of the year, alsike clover is one
of the best legumes to use, and redtop is one of the best grasses.
These should of course be mixed with other plants, such as Ken-
tucky blue-grass, white clover, meadow fescue and perhaps some
timothy.

On uplands, where the drainage is better, less redtop and
alsike clover should be used. A mixture of timothy, Kentucky
blue-grass, white clover and fescue are suitable for the north-
eastern states where the climate is cool and humid. In states
farther south, Bermuda grass may take the place of timothy in
such a pasture, but the best of all pasture grass in humid climates
is Kentucky blue-grass and this should form the bulk of the mixture.
In semi-arid regions smooth brome grass is probably the best
permanent pasture grass, besides the native grasses of the région.

Permanent pastures should be given some attention to make
them more permanent and profitable. There is often much
danger from weeds and other adversities. Places where the grass
becomes thin should be re-seeded from time to time. Harrowing
a pasture is often beneficial, particularly when more seed is sown.
Lime is often heipful to a pasture where the roots and decay of
vegetation have made the soil sour. Most grasses and legumes
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are improved by the use of lime. A top dressing with commercial
fertilizer, or with barnyard manure, will often stimulate the pas-
ture growth and promote good returns.

Pasture Mixtures in Different Sections.—In regions where
blue-grass is easily grown, this is the chief crop used in permanent
pastures. As the crop does not thrive well in dry regions, and is
not well adapted to soils deficient in lime, it is often found advis-
able to mix with it grass or clover to supplement the pasturage.
Timothy is a fairly good pasture grass for upland places and is
often mixed with blue-grass. Creeping white clover when mixed
with blue-grass pastures has the tendency when approaching
maturity to cause horses to slobber severely. Particularly in the
wet season, as early spring, it may cause bloating of cattle. How-
ever, it furnishes good feed and may be used with caution. For
low grounds, add to the mixture some redtop.

In some of the western states where the climate is compara-
tively dry, smooth brome grass is mixed with other grasses such
as blue-grass, white clover, redtop and timothy.

In the gulf states and some of the other southern states, Ber-
muda grass is commonly used in permanent pastures MlX with
this small grains, as wheat, oats and barley and sow in the fall to
form a winter pasture, and for the same season have crimson clover
and hairy vetch scwn at the same time. In the early spring the
same pasture may be sown with lespedeza to improve the pasture
through the summer season.

Soiling crops are valuable particularly for dairy and swine
feeding. They are used chiefly during the dry summer season
when pastures are poor. The manager must have the crops
growing in time to cut for soiling purposes at any time when the
hot summer weather destroys much of the pasture forage. The
flow of milk from dairy cattle is kept up by this means at a very
nominal cost and much loss is thereby prevented. Corn is one of
the best soiling crops, but in some sections is not mature enough
for use in this way when the dry weather begins. It is then well
to have some other green feed ready for use. Oats and Canada
peas grown together may be cut in the green state and used for
soiling. Red clover is also fed green. Alfalfa is perhaps the most
satisfactory of all crops for soiling, as it is ready to cut at almost
all times and the crop itself is better when cut frequently.

Hay.—Timothy is the chief hay plant in the cool, humid
districts of America. Smooth brome grass and various native
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grasses are used in the arid and semi-
arid sections of the middle west. In
the southern and southeastern states
efforts are made to find satisfactory
substitutes for timothy. Johnson grass
is grown in the western portion of this
area, but has the objection of being a
very bad weed where cultivated crops
are grown. Bermuda grassin the gulf
states yields well enough to be suit-
able for hay. In other sections of the
South annual crops are more fre-
quently grown. Redtop and fescue
are well suited to the interior states
of the South.

In southern states it is even more
important than elsewhere to grow a
mixture of grasses for hay. Timothy
orchard grass, redtop, Italian rye grass,
tall meadow oat grass (Fig. 97), fescue,
and others may be mixed together and
will make a better stand of hay than
any one alone. If alfalfa or clover be
mixed with some or all of these grasses
a better crop is produced (Fig. 98).

Fodder Crops.—Corn is the lead-
ing coarse fodder crop of America.
By careful selection of varieties or
strains its adaptation has been widely
extended northward. In the drier eli-
mates of the West kafir corn is some-
times substituted for it, or used to
supplement it. True sorghums are
used in dry, warm climates. Kafirisa
non-saccharine sorghum (Figs. 99-100).
Milo-maize and durra are also of this
type.

Most fodder crops are grown for
seed, as well as for forage. These
may all be used to advantage in a

F16. 97.—Tall meadow oat grass. :
(Productive Farm Crops.) silo. They are run through a cutter
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which may be adjusted to produce pieces varying in length from
one-half inch to two inches. The fine cut ensilage is usually best,
as it is more completely used by stock. Many other forage plants

-
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F1a. 98.—Hay demonstration in South Carolina. First cutting May 8, yielding 7000
pounds per acre. (U.S. D. A.

have been tried in silos and with more or less success. Corn is the
chief silage crop of America.
Timothy (Fig. 101) is popular as a hay crop because it grows

i

Fic. 99.—Types of grain sorghums; these crops are of increasing importance for grain
and forage in western and southwestern States. They thrive better than corn under dry
farming. From left to right: 1 and 2, yellow Milo; 3 and 4, white and brown Kaoliang;
5, Feterita (Sudan Durra); 6 to 8, red, pink, and black-hulled kafir corn. (Productive Feed-

ing.)
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well in the cool, humid regions of the northeastern quarter of the
United States. The seed is abundant and cheap. The plants are
usually completely killed by plowing, and do not persist as weeds
in cultivated fields. In most soils timothy does not live many
years. When used in pasture mixtures it produces a good sod the
first year or two, but is soon run out by other grasses. In hay
fields it.is better the first year or two than afterward. It is, there-
fore, well suited to a short rotation of crops.

There are several plans for
sceding timothy: (1) The most
common plan is to sow about
ten or twelve pounds of seed
per acre at the time small grain
™ i< sown. (2) A newer plan and

" perhaps better in regions where
weeds are very troublesome, is
. to plow the grain stubble in and
: thoroughly prepare the seed bed
' to be sowed with fifteen to
' twenty pounds of timothy seed
% in August, or as soon thereafter
# as the ground is moist enough
A to start the seed. (3) In sev-
" eral New England states, and
less commonly elsewhere, timo-
{# ' thy seed is sowed in corn fields
®"* after the last cultivation in July
* or August. The last cultivation
v is such as to make the surface
& very level. Corn is cut very low,
: LIAGEE or the stubble may be recut to

Fie. 100.— Kafir corn, a non-saccharine avoid dlfﬁculty in the mOWing
forehun. aell quted o iy setsexe, T8 of hay the next season.
B Timothy usually produces a
good aftermath, or second growth, after the first cutting if the
moisture conditions are favorable. In dry sections, however, there
is but one cutting and very little aftermath to be used for pasture.

The best timothy hay should be cut as soon as the seed is well
formed and before the crop is entirely mature. In this condition
it is not quite so easy to cure as when it is more mature. It is
more relished by stock and there is less waste in the manger.
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The amount of aftermath depends somewhat upon the stage when
the main crop is cut. Maturing the seed takes the life from the

roots and is more detrimental to growth
the same season and future years.
Kentucky ‘Blue-grass is botanically
known as Poa pratensis to distinguish
it from Canada blue grass (Poa com-
pressa). The latter is sometimes called
wire grass in the North and is a very
poor plant for either pasture or hay.
Kentucky blue-grass is the best pas-
ture grass in the moister parts of the
country (Fig. 102). From the moun-
tainous regions of the South it extends
into Canada. In most of this wide
range it requires no seed, but when
timber is cleared off it takes possession

of the soil, forming a tough sod which’

yields a nutritious growth for grazing
stock. Close cropping by sheep or
other stock seems to improve its
growth. Running root stalks near the
surface of the ground maintain the life
of the plants during dry weather and a
luxuriant growth again reappears when
rains fall.

The amount. of feed per acre is not
so great as for many other grasses.
Because of the shallow root system,
growth quickly stops when dry weather
sets in. If the early summer growth
is allowed to form stems and produce
a crop of seed it is very detrimental to
the pasture. The drying effect, as seed
is matured, saps the life from the un-
derground parts. When pastures are
not used by enough stock to prevent
the formation of stems and seed it is
well to clip the growth with a mower.

F1e. 101.—Timothy is the most
popular hay crop of America.
(Productive Farm Crops.)

This will conserve the life of the plants and 1mpr0ve the pasture

during the dry summer.
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Blue grass seed is light and chaffy and is easily adulterated
with the Canada blue grass and other similar seeds. Samples
5 should be tested before using.

This may be done either by the
grower or by the state seed

analyst.
>3 Redtop (Fig. 103) is a true
> . grass and should not be con-
fused in the student’s mind with
red clover. There is no resem-
blance between the two plants.
Redtop is adapted to the same
climate as timothy, but will
endure much moister conditions.
The growth is rank and very
- good crops may be produced on
fields that are too dry or too
poor to yield a good crop of
timothy. The shallow root sys-
tem causes the crop to suffer
much from dry weathér, but
makes it well adapted to low,
wet places. Because of the
numerous rootstalks near the
surface of the soil the sod pro-
duced is tough and even. The
seed is abundant and cheap.
About fifteen pounds to the acre
will produce a good stand.
When seeded in spring, or when
seeded alone or with other
grasses in early fall, it will pro-
duce a good ecrop the following
season. Under favorable condi-
tions the plants persist well and
: 4 a good yield may be harvested

Fie. 102.—Kentucky blue-grass_on left for many years In succession.
Sract stam” and open head ot “the fowny,  Orchard grass (Fig. 104) is
(Erofiietivaiiannipe.) best adapted to the regions
where timothy is grown. Itsspecial advantage is its growth in shady
places. It matures earlier than timothy, producing a tall, heavy
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growth fairly well suited for hay. It grows in tufts or clumps,
producing an uneven sod. For this reason it is not much used in
pastures.

Meadow Fescue.—There are several types of meadow fescues

Fia. 103.—Redtop is well suited tolow, Fra. 104.—Orchard grass. (Productive Farm
sour soils. (Productive Farm Crops.) Crops.)

the tall form being the best adapted for hay. They all make
good sods and are useful in pastures as well as in hay fields, par-
ticularly when mixed with other grasses. They thrive in the
climate where timothy is grown, but extend much farther into
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F16. 105.—Smooth brome grass.
ductive Farm Crops.)

(Pro-

the drier climates. They are
frequently found among the seli-
sown grasses of the prairie re-
gions.

Smooth brome grass (Bromus
enermis) should not be confused
with the spiney or rough forms.
This plant (Fig. 105) is used in the
colder climates of the middle west
where the rainfall is not enough
for timothy. The plant makes a
tall growth, producing one or two
cuttings of good hay in a season.
The abundance of underground
rootstalks causes the plant to
form a tough sod well suited for
pastures. Itis more permanent in
the soil than most other ‘‘tame”
grasses. When it is used in moist
climates some criticism arises
from the fact that it is not all
entirely killed by plowing. A
little extra attention will over-
come this difficulty.

Bermuda grass is widely grown
throughout the South. Itis better
suited to use in pastures than in
hay fields. Except in the Gulf
states the growth is usually not
tall enough for hay. The stems
are often trailing and take root
at the nodes, causing a dense
mat over the surface. Because of
this method of spreading, the
plants are not easily killed by
ordinary plowing and may persist
in cultivated crops, such as cotton
and corn. Infarm pastures, where
it is cropped close, the yield is
comparable with that of blue-grass
but is usually not so palatable.
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It is adapted to much warmer climates than Kentucky blue-
grass, and extends into the tropics.

Millets. — There are several types of millet. Common Hun-
garian and German millets all belong to the type known
as foxtail millet. In these the head is
a compact spike, more or less erect.
Barnyard grass or foxtail is often ecalled
barnyard millet. The head is an open
panicle. Broom corn millet or hog millet
has been recently introduced from Russia.
It has broad hairy leaves and is grown
more for seed than for forage. Pearl millet
might well be classed with the coarse fod-
ders, as it grows from six to ten feet high.
The head is a compact, erect spike. Because
of its likeness to the wild cat-tail of the
swamps it is sometimes called cat-tail millet.

All the millets are annuals (Fig. 106).
The common variety of foxtail millet has
nodding heads about six inches long. These
turn yellowish brown when ripe. It ma-
tures earlier than the other millets and is
more popular for this reason. The plant
is very leafy and produces large yields of 55
hay. It is sometimes thrashed for the JESS
seed, which is used for poultry and birds,
The hay from millets is coarse and fibrous
and not so nutritious as hay from other
grasses. When used for horses it must be
fed cautiously or mixed with other hay in
the day’s ration. If fed alone it may act
injuriously upon the kidneys of horses.

Millets are hot weather crops and should
not be seeded before late spring or early |
summer. They are often used as summer
catch crops, and for this purpose should  §.4 106 Common millet
be mixed with cow peas or other small j3 o, spmmer annual, easily
]egumes' Farm Crops.)

Sudan grass (Fig. 107) is closely related to the millets and
its feeding value is about the same. It is similar in growth to
Johnson grass except that it has no underground rootstalks and
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is an annual plant. It is native of Africa and is well adapted to
our southern states. It endures the dry climate of the semi-arid
states, and will produce several cuttings of hay in a season where
the weather is favorable. It may be either sown broadcast or

.
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F1a. 107.—Sudan grass is an annual closely related to the sorghum group. This photo-
graph was taken at Hays, in western Kansas. The crop endures a dry climate but in moister
regions will make three or four cuttings a year. (U. S. D. A.)
drilled in rows. The latter method is common where seed is to
be harvested.

FORAGE CROP MACHINERY

Mowers (Fig. 108), rakes and machines for special crops are
used in connection with the harvesting of forage crops. The mod-
ern mowing machine is so well known that a description of it is
hardly necessary. The improvement of the mower has eaused the
farmer to lay aside the scythe and eradle. With it forage crops
are harvested rapidly.
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Hay rakes are of several types. The most common is one
which rakes the hay with curved teeth, and the driver of the team
or horse dumps the load at a certain place in the field so as to leave
the hay in windrows. The dumping is by means of a hand or foot
lever. The side delivery hay rake (Fig. 109) requires no dumping,
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Fia. 108.—A crop of mixed timothy and (cllo‘ﬁer.c A) popular mixture in the red clover belt.
. . 0.

but the hay is pushed to one side by a series of rakes on a revolving
cylinder. By this method the hay is wadded and twisted more
than by the other method. The sweep hay rake is used in the full
handling of cured hay. It slides along the ground or is run on

F16. 109.—The side delivery hay rake rolls the hay into a wind row at one side. (I. H. Co.)

very low trunnion wheels. If a horse is hitched to each end, each
travels at his own side’ of a windrow. The sweep takes up a
large part of the windrow and carries it to the central stack. One
form of this rake allows the horses to walk behind it and push it
along.
There are large hoisting machines which are well adapted for
11
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use in stacking hay in the open field. These are used in the drier
regions of the middle west, or in the irrigated regions. Hay loaders
(Fig. 110) are of several types. The most common form of these

1

F1a. 110.—The hay loader saves the work of two men. (I. H. Co.)

rakes the hay from the swath and delivers it at the back of the
wagon at the rear of which the machine is drawn. One man, with

Fi1a. 111.—Bailing straw with engin&?lriv}(incpress. Note the self-feeding arm above.
. H. Co.)

a team which requires little care in driving, may place the hay on
the wagon without assistance.

Hay balers (Fig. 111) are far more common since hay is sold
in the cities so abundantly. A large proportion of the timothy
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and alfalfa crops in America is pressed into bales before packing.
Portable balers are used on thousands of farms. They may be
operated either by engines or by horse power. In the latter case,
a sweep is used, the horse or team being driven in a circle. The
hay is fed into the machine either by hand tools or by an auto-
matic arm on the machine. As each bale is pressed, it is tied with
two or more wires running lengthwise around the bale. Three
standard sizes of bales are found. The cross sections in inches
are 14 x 18, 16 x 18 and 17 x 22. The lengths of the bales may be
varied during the baling process, but commonly vary from 38
to 42 inches.

Hay forks of several types are used in handling loads of hay.
The double harpoon fork, the single harpoon fork, the grapple
hay fork, and the derrick hay fork are all found in different sec-
tions where hay is being made. A wagon hay sling is a stretcher
of ropes and poles. This spreads over the back of the hay wagon
and allows for the handling of a large amount of hay at once.
Three or four slings are enough for one wagon load.

The feeding values of some of the leading forage crops are
given in the following table. The table also shows fertilizer
ingredients contained in these crops:

D‘ges“"lelbg"“s = ! Fertility in 1000 lbs.
Dry p ¥ -
Name of feed g:]a}ber " ¥ vl 2

s lbs.O Pro- [ Csl;l;g?sy Nitro: Ph:csixéhonc Potash
tein : >(<~;-f235t) gen (N) (P205) (Kz0)

> | |
Brome grass, smooth .| 85.7 6.6 ‘ 47.9 ! AN ¥ 2,
Bermuda grass....... 92.9 | 64 | 485 1174 & NV
Corn ensilage . ....... 20.4 1.4 15.7 4.3 1.1 3.7
Corn fodder, green 20.7 1.0 12.8 2.9 1.1 3.9
ey eornt=s. 7 r o 48.0 1.1 248 $af . Pl A

Kentucky blue grass,

............... 86.0 4.4 41.8 12.5 4.0 15.7

Kentucky blue grass, l |
Green e s, L7 T, 34.9 2.8 24 ipt5) (5 Dy s s dali N
Meadow fescue. .. .... 80.0 42 40.3 112 | 4.0 21.0
Millet, barnyard .. ... 86.0 52 | 404 16.9 4.3 28.8
Oat straw.... ....... 908 | 13 | 413 | 58 | 30 177
Orchird grass. /. ... 901 | 49 ‘ 456 | 129 | 37 16.9
Prafsierhayy.. . .0 90.8 3.0 | 46.5 9.9 ot ot
Red top, hay........ 91.1 4.8 49.1 12.6 3.6 10.2
S g DI AT AR ] 58.3 1.3 29.6 SEPIGIIST ¥ S s
Timothy, green. . .... 384 | 15 1 21.2 50 | 26 7.6
Timothy, hay........ 8.8 | 28 | 453 94 | 33 142
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FIELD AND LABORATORY EXERCISES

Pasture Plants.—Examine several pastures of the vicinity, and make a
list of the legumes, grasses, or other pasture crops grown therein.

Improving Pastures.—Consult the managers or owners and determine
what treatment, such as liming, manuring, harrowing, subsoiling, or re-seed-
ing have been done to make the pastures more permanent. What indications
do you find of any of these operations? Do any of them show beneficial results?

3. Pasturing Fields.—Study the management of temporary pastures
where stock are moved from field to field during the summer season. Make a
chart of a farm using a rotation of temporary pastures. Indicate the crop that
is or should be grown in each field. Give approximate dates for pasturing
each field. ;

4. Study the soiling system on some farm where it is systematically prac-
ticed. Make a list of soiling crops that are or should be grown for each part
of the season. Give the order in which these crops are to be harvested for
feeding.

5.gDescribe the owner’s management of the barnyard manure under the
soiling system, stating to what fields the manure is taken at different times.

6. Make collections of forage grasses, including heads, stalks, and leaves
of all you can obtain. The smaller grasses may be pressed and mounted as
botany specimens, and the larger ones may be neatly tied in bundles and hung
in a convenient place for study. Label each plainly.

QUESTIONS

. Define the terms forage crops, soiling crops, ensilage, stover and fodder.

. Give kinds of places where permanent pastures are most commonly found.

. Explain the soiling system with reference to dairy farms. What crops are
grown for dairy soiling?

Compare the advantages of certain grasses useful for hay.

What pasture crops or pasture mixtures are grown in your section?

Why is timothy so highly prized as a hay crop?

. Discuss the value of blue-grass for pastures.

. Give the adaptations for redtop; for orchard grass.

. Where is smooth brome grass most grown? Compare it with timothy.

. Where is Bermuda grass grown and what are the arguments in its favor?

. Discuss the millets as hay plants.

References.—United States Farmers’ Bulletins: 101, Millets; 164, Rape
as a Forage Crop; 246, Saccharine Sorghums for Forage; 271, Forage Crop
Practices in Western Oregon and Western Washington; 292, The Cost of
Filling Silos; 312, A Successful Southern Hay Farm; 361, Meadow Fescue:
Its Culture and Uses; 382, The Adulteration of Forage-plant Seed; 402,
Canada Blue-grass: Its Culture and Uses; 431, The Peanut; 458, The Best
Two Sweet Sorghums for Forage; 477, Sorghum-sirup Manufacture; 494,
Lawns and Lawn Soils; 502, Timothy Production on Irrigated Lands; 508,
Market Hay; 509, Forage Crops for the Cotton Region; 515, Vetches; 605,
Sudan Grass; 677, Growing Hay in the South for Market; 726, Natal Grass—
A Southern Perennial Hay Crop;

Cornell Bulletin 313, The Production of New and Improved Varieties of
Timothy. Vt. Bul. 94. Vermont Grasses and Clovers, Farm Grasses of the
Unites States, Spillman, Orange Judd Co., N. Y. Grasses and How to Grow
Them, Shaw, Webb Pub. Co., St. Paul. A Text Book of Grasses, Hitchcock,
Macmillan Co., N. Y.
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CHAPTER XIII
- LEGUMINOUS CROPS

THE legume family of plants is sometimes called the clover fam-
ily, as it includes all the clovers. Here are also found the soy
bean, cow pea, all true beans, field and garden peas, vetches, lu-
pine, serrodella, the locust tree and many other valuable plants.
Several of these are considered in the present chapter. The plants
of this family all have divided leaves of one form or another. The
flowers are irregular in shape with five sepals and five petals.
The seeds are borne in one-celled pods, and the products, whether
seeds or forage, are always rich in protein, which is one-sixth nitro-
gen, hence any feeds made from these crops are especially valuable
for dairy stock and for growing animals of all kinds.

The members of this family have the characteristic power of
obtaining nitrogen from the atmosphere when they are supplied
with their own special bacteria. No other families of plants have
this power. It is for this reason that it is important to provide the
proper bacteria in the field where legumes are growing. Of course
in many cases these bacteria are found naturally. The great value
of legumes for use in upbuilding the soils and providing nitrogen
for all other crops is appreciated by farmers in all regions where
the soils are deficient in nitrogen. Members of the legume family,
if supplied with the nitrogen-gathering bacteria, will not only se-
cure their supply of nitrogen from the air, but will also leave a
supply for use of sueceeding crops of other kinds. This supply
is left chiefly in the roots, stubble, stems and leaves of the legumin-
ous crop. The decay of these tissues soon liberates nitrogen for
corn, potatoes, wheat or other crops growing in that field.

CLOVERS.—The true clovers most used for forage are: Red
clover, alsike clover and white clover. The latter is used only in
pastures. Crimson eclover is used as a winter cover crop and is
frequently cut for hay in early spring or may be grown as a sum-
mer annual and cut for hay.

Red Clover (Fig. 112) is far the most popular clover grown in the
United States. It is well suited to humid climates and is grown
throughout the eastern states and on the western coast. The seed
is commonly sown in early spring, using about fourteen quarts

165
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to the acre, in fields of grain, which may be started either at the
same time or the preceding fall. It is a very common practice to
grow the crop with timothy or other grasses. The length of life
of the common red clover is about two years. When grown with
I grain it produces only a few
| blossom heads the first fall and
may be used as timothy pas-
ture if the soil is good. The
next season a crop of hay is
cut in early summer and a
second crop is usually pro-
duced and may be used for
pasture or for hay.

When seed is te be saved, the
second crop is used (Fig. 113).
If this be the intention of the
owner the first cutting should
" be made very early, before the
. blossoms begin to turn brown.
This will give more time for
the second growth to mature
a crop of seed and will save
. more of the vitality of the
plants for the second crop.
The plant is pollenized through
the work of bumble-bees or
Italian honey-bees having very
long tongues. As bumble-bees
e are not so active in the spring,
little seed can be obtained from
the early growth.

: $ In districts where red clover
b SR Y etab O is commonly grown and used
F16. 112.—Young plant of red clover, showing for hay, the manure will spread -

nodules (tubercles) on the roots. These contain 2 %
the bacteria which enable the plant to take its the inoculation to all fields of

nitrogen from soil air. (Fights of the Farmer.) the farm and no artiﬁcial in-
oculation will be necessary. In regions where clover is seldom
grown inoculation may be necessary to secure a good stand.
It is often beneficial to use some lime on the soil at the time
clover is started. The frequent use of clover in the farm rota-
tion will usually insure good soil. Clover hay does not bring
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as good prices in the market as timothy hay, although it is
more nutritious. There is more danger of its being spoiled by
bad management, and horse owners are fearful of injurious
results when it is used by careless feeders. Under such unfav-
orable conditions it is believed to aggravate the trouble known
as heaves in horses. When clover is mixed with timothy in the
field the clover will nearly all disappear by the 'second cutting
season and nearly pure timothy hay may be obtained that year.

The clover root-borer is one of its worst enemies and the
death of the plants the second summer may often be attributed
to this enemy.

Mammoth Clover.—A variety of red clover known as mammoth
r ‘‘sapling” clover is much taller than the common variety and

F1c. 113.—Hulling red clover reed. The second crop is used for seed because the bumble-
bees that carry the pollen for seed-production are more abundant during the last half of the
summer.

produces larger yields on soil that is not so fertile. For this
reason it is grown where the common variety produces a light
crop.

White clover (Trifolium repens) is commonly used in pas-
tures and lawns (Fig. 114). It is a low, creeping perennial which
is very hardy, even in the extreme north. It has a shallower root
system than any of the other clovers. It usually thrives without
special inoculation, but 1s much more thrifty when on soils well
supplied with lime. Forage produced by this plant is fine and
palatable, but the yield per acre is very light. It is not used for
hay alone, and even in pastures it is usually mixed with blue-
grass, Bermuda grass and other pasture crops. After the plant
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has reached the blossoming and seeding stage, it tends to cause
horses pasturing upon it to slobber severely. For this reason it
is considered objectionable in pastures intended for horses.

The plant readily spreads by seed, and by runners, helping to
make a very dense covering of the soil.

Alsike clover is midway in size of stems, leaves and blossom
heads between common red clover and the low white clover. It
was once thought to have been produced by a crossing of these
two clovers. It is more successful than red clover on poor soils,
on very dry soils, or very wet soils. Beecause of its ability to grow
on acid soils it is not so much improved hy the use of lime as red
clover. Because of the fineness of the stems the hay is of good

L
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Fi1a. 114.—White clover (Trifolium repens) when not pastured becomes tall enough to mow
for hay, but the yield is light.

quality but the yield is small and in many sections only one
cutting a year is made. Its fineness of stem makes it easy to cure
and the hay is improved partly for this reason. The plant is
sometimes spoken of as an annual because it will produce a cutting
of hay the year after it is started, if seeded with other grasses or
grain in early spring. But under favorable conditions it will live
from three to five years, because the roots are less subject to
attacks of clover root-borers. The seed is slightly smaller than
that of red clover and is sowed at the rate of four to six pounds
per acre when mixed with timothy. A crop of seed is easily ob-
tained in the northeastern states. Pollenizing is done by the work
of common honey-bees and much honey is secured by them from
alsike clover.
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Crimson clover (Fig. 115) is an annual usually used as a winter
cover crop. The heads are long and usually of a bright crimson or
scarlet color, but there is a variety with white blossoms. In the
southern states and as far north as Ohio the crop is usually sown
in summer or very early fall. The growth produced during the
fall season makes a green cover over the soil throughout the winter.
This may be used for grazing purposes when the soil is not too
muddy. In early spring the growth becomes more rapid and the
flower stems shoot up quickly . It may then be cut for hay or may
be turned under as a green manure for improvement of the soil.

The hay erop is best suited for dairy eattle and for sheep, as
the plant is very fuzzy and should not be used to any great extent
for horses.

F1a. 115.—Crimson clover wus u new thing in this community and all are pleased with it.
(E. Thomae.)

The crop is often sown with a mixture of winter vetch and
winter grain, or with either of these separately. These mixtures
make a more dense growth on the soil during the winter and more
green manure is produced to turn under in the spring. The mix-
ture may also be cut for hay if desired. The presence of the grain
makes the hay coarser and not so rich in protein.

The seed of crimson elover has been produced chiefly in Europe.
American farmers are also beginning to produce it. The heads
are sometimes stripped with simple home-made deviees corre-
sponding to wooden combs and are eaught in a carrier behind the
comb. They are then cured and the seed thrashed out by the use
of hulling machines. The rifle seed heads are sometimes cut with
a commen mower to which a carrier is attached. As the carrier
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is filled it is dumped, leaving the heads in piles to be hauled to
the barn. Improved methods of seed harvesting will tend to
reduce the cost, and will greatly encourage the more extensive
growth of this valuable winter cover. v
ALFALFA (Fig. 116) is closely related to the clovers, but is not
considered a true clover, belong-
ing to a different genus. Al-
though this plant has only re-
cently come into general use in
the United States, it is one of
the oldest hay plants of the
world. George Washington tried
it on his farm at Mount Vernon.
It usually produces more hay
in a year than other forage crops
used for this purpose. The plant
is a perennial and will live for
many years under favorable con-
ditions. It may be crowded
out by weeds after a few years
and should then be plowed un-
der. In the eastern states the
seeding is usually done in August
(Fig. 117), but in the West it
is more commonly seeded in
spring, and may be grown either
with or without a nurse crop to
start it. The nurse crop used
is small grain. ¢
Alfalfa usually requires spe-
cial inoculation for the soil,
except in fields where it has
Fra. 116.—The crown root system, and recently been grown before. In
e extend 1 & Repth of many rect” (0. the middle west this is not
S.D. A)
always found to be necessary,
probably because there are enough wild legumes that use a similar
kind of bacteria. The easiest method of inoculating the soil is to
spread some bacteria-laden soil on the field after it is prepared
for seeding. The new soil is taken from a field where alfalfa
has recently been grown successfully. It should be harrowed
in before the sun shines upon it enough to kill the bacteria.
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Lime is more helpful to alfalfa than to any other crop. If the
soil is not of limestone origin it will pay to make heavy applica-
tions of lime before growing the crop. Use at least one ton of
pulverized limestone per acre or half that amount of burned lime.

In the northeastern and southern states there is much danger
from weeds in the alfalfa field (Figs. 118 and 119). A smother
crop, such as oats and peas, planted in early spring may be grown

F1c. 117.—Early rather than late fall sowing of alfalfa is best as here shown. The large
plant is from August sowing, the others from September and October sowings respectively.
(Productive Farm Crops.)

for hay and removed before midsummer. The soil is then imme-
diately plowed and prepared for seeding and is kept in bare
fallow until the middle of August when the crop is sceded. During
the interval the field should be harrowed several times.

The amount of seed per acre varies in different sections.
Twenty to thirty pounds is recommended in the extreme East and
Southeast. Farther west farmers use ten to twenty pounds.
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Much care must be exercised in having the seed perfectly clean
and free from weed seed.

Alfalfa is not a good crop to fight weeds. One of the most
common causes of failure with this crop is that the field becomes
infested with weeds within a few years after planting. For this
reason, it is probably more important to have pure seed than with
almost any other farm crop. The seed should be secured from
regions where the fields are as free from weeds as possible, and
before planting the seed should be run through a fanning mill
cleaner and thus freed from many of its impurities.

F1a. 118.—The seeds of dodder (shown above) are smaller than the seeds of alfalfa, and may
be separated by properly sifting them. (Productive Farm Crops.)

There are several varieties or strains of alfalfa. The Grimm
is the hardiest variety and the best for northern regions. Other
strains are not so well established. Some of these are of trailing
habit, and thus better suited to pasture than the more upright
forms. The alfalfas also vary in their root systems from the long
deep tap roots to the spreading roots. Some have a jointed root-
stalk which sets up growth from the nodes or joints. Most of
these forms are not well distinguished, and the seed of distinct
varicties is difficult to obtain. Dealers handle seed from Tur-
kestan under that name. The Grimm variety is also found in the
market. Most of the seed sown in America is of the so-called
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“‘common” type, and is grown in the arid and semi-arid climates
of the middle west and extreme west. Usually the seed is thrashed
each season from the second growth.

Alfalfa should be cut frequently (Figs. 120, 121 and 122).
The plant thrives better under this treatment. A common cause
of loss on the crop arises from
failure to cut it soon enough.
In some irrigated regions of
California and other warm cli-
mates it may be cut five times
a year or oftener. As far north
as New Jersey it should be cut
four times a year. Where it is
grown farther north it will pro-
duce at least three cuttings a
year. When the plants are be-
ginning to show their purple
blossoms the crop should be cut.
At ahout this stage of maturity
the plants begin to send up new
shoots from the buds at the
crown. Cuttings should take
place before these shoots have
grown more than an inch, if
possible. If the new shoots
grow enough to be cut by the
machine when the old stems
are mowed the future growth is
likely to be ruined.

Alfalfa hay is difficult to cure
in moist climates early in the
season. Under such circum-

; . stances it may be advisable to
whieglﬁt;cllgiﬁgﬁ‘;?ecrlofrzr,aaﬁfr;?ﬁi Xii‘i use hay caps over the shocks in
plants. (Productive Farm Crops.) the field during the curing pro-
cess. At other seasons and in drier regions this is usually unneces-
sary. The hay should be handled carefully to avoid breaking off the
heads (Fig. 123). It should not be allowed to dry as much as
clover or timothy before it is hauled to the stack or hay mow.
If some natural moisture is still in the hay the leaves will not
shatter off as much and better hay will be produced.
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F1c. 120.—The first cutting of alfalfa is the most difficult to cure and may be hauled in
the green condition to the barn for feeding immediately; or it may be put in a silo.

Fia. 121.—Alfalfa in Virginia, first cutting 6,390 pounds cured hay per acre, second cutting
1,466 pounds. Two other cuttings to follow in the same season. (U.8S.D. A)

Fia. 122.—Making the fourth cutting of alfalfa, the ﬂve acres averaged five and one-half
tons per acre for the season. (U. S. D. A))
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Hay caps (Fig. 124) can be made of heavy muslin or of light
duck about 3 x4 feet or a little larger. Common eightpenny nails,
each with two bends in it, are run through each corner and when
the cap is in place each nail is hooked to a wisp of hay drawn by

R = - - :

Fia. 123.—Stacking alfalfa in South Carolina. The hay is brought to the stack with
rakes called ‘‘go-devils,” and is then stacked with the crane stacker (L. H. Co.)
‘the finger from the under part of the hay shock. Hay caps pro-
vided with such light fasteners are easily handled in the field
without a wagon. Enough for several acres may be carried by
men or on the back of a horse.

F16. 124.—It pays to use bay caps.in a moist climate if the price of hay is high.
(Courtesy R. P. Lambert, Alabama.)

THE COW PEA is a comparatively new plant in American
agriculture, having been introduced from Southern China. It is
now extensively grown in the central and southern latitudes of
this country (Fig. 125). It is the most important legume for the
states south of the red clover area. But its area is being rapidly
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extended because of its many uses. It is a summer annual and can
be profitably grown for forage and for green manure wherever
the summers are warm. It will mature seed best in the warmer
climates. The uneven ripening of the seed makes its harvest very
difficult.

The plant resembles the true bean. Its leaves are large,
smooth, and divided into three large leaflets. The pods are long
and slender, containing many seeds which are of several colors
among the different varieties. Some seed is brown or clay-colored,
as in varieties called ‘‘Clay” and ‘‘Iron.” Some have reddish
seed, some black and some nearly white. ‘‘Blackeye’ has white
seed with black spot at the scar.

F1a. 125.—Cow peas grown in a peach orchard to gather nitrogen from the air and supply
it to the young trees. (Fights of the Farmer.)

The varieties differ widely in their habit of growth, time re-
quired for maturity and yields of hay and seed. New Era is low,
erect, and matures in about six or eight weeks after germina-
tion, but the yield is light: Whippoorwill, Clay and Unknown
are varieties with vigorous, somewhat upright growth, well suited
for hay or for soiling.

The cow pea does well on any soil but prefers a rich loam. It
is one of the best legumes for soil improvement, when used as
green manure or even when only the stubble and roots are used
for that purpose.
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Seeding is done after the weather is warm—about corn-plant-
ing time or later. When drilled in rows for cultivation about three
pecks of seed per acre is used when a grain drill is used, or when
sown broadecast, five to eight pecks are required. The seed should
be well covered to a depth of one-half to two inches.

The crop may be cut for hay as soon as one-third of the pods
have turned brown. It is usually cut with a mower, partly cured
in the swath, and then raked and piled to complete the curing
process before stacking.

Cow peas are often planied with corn or are drilled between
the rows of cultivated crops in midsummer. They may be broad-
casted with sorghum, millet, kafir, and other crops for forage.
They will improve the quality and yield of feed and will gather
nitrogen for the soil.

THE SOY BEAN (Fig. 126) is also of Asiatic origin, and is a
hot weather crop. In appearance it differs from the cow pea in
having very short pods with usually only two or three seeds. The
plant is densely hairy throughout. It is less used for forage partly
for this reason, and partly because the leaves drop off badly be-
fore the seed is ripe. The seed is chiefly of three colors, black,
yellow and green. Varieties are distinguished chiefly in this way.

In addition to its use for forage and for the improvement of
soils it is coming to be grown more for the seed, which ripens more
uniformly than in the cow pea. The entire seed may be ground
and used for stock feed or the oil may be pressed out and used as
salad oil and for numerous other purposes. The oil cake is used
as stock feed. ,

THE CANADA FIELD PEA resembles the common garden pea
and is well snited to growth in cool sections in the extreme North,
as well as in the South. It is a climbing plant and should be grown
with grain to aid in harvesting the crop. In northern latitudes
it may be planted with early spring grain, as with oats and barley
intended for stock feed. In southern latitudes it may be grown
with winter oats and will endure the mild winter.

Such a mixed crop, if cut for hay when in the blossom stage,
compares favorably with red clover hay in dairy feeding. If the
seed is allowed to mature the grain and peas may be thrashed to-
gether. The mixture may be separated if desired, but is usually
ground together for use in feeding swine, sheep, dairy cows and
poultry. The straw is much relished by stock.

As pasture during the green growing stage, this mixture is

12
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very valuable for swine, sheep and cattle. The stock should not
be allowed to pasture upon the crop until the peas have made a
good growth.

F1a. 126.—The soy bean plant retains its pods and seeds until all are mature. The cow
pea plant often allows many seeds to shell before the last cnes are ripe. (Productive Farm
Crops.)

The use of Canada field peas as a soil improver is becoming
more common. An early spring growth may be produced and the
green manure turned under in time for late crops of other kinds
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JAPAN CLOVER, or Lespedeza, is grown throughout the
southern states from Texas eastward. It issaid to have been exten-
sively introduced as packing material from Japan. The leaves and
blossoms are finer than alfalfa and the growth is seldom over twelve
inches high, except on very rich soil. Throughout its district it

Fia. 127.—Vetch plants are vine-like and should be grown with oats or other crops which
will support them. (Productive Farm Crops.)

runs wild and is of great benefit to permanent pastures. It is sel-
dom cut for hay because of the light yield, but when cropped fre-
quently by stock the growth is rapid and the yield per acre is
much larger. Although it is classed as an annual plant, it reseeds
itself and spreads rapidly. It is helpful to the soil, but is not much
used as a green manure because of the light growth.

Iniv Calif - Dicitizod byv Microenfi B
Univ Calif - Di 2d |
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VETCHES are of several kinds (Fig. 127). Two of these are
commonly cultivated in America: (1) The hairy or winter vetch
(Vicia villosa) is a winter annual, much used as a winter cover
crop south of the northern tier of states. (2) Spring vetch or sum-
mer vetch (Vicia sariva) is a much coarser plant and is not hairy.
It is grown as an early spring or cool weather plant, but does not
endure severe freezing.

Hairy vetch is abundantly used when mixed with winter grain,
or crimson clover, as a winter cover erop in orchards, gardens and
fields. In the spring it may be cut for hay or for soiling, or the
crop may be turned under as green manure.

Spring vetch is very useful for hay and soiling purposes, and
is usually grown with grain to support the viney growth.

The seed of the different vetches should not be confused or
mixed, because one plant is hardy and the other is not. Hairy
vetch has smaller seeds, which are black or nearly so. Seeds of
spring vetch are larger, brownish in color, and more nearly kid-
ney shape than the others. Its pods are longer and more slender
than those of hairy vetch and the plant is smooth throughout.

THE VELVET BEAN is grown in Florida and other gulf states.
During warm summer weather it will produce a vigorous growth
in latitudes much farther north if plenty of water is supplied.
It will mature seed only in or near the gulf states. The stems
are vine-like and may grow to a length of twenty or thirty feet
in a season. Much forage is produced, but it is difficult to cure.
The plant is valuable for green manure when worked into the soil
by the use of a disk harrow. The seeds and pods are ground
into meal for stock.

MISCELLANEOUS LEGUMES.—Sweet clovers are of two
kinds, the white (Fig. 128) being much more common than the
yellow. They are perennial plants with stems and leaves resem-
bling alfalfa, but the growth is usually much more rank. Chiefly
by natural means the sweet clovers have become widely distrib-
uted throughout the East and South. Their prinecipal use is for
the improvement of soils, but when stock acquire a liking for them
they are also valuable as forage. The feeding value is equal to
that of alfalfa, but the taste is bitter and is at first disliked by
most farm animals. Sweet clovers are sometimes grown by bee-
keepers because of the abundance of honey produced.

Bur clovers belong to the same genus as alfalfa, Medicago.
There are two common species, the spotted medic and the tooth
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medic. The latter is grown somewhat in California and in the
South, but spotted medic is much more common in the southern
states. It is sown on farm pastures in the fall and will produce
a fresh growth after Bermuda grass dies to the ground. If the
winter is not severe the bur clover will survive and produce good

TS RO - S

Fi1G. 128.—The tall sweet clover of the white variety is often grown for forage. (Produc-
tive Farm Crops.)

pasture in fall, winter and early spring. If it is not pastured too

closely it will reseed itself and furnish an annual winter pasture.

The bur clovers are valuable for winter cover crops in cultivated

fields, and when used as green manure are beneficial to the soil.
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The Peanut (Fig. 129).—The names ‘‘goober’” and ‘‘goober
pea’ are given to those forms of the peanut which have no true
stem and only one pea in each pod. This form grows wild, and
is cultivated somewhat in the gulf states. Although the peanut
is really a seed, the word ‘‘nut’’ is applied to it because of its flavor.
The large Spanish peanut is chiefly grown for those purposes with
which we are most familiar.

The peanuts are grown for forage as weil as for seed. The plant
produces many leafy stems and makes good hay. The crop is
grown commercially in the South Atlantic States and inland to
Tennessee, Missouri and Kansas, southward and westward to
Texas and California. The small yellow flowers are borne in the
angles of the leaves and branches. After they pollinate and the

3
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petals have fallen, the slender flower stems grow much longer and
enter the soil. The development of the nuts is below the surface
of the ground and the soil must be rather loose. (Figs.13 and 14).
The peanut prefers a light sandy loam. Although it will grow
well on heavy soils, the nuts are apt to be discolored and less
marketable. The soil should not be sour and lime is always ap-
plied with increased returns. The crop endures a rather light
rainfall during the growing period. ;
For the maturity of the crop the season between spring and
fall frosts should be from 90 to 125 days. The crop is very tender,
even more so than the garden bean. The seeds of the large
varieties are hulled before planting, but some growers succeed in
starting by merely soaking the hulls instead of shelling them off.
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The results are less satisfactory. Small or single seeded varieties
are seldom hulled before planting.

The ground should be very mellow and well stxrred so as to
produce a good seed bed and should be entirely free from weeds at
planting time. The distances between rows should be enough to
allow of thorough cultivation, which is kept up until the vines
spread well over the ground. A good crop to precede planting of
any field should be one which is well tilled, or which otherwise
keeps the weeds under control. Peanuts are often planted after
the harvest of the oat crop in June. Farther north corn or
potatoes may have been on the field the preceding year. A syste-
matic rotation should be maintained rather than growing peanuts
on the same field continuously. Stable manure should not be ap-
plied the same year that peanuts are grown on the field. Com-
mercial fertilizers, if used, should contain all three of the essential
elements in the proportion of three of nitrogen, seven phosphoric
acid and six of potash. From 200 to 800 pounds of this mixture
may be applied to an acre, depending on the natural fertility of
the soil. Lime may be applied at the rate of one-fourth to one-
half ton per acre.

If peanuts are turned under, they add nitrogen to the soil, as
the crop, when accompanied by the bacteria, is a strong gatherer
of nitrogen. If the crop is entirely harvested, as by cutting for
hay and then allowing hogs to root out the underground parts, the
soil will not be improved in its fertility by the growth of the crop.

The crop should be mature before the first fall frosts. The vines
may be lifted with special machines, or may be pulled by hand
when the soil is loose. They are piled up in slender shocks around
rigid posts or poles to cure and after the nuts are removed the fod-
der is fed to the stock. Care in curing keeps the nuts of a better
color, and the price is correspondingly higher. Better forage is
also produced by a little pains in curing them. The process is
rather slow, as the stems are fleshy.

The removal of the nuts from the vines after curing may be
either by hand or by machines. ‘The hand method is still much
practiced in some sections, as better results are obtained, but the
expense is somewhat greater.

The nuts must be kept thorough]y dry and protected from any
dampness to maintain a hright color of the shells.: For nuts that
are to be sold without shelling, a cleaning process to remove all
dirt is required.
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Besides for eating out of hand, the peanuts are used for a num-
ber of purposes. They are ground and made into peanut butter
by the addition of peanut oil or other vegetable oils. In some
cases the oil is extracted and is used for a number of purposes.
The by-product from the manufacture of oil is ground into pea-
nut-oil-meal and is used for feed for stock.

Other less important leguminous crops grown in limited areas
are: Lupines, Florida beggar-weed, serrodella, sainfoin, bird’s-
foot trefoil, Egyptian clover, horse bean, lotus and kidney vetch.

Digestible Nutrients and Fertilizing Values of Leguminous
Crops.—The following table gives the feeding values and fertilizer
ingredients of some of the most important leguminous crops:

y Digestible parts in | - portility in 1,000 Ibs.
ry
Name of feed T:laﬁfor " | £ y
Ibs. Pro- Cal;l;ggsy Nitro- Phosglcllor 1€ Potash
tein (+fat | gen (N) (?,:6_) (K:0)
X2.25) 283
Alfalfa, green.......... | 28.2 3.6 13.0 7.7 1.3 5.5
Alfalfa, hay............ 936 | 117 | 431 | 26.1 6.1 17.9
Alsike (in bloom) green. .| 25.2 26 | 125 6.2 1.1 2.0
Alsike clover, hay . .. ... 90.3 8.4 422 20.5 5.0 13.9
Canada field pea meal .. .| 89.5 16.8 5328 | 323 8.2 9.9
Cow peas, green........ 16.4 1.8 9.1 3.8 1235 a4l
Cow peas, hay ......... 89.5 5.8 42.2 14.3 5.2 14.7
Crimson clover, hay-. . ... | 90.4 10.5 7.6 24.3 4.0 13.1
Lespedeza (Japan clover) 89.0 9.1 40.9 22.1 e e
Peanuts (dried vines) . . l 92.4 6.7 49.0 17.1 3.2 11.6
Red clover, green....... 29.2 2.9 16.4 7.0 il 48
Red clover hay......... 84.7 el 41.8 19.7 525180 R
Soy beans, hay......... 88.2 10.6 43.6 23.8 e VS
Spring vetch, green ..... 15.0 1.9 7.1 4.3 1.0 4.5
Sweet clover, green..... 20.0 245 9.3 6.1 2.4 6.7
Sweet clover, hay...... 90.8 119 37.8 28.8 5.6 18.3
Velvet beans, hay. ..... 90.0 9.6 55.7 22.4 S P
Velvet bean meal.... .. 89.0 19.7 61.6 2 L5 7
White clover, dry weight| 90.3 11.5 45.6 25.1 7.8 13.2
Winter vetch, hay...... 88.7 11.9 443 27.2 9.7 24.4

FIELD AND LABORATORY EXERCISES

1. Clover Roots.—Dig samples of growing clover plants, getting as much
of the root system in each case as possible. Compare the root systems of the
different kinds of clover. Also compare the differences in the tap-rooted clovers
as they appear in different types of soil. Does a hard subsoil make the roots
branch more? t
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2. Comparing Clovers for Hay.—Study the clovers with respect to their
leafiness and fineness of stems. Which ones will produce the best qualities
of hay? Which ones are objectionable in any respect?

3. Collection of Legumes.—Make collections of the different clovers,
drying, pressing and mounting as with botany specimens. Label each with
sclentific and common names.

4, Make minute study of the flowers of the different clovers and alfalfa.
By what means is each pollinated?

5. Effect of Lime on Legumes.—Make plot studies showing the value of
lime in growing red clover and alfalfa. An unlimed plot should be compared
with a limed plot in each case.

6. Inoculation of Legumes.—Make a similar study showing the need, or
lack of need, for inoculation. Use several different legumes, as alfalfa, red
clover and soy beans. These plot experiments may be either on the school
grounds, on a neighboring farm, or at the homes of pupils.

7. Artificial bacteria culture for alfalfa or some other legume should be
obtained from the U. S. Department of Agriculture, and used according to
directions to inoculate the seed, or the soil, or both.

8. Soy Beans Compared with Cow Peas.—Compare samples of SO{ bean
plants with cow pea plants. Note the differences in smoothness of leaves,
stems and pods. Which is more leafy? Which has the greater number of
seeds to the pod? Which develops its pods more uniformly? Which holds
its leaves longer? From which would it be easier to harvest a crop of seeds of
uniform ripeness? Which is probably the better crop for hay?

9. Canada Peas and Garden Peas.—Compare plants of Canada field peas
with the common garden peas. Note the differences.

10. Japan Clover and Alfalfa.—Compare plants of Japan clover with al-
falfa and with tall sweet clover. Note the similarity in leaves, and the differ-
ences in the size, height and woodiness of stems. Compare the flowers and
seed cases.

11. Varieties of Vetch.—Compare samples of different varieties of vetch.
Which ones are hairy? Which has the largest seeds? Which would probably
produce the largest yields of hay?

12. Peanut Plants.—Obtain samples of peanut plants in different stages
of growth. Note elongation of the flower stem just after pollination. At
what stage should the soil be left loose for the covering of the nuts? Examine
some of the underground parts a few days after the nuts are formed.

13. Roots of Legumes.—Make a large collection of the roots of legumes,
both wild and cultivated. If possible, see how many of these bear nodules for
bacteria on their roots.

QUESTIONS

. Give the characteristics of the members of the legume family.
. By what other names is this family known?
. Tell of the difficulties in growing red clover and how to overcome them.
Compare alsike clover with red clover as a hay crop.
Discuss ereeping white clover as a pasture crop.
. Under what conditions would you use hay caps in curing alfalfa or clover?
. What are the special uses for which crimson clover is adapted?
. What is the best season for the sowing of alfalfa? How does this agree
with the practice in your section?
9. What is the importance of liming before sowing alfalfa?
10. How may the soil for alfalfa be inoculated?
11. Discuss the importance of cutting the alfalfa crop frequently.
12. What are the signs indicating when alfalfa should be cut?
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13. Give the special uses and advantages of cow peas?

14. Compare soy beans and cow peas as hay producers. As grain producers.

15. What is the practice in growing Canada field peas as regards season, mix-
tures, harvesting and use?

16. Discuss Japan clover as a pasture plant.

17. Give the differences between the different kinds of vetch.

18. Tell what you can of the velvet bean.

19. What two main types of peanut are grown in America?

20. Why should the soil be free from iron or other coloring matter in growing
market peanuts?

21. Enumerate the products obtained from the peanut erop.

References.—United States Farmers’ Bulletins: 194, Alfalfa Seed; 224,
Canadian Field Peas; 278, Leguminous Crops for Green Manuring; 289,
Beans; 318, Cow Peas; 323, Clover Farming on Sandy Jack-pine Lands of
the North; 339, Alfalfa; 372, Soy Beans; 373, Irrigation of Alfalfa; 431, The
Peanut; 441, Lespedeza, or Japan Clover; 455, Red Clover, 485; Sweet
Clover; 495, Alfalfa Seed Production; 515, Vetches; 529, Vetch Growing in
the South Atlantic States; 550, 570, and 646, Crimson Clover; 561, Bean
Growing in Eastern Washington and Oregon, and Northern Idaho; 676,
Hard Clover Seed and Treatment in Hulling; 690, Field Pea; 693, Bur Clover;
730, Button Clover.

Cornell Bulletin 260, American Varieties of Beans. Cornell Circular 15,
Legume Inoculation. Alfalfa, Test of Varieties, Nevada Bul. 72. Alfalfa,
Test of Varieties, S. Dakota Rep. 1910. The Soy Bean, R. I. Exp. Sta. Bul.
92. Alfalfa, Coburn, Orange Judd Co., N. Y. Alfalfa Farming in America,
King, Sanders Pub. Co., Chicago..



CHAPTER XIV

CORN

But let the good old corn adorn
The hills our fathers trod;
Still let us, for his golden corn,
Send up our thanks to God.
WartTiER.—The Corn Song.

ALTHOUGH corn is a grass it does not have a hollow stem, and
the inflorescence is quite unlike other grasses. '

‘The new world is the home of the corn plant, and the United
States is the greatest corn country of the world, producing more
than all other countries combined. Argentine Republic stands
second in corn production, where the yield is about one-sixtcenth
as great as that of the United States. Over two and one-half bil-
lion bushels are grown in the United States annually. It is the
leading crop of the country in money value and exceeds all other
crops, except potatoes, in tonnage. The grain is' chiefly used for
stock feed and in the production of meal for human food. For
stock it is also used as roughage in the form of green feed, dry
fodder, stover and silage. The grain is also used as human food
in the form of corn flakes and other breakfast dishes. It is eaten
as green corn and certain types are used for canning and popping.
Starch, corn syrup and corn oil are now extensively manufactured
from the grain. The syrup is a wholesome substitute for cane
syrup. The oil when refined is used in cooking and as a salad oil.
A number of stock feeds are produced as by-products from
factories where corn is used. Gluten meal is perhaps the leading
by<product. It is. a rich stock feed obtained from corn starch
factories. Husks and cobs are also useful by-produets.

Figure 130 shows at a glance the distribution of the corn crop
in the United States. The area where corn is intensively grown
is gradually moving northward. Great attention has recently
been given to the improvement of corn through the work of corn
contests and boys’ ecorn clubs (Fig. 131) throughout the corn
growing states. This has increased and doubtless will continue to
increase the average yield of corn in many sections.

Classes of Corn,—There are six main types or classes
of corn shown in figure 132. In order of importance the four main
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CLASSES OF CORN 189

commercial types may be named as dent corn, flint corn, sweet
corn, and pop corn. In the botanical sense there are two other
types, pod corn and soft or flour corn, but these have no partic-
ular value in agriculture and commerce.

Most of the field corn grown is dent corn. The crown of the
kernels is usually dented in because the hard or flinty portion of
the kernel is on the sides only. The crown is much softer than in
flint and pop corn. The yield in pounds or bushels per acre is
greater than with other types of corn. The corn plants of the
dent varieties do not sucker so much as the flint varieties. The
length of season required for maturing the crop is greater for dent
corn, but short season varieties are being developed.

Fra. 131.—One hundred sixty-seven bushels of Boone County white corn raised by
this young man on one acre in Virginia. Note the large proportion of very good ears. (U.
S. D. A)

Flint corn is hard on the crown, as well as on the sides of the
kernel, and stock do not masticate it so well. The ears are usually
very slender and bear a small number of rows of kernels. The
crop will mature in a shorter period and is therefore grown farther
north than most varieties of dent corn. The fodder of flint corn
is valuable because of the great number of leaves and suckers.

Sweet corn has a supply of sugar instead of so much starch.
The amount of hard or horny part of the kernel is limited, or
- wanting. This type is grown chiefly for use as green corn and for
canning purposes for human food, but the stalks are valuable for
fodder. In soiling systems of feeding some varieties of sweet corn
are much used because they mature even earlier than 'flint corn.

Pop corn is especially valuable as human food when popped.
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Its ability to turn inside out when subjected to great heat is due
to the presence of volatile oil contained in the kernels.

Varieties.—A corn grower in any section should make a
careful study of the varieties grown there successfully. This will
enable him to determine which variety will produce the greatest
yield, the largest proportion of corn on the cob and the best seed
for future crops. It is not essential that variety or strain selected
should have a special name.

It is usually not profitable to introduce new varieties from a
distance, but if this seems necessary, because there is no good
strain nearby, the new seed should be grown for a few years in a
seed plot under careful selection before it is used as the main field
crop. The best of it may be found to adapt itself to the local soil
and climate.

The composition of the different types of .corn and their
products is given in the table with other grains for the sake of easy
comparison (see chapter on Small Grains).

Preparation of Soil.—In the extreme northern states the
ground to be used for corn should be plowed the preceding
fail, particularly if the soil is heavy. Elsewhere, and on light
soils, early spring plowing may be practiced. In either case the
ground should be harrowed as early as possible and put into fine
tilth. The harrowing should be repeated as soon after each heavy
rain as it may be done safely. The warm spring air is thus allowed
to enter the soil and bacteria action is increased. Weeds will ger-
minate and the next harrowing will destroy the sprouts. If several
weeks elapse during this harrowing season the soil will be made
so warm as to cause the corn to germinate more readily, and much
of the weed seed will be entirely destroyed. .This process also
conserves much of the soil moisture, allowing it to penetrate a
little deeper into the soil instead of evaporating. The crop will
suffer from drought much less because of the long and thorough
preparation of the soil before planting time. If the rains have
been very heavy, and the soil becomes too compact, it is some-
times advisable to disk the soil or stir it with a cultlvator just be-
fore planting time.

Planting.—A common distance between rows is three feet
eight inches, but farther south, or when the growth is unusually
large, the distance may be four feet between rows. In the check-
row plan three stalks in a hill is very common, but slight varia-
tions are found for different varieties and for different purposes.



192 CORN

Corn planters may be operated either by hand, by one animal,
or by a two-horse team. Hand planters are very inexpensive.
They will plant a single row of corn as quickly as the one-horse
planters, but the kernels are left in close bunches and the plants
crowd each other while growing.

The horse planters have advantages over hand planters by
drilling the seed better, and carrying fertilizer boxes for the dis-
tribution of. commercial fertilizer. They open their own trenches
and also cover the seed.

The two-horse planters plant two rows at a time. They may
also be provided with chains by which the corn is planted in rows

F1a. 133.—Riding cultivators with small shovels are much used by corn growers in all sec-
tions of the country. (Bateman Mfg. Co.)

both ways like a checker board. This method of planting is called
‘‘check rowing.” In the greatest corn growing states check-row
planters are often used. If the fields he weedy the cross-row
system of cultivation gives better results, and less hand work, or
none whatever, is required in keeping down the weeds.
Tillage. — Corn is not a tender crop when young. About
the only danger in the tillage of the crop is when the plants be-
come covered with soil. The root system has a firm hold on the
soil before the plants are large enough to mark the rows. This
allows the grower to make free use of the harrow and the weeder
through the corn field, regardless of the young corn plants, be-
fore weeds can be seen, and the work of sprouting and killing weed
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seeds, which was begun before planting, may be continued after
each rain until the corn is so high as to be broken by the cross bars
of the harrow. Danger may accompany this practice in stony or
cloddy fields. The harrowing on a young corn field should be
done late enough in the day to allow the surplus moisture to escape
from the plants, and they will be bent instead of broken by the
harrow.

After the crop is perhaps eight or ten inches high the use of

F16. 134.—The root-system of corn plants sixty days after the date of planting. The
whole field of soil would be permeated with the feeding roots, which should not be destroyed
by deep tillage. .

cultivators may begin (Fig. 133). Cultivators with small teeth
or narrow shovels are usually to be preferred, unless the soil has
been allowed to stand after heavy rains without tillage and a dense
crust has formed. In such cases heavy shovels are necessary.
Corn growers are familiar with the extensive shallow root system
of the corn plant (Fig. 134) and realize the great danger resulting
from the use of heavy shovels which till the soils very deep. There
is less actual labor in using the finer machines more frequently.
13
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An ordinary team can easily cultivate two rows at a time with a
light cultivator. If cover crops are to occupy the field after the
corn is harvested the field may need to be given extra cultivation
once or twice to make a good seed bed for the cover crop. This is
usually done after the corn is in tassel.

Machines for cultivating corn are of many kinds. In some
sections the old-fashioned two-shovel cultivator is still in use, but
better forms are rapidly replacing them. Small-tooth cultivators
with about fourteen teeth are becoming popular, as they cultivate
an entire middle and are drawn by one animal. The same is true
of some of the spring-tooth cultivators. Two-horse machines are
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Fie 135.—The corn husker and shredder removes the ears and carries. them to the
rear where they may be caught in a wagon box. It shreds fodder very fine and b]ows it
into a suitable storage place. Any corn shelled may be caught in bags, as shown. (I._H. Co.)
arranged for cultivating two sides of a row at once, but some cul-
tivate the entire middle and also two sides of the two adjacent
rows. Thus two entire rows are cultivated at once.

The chief features to be remembered in choosing a cultivator
are that it shall have small shovels or teeth and have a number of
them. This makes the draft light; the work is rapid; frequent
cultivation is possible; a crust is not allowed to form on the soil,
and tillage may therefore be shallow; the roots are not injured,
and the growing crop thrives better.

Harvesting.—There are several methods of harvesting the
corn crop. In the central corn states the most common practice
is to husk the ears from the standing stalks and store them in
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eribs. Livestock are then allowed to pick over the fields and eat
much of the remaining crop. In more intensive farming the stalks
are cut either by hand or by machine when the corn is ripe, or
nearly so. It is put in shocks varying in size according to the
climate, and well tied so it will not blow over or be seriously in-
jured by the weather. The ears are husked from the shocks and
stored in cribs and the stalks are tied in larger shocks or put in
stacks for stock roughage during the winter. Figure 135 shows
the work being done by machinery.

Corn harvesting machines are very valuable where much corn

PO Sin e R

F1a. 136.—On a Florida farm at silo-filling time. (Agriculture and Life.)

is grown. The machine ties the stalks in small bundles, which are
easily gathered by hund and placed in shocks.

In some southern states it is still a common practice to go
through the corn field just before the crop is ripe and pick off the
leaves and perhaps sut off the top of the stems above the ears.
This fine fodder is tied in small bundles and dried for stock feed.
Later in the year the ears are either husked in the fields or snapped
off and stored in eribs with the husks on. The practice of snappmg
corn in southern latitudes is due to the attacks of the grain moth.
When husks are left on, the damage from this insect is not so great,
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When corn is to used as silage (Fig. 136) it should be cut after
the corn is nearly mature. It will then contain the maximum
amount of nourishment and will not sour so badly in the silo.

There are several types of corn-harvesting machines. A simple
form is to have a sharp blade attached to one side or at two sides
of a sled drawn between the rows by one horse. A man on the
sled grasps the tops of the corn and draws them over onto the sled
as the knives cut them. A single knife on one side of the sled makes
it easier for the operator. A different form ot this type of har-
vester has low trunion wheels to make the draft easier.

Corn binders are much more complicated machines (Fig. 137).
They cut the corn by means of two blades between which the corn

SARALE;

F1a. 137.—This type of corn harvester cuts the crop, ties it in bundles and throws them to
one side. (Productive Farm Crops.)

is forced by traveling chains operated on revolving wheels or
pulleys in the machine. When cut, the stalks are carried by chains
to the binder itself where they are tied automatically with binder
twine. The bundles may be dropped either singly or several in
one place. The economic use of a self-binder for corn harvesting
depends upon the number of acres of corn grown by the farmer.
The expense of the machine makes the investment more doubtful.
Joint ownership among neighbors sometimes soilves this problem.

Seed Corn.—The grower should go through the field just
before the main harvest and select the ears he is to, save for seed.
This should be dried and stored in a place where mice and rats
cannot molest it. See figures 138, 139 and 140.
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F1a. 138.—Seed corn ready to hangup. (I.H.Co.)
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F1a. 139.—Seed corn may be hung on
cards in a drydplace to dry-out thoroughly.
e

Fic. 140.—Racks for drying corn in a
wholesale way are necessary when much
corn is grown for seed.. Care must be ex-
perienced to keep mice out of the room.
Plenty of air must circulate about the ears
of corn. (U.S.D. A.)

This is to be done before freezing weather
begins. (I. H. Co.)
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CORN JUDGING.—In the selecting of seed corn, attention
should be given to the points mentioned in the score card. Prac-
tice in judging by the use of the score card will greatly aid any
one in becoming proficient in the selection of seed corn at harvest
Fia. 143

Fia. 142

Fia. 142.—Corn judging exercise. Selecting the ears, (I. H. Co.)
Fia. 143.—Removing the kernels to study their character. (I. H. Co.)

time (Figs. 141, 142 and 143). The main points to consider are
yield, variety, characters, vitality, and market' condition. The
yield should count as much as the other three features combined.

F1g. 144.—A ten-ear sample of prize-winning corn. Variety, Reid’s Yellow Dent. (Agri-
culture and Life. y

Discussion has already been given regarding the improvement of
corn, selecting and storing of seed (Chapters IT and III).

Rules for Corn Judging and Explanation of Points of Score Card

Cuts.—Where the number of points to be cut is not specified, the scorer
must use his best judgment and cut each off ear according to its degree of.
variance from the standard and the value of the perfect ear.

Disqualifications.—A white cob in yellow corn or a red cob in white corn
shall disqualify the exhibit. One or more dead ears shall disqualify the
eﬁhibi(}:{ £ One or more ears having 12 or more crossed kernels shall disqualify
the exhibit.
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1. Uniformity of Exhibit. 10 Points.—All the ears in the exhibit should
be similar 1n size, shape, color, indentation size and shape of kernel, and other
characteristics (Fig. 144).

2. Shape of Ears. 10 Points.—In variety classes the shape of the ear
should conform to the variety standard. In general classes the shape of the
car should be cylindrical or nearly so; it should be full and strong in the middle
portion, and the circumference should be approximately three-quarters of the
length. The rowsof kernels should be straight and not less than 16 or more
than 22 in number.

3. Length of Ears. 10 Points.—In variety classes the length should
conform to the variety standard. In general classes the length should be
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F16. 145.—Note the poor, shoe-peg kernels at the bottom of the figure, taken from the
upper ear. The other kernels allow no vacant space at the cob. These are much better and
will score higher in a contest. (Agriculture and Life.)

10 to 11 inches in southern gections; 914 inches in northern sections; 915 to
10 inches in middle sections; for deficiencies in length, cut at the rate of
one point for each inch.

4. Color of Grain and Cob. 10 Points—The color of the grain should be
true to variety, even in shade, and free from mixture. White corn should have
white, and yellow corn, red cobs. For each mixed or crossed kernel on an ear
a cut of two-tenths of a point should be made. Varying shades of color in”
grain or cob should be cut according to the degree of variance from the standard

5. Tips of Ears. 5 Points.—The form of the tip should be regular and
not too tapering. It should be well covered with straight rows of regular ker-
nels, of uniform size and shape. Proportion of tip covered must be considered,
but irregular, shallow or small kernels may be more objectionable than un-
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covered tips. Cut one-half point for each tip exposed one inch. For irregu-
larities and lesser exposures cut from one-tenth to one-half point according to
judgment.

6. Bulls of Ears. 5 Points.—The rows of kernels should extend in regular
order over the end of the cob, leaving a depression when the shank is removed.
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F1a. 146.—Good seed corn, with small shank, deeg impression as shown at left; tip
well covered with kernels; the rows are regular and the kernels deep. (U. 8. Farmers’
Bulletin, 229.) . :

Open, swelled, expanded, flattened and pinched butts are objectionable. Cut
from one-tenth to one-half point according to judgment.

7. Kernel. (a) Shape, 10 Poinis.—In variety classes the shape of the ker-

.

Fic. 147.—The embryo of corn. In the left is a dry kernel; in the center is one with
the surface shaved away showing the germ; on the right is a kernel beginning to germinate.
(Produetive Farm Crops.)

nel should conform to the variety standard (Figs. 145 and 146). In general
classes the shape of the kernel should conform to the general standard of

rfection for your state. The tips of the kernels should be full and strong
eaving no space between them near the cob. Towards the crowns the edges
of the kernels should be so shaped as to leave merely enough space between the
rows to facilitate drying. Shrunken or pointed tips and badly rounded erowns
should be heavily cut.
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(b) Indentation. 5 Points.—The crowns of the kernels should be rather
deeply dented but not pinched or chaffy. The dent should extend evenly
across the kernel and there should be no sharp or pointed margins.

(c) Uniformity. 10 Points—Whatever the character of the kernel, it
should be uniform for each ear and throughout the exhibit.

8. Seed Condition. 15 Points.—The ears should be well matured, firm and
sound. {The germ should be uninjured, large, bright, fresh and vigorous looking.

9. Proportion of Grain to Cob. 10 Points—In variety classes the pro-
portion of grain to cob should conform to the variety standard. In general
classes it should be not less than 86 per cent. For each per cent below stand-
ard, cut the exhibit two points.

The following score card is ‘suitable for use of students as well
as corn growers (from Indiana Circular 18).

Corn Score Card
Name _6f:Variety:t =4 L S N able N0 s sra it Ao Rl

Namerof Seonents.. S Nt 2 R rES Tl Sample N R S

‘12345‘678910

1. Uniformity of
Exhibit 10

2. Shape of Ears 10

3. Length of Ears 10

4. Color of Grain

and Cob 10

5. Tfps of Ears 5

6. Butts of Ears 5
7. Kernel—

a Shape 10

b Indentation 5

¢ Uniformity 10

8. Seed Condition 15

9. Proportion of 10
Grain to Cob

ROl e i o 1o L 00
Remarks and reasons for cuts to be given below.
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FIELD AND LABORATORY EXERCISES

1. Obtain samples of corn on the cob, getting all varieties and types ob-
tainable for your state and for your neighborhood.

2. Types of Corn.—Make type studies of the several varieties of dent corn,
comparing them in number of rows to the cob, depth of kernel, and size of cob.
Which varieties seem to mature best or earliest?

3. Scoring Corn.—Compare the ears in a sample of ten with respect to
best corn to meet the requirements of the score card. This exercise should
be repeated with a number of ten-ear samples so that some accuracy and
speed may be attained in selecting and scoring corn.

4. Composition of Kernels.—Make cross sections and longitudinal sec-
tions of two kernels from each ear in corn of different types or different varie-
ties. Compare the kernels as to sizes of germs (Fig. 147), amount of flinty
matter, and amount of starchy matter in the kernels. What do these differ-
ences indicate?

5. Make similar comparisons between dent corn, flint corn, sweet corn
and pop corn.

6. Proportion of Corn to Cob.—With simple weighing apparatus make
studies of the comparative yields of corn as shown in different ears of one var-
iety or in different varieties. The proportion of corn to the cob is obtained
by weighing the corn and cob together, then shelling off the kernels into
a small paper bag. Weigh the corn and the cob separately. The percentage
of corn is expressed in its ratio to the weight of the entire ear. This may
be expressed in percentage which is obtained by dividing the weight of
the kernels alone by the weight of the entire ear. Thus ‘86 per cent means
that the kernels weigh 8 per cent as much as the entire ear. The cob in
that case would weigh 14 per cent as much as the entire ear, but this latter
percentage is seldom used. This exercise should be repeated several times
to obtain skill in estimating the proportion of corn to the ear when
scales are not available, or when time forbids theiruse. Studentsmay roughly
estimate the percentage of kernels by breaking an ear and then verifying the
estimate by weighing.

7. Selecting Seed Corn.—A group of students may go to a field of corn
and select the ears most suitable for seed. During winter seasons this prac-
tice may best be done in a corn crib. A score card may be used as a guide for
a little while, and then its points should be carried in mind and the work done
more rapidly.

8. Corn Machinery.—Visit a machine dealer’s stock and study all the
forms of corn and grain machinery, including planters, cultivators, harvesters,
shredders, and huskers. Study the advantages and disadvantages which may
be found in each machine.

9. Cost of Machinery.—Compare the cost of machinery with the average
number of years each machine will last with good care. Take into consid-
eration the cost of repairs, interest on investment, and the number of
acres on which the machine is to be used. Determine in each case
the minimum size of field or farm which will warrant the purchase of that
type of machine.
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QUESTIONS

. Enumerate the classes of corn.

How can a grower select the variety of corn best suited to his soil and
climate?

. Describe the preparation of soil and planting of eorn.

. Give suggestions and rules regarding the proper tillage of corn.

. Describe the several methods of harvesting the corn crop.

. Give the main points to be observed in the selection of seed corn.
References.—United States Farmers’ Bulletins: 81, Corn Culture in the

South; 199, Corn Growing; 229, Production of Good Seed Corn; 292, The

Cost of Filling Silos; 303, Corn Harvesting Machinery; 313, Harvesting and

Storing Corn; 317, Increasing the Productiveness of Corn; 325, Small Farms

in the Corn Belt; 400, A More Profitable Corn Planting Method; 414, Corn

Cultivation; 415, Seed Corn; 537, How to Grow an Acre of Corn; 546, How

to Manage a Corn Crop in Kentucky and West Virginia; 578, The Handling

and Feeding of Silage; 617, School Lessons on Corn; 729, Corn Culture in

the Southeastern States.
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CHAPTER XV
SMALL GRAINS

Our rural Ancestors, with little blest,

Patient of labor when the end was rest,

Indulg’d the day that hous’d their annual grain,
With feasts, and offerings, and a thankful strain.

—PoreE—Second Book of Horace.

THE grain crops are sometimes called cereals from the old
Roman name. This term usually includes corn, wheat, oats, rye,
barley, rice and buckwheat. Flax, when grown for seed, is some-
times called a grain crop, but is seldom classed as a cereal. Several
of the plants of this group,—wheat, rye, oats, barley, corn and
rice—are members of the grass family. These are true grasses
in their characteristics. The grain plants have similar culture.
They are usually sown broadcast or in drills and covered to a depth
of about one inch, depending on the texture and moisture of the
soil. The roots are fibrous and the plants usually send up several
stems, except in the case of flax, which sends up one stem from
the seed.

WHEAT

This crop has heen grown for grain since prehistoric times.
It has probably always been the leading small grain crop of the
world. Ahout four billion bushels of wheat are now annually pro-
duced in the world. Of this amount America produces about one-
fifth, and Europe produced more than one-half. The grain is
chiefly used in the form of flour as human food. The by-products,
including bran and middlings, are used as stock feed. For the
making of bread, wheat flour is used the world over. Such bread
is called “white bread” to distinguish it from bread made from
darker flours, such as barley, rye, millet and others. The dark
breads are most extensively used in certain foreign countries.
New soils are best for wheat. As wheat soils become worn out
the profit from the crop is much less and other lines of farming
are undertaken. This causes the wheat area to move on to new
sections. In more permanent forms of agriculture the crop is
grown in systematic rotations without serious reduction in yields.
Such fixed rotations for wheat are practiced in the old world and
205
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F1e. 148.—Bread wheats. Club wheat, common bearded or Turkey and beardless or vel-
vet chaff. (Productive Farm Crops.)

are now more generally practiced in America. The crop is much
better adapted to northern latitudes than corn, because it grows
quickly and endures cold.
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WHEAT
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Note the key in right
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Kinds of Wheat.—From the grower’s standpoint there are
two main types of wheat—winter wheat and spring wheat.
Commercially wheat is always classified as hard and soft. As
~ both winter and spring wheat have hard and soft varieties, two
other commercial classes are added. Subdivisions of these groups
are sometimes made (Fig. 148). The well known market types
are: Hard winter wheat, semi-hard winter wheat, soft winter
wheat, macaroni wheat, hard spring wheat, and soft spring wheat.
The map, figure 149 shows the distribution of the different types
of wheat. Winter varieties are usually grown in southern and
middle latitudes while spring wheat is grown in northern latitudes.
In humid regions wheat is usually soft, the hardness depending

»

Fi1a. 150,~Wide grain drill drawn by four heavy horses. It is well adapted to the large
farms in the grain belt. (I. H. Co.)

upon the dryness of the climate. Very hard spring wheat is grown
in the cold, dry regions of the northwest. Wheats suitable for
macaroni are the hardest varieties. Durum wheat is the leading
one of this type. Its recent introduction to America has ex-
tended the wheat growing areas farther into the semi-arid regions.
Durum wheat can be grown with less rainfall than other varieties.
In the middle latitudes both spring and winter varieties are grown,
but the winter varieties are preferable. The yield is usually high,
because the crop can make use of the winter rainfall, and harvest
will take place before the extreme dry weather of midsummer.
Winter wheat furnishes a cover for the soil for a much longer
period. Some temporary pasture is furnished to stock, and the
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work of man and teams is more evenly distributed if winter
wheat is grown in the farm rotation.

Growing the Crop.—Wheat prefers heavy soils and then
suffers much less from drought than where the soil is light.
The field should be plowed several weeks before the seed is sown.

P——

Fia. 151.—Harvesting grain with modern self-binder. (I. H. Co.)

This makes the moisture conditions better for germination. If
conditions require the plowing of the field only a short time before
planting a heavy roller should be used to hring the plowed soil
again in close contact with the lower soil. A light harrow should
always be used immediately after the roller to prevent evapora-

F1a. 152.—A Montana field. In dry climates the grain ripens rapidly and much may be lc(_st
by shelling unless the field is quickly cut. (I. H. Co.)

tion. If the plowing is done in the fall for spring wheat the soil
will become well settled and rolling is usually not necessary.

The seed should be drilled (Fig. 150) as this method gives
much better results than broadeast sowing. The depth of cover-
ing for the seed depends upon the moisture at time of drilling
and upon the texture of the soil.

14
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Wheat is almost universally harvested with self-binders (Figs.
151 and 152). The ancient method was as shown in figure 153.
The bundles are placed in small shoeks properly capped to ex-
clude the rain, and allowed to pass through a curing process.

F1a. 153.—Grain was formerly cut with a cradle. An exgert cradler could cut six to ten
acres per day. (F. A. Waugh.)

Fic. 154.—The modern thrasher removes the grain from straw and fans out the dust and
chaff. The straw is usually blown through a pipe to the stack. (I. H. Co.)

Two common practices are in vogue: (1) The grain may be
thrashed directly from the shocks without stacking. This saves
the labor of stacking, but the quality of grain is usually not so
good. (2) The grain may be placed in stacks and left for one or
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more months before thrashing. This plan usually produces better
grain and much better straw. A modern thrasher with windpipe
for blowing away the straw is shown in figure 154.

In very dry climates, where no rainfall occurs during the har-
vest seasons, combined harvesters and thrashers are sometimes
used. These large machines are drawn either by traction engines
or by twenty-five to thirty horses. They cut the grain and thrash
it at one operation. These combination machines are well suited

Fia. 155.—A ‘' Blue Sky’’ granary near Idaho Falls, Idaho—33 500 bushels of wheat from
1,300 acres in one ‘‘dry farm.” (I..H. Co 0.)

to such dry climates as the eastern parts of Oregon and Washing-
ton. In such climates the wheat may be stored in the open, as
shown in figure 155.

OATS

The second most important of the small grains, both in the
old world and in America, is oats. The crop is grown chiefly for
stock feed, the whole grain being the most popular grain for horses.
In the ground form it is used for other farm animals. For human
consumption it is extensively used in the form of breakfast food,
as rolled oats. It is now less commonly ground into oatmeal for
use in baking. The straw is the most valuable for stock of the
straws produced by the small grains,

Qats are grown extensively in the middle and northern lati-
tudes, the region extending farther north than for corn or wheat
Winter varieties are grown somewhat in the southern states. The
crop is not well suited to the semi-arid regions, except under ir-
rigation.

Growing the Crop.—Oats thrive best on a moderately rich
heavy loam, but will be more profitable than wheat if the soil is
poor or light. Fall plowing is usually practiced for heavy soils,
because the field can be seeded much earlier in the spring. The
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crop is sown in the fall in the South, and both winter and spring
varieties are used in some regions. The yield of spring oats largely
depends upon the earliness of planting. Drilling is usually pre-
ferred to broadecast sowing. It is not an uncommon practice to
sow the oat crop without previously plowing the field. After corn
or other cultivated crop the field may be disked and a crop of oats
grown with fairly good returns (Ifig. 156). In livestock farming
of the northern states and Canada oats are commonly mixed with
Canada field peas or with barley or with spring vetch. The yields
of grain are much improved by the mixing (see Figs. 93 and 94
in Chapter on Rotations).

‘F1a. 156.—Shocks of oats when well capped may remain in the field until thrashing time.
(Productive Farm C_rops.)

BARLEY

This crop has been grown by man since the early Egyptian
ages. The world’s crop at present is about one-third as great as
the wheat crop. Between six and seven million acres are annually
devoted to barley growing in the United States. The average
yield is about twenty-five bushels per acre. California and Min-
nesota each produce about one-fifth of the crop. Barley is much
grown in Wiseonsin, North Dakota and South Dakota.

The best soil is well-drained loam. Light rich loams are well
suited for barley growing. Because of its ability to endure the
so-called alkali conditions of semi-arid regions, it is grown on such
soil more than other small grains after irrigation is introduced.
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Fic. 157.—The upper photograph shows heads of six-row, four-row, and two-row barley.
The lower diagram in cross-section shows the position of spikelets in each type. Note that
in the four-row barley the lateral rows overlap, while in the two-row they are sterile. (Pro-

ductive Farm Crops.)
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Types of Barley.— There are three main types of barley,
based upon the number of rows of grain in the head—six, four, or
two rows (Fig. 157). The six-row variety is far the most common
in America. Hulless varieties of barley are sometimes preferred
to those where the hull persists, but the yield is usually less and for
this reason the hull bearing varieties are more commonly grown.
The most common varieties of barley bear beards or spears in the
head. After threshing, the beards remain in the straw and sometimes
cause irritation of the mouths of livestock feeding upon the straw.
For this reason the beardless varieties are preferable for stock.

The grain is used for both human food and stock feed, but the
bulk of the crop is often used for brewing purposes. The by-prod-
ucts from brewing are used for stock feed. They include brewers’
sprouts and grains, the latter being fed either as ‘‘dried grains”
or ‘‘wet grains.”

Hops for Brewing.—In the brewing process, hops which have
been cured properly are extensively used. Hop growers make
a specialty of producing their crop of the right quality and
curing it in perfect condition to suit the particular brewers to
whom they sell the product. Hops are grown in special districts
in all parts of the country. In some sections where the soil is
favorable, the production is very intense, and many hop growers
are found. Methods of growing hops are well described in United
States Farmers’ Bulletin 304, ‘‘Growing and Curing of Hops.”

Culture for Barley.—The barley crop is usually seeded in the
spring a little later than oats. It may be either drilled or broad-
casted at the rate of seven to eleven pecks per acre. In warm
climates the crop is started in the fall. This causes the plants to
stool out much more.

Care must be exercised to harvest the crop before it is too ripe,
chiefly to avoid discoloration. When the grain is shocked care
must be taken to avoid wetting by rain, as this may also result
in discoloring of the heads. Brewers prefer the clear grain.

RYE

Rye is of more recent origin than the other small cereals, and
was not grown by Roman farmers.

This crop may be grown throughout the wheat-growing areas
of America, but the states where it is most grown are Pennsyl-
vania, Wisconsin, Michigan, Minnesota, New York, Nehraska,
New Jersey and Illinois.
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In some countries rye is much used in bread-making, but it is
less used for human food in America. The bread is dark in color.
A few breakfast foods contain some rye. The chief use of the grain
is for the manufacture of aleohol and beverages. It is used in
combination with other grains for the feeding of hogs, horses and
other livestock.

The rye crop is much grown as a winter cover crop, and as
green manure in all parts of the country.

The flowers of the rye plant are readily cross-pollinated and
distinet varieties cannot be kept distinet as with other small grain
cereals, which are self-pollinated. For this reason improved varie-
ties are not permanent.

Culture.—Reasonably fair yields of rye may be produced on
poorer soils, as compared with wheat or oats, but the crop re-
sponds well to good treatment and rich soil. The preparation of
the soil and seeding are the same as for wheat. As a grain crop
rye is seldom started in the spring, but if spring sowing is tried it
should be very early, and more seed used because the plants will
not stool out so much. For fall seeding about five to seven pecks
of seed are used per acre. If the crop is to be used for grain only
it can be sown much later than wheat.

RICE

This crop stands fifth in the list of the world’s greatest agri-
cultural products. It has long been extensively grown in China,
India and other parts of the Old World, but its growth in this
country is quite limited. Lowland rice has been grown for two
centuries along the coastal regions of South Carolina, and has ex-
tended from there to North Carolina, Georgia and Florida. After
the Civil War the growing of lowland rice was much developed in
the river bottoms of Louisiana. A generation later upland rice
was introduced from China and Japan and was extensively grown
in the southwest part of Louisiana and eastern Texas. This sec-
tion now produces the bulk of the American product, which is es-
timated at from fifteen to twenty-five million bushels per year.

Uses of Rice.—The crop is chiefly used for human ‘food.
The husks are removed and the seed is usually polished for the
American trade, but not for use in the Old World. Unpolished
rice is better for cooking, if it can be obtained. A by-product of
rice, called ‘‘rice polish” resulting from the polishing process, is
used for livestock. Rice hulls are sometimes ground with this, but
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contain little nourishment. The mixture is often sold as rice bran,

Types.—The rice grown in America is chiefly of {two vari-
eties—Honduras and Japan. The Honduras has much grain and
tall stiff stalk. The Japanese has short grain with thick hull, and
stalk not so tall. It mills more hard rice than Honduras, partly
because the grains are less broken in hulling and polishing processes.

Culture.—In the South Carolina district, where lowland rice
is grown, .the seed is drilled in trenches about eighteen or
twenty inches apart. The trenches or furrows are flooded with
water till the seed sprouts, after which the water is drawn off until
the rice plants are several inches high. Water is again kept on
the field for ten days or two weeks, partly to kill the weeds and
partly to give the rice crop the desired moisture conditions. The
field is flooded a third time shortly before the grain is mature.
To carry out this plan it is necessary to have the flooding and
drainage conditions under control. Where a water supply is avail-
able for flooding it may be controlled by means of dams with gates,
which are opened or closed as desired.

Where upland rice is grown in Louisiana, Texas and Arkansas
the soil is prepared as for wheat and the seed is drilled with or-
dinary grain drills. Some of the upland strains of rice are not
flooded or irrigated, but where water is available it should be used.
Upland rice is also grown in drills far enough apart for cultivation
for the purpose of keeping down the weeds. Sometimes the seed
is sown with a number in a hill, the distances between hills in the
row being wide enough to allow the use of a hoe if necessary.
Where irrigation is possible the weeds may be kept in check by
this method and less cultivation and hand labor required. The
yield and quality are both improved by irrigation.

Harvesting the Crop.—Self-binders are used in the harvest
of rice on fields from which the water can be readily drained.
The shocking is carefully done to prevent damage to the heads
from rains and weather. A slow drying process is desirable. After
the grain is very hard it is thrashed with an ordinary grain thrash-
ing machine. A fair yield for irrigated rice is thirty-five to seventy
bushels per acre. A bushel of rough rice weighs forty-five pounds.

BUCKWHEAT

Buckwheat is not a true grass, but belongs to a different bo-
tanical family. Its value as grain, however, is similar to that of
‘the other cereals. It is much used for human food in the form of
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pancake flour. 1t is used in the whole or ground form for the feed-
ing of poultry, hogs and other livestock. The straw is of little
value, except for bedding and manure. The crop is often grown
to be turned under as green manure. The flowers yield much honey
and are valuable as bee pasture.

The plant is a native of the Caspian shores of Asia, but has
been grown in all civilized countries for many years. About fif-
teen or twenty million bushels of buckwheat are annually produced
in this country, more than half of this coming from New York
and Pennsylvania .

It prefers a deep black soil and a cool moist climate as the
grain matures. It is usually drilled or broadcasted in early sum-
mer after the weather is warm. This condition favors the early
growth of the young plants. The crop will mature seed in less
time than the small grains, only eight or ten weeks before frost
being necessary. The plants continue blossoming and producing
grain until frost time. The crop is then harvested. This is done
by the use of an old-fashioned reaper or a common mower. The
thrashing may be done at any time after the stems are thoroughly
dry. The grain is usually ~acked and allowed to stand in a well
aired place, as there is danger of its heating if stored in large quanti-
ties in bins before very cold weather.

[
FLAX

Flax is grown both for seed and for fibre. The plant belongs
to a distinet family from the true cereals. It bears a light blue or
purple blossom. Pollinating is chiefly carried on by insects. The
stems are somewhat branching and many flower heads are produced
at a height of about twelve to twenty inches. A long tap root is
formed, this being harvested with the plant for the best yields of
fibre. v

For the production of seed North Dakota, Minnesota and South
Dakota are the leading states of this country. Soil rich enough
to grow good corn will also produce good yields of flax. The soil
is prepared much the same as for early spring wheat, but the seed-
ing is usually done in May or a little earlier, about two to four
pecks of seed per acre being used. For the production of the best
fibre about twice as much seed is used. This prevents the plants
from branching so much. The seeding should be done with the
grain drill, but broadecasting is somewhat common. If the crop
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is intended for fibre the plants are usually pulled by hand in order
to secure the lower portion of the stem and upper part of the root.
They are tied by hand in small bundles and allowed to cure in
shocks before delivery to the fibre works. The grower may re-
move the heads before selling the stems. When the crop is grown
for flaxseed harvesting is done with self-binders and the thrashing
1nay follow after the stems are well dried. Yields are about ten
or fifteen bushels per acre.
The seeds are small, smooth and brown in color. They are of
a flattened lens shape.
| Two important products
| are obtained from the
| seeds: (a) Linseed oil,
used in painting because
of its drying properties.
(b) Linseed meal used for
| feeding livestock because
of its richness in protein.
The strueture of the seed
is shown in figure 158.
| The old process was to
simply remove the oil by
heavy pressure. This is
{ applied by means of hy-
draulic presses. Most of
| the oil is thus extracted.
| The new process is to fol-
/| low the preceding method

by removing most of the

Fia. 158.—Cross-section of flaxseed showing the A4 g o
different layers of cells: ¢, cuticle; g. mucilage cells; s. remalnder Of the oil b}

stone cells; pi, pigment cells; p. protoplasm and oil; 3 1 3 1
a, aleurone (protlzain) grains; when ‘s)oaked in water the dlSSOlVng it with ether
mucilage cells swell and form the peculiar flaxseed Qp gasohne_ The new pro-
jelly. (Productive Feeding.)
cess leaves a less propor-

tion of the oil in the linseed meal, and feeders find it necessary to
determine by which process the oil has been extracted from the meal.
Tests for the two meals are shown in figure 159. Whole flaxseed
is sometimes used either in the ground or unground condition in
feeding calves and some other stock. It also constitutes a part
of some health foods, or breakfast foods.

See chapter on Minor Fibre Crops for the treatment of flax
as a fibre crop.
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IMPLEMENTS FOR SMALL GRAIN CROPS

Grain drills put the seed in the ground much better than the
broadecast methods of planting. Less seed is required per acre to
make a good stand. There are several types of grain drills, dif-
fering chiefly in their methods of making the small trenches or
furrows in which the grain is drilled. Some do this by means of
* one or two disks for each furrow. Others open the furrow with a
‘‘shoe,” and otherswith a shovel.
Drills vary also in the distance
between rows, the common dis-
tance being four to seven inches.
The number of drills and the
width of a machine depend
upon the choice of the pur-
chaser. Some grain drills have
a fertilizer attachment and also
a box from which grass seed is
drilled at the same time that
grain is drilled.

Grain Harvesters.—The
small grains and rice are almost
universally harvested with self- i
binding machines. These ma-l f
chines cut the grain, bind it in &g
bundles of convenient size and
drop the bundles, several in one
place, ready to be put into f
shocks. The use of self-binders
in the grain belt is very common. _ _Fie. 159—The swelling test. I, old-

process oil meal; II, new-process oil meal.

Fach grower usua]]y has his In case of the former, the meal stirred in
e s water remains in suspension on standing,

own machine as the time of while the new-process meal soon settles so as
. 5 ey to leave a clear yellowish solution on top,
harvesting is very limited, but only about half the quantity of water added

two who own the same machine being absorbed. (Productive Feeding.)
may be able to use it at different times if different kinds of grain
are grown or if there is a variation in the type of soil, so that the
ripening is not simultaneous. Some farmers are willing to harvest
the grain at a much earlier stage than others. Indeed, cutting may
begin as soon as the grain is passed the ‘‘dough” stage and just
begins to harden. For fear of shrinkage at this time, many farm-
ers delay the cutting even until some of it begins to shatter.
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Grain Thrashers.—A good grain thrasher combs the heads
and thus loosens the kernels from their cases. The separator then
sifts the grain from the straw and chaff and carries it to the blower
where the cleaning is continued. Most modern thrashing machines

I_O 20 30 4 50 60 70 80 90 NUTRITIVE RATIO
COTTON-SEED MEAL T T, 1:1.2
3 iatesilS TN
LINSEED MEAL T 7 I.5
SOYBEANS T T 7 1.8
DRIED BREWERS' GRAINS I, 23
GLUTEN FEED VT 770 /////////ﬁ////////// 2.4
COwW PEAS U NN, 2
A mae] s
WHEAT BRAN U IOAIINININ 4.0
o[l |
ALFALFA HAY Y T T 43
I T [
WHEAT MIDDLINGS SN 4.6
RED CLOVER HAY < U, 59
0ATS T T T 6.2
RYE NI r/W'///////////W//////m/////////////////z 7.8
BARLEY T T 8.0
INDIAN CORN BN V// V//////////M 99
DRIED BEET PULP WWWWW/W,W%WW 1.9
TIMOTHY HAY NN, 16.2
CORN STALKS I, 236
0AT STRAW T T 383
SKIM MILK 20
COWS' MILK 38
PASTURE GRASS 45
MANGELS 49
RAPE Wz 43
TURNIPS r
CORN SILAGE 77 120

MMM PROTEIN 1222 CARBOHYDRATES AND FAT

F1c. 160.—Digestible components in common feeds (in per cent). The nutritive ratio,
given at the right, is the ratio existing between the protein (1) and the carbohydrates and
fat. (Productive Feeding.)

blow the chaff and straw out on the stack where it may be either
baled or used in the loose condition for stock feed and bedding.
If baled, it is commonly sold for use in cities, or places where grain
is not grown. i

It is common to find a thrashing machine owned by a man who
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also has a steam or gasoline engine in the form of a tractor to not
only run the thrasher, but to pull it from farm to farm. He does
the thrashing for many in his neighborhood, charging a fixed price
per bushel for the work.

Digestible Nutrients and Fertilizing Values of Grain Crops.—
The table below shows the digestible feeds and also the fertilizer
ingredients in corn, cereal grains, their by-products, and the
several forms of roughage obtained from these crops (see also
Fig. 160).

Dlgestlx(l))(ljel;l:;:‘rts o Fertility in 1,000 lbs.
Da,er |
ame of feed L) arbohy- ;
3 3 "i"blsoo Pro- Cdrlg.?.esy Nitro- Phb:g}(;onc Potash
tein >((-gf2ag,) gen (N) (P:0) (K:20)
|

T i e X SR 89.2 8.4 68.9 19.2 7.9 4.8
Brewers’ grains (dried) 91.3 20.0 45.7 40.0 16.1 2.0
Brewers’ grains (wet) 23.0 49 11.3 10.7 4.2 0.5
Malt Sprouts. ... 90.5 20.3 49.2 42.1 174 19.9
Buckwheat.......... 86.6 8.1 53.6 17.3° 6.9 3.0
Buckwheat bran. . ... 91.8 5.9 38.5 20.2 4.2 12.7
Buckwheat flour. . . .. ’ 85.4 5.9 65.7 11.0 6.8 3.4
Buckwheat hulls. . ...| 86.8 1.2 29.7 7.3 4.3 14.7
Buckwheat middlings | 87.2 2247, 51.2 42.7 12.3 114
@ornidenti i - 89.4 7.8 76.5 16.5 7.1 5.7
GOonNSHIRY T -1 s 1 2 88.7 8.0 75.9 16.8 7.1 5.7
Corn, sweet.......... | 912 8.8 79.5 18.6 7.1 O
Corn ensilage........ | 26.4 14 15.7 4.3 1.1 817
Corn fodder, green. . . } 20.7 1.0 12.8 2.9 141 3.9
Cornmeal (all)....... 85.0 6.7 72.2 14.7 6.3 4.7
Corn stalks with ears. | 57.8 2.5 373 7.2 54 8.9
Corn stalks without

G IR T 9951 = 1.4 32.7 6.1 3.8 10.9
Corn and cob meal. ..l 84.9 4.4 66.5 13.6 5.7 4.7
(COTNRDTAN e b ' 90.6 6.0 63.3 17.9 10.1 6.2
Corn germ oil meal ..., 91.4 15.8 63.1 34.7 3.9 2.1
Corn gluten meal....., 90.5 29.7 56.2 54.8 3.3 0.5
Corn hominy feed :

(corn hearts)....... 90.4 6.8 77.2 16.8 9.8 4.9
Corn dried distillers’

graAnee s S T L 92.4 22.8 65.8 49.9 6.0 1.7
Flaxiseed' .z 0., 90.8 20.6 824 36.2 13.9 10.3
Linseed mez! (old

Process)........... 90.2 30.2 47.5 54.2 16.6 13.7
Linseed meal (new

Process) ........... 91.0 31.5 41.1 60.0 174 134

SR TS ey ST i 89.6 10.7 58.7 18.2 7.8 4.8
DATTA . 5o e 86.0 4.7 40.5 14.2 6.7 25.4
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Digestible Nutrients and Fertilizing Values of Grain Crops— Continued.

B Digseiible batimin Fertility in 1,000 Ibs.
Name of fe paabicy - .
v in100 | pro. Pt Y Phosphoric| potash
tein )(<—§f2&5t) gen (N) (P:0s) (K20)

Oathulls®. St o 92.6 1.3 39.9 5.3 1.6 4.9
Oat meal.. ... PR 92.1 11.9 80.2 23.5 T ks
Oat middlings........ 91.2 13.1 69.3 25.9 DDES) 15.3
Oat and pea hay..... 89.5 7.6 44.9 16.5 6.1 18.1
OatStEaw: 15 o o5 ot 90.8 1.3 41.3 58 3.0 17.7
R R A e S S A A e 87.6 6.4 80.1 11.8 1.8 0.9
Rieetbrant, ot 90.3 7.6 54.2 19.0 2.9 2.4
Riceshullsd " = v 91.2 0.3 20.1 5.1 1.7 1.4
Ricemeal........... 89.8 7.4 75.1 19.2 N e
Rice polish. ......... 89.2 7.9 70.5 19.0 26.7 el
)R e M e oA 91.3 9.5 72.1 18.1 8.6 5.8
Ryebran............ 88.4 11.2 50.9 23.3 22.8 14.0
JUvesflouns 5 % A7 o 86.9 5.6 73.3 10.7 8.2 6.5
Rye middlings. ...... 88.2 11.0 58.8 22.9 12.3 9.6
Rye straw........... 92.9 0.7 40.5 5.0 2.5 8.6
Weheats o S0 89.5 8.8 70.8 19.0 5.5 8.7
Wheat bran (winter) 88.5 12.1 43.4 25.1 26.9 15.2
Wheat—high grade

ITONTE R AR - PR 87.6 10.6 67.4 19.2 5.7 5.4
Wheat—red dog flour | 90.1 16.2 64.7 29.4 SN oy
Wheat middlings

(shorts)........... 88.8 13.0 55.8 27.0 26.3 15.3
Wheat straw

(roughage)........ 90.4 0.8 44.2 5.0 2.2 6.3
Wheat screenings. ... . 88.4 9.6 52.5 20.0 11.7 8.4

|
|

FIELD AND LABORATORY EXERCISES

1. Withstanding the Winter.—In regions where several kinds of winter
grains are sown in the fall, compare the different varieties or kinds of grain
with respect to climate-endurance. Which are injured during heaving by
frost? Which produce the best winter pasturage? What relation exists be-
tween the date of sowing and the value as pasturage?

2. Fighting Hessian Fly.—In regions where Hessian fly is sometimes in-
jurious, compare the damage done on different fields under early and late
sowing of the fall crop. Observe the damage where cleaning up of hedge-rows
and fence-rows is practiced, and where volunteer grain is kept down until
late planting time. Compare these with other fields where such methods are
not, practiced. 2

3. Varieties of Barley.—Collect samples of different types of barley, and
make laboratory studies of these.

4. Samples of different varieties of wheat and oats should be collected in
the ripe stage of unthrashed grain, and also get thrashed grain samples. Note
the differences in color of grain, forms of head, proportion of grain to weight
of the grain and straw.
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5. Variation in Yields.—In a field of growing grain just before harvesting,
or in grain shocks after harvesting, select the stalks which show the largest
proportion of grain. What improvement, if any, could be made by planting
grain from such heads instead of the others?

QUESTIONS

. In what ways are the small grains alike in their culture?

. Discuss the adaptation of different soils to wheat growing.

What are the chief kinds of wheat grown for market?

Give the details for growing the crop.

Compare the straw of the four cereal grains as to feed value.

Describe the growing of oats.

Give the different types of barley.

. Why are there fewer varieties of rye than of the other cereals?

. Compare the growing of rice by the upland and the lowland methods.
. Describe the culture of buckwheat.

References.—United States Farmers’ Bulletins: 139, Emmer: A Grain for
Semiarid Regions; 304, Growing and Curing Hops; 322, Milo as a Dry-land
Crop; 395, Sixty Day and Kherson Oats; 399, Irrigation of Grain; 417, Rice
Culture; 420, Oats: Distribution and Uses; 424, Oats: Growing the Crop;
427, Barley Culture in the Southern States; 436, Winter Oats for the South;
443, Barley: Growing the Crop; 448, Better Grain-sorghum Crops; 466,
Winter Emmer; 518, Winter Barley; 534, Durum Wheat; 596, The Culture
of Winter Wheat in Eastern Half of the U. S.; 616, Winter-wheat Varieties
for the Eastern U. 8.; 678, Growing Hard Spring Wheat; 680, Varieties of
i{ard Spring Wheat; 704, Grain Farming in Corn Belt, with livestock as side

ine.

N. J. Exp. Sta. Circ. 51, Diseases of Grains and Forage Crops. The Cereals
in America, Hunt, Orange Judd Co., N. Y. Examining and Grading Grains,
Lyon and Montgomery, Ginn & Co., Boston. The Small Grains, Carleton,
Macmillan, N. Y. Field Crops, Wilson and Warburton, Webb Pub. Co., St.
Paul. Southern Field Crops, Duggar, Macmillan, N. Y
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CHAPTER XVI
POTATOES

Let me be no assistant for a state,
But keep a farm, and carters.—SHAKESPEARE.

UNDER the term potatoes are usually included two very distinet
crops, Irish potatoes and sweet potatoes. These are not at all
similar except that each is the fleshy store of food of a plant. The
Irish potato is a true underground stem with ‘‘eyes” or true
buds. It belongs to the nightshade family which also includes the
tomato, tobacco, Jimson weed, and other economic plants. The
sweet potato belongs to the morning-glory family. The part used
for food is a true root, having no real buds.

WHITE OR IRISH POTATO

This erop, commonly known as Irish potatoes, because it is
grown extensively in Ireland, really originated in America. It is
native of the valleys of Peru and was introduced from Peru to
Europe ahout 1542. It is grown in nearly all countries of the
world and leads all other agricultural crops of the world in tonnage.
The leading countries in potato growing are in this order: Ger-
many, European Russia, Austria-Hungary, France, United
States and United Kingdom. The average yields per acre in these
countries range from about two hundred'bushels in Germany to
only ninety-two bushels in this country.

The eight leading states in the production of potatoes are:
New York, Michigan, Wisconsin, Maine, Pennsylvania, Minne-
sota, Ohio, and Iowa. Maine leads all others in the number of
bushels per acre.

Varieties.—There are a number of distinet types and varieties
of potatoes. Many of the variety names are synonyms, being
given by seedsmen to old forms to attract a new attention to them.
The different types of potatoes grown under same conditions of
soil and climate are easily distinguished; but any one type may
vary so much under different conditions of growth as to appear as
a different variety in different places. Soil and climate cause
great variation in the form, texture and growth of the tubers.

The chief differences among the types or varieties of potatoes

224
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are the depth of eyes, the shape of tubers, the color of skin and
flesh, and period required for maturing the crop. Farmers most
commonly classify potateces as early or late.

Common early varieties in order of earliness are: Early Rose,
Early Ohio, Triumph and Irish Cobbler. The time for producing
potatoes with these varieties varies from sixty to one hundred
days. Early potatoes are usually harvested and marketed as
soon as they are large enough—not always waiting for them to be
thoroughly mature. Late potatoes are allowed to remain in the
ground until they are thoroughly mature. They will keep much
better and may be stored and sold, or used much later. So-called
late varieties would include Rural New Yorker, Burbank, Sir
Walter Raleigh, and Carman No. 3. Green Mountain is a variety
which will keep fairly well and is usually considered of the late
type. It will produce a crop in about one hundred days. Other
late varieties mentioned usually require a little longer.

The keeping quality of potatoes depends not only upon the
variety, but also upon the maturity of the crop and season of
harvesting. Early varieties may be grown late in the season, and
keep well for winter and spring use. The late grown crop is often
called the second crop, but it is seldom grown on the same field
where the first crop was harvested. Two crops of potatoes in one
season are frequently grown in southern latitudes.

In the selection of varieties for market purposes a study
should be made of the market requirements. Potatoes of white
flesh and white skin usually bring a better price than the red
varieties. The tubers should be smooth—not rough; the eye
should be shallow—not deep; the tubers should be round and
somewhat flat, rather than long or irregular. In size they should
not be too large nor too small. Those of medium size are always
preferred. 1

Soils and Fertilizers.—Rich sandy loams produce a better
quality of potatoes than heavier soils. Early potatoes are not
quickly produced on heavy soils, but late varieties may be grown
on clay loams if there be plenty of organic matter present. Po-
tato soils ean usually be much improved by the use of green manure.
The heavier soils are also much benefited by drainage. The use
of barnyard manure will help to increase the amount of humus
present, but it should be applied on the field for the preceding crop
in the rotation, as fresh manure upon potato soils increases the
development of the disease known as potato scab. For early

15
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potatoes an annual rotation is possible. As soon as the early crop
is harvested a winter cover crop is started. This is turned under
as green manure before planting the next crop of potatoes in the
spring. For late potatoes, which may occupy the ground until
nearly freezing time, a longer rotation is necessary.

The growth of potatoes without commercial fertilizers is very
successfully carried on if an annual crop of green manure is plowed
under and barnyard manure is liberally used. When these con-
ditions are not secured commercial fertilizer may be profitably
used. This is practically true for the growth of early potatoes.
For such a crop on a good sandy loam, growers often use as much
as 800 to 1200 pounds per acre of the following mixture: Nitrate
of soda, 100 pounds; sulfate of ammonia, 100; bone tankage, 100;
acid phosphate, 500; and sulfate or muriate of potash, 200. This
mixture has a formula of about 4:8:10. If green manure and some
barnyard manure are used the chief fertilizer to be purchased
would be acid phosphate, or rock phospha,te

The use of lime on potato soils is not to be recommended. If
it be applied the year that the potato crop is grown it is likely to
cause a development of the scab disease.

Preparation of Soil.—Potatoes prefer a loose, open soil, and
to secure this it is common to plow the field in the spring not
long before time for planting. The plowing should be as deep
as possible without turning up too much of the poor subsoil.
Deep tillage disk plows prepare the soil well by thoroughly mix-
ing all parts together. Deep plowing is always better suited to
rich soils. If an ordinary turning plow is used the ground should
be disked before planting. This treatment is also beneficial when
the field has been plowed the preceding fall. After this a smooth-
ing harrow may be used.

Seed Potatoes.—Much attention should be given by potato
growers to the matter of good tubers for seed. In Chapter
IIT the hill-row method of improving the yield is described.
Southern growers often buy seed potatoes from northern states.
This is because the southern-grown seed has a tendency to ‘‘run
out,” and the yield is often less than with northern-grown
potatoes. Many carloads of seed are shipped to the South from
Minnesota, Wisconsin, Michigan, Maine and New York. Another
causc for using northern-grown seed is the inability to store seed
potatoes from one season until the next. Storage companies take
advantage of this and are able to buy southern-grown potatoes,
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store them and sell them to growers for seed the next spring at
greatly advanced prices.

It is the most common practice to cut seed potatoes into small
pieces, each bearing one or two eyes, but experiments have been
tried with larger pieces, and have proved the plan to be more
successful. See Figure 161 for method of sprouting tubers in light.
In all regions where potato scab disease is serious the seed potatoes
should be treated with formalin solution, either before or after
cutting. Use one pound of full strength formalin liquid to 32
gallons of water and soak the seed for two hours. -

. The tendency of seed potatoes to sprout as spring approaches

— ey

F1g. 161.—Comparing tubers sprouted in strong light and in darkness. Both tubers
were taken from same lot and germinated for 30 days. The one on left in greenhouse in
strong light} the one on right in dark chamber. Note long, weak sprouts, and shrunken
tuber due to germinating in dark. Strong light *“greens’ the tuber and prevents shrinkage
to a large degree. (Productive Farm Crops.)

may result in weakening the seed if the sprouts are long enough
to be broken off. If the potatoes are kept in a cold place this may
be prevented. This tendency to sprout is sometimes made use of
by growers. After the potatoes are cut and treated they are
placed on the floor of a light room where short, strong, green buds,
or leaf clusters, will develop in a few days. This produces a more
vigorous growth as soon as the potatoes are planted.

Planting.—The usual method of planting potatoes is in rows
thirty to forty-two inches apart, and the seed pieces are drilled
about twelve to eighteen inches apart, in the rows.
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Machine planters are of several types (Fig. 162). These
differ chiefly in their method of distributing the pieces of seed.
A good machine will open the furrow, distribute the seed pieces as
desired, spread some fertilizer in such a way as to not bring it
in contact with the seed, and will cover the row to any depth
desired. Such a machine is drawn by one team and can be operated
by one man, but in some types of planters he is assisted by an
active boy who helps in the even distribution of the pieces of
seed. ¢

The depth of covering varies considerably, due to custom,
kind of soil and method of cultivation. Potatoes will sprout
- readily in light soil when covered
10 a depth of four or five inches.
If the soil is heavy and the sea-
son is wet they should be cov-
ered much less.

When machine planters are
not used the rows are usually
opened by the use of a plow and
* the seed is dropped by hand.
The covering may be done either
by harrow, drag, plow, or by the
use of hoes.

Cultivating the Crop.—There
are two chief methods of cul-
tivating potatoes: Level culture

oo L eeE R AL and the ridging method.

170 taon 1o operaie 1 ona Srives theweam  Level culture is best suited
apdthe other dbtriputes the potatoet inthe o Jight; soils and to dry seasons.
(Bateman Mfg. Co.) In either method the harrow
may be used over the field after planting is done, and may be
continued during the sprouting and early growth of the plants
until the vines begin to spread or lie down. The cultivator is
then used between the rows. Frequent cultivation to prevent the
crusting of the ground is more important with this crop than with
corn or cotton, because the crop cannot develop unless the ground
be kept mellow and the supply of moisture is saved. If the ground
is heavy and has become packed, some very deep cultivating is
usually practiced to advantage before the roots have reached far
into the middles. After that shallow tillage is necessary.

Ridging is most common for early potatoes, but is sometimes
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practiced on the late crop. It is well suited to wet seasons, as
much loose soil is thrown up to the row in which the tubers may
develop without growing into the deep soil when there is too
much water. Ridging is done by use of cultivators so adjusted
as to throw the soil toward the row a little at each cultivation.
Extreme ridging is not commonly practiced in most sections.
Where conditions are favorable level culture usually brings larger
yields. : '

Irrigation is practiced with profit in the growing of potatoes.
The crop requires much water. In dry seasons potatoes suffer
for lack of enough soil moisture and the yield is greatly reduced.
Where irrigation is practiced,
even in humid climates, the
potato yield may be enor-
mously increased. Two
methods are well suited to |
this crop: (1) Furrows are 5%
run between the rows and
the water from the head ditch
or head furrow is let into the ;
row furrows until the ground
is saturated. (2) The over- ¥
head pipe system is used to }
a considerable extent. ,

Spraying.—In all parts of &&
the country where potatoes
are grown commercially, !
spraying is necessary to con-

Fi1G. 163.—Where potatoes are grown abund-
tI‘Ol the potato beetles. The antly machines drawn by horses are used forudnig-

beetles feed upon the plants Fing. -SBASHRAN W00

and are readily killed by such poisons as Paris green, arsenate of
lead and arsenite of soda. Arsenite of zinc is also used. Paris
green is used in either the form of a spray or as a dust. In the
latter form it is diluted by being mixed with ashes or lime and the
mixture is dusted upon the plants when they are wet with dew.
A spray mixture is prepared by mixing from eight ounces to one
pound in fifty gallons of water. Strong solutions are usually
injurious to the plants. The addition of one-half pound or one
pound of lime to this mixture will help to hold the poison on the
plants, will help mark the area sprayed, and will help to prevent
injury to the plants by the arsenic.
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Arsenate of lead is commonly put up in paste form so that it
will more readily mix with water. Two or three pounds of this
poison may be mixed with fifty gallons of water for spraying

Fia. 164.—Potato harvest where large areas are grown for market. The machine
digger leaves the tubers in rows on the top of the soil. They are then picked in boxes or
barrels to be hauled to market or storage. (U.S. D. A))

In regions where late potato blight is likely to be injurious to
the erop the damage may be prevented by the use of either Bor-
deaux mixture of lime-sulfur with either of these poisons. For

F1a. 165.—This siméle potato digger has several tines instead of a moldboard, allowing the
soil to fall through but keeping the potatoes on top. (New Jersey Station.)

this purpose the amount of water mentioned above may be re-

placed with the same amount of Bordeaux mixture or lime-sulfur

mixture. The formula for Bordeaux mixture to be used on pota-

toes is five pounds of copper sulfate and five to six pounds of freshly
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burned lime to fifty gallons of water. (See chapter on Control of
Insects and Diseases.)

Fighting potato beetles must begin early. As soon as the old
beetles appear they may be destroyed before the eggs are deposited.
As soon as the eggs hatch the voung begin feeding and poison
must be kept upon the plants until the erop is produced, or until
the insects are destroyed. The frequency of spraying depends
upon whether the poison is washed off or not, but after the vines
produce much new growth this must be covered with the poison.

Harvesting.—On large commercial plantations potatoes are
dug with machines. There are several types of diggers. The
best machines lift the potatoes and soil over a carrier, which travels
above the axle of the machine and leaves the tubers in a row
behind (Figs. 163 and 164). The soil is separated from the potatoes
as they move backward. These machines are very successful and
save much hand labor. Small areas of potatoes are commonly
harvested by the use of hand diggers. An inexpensive plow-digger
is shown in figure 165.

Scoring Potatoes.—Judging potatoes is a good exercise for
students. Nothing else will call such close attention to the char-
acters of the different varieties as this. The score card used by
the growers near Greeley, Colorado, is as follows:

Too large, cut 2
Too small, cut 12
Not even, cut 6
T T e B S T T Al Rt SR L ST S Yo N 60
Not bright, cut 10
Dirty, cut 10
Scabby or wormy, cut 40
B TR & 1 1 i R Ry R LN R W R0 ST AT 10
(BITAST o o o Ry N E P BRI A s e 5.t S L | g B 10
Unsound, cut 5
Brittle or spongy, cut 5

SWEET POTATOES

As a market crop sweet potato growing is rapidly gaining
in importance in this country. It is a crop well suited to warm
climates and commercial fields are found throughout the southern
states. For home use it is also grown to more limited extent in
all northern states.
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Varieties.—The so-called ‘‘yam” of the South has sweeter
and softer flesh than the “Jersey sweets.” The true yam is a trop-
ical plant quite different from the sweet potato of this country.

Common varieties of the soft, sweet type are Dooley, Southern
Queen and Georgia. Popular varieties of the firm Jersey type
are Nansemon, Big Stem and Red Jersey. Markets favor certain
varieties and the klnd grown should be suited to the particular
market for which the crop is grown.

Soils and Fertilizers. —Light sandy soils are well suited
to the sweet potato. 1f the soil is very loose and open, and
the subsoil is heavy so the moisture will be retained, the condi-
tions will favor a good crop. Too much organic matter in the soil
tends to develop the vines at the expense of the roots. For this

F1a. 166.—Bedding sweet potatoes under sash in early spring to produce the plants for
setting in open fields much later. (New Jersey Station.)

reason the use of green manure and barnyard manure on sweet

potato fields should be very limited unless the soil is very deficient

in humus. Crimson Clover is often grown in rotation with and

used as green manure for sweet potatoes.

It is well to use commercial fertilizers in growing sweet pota-
toes. From five hundred to eight hundred pounds per acre of the
following mixture is recommended: Tankage, 300 pounds, dried
blood, 100 pounds, acid phosphate, 400 pounds, and muriate of pot-
ash, 200 pounds. This should have a formula of about 215: 9:10.

Preparation of Soil.—Sweet potato fields should be plowed long
enough before planting to allow the soil to settle. After plowing
it may be harrowed several times to help sprout the weed seed,
warm the soil and thoroughly aerate it. If the soil is well drained
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level culture may be practiced, if the soil is in good tilth. The
ridge method of culture is suitable to land having a very heavy
subsoil, or otherwise not well drained; it is more expensive than
level culture. In the level method of planting the rows are two
to two and one-half feet apart, and the plants about the same dis-
tance apart in the rows, and they may be set in rows both ways
to allow of cultivation in both directions while the plants are

Fig. 167 Fia. 168

F1a. 167.—Sweet potato plants when pulled from the bed will vary greatly in size and vigor,
The best should be selected for setting in the field. (New Jersey Station.)

F16. 168.—Short stems and many leaves, as shown at the right, are the result of keeping
the plants pulled from the seed bed as fast as they develop. The small plant at left is not
desirable. (New Jersey Station.)
small. If the ridge method is to be used two or more furrows are
thrown together with a turning plow, forming ridges about four
feet apart. After the ridges settle the plants may be set. If only
slight ridges are desired the work of the plow is followed by the
harrow before the plants are set. The harrow will reduce the height
of the ridges. Slight ridging or level culture is best for dry sea-
sons. When the plants are set in the ridges a distance of about
eighteen inches is left between plants in each row.
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Propagating the Plants.—The plants are started by sprouting
the potatoes in beds or by cuttings from the vines. Bedding
the potatoes is shown in figure 166. The seed potatoes are
seldom planted in the field, as in the case of Irish potatoes.
Hot-beds for starting the plants for small fields are heated with
fresh horse manure. About twelve inches of manure should be
well tramped down. The fermenting manure is covered with a
few inches of fresh sandy loam; then the roots are placed as shown -
in the figure. The roots are then covered with about three inches

Prrtus “k/’. \)A\(" LY R ey % 3 R 5 WL

Fra. 169.—Sweet potato bed where the young plants are grown from the seed-potatoes
before setting in the field. (New Jersey Station.)

of fresh sand, or loose loam. The temperature is carefully watched

and when it reaches about 80 degrees F., it is kept at 80 to 85

until a short time before pulling out the plants; then it is lowered

to about 60 degrees.

Fach potato sends up many shoots, as shown in figure 44.
The first plants, when six or eight inches high, may be pulled out
and others will continue to grow and refill the bed (Figs. 167 and
168). A bushel of good roots will furnish about two thousand
plants of the first growth, but several times this many may be
taken from the bed later if desired (Fig. 169).
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When very large fields are to be set the plants are often started
in extensive beds heated with fuel. A long trench is dug in the
ground about three feet deep. At one end a fire-place is con-
structed and a smoke pipe leads from this the entire length of the
trench, where it rises like a e¢himney. The beds are constructed
above this in sueh a way as to reeeive all the heat from the fire-
place and pipe. Loose hoards may serve as the floor for the beds,
and heat will thus be supplied from below.

As the young plants are pulled from the beds they are bunched
and sometimes puddled by dipping the roots in thin mud. This
prevents much loss and causes the plants to start more promptly
when set in the fields.

Setting the Plants.—When enough plants are ready to
begin setting and when the weather conditions are favorable
for starting a quick growth of the plants, the field is marked with
special markers. In the ridge method, the place for each plant
on the ridge may be marked by the use of a light roller, on the
surface of which are fastened strips at a distance of about eighteen
inches. As the roller turns on the surface of the soil the strips
will mark lines across two ridges at a time. The horse drawing
this light marker walks between two ridges. More commonly the
plants are set on the ridges without such marks. In the level
method of planting, the rows may be marked by using a drag or
rake marker having either prongs or runners at suitable distances
to mark the rows. Such a marker may be used to lay off the field
in squares, if the plants are to be in rows both ways.

Planting is done either by hand or by machine transplanters.
The latter are used for large plantations and do satisfactory work.
The machine is drawn by one team and may be operated by a
driver and one or two men or boys to place the plants in the set-
ting pockets. These machines will mark the rows, open the soil,
set the plants and water them. No marking of the field is required
when machine planters are to be used.

Setting by hand is much slower and a far more expensive pro-
cess. Boys are often used to distribute the plants along the rows
so that the men setting the plants in the soil earry only their hand
dibbers or other tools.

Cultivation.—The cultivation does not need to be deep, if
the soil is light and well suited to sweet potatoes. Frequent
shallow eultivating is the general rule. If a strip of land was left
between the ridges in the preparation of the field this is broken by
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a sweep or middle-buster, similar to that used in cotton fields.
Small-tooth cultivators are used on the sides of the ridges very
near the plants until the vines run and nearly cover the ridges.
When the plants are in rows only one way, in the ridge method,
it is necessary to use hand hoes to keep the field free from weeds.
The great expense of this method has caused some large growers
to abandon the ridge method so that horse tools can largely
displace the. hand hoeing. When cultivation must be stopped
because of the growth of the vines, the field is ‘‘laid by.” In this
process considerable soil is moved from the middles toward the
rows, whether they have been in ridges or not. This will destroy
many of the small weeds at that time and the growth of the plants
will aid in keeping down future growth of weeds.

Digging.—The crop must be harvested before severe frost,
as the killing of ,the vines by freezing may also injure the potatoes.
Some delay may be allowed by cutting the vines and digging the
roots later. If the vines are not first removed before the roots
are plowed out two rolling coulters on the beam of the plow are
used to cut the vines. A turning plow covers the vines and leaves
the potatoes somewhat on top of the soil. In the plowing, pick-
ing and handling of sweet potatoes much care must be exercised
to avoid bruising, as this will greatly injure their keeping qualities.
The potatoes are usually graded at sorting sheds or store houses,
rather than in the field as they are picked up.

Storage of Sweet Potatoes.—Early sweet potatoes are pro-
duced in southern fields for northern markets. They are
usually sold as soon as harvested. If they are to be kept some
time careful storage is necessary. Well ventilated buildings or
pits supplied with heat are planned for this purpose. The roots
should pass through a curing process, known as ‘‘sweating,” at a
temperature of perhaps 85 or 90 degrees F. A few weeks later
after the curing process is completed the temperature is gradually
lowered to about 60 degrees, or a little less. If the ventilation is
good the potatoes may be held at this temperature for several
months. 2

Diseases.—Black-rot is the worst disease of the sweet potato
plant. It is first noticed in the shriveled condition of the terminal
buds of the plants. It may also be seen as small black spots on
the roots. After the potatoes are formed the disease appears on
their surface in brown patches, becoming darker at the centre of
each patch. The disease may first be noticed at- digging time, or
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perhaps not until spring when roots are being selected for bedding
purposes.

Stem-rot is often a serious disease of the plants. This causes
the plants to die, beginning near the surface of the ground. As
the disease works itself along the stems it may cause the death of
the plant and also a rotting of the potatoes. The disease is very
injurious and much damage is caused in any field where it becomes
well established.

The best remedy for both of these diseases is rotation of crops.
When a disease has been found to exist in the soil sweet potatoes
should not be grown again until several other erops have intervened.

FIELD AND LABORATORY EXERCISES

1. Potato Growing Competition.—A good home project is to grow potatoes
by the hill-row method as described in chapter IV. A competition may be
started to see who can obtain the largest yield by this method or who can
make the greatest increase in yield per hill.

2. Preventing Potato Scab.—Before planting time, methods of treating
the seed for scab should be practiced, using potatoes which are evidently af-
fected with the disease. Let some be planted without the treatment and some
with. Then compare the yields on these plots as to freedom from scab.

3. Prepare seed potatoes in three different ways for planting: (2) Cut
each piece to have only two eyes. (b) Cut each piece to have four eyes, or
this plot may have whole potatoes if small. (¢) Use whole potatoes of about
four ounces each. Plant each lot of potatoes separately, and at the end of the
season calculate the differences in yield, and compare the yields with the weight
of potatoes used for seed in cach case.

4. Compare the different methods of plantm%l as used in your region.
Which methods are best suited for gardens? Which for large fields?

5. The depth of planting should be tested by starting the crop at different
depths, as two inches, four inches and six inches. What advantages do you
find of one method over another?

6. Methods of Tillage.—In a field or garden where the conditions are
uniform, cultivate®a few rows by very deep tillage, and the remainder by fre-
quent shallow tillage. Compare the results and give your conclusions.

7. Irrigation for Potatoes.—Plot experiments may be conducted to show
the benefits of irrigation. Does the potato crop need a large supply of water?

8. Methods of spraying as practiced by growers should be studied if pos-
sible during the spraying season. What size of machine would you choose
for a five-acre field? What size for a small home garden?

9. Different varieties of sweet:potatoes and of Irish potatoes should be
collected and studied in the laboratory. The advantages claimed by growers
for each variety may be considered in this connection.

10. Fertilizer Tests.—Grow both sweet potatoes and Irish potatoes in
plots, using different fertilizers in each case. The value of different fertilizers
for each kind of potatoes may thus be learned.

11. Starting Sweet Potato Plants.—Make a bed for starting sweet potato
plants. Care for it by the best methods until the plants are grown, pulled and
set in the field. Study among growers the different methods of setting plants,
and the different methods of preparing the ground for the plants. Give argu-
ments for the different degrees of enriching and explain the suitability of these
different degrees to different soils.
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12. Storing Sweet Potatoes.—If sweet potatoes are stored by dealers or

growers, study the different methods in use and formulate, if possible, any
fixed rule or method practiced by different ones.

QUESTIONS

1. In what ways do the varieties of Irish potatoes differ from each other?
2. Describe the soils best suited to the Irish potato, and tell what fertilizers

3.

ol S v

are usually needed.

Give directions regarding the preparation of soil and preparation of seed
for planting.

. What are the common practices regarding methods of planting Irish pota-

toes in your section?

. What kind of machines and what methods of cultivation are most prac-

ticed in the potato growing districts nearest you?

. What are the two chief enemies which require the spraying of Irish pota-

toes and what materials are used for them?

. Give methods of harvesting Irish potatoes.
. Mention some different types and varieties of sweet potatoes and compare

them in qualities.

. What kinds of soil are best suited to the growing of sweet potatoes?
. Describe the special preparation of soil for sweet potatoes. How are the

plants propagated?

. Describe the setting of the field.
. What is the common practice regarding cultivation of sweet potatoes

where you have seen 1t?

. When and how is the crop harvested?
. Give directions regarding the storage of sweet potatoes.
. What is said regarding control of black rot and stem rot?

References.—United States Farmers’ Bulletins: 295, Potatoes and Other

Root Crops as Food; 324, Sweet Potatoes; 342, Potato Breeding; 365, Farm
Management in Northern Potato-Growing Sections; 386, Potato Culture on
Irrigated Farms of the West; 407, The Potato as a Truck Crop; 533, Good
Seed Potatoes and How to Produce Them; 544, Potato-tuber Diseases; 557,
The Potato Tuber Moth; 598, Storing and Marketing Sweet Potatoes.

Cornell Bulletin: 350, Potato Scab and Sulphur Disinfection. R. I. Exp.

Sta., Bul. iii, Potatoes, Wash. Bul. 94, Potatoes, Test of Varieties.



CHAPTER XVII
SUGAR BEETS AND OTHER ROOT CROPS

THE growth of sugar beets on a commereial scale in the northern
states is of recent origin. The crop is grown chiefly in northern
or cool latitudes. The leading states in the growth of this crop
are Colorado, California, Michigan, Utah, Idaho and Wisconsin.
More than a billion pounds of sugar are annually produced from
beets in the United States. The area devoted to sugar beets is
unlimited and will probably continue to increase.

Relationships.—The sugar beet belongs to the same species
as garden beets and mangel-wurzels. It is really an improved
form of the latter. Much improvement was made in beets
containing sugar about the year 1800 when the sugar supply from
warm climates was cut off from Europe. During the Napoleonic
wars further improvements were made by careful selection and
the percentage of sugar was increased from about five per cent
to fifteen per cent. The true sugar beet is white, while mangel-
wurzels vary greatly in color. The latter grows with the fleshy
root far out of the ground, while the sugar beet grows chiefly under-
ground, the part extending above ground being very poor for
sugar making. This makes sugar beets more difficult to harvest.
Mangels are usually two or three times as heavy as sugar beet
roots. The latter should weigh about one or one and one-half
pounds. Mangels may contain five or six per cent of sugar, but
the true sugar beet will average about fifteen to eighteen per cent
sugar. Records of fields averaging twenty per cent in sugar
content are not uncommon. Beet sugar factories usually buy
the beets from the grower according to the tonnage, and sugar
analysis. Samples of the crop are analyzed for sugar before
payment is made. Yields containing a high percentage of sugar
are, therefore, most profitable.

Soils and Fertilizers.—The best soil for beets grown under
irrigation is sandy loam, but in humid climates, where the crop
is grown without irrigation, medium or heavy clay loams are
better, because of their moisture-holding capacity. If the crop
is grown on soils containing too much organic matter a surplus
growth of leaves is produced at the expense of the roots. Com-

: 239
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mercial fertilizers are used, particularly where barnyard manure
is not available. The fertilizer should be composed chiefly of
phosphate—200 to 300 pounds per acre of acid phosphate may be
used. If suitable manure is applied no nitrate is required, but
fifty to seventy-five pounds of
nitrate of soda per acre will aid
the young plants in making a
vigorous growth early in the
season. '

The soil should be very thor-
oughly prepared by deep tillage
the preceding fall. Earlyin the
spring it should be deeply tilled
with a disk harrow or maybe
cross-plowed. The seed bed
should be made very fine before
planting time.

Planting.—The seed is usually
drilled thickly in rows about
eighteen to twenty-four inches
apart. As the seed of the
beet is low in germination, the
seed is drilled much thicker
than the plants are to stand.
The so-called seeds are really
seed cases, each containing sev-
eral seeds. These reasons fully
explain why thinning of beet
fields isnecessary. The drilling
of seed is done both by hand
machines and horse drills. The
rows are marked and the seed
drilled and covered at one opera-

. g tion. Thedepth of covering the
Fig 170.—The long form of sugar beet seed varies from one-half inch
root. After harvest the top slice with leaves . . iy
is cut off at the mark shown in the figure. The 11 Very moist soil to one and
part above is fed to stock. (U.S.D. A) one-half inches in dry soil. When
fields are to be irrigated it is a common practice to drill two rows
about ten inches apart and then leave from twenty-seven to thirty
inches before drilling the next double row. This allows room for
irrigating furrows with wide aisles.
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Thinning Young Plants.—This is considered one of the
most difficult parts of beet growing. Thinning should begin
when the plants first form their second pair of leaves. Eight-inch
hoes are used to remove most of the surplus plants. This work
should leave the plants standing in bunches eight to twelve inches
apart in the row. This first step in thinning is sometimes called
bunching. The bunches are then thinned by hand, leaving only
one strong plant in a place. By the work of thinning the individual
beets grow large and the yield is heavier (Fig. 170).

Cultivation.—If the seed should not start promptly after
planting the harrow should be used several times to keep the weeds
under control until the plants are started. One cultivation may
take place before thinning and another should follow immedi-
ately after thinning. If at this time the field is free from weeds

P s

Fia. 171.—Students harvesting sugar beets ou their school farm in Wisconsin.

probably no hoeing will be necessary. Several cultivations should
follow to keep the soil surface in good condition, to stimulate the
growth and conserve the moisture. After the tops shade the ground
cultivation should cease.

Harvesting.—The beets are lifted from the ground by
means of special beet lifters drawn by one or two horses. Some-
times a plow is used with a side prong at the back of the mold
board, which aids in holding the beets up out of the soil after the
mold board has lifted them.

The roots are then picked up by hand (Fig. 171), thrown into
the piles, with one row of piles for each ten or twelve rows of beets.
The next step is to remove the tops. This is usually done by hand
with large knives, resembling large butcher knives, or small corn
knives. As the tops are cut off the roots are thrown together—four
small piles forming one large one. '

16
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Harvesting takes place late in the fall before the ground freezes.
The topping may be done immediately, and if the crop is not
marketed before the roots freeze they should be covered to avoid
thawing. Freezing is not injurious if they are kept frozen until
the sugar is extracted.

Yields of sugar beets vary from ten or fifteen tons per acre
without irrigation, to about fifteen to twenty tons where condi-
tions for irrigations are favorable.

By-Products.—In topping the beets the slice above ground
is cut at a single stroke. This furnishes a large amount of feed
suitable for dairy cows and other livestock. It is usually fed in
early winter while fresh. Sugar beet factories supply the beet
pulp to farmers, after the sugar is extracted. This has heen ground
fine and may be fed to stock either wet or dry. It is now commonly
known in the dairy sections as dried beet pulp and is usua]ly soaked
with water before feeding.

OTHER ROOT CROPS

There are a number of plants usually treated under the head
of root crops because in several of them the stored food is found
in the underground parts, or so-called roots. Because of the rela-
tionship to the root crops, several plants are here included, such
as rape, kale, cabbage and kohlrabi. Several of the members of
the group have the stored matter in the head above ground, as
in the case of cabbage and kohlrabi.

The following table gives the yields, food value, and seed per
" acre for a number of crops treated under this head:

Comparison of Root Crops and Potatoes—Seed Requu‘ed Yield, Dry Matter, etc

 Kind_ Seed por cre | Avesge ied | Por nt_of

Irish Potatoes............ 8-15 bu. 90-300 bu. 20
Sweet Potatoes........... 3-8 bu. for 10-300 bu. 30

} 10,000 plants.

Sugar Beets.............. 12-16 lbs. 10-15 tons 13-18
Mangel-wurzels. ......... 6-8 Ibs. 20-30 tons 9-12
Rutabagas, 5 L 5500 0 4-5 lbs. 19-20 tons 11
Common Turnips.........| 2-3lbs. 5-15 tons 10
Carrotsies. (Aol 00 il 4-6 lbs. 10-20 tons 157
Parsnipsty iy Suchoi Lty 5-6 lbs. 10-20 tons 17
Kohlralb T s Simee st 2-4 1bs. 12-20 tons 9
Cabbage’ <SRt vzl %-1 1b. 10-20 tons 9
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Mangel-Wurzels.—Comparison with Sugar Beet. This crop
is not rich in sugar as compared with the sugar beet. It is
grown in much the same way and throughout the sume regions.
The yields per acre are about double those of the sugar beet, and
the mangel is therefore grown in preference to the sugar beet where
the purpose is stock feeding.

The mangel-wurzel resembles the sugar beet in character of
leaf and general habit of growth (Fig. 172). but the individual
roots are usually much larger. A large proportion of the mangel
grows abhove ground.

The soil requirements are much the same as for the sugar beet.
If any difference is made in the fertilizer for these two crops, a
little more potash should be used for the mangels.

F1a. 172.—Half sugar mangels, recommended as the most desirable for stock feeding.
(Productive Feeding.)

Planting, Thinning and Cultivating.—The seeds are in clusters,
as in the case of other kinds of beets, so that several plants are
likely to come from each so-called seed. The seed is drilled in
rows far enough apart to allow for the cultivation with horse cul-
tivators. There should be from twenty to twenty-four inches
between rows.

When the plants are forming their second pair of leaves, thin-
ning should begin. A hoe eight inches in width is best for this
operation. Cut all the beets in the row except small bunches left
eight to ten inches apart. After the whole field has thus been
“bunched,” the next operation is to use the fingers and pull all
the plants except the strongest one in each bunch. This process
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is slow and tedious and greatly increases the cost of produetion
of this crop.

After the thinning is completed, eultivation should follow im-
mediately. Perhaps one eultivation will be necessary before this.
Rather deep tillage is practiced at'first, but it should be done with
fine-tooth cultivators and not with large shovels, as it is not ad-
visable to throw mueh of the soil toward the rows at this time, if
at all. The cultivation should be frequent and should be con-
tinued until the tops eompletely fill the space between the rows.
In moderatély clean soil, no hand weeding or hoeing should be
necessary at the time of thmnmg

Harvest and Yields.—Harvesting may be done by plowing the
roots up with a eommon turning plow and then they are picked
up by hand and thrown into piles. This shakes off most of the
soil. A row of piles for every ten to twelve rows of mangels is
usual. They may lie in the field until danger of severe freezing
requires that they be covered. Early fall frosts do not even injure
the growing erop, and. it will continue growing until the ground
begins to freeze in the colder climates.

The yield should be from twenty to thirty tons of fresh beets,
not including the tops. The hest mangels will produce from 5,000
to 10,000 pounds of dry matter per. acre after deducting the large
pereentage of water.

Storing Mangel-Wurzels.—If the roots are allowed to freeze
they must be kept frozen until about time for using them. It is
better not to allow the roots to freeze at all. They should be
covered with coarse corn stalks, sorghum fodder, or other coarse
material. A layer of this over a pile of the roots will be sufficient
until severe winter weather. By that time the roots are well enough
cured so that they may be covered with soil which is thrown on
top of the litter. From such piles, the roots may be removed for
feeding at almost any time during the winter, except in the most
severe climates. It is better to have the roots in a cellar or root
pit where they may be more easily obtained during the long periods
of freezing. There is less danger of freezing the whole stock if
the roots are in a room or pit that can be opened and closed
conveniently.

Feeding.—Mangel-wurzels are used almost entirely for stock
feed. They are specially valued for their succulence and are par-
ticularly good for milk cattle, sheep and hogs. Before being fed,
they should be.chopped fine or run through a root-slicing machine.
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GARDEN BEETS are usually planted much earlier than the
other types of beets, not because they are hardier, but because
it is desired to get the crop earlier. They will withstand some late
spring frosts and also survive the summer heat fairly well.

In the growing of beets for the table, it is necessary that they
make a quick, continuous growth so that little, if any, woody
tissue will be found. If the growth is ehecked by dry weather or
from any other cause, the fibrous tissue becomes woody and the
crop is less palatable, and perhaps not edible at all.

Young beets are always preferred in the market, and to secure
a marketable product during all the summer season a number of
plantings are made. These may succeed each other at intervals
of about three or four weeks. The late summer or early fall plant-
ing should be given time to reach a desired size before the actual
freezing of the ground. There is no time at which the roots may
be called mature, as they are commonly harvested for table use
in a young condition.

Canning factories put up the best crop while in the young
stage and thus preserve the vegetable while in a palatable condi-
tion for winter use.  The roots are also stored in cellars for sale
and use during the winter, but the crop for this purpose should
be in an advanced stage of growth, and many of the roots will
usually be found to contain much fibrous material, but if their
growth has been rapid and steady up to the end of the growing
season, the roots may ripen without much of the objectionable
fibre being developed.

Growing the Crop.—The soil conditions and planting are much
the same as for other types of beets already described. As the
roots are smaller, the rows may be grown closer together, and
when the tillage is chiefly or entirely by hand tools, the distances
between rows may be only twelve to fourteen inches.

The drilling of seed is usually done by hand and a little more
care may be exercised than in the case of other beets which are
usually planted in large quantities. Thinning is not practiced in
the same way as with other beets. The seed itself is very similar
to the others and the plants will come up too thick for their best
growth, but the beet tops are valuable for cooking as greens and
the thinning is delayed until a crop of greens can be harvested.
The thinning is then done by hand as the crop of greens is picked.
At that time the largest roots are left for further growth. Shortly
after this more thinning can be done when the largest roots are

’
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pulled, tied in bunches and marketed. Each row is therefore
given several thinnings or pullings each time a crop is harvested.
If the slowest growing plants in the garden become too fibrous for
table use, they are used for stock feed. They may be pulled and
dried at any time desired during the summer or fall, and are easily
kept for a few weeks during feeding time.

SWISS CHARD.—Although this crop is classified among the
root crops, it is used chiefly for the tops, which are served in two
ways: They are either cooked as greens, or the thick mid-ribs of
the leaves, including the lower stems, are served as asparagus.

Chard is sown in rows about fifteen inches apart to allow of a
littie tillage between the rows. The crop is started in early spring
and may be harvested as soon as enough growth develops. If the
tillage is good and the moisture conditions of the soil are favorable,
the tops will become very large before they are too fibrous for
table use. A large crop of greens is then secured. Before this,
some thinning of the stand is necessary. A very young crop of
greens is secured during the thinning process and the main crop
is left standing at distances of five to eight ineches. The main crop
may be harvested by cutting without injuring the crowns, in which
case a second growth will shoot up from the roots. If the leaves
are broken or pulled singly without injuring the central bud of
the crown, the plants will continue to produce new leaves and a
perpetual crop is thus secured through the summer season.

This is one of the few crops of greens that endure summer heat.
It is seldom seen in city markets, but is gradually becoming more
popular as its merits are better known.

The crop may be forced to produce an early growth by starting
the seed in hotbeds and transplanting the plants in the open garden
as is sometimes done with spinach and garden beets. The plants
are moved to the open garden after danger of spring frost is over.

CARROTS.—The common yellow rooted carrots with their
finely divided leaves are well known in gardens and in city markets
(Fig. 173). The roots are of several forms, the long cylindrical
form, the short cylindrical form, and the long tapering form.
Different varieties vary not only in shape, but also in color from
white through yellow and orange to almost red.

This crop is grown chiefly for use on the table, but is sometimes
fed to stock. Horses relish the carrots, and the crop is often used
by horse feeders. The yield per acre is far less than that of mangel-
wurzels, and the feeding value is very little, if any greater.
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Growing the Crop.—A rich sandy loam is desired, but the crop
will grow in any good garden soil. As the growth is very slow at
first, and as the tops are very small, it is necessary to prepare the
soil very thoroughly and have it very free from weeds at the time
of planting. Some more rapidly growing crop as radishes or white
turnips may be sown in the row with the carrots so that the early
growth will help to mark the row while the carrots are growing to
a sufficient size. Radishes and turnips will develop some size of
root first and can be harvested before the carrots are crowded too
much.

If the crop is grown for stock feed, in large enough areas to

require horse tillage, the rows should be two feet apart or more.

S L
i

Fia. 173.—Carrots for stock feeding (Improved Rubicon and Danvers Half-long), fairly
easy to harvest and capable of good yields. (Cornell Station.)

More care must be exercised in early tillage of the crop than with
most of the other root crops, as there is so much danger of cover-
ing. The horse has difficulty in keeping his place between the
rows at first.

Special thinning may not always be necessary if care is exer-
cised in planting, but it is usually found advantageous to pull the
larger roots first, and at that time see that no bunches of roots
are left to crowd each other. The first thinning may therefore be
the first harvesting. If it is found necessary to do some hand
weeding before any of the roots are large enough to harvest, the
thinning work is perhaps best done at that time; but if clean cul-
ture has been practiced and if the soil is reasonably free from weed
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seed, the crop may be produced with mueh more proﬁt as this
extra hand work will be avoided.

During the summer season the largest roots are not deSIred in
the market, but roots half grown or less are usually preferred.
These are washed and tied in bunches with the fresh tops remain-
ing on. To secure roots in best market condition during the grow-
ing season, it is necessary to make several plantings at intervals
of three or four weeks.

The harvest of the main crop in the fall must be made before
the ground freezes, although the tops will stand a little frost.
The roots are harvested with much more difficulty than mangels
or sugar beets, as they are smalier and many of the roots are apt
to be covered as the plow turns up the row. Another method of
harvesting is sometimes practiced. The turning plow is used to
throw the dirt away from the row and then the roots are pulled
by hand and thrown into piles. If the erop is to be stored for
table use, the tops are usually cut off within a few days after pull-
ing, and the roots are then stored in a cellar where they keep
reasonably well. For stock use the tops need not be removed, but
the crop is left in piles in the open for a longer period to let the
tops dry more thoroughly. Feeding may begin immediately after
pulling, and continue throughout the winter, if the roots are
stored in a cellar or barn where they will not freeze.

RUTABAGAS AND TURNIPS.—The speeies Brassica rapo. is
the true turnip and the species Brassica campestris is the ruta-
baga. From the cultural point of view the two crops are very
similar. The flesh of the rutabaga is usually yellow and the name
Swedish turnip is often given to the group. The flesh of the true
turnip is more commonly white. The shapes in both groups vary
widely from the flattened form to the long cylindrical form. The
rutabagas mature more slowly and the erop is easily kept through
the winter feeding season.

Both types are grown for the feeding of stock (Fig. 174). This
practice is not so common in America as in some parts of the old
world. They are replaced here largely by mangels, because of larger
yields of the latter. Pig feeders value the rutabaga highly.

Where both erops are raised the turnips should be used first
and the rutabagas kept until later in the winter.

Growing the Crop.—Both of these crops are well suited to the
cold, moist climates of the northern states and Canada. They
prefer a loose, sandy loam, but will thrive in any rich garden soil.
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They endure more cool weather than members of the beet family,
and may therefore be planted earlier in the spring and grow later
in the fall. It is not uncommon to sow the crop broadcast and give
it no cultivation whatever. During the early growth the largest
roots are pulled for sale or use, and this thinning gives more room
for the development of other plants.

When planted in the home garden for table use the seed is
often drilled in rows and the plants given some cultivation. Sev-
eral plantings may be made during the season, but the turnips are
not well suited to hot summer conditions, particularly in the mid-
dle and southern states. Plantings in early spring and in late
summer or early fall will thrive better than crops started in hot

Fi1Gc. 174.—Rutabagas of the Bloodsdale variety, suitable for stock feeding. (Productive
eeding.)

weather. For the turnips about two months should be allowed
for the development of the crop and three months for rutabagas.

In producing a crop for feeding to stock, one common practice
is to sow the seed in a pasture from which the stock are excluded
until the growth is well advanced. Then hogs and sheep may be
turned in to harvest the crop. Another plan is to sow rutabaga
seed in the spring with red clover in a grain field. After the grain
is harvested the rutabagas will make a rapid development and may
be harvested in the fall by pulling the largest roots. The remain-
der are left in the ficld as fertilizer or hogs may feed on them
for a few days without serious damage to the growing clover.
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RAPE AND KALE.—Although not true root crops, these
plants by their relationship and uses may be treated under this
head. Brassica napus is the Latin name of the rape plant (Fig.
175). In America the best variety xnown is Dwarf Issex rape.
This is a true biennial, as its seed is not developed until the second
season. The seed is inexpensive and the cost of starting the crop
is small.

Kale belongs to the species Brassica oleracea. It is spoken of
as a headless cabbage because the cabbage is of the same species.
Kale is grown chiefly in the milder climates as a winter crop. But
rape is grown in both the North and South as a late summer and
fall crop. Both produce pasturage for sheep, hogs and cattle.
They are both also harvested and used as soiling crops for dairy

Fia. 175.—Dwarf Essex rape is a succulent pasture for pigs and sheep. (Wisconsin Station,
Productive Feeding.)

cows and other animals. Kale is extensively used as a salad crop

and is cooked as greens. The leaves are cut near the crown and

new growth is allowed to spring up, thus a continuous harvest is

obtained so long as the season is favorable.

Movable fences are often used in pasturing a crop of rape or
kale, as the results are much more satisfactory when the stock
pasture it closely for a short time only, and then are moved to
another part of the field. Less feed is thus wasted by the tramp-
ing of the animals. In feeding value they are both comparable
with cabbage, rutabagas and mangels. As the growth is rapid
and springs up quickly after each pasturage period these are highly
recommended for use with swine and sheep.

Growing the Crop.—While these plants will thrive on light
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soil, only moderately supplied with plant food, they thrive better
on very rich moist loam. The seed is commonly sown broadcast,
and if the crop is to be for forage the seed is mixed with barley or
oats, and sometimes with winter or spring vetch to make a denser
growth of pasturage. Kale is usually sown in late summer or fall
and in mild climates will be green much of the winter season, some
of the crop being harvested in early spring. Dwarf Essex rape may
be sown at any time during the spring or early summer and the
fall ecrop may be sown in August to be used as late fall pasture.

Either of the crops may be sown in drill rows, at distances
which will allow of cultivation. Clean tillage is given during the
early growth of the plants. This practice is more common with
kale which is to be harvested for market purposes.

CABBAGE AND KOHLRABIL—These two plants differ
chiefly in the place in which the food is stored. They belong to
the same species Brassica oleracea. In the cabbage the valuable
food is stored in the thickened leaves and their ribs. In the kohl-
rabi, the food is stored in the enlarged stem, which resembles a
turnip growing above ground. The cabbage is more commonly
used for stock feed than kohlrabi, because the 'yield per acre is
much greater. Both are abundantly used as human food in
regions where they are grown.

Growing the Crop.—These crops are both well adapted to
cool, moist climates, and thrive best in very rich, black loam, pro-
vided with an abundanece of organic matter and nitrogen.

Large fields of cabbages are grown for the manufacture of
krout and for sale in city markets. It is common to start the early
crop in hotbeds or coldframes and to transplant the plants by
hand or by machine transplanters in the open ground when the
soil is ready to work in early spring. For this spring erop quick-
maturing varieties such as Cumberland Wakefield and Early
Jersey Wakefield are used.

The main crop, or so-called late crop, is often planted in the
open in late May or June, and the work of transplanting is avoided.
Several seeds are dropped in one place, and the hills are from two
to three feet apart in the row, and the rows are set at the same
distances. A little lime is dropped where the seed is planted to
mark the spot and indicate the row by the color. This aids in
the early cultivation, particularly if weeds start too soon. Suitable
varieties for the crop are Late Flat Dutch, Drum Head, and other
large-headed varieties.
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Kohlrabi (Fig. 176) is a little more suited than cabbage to hot,
dry climates of the southern states. This crop is usually drilled
in rows about twenty-four inches apart, leaving room for cultiva-
tion. Thinning may be practiced to let the plants stand in the
row about eight to ten inches apart.

Both these crops should be given frequent and thorough tillage
during the early part of the growing season. After the leaves
shade the ground, cultivation may be less frequent.

These crops are casily stored in long trenches on well drained
knolls where the heads are carefully placed, roots upward, and

Fra. 176.—A thrifty plant of kohlrabi, The hard central portion is used in much the same
manner as turnips. (Productive Vegetable Growing.)

then covered with corn stalks or coarse straw, and then with soil
enough to prevent severe freezing. If there be warm spells after
the crop is stored, there may be some damage from rotting. For
this reason, root cellars are more satisfactory for the storage of
these crops.
FIELD AND LABORATORY EXERCISES

1. Sugar from Beets.—In the regions of beet sugar factories, methods of
extracting the sugar should be studied.

2. The management of the beet crop from the time it is shipped to the
factory until it is made into sugar should be observed and reporte£

3. Beet Relationships.—Compare the leaves and other parts of the plants

and note the resemblance of sugar beets, mangel-wurzel, spinach, Swiss chard
and garden beet.



QUESTIONS 2563

4. Grow some sugar beets in the garden, using the methods described in
this chapter. Study their development and calculate the yields. Interesting
experiments with fertilizer may be carried on at the same time.

5. Sprout some beet seeds between wet blotters or wet cloths, and note
the number of sprouts from each so-called seed. Can you decide why beet
plantings always require thinning?

6. Seeds of the Root Crops.—Make a collection of the seeds of each of
the crops mentioned in this chapter and compare them enough to be able to
know each, if possible, when separated from the rest. What ones ao you con-
sider most alike? Make a description of such to bring out the characteristic
differences. :

7. Comparing Farming Seedlings.—Sprout a few seeds of each of the
different kinds and note their differences when sprouting. This may be either
in the garden or in a seed-flat in the laboratory.

8. Preparation for Market.—Visit a market where these and similar crops
are being sold and study methods of preparing them for market. Which are
considered most in demand? X

QUESTIONS

1. Explain why sugar beets and mangel-wurzels must be thinned.
2. Give directions for the growing of the sugar beet crop.
3. Describe the steps in harvesting.
4. How are the beets kept until manufacturing time?
5. What is the chief by-product from the beet-sugar fdctory? In what two
conditions is it sold?
6. Compare the root crops in yields per acre.
7. Compare them with sweet and Irish potatoes in percentage of dry matter.
8. Whaic ;oot crops are most easily kept for winter use? Which most diffi-
cult?
9. Describe a good condition for the storage of root crops for winter sale or
for stock feeding.
10. W?ic}ilgnes of the crops of this group should be stored, and which used
Tes
11. Which are best if planted several times during the season?
12. Which of these crops are usually drilled in rows? Which are usually
broadcasted?

References.—United States Farmers’ Bulletins: 295, Potatoes and Other
Root Crops as Food; 392, Irrigation of Sugar Beets; 567, Sugar-beet Growing
Under Irrigation; 568, Sugar-beet Growing Under Humid Conditions; 618,
Leaf-spot, a Disease of the Sugar Beet.



CHAPTER XVIII
VEGETABLE GARDENING

“To own a bit of ground, to scratch it with a hoe, to plant seeds and
watch their renewal of life—this is the commonest delight of the race, the
most satisfactory thing one can do.”—W ARNER.

TaeE word horticulture originally meant garden culture and
the term was used to include all crops grown within the garden
inclosure. As these crops were moved outward into fields their
growth has continued under the name of horticulture. More
recently the term has been subdivided and specialized terms have
come into use. Olericulture is the growing of vegetables; pomology
is the growing of fruits; and floriculture is the growing of flowers.

It is important that the farmer as well as the village resident
should have his own home garden (Figs. 177 and 178). It will
give much return in the form of fresh products for the table and
greatly reduce thé actual outlay of money for table supplies. The
farmer’s home garden and his “truck patch’” should not be dis-
tinet. The table garden should be so closely associated with the
truck pateh that practically no extra work is required in caring
for the former. One of the greatest objections to the home garden
on a farm, where every one is so busy in the spring, is the fact that
labor required in the small garden is very irksome. Most of it is
hand work and back work. Men and boys alike commonly shun
the task of caring for such gardens.

. If the small garden is so connected with the large truck patch,
where corn, potatoes, tomatoes and other extensive ecrops are
grown, the hand labor may be almost entirely avoided, and the
few moments required to plow or to cultivate the area for the smail
crops will be reduced to a minimum. Such crops as lettuce, rad-
ishes, spinach, peas, string beans, and others, that are grown on a
small scale for table use, may each occupy a part of the long rows,
and a few such rows at the side of the field where more extensive
crops are grown will make it possible to use horse labor in pre-
paring the soil for planting, in controlling the weeds and moisture,
and very little hand work will be necessary. The use of hand
wheel hoes under such circumstances is also possible.

Let the home garden be a place where the young members of
the family can grow extra products for the early markets. Interest

254
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SOILS FOR GARDENS

F16. 177.—Farmer’s home vegetable garden, with long rows and ample room for tillage with a horse.

(Productive Vegetable Growing.)
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in the home garden will thus be maintained and from this the
interest in the whole farm is stimulated. It may be a source of
training in the proper methods of marketing, and some business
training may also be acquired.

Soiis for Gardens.—For most garden crops deep, black svil,
rich in organic matter, gives best results. If very early crops are
desired soils should contain more sand, but this is not always
essential in' home gardens. The depth to which the black soil
extends is not so important for shallow rooted crops, such as
lettuce, spinach and radish, but for beets, turnips, potatoes and
other deep rooted crops it is essential that the good soil be very

L LW

Fic. 178.—Even North Dakota gardeners find it advisable to stake their tomato vines.
It is more important in the moister climates 'of the East and South. (U. S. D. A))

deep. If soils are very heavy they may be very much improved
by large quantities of barnyard manure or green manure. If
such a large amount is turned under at one time it should be done
some weeks in advance of planting time to allow time for decay.
Rolling the soil will usually hasten the decay, and if the harrow
is used afterward the plants will suffer less from dry weather. On
farms where much of the soil is very heavy a study of different
fields, not too far from the residence, should be made with a view
to selecting those eontaining the moist sand. After using all avail-
able methods for the improvement of the garden soil it may be
easily warmed and aerated and produce even better crops than
soils which are naturally light and dry.
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Among the methods to be used in the improvement of the
heavier types of soil are deep tillage (see Fig. 71) and occasional
use of lime, particularly after organic matter has been plowed
under. There should be care in the use of lime as it should not
be applied to those portions of the garden which are to be used
the same year for potatoes and other root crops.

A Compost.—Well rotted manure is best for gardens. The
seeds are usually small, and coarse material as well as clods on
the surface, are very objectionable. Make the surface fine and
mellow. The farmer, in studying conditions for a good home gar-
den can well follow the example of the market gardener. The
latter plans ahead in preparing for a supply of well rotted manure.
He usually keeps a compost heap rotting for use a few months
later. To avoid damage to the manure in a compost heap it may
be prevented from heating by leaving the surface flat so as to eatch
an abundance of rain, and to prevent leaching the manure is
placed in layers alternated with thick grass sods or other absorbing
material. The compost is much improved by moving it at least
once during the rotting period. This is done by forking it over
into anew pile, during which the layers are more thoroughly mixed.

Commercial fertilizers are often used by market gardeners
and are most common where barnyard manure cannot he ob-
tained at a reasonable cost. It should never hecome necessary
to entirely abandon the use of green manure and barnyard manure.
These help more in keeping up the proper texture of soil so neces-
sary in good gardening. Commercial fertilizers, if used, should
be supplemental to the others, and not entirely displace them.
A good general mixture for use for either home gardens or for
market garden truck is the following:

Nitrate of soda
Ground bone.......

Acid phosphate ... .
MU e OIRPOGASTIN. 5 5. 25 vl s ot o d L s 100 “

This has a composition of about four per cent nitrogen, seven
per cent available phosphoric acid and five per cent potash.
The rate of application for market crops may be about 800 pounds
per acre, but the amount should vary according to the fertility of
the soil.

Starting Early Plants.—There are a number of plants, such
as early cabbage and others, that should be started earlier
than the season will permit in the open field. Where small num-

17
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bers of plants are to be used this can be done in window boxes or
the plants raised by market gardeners may be purchased at the
time they are to be transplanted. Where large numbers of plants
are required a hotbed or coldframe is necessary.

Hotbeds are most suitable for the growth of early garden
plants. They should be located in protected places where they
can have free exposure to the sun and receive as little of the west
and north winds as possible (Fig. 179). The frames are covered
with glass and should be so constructed as to give the glass a good
pitch toward the sun. If the frames are to be permanent, concrete
walls may extend a little below ground and rise to suitable heights
to give the desired pitch to the glass frames, which are laid on top
of the conerete walls. Temporary frames may be made of two-
inch lumber nailed to stakes driven in the ground at the corners

F1c. 179.—The construction, use, and management of a hotbed in winter should be con-
sidered by students in vegetable gardening.

of the bed. Movable frames are often used on farms. For such
frames two-inch lumber is nailed to corner pieces, and a suitable
size is about 6 by 6 feet for each frame. One strip across the top
of the middle will divide the two lines of sash and will strengthen
the frame. The source of heat in a true hotbed is chiefly from
rotting manure. After the frame is in place it is properly banked
on the outside, if not set in the ground. About one foot of fresh
horse manure is firmly packed in the bottom. This is covered with
about six inches of good garden soil, preferably containing a good
proportion of sand. The glass is then placed over the frame and
left until the manure begins to heat. When the temperature is
favorable seeds may be planted. The proper degree of moisture
must be studied closely and watering should be frequent, but only
a little at a time. On warm days much danger may be done by
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too much heat in the bed, if the glass is not raised to allow of proper
ventilation. Tt is well to have suitable supports for the glass so
that the ventilating may be done easily and to any degree desired.
Sometimes hinges are used at one end of each sash and support-
ing rods with notches are used at the other end. There is less
danger of damage to the glass by wind when hinges are used. As
the plants grow larger and the weather is warmer the glass may
be left open all day and closed at night. This will aid much in
““hardening off” the plants before they are transplanted to the
open garden. Thinning the plants in the hot-bed is usually neces-
sary. A small bed may start enough small seedlings to fill a very
large hotbed or coldframe when they are first transplanted. It
is sometimes the practice of gardeners to transplant tomatoes,
cabbage, head lettuce, cauliflower, egg-plant, peppers, and others
more than once in the beds. Those transplanted without serious
damage are handled in this manner. At the first transplanting
they are set two inches or so apart, and at the second transplant-
ing are set far enough apart to not ecrowd until moved to the gar-
den. By planning the amount of space required for the first seeds
and for the final beds the space required to be heated may be re-
duced to a minimum.

Coldframes,—Frames of suitable size, so -that a person
may readily reach from one edge to the center, may be covered
with glass or muslin. If no heat is applied from below the soil it
is known as a coldframe. Vegetable crops started in the fall in
open coldframes may be protected through the winter and pro-
duce a rapid growth in very early spring when covered with glass
or cloth. Kale, spinach, winter onions and other somewhat hardy
vegetables may thus be grown. In reality the coldframe is a winter
garden FEarly spring crops of such small plants as radish, lettuce,
and others which require little time may be grown from seed to
maturity in coldframes. The coldframe is also useful for the pro-
tection of tomato plants and others which are to be ‘ ‘hardened off”’
before they are set in the open garden.

When plants are to be stored in coldframes through winter
the frames should have some protective covering to be used over
the glass when the weather is most severe. This protection may
consist of woven mats of rye, straw, old carpets or feed sacks
sewed together in strips a little wider than the coldframes. These
coverings may be rolled from one end of the frame when they are to
be removed. If properly cared for they may last for several years,
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Transplanting the Garden.—The proper season of trans-
planting plants to the open garden differs somewhat with dif-
erent plants. Those grown in hot beds are usually started there
because they cannot be grown in the garden before late spring
frosts are over. The gardener must know the hardiness of
his plants, but has to take some risk regarding the weather. An
early transplanting of a few plants may be risked and the bulk
of the crop'set out later. For the home garden this is not so neces-

F1a. 180.—The transplanting machine is used on farms growing large crops of cabbage,
cauliflower, tobacco and sweet potatoes. Water is_ supplied to each plant from the barrel.
(see also figure 255.) (Productive Vegetable Growing.)
sary, but may result in a few very early vegetables for the table.

Transplanting is most successful on cloudy days or just before
a rain. In small gardens plants may be set in the evening and
watered when set. This will help to prevent wilting. It is best
to place the young plants a little deeper in the soil than before.
Very tall, slender plants may be placed somewhat horizontally in
the soil so that much of the slender stem is under ground. If this
plan is followed for tomatoes they will send roots out all along the
covered part of the stem.
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The soil for transplanting should be freshly prepared, in good
condition of moisture, and as free from clods as possible. When
the young plant is set press the soil down firmly-against the roots,
then put a little loose soil on top of the packed soil. This will
prevent baking and reduce the loss of moisture. Watering at
this time helps to pack the soil as well as to cause a quick growth of
new roots. Loose soil should always be raked over after watering.
Machines are often used in transplanting cabbage, cauliflower,
lettuce, and some other plants that are not too brittle (Fig. 180).

TYPES OF GARDEN PLANTS.—Various vegetables grown
in gardens may be classified as (1) hardy, not injured by white
frost after sprouting; (2) tender vegetables, injured by slight frost
either when young, or by early fall frosts. Plants of the hardy
group may be started in very early spring as soon as the ground is
fit to work, without regard to the possibility of heavy frosts oc-
curring later. Seed or plants of the tender group should not be
planted in the open until all danger of late spring frosts in past.
A number of these plants are started in hotbeds much earlier.

Tender Plants.—Among tender vegetables may be mentioned
beans of all kinds, corn, cucumber, egg-plant, muskmelon, okra,
pepper, pumpkin, squash, sweet potato, tomato and watermelon.

Hardy Garden Vegetables.—The following is a list of the more
common vegetables which may be started in very early spring or
can stand at least a light frost: asparagus, beets, cabbage, carrot,
cauliflower, celery, cress, endive, horse-radish, kale, lettuce, onions,
parsley, potato, parsnip, peas, radish, rhubarb, salsify, spinach,
and turnip. See the more detailed classification of garden crops
in the next chapter.

Other Classes.—Gardeners often classify plants according to
the treatment which they may require. Beans and peas are group-
ed together because they often require supports. The vine plants,
such as cucumber, muskmelon, watermelon, squash and pumpkin,
belong to the gourd family, and are alike in many respects. They
have the same insect enemies, and the distance at which they are
planted is very great. They are also warm weather crops.

Root crops, such as beets, rutabagas, carrots, parsnips, salsify
and perhaps onions and potatoes require similar soil and soil treat-
ment. A number of them have the same soil diseases and are
badly affected by too much lime freshly applied.

Perennial garden plants, such as rhubarb and asparagus, are
considered together, because they should be placed at one side of
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the garden and not disturbed by plowing for the annual crops.
Salad plants include such crops as lettuce, kale, cabbage, cauli-
flower, celery, cress, endive, parsley and sometimes spinach. If
grown in hot weather they are much benefited by shade, or by a
wind break which keeps off the hot, blasting winds from the south-
west. They also require similar soil treatment and are much
improved by plenty of organic matter in the soil and a good
supply of nitrogen, because a strong leaf growth is desired.

FIELD AND LABORATORY EXERCISES

1. Manure for Garden.—With a fork or spade, compare well rotted com-
post with fresh manure, and report which is more suitable for use in the garden.

2. Prepare a mixture of commercial fertilizers, using the ingredients rec-
ommended in this chapter for a market garden. The amounts may be reduced
to ounces or grams instead of pounds if the exercise is to be carried on in the
laboratory.

3. Making a Hotbed.—Students should make a hotbed by constructing
a frame about 6 by 6 feet and using two pairs of sash or two regular hotbed
sashes as a cover. Properly install the manure and soil and as soon as ready
begin garden projects suitable to the season.

4. Make a muslin-covered coldframe of suitable size for growing some of
the early garden crops, such as the starting of sweet potato plants.

5. Transplanting Seedlings.—A suitable exercise for one laboratory period
is to transplant into tin cans or pots a number of seedlings that have been
started in the hotbed or coldframe. Young tomato plants, cabbage plants
and others may be used.

6. Garden Seeds.—Procure seeds of the types of garden plants mentioned
in this chapter, and start at least some of each lot in the garden at the proper
season.

7. Home projects in growing vegetable crops should be started by all
students. Notes should be kept covering cost and time involved in each
crop. Records of yields and income should be also reported.

8. Canning Vegetables.—Exercises in canning vegetables should be car-
ried on at the school as practice. Materials for this, including cans and prod-
uce may be provided by members of the class or parents in the vicinity. The
value of the canned produce should more than compensate for this.

QUESTIONS
. Discuss good soils for gardens.
. Describe the making of a compost for garden soil.
. Give the composition of good commercial fertilizer to be mixed at home for
garden use.
. Give the advantages of having a hotbed for the home garden.
. Give directions for the construction of a hotbed.
. Distinguish between a hotbed and a coldframe. Tell how the latter is
heated.
. How are plants hardened off and why?
. Give a list of garden vegetables that can stand the spring frosts.
References.—United States Farmers’ Bulletins: 218, The School Garden;
255, The Home Vegetable Garden; 359, Canning of Vegetables in the Home;
460, Frames as a Factor in Truck Growing. :

Manual of Gardening, Bailey, The Macmillan Co., N. Y. Vegetable
Gardening, Watts, Orange Judd Co., N. Y. Garden Farming, Corbett, Ginn
and Co., N. Y. Productive Vegetable Growing, Lloyd, J. B. Lippincott Co.,
Philadelphia.
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CHAPTER XIX
THE CULTURE OF VEGETABLES

Well may we labor, still to dress
This garden, still to tend plant, herb and flower.

MivroN—Paradise Lost.

Tue following grouping of garden vegetables is borrowed from
‘‘Productive Vegetable Growing,” by J. W. Lloyd. It will aid
the student in grasping the details regarding the many vegetable
crops to have them grouped according to heat endurance, culture
and uses.

LLOYD'S SEASONAL CLASSIFICATION OF VEGETABLES

I. Coor SeasoN Crops:—
1. Cool season crops that quickly reach edible maturity:
(a) Spring salads—
Leaf lettuce, Lactuca sativa.
Garden cress, Lepidium sativum.
Corn salad, Valerianella olitoria.
(b) Spring greens—
Spinach, Spinacea oleracea.
Mustard, Brassica nigra, B. alba, B. juncea, and B. Japonica.
(¢) Short season root crops—
Radishes, Raphanus sativus.
Turnips, Brassica rapa.
Kohlrabi, Brassica oleracea, var. caulo-rapa.
Rutabagas, Brassica campestrt.
(d) Peas, Pisum salivum.
2. Cool season crops that usually are transplanted:
(a) Spring crops that mature before the heat of summer—
Head lettuce, Lactuca, sativa, var. capilata.
Cos lettuce or romaine, Lactuca sativa, var. Romana.
Early cabbage, Brassica oleracea, var. capitata.
Early cauliflower, Brassica oleracea, var. boirytis.
(b) Crops that make their principal growth in the cool weather of
autumn—
Late cabbage, Brassica oleracea, var. capitata and var. bullata.
Late cauliflower, Brassica oleracea, var. bolrylis.
Broceoli, Brassica oleracea, var. bolrytis.
Brussels sprouts, Brassica oleracea, var. gemmifera.
Celery, Apium graveolens.
Celeriac or turnip-rooted celery, Apium graveolens, var. rapa-
ceum.
3. Cool season crops that will endure summer heat:
(a) Root crops that endure summer heat but not winter freezing—
Beets, Beta vulgaris.
Carrots, Daucus Carota.
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(b)h Root crops that withstand winter freezing as well as summer
eat—
Parsnips, Pastinaca sativa.
Salsify, Tragopogon parrifolius.
Horse-radish, Cochlearia Armoracia.
(c) Greens that endure heat—
Chard or Swiss chard, Beta vulgaris.
Kale or borecole, Brassica oleracea, var. acephala.
Collards, Brassica oleracea, var. acephala.
New Zealand spinach, Tetragonia expansa.
Dandelion, T'eraxacum officinale.
(d) Salad plants that endure heat—
Parsley, Carum Petroselinum.
Upland cress, Barbarea vulgaris.
Endive, Cichorium Endiwvia.
(¢) The onion greup—
Onions, Allium Cepa.
Leeks, Allium Parrum.
Garlie, Allium sativum.
Shallots, Allium Ascalonicum.
Chives, Allium Schenoprasum.
(f) Potatoes, Solanum tuberosum.
(g) Perennial crops—
Asparagus, Asparagus officinalis.
Rhubarb, Rheum Rhapanticum.
Globe artichoke, Cynara Scolymus.
Sea-kale, Crambe maritima.

I1. WarMm Seasox Cropsi—
1. Warm season crops usually not transplanted:

(a) Beans—
String beans, Phasoleus vulgaris.
Green shell beans (including Limas, Phaseolus lunatus).
Dry shell beans, Phaseolus vulgaris.

() Corn—
Sweet corn, Zea saccharata.
Pop corn, Zea everta.

(c) Okra or gumbo, Hibiscus esculentus.

(d) The vine crops—
Muskmelons, Cucumis Melo.
Watermelons, Citrullus vulgaris.
Citron or preserving melon, Citrullus vulgaris.
Cucumbers, Cucumis sativus.
Gherkins, Cucumis Amguria.
Squashes, Cucurbita, mazima, C. Pepo and C. moschata.
Pumpkins, Cucurbita Pepo and C. maxima.

2. Warm season crops that require transplanting:

(a) Tomatoes, Lycopersicum esculentum.

(b) Eggplant, Solanum Melongena.

(c) Peppers, Capsicum annuum.

(d) Sweet potatoes, Ipomaa Batatas.

Lettuce.—Select good, rich, moist soil in which to sow this
crop, and keep it well tilled and watered, as this will ensure rapid

growth, and tender, well-flavored heads. For succession crops,
the seed should be sown about every three weeks. For an early
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crop, it is best to start the plants in a hotbed, or in boxes in the
house, and then set out in a well-prepared bed in the garden. Sow
in late summer or early fall for fall and winter crops, using seeds
of well-known hardy varieties. To protect the plants from freez-
ing during severe weather, cover them with coarse straw.” They
will then head up in the spring. Or they can be transplanted
under glass or a canvas covering to head up for winter use.

There are three main types of lettuce grown: Leaf lettuce,
head letiuce, and Cos or Romaine lettuce. The last is more up-
right. than the others. Head lettuce is most in demand for salad
purposes, and it is this form which is most commonly transplanted.
In Europe the Cos lettuce is most popular. It requires blanching
to be of the best quality. When not blanched it may be used as
garnish. This form of lettuce endures more summer heat than
the other types.

Spinach.—This plant is grown exclusively for greens and is
considered a splendid tonic. It is a cool season erop, and should
be planted as early as possible, as it will run to seed as soon as
warm weather comes. It will be ready for table use in from six
to eight weeks. In the South this may be planted in the fall, and
will winter with no protection, as a general thing.

When planted ir the fall it is usually sown broadeast, but in
the spring it is sown in drills about one foot apart, and should be
well tilled until ready for use. The fall-sown crop is given no
tillage. It requires good soil, rich in nitrogen, and thrives best in
cool, moist weather.

One ounce of seed will plant 100 feet of drill. In sowing broad-
cast about one-fourth more seed should be allowed than if sown in
drills. :

New Zealand spinach is a hot weather plant. That is, it does
not go to seed when the hot days come, but continues to grow.
It is not a dense, compact plant like the ordinary spinach, but
continually forms branches and new growth. These may be
broken off and used, whereas in the other varieties the entire
plant is pulled and used. The seed is sown in drills some distance
apart, and the plants are thinncd to one foot apart in the row,
where they continue to grow during the entire season.

Mustard.—In the South this plant is grown as a winter crop
and may be cut at almost any time during open winter weather.
It is usually sown broadcast in September or October, but may also
be sown in February or April. Early spring sowing is usually prac-
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ticed in the northern states. Mustard is occasionally drilled in
rows, but seldom cultivated between the rows. One ounce of seed
will give about eighty feet of drill, and about five ounces will sow
one acre. The white mustard has dark green leaves and is smoother
than the black. The latter is stronger and more pungent in flavor.

Radishes.—This crop must be tender and crisp to be relished
on the table. The growth must therefore be rapid and not checked
by dry, hot weather. The soil must be rich, and too much manure
is impossible, providing enough moisture is supplied. Make the
first planting as early in the spring as possible, and sow at intérvals
of ten days or two weeks. As the largest roots are pulled more
room is left for the others and no other thinning should be required.
It is good practice to drill radish seeds along with beets, lettuce,
onions, parsnips, carrots, salsify and others that make a much
slower growth and that are very small when they first start. The
quick growth of the radishes will mark the rows and aid much in
the protection of the other plants during the tillage with hand
tools or wheel hoes. As the radishes develop quickly they may be
harvested in time to avoid crowding of the companion crops.

For fall and winter use certain varieties may be selected from
catalogues and sown in August or September. Allow one ounce
for fifty feet of drill if sown alone. Market gardeners often sow the
crop broadcast in narrow strips across the garden. In such a
plan allow eight to ten pounds of seed per acre.

Peas are dwarf, medium or tall and must be cared for accord-
ingly, as the medium and tall ones will need support, while the
dwarf ones will not. The latter are usually grown commercially,
as they require less eare.

Peas are either smooth or wrinkled, the smooth-seeded
varieties being hardier, while the wrinkled varieties are considered
of better quality, being sweeter in flavor.

They must be planted early, so as to mature the pods before
hot weather comes. For this reason they are better adapted to
the cooler northern summers. By making a succession of plantings,
peas may be had during the entire summer and fall in the North,
while in the South they must be planted very early. As they are
hardy, they will stand the cold, frosty weather of late winter and
early spring, and mature the pods before hot weather.

Planting may he done in double drills with a support of wire
netting between. One pound of seed will sow 100 feet of drill.
Two hundred pounds are required for an acre,
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Germination may be hastened by soaking the seed for a time
in warm water. Seed should be planted in light, rich loam. The
drills should he far enough apart to allow horse tillage. The
dwarf varieties do not need so much room. They are dropped one
or two inches apart in the drills, and covered one or two inches
in depth.

This crop is grown by the acre in localities where canneries
are situated. In this case the seed is sown with grain drills and
no further care is given. Varieties which mature their pods uni-
formly are used for this purpose, and when the peas have reached
the desired stage, the whole crop is cut with a mowing machine.

FiG. 181 Fig. 182

Fre. 181.—Head of caulifiower poorly developed because of hot, dry weather. (Productive
Vegetable Growing.)

F1G. 182.—A typical head of early caulifiower developed in a favorable season. (Productive
Vegetable Growing.)

At the fa,ctory the peas are hulled by machinery, s11age is made

of the vines, and the peas are canned.

Cauliflower.—This crop somewhat resembles the cabbage,
requiring similar treatment and cultivation, but is not as hardy.
The soil should be rich in fertilizer and kept well watered during
the summer (Figs. 181 and 182), and the young plants should be
protected during extreme cold weather. The seed should be sown
in a hotbed in January or February for an early crop, and the
transplanting done when freezing weather is past. Sow in late
spring or early summer for a late crop. The plants can be set
about fifteen or eighteen inches apart in rows three feet apart and
cultivated frequently, keeping them in moist condition. As soon
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as they have attained a growth of at least two inches across the
head, the outer leaves should be tied up in order to protect against
sun and weather, and to blanch the heads. It also prevents them
from becoming discolored or bitter. Sometimes the ribs of the
inside leaves are broken and allowed to cover the heads. Cut for
use as soon as the heads are hard and compact, otherwise they are
not so good in quality.

This crop is usually badly attacked by the cabbage worm. To
save the crop several practices are resorted to: Dusting the
young plants with such powders as wood ashes, fine road dust,
air-slacked lime or fine tobacco dust, and often Paris green is
mixed with one of these powders. The dusting.itself is chiefly
to keep the white butterflies from laying their eggs on the plants
where the worms which hatch from the eggs would eat the plants.
The dusting is done while the early morning dew is still on the
plants. This makes it stick better.

Broccoli.—This crop makes its chief growth in the fall. The
plants are often started in the early spring in a hotbed or cold-
frame, and the young plants are afterwards transplanted to the
garden. They need much the same garden conditions as cauli-
flower.

For the fall crop, the seed is sown in the open in late summer,
and the row is marked with a little lime dust as in the fall seceding
of late cabbage.

Brussels Sprouts.—In many sections this crop is not well
known. The cultural methods are similar to those for caulifiower
and late cabbage. The plants may be started under protection
and then transplanted in late spring to the garden. On the tall
stalks are produced small heads resembling minute cabbage heads.
These are considered rare delicacies, and are cooked and served
in much the same way as cauliflower. The harvest is usually
delayed until .after some frosts have attacked the crop, as this
improves the flavor.

Celery (Fig. 183).—This plant is considered especially valuable
when the stalks are thick, crisp and tender, and blanched to a
creamy whiteness. It is now a staple vegetable, and may be served
in several ways—in salads, or the crisp stalks are carefully trimmed
and washed and eaten raw with the addition of a little salt. It is
also cooked. Celery contains certain medicinal qualities, and is
valuable as a nervine.

Seed sown from February to April will be ready to transplant
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from July to October. Set plants six to eight inches apart in rows
about four feet apart. It requires rich, fine soil, with good, clean
culture in order to keep the young plants from being smothered
by weeds. The young plants should be topped when they have
attained a growth of about four inches. This will tend to make
them stocky. It is better to set out the plants in August and
September than earlier in the season, as they require less attention.

As winter approaches the stems should be blanched by being
mounded with earth, or by setting boards on edge at each side of
the row and filling in between with leaves or straw. This will
blanch the stalks, and they may be easily removed whenever
needed.

F1g. 183.—Celery may be easily blanched by banking it with earth. (Productive- Vege-
table Growing.)

To harvest the crop for winter use, dig up the plants with roots,
and place upright in wet soil in a dark cellar. This will serve as a
method of blanching.

Celeriac.—This is also known as turnip-rooted celery. It is
easier to cultivate, as it does not require blanching, being planted
solely for its roots which are used for salads and soups.

Parsnip.—This vegetable is higher in nutritive value than the
turnip, and the yield is good if planted under favorable conditions,
such as good, well worked sandy loam. It is very popular for
table use, and is excellent for stock feed. Plant early in the spring,
covering the rows lightly. One ounce of seed is sufficient for 200
feet of drill. As germination is slow in parsnips, it is well to sow
a few radish seeds along with the others in order to mark the rows,
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thus allowing early cultivation. The roots may be allowed to
remain in the ground until after frost as they are improved in
flavor by this method.

Salsify.—This is a very palatable winter vegetable, with long,
white, tapering roots. When cooked and served with milk or cream
it is thought to resemble the oyster in flavor, hence it is also known
as the “‘vegetable oyster.”

The seeds should be sown in March or April, and the cultiva-
tion should be frequent in order to keep down weeds. A deeply-
worked, very rich and light soil is necessary to produce a good
crop, and coarse manure should be avoided, otherwise the roots
will be badly shaped and uneven. This plant is very hardy and
will stand cold weather. It is often left in the garden until mid-
winter or early spring before the last is harvested.

Horse Radish.—The root of this plant is used as a condiment
or appetizer, the roots being grated and stored in vinegar. In this
form it is used on meats and some other foods. The plant is a
persistent perennial, and will live indefinitely when it is once
established in a corner of the gerden. The plants are started by
setting small fingerling roots in rows or in small beds. Bury the
roots so that the crowns are about three inches below the surface
in rich garden soil. Dig the crop in late fall before the freezing
of the ground, and after washing thoroughly, grate the roots and
preserve in vinegar. If this is carefully done, a very white
attractive product may be obtained.

If the whole crop is taken up, the smallest roots may be stored
and used next spring for replanting.

Collards.—This crop is another form of headless cabbage simi-
lar to kale. It however endures the hot weather of the southern
states better than cabbage or kale. It makes excellent greens at
any time in the year. Both kale and collards endure the cold and
seem to be somewhat improved by frost. If the crop is desired
in early spring when greens are most relished, the seed may be
sown in early fall to produce considerable growth before winter.
In regions where the winter is severe, the plants may be protected
by a loose leaf or straw mulch after fall weather has begun. The
plants may be started in hotbeds and transplanted in the open
garden, but this method is too laborious to be commercially profit-
able. The seed may be sown either broadeast or in drills, the former
method being more common. The culture and soil are the same
as for cabbage.
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Parsley is used for flavoring in salads and soups, and for gar-
nishing. The seed germinates slowly, and must have plenty of
moisture. The plants are hardy and may be planted early in the
open ground, or started inside and transplanted to the garden
whenever early cabbage is put out. The plants should be about
six or eight inches apart in rows cighteen inches apart. By pick-
ing only a few leaves from each plant, the same plants will thrive
throughout the season. They may be taken up in the fall and put
into cold frames, or into boxes or flower pots, and kept in a sunny
window all winter. The green leaves may also be dried in summer
and used as flavoring for soups in the winter.

Upland Cress is another hot weather salad plant easily grown,
and much liked by the few who cultivate it. It should be better
known. Like parsley it will continue to furnish leaves if care is
taken in gathering. It is used as a substitute for water cress. The
seed is sown in drills in good garden soil, early in the spring. In
the South a fall-sown erop may be grown for spring use.

Endive also endures the heat of summer. The leaves are much
cut and very curly, growing in dense heads like lettuce. The flavor
is bitter unless the plants are tied and blanched. Only a few heads
are tied at a time as they rot quickly. Two or three weeks are
necessary to blanch properly, and they must not be tied up on a
rainy day. The plants should be thinned to one foot apart in
rows which are eighteen inches apart. Good soil and good tillage
are necessary. The crop is harvested in the fall.

Onions.-—The onion crop includes also leeks, garlic, shallots
and chives.

For the fall crop of onions, sow seed in early spring in very
clean, rich soil. It should be particularly well drained because of
the season at which the seed is to be started. Sandy loam is usually
preferred, but it should be black and well provided with organic
matter to produce the best crops. Drill in rows about fifteen or
eighteen inches apart to allow of cultivation either by wheel hoes
or by small horses. The plants will need thinning to about two
inches apart. Practice clean and thorough cultivation and avoid
the growth of weeds in the rows. As maturity of the bulbs ap-
proaches the tillage should be stopped so as not to start them into
a second growth. As the tops begin to die, the onions should be
pulled and if the weather is favorable leave them on the field ex-
posed to the sun for several days. They are then put into shallow
crates, care being taken not to bruise them. They may be hauled
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in and either sold immediately or stored in a cool but dry place
for future use.

Bunch onions for use or for sale, as green onions may be pro-
duced in one of two ways:

1. Sow the seed of Silver Skin or other hardy white variety
of onion in late summer or early fall in soil such as that described
above. They should produce a good growth that fall, and in the
latitudes of Maryland and southward they should winter well
with no protection. Farther north they may be given a slight
mulching of clean straw during the winter. The crop is ready for
bunching for market or for use early the next spring.

2. Onion sets may be planted a few inches apart in rows one
foot apart. This is usually done in the very early spring. The
crop is usually sold as bunch onions. It is produced quickly
because of the store of nourishment in the onion sets. ,

There are three colors of onions popular on the mark