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PREFACE

Turs book is intended to supply in convenient form gen-
eral information regarding the subject of field crops, for
use in agricultural schools and in elementary courses in
colleges. It is in no sense a complete or exhaustive trea-
tise on the subject, such as would be desired for regular
college courses in field crops.

In the author’s judgment, the most effective method of
presenting the subject of field crops to students in ele-
mentary courses is by the combination textbook and lec-
ture plan, the textbook to furnish basic information, and
the lecture to include such specific information as the in-
structor cares to give. In very elementary courses, the
textbook would probably furnish the principal source of
instruction. In presenting the subject of field crops to
students of short or two-year courses in agricultural col-
leges, it is necessary, on account of the vast amount of
experimental data which is accumulating and constantly
changing, to devote a large part of the time allowed to the
course to information of this sort, which leaves but little
time for presenting the more elementary phases of the
subject. A more complete and satisfactory course can, in
the author’s opinion, be given if the student by the aid
of a general textbook can acquire these elementary facts
outside of class hours. The elementary courses may be
made very complete, if desired, by the use of such a text-
book, and the devoting of the major part of the lecture
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vi PREFACE

periods to the consideration of experimental results in gen-
eral, to the making of local applications and the applying of
the principles of plant physiology and plant-breeding to field
CTODS.

Many students in field crop courses, both in agricultural
schools and colleges, have come from town or city homes,
and have had little or no farm experience. While it is not
possible to acquire farm experience from a textbook, it is
possible to gain from such a source much of the general
information which is lacking.

In the writing of this book there has been included but
little statistical matter and but little experimental data,
which can be presented in a more up-to-date form by
means of lectures. As the book was originally written, it
contained some discussion of all of the North American
field crops, but in order to keep it within a reasonable size,
it has been necessary to omit some of them, the most im-
portant of which are sugar cane and tobacco.

The author has observed, first as a student and later as
an instructor, that the interest which the student feels in
any subject depends largely upon whether or not the sub-
ject matter is presented in an attractive manner. For that
reason he has included in this book somewhat in detail
some facts which are of interest but not generally con-
sidered of vital importance.

It is hoped that this book will prove useful as a general
textbook of field crops in elementary courses, and as a sup-
plementary textbook in other courses, for students with
little or no elementary knowledge of the subject.

T am indebted to C. G. Williams and F. A. Welton of the
Ohio Experiment Station, to Professor E. G. Montgomery
and Dr. H. H. Love, of Cornell University, to C. R. Ball
and Dr. C. E. Leighty, of the U. S. Department of Agri-
culture, and to Professor H. D. Hughes, of Iowa State



PREFACE vii

College, who have read the manuseript in whole or in part
and who have offered many helpful suggestions. I am
grateful to those who have written chapters which have
been included in the text, and which appear under their
names, and to those who have furnished illustrations, to
whom credit is given in the list of illustrations. I wish
also to express my appreciation to my wife, Inez Van
Sickle Livingston, for her constant assistance in preparing

the manuscript for the press.
GEORGE LIVINGSTON.

On1o StaTE UNIVERSITY,
Corumsus, OHro.
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FIELD CROP PRODUCTION

CHAPTER 1
INTRODUCTORY VIEW

ArL the plants that grow on the earth are called, col-
lectively, the plant kingdom. The plant kingdom is made
up of innumerable forms of vegetation, ranging in size
from the tiny one-celled plant, so small that it cannot. be
seen with the unaided eye, to the giant trees of the forest.
Between these two extremes are to be found myriads of
intermediate forms, the alge that grow in ponds and
streams, the mosses and lichens that grow on the trees
and rocks, the ferns of the woods, the grasses and grains of
the fields, the wonderful shrubs and plants with which we
beautify our yards and gardens, and numerous other
similar and related forms. Plants differ not only in their
size, structure and habitat, but also in the kinds of food
that they are able to use and in their usefulness to man.
Some forms of vegetation are able to secure their food
from the inanimate world in the form of chemical elements
or compounds in the soil and in the atmosphere, and by
certain life processes are able to convert them into forms
useful in building up their own structures. Other forms
are not able to do this, but must derive a part of their
food from compounds that have already been incorporated
in the bodies of other plants or animals. To the former

-class belong most of our cultivated plants, while in the
B 1



2 FIELD CROP PRODUCTION

latter class are to be found many of the plants that injure
and produce disease in the cultivated forms. To this
group belong the rusts and smuts that attack the grains,
the blights and wilts that lay low the vegetables, and many
- other injurious, as well as some useful forms.

In their usefulness to man, plants vary greatly. They
are of service to him principally in furnishing food, cloth-
ing, and shelter. They are also a factor in many industries,
the products of which supply in some form or other the
needs of man. Every industry, in fact, no matter how far
removed from the growing of plants it may seem to be, is
either directly or indirectly dependent upon it. The
fundamental basis of any industry is to be found in the
food supply of the people who engage in it, and of the
people who consume the commodities produced. Men
derive their supply of food principally from two sources,
plants and animals. The animals, however, are either
directly or indirectly dependent upon plants, so that, in
the last analysis, the food supply of the nations of the
world and consequently the existence of all the industries
of the world are dependent upon the production of plants.
Not all plants, however, are useful to man, many of the
most troublesome diseases that attack the crops being
plant growths.

1. Classification of plants. — Because the plant king-
dom is made up of these multitudes of widely differing
forms, it has been necessary for botanists, for purposes of
study, to classify them into various groups. This branch
of the study is called systematic botany, and has occupied
the attention of botanists for many years. The classifica-
tion has to do with the arranging of plants into groups,
based upon their similarity of parts, — their evident
relationship. While it is not necessary for the general
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student of field ecrops to go exhaustively into the subject
of systematic botany, a knowledge of its principles is
necessary to a satisfactory understanding of field crops
and of the terms employed in any discussion of them.

2. Species. — The grouping can best be understood
perhaps if we start with the individual.! If a seed of
Kentucky blue-grass is planted, it will with favorable
conditions for growth develop into a plant, which in time
will produce seeds for its own perpetuation. If these
seeds in turn are planted, they will give rise to other plants,
which in time will produce seeds, and so on. Within a
few years a large number of plants will result, the progeny
of a single blue-grass seed. A careful examination of these
plants will show that, while they are very much alike, slight
variations occur in size, form and color of their various
parts. While these variations may occur, the plants
on the whole resemble each other very closely, having
descended from a common ancestor. These plants and
all others, wherever they may be found, resembling them
so closely that they might well have come from the individ-
ual plant of which we spoke, are placed in a group called
a species. A species, therefore, is made up of individuals
so near alike that they may be regarded as having come
from a common ancestor.

3. Variety. — As has been noted, slight variations occur
among the individual members of a species. Sometimes
variation in form, size or structure of a plant or its parts
is such as to make it more useful to man than the other
members of the species. Frequently man selects plants
possessing some superior quality and develops from them,
by using their seeds for perpetuation, a group of plants

1 Method of presenting classification of plants adapted from Percival’s
Agricultural Botany.
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that varies slightly in some one or more characteristics
from the other individuals in the species. Such a group of
plants is called a variety. A variety, therefore, is a
group of individuals within a species that possesses
some_variation from the species as a whole.. As yet no
varieties have been developed from Kentucky blue-grass,
but examples of varieties in abundance may be had from
the grain crops, such as corn and wheat. Thus we find
many varieties of corn, such as Reid Yellow Dent,
Boone County White, Calico, and many others. -‘These
varieties have some character or characters that dis-
tinguish them from corn in general. The color of the
grain, the size of the ear and plants, the length of season
required for growth, and similar variations are distin-
guishing variety characteristics.! Varieties, however, are
not so different from the other individuals of the species
as to form a separate and distinct species by themselves.
Thus Reid Yellow Dent and Boone County White, and
all other varieties of corn, are members of the corn species
Zea Mays. .

4. Genus. —If one examines closely all kinds of
grasses, it will be found that certain kinds bear a close
resemblance to Kentucky blue-grass, in the general appear-
ance, manner of growth, structure of parts, the arrange-
ment of flowers, and the like.! Thus such species as
Canada blue-grass, Rough-stalk meadow-grass, and

1Tn presenting the scheme of classification of plants, the author has
used such general terms as ‘* manner of growth,”’ and ‘‘ general appearance’’
in referring to varietal and generic characteristics, viewing the subject
from the agronomist’s point of view, as the discussion for elementary
students of the plants with which he deals does not necessitate going
into the intricate distinctions employed by the botanist. The term
‘*‘ variety ”” is used in the agronomic sense, not as a sub-species as the
botanists use it.
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Wood’s meadow-grass so closely resemble Kentucky
blue-grass as to establish with it a close relationship.
Species whlch are thus closely related are placed in a
group called a genus. A genus, therefore, is a group
of closely related species.

5. Naming of plants. — For convenience in describing
and identifying the various species that comprise a genus,
and to distinguish the various genera, it has been necessary
to name plants in such a way as to indicate the species «
and genus to which they belong. The botanical or scien-
tific name of a plant is composed of two Latin words,
the first of which is the name of the genus and the second, -
that of the species. Thus Kentucky blue-grass is known
as Poa pratensis, Canada blue-grass as Poa compressa,
Rough-stalked meadow-grass as Poa trivialts, and Wood’s
meadow-grass as Poa nemoralis. Varieties of farm crops
are not given Latin names, but frequently are named for the
man who is responsible for their development, as Reid
Yellow Dent corn, or sometimes for the section of the
country in which they were developed, as Boone County
White, or by some other distinguishing name, such as Pride
of the North, Rust-proof, Medium Green, and the like.

6. The family.—On observing the pasture and meadow
grasses, one will almost immediately note their similarity
and general appearance, manner of growth, shape of leaves,
character of stems, and other characters. It may be seen,
however, that this resemblance is not close enough to group
them all in the same genus, but that the various genera are
similar and may be classed together in a larger group,
which is called the family. Thus the meadow and pasture
grasses together with other grasses may all be included
in a large group or family, called the Gramines or grass
family. The family group may include genera of con-
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siderable variation in size or other characters; thus
oats, wheat, barley, and even corn, each of which belongs
to a different genus, are all members of the grass family.
But the variation between oats and the meadow grasses
like timothy is not so great as would appear without
examination of the plants themselves. Examination will
reveal the similarity in the character of growth, shape, and
structure of the leaves, stem, and flowers. The nearness
of their relationship will become more evident if one of
them is compared with a species of another family, such
as one of the clovers. Immediately a great dissimilarity
between these will be noticed in the leaves, stem, roots,
and flowers.

7. Orders, classes, and divisions.— As™ genera and
families have been formed, so are the closely related
families grouped into orders. Orders with similar charac-
ters are grouped into classes, and similar classes form
divisions. The division represents the largest group of
the plant kingdom.

8. Divisions.— The plant kingdom has been divided into
four great divisions, namely, Thallophytes, Bryophytes,
Pteridophytes, and Spermatophytes. The Thallophytes
and Bryophytes comprise the lower forms of plants; the
alge, fungi, and bacteria belonging in the former group,
and the liverworts and mosses in the latter. The plants of
these two divisions have neither true stems nor leaves, nor
do they produce flowers and seeds. The Pteridophytes
include the ferns and related plants. The plants of this
division have stems and leaves, but do not produce true
flowers or seeds. These three great divisions of the plant
kingdom, Thallophytes, Bryophytes, and Pteridophytes,
are often grouped together into the ¢ flowerless plants.”
The one remaining group, namely, the Spermatophytes,
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includes all of the seed-producing plants. To this group
belong almost all of the cultivated plants, and it is by far
‘the most important division in its relation to mankind.
The Thallophytes, however, are of considerable impor-
tance to man in that within its membership are to be
found the bacteria, both useful and harmful, and also the
numerous plant diseases. The farmer, therefore, is eco-
nomically interested chiefly in only two of the great
divisions of the vegetable kingdom, the Thallophytes and
the Spermatophytes.

The two classes of Spermatophytes are the Gymno-
sperms and the Angiosperms. The Gymnosperms include
those plants the seeds of which are naked or not inclosed,
and are formed on the outside of a modified leaf. A
large number of the Gymnosperms are coniferous or cone-
bearing trees, such as the pine, cedars, yews, and similar
plants. The Angiosperms include those plants whose
seeds are inclosed in pod- or sac-like structures. To this
group belong almost all of the cultivated plants. The
Angiosperms may be divided into two sub-classes, namely,
the Dicotyledons and the Monocotyledons. The dicoty-
ledonous plants may be distinguished by the presence
of two cotyledons or seed leaves, while the monocoty-
ledons have but one. Both dicotyledonous and monocoty-
ledonous plants are to be found in our cultivated forms.
The Leguminose, to which belong the clovers, peas, and
beans, is an example of the former, while the Graminez,
or grass family, to which belong the grasses and grains, is
an example of the latter.

9. Length of life. — Based upon their length of life,
plants may be divided into annuals, biennials, and peren-
nials. An annual is one that lives only during one growing
season. A biennial is one that requires two growing
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seasons to complete the life cycle, no seeds being produced
during the first season, but only leaves, stems, and roots.
The seed is produced the second season. Perennials
are plants that live for more than two years. Some
perennials, such as alsike clover, live but a short time,
three or four years or so, while other perennials, such as
alfalfa and blue-grass, live for many years. Some annuals
utilize parts of two growing seasons, instead of making
all their growth in one season. An example is winter
wheat, which makes a partial growth during the fall and
completes its growth the next year. Such plants are
called winter annuals. HEG

10. Cultivated plants. — The flowering plants, includ-
ing both monocotyledons and dicotyledons, of which
there are a great number, and which are found in all
parts of the world where plants exist, may be divided into
the cultivated and uncultivated plants. However, some
plants that are cultivated in one part of the world may
grow wild in other lands.  Of the great number of flowering
plants, species of over 200 families are cultivated by man.
These include those cultivated for their flowers, fruit, stem
and leaves, roots, tubers, grain and fiber. The cultivated
plants may be grouped into two general classes, horticul-
tural plants and field plants. Horticultural plants are
the fruits and vegetables. Field plants are those plants
grown in fields for their stems, leaves, roots, tubers, fiber,
or seeds. '

11. Field crops. — Field crops may be defined as those
plants grown in cultivated fields under a somewhat exten-
sive system of culture. Horticultural crops, on the
other hand, are those plants grown in comparatively small
areas under systems of intensive culture. This is not a
hard and fast distinction, however, since such crops as
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the sugar beets, while considered as field crops, are grown
under rather intensive systems of culture. Tobacco,
also, is a field crop that requires intensive culture, while
on the other hand, vegetables and fruits are frequently
grown in comparatively large areas. The student of
field crops is interested in the study of all plants grown as
field crops, and in their culture, harvesting, storing, market,
and uses. Closely re-
lated to the study of
field crops are the
problems of soil fer-
tility. Frequently
these two subjects
are grouped under
the same term, agron-
omy, which means
culture of the fields.
The agronomist,
therefore, may be a
student or an inves-
tigator of problems Fie. 1.— Comparative value of crops in
relating to both soil G REATREEE SR ADo
fertility and farm crops, or he may confine his attentlon
more especially to one or the other of these two branches.
12. Classification of field crops. — For convenience
in study and in describing general methods of culture,
the various field crops may be grouped into several classes.
The classification of the subject which will be followed in
this book divides them into grain, forage, fiber, root, and
related crops, and miscellaneous crops. In this classifi-
cation the grouping of the crops is based in part upon
the most important parts of the plants, and in part upon
the uses made of them. This method of classification,

GRAIN
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as indeed any method that might be employed, is more or
less general and several irregularities occur in it. Thus
the grain crops are usually grown for their grain, but
frequently the straw is used for forage, and sometimes the
entire plant is so used. Sometimes, too, a crop may be
grown for one purpose in one place, and for another use
in another locality. Thus flax, which has been grouped
with the fiber crops, is grown in some places entirely for
its seeds, in which case it should, perhaps, be grouped
with the grain crops. The millets are likewise, in some
countries, grown primarily for their seed, but in this
country they are generally used for forage. In a general
way, however, the grouping here followed will indicate
the most common usage of the crops, but mention will
usually be made of any other uses to which they may be
put. The relative importance of the various crops is
shown in the diagram.

13. The grain crops. — Grain crops are crops that
are grown primarily for their seed or grain. This term
is more inclusive than the term ‘ cereals,” which is defined
as any grass grown for its edible grain. The term grain
crops is used to include all crops grown for their grains,
regardless of their botanical relationship. The cereals,
however, are by far the most important grain crops,
and if it were not for the cereals, this group would have a
small membership and a rank of little consequence, instead
of being, as it now is, the most valuable and useful group
of field crops.

14. The forage crops.— Forage crops are those
crops grown primarily for forage, which may be defined
as roughage or bulky feed for domestic animals. The
forage crops have great bulk ‘and low feeding value per
unit of weight as compared with the grain crops. Forage
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crops may be cut and dried before feeding, as is the case
with hay or stover, or they may be fed green, either by
allowing the animals to graze upon them, or by cutting
and feeding them directly from the field. The straw
of the grain crops is frequently used for forage. Forage
crops, however, usually mean the crops in which the
entire above-ground
part of the plant is
used. Almost all of
the important forage
crops are included
in the membership of
two botanical families,
namely, the Gramin-
ee and Legumin-
os®, or as the two
groups are commonly
called, the “ grasses”’
and ¢ legumes.” The
forage crops rank next Fie. 2. —Six leading crops of the United
to the grains in value Bt

and acreage, and if native pasture is included, the
acreage is greater than that of the grain crops.

15. The fiber crops. — Fiber crops are those crops
grown for their fiber, which is used in the making of
textiles, ropes, twine, and the like. Cotton is by far
the most important of this group of plants, and its great
acreage and value give to the fiber crops the third rank
in this respect.

16. The root and related crops. — Root crops are
those crops grown for their enlarged tap roots. Several
other crops with thickened leaves and stems which re-
semble the true root crops in their composition and
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feeding values, and also in the general methods of their
culture, are usually included in this eclass. A more
detailed explanation will be found in the introductory
paragraph of the chapter on root crops.

17. Miscellaneous crops.— Under this head are grouped
all farm crops not included in any of the preceding
classes. As might be expected, these crops vary greatly
in their botanical relationship, culture, and uses. The
two principal crops of this group are the potato, which
is grown for the tubers, and tobacco, which is grown for
its leaves and is used as a stimulant. The latter is not
included in this book.

18. Definition of terms. — Several terms are employed
in field-crop literature, both in text-books and in the
agricultural press, that should be defined. Some of
them refer to a special use made of a crop, which
may be a member of any of the general groups previously
discussed, but usually belongs to the grain or forage
CTOpS.

A soiling crop is one that is cut green and fed green
directly from the field. Thus corn, if it is cut and thrown
over the fence to animals, or fed to them in the feed lot,
becomes a soiling crop.

A green manure crop is one that is grown to plow
under or to disk into the soil to improve the physical
condition of the latter, and to increase its fertility.

A cover crop is one that is seeded so as to make a growth
to cover or protect the soil in the field or orchard during
the winter. ‘

A catch crop is a crop sown between two regular crops.
Thus, if rye is seeded in the corn at the time of the last
cultivation, and the field is seeded to oats or some other
crop in the spring, the rye crop may be defined as a catch






CHAPTER 1I
CROP ROTATION

By J. F. BARKER
New York Agricultural Experiment Station

WHEN any one crop is grown continuously on the same
field for a number of years, the average yield is almost
sure to be less than if that crop had been grown in a suit-
able rotation with other crops. Thus if corn, oats, wheat,
and hay are grown on a farm, the land devoted to these
crops may be divided into five fields of equal size and
the four crops changed each year in regular order from
one field to another, except that hay would always be
grown on a field two years in succession. In this way
better average yields would result than if each field were
devoted to one crop continuously. This principle is
recognized in greater or less extent by nearly all practical
farmers; but the following epitomized results of carefully
conducted field experiments bearing upon the subject
furnish the concrete evidence necessary to a definite
understanding of this principle. Such results are of more
significance than any amount of theory or generalized
experience. It should be said, in explanation, that com-
parisons of rotative and continuous cropping are here
made between adjoining or near-by fields rather than
adjoining plots. The figures therefore are probably

not so closely comparable as in fertilizer tests. But con-
14
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sidering that at each station the crops in rotation and
continuous cropping are grown on the same type of soil
having practically the same previous treatment, and taking
into account the length of time the experiments have been
in progress, the comparisons are unquestionably reliable
to a close degree.

19. Rotation experiments at Rothamsted. — In the
Rothamsted experiments, wheat grown in a four-year
rotation gave during sixty years nearly double the aver-
age yield per acre of wheat grown continuously. In the
case of barley the difference is also very great, but the
yields of barley in rotation have fallen off more rapidly
than wheat, owing to the latter crop coming directly
after the clover and so getting the greater benefit of the
clover sod.

RoraAMSTED EXPERIMENT STATION, ROTHAMSTED, ENGLAND

(60 Years of Field Experiments)

WHEAT BARLEY
Bu. PER ACRE Bu. PER ACRE

First | Second| Third | First |Second| Third
20 yr. | 20 yr. | 20 yr. | 20 yr. | 20 yr. | 20 yr.

Rotation : turnips, bar-

ley, clover, wheat 30 21 24 38 22 14
Rotation: turnips, bar-

ley, fallow, wheat 35 23 23 37 23 16
Continuous culture . .| 16 14 12 20 13 10

The yields in continuous culture have fallen off most
rapidly during the first few years of the experiment, for
at the outset the land devoted to continuous culture was
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producing fully as well as that used for the rotation exper-
iment. During the last fifty years the falling off under
continuous culture has been comparatively little and has
now reached a low level at which it may be sustained
almost indefinitely. This is what usually takes place
under any poor system of farming; yields fall off rapidly
at first and soon reach a low level below which they are
not easily reduced. Comparisons here have been made
only between the unfertilized plots in the two systems of
cropping. By means of commercial fertilizers the yields
of wheat and barley, even in continuous -cropping,
have been maintained at a high level. But the
necessary quantity of fertilizer has been so great that
the increased yields resulting from their use have not
paid the cost. Also, when the fertilizers are used, the
craps are now so dependent upon them that if they are
discontinued, even for a single year, the yields drop
very low.

20. Rotation experiments in Iowa and Illinois. — A
most striking example of the rapid decline in produc-
tion under continuous cropping is shown in the experiments
with corn growing at both the Illinois and Iowa experiment
stations. In both cases the fields are located on typical
dark brown silt loam prairie soil which at the outset yields
without fertilization 70 to 80 bushels of corn per acre.
The Illinois experiments-show that after 10 or 12 years of
continuous corn culture the yields of corn on this soil are
reduced to about 35 bushels per acre. Under a rotation
of corn and oats, which is a poor rotation, but better than
a single crop, the yield is 62 bushels. Under a four-year
rotation of corn, corn, oats, and clover the yield is 66
bushels. The corresponding figures for a similar experi-
ment on a smaller scale show still further reduced yields,
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but the reduction in the last 16 years has been going on
much slower than at first.

UniversiTY oF ILninois ExpEriMENT FieLp aT URBANA, ILL.
TypicaL CorN Berr PrAIRIE SoI1L :

(Three years’ averages: bushels per acre)

1905-6-7 | Corn every year 35 bu. 27 bu.
1903-5-7 | Corn and oats

rotation 62 bu. 46 bu.
19014-7 | Corn, oats, clover

rotation 66 bu. 58 bu.

Iowa AGRICULTURAL EXPERIMENT STATION, AMES, JowaA.
TypicaL CorN BeLT PRAIRIE SoIL

(Figures give bushels per acre)

Rotation of corn, corn, oats, clover, compared with continuous
corn

1904 | 1905 | 1906 | 1907 | 1908 | 1909 1910i1911 1912

Corn in rotation 75 | 87 | 69 | 57 | 70 | 54 | 60 | 44 | 60
Continuous cul-
ture . . . .| 74 |73 |53 | 47 | 53 | 31 | 46 | 32 | 47

The results from nine years of experiments at the Iowa
station are even more striking than those from Illinois.
They show that, while each system started out with a
yield of approximately 75 bushels of corn per acre, con-
tinuous cropping never after the first year produced as

much by ten bushels per acre as in a four-year rotation
(o]
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of corn, corn, oats, and clover. Such results as these,
obtained on typical corn belt prairie soil of proverbial
fertility, furnish overwhelming evidence against the one
crop system.

21. Rotation experiments in Ohio. — Results from the
Ohio Station furnish much additional evidence on the
subject under discussion; they also throw light on
certain phases of the question with which the others
do not deal. In the experiments at each of the other
three stations the soil at the outset was in a good
state of productiveness, yielding without fertilization,
30 to 35 bushels of wheat or 70 to 80 bushels of corn.
At the Ohio Station, however, at the beginning of the
experiments the soil was in a badly run down condition.
It had been subjected for a half century or more to an
exhaustive system of farming. Also, this land in its
virgin state was not so productive as the prairie soils of
Towa and Illinois and was less durable than the Rotham-
sted lands. Crop yields, therefore, being already reduced
to rather low figures, there has not been the opportunity
for further rapid reductions under continuous cropping.
However, on unfertilized land the average acre yields for
the last five of the 18 years show that continuous cropping
has reduced the yields as compared with the rotation in
use as follows: Corn from 26 down to 8 bushels per acre,
oats from 29 to 15 bushels, and wheat from 14 to 6 bushels.
- It is worth while to make a comparison of the two
systems under fertilizer treatment. There being no
plots in either of the two systems which have identical
fertilizer treatment, certain ones have been selected having
the same kind of treatment but in different amounts, and
the larger applications being on ‘the continuous culture
plats. This makes the comparison all the more striking
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since the more heavily fertilized crops under continuous
culture give lower yields. Nitrogen, phosphorus, and
potassium to the amounts indicated in the table are applied
in the form of nitrate of soda, dried blood, acid phosphate,
and muriate of potash. In the rotation system the amount
indicated is applied only once in five years and is divided

On1o ExpEriMENT FieLps, WoOSTER

Experiments in progress 18 years, 1894-1911. Rotation of corn,
oats, wheat, hay, hay, compared with continuous culture

CorN OaTs WHEAT
First | Last | First | Last | First | Last
Syr.|5yr.|5yr.|5yr.|5yr.|5yr.
Treatment for each five-year period Rotation
Unfertilized . . . 311263029 8|14
38 1b. N., 30 1b. P., 108 lb K 36 |45 | 38 | 48 | 14 | 28
8 tons manure . . . 40 | 47 | 32 | 39 | 12 | 26
Treatment for each year Continuous Culture
Unfertilized . . . 26 8128|1510 | 6
24 1b. N., 10 lb P, 40 lb K 45 | 35 | 42 | 24 | 20 | 22
24 tons manure ' . . 37 |18 {31 |23 | 13 | 17

between the corn and wheat. In the single crop system
the application shown is applied every year. The com-
parative yields for the last five years are as follows, the
larger being always for the rotation system: corn, 45 and
35 bushels per acre, oats, 48 and 24 bushels, and wheat,
28 and 22 bushels. Comparing the rotation plots receiv-
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ing 8 tons of manure in five years with continuous culture
plots receiving 123 tons in the same length of time, we
have the following yields, the larger always in favor of
the rotation system: corn, 47 and 18 bushels, oats, 39
and 23, and wheat, 26 and 17. Certainly here is abundant
data to show that even with liberal fertilizing crops can-
not be grown to good advantage under a one crop system.

22. Why rotation gives better yields. — In studying
natural phenomena it is good practice first to make
observations and gather data and then try to discover the
principles which underlie the working of these phenomena.
Having obtained definite data to the effect that a rotation
system of cropping affords better yield than continuous
culture, we next ask the question, why?

(1) Cultivated crops rapidly deplete the organic matter
and nitrogen of the soil. Cultivation favors rapid oxida-
tion and destruction of organic matter with the consequent
rapid liberation of nitrogen. Then, too, a cultivated crop
leaves very little in the way of roots and stubble to be
added to the stock of organic matter in the soil. Erosion,
both by wind and water, is much more rapid when a few
inches of the surface is kept loose by cultivation. As the
organic matter and nitrogen is found mainly in the surface
soil, it is rapidly lost when erosion is accelerated. Aside
from this loss, erosion is, of course, wasteful of the best
part of the soil. :

(2) Single cropping favors insects and weeds. Any crop
grown on the same ground year after year encourages the
presence of such insects and in some cases such weeds as
prey especially on that crop. This is one of the worst
troubles in continuous corn growing; the corn root worm
develops badly under those conditions. In the continuous
culture of wheat at the Rothamsted station the ground at
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one time became so foul with weeds that it was necessary
to devote a year to fallowing before another crop could be
grown.

(3) Legume crops help out on the nitrogen supply.
A rotation of crops gives an opportunity to include some
legume, especially clover or alfalfa, which will leave the
soil richer in nitrogen than before the crop was grown.
If one-fourth or more of the rotation is devoted to one of
these crops and if a part of the crop, as well as the roots
and stubble, are turned under, and perhaps also an occa-
sional catch crop of some other legume is plowed under,
it is possible to supply in this way sufficient nitrogen for
all the other crops in the rotation, and thus the supply
of this element be maintained indefinitely. It must be
remembered, however, that legumes as well as any other
plants can feed upon the nitrogen already in the soil and
in fact always take a part of their supply in this way, so
that if the crop is entirely removed and only the roots and
stubble plowed under, the soil is seldom being enriched in
nitrogen and may, in fact, be somewhat reduced. Clover,
for example, is known to take, under average soil condi-
tions, about one-third of its nitrogen from the atmosphere.
Now the roots and stubble of clover seldom amount to
more than one-third of the crop, and, as nitrogen is con-
stantly being lost from the soil by leaching, it may often
happen that a clover crop in the rotation does not increase
the nitrogen supply at all, though, of course, it does not
deplete this supply to the extent of a non-legume crop.

(4) Heavy sods supply organic matter. Crops such as
grasses, and clovers, which keep the surface soil well
filled with a mass of fibrous roots, increase materially the
organic matter content of the soil. When this sod is
plowed under, the soil is much benefited in respect to
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organic matter; also, the decaying roots render the soil
looser and more friable.

(5) A rotation alternates deep and shallow rooted
crops. Crops that send their roots down deeply help
to prevent a compact condition of the subsoil and so
maintain better drainage and a better moisture reservoir.
Also, by feeding on deeper layers of soil the total supply
of plant food is more economically utilized. It is, there-
fore, advantageous to both the shallow and deeply rooted
crops that they should occasionally alternate with one
another.

(6) Influence of toxic substances. It is probably true
that many or all crops excrete or leave in the soil certain
organic compounds which are more or less injurious to
succeeding crops of the same kind, but are less harmful or
perhaps not at all so to other crops. In certain instances,
however, a crop is thought to exert a more toxic effect
on another growing with it than on itself. The Duke
of Bedford and Spencer U. Pickering, working at the
Woburn Experimental Fruit Farm near Bedford, England,
report experiments which seem to prove that grass has a
very toxic effect on fruit trees. They demonstrate that
this effect is entirely separate from that of robbing the
trees of available plant food and moisture. The United
States Bureau of Soils has investigated the subject of
toxic compounds in the soil to an elaborate extent. It
has shown clearly that when the water extract from a
poor soil is shaken with some insoluble absorbing material
such as finely powdered charcoal and then filtered, the
filtrate will grow better plants (in aqueous solution)
than the original extract. Other experiments show that
the extract from certain poor soils will not grow plants so
well for the first few weeks as distilled water. Wheat
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seedlings do not grow so well the second time in the same
solution, although the nutrient constituents may be
maintained at the same concentration. Certain organic
compounds which have been isolated from the soil and
their formule determined are demonstrated to produce a
toxic effect when added to a nutrient solution in which
young plants are growing. Those who have investigated
this subject most thoroughly believe that the accumula-
tion of toxic compounds in the soil is an important factor
in the rapid decline of crops growing continuously on the
same land.

Aside from the question of crop yields there are other
reasons along the lines of economy and convenience which
make it preferable to rotate a series of crops on dif-
ferent divisions of the farm rather than devote separate
fields to the growth of each crop continuously. Yet it
is seldom important to follow year after year a rigid rota-
tion. In fact, if a four or six year rotation is adopted, one
is likely, for some good reason or another, to make some
little change in his plans before more than one cycle of
the rotation has passed. With the frequent change in
value of crops and knowledge of important new crops
come changes in the rotation system. It is important
always to have a well-planned rotation under way, but
one should not hesitate to make changes that are in the
line of progress, to substitute a different crop for one that
has started off poorly, or occasionally increase the acreage
of a money crop at the expense of a less profitable one,
even though by such changes he may never actually
complete a perfect cycle of the rotation planned.

23. Planning a rotation. — Any farm of good size
may have two, three, or more different rotations in prog-
ress, having a series of fields set apart for each rotation.
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In planning these rotations the first thing to consider is -
the crops one desires to raise. This will be based upon the
crops most profitable for the locality, and best adapted
to the soil in question, and the preferences of the land
owner. These crops are then arranged into one or more
suitable rotations in such a way as best to meet the prob-
lems of maximum yield, economy of labor, and, in short,
greatest net profit; considering not merely the present
but a period of at least several years. It may very often
happen that to plan a satisfactory rotation one will find
it advisable to.include for the sake of the rotation a crop
which in itself is not especially desirable or profitable.
Thus some farmers say they would not grow wheat except
that it makes a convenient crop with which to seed down
to meadow or pasture. In arranging crops in a rotation
some of the following principles may well be kept in mind :

A rotation should usually contain at least one legume
crop, a sod producing crop, and a cultivated crop. Other
crops may be worked in with these as desirable.

A long rotation with a great variety of crops may be the
best from a fertility standpoint but is seldom practicable to
carry out. Usually a rotation of three to six years is most
suitable.

Deep-rooted crops should be alternated with shallow
rooted crops when the latter are to be grown.

Potatoes do especially well following a clover or alfalfa
sod or buckwheat stubble. Barnyard manure is best
applied to some crop a year previous to potatoes rather
than the same season.
~ Corn is a rank feeder and can utilize quantities of coarse
manure better than most other crops. It does especially
well on recently turned sod ground.

For a poor soil low in organic matter, a four or five
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year rotation containing two or three years of a sod
producing legume crop is desirable. A dark colored,
fertile soil may well grow more cultivated and small
grain crops.

Buckwheat or flax are poor crops to precede a small
grain crop. There is apparently some injurious effect
produced by these two crops which is entirely separate
from any question of plant food or physical condition of
the soil.

Wheat does well following a cultivated crop and espe-
cially well if this is a legume such as beans or peas. Oat
stubble is a good site for wheat if the ground is prepared
immediately after the oats are off.

Alfalfa should be sown without a nurse crop. Most
grasses and clover, if sown in the spring, do best with a
nurse crop. Wheat, barley, or oats make a good nurse
crop.

It is a good plan to arrange a place or two in the rota-
tion for short time catch crops to be plowed under as
green manure or source of nitrogen supply.

24. Rotation does not maintain fertility. — Although
much may be said in favor of crop rotation, we need to
guard against the erroneous impression that a systematic
rotation of crops is in itself sufficient to maintain the
fertility of the soil and insure good crop yields indefi-
nitely. This theory has gained acceptance by some and
has occasionally found expression in magazines and farm
papers. The advocates of this theory provide only
that the rotation include crops adapted to the soil in
question, that some legume be grown, and that good culti-
vation and drainage be provided. The data given in
the early part of this chapter is convincing evidence
against any such teaching.

-
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In the four-year rotation at Rothamsted wheat yields
were not sustained, although that crop immediately fol-
lowed the clover. Barley, occupying a less favorable
place in the rotation, declined during 40 years from 38
to 14 bushels. The decline in yield of turnips and clover
was even more striking.

In the Illinois experiments the rich virgin soil of the
corn belt has under a favorable rotation declined in pro-
ductiveness during 29 years from more than 70 bushels
of corn per acre to an average of 58. Even during 13
years the yields have not been sustained. On the rich
prairie soils of Iowa corn yields have noticeably declined
during a period of nine years under a similar rotation.
At the Ohio station, beginning with a poor, run down soil,
a favorable five-year rotation has, during a period of 18
years, somewhat improved the yield of wheat and main-
tained the production of oats, although the corn crop
has declined. However, there is no evidence here that
anything like satisfactory crop yields can be maintained
by rotation.

From the Pennsylvania experiment station 25 years of
crop yields are reported, the rotation being corn, oats,
wheat, and hay (clover and timothy). Comparing the
average of the first twelve years with the average of the
second twelve, we find that where no fertilizer has been
added the yield of corn has declined from 42 bushels per
acre for the first period to 28 bushels for the second.
Oats in this time has dropped from 37 to 25 bushels.
Wheat has given the low yield of about 13 bushels for
both periods. Hay has dropped from 13 tons to 1 ton
per acre.

All the above are results from carefully conducted experi-
ments and are fair examples of what a good rotation
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together with good cultivation and tile drainage can do
towards keeping up soil fertility and maintaining satis-
factory crop yields. A rotation of crops reduces the
plant food supply in the soil (excepting nitrogen) even
more rapidly than the one crop system, and to maintain
good crop yields under rotation requires the addition of
mineral fertilizers or the application of liberal amounts of
farm manure. On the average farm the problem will be
best solved by using a certain amount of each. But to
go into this phase of the subject more in detail properly
belongs to a text-book on soil fertility.

. 25. Suggested rotations. — The following are exam-
ples of rotations commonly recommended or in frequent
use :

Corn, oats, clover.

Corn, wheat, clover.

Corn, oats, wheat, clover.

Corn, corn, oats, clover.

Corn, corn, oats, clover, wheat, clover.

Corn, oats, wheat, hay, hay (mixed clover and timothy).
Potatoes, wheat, clover.

Potatoes, wheat, alfalfa, alfalfa.

Cowpeas (or soy beans), wheat, hay, hay (mixed).
Alfalfa 4 years, corn 2 years, oats or wheat 1 or 2 years.
Corn, corn, oats, hay (clover and timothy), pasture.
Oats (or barley), beans, wheat, hay.

Corn, barley, wheat, clover and timothy 1 or 2 years.
Rye, hay, potatoes, oats or barley.

Wheat, hay, potatoes, beans.

Tobacco, rye or wheat, clover.

In almost any of the above rotations one or two catch
crops may be grown and plowed under without adding
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a year to the rotation. Thus where corn is followed by
a spring crop such as oats, the farmer may sow cowpeas,
soy beans, clover, or vetch in the corn at last cultivation
and plow it under the following spring. Where oats,
wheat, or barley is followed by a cultivated crop to be put
in late the next spring, an even better opportunity is offered
for a catch crop.



CHAPTER III
CORN OR MAIZE

Historians tell us that when Columbus landed in
Hayti in 1492 he found the natives growing a plant which
they called Mahiz. So unusual was this plant that ears of
it were among the numerous presents taken back to Spain
and presented to the queen as trophies of the new world.
Columbus called the plant maize after the Indian name, or
Indian corn, to distinguish it from the corn plants of the
Old World. Writings of the early explorers of America
tell us that maize or Indian corn was one of the staples
of primitive agriculture at the time of their explorations.
One of the first Spanish explorers to visit Mexico wrote
extensively about the culture of corn by the native Indian
tribes, who were growing it around their temporary
dwellings, making use of it in various ways. The account
includes a description of several kinds of cakes and breads,
and also tells of both fermented and unfermented drinks
made from it. All students of American history are
familiar with the important part played by this cereal
in the lives of the early English colonists. That corn was
grown a long time before the discovery of America by
Columbus is evident from the discovery of the ears in the
burial mounds of the prehistoric tribes of Ohio, of the
cliff dwellers of southwestern United States, and in the

mounds left by the early tribes that inhabited the west
29
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coast of Peru in South America. Almost all authorities
believe that corn is a native of the Western Hemisphere,
probably having its origin in what is now Mexico. Corn
was not known in the Old World until after the discovery
of America. It seems to have been first introduced into
the countries bordering the Mediterranean, possibly
by a ship sailing in from America and stopping at the
various ports of the countries along the coast. From
these ports it spread into adjoining countries, and car-
ried with it the name of the country from which it was
introduced. Thus it was known by such names as Span-
ish wheat, Italian wheat, Egyptian wheat, Turkish
corn, Barbary wheat, and other similar titles. The
names thus received have sometimes led to confusion as
to its origin. When first introduced into these and adjoin-
ing countries, it spread rapidly ; but its usefulness does
not seem to have been appreciated, excepting in Spain
and Portugal ; elsewhere it was grown as a curiosity until
the last century.

26. Botanical characters. — Corn, Zea Mays, is a
large rank growing plant, belonging to the genus Zea of
the grass family. It has no close relatives either among
cultivated or wild grasses, and it is therefore quite different
from the other familiar cereals as to the structure and
arrangements of its parts, and in many other respects.
On account of its sensitiveness to frost, corn cannot be
planted so that it will make part of its growth in the fall,
live over the winter like wheat or rye, and complete its
growth and produce seed the following spring and summer.
It is therefore called a spring annual.

27. The roots. — The roots of the corn plant may be
divided into three separate groups, namely, the temporary,
the permanent feeding roots, and the braceroots. When the
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kernel is placed in the ground, with eonditions favorable for
growth, a root shoot called the hypocotyl rapidly pushes
downward into the soil. Soon two or three branches grow
out _from the base of the hypocotyl. These are somewhat
smaller, and usually grow out laterally from the seed. These
roots with their branches form the temporary root system.
They make their growth largely from the food that is
stored up in the kernel, and their function is chiefly that
of supplying water to the young plant. While the tem-
porary roots are being formed, the plumule is pushing up
through the soil and finally unfolds its leaves above the
ground. About the time the leaves are unfolding, another
group of roots begins to grow from the lowest node of the
plumule, usually about one inch below the ground, al-
though if the soil is cloddy and dried out some distance
below the surface, the node forms deeper in the soil.
This, the permanent root system, is formed near the surface
of the ground, regardless of the depth of planting. Thus
we see that deep planting will not insure deep root system
as many are inclined to believe. The roots of the perma-
nent system grow out laterally for some distance before
turning downward. This system is not made up of a
great number of single roots, but rather is it a complex
group, since each root gives off many branches from which
in turn spring other branches, and so on until finally the
last branches are tiny rootlets. Most of the branches are
in the first 15 to 20 inches of the soil, and only a few are
sent down deep into the ground. The roots grow very
rapidly at first, more rapidly than does the plumule.
Hunt reports a plant only one-half inch high, with root
and branches measuring 8 inches in length, and one 3
inches high with root measuring 13 inches in length. So
rapidly do they grow that under favorable conditions the
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roots of plants 35 or 40 days old will meet between the
rows, and when the corn is in tassel, they will reach into
almost every inch of the upper soil. The depth to which
the roots will penetrate depends largely upon the position
of the water table and upon the texture of the soil. In
loose, fertile soil they have been known to penetrate 5 or
more feet, and even in clay soils they will extend as far as
4 feet into the ground. When the permanent root system
is well started, the temporary system withers and dies,
since its period of usefulness is ended.

The brace roots spring from the first, second, third, and
sometimes from the fourth node above the ground. They
are so called because their chief function is to form braces
or props, to prevent the plant from being blown over.
When wind or rain bends the plants over, brace roots are
rapidly produced from the side of the node nearest the
ground, to prevent succeeding storms from laying them
low. Usually when the plant stands upright, the brace
roots do not grow very long, if at all, although they some-
times do when the plant is favored with good growing
weather, or by very fertile soil. The portion of the brace
root, above the ground is considerably enlarged and is
dark green in color. Those which enter the ground are
reduced in size there, and perform the same function as
the underground roots.

28. The stem or culm. — The stem of the corn plant,
unlike that of wheat and oats, is filled with pith. It
differs also from the culm of the other cereals, in the shape
of the internodes, which, with the exception of those near
the top, are slightly flattened or grooved on the side next
to the leaf sheath. Where an ear is developing, the inter-
node beside it is greatly flattened, or even becomes curved
to make further room for the growing ear. Corn stalks



CORN OR MAIZE 33

vary greatly in height. Even in the same field we may
find the plants growing in fertile bottom soil several feet
taller than those growing on the less fertile soils of the up-
land or hillside. The growth is likewise influenced by
the amount of sunshine, rainfall, and length of the growing
~ season. Some varieties of corn naturally grow taller than
others, even when they are grown side by side. Early
maturing varieties are usually smaller than those maturing
later. The average height of most varieties is from 8 to 15
feet, although some small types, such as pop corn and
sweet corn, grow from 4 to 10 feet high, while some other
types sometimes reach a height of 20 to 25 feet.

29. The leaves. — Since corn is a large, rank-growing
plant, it needs a great expanse of leaf surface to afford
room for the combining of the necessary amount of the
elements of plant food required for its growth. Therefore
the leaves of the corn plant are much broader and longer
than those of the smaller growing cereals. The width
of the leaf varies greatly in different types and varieties,
and with individual plants of the same variety. Continu-
ous selection of seed for a few years from plants having
wide leaves has resulted in the production of a wide leafed
strain, which is well adapted  for forage or for use in the
silo. The number of leaves on a growing plant varies
from 10 to 20. A leaf gro%vs from each node of the stalk,
but the lower leaves seldom grow to maturity, since many
are broken off during cultivation, or they wither and die.
Usually not more than 12 or 14 are growing at one time.
One can scarcely realize what a large surface is exposed
by the leaves of a single corn plant. At the Missouri
Experiment Station, the exposed surface of twelve growing
leaves of a single plant was found to be 24 square feet,

from which it may be seen that the total leaf surface
D



34 FIELD CROP PRODUCTION

exposed by a field of corn would be several times the area on
which the plants stand. At maturity about 20 per cent
of the weight of the plant is leaf, although earlier in the
period of growth the percentage of leaf is greater. The
decrease during the ripening period is due in part to loss
of lower leaves and in part to the transfer of food to the
developing ear. _

30. The flowers. — Cultivated corn bears its flowers on
two separate parts of the plant, this feature distinguishing
it from the other cereals. The male or staminate flowers
are borne in spikelets arranged on a branched tassel on
the top of the stalk. The tassel, which is usually from
5 to 12 inches long, is made up of a central branch, and
of from eight to ten lateral branches, growing out near the
base of the central branch. The spikelets each contain
two flowers, which, when mature, dangle the anthers on
long filaments over the edge of the glumes, permitting
the pollen to be spread by the breeze. Have you not often
wondered why there is always an even number of rows
on an ear of corn? It is because the female or pistillate
flowers are borne in spikelets which are arranged in pairs
on the cob. Each of the spikelets has two flowers, but
one flower in each does not develop. Thus in reality
there is but one fertile flower in each spikelet, and since
the latter are arranged in pairs, two rows of kernels
develop together. The style or silk extends from the
ovulary to beyond the end of the husk, bearing a stigma
covered with a sticky substance to catch the pollen. The
silks from the lower ovules are the first to appear beyond
the husk, and therefore are the first to be fertilized, so
that the first kernels to appear on the ear are at the base
of the cob. After fertilization has taken place, the style
withers and dies. In some varieties of corn there may be
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seen a scar on the kernel, showing the former attachment
of the silk. The number of pollen grains produced by the
flowers of a single tassel has been estimated at about 18
millions, or about 9000 pollen grains to each ovule. So

F16. 3. — Staminate and pistillate flowers of the corn plant.

we find that nature has made a liberal provision of pollen
in order to insure that one grain of the thousand produced
will effect the fertilization of the ovary. Extremely hot
winds may so injure the pollen grains as to make them
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incapable of fertilization, and likewise are heavy, rains
unfavorable, since the water washes the pollen to the
ground. The corn plant is cross-pollinated or wind-
pollinated. Self-pollination has been rendered difficult by
the position of the male and female flowers, the anthers
being so placed that a light breeze is necessary to spill the
pollen, which will insure its being carried away to other corn
plants. Another provision made by nature to prevent
self-pollination is that the silk almost always matures
after the pollen of that plant isshed. A single corn plant
out of reach of pollen from other corn plants usually has
either a few scattered grains on the ear, or no grains are
produced at all.

31. The ear. — The ear is carried on a short shank or
branch growing from a node between the leaf sheath and
the culm. The shank is made up of several short inter-
nodes, from each of which grows a husk, and these, overlap-
ping, form the covering of the ear. When the shank is
short, the ear stands upright ; but if it is long, the ear tips
over and at maturity points downward. In fertile soil or
in favorable growing seasons, ear shoots may start from
several nodes, but usually only one or two develop. The
top one develops first, and if it is removed the one below it
grows to maturity. Some varieties, especially those grown
in the southern part of the United States, often produce
two or more ears per stalk. Most of the varieties grown
in the Northern States produce but one ear, but in thinly
planted fields or in favorable seasons, two ears per stalk
are quite commonly found. There is great variation in
the size of the ears and in the number of rows of grain.
The ears vary in length, from one inch in certain varieties
of pop corn, to as much as 16 inches in some of the larger
varieties of dent corn. The number of rows of grain varies
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from eight in the flint to as many as 24 or more in the
dent corn.

32. The kernel. — After fertilization has taken place,
the kernel begins to develop. At first it appears much like
a water blister, but after a few weeks it has greatly in-
creased in size and contains a milky fluid. This is called
the “milk ”’ stage, and at this time it has a sweet taste,
due to the presence of sugar which is later changed to
starch. From the milk stage it gradually changes, with
the ripening of the plant, to the ¢“ dough "’ stage, and finally
at maturity it becomes firm and dry. An examination of the
mature corn kernel will show that it is made up of several
distinet parts. If the kernel is soaked in warm water for
half an hour, it can be separated into the tip cap, the
hull, the aleurone layer and endosperm, and the germ. The
tip-cap and the hull are the outside coverings of the kernel.
The tip-cap is located at the tip of the kernel and serves
to attach it to the cob and also to protect the tip end of
the germ. The hull is made up of three distinet thin
layers, which are separated only with difficulty. They
are composed largely of woody fiber and of gum, which
keeps the kernel from drying out. The hull and the tip-
cap taken together make up about 7 per cent of the kernel.
The aleurone layer, lying directly beneath the hull,is made
up of a single layer of thick cells, and comprises 8 to 14
per cent of the corn kernel. Immediately under the
aleurone layer lies the endosperm, which makes up about
70 per cent of the grain. It is composed largely of starch
cells, which are of two kinds, namely, the hard or horny
starch, and the soft or white. In some types of corn both
kinds are present, while in other types we find only one
of the two kinds. Lying at the front of the kernel, that is,
facing the tip of the ear,is the germ.  Starting at the tip,
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it extends sometimes two-thirds of the distance to the
crown, and makes up from 7 to 15 per cent of the kernel.
It is divided into two parts, the scutellum and the growing
portion. The latter is divided into the plumule and the
radicle.

The color of the grain, in the case of white or yellow
corn, is determined by the color of the endosperm and the
aleurone layer. In the blue, purple or black, it is due to
the color of the aleurone layer only, while in red corn the
color pigment is found in the hull, and the endosperm
may be either white or yellow.

33. Ancestors of the corn plant. — Some of our culti-
vated grains can be traced back to a time when their
ancestors were growing wild in uncultivated lands. With
the corn plant this has not been possible, since no wild
types nor any very close relatives have been found. One
of its nearest relatives is a plant called teosinte, a forage
plant that grows luxuriantly in the favored sections of
Mexico and Central America. This plant produces many
branches, sometimes as many as forty or fifty coming
from a single seed. At the end of the branches are
tassels on which the grains are produced.

Those of us who have worked in the corn field, in cutting
or husking, have seen individual corn plants which show
great variation from corn plants in general. It is not
uncommon to find a corn plant with grains in the tassel.
Less frequently, perhaps, do we find branching corn plants,
each branch carrying an ear. If we have been close
observers, we have often seen appendages attached to the
tip of the husk, closely resembling the blade of a leaf.
Why do we find these variations? Might it not be that
these plants show a reversion, or a striking back to the
original wild type? This is thought to be true by some
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botanists and agronomists. Corn has been successfully
crossed with teosinte and the progeny resembles both
parents. From the study of these interesting variations
Professor Montgomery has explained the origin of the

corn plant in the following way :

The ancestors of the corn
plant were probably plants hav-
ing many branches like teosinte,
and were the result of a cross
of teosinte on some similar
plant, or the progeny of a sport
of teosinte crossed with the
common form. In either case
the original corn - plant had
branches coming from the axils
of the leaves. At the end of
these branches were tassels
similar to those found on field
corn. They differed from the
corn tassel in that both male
and female flowers were pro-
duced, and after fertilization
grains developed. Thus the
occasional plant that we find
in a field of corn having grains
in the tassel is a reversion to
the original form. At first
both male and female flowers

Fic. 4.— An ear of dent
corn, with small ears clustered
at the base, showing reap-
pearance of lateral branches.

were produced in the tassel of each branch. But the
highest tassel, the one on the main stalk, was not well
located to receive pollen, since the pollen would naturally
be carried downward, while those on the lower branches
were in a favorable position to receive pollen but.not in a
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Fic. 5.—A branching
corn plant grown in Ohio,
perhaps a reversion to an
ancestral form.

position to pollinate those higher
up. Thus the female flowers
on the upper tassel were in-
completely fertilized, if fertilized
at all, and due to the loss of
function gradually disappeared,
so that after a time only male
flowers were produced. On the
tassels of the lower branches,
the male or pollen producing
flowers gradually lost their use-
fulness, and after a time only
female flowers were produced

‘on these branches.

After the disappearance of the
male flowers from the lower
branches, the central spike of
each tassel developed into what
is now the cob, and at the same
time the lateral branches grad-
ually disappeared. Some proof
of this assumption is to be found
in the frequent occurrence of an
ear developed in the usual way,
but with five or six small ears
clustered at the base. The small
ears are probably due to the
reappearance of the lateral
branches of the original tassel.
After the development of the
central spike of the tassel into
the ear, the load carried at the

end of the branch was greatly increased in weight. Inorder
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to overcome the inconvenience of carrying a heavy load
at the end of a long branch, nature gradually shortened
the internodes of the branches, thus reducing them in
length, until now the ear is carried on a short branch near
the main stalk. As the branches were shortened, the nodes
were brought close together, thus causing the leaf sheaths
to overlap or telescope. The leaf sheaths thus telescoped
form the husks that cover the ear. During the time that
the branches were becoming shorter, the leaf blades were
gradually disappearing, and now in most cases only the
sheath remains. Very frequently, however, we find
husks with quite long blades on them. This is a reversion
to the original form when the shank was a long branch,
and leaves were produced on it as they now are on the
main stalk.

The corn plant formerly produced several branches
each carrying a small ear, but through the centuries
that it has been cultivated by man, he has selected large
ears for seed which were probably produced on plants
having few branches, and has in this way developed plants
that produce one or two large ears rather than several
small ones. However, it is not infrequent that we find
corn plants with two, three, and in rare cases four or five
ears. If we could catch hold of these ears and pull the
shank out, extending the internodes so that they would
be the same length as those of the main stalk, we would
have a branched corn plant, simiiar in this respect to the
original form.

TYPES OF CORN

Zea Mays has been divided into six distinet types or
classes. The character and arrangement of the endo-
sperm is the principal basis for this division. In the
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different types we find variations in the shape of the kernel -
and the manner of growth of the plant.

34. Dent corn. — Dent corns have the hard or horny
endosperm arranged along the sides of the kernel and the
white or soft endosperm surrounding the germ on three
sides and extending to the crown. Thus'the horny endo-
sperm forms rigid sides to the kernel, while the center,
being composed of soft endosperm containing a large
amount of water, shrinks more
rapidly than the sides and causes
a dent in the crown at maturity.
Because of this dent in the crown,
the class is called dent corn. The
degree of the dent is largely due
to the proportion of soft to hard
endosperm. Dent corn is char-
acterized by its deep and usually
wedged shaped grains, large di-
ameter of the ear and large num-
ber of rows of kernels. There is
Fia. 6.— Cross section of of course great variation in the

e i R A height of the plant, the size and
shape of the ear, and the like, due to variety differences
or to environment. Usually only one ear is produced
on each stalk, but when planted thinly or on very fertile
land, two and sometimes three ears are produced. Dent
corn does not sucker freely except when thinly planted.
The number of rows of kernels per ear varies from 10 to 24,
but almost all of the dent varieties have from 16 to 20
rows. The ears vary from 6 to 14 inches in length,
and from 5.5 to 7.5 inches in circumference. The most
common measurements are from 6.5 to 7 inches in cir-
cumference and from 8 to 9 inches in length. Ears vary
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in weight from % pound to 1} pounds. A good dent
ear weighs from 12 to 15 ounces. Dent corn to fully
mature requires a growing season of from 90 to 100 days
for the early varieties, to 130 to 150 days for the late
varieties. There are over mnt corn, and
in this large number of varieties great vari-
ation is found in the adaptability to soil
and climate, length of growing season and
in the general character of the plant and
ear. White and yellow are the principal
colors found in this type, but there are
also varieties of blue, purple and mottled
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cultural importance by far than all other =
types combined, for it is the corn of the :' <
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35. Flint corn.—The name flint is given chls =5

to the varieties of corn belonging to this

class because of the hard flinty appearance BTN 7t AT
of the kernels as viewed on the ear. If ear of dent
a kernel of flint corn is split open, it will
be found to contain both hard and soft endosperm, but ar-
ranged differently fromthat found in dent corn. In flint corn
the hard or horny endosperm extends up the sides of the
kernel and also over the crown, thus surrounding the soft
endosperm and the germ. Because the hard endosperm
shrinks uniformly, no dent is formed in most cases,
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although when the hard endosperm is in a thin layer over
the crown, as is found in some varieties, a slight dent is
formed. Flint corn is characterized by a somewhat
smaller plant than the dent, with a tendency to produce
two ears. The ears are smaller in circumference but of
about the same length as those of the dent type. The
number of rows on the ear varies from 8 to 16, with 8 the
most common, Thename ‘“eight-rowed”’ corn is sometimes
applied to certain varieties of this type. The grains are
hard, with a smooth, flinty appearance, and more oval
in shape than the dent. White
and golden yellow are the most
common colors. A good ear of this
type will weigh 7 or 8 ounces. Flint
corn does not require as long a grow-
ing season as the dent varieties.
It is grown principally in the New
- England States, New York, Penn-
Fia. 8. — Cross section of  o]yania and Canada, and other
a kernel of flint corn. £
regions with short growing seasons.
Large yields have been reported from flint varieties,
and in comparative trials it has sometimes outyielded
the dent, although where the dent variety can be
grown, successive crops of it will yield the best average.
Flint corn is highly prized by millers for making corn
meal, it being more desirable for this purpose than dent
varieties. '

36. Pop corn. — This type of corn gets its name from
the well-known characteristic of popping, or bursting into
a large white fluffy mass when heated. If we examine the
inside of an unpopped kernel, we will find that almost all
of the endosperm is of the hard or horny sort. Sometimes
we may find a thin layer of the soft starch around the germ,




CORN OR MAIZE 45

but if it is present in too large amounts the corn does not
pop well. The popping of the kernel is due to the pressure
exerted in the starch cells by the changing of the moisture
in them to steam, when heat is applied. The pressure of
the steam inclosed in the cells is so great as to cause an
explosion of such force as to turn the
kernel inside out, and completely change
its texture into a light, fluffy mass, from
fifteen to twenty times the size of the
unpopped grain. Those of you who have
had experience in the popping of corn
know that, unless the corn is properly
dried out, your efforts will not meet with
success. And, too, if the corn is too dry
a good pop cannot be made. For this
reason it is best to keep the corn on the
cob and shell it just before popping, since
if kept in this manner it does not dry
out so completely. The plant of the pop
corn does not grow as large as the dent
or flint types. It varies from 3.5 to 10
feet. Several ears are frequently pro-
duced on a stalk, and freak plants or
sports are more common than in other
types. The varieties of pop corn may be

divided into two general classes, namely, Ff{g{; ifr’sar
the rice and the pearl. The rice corn is

characterized by the crown of the kernel coming to
a sharp point, giving a rough or prickly appearance
to the ear. At the apex of the pointed crown may be
seen a scar showing the former attachment of the silk.
In the pearl corn the kernels are rounded or flattened
at the crown and are smooth, having the appearance in
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this respect of an ear of flint corn. In the rice corn the
ears are inclined to be tapering with the kernels in irregular
rows, while in the pearl corn the ears are more often cylin-
drical and the kernels are in straight rows. There are
early, medium and late varieties of both the rice and pearl
corn. One variety, called Tom Thumb, because of its
diminutive proportion, is frequently grown
as a curiosity. A perfectly formed ear
measuring 2 inches in length would indeed,
when compared with a good ear of dent
corn, meet the demands of the curious.
Pop corn can be grown anywhere that dent
or flint corn ean be grown. Farmers
usually supply their own needs by grow-
ing a small patch with the garden truck.
The production to supply the numerous
pop corn wagons and confectionery stores
has been largely confined to one county
each in Towa and Nebraska. In these
sections soil and climate are particularly
well suited to its growth, and here it has
become an important crop, grown and
Fre.10.—Rice  harvested by farmers who have become
pop corn. N SR : 3
specialists in its production. So great is the
industry in these sections that hundreds of car loads are
sent out from shipping points each season. One bushel
of ears when husked weighs about 38 pounds. When
cured for one season, at which time it is put on the market,
35 pounds is the standard weight per bushel of ears.
Fifty or sixty bushels of ears per acre is considered a very
good yield.
37. Soft corn. — One has only to examine a longitu-
dinal section of a kernel of this type to learn why it has
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been called soft corn. Such an examination will reveal the
fact that no hard endosperm is present, but that the entire
endosperm is made up of soft starch. So soft are the ker-
nels of this type of corn that even when they mature they
can sometimes be dented with the thumb nail. Soft corn
is usually a large, rank-growing plant requiring a long
growing season to come to its maturity. For this reason
it is not grown to any extent in the United States. One
variety, sometimes called Squaw corn, which has a com-
paratively short growing season, is
grown in the Dakotas and other
Northwestern  States.  Another
variety, Brazilian flour ecorn, is
sometimes grown for the silo. Soft
corn is more commonly grown in
Mexico, Central America, and por-
tions of South America, which have
long growing seasons, although
compared with dent or flint corn it
is not of much commercial im- Fre. 11.—Cross section
portance. The Indians are said ©f ®kernel of soft con.
to have grown it extensively on account of the ease of
grinding it into meal. Soft corn is believed to be one of
the oldest types of corn, since it has been found in the
mounds of prehistorie tribes in southwestern United States
and on the west coast of South America. The ears of soft
corn are similar in appearance to those of the flint type.
The kernels are usually large, sometimes measuring as
much as three-fourths of an inch in breadth.

38. Sweet corn. — In this type of corn little starch has
been developed in the kernels, and almost all of the carbo-
hydrate is in the form of sugar, giving them a distinctly
sweet taste. The grains are usually broad wedge shaped,
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having a wrinkled or shriveled appearance, and the
endosperm is horny and translucent. The plants grow
from two to ten feet in height, with a marked tendency
to sucker, and to produce two to three ears on a stalk.
Sweet corn is grown
largely for cooking and
canning purposes, and
for this use is harvested
before it reaches matu-
rity. The time required
for it to reach the stage
when it is best suited
for this purpose is from
50 to 100 days, depend-
ing upon the variety. In
the New England States,
parts of New York, Penn-
sylvania and Ohio, sweet
corn is grown in a large
way and hauled direct
from the field to the can-
ning factories. Growers
in these regions where
Fia. 12, this practice is followed
—Anearof enter into contracts with
soft corn.  the owners of the fac-
tories to deliver their cropsat a given Fre. 13.—An ear of
A sweet corn.
rate per ton. The price of course
varies with supply and demand, and also with the variety
grown, some varieties commanding a premium of as much
as two dollars per ‘ton over the less desirable varieties.
The price is from 6 to 10 dollars per ton. The yield
obtained varies from two to four tons per acre, or even
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more when good cultural methods are practiced, and
when growing conditions are favorable. Thus the gross
income from an acre may amount to as much as 40
dollars, which, considering the small amount of labor
required, gives a good return to
the grower, when compared with
the earnings from other farm
crops.

39. Pod corn. — This type of
corn gets its name from the fact
that each kernel is inclosed in a
little husk or pod. The pod corn
plant is inclined to be leafy and
suckers abundantly, often having
heavy tassels producing kernels.
The kernels may resemble those
of almost any of the other types
of corn, due probably to the
fact that it has been subjected
to frequent crossings with other
types. It has been suggested that
pod corn is probably the primitive
type from which the other types
have been developed, but recent
investigation does not uphold this
contention. Those who uphold
this theory explain that the husks
which inclose the kernels were the A e —CAO?;M oot
means by which nature protected
the latter from birds and animals, and that they also
assisted in their dissemination, since a kernel inclosed
in a pod will float on water. Since corn has become a

cultivated plant the pods have lost their usefulness and
E
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have gradually disappeared, until now in the other types
of corn we find them only in a rudimentary form. If we
examine closely an ear of dent or flint corn, we find rudi-
mentary husks at the tip of the kernel, and when the
kernel is removed, the husks do not remain attached to it
as in pod corn, but stay on the cob. The fact that pod
corn frequently produces corn on the tassel leads us to
believe that it is closely related to the primitive type,
in which all the kernels were produced in a tassel-like struc-
ture. Pod corn is of no economic importance, being grown
only as a curiosity, for which purpose it is sometimes sold
by seedsmen under the name of Egyptian corn, Rocky
Mountain corn, or primitive corn. |

USES OF THE CORN PLANT

The various uses of the corn plant may be classified into
three groups, viz., human food, animal food, and mis-
cellaneous.

40. Use as food. — Corn finds its chief uses as human
food in the form of green ear corn served as roasting ears
or cut from the cob, and as corn meal, served as corn meal
mush or corn bread or cakes, and as pop corn eaten from
the hand. Varieties of sweet corn are most commonly
used for roasting ears or for canning. Sometimes flint
and dent corn are used for this purpose, but they find their
greater usefulness as human food in the making of corn
meal. Flint corn is superior to any other type for this
purpose. The pop corns are used almost entirely as
human food.

The use of corn as a stock food is too well known to
require much comment. The grain itself, either ground
or whole, is the most common form used for this purpose.
Other forms are ensilage, fodder, and stover, and it is also
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used as a soiling crop. The grain, when considered from
the standpoint of its chemical composition, is relatively
high in fat and starch but low in protein. It is therefore
an excellent food for fattening animals, but is not desirable
as the main portion of the ration for young growing animals
or for milch cows. Corn stover, if cut at the proper time
and well preserved, compares favorably with timothy hay
in feeding value. Ensilage, in which both the grain and
roughage are fed together, besides being high in digestible
matter, is also very palatable, thus making an excellent
feed for most farm animals. Many of the by-products
from manufacture are important live stock feeds.

41. Manufactured products. — Lye hominy is a well-known
produet of corn, the manufacture of which is often conducted on
a small scale by the housewife. In the making of lye hominy,
the whole kernels are treated with a solution of alkali or lye to
loosen the hull. After the treatment, the hulls are easily removed.
The hulled kernels are then thoroughly washed to remove all of
the lye. Hominy mills perform the same operations on a much
larger scale. A rather flinty type of white corn is most desirable
for hominy.

Cerealine is a similar preparation made from the hard, horny
portions of the kernel. Corn with a large proportion of horny
endosperm is desired by the manufacturer of cerealine. Many
concerns place upon the market breakfast foods made from corn,
which may be grouped under the term of corn flakes. White
corn is most often used in their manufacture. The kernels
are first cracked and the germ removed. The second step in
the process is that of steam cooking the cracked kernels, adding
sugar and salt to flavor them. After the cooking they are dried
and run between heavy rollers which roll each particle of corn
kernel into a flake. The flakes are then toasted and boxed for
the market.

In the making of corn starch, several other produects, which
were formerly grouped under the term of by-products, are pro-
duced. Recently, however, these products have become of
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such importance that the term ‘ by-produets ”’ ean no longer be
accurately applied. Sometimes the entire profit from a starch
factory is derived from the utilization of what was formerly
waste.

In the manufacture of starch, the shelled corn is first steeped
in water for a time, and then the kernels are cracked by running
them through coarse crushers. The ground mass is then trans-
ferred to separators and a small amount of water is added,
making a milky liquid. Upon stirring, the germs arise to the
surface and are removed. The germs thus liberated are thor-
oughly washed to remove all the starch and are then placed in
a hydraulie press which presses out the oil. That part which re-
mains in the press is either sold as corn -oil cake or is ground
and sold as germ meal. The oil which has been removed by
pressure is used in this country in the manufacture of soap,
soap powders, and paints, and a large amount is exported in the
crude form for similar uses abroad. A substitute for rubber has
been made from germ oil and is used after vulcanizing as a sup-
plement of, or as a substitute for, rubber in the making of auto-
mobile tires, rubber shoes, and other rubber goods.

That part which is left in the tanks is the glutinous material,
bran and starch. This, when run over bolting cloth, allows the
starch and glutinous matter to pass through and retains the
bran, thus separating it. The bran is washed to remove all the
starch and is then dried and ground and sold as cattle feed.
The starchy liquid containing the starch and glutinous matter
is run over slightly inclined tables, and because of specific gravity
the starch is deposited on the tables, while the glutinous material
is carried over the end of the tables into receiving tanks. The
latter is concentrated by filter presses and dried. When ground
it is sold on the market as gluten meal. Sometimes the ground
bran is mixed with the glutinous matter and with the liquid
used in steeping at the beginning of the process. The mixture
is dried to 10 per cent of moisture and then ground, bagged, and
sold on the market as gluten feed. The water used in steeping
the uncracked kernels removes some of the starch and mineral
elements, which, when added to the grain and gluten meal,
make a more desirable feed for animals. Gluten meal, therefore,
differs from gluten feed in that the feed has besides the gluten
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a certain per cent of bran and mineral elements. These two
feeds, together with oil cake, have a very important place in the
trade of concentrated stock feeds. The starch remaining on the
incline table is termed green starch, and when removed from the
tables is diluted with water until it forms a milky liquid. From
this liquid by eareful refining corn starch is removed. After
filtering, it is dried in kilns and ground fine, run through revolv-
ing silk screens, and is then boxed or barreled and put upon the
market for home consumption or for the trade. By varying
time and temperature in refining, various grades and kinds of
starch are made. From the starch, corn sirup, corn sugar, mill,
laundry, and edible starch are made. Green starch when sub- -
jected to a high heat under pressure in the presence of hydro-
chloric or certain other acids forms glucose. Sugar made from
corn in this manner is used in the making of sirup, in the brewing
of ales and porters, in fermenting beers, and in the making of
caramel.

42. Miscellaneous uses. — The grain of corn is used in the
making of aleohol, but because of the price of cornand the com-
parative cheapness of other material that can be used as a source
of alcohol, it is not likely that it will be used extensively for this
purpose. Corn stalks and the pith from the stalks have been
used successfully in the making of paper. Whether or not the
making of paper from them will be placed on a practical basis will
depend largely upon the invention of suitable machinery. If
corn stalks can be utilized in this way, the great loss in the large
fields of the Middle West will be greatly reduced. The pith of
the corn stalks is also used in the manufacture of gunpowder,
while in the packing of battleships it is especially valuable,
since when wet it will swell and thus close an opening that may
be made by a projectile. The husks of eorn are used in up-
holstering and in the making of mattresses and door mats.
Cob down is also used in upholstering and in the packing of
pillows. The utilization of the corn plant is extending into many
trades, and doubtless it will in the future be found useful in many
ways unknown at present.
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PRODUCTION AND DISTRIBUTION

43. The world’s production. —Since the discovery of
America, corn has been introduced into the leading agri-
cultural countries of the world. A study of the table
of the world’s production of corn for the five years, 1908
to 1912, shows that the bulk, or about 76 per cent of the
world’s corn crop, is produced in North America. The
United States is by far the greatest corn producing country
of the world, producing in the five years above mentioned
over 70 per cent of the world’s crop. Europe is second,
producing 544 million bushels or about 19 per cent as much
as the United States. Austria-Hungary, Roumania,
Italy, and Russia are the leading corn producing countries
of Europe, while France, Portugal, Spain, and Bulgaria
produce only a few millions of bushels each. In Africa,
Egypt and South Africa are responsible for over 80 per cent
of her total crop. In South America, Argentina is by far
the leading corn growing country, while small amounts are
produced in Chili and Uruguay. A remarkable increase
in production has been made in Roumania and South
Africa within the past few years. Roumania cannot
hope for a much further increase in her production, since
almost all of the land adapted to corn growing is now
being utilized. The English government, by the estab-
lishment of experiment stations to study the best methods
of culture, has been largely responsible for the develop-
ment of South Africa into an important corn growing
country. This country will doubtless still further increase
her production, since considerable land is yet available
for the growing of this crop. Of all the corn growing
countries, Argentina in South America alone gives promise
of becoming a strong competitor of the United States.
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(Five years’ average, 1908-1912)

North America
United States
Mexico
Canada

Total

South America
Argentina
Uruguay .
Chili

Total

Europe

Austria-Hungary .

Roumania
Ttaly .
Russia

All others

Total

Africa
Australia

Grand total .

2692 million bushels
140 million bushels
19 million bushels

2851 million bushels

162 million bushels
5 million bushels
1 million bushels

168 million bushels

250 million bushels
93 million bushels
78 million bushels
67 million bushels

66 million bushels

544 million bushels

87 million bushels
10 million bushels

3660 million bushels

LeapiNg CorN PropuciNGg STATEs oF UNITED STATES
(Five years’ average, 1908-1912)

Illinois .
Towa
Missouri
Indiana
Nebraska,
Ohio
Kansas . -
Total .

380 millions
355.6 millions
221.3 millions
189.5 millions
177.7 millions
156.5 millions
156.1 millions

1636.7 millions

Agriculturally, Argentina is yet a new country, and the
vast areas of undeveloped land, which seem to be adapted
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to the growing of this crop, will doubtless within a few
years be put under the plow. In the United States most
of the land adapted to the growing of corn is now being
tilled, and if our production is to be increased, it must
come through a greater yield per acre. The development
of high yielding strains, and the practicing of better meth-
ods of culture are the means open to us for greatly
increasing our production.

Corn does not play a very large part in the world’s
commerce. Only four countries export any considerable
amount. These in order of their exportation for 1907
to 1911 are: Argentina, 60 millions of bushels, United
States, 53 millions of bushels, Roumania, 31 millions of
bushels, and Russia, 30 millions of bushels. Argentina,
while her total production is small as compared with the
United States, exports considerably more than this coun-
try. The corn crop of the United States is largely utilized
here in the feeding of live stock, and while only a little of
it is exported as corn, much more finds its way to foreign
markets in the form of pork and beef. Statistics giving
the population of the United States and the production
of corn by decades since 1850, show that our production
has been keeping pace with our increase in population,
the per capita production averaging slightly less than 30
bushels. While the United States as a whole is the leading
corn growing country of the world, this position is due to
the corn crop of a few states which comprise what is known
as the corn belt. The eight states shown in the table
and parts of other states lying adjacent to them form the
great corn growing section of the United States and are
known as the corn belt states. These seven states pro-
duce almost two-thirds of the crop of the United States
and almost 50 per cent of the world’s corn crop. While
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corn is reported as being grown in every state in the
Union, these eight are the only ones that produce a surplus
crop. The value of the corn crop in the United States
in 1910 was estimated at 1500 millions of dollars, and in
1911 at 1700 millions of dollars. The value of the cotton
crop is about 60 per cent that of corn, of wheat about 40
per cent, and of hay about 50 per cent that of the corn
crop.

ADAPTATION

44. Climate and soil. — Both climate and soil are im-
portant factors in the distribution of the corn crop.
The fact that so large a per cent of the corn crop is grown
in the seven states of the corn belt is evidence that in
these states are found the most suitable conditions for its
growth. Of the two factors, climate is the more important.
Corn requires a long, hot growing season with a great
amount of sunshine and rainfall. If the temperature of
the growing months, May, June, July, and August, is hot
and is accompanied by an abundance of sunshine and
plenty of rainfall, corn will grow luxuriantly, soil and
other factors being favorable. The corn plant requires a
large amount of water to make its growth. It has been
estimated that about three hundred tons of water must
pass through the plants for each ton of dry matter formed.
Thus the rainfall of the growing months is closely asso-
ciated with production. It has been found that in the corn
belt, the rainfall for July is more closely associated with the
yield than that of any other month.

Corn grows best on loose, fertile, well-drained soil.
Clay soils are not well adapted to the growing of corn,
unless well supplied with organic matter. When lacking
in organic matter, clay soils become hard, the soil particles



58 FIELD CROP PRODUCTION

packing closely together, and moisture is neither retained
well nor absorbed in large amounts. The reason corn is
grown so commonly and produces so abundantly in the
corn belt states is that there the soils are made up
largely of alluvial or drift deposits, and these states are
also favored with abundance of sunshine and rainfall.



CHAPTER 1V
CORN OR MAIZE (Continued)

THERE remain to be discussed, in the treatment of
maize, the practical questions of cultivation, the harvesting
and storing and marketing, the improvement of the types
and varieties, and the insects and diseases.

METHODS OF CULTURE

Numerous experiments, as well as the experience of
many growers, have demonstrated that higher yields can
be secured when corn is grown in a rotation than when
grown in the same field year after year. Continuous
cropping of corn has been practiced in many parts of the
corn belt for a few years, but after a time decreased yields
have resulted. A ten year average at the Ohio Experi-
ment Station for corn grown under continuous culture
gave a yield of 9.64 bushels per acre, while that grown in
five-year rotation gave 38.85 bushels per acre. The place
taken by corn in most well-managed rotations is after
grass and clover. Corn can use sod better than does wheat
or oats, while wheat and oats do well after corn. A ro-
tation based on this fact will usually consist of corn, wheat
and clover, or corn, oats, wheat, clover and timothy. In
either case the grass is plowed under and the land put
into corn. The organic matter added by this practice

produces a beneficial effect, by increasing the water-hold-
59
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ing capacity and preventing the soil from becoming hard
and compact. Barnyard manure is sometimes applied
to the grass land in the spring, thus benefiting both the
hay and the corn, or it is applied to the meadow after
the hay is cut, and turned under for corn. Soils that have
been under cultivation for a long time, or that are naturally
deficient in some of the elements of plant food, may be
greatly benefited by the addition of commercial fertilizers

Fi1a. 15.— Unfertilized and fertilized corn plots grown in contmuous
culture for 18 years.

to supplement the barnyard manure. No certain fer-
tilizer can be recommended as the best corn fertilizer.
Some fields require one element of plant food or a mixture
of fertilizing constituents, while others may require quite a
different treatment. In other words, the soil should be
fertilized and not the corn. When commercial fertilizers
are applied to corn land, they should be broadcast or
drilled in with a fertilizer drill. The practice of sowing
the fertilizer into the hill with the corn is not to be recom-
mended, since the corn roots will find plant food so close
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at hand that they will not branch out or grow down deep
in the soil, and when dry weather comes later in the
season, the roots will not be able to reach the water in
the deeper subsoil. A small root system will thus result
from sowing the fertilizer in the hill, and the corn will be
more easily blown over. Sometimes a small amount,
60 to 100 pounds of fertilizer per acre, if placed in the
rows, will start the plants off more rapidly, thus enabling
them to get ahead of weeds and insects.

45. Plowing and preparing the seed bed. — It might
be well before discussing the methods of preparing the land
for corn, to consider some of the essentials of a good seed
bed. Why should the land be plowed? Will not the
plants grow as well in soil that has not been broken up
by the plow? When we know the principles underlying
the purpose of plowing, we are more nearly able to analyze
the conditions and thereby determine the most desirable
practice to follow. There are several reasons why plowing
makes the soil more favorable for plant growth. In land
that has not been plowed for some time the soil particles
are packed closely together and the surface soil becomes
firm and compact. When this condition exists, the soil
does not readily absorb water from falling rain, and much.is
lost by surface runoff. And, too, since the soil particles
are close together, moisture that is already in the soil
will reach the surface by capillarity and be lost by evapora-
tion. Thus plowed land will not only absorb more water
but will also prevent that which is already in the soil from
being lost by evaporation. Plowing increases the available
water for the plant in another way. Since the plant only
uses capillary water, or that which forms a film around
the soil particles, plowing by breaking up the soil into
finer particles permits the presence of a larger amount of
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film moisture. The breaking up of the soil into fine
particles also permits the air to enter the soil more freely
and thus supply the root cells with oxygen, which they
require just as do those plant cells above ground. Plants
obtain their food by means of root hairs which are so
delicate that they cannot penetrate the soil particles, but
grow around them. Thus a soil composed of many fine

FiG. 16.— Plowing with a tractor.

particles provides greater feeding area for the plant than
one made up of large particles. Another purpose of
plowing is to incorporate with the soil the organic matter
that it has accumulated on the surface or that is applied
in the form of manure or by growing a green manure crop.
The organic matter when mixed with the soil not only
supplies it with plant food, but improves its physical
condition, permitting better aération and increasing its
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water-holding capacity. The depth at which to plow
depends largely upon the preceding practices and upon
the nature of the soil. Deep plowing is to be preferred
since it increases the feeding area for the plant roots.
However, if the practice of shallow plowing, four or five
inches, has been followed for some time, it is not well to
turn up too much of the subsoil at one time. By plowing
an inch deeper each year until a depth of 8 or 9 inches is
reached, the small amount of subsoil turned up each year
will gradually be mixed with the surface soil and organic
matter, and thus running together or puddling will not
result.

46. Time of plowing. — The plowing for corn may be
done in the fall, winter, or spring. In order to determine
which is the most desirable time to plow a field, it is neces-
sary to consider both the advantages to be gained, and the
disadvantages that may result from the practice. These
will be taken up in the following paragraphs.

47. Conservation of moisture. — The loose ground
turned up by fall plowing will absorb more water from the
rain and snow during the winter and spring than unplowed
land. Much of the water runs off from the surface if the
ground is not broken up. Not only will loose soil absorb
more water than hard unplowed ground, but less will be
lost by evaporation. Plowing breaks up the surface soil
and separates the soil particles so that the film moisture
cannot get hold of them and reach the surface to be lost
by evaporation. Fall plowing, while conserving moisture,
at the same time is conserving heat, for it enables the heat
of the sun in the spring to be used in warming up the seed
bed instead of being used in evaporation.

48. Saving of time. — At the time fall or winter plowing
is being done, the extremely busy season is over; thus the
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plowing can be more thoroughly done, since it need not
be rushed by other work. At the same time it lessens the
work of the farmer in the spring when he is busiest.

49. Weathering. — Increasing the depth of plowing
can be done more satisfactorily in the fall than in the
spring. The subsoil that is turned up in the fall will be
incorporated with the surface soil by freezing and thawing,
which are excellent agencies in pulverizing the soil.

Fig. 17. — A field of corn almost completely destroyed by grubworms.

50. Xilling of insects. — Many of the troublesome in-
sects injurious to field crops can be effectively combated
by fall plowing. Many insects spend the winter a few
inches below the surface of the ground, some in the egg
stage, some in the worm or grub stage. Fall or winter
plowing will break many of the eggs or egg sacs, bring the
caterpillar and pupa to the surface, where many will be
killed by freezing and others eaten by birds, or skunks and
other animals. The cut-worm and the grubworm pass
the winter in the ground in the partly grown stage. Fall
plowing has been recommended as one of the best methods

-
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of combating them. The practice of fall plowing interferes
with the winter resting stage of many other insects, chief
among which are the corn-bill-bug, corn-root louse, grass-
hopper, wire-worm, and the corn root webworm.

51. Puddling. — Tenacious soils, or soil with little or
no organic matter, if fall plowed, will sometimes become
hard and compact by spring. If plenty of humus is fur-
nished the soil by the application of barnyard manure or
by the turning under of green manure crops, little puddiing
will result from fall plowing.

52. Washing. — When the ground is steep to the extent
that losses of the soil are likely to oceur by surface wash-
ing, fall plowing is not generally recommended ; but if the
ground is slightly rolling, plowing at right angles to the
slope will reduce the amount of washing. The slight
ridges produced by the plow will have a tendency to
prevent washing, and much of the water will be absorbed
by the loose soil.

53. Loss of plant food. — Since no crop is growing on the
land in late fall or early spring, certain elements of plant
food that have become soluble may be washed from the
soil. The loss in this way is not great however, and rarely
is the loss of plant food from this cause sufficient to pre-
vent fall or winter plowing if other conditions are favorable
for the practice.

54. Spring plowing. — If fall plowing cannot be prac-
ticed, then it is best to plow as early in the spring as possible.
Unless plowed early in the spring, the soil, which has been
packed down by the rain and by freezing and thawing,
will permit the water from below to reach the surface and
be lost by evaporation. Land plowed late in the spring
is usually dried out to such an extent that a fine seed bed

cannot be secured. When barnyard manure or a green
F
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manure crop is plowed under, it should usually be done
early, since if turned under late in the spring, it will not
have time to decay and may prevent the water from
coming up, and the corn roots from growing downward.
55. Preparing the ground after plowing. — Fall plowed
land is usually allowed to remain until spring without
further preparation. The mistake is often made of de-
laying the preparation of fall plowed land until just before

Fic. 18. — Organic matter should not be plowed under in large amounts
late in the spring, as it may prevent the capillary rise of moisture.

seeding. When this practice is followed, complaint is
often made that corn suffers more from lack of water than
that on spring plowed land. This is due to a failure to
establish early in the spring the earth mulch which has
been settled down by the freezing and thawing of winter.
The mulch should be reéstablished as soon as the ground is
dry enough in the spring, by cultivation with a harrow,
and not be left to lose moisture until planting time. On
spring plowed land the most successful plan of conserving
moisture is that of following the plow each day with the
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harrow. If this is not done, moisture will evaporate from
the furrow slice, which will then become hard, making the
further preparation of the soil a difficult task. A roller
can sometimes be used to advantage in packing loose soil
or in crushing clods. For crushing clods, a small roller
is better than a large one, since a large roller will be more

Fig. 19.— A good type of roller for crushing clods.

likely to push them down in the ground, while a small one
will erush them in the attempt to climb over them. A
roller made up of many small rods, or any form that will
give an uneven surface, is more efficient in crushing clods
than a smooth one. The roller should always be followed
with the harrow, since the former crushes the particles
of soil together and thus reéstablishes capillarity, permit-
ting the escape of moisture.
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56. Testing the seed. — When a farmer refers to a
¢ stand ”’ of corn, he has in mind the relation of the number
of stalks of corn actually growing in a given area, say an
acre, to the number he had intended to have when planting
the seed. For example, if the farmer has planted 12,000
kernels per acre, he would like to have 12,000 plants
grow to maturity. However, if only 9,000 plants result
from the 12,000 kernels planted, he says that there is
three-fourths or 75 per cent of a stand. While the farmer
that plants 12,000 kernels would like to have them produce
12,000 plants, he is very seldom, if ever, successful in
getting that number. It is doubtful if the farmers of
the corn belt states, on the average, have over 75 per cent
of a stand. That is to say, if he plants 100 acres of corn
and only gets 75 per cent of a stand, then there are 25 acres
of the hundred that are not growing any corn. The grower
has plowed, prepared, and planted the 25 acres, but does
not receive full value for his labor. While 75 per cent of
the stand spread over 100 acres will doubtless give a
greater yield of corn than the same number of stalks on
75 acres, it will not in all probability give as great a yield
as a 100 per cent stand on 100 acres.

There are many reasons why the farmer does not secure
a perfect stand of corn, chief among which are : cut-worms,
wire-worms, crows, poorly plowed and carelessly prepared
seed bed, and poor seed corn. Probably the most common
cause is that of poor seed. If one ear in which the kernels
are dead is planted, it will mean a loss of 800 stalks which
should produce 800 ears of corn. It is important, there-
fore, that only that corn be planted that will produce a
strong, vigorous sprout. Careless handling of seed corn
in the fall and winter is usually responsible for lack of vi-
tality. While ears having weak or dead kernels can some-
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times be discarded by their general appearance, it is not
always possible to detect them by this means. The only
accurate way is to plant them and see if they will grow.
This can be done by taking several kernels from each ear,
and planting them in a small box filled with sawdust, sand,
or soil. A box 24 X 24 inches and 4 inches deep is a
convenient size. Put 2 inches of soil or sand in the box and

FiG. 20. — Making a germination test.

press it down firmly with a brick or the hand. Then drive
tacks or small nails 2 inches apart along the sides and
ends of the box and stretch cords over the top each way
so as to form 2-inch squares. These squares can be
numbered by figures along one side and letters along
one end. The ears are numbered by attaching a small
piece of paper to the butt by a pin. To remove the
kernels, use a pocket-knife, inserting the blade at the
edges of the kernels between the rows, and pry them out.
Begin near the butt of the ear, remove one kernel, then
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turn the ear a little and remove another kernel a little
higher up, going around the ear in a spiral so that six
kernels are removed by the time the ear is turned around
and the last kernel is taken out near the tip of the ear.
Place the six kernels in square No. 1 of the germinating
box. Handle ear No. 2 in the same way, placing the
kernels from this ear in square No. 2 of the germinstor.
After six kernels have been removed from each ear and
placed in the small square of the germinator corresponding
to the number of the ear, fill up the box with dirt or
sand. Then with a sprinkling can wet the soil until it is

__reasonably moist. Care should be exercised in selecting a

place to set the tester, as a more accurate test can be se-
cured if it is placed under conditions as near like those
found in the field as possible. - If the tester is placed behind
the stove or in the furnace room, many kernels will grow
that would not grow if planted in the field. Since the
object of the test is to discard those that would not grow
in the field, it is desirable to have the tests made under
conditions similar to those found in the field. The results
of the tests should be read when the plants are about 2
'inc'hes high:—The samples that do not produce six strong,
vigorous plants should be noted, and the ears from which
they were taken should be discarded. In this way, only
those ears will be used for seed that have a strong vitality.
A tester the size of the one given above will test at one time
144 ears or enough to plant 10 or 11 acres. There are
many kinds of commercial testers on the market, many of
which are very reliable, while some do not meet the claims
that are advanced for them. A home-made tester will
do the work just as well as any of the commercial forms,
and has the advantage of being much cheaper. This test
may be made in late winter or early spring and will require
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from 2 to 4 weeks for completion, depending on condi-
tions for growth.

57. Grading seed corn. — Many growers think it is
necessary to plant corn from the butts and tips to insure
well-filled butts and tips in the progeny. Reports of
eight experiment stations of tests running from 1 to 9
years in which the seed from the butts, tips, and mid-
dles of the ear was compared, showed that there has been
practically no difference in yield. In order to get a
uniform drop from the planter, it is a good plan to shell
off the butts and tips from the seed ear. To still further
increase the efficiency of the planter, it is well to select
ears that are uniform in the size and shape of the kernel.
A seed corn grader made up of three sieves with openings
of different sizes may be used to remove the large and
small kernels. Towa Station reports that a planter using
seed graded in this way gave 95 per cent of a perfect drop.

58. Time of planting. — Corn may be planted in the
spring as soon as the danger from frost is over, and the
soil is warm enough for the seed to germinate. Planting at
this time would be regarded as early, while if it is delayed
three or four weeks from this time it would then be con-
sidered late planting. The date at which the soil is at
the proper temperature and the danger of frost is over
will vary in a given locality with the season, and in different
sections with the latitude. Early planting usually gives
the best yield of mature corn. Corn planted late quite
frequently has from 25 per cent to 35 per cent of moisture
at harvest time, and in this condition is likely to spoil in
the crib. Early planting is often impossible because of the
lack of proper drainage which prevents early preparation
of the soil. In many cases the increase in yield of mature
corn will in a few years pay for the draining.
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59. Depth of planting. — Corn may be planted from 1
to 5 inches deep; 1 to 2 inches deep may be considered
shallow, while from 3 to 5 inches may be regarded as deep
planting. The results of numerous experiments comparing
deep and shallow planting, have generally been in favor of
shallow planting. The depth of planting, however, will
depend largely on the physical condition of the soil. If
the soil is finely pulverized and the moisture has been
retained by frequent cultivation, shallow planting is best.
If the surface soil is lumpy and is dried out, it may be best
to plant rather deeply, in order to cover the corn and place
it where there is enough moisture to start germination.
In many sections of the Western States corn is planted
with a lister. The lister is an implement which plants the
corn in the bottom of the furrow, the furrow being made
by two disks or shovels running at either side of the drill
hoe. Where this practice is followed the land is not
plowed, and cultivation consists in plowing dirt into the
furrow as the plants increase in height. The advantage
over the ordinary method is that of the time and labor
saved from plowing, and the securing of better moisture
conditions, especially in rather dry areas. Listing can be
practiced successfully only on loose, fertile soils.

60. Rate of planting. — The rate of planting refers to
the number of stalks per given area. The proper rate of
planting corn will depend largely upon the fertility of the
-soil, and the purpose for which it is grown. Because of the
several factors that will influence the best rate of planting
corn, the experiment stations have not been able to make
definite recommendations as to the number of stalks per
hill or the number of hills per acre. Several stations have
conducted experiments along this line, and from the results
obtained have made general recommendations to assist
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the grower in determining the proper rate of planting.
Corn may be planted in hills, that is, several kernels in a
group, or drilled, in which case kernels are placed along
in a row, one kernel at a place. At the Nebraska Station,
with hills 44 inches each way, the yield of grain was about
the same for 3, 4, or 5 grains per hill. When the corn
was planted thinly,
large numbers of
suckers or tillers were
produced, many of
which produced ears.
When planted
thickly, the percent-
age of barren stalks
was greater. In Il-
linois, tests were made
at the main station
and also on various
soil types in different
parts of the state.
The results indicate
that in the fertile soils
of Northern Illinois,
higher yields are ob-
tained with hills 36
inches each way and 3 stalks per hill, while in some of the
less fertile soils, the best yield was obtained with 2 stalks
perhill. Atthe Ohio Station, with therate of planting vary-
ing from 1 to 5 grains per hill, and hills 42 inches each way,
there was a variation of only a few bushels in the yield of 3,
4, and 5 stalks per hill. Four stalks per hill produced the
largest yield. Two stalks per hill produced about 81 per
cent and 3 stalks about 95 per cent as much as 4 grains.

Fic. 21.—Planting corn with a check
rower.
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In the results of the Ohio and Nebraska experiments there
was a noticeable difference in the size of the ear, and
the per cent of barren stalks from the thick and thin
planting. This is due in a great measure to the ability of
the corn plant to adapt itself to existing conditions. If
planted too thinly, the plants in order to produce as much
as possible under existing conditions, produce large ears,
more plants bear two ears, and there are fewer barren stalks.
If planted too thickly, the ears are smaller, the percentage
of two-eared plants is lower, and the percentage of barren
stalks is greater. Many growers prefer a high percentage
of large ears rather than a larger number of small ears and
a few more bushels per acre, although if the corn is to be
used for feeding live stock, there is no objection to the small
ears. Many growers of show or seed corn plant thinly in
order to produce a large number of big ears. For good soil
conditions of the corn belt a rate of 3 grains per hill and
hills 36 by 42 inches should produce a high yield of grain.
In less fertile soils, 2 grains per hill may be a better
rate at which to plant.

The Ohio Station, in comparing hilling with drilling of
corn, found that one grain every 12 inches or 2 grains
every 24 inches gave better results than 3 grains per hill 36
inches apart, or 4 grains per hill 48 inches apart. One ob-
jection to drilling corn is that of not being able to cultivate
it both ways, thus requiring in weedy fields considerable
hand work with a hoe. In the rolling sections of the country
drilling is the general practice, since if the rows are run
at right angles to the slope, the soil does not wash so
badly as when the stalks are grouped in a hill quite a
distance apart. While drilling may give three or four
bushels more per acre than the same number of grains
planted in hills, it is often a question whether the increase
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in yield will compensate for the extra labor necessary in
keeping the field free from weeds. When corn is grown
for stover, the thicker rate of planting will give the highest
yield of roughage. When planting for the silo, the corn
should be drilled, if possible, at the rate of one grain every
10 or 12 inches. While this may not give as great a
tonnage as thicker planting, the percentage of grain is
higher, thus giving equal if not a little more feeding value.

61. Cultivation. — The principal reasons for cultivating
the corn during the early stages of growth are to kill the
weeds and conserve moisture. As has been pointed out,
growing corn requires a large amount of water, and the
amount of rainfall during the growing season is closely
correlated with the yield. While it is not possible to
control the amount of rainfall during the growing season,
it is possible to save a large part of that which falls carly
in the season for the use of ‘the plants when their needs
for water are greatest. To do this it is necessary to keep
the surface soil broken up into fine particles, to form a
mulch which will prevent the water that is in the lower soil
from reaching the surface and being lost by evaporation.
Weeds are undesirable in a corn field because they not only
use up the water that should be left for the use of the corn,
but they also use up plant food. Therefore one operation
may serve to kill the weeds, and also to reéstablish the
earth muleh to prevent evaporation of water. When the
plants are small, this can best be done by a weeder or a
spike tooth harrow, providing the ground is not cloddy
at the time of cultivation, and if large annual weeds have
not got a start. Cultivation is therefore rendered less
difficult by thoroughly preparing the ground before
planting. If a weeder or harrow is run over the field on a
hot, sunshiny day, before the plants are up, it will establish
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the earth mulch and kill the weeds that are just starting.
The weeder or harrow should be run over the field fre-
quently until the plants are seven or eight inches high.
These implements should not be used early in the morning
or on cloudy days, since at this time the plant cells are
filled with water and the plants are easily broken off.
After the corn is too big to cultivate with the weeder,
the mulch should be maintained by a cultivator equipped
with small shovels, which should be run about 2 inches deep.
Shallow cultivation will conserve the moisture and kill
the small weeds quite as well as deep cultivation. How-
ever, if large annual weeds are started, it may be necessary
to run the shovel somewhat deeper in order to uproot
them. Deep cultivation cuts off many of the corn roots
and turns up a lot of moist soil which will dry out by ex-
posure to the wind, thus causing a greater amount of
moisture to be lost than by shallow cultivation. After
the corn is too large for the cultivator, and the roots have
grown in the upper soil, the mulch can be maintained by
dragging a mower wheel or a plank drag between the
rows. This will not only keep the dust mulch and kill
the weeds, but will also provide a good seed bed for the
seeding of catch-crops in the corn, or for the seeding of
wheat Iater in the season. The frequency of cultivation
will depend largely on the nature of the soil, the number of
weeds present, and the amount of rainfall. In a very dry
season it will be profitable to continue the cultivation until
late in the summer, while in seasons of plentiful rainfall,
such cultivation may not be necessary.

HARVESTING AND STORING

62. Harvesting. — The method of harvesting depends
largely upon the use that is to be made of the crop. If
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only the grain is desired, the most common practice
- of harvesting is that of husking the ears by hand from the
standing stalk. Usually the ears are thrown directly
into a wagon which accompanies one or two huskers. In
a field of good corn one man, depending of course upon
the individual, can husk and haul to the crib from 50 to 90
bushels per day. A machine has been placed on the
market that will husk the corn from the standing stalk,
and by means of a conveyor deliver the ears into a wagon
driven along beside the husker. A husker of this sort
requires six or eight horses to pull it. The machine
has not been regarded as a satisfactory one, and can only
be used in very large fields where few turns are necessary.
The machine is not in common use even among the growers
who harvest a large acreage.

Sometimes the grower uses not only the ears, but also
the leaves and stalks. Corn fodder is the corn plant
cut off near the ground and consists of the stalk, ear, and
leaves. If, after cutting, the ears are husked out, the
leaves and stalks are called corn stover. Corn may be
cut either by hand or by means of corn cutting machinery.
The number of hills put into one shock varies from 100 to
144 or more. The cutting may be done by means of a
sled with a knife on either side, and drawn by a horse
walking between the two rows that are being cut. Two
men stand on the sled and catch the corn as it is cut off
by the knife. When they have secured an armful, the
horse is stopped while the fodder is set up into a shock
behind the sled. When the corn is down badly, this
method of cutting cannot be employed. Another type
of cutter, which is equipped with a large platform, permits
the shock to be set up on the platform, and when completed
is transferred by means of a lever to the ground behind
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the cutter. The corn binder now in general use cuts and
binds the fodder into bundles which are dropped off on
the ground, and later set up into shocks. The time of
cutting in order to secure the best yield of both grain and
stover is when the husks are dry and from one-third to
one-half of the leaves are still green. If cut before this
time, the feeding value is not so great, due to immaturity ;

F1a. 22, — Harvesting corn with a corn binder.

and if cut much later, many of the leaves will drop off
during the cutting. When the ears only are desired, they
should be left on the stalk until fully mature. If removed
before maturity, all of the starch will not be transferred
from the leaves to the ear, and thus they will not have as
great a feeding value as when fully mature.

Many corn growers do not husk out the ears after
cutting but feed the fodder to cattle, supplying them with
both roughage and grain. In almost all cases the ears
are husked out and fed separately from the stover. The
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husking may be done by hand or by means of a husker,
which not only removes the ears, but also shreds or cuts
the stover up into small pieces. Stover after passing
through the husker and shredder is called shredded
stover. It is usually stored in the barn, or sometimes in
stacks out of doors. Shredded stover is much more con-
venient to handle in indoor feeding than stover not
shredded. In some sections of the country only the leaves
are used as forage. Where this practice is followed, the
leaves are stripped from the plant and hauled away, leaving
the stalk and ear in
the field. Sometimes
the top of the stalk,
that part above the
ear, is cut off and
shocked, leaving the
lower part of the stalk
and the ear standing.
When the corn is used
for ensilage, it should
be cut just a little be- Fi1c. 23. — Filling the silo.
fore it would be in
proper condition to put into the shock. If allowed to
become too dry, it will not pack in the silo, and it will
be necessary to add water at the time of filling in order
to make it pack more closely and to exclude the air.
When corn is to be put into the silo, it is well to start
cutting while it is a little green, for if cutting is begun
just at the proper stage, part of the corn will have become
too dry before the work is finished.

Another method of harvesting the corn crop is that of
turning hogs that are being prepared for the market into
the field. This method is followed only in a comparatively
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small way, and usually only a part of the crop on a given
farm can be ‘ hogged down ”’ to advantage. The yield of
corn, of course, will determine the number of hogs per
acre that can be profitably turned into a given area. Ten
acres of good corn will carry 75 good sized hogs to advan-
tage. It is advisable to divide the field by means of a
temporary fence, thus confining the hogs to a small area,
which method will insure less waste than would result
if they were given the run of the entire field. When the

FiG. 24. — A field of corn in shock.

corn has been well cleaned up, the feeding area can be
extended by moving the temporary fence. When the
field has been completely run over by the hogs that are
being prepared for market, old hogs such as brood sows
may be turned in to clean up the corn that has been left
here and there over the field. When the farmer is pre-
pared to harvest a part of the crop in this manner, it is to
be recommended, since much labor is saved in the husking.
Wet seasons are not favorable for ‘“ hogging down ”’ corn,
since the loss by waste is much greater than during the
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dry season. The tramping by the hogs in wet soil may
" cause it to break up cloddy the next spring.

63. Loss in store. — The moisture content of ear
corn at the time of harvest varies from 15 per cent to as
much as 35 per cent, or more. The moisture content
depends largely upon the maturity. Corn that is well
matured usually has from 16 to 20 per cent of moisture
at the time of harvest, while immature corn may have
as much as 30 or 35 per cent. Corn with high moisture
content loses considerable weight in store, due to the
evaporation of the water. Many experiments have been
conducted to determine the amount of shrinkage of ear
corn in store. The weight of the corn when put into the
crib compared with the weight when taken out will show
the loss due to the drying out while in store. The moisture
content of corn when well dried out is from 10 to 14 per
cent. Thus corn with 30 per cent of moisture at the time
of harvest will show a loss in weight of from 15 per cent to
18 per cent when completely dried out. The loss of well-
matured corn while in storage is not nearly so great as the
loss in immature corn. Perhaps the loss of well-matured
corn will not exceed 8 or 10 per cent for the first year.
Experiments conducted by the Illinois Station show
that tbe greatest shrinkage occurs during the months of
April and May. After May, corn in store loses very
little in weight. If kept in store for two years or more,
there is very little loss in weight after the spring following
the time when it was stored in the fall. In this connection
it is interesting to compare the advantage of marketing
in the fall at the time of husking, with those of marketing
in the following spring or summer, or at a still later date.
To decide whether or not to market in the fall, the maturity

of the corn at the time of harvest, the price in the fall,
G
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and the probable price in the spring or summer must be
considered. Of course it is to be remembered that grain
dealers do not pay corn prices for water. When corn with
a high per cent of moisture is sold in the fall, the usual
practice is not to buy it at a per bushel rate, but at a given
price per 70 pounds or 72 pounds, as the case may be,
depending upon the moisture content. Farmers who
purchase corn for feeding should consider the moisture
content just as do the grain dealers. Good ventilation in
storage is essential, especially if the corn is not well dried
out when husked. Storing corn in tight bins or cribs,
unless it is well dried out, will be likely to cause molding
and rotting.
IMPROVEMENT OF CORN

64. Method of improvement. — Increasing the yield
of corn may be accomplished either by improving the
fertility and physical conditions of the soil, or by improving
the plant, or by both. Improving the soil has been
briefly discussed under cultural methods, and only im-
provement of the plant remains to be considered. The
first consideration in the improvement of corn is the
selection of the variety. Varieties of corn vary greatly
in their adaptability to soils and climate, and in yield.
There are a large number of varieties of dent and flint
corn, some of which differ greatly in the character of the
plant, and in the size, shape, and color of the ear and
kernel. Many others, however, are so similar in all re-
spects that it is impossible to distinguish between them.
This is due in great measure to the common practice of
giving to the corn the name of the man from whom the
seed was secured, and henceforth that particular strain
is known as ‘ Jones’ ”’ Yellow Dent, ¢ Wilson’s ” White,
or ‘“ Knox County ”’ Corn, as the case may be. Some-
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times, too, after a few years of selection for a special type,
the grower renames one of the older varieties. This has
naturally led to considerable confusion, and emphasizes
the importance of a uniform nomenclature. Many of
the older varieties and some of the newer ones have been
developed into a fixed variety type by careful and con-
sistent selection. Thus Leaming, Reid’s Yellow Dent,
and Pride of the North are distinet varieties, while many
other so-called varieties are only selections from the older
varieties.

65. Variety test. — The selection of a variety for any
given locality involves the choice of a variety adapted to
the soil and climate. Not only must it be adapted to soil
and climate, but it must also be a high yielder of a good
quality of corn. It is not safe to select a variety from a
distance or even from a neighboring county, unless one
is sure that it will be adapted to the conditions found on
the farm on which it is to be grown. Corn plants are
sensitive to a change of soil and climate. A variety that
is well adapted to one section of the country or to one
farm may not be suited to another farm. Many have
experienced sad results from buying seed from a well-
recommended variety in another state or even within the
same state. The custom of purchasing seed from growers
of prize-winning corn regardless of adaptability of that
variety to the conditions under which it is to be grown,
has often resulted in serious loss to the purchaser. The
only safe way to get seed corn from a distance is to pur-
chase a small amount and try it out for a few years in a
small plot. If it produces a good yield of mature corn,
a larger amount of seed corn can then be secured for
seeding a larger acreage. Maturity is an important
consideration. Immature corn, as pointed out in the
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paragraph on storage, is not to be desired in any event.
Seemingly high yields at husking time may result in a
much lower yield of inferior quality when properly dried
out. Each farmer can with little time and expense
conduct on his farm a variety test that will answer the
question as to which variety is the most profitable for him
to grow. A small plot may be laid off in the corner of
the regular field and planted with several different varie-
ties along with his own. A comparison of the yield of
mature corn at harvest will decide the question. In a
small plot two rows may be planted from one variety,
the next two rows from another, and so on. It is neces-
sary, however, to have some standard by which to measure
the new varieties. This is best done by planting each
fourth plot with home grown seed. This will serve as a
check or standard with which to compare the new varieties.
If it is not desirable to lay off the small area, the test can
be made by planting a round with the planter through the
field with one variety, and the next round with the seed
of another, and so on. Each fourth round should be
planted with home grown seed in order to note variations
in soil, and to have a standard for comparison. Marked
variations will usually be seen in a variety test in the
general character of the plants, the date at which the
tassels and silks appear, the time of maturity, and in
yvield. Professor C. G. Williams suggests the following
method of determining the yield: ‘ In determining the
yield per acre, each variety is compared with the check
plots between which it grew, the number of bushels by
which it exceeds or falls short of the check is determined,
and this excess or shortage added to or subtracted from
the average yield of all of the check plots.” The variety
that gives the highest yield of mature corn of good quality
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should be selected for perpetuation. Seed corn should
not be selected from the variety test plots, for since corn
is a cross-pollinating plant, the varieties growing side by
side have intercrossed and the progeny of such seed would
be a mixture. The variety test only points out the
variety best adapted to the field in question, and the seed
for planting the next year’s crop should be secured from
the same grower that furnished the seed for the test plot.

66. Seed selection. — The most common method of
selecting seed corn is that of laying aside the best appear-
ing ears that are found during harvest or that are found
here and there as the corn is fed from the crib during the
. winter or spring. Sometimes seed selection is delayed
until spring, when the seed ears are picked from the crib.
The best corn growers, however, practice field selection.
Field selection is going into the field and selecting the
ears from the standing stalks. There are several reasons
why field selected seed is to be preferred to seed selected
from the crib in the spring, or even to seed selected from
the wagon at harvest time. It is not always the large,
well-proportioned ear that one would naturally pick
when selecting from the crib that produces the largest
yield. In many cases these superior looking ears have
been produced under extremely favorable conditions.
Probably they have grown in a hill of only one stalk
instead of three, perhaps on some unusually fertile spot,
or over a tile drain, or under some abnormal conditions
that were favorable to their growth. The merits of these
ears will not, in all probability, be reproduced in the
progeny unless planted under the favorable conditions
that produced them. In field selection only ears that are
found growing under normal conditions of stand, fertility,
and the like are selected. The excellence which these
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ears will possess is hereditary, and will, therefore, in all
likelihood be transmitted to the progeny. The height
of the plant, and the height at which the ear is carried
on the stalk, should also be considered. Tall plants are
not usually desirable when corn is grown for the grain,
since tall corn is
difficult to handle
in cutting, and if
harvested from the
standing stalk, the
ear is in an awkward
position to husk.
Selection of seed from
plants carrying the
ear at a medium
height will after a
few years produce
a strain of corn in
which most of the
ears will be at a
convenient height to
husk. Likewise se-
lection for medium
height of stalk will
develop plants of con-
venient height to har-
vest. If the corn is a little late for the average season,
by selecting seed from the early maturing plants that
will be found growing here and there over the field, one
can in a few years have the general crop ripen a week
or ten days earlier. Another thing that should be con-
sidered in field selection of seed is the vigor of the plant.
Some plants are easily blown over, while others are able

Fia. 25.— Rack for storing seed corn.
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to carry their load and remain in an upright position
until harvest time. One of the greatest advantages to be
gained by fall selection of seed is the opportunity afforded
it to thoroughly dry out before freezing weather comes.
Seed corn if not well dried out before a hard freeze may
have the vitality greatly impaired, and in some cases the
germ may be killed. Seed corn should be stored in a well-
ventilated room. The ears should be piled or hung up
in such a manner as to permit a free circulation of air
among them. During damp weather a little artificial heat
will assist in drying them out.

67. Some results of field selection. — At the Ne-
braska Station, seed selected from a plot growing five plants
per hill was compared with seed grown at the rate of three
plants per hill and one plant per hill. The seed selected
from these plots was planted the next season at the uni-
form rate of three plants per hill. Three years’ average
gave the results shown in the table below :

SEED FROM YieLp NEXT YEAR WHEN PLANTED AT
RATE oF 3 StaLks Per HiLL
lstalkperhil. . . . . . . . 618 bushels
3stalksperhill . . . . . . . 62.2bushels
Sstalksperhill . . . . . . . 64.4 bushels

At the Ohio Station, seed selected in the field from plants
growing under normal conditions of stand and fertility
was compared with the seed selected from the wagon at
harvest time. In selecting from the wagon the appearance
of the ear was the only guide, since the conditions under
which it had grown could not be determined. When
planted the next year at a uniform rate of three kernels
per hill the field selected seed produced 3.72 bushels of
corn more per acre than that produced by the wagon
selected seed. There are those who object to field selec-
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tion of seed, contending that ears removed from the
stalk before cutting time are not fully mature. This
objection may be overcome by marking ears desired for
seed, before the corn is put into the shock, and separating
them at husking time from the rest of the corn. It is
well to select from the field a larger number of ears than
will be necessary to plant the next year’s crop. This
will permit the sorting over of the seed, and the dis-
carding of undesirable ears .or those with faulty germina-
tion.

68. Ear-to-row test. — Ears of corn vary greatly
in size, shape, weight, and other ear characters. They
also vary in productiveness. It would be a great conven-

ience to the corn grower if he could by the appearance
" of an ear estimate with some degree of accuracy its
ability to yield. This, however, has not been found
possible with the present knowledge of the relation of ear
characters to yield. The ear-to-row test is the only
method of picking out the high yielding ears. ¢ This
test consists in comparing the relative productiveness
of a number of ears of corn when planted side by side,
an ear or a part of an ear to a row. KEars for such tests
may well be selected while ripening in the field, in order
that the condition of growth may be noted, and only
such ears chosen as give some reason for believing that
their excellence may be due to something other than
favorable environment.” An ear-to-row test may be
carried out in the corner of the regular corn field. The
soil should be uniform in fertility, and if underdrained,
the rows should run at right angles to the drain in order
that all the rows will be affected alike. The rows for
convenience may be made 50 hills long. Plant row No. 1
with corn from ear No. 1, row No. 2 from ear No. 2,
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until a row 50 hills long is planted from each ear that
is to be tested. A selection of 50 ears makes a con-
venient number for an ear-to-row test. Every tenth
row should be used as a check row. Ten ears may be
selected for this purpose. These same ten ears should be
used in planting all of the check rows, each ear planting
the same number of hills in each row. Check ear No. 1
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Fic. 26. — Remnants of an ear-to-row test.

should be used in planting the first five hills in each check
row. Check ear No. 2 should be used for the second
five, check ear No. 3 for the third five, and so on until
the fifty hills in each are planted, five hills from each of
the ten ears. It is well to plant four or five kernels per hill
in order to insure a perfect stand. When the plants are
five or six inches high, each hill should be thinned down to
three plants. More reliable results are secured when the
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test is made in duplicate, the second series of rows being
some distance from the first. At harvest time each row
is husked separately, and the yield is determined in the
same way as in the variety test. Seed corn is not selected
from the rows giving the highest yield, because cross-
pollination has taken place, and probably the low as well

F1G. 27.— A corn-breeding plot. Rows 1, 3, and 4 have been detasseled.

as the high yielding ears are represented in the ears of
each row. The ear-to-row test is only a method of picking
out the highest yielding ears, and not for the production
of seed corn. When the rows are planted, only a portion
of the ear is used, the remainder being preserved for
crossing the next year.

69. The breeding plot. — The remnants of the four
or five highest yielding ears are planted the next season
in the breeding plot. This plot should be some distance
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from other corn fields, to prevent mixing. The plot
necessarily must be small. Rows twenty-five hills in
length and as many rows as the remnants will plant is
the usual size. The remnant of the highest yielding ear
is used as the sire, the three or four other remnants as
the dam or female of the eross. The sire ear should be
used to plant every third row. In order to make it reach
as far as possible, these rows should be planted thinly,
usually two kernels per hill. The remnants of the other
ears are used to plant the rows between the sire rows.

Fie. 28.— A multiplying plot, out of the reach of pollen from other corn.

When the tassels begin to appear, the plot should be
visited each day and tassels removed from the middle
rows. This will insure the pollen from the highest yield-
ing ear fertilizing the plants produced from the remnant
of the three next highest yielding ears. If the rows
planted by each ear are recorded, the pedigree of the corn
can be determined for each ear. At harvest time the
rows from each are harvested separately.

70. The multiplying plot. — The multiplying plot
is planted next year from the ears grown in the detasseled
rows. This plot, too, should be a distance from other
corn fields. The multiplying plot, as the name indicates,
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is simply a plot to increase the supply of seed in order to
plant an entire field the next year. Some of the best ears
from the breeding plot and also from the multiplying
plot should be taken back to the ear-to-row test each
year. This method gives an opportunity for comparison
of the improved strain with the general crop.

71. Corn judging. — Within the past few years corn
shows have become quite common throughout the corn
growing sections of the country. They have done and are
doing a great service in creating a wider interest in the
study of corn growing, and in showing the possibilities
of improving the quality of the crop. The general plan
of conducting the contest has much to do with the bene-
fits to be derived from the show. Too frequently, per-
haps, the show evolves into a contest to determine which
exhibitor has best solved the problem of the proper rate
of planting to grow large ears, and of his ability to select
a good show sample. Quite frequently it is said at a~’s§0w
by a defeated contestant, that, although he did not'*win
the prize, he has the consolation of knowing that he
produces more corn of a better quality per acre than does
the exhibitor who carries off the prize. This, as has been
pointed out in the paragraph on the rate of planting, is
quite frequently due to the fact that many exhibitors have
learned that corn when planted thinly produces a higher
percentage of large, fine looking ears, than when planted
at the normal rate, or at a rate that would produce a
higher yield per acre. Many seedsmen plant thinly
in order to grow a greater number of large, well-propor-
tioned seed ears per acre. This practice, of course, as
shown in the discussion of field selection, is not to be
recommended, since the excellence of such ears is due to
environment and not to heredity. The greatest service
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perhaps that has been and can be rendered by the corn
show to the growers of the community is to be found
in the lessons of the importance of maturity, the vitality
of the seed corn, and the possibilities of improvement in
the uniformity of the product.

F16. 29. — A good sample of show corn.

INSECT AND FUNGOUS DISEASES

72. Insects. — The farmer has many difficulties to over-
come in growing a profitable crop of corn, and among them insect
troubles often have no small place. Some kinds of insects are
always present in the corn field, but the damage done by them is
comparatively small, while others may appear in such numbers
in certain years as to cause serious trouble and sometimes greatly
reduce the yield. Of the many insects that attack the corn
plant only a few can be discussed in this book.

73. The wire-worm. — Almost every one has seen the
_beetles which when placed on their backs will jump up into the
air with a clicking sound and light right side up. They are
known as the ¢ click beetle,”’ and are the adult form of the wire-
worm. The eggs are laid usually in grass land. The larve
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which hateh from them require from three to five years to com-
plete their growth. The second year after grass land has been
planted in corn, the larve feed upon the newly planted kernels
and upon the roots of the young plants. Serious damage some-
times results. Quite frequently it becomes necessary to replant
the field. The larve become full grown in midsummer and after
pupation, which lasts three or four weeks, the adult beetles
appear. The adults fly to the grass lands and deposit eggs for
a new brood. No satisfactory method has been recommended
to prevent their ravages. They may be held in check quite
effectively by fall plowing, which kills many of the larvee, and
also many of the adults. The practice of a short rotation,
which allows the field to remain in grass but one year, will
largely prevent their increase to such numbers as would seriously
injure the corn erop.

74. The grub-worm. — The large May beetles or June bugs
which are numerous during early summer are the parent form
of the white grub-worm. Like the click beetle, the June bug lays
its eggs in the meadow and pasture lands, usually in June or July.
The young grubs live upon the grass roots, and require about
two years to become full grown. When sod lands are plowed
and put into corn, the grubs, being deprived of the grass roots,
attack the roots of the corn. If the field has been in grass for
some time previous to plowing, the grubs may be numerous, and
sinee there are so few corn plants in comparison to the grasses
per acre, many grubs may be found at work on the roots of one
corn plant. As many as 25 grubs have been found on one hill,
in fields that were badly infested with them. When the grubs
are numerous, they do serious damage, sometimes destroying the
entire crop. The most effective means of controlling them is,
as in the case of the wire-worm, the use of a short rotation and
practicing summer or fall plowing. Sometimes if hogs are turned
into the field they will follow the plow and destroy many of the
grubs.

75. The cut-worm. — The cut-worm is a common' foe of
many farm and garden crops. It gets its name from its well-
known habit of eating only as much as is necessary to cut off the
plant, thus leaving a path of destruction as it proceeds from plant
to plant. The adult form is a moth, which lays ‘its eggs princi-
pally in sod lands. The eggs are laid in midsummer and the
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larva becomes partially grown before winter. After passing the
winter in the ground, it wakes up in the spring and lays low the
plants that come in its way. There is no practical means of
controlling its attacks upon the corn. A mixture of wheat bran,
Paris green, and molasses may be used effectively in controlling
it on small areas, but this is hardly practicable in the corn field.

76. The corn-root louse. — The corn-root lice are very
interesting insects. 'They are interesting because the ants which
so carefully guard and care for them are often given credit for the
damage done. If a nest of the small brown ants is broken open
in the fall or winter, usually there will be found the eggs of the
corn-root louse carefully stored away. When spring comes, the
ants carry the lice eggs to the roots of the smart weeds, where
they hatch and the larve feed upon the roots. If corn is planted
near by, the ants will carry the lice to the roots of the young corn
plants on which they will feed, and if they are plentiful, will
cause the corn to have a stunted appearance and the leaves will
turn red and yellow. When such areas are seen in the corn field,
usually the ants are credited with the injury, since they are seen
busily engaged about the base of the corn plant. The facts are,
however, that the ants are only indirectly responsible for the
injury. They care for and protect the lice because the latter
excrete from a pair of small tubes on the back part of the abdomen
a sweet, honey-like fluid upon which the ants feed with great
relish. So long have they looked after the welfare of the lice
that the latter are now dependent upon them, and if the ants are
destroyed, the lice soon perish. The destruction of the ants,
therefore, is the means of controlling the lice. This may be done
by digging up the nest in winter or by killing them by pouring a
quantity of carbon bisulphide into the nest and covering it over
with a blanket to retain the fumes.

77. The corn root-worm. — Growers often wonder why their
corn blows over in some fields and not in others. If the corn that
blows over is in a field that has been in corn for two years or more
in succession, the corn root-worm may be the eause of the trouble.
This insect has been a serious pest in many sections of the eoun-
try, particularly in those sections where rotation of crops is not
regularly praoticed. The eggs of the corn root-worm are laid in
the ground near the base of the stalk sometime in the fall. They
hateh in June and the root-worm feeds on the roots of the growing
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corn plant, first on the small roots, then burrowing into the larger
ones. The root system is seriously injured if the worms are
plentiful, and a rain with some wind will cause the corn to blow
over. The worms are about one-half inch in length with a red
or brown head. In late summer they enter the pupa stage and
soon come out as adult beetles. The adult beetles are about
one-fourth of an inch long. The adult of the Northern corn
root-worm is a plain grass-green in color, while that of the South-
ern corn root-worm is yellowish green with twelve black spots on
the back. The larve of the two species are very similar. The
adults feed on the corn silks in the fall, and the farmer often
thinks they are seriously affecting the corn, but they have done
all the damage they can do, except to lay their eggs which will
hateh the following spring. The Southern corn root-worm is not
common in the Northern States. The Northern corn root-worm
is more comimon and often it does considerable damage. The
latter is easily controlled because the larve feed on no other
roots except those of the corn, so a simple rotation will starve
them out. In the case of the Southern corn root-worm the
rotation of erops will not control the insect to so great an extent,
because the larve of this species feed on the roots of other plants.

78. Fungous diseases. — Wherever corn is grown, corn smut
is found. This fungus attacks the ear, tassel, leaves, or the stalk
of the plant, developing at maturity into a large mass filled with
small, powdery black spores. The fungus may attack the plant
any time after it is a couple of feet in height until it nears matur-
ity. The spores may remain in the field from the previous year,
or they may be carried there in manure or by the wind. During
the summer they are blown about by the wind, and fall upon the
growing plant. If they light upon the tender part of the plant,
and if moisture is present, they start to grow. Therefore the
tassel, silk, brace roots, and the base of the leaves afford the most
favorable locations for growth. The damage done each year
has been estimated at one or two per cent of the crop, while in a
year of extremely favorable conditions for it, the loss may be
much greater. The treatment of the seed before planting to kill
the spores does not greatly assist in controlling the disease, since
the spores are carried from field to field by the wind. The only
effective means of controlling it is by going into the field several
times during the season and cutting off and destroying the
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diseased portion of the stalk. Corn stover affected with smut is
thought by many farmers to cause illness to animals to which it is
fed. In experiments to determine whether or not the corn smut
is the cause of illness among animals, it was fed in comparatively
large amounts to groups of animals, and the results carefully
noted. In no case did the animals show any effects from the
feeding of the smut.

79. Ear-rots. — It is the very general opinion of farmers that
the ear-rots of corn are caused by adverse weather conditions.
Careful studies of these diseases will show that they are caused
by a fungous growth, and while the weather conditions may be
favorable or unfavorable for the growth of fungus, it is not the
direct cause of the trouble. There are several kinds of ear-rots,
but their appearance on the earis so similar as to be generally
regarded as one form. The most common is the Diplodia, or
dry rot, which attacks the husks, kernels, and the cob of the corn,
causing the husks to stick to the ear. The ear becomes dark in
color, often nearly black, except for the white mold-like growth
which is abundant between the rows of kernels. It is a common
practice at husking time to throw the ears of corn affected with
this disease on the ground. This praectice is the means of spread-
ing the disease and giving the best opportunity for its being
carried over the winter. The spores from the ears thrown on the
ground spread to the corn stalks, where they make a slight growth.
The next year the spores are spread by the wind to the growing
corn, where, if weather conditions are favorable, they develop
into the disease. The Illinois Experiment Station has found
that stalks, after having been plowed under for two years, still
retain the spores that will germinate under favorable conditions.
This station, therefore, recommends that diseased ears be de-
stroyed. It is alsoa good plan to burn the stalksona field that is
badly affected. It was found, further, that corn grown in a
rotation was not so badly affected as that grown under a con-
tinuous cropping system.

Beside the dry rot, there are several species of fusarium that
attack the ear in much the same way. The casual observer would
not be able to distinguish them from the dry rot.

80. Rust and bacterial diseases. — Corn is affected by
several kinds of leaf rusts and bacterial diseases, but the damage
done is usually small.

H
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81, Protection of seed corn from crows and rodents. —
Crows and rodents sometimes do considerable damage to corn
by digging up the newly planted kernels or by pulling up the
young plants to get the kernel. Trouble from these sources can
be largely overcome by treating the seed corn before planting
with coal or pine tar. The tar, slightly warm, should be applied
to the shelled seed at the rate of about one tablespoonful to each
nine or ten quarts of corn. Stir the mixture until each kernel is
covered with a thin coat of tar, then add a handful of air slaked
lime or wood ashes, and stir again. The ashes or lime prevent the
kernels from sticking together. After drying, the seed is ready
to plant.



CHAPTER V
WHEAT

WHEAT culture has occupied the attention of man ever
since he progressed far enough to record his history. At
the beginning of records some 3000 years B.c., wheat cul-
ture occupied an important place in the affairs of man.

82. History. — In very ancient Egyptian monuments,
older than the Hebrew Scriptures, kernels of this cereal
have been found. Records of ancient China show that
wheat was cultivated there 2700 years B.c., while the lake
dwellers of Western Switzerland cultivated wheat as early
as the Stone Age. The existence of different names for
wheat in most ancient languages gives reasons for believing
that it was cultivated long before the dawn of recorded
history. The development of wheat, therefore, has been
coincident with that of civilization. Itsimportance to the
civilized nations to-day is perhaps no greater than it was
centuries ago, with its more primitive culture, to a more
primitive people. The origin of the wheat plant is largely
a matter of speculation. The ancient Chinese considered
it a gift direct from Heaven. The Egyptians attributed its
origin to the mythical god of the Nile, while the Greeks
believed it to have been presented to their nation by
Ceres, the goddess of Agriculture. Botanists are not
agreed as to the primitive plants from which it has devel-
oped. Wheat plants growing wild have been found, but

it has never been clearly shown that they were not planted
99
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by roaming tribes in their journeys across the country.
Recently, however, a wild wheat has been found growing
in the eastern Mediterranean countries which is thought
by some to be an ancestral or closely related form, from
which, or from a common ancestor of which, our present
day wheat has developed. The wheat plant is so old
that it is a most difficult task to determine its ancient
family record, © It is believed by De Candolle to have had
its origin in the Valley of the Tigris and the Euphrates,
and from there to have spread at first into China and
Egypt, and later to have been carried, with the spread
of civilization, into all temperate parts of the world.
So far as is known, it was not grown in America until
after the discovery of this continent by Columbus.

83. Botanical characters. — Wheat is an annual belong-
ing to the tribe Horde of the grass family. The prom-
inent characters that distinguish the species of this tribe
are the one to many flowered spikelets which are sessile,
and arranged alternately upon the rachis, forming a spike.
Rye, barley, and rice are closely related to wheat. Wheat
belongs to the genus Triticum, of which it is the only
prominent species, and is characterized by one spikelet
at each joint of the rachis, the outer glumes of which
terminate in a beak. The flowering glume may have
either short or long awns, or may be awnless. Wheat
may be either a fall or a spring annual, some varieties
being adapted to fall and others to spring seeding. When
the seeding is done in the fall, it is called winter wheat;
when seeded in the spring, it is called spring wheat.

84. The roots. — The roots of the wheat plant, like
those of the corn, may be divided into temporary and
permanent systems. When a kernel of wheat starts to
grow, it sends out a whorl of three roots, which form the
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temporary root system. After the plumule unfolds
above the ground, the permanent roots start out from a
node below the surface. For a short time both the
permanent and the temporary roots serve the needs of
the young plant, but as the permanent system develops
the temporary system withers
and dies. The permanent roots
increase rapidly in length and
develop into a complex fibrous
root system, which serves the
plant throughout the remainder
of itslife. The permanent roots
branch freely, as many as eight
to ten branches being given off
from one inch of the main roots.
Most of the root system of the
wheat plant is in the upper 15
to 20 inches of the soil. Below
this depth it does not branch
freely, but sends long runners
down deep into the subsoil.
The depth to which the roots
will penetrate depends largely
upon the physical condition of  Fia. 30. — Diagram showing
the subsoil, and upon the loca- how theplantincreasesin height
» . by lengthening of the inter-
tion of the water table during nodes.
the growing season. In loose
soils, with the water table several feet below the surface,
wheat roots may go down 6 or 7 feet or more. The roots
of the permanent system do not vary greatly in diameter,
being about the same size their entire length.

85. The stem or culm.— During the early life of the
plant the internodes are short, giving at this time the ap-
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pearance of a leafy, low-growing plant. A little later,
however, the internodes elongate quite rapidly, pushing
the nodes farther apart and lengthening the stem. Before
this stage begins, buds appear at the lower nodes and
develop by lengthening their internodes
into full-sized stems along with the
lengthening of the main stem. This is
called tillering or stooling. Thus one
seed normally produces several stems,
sometimes as many as a dozen or more.
The number of tillers produced depends
upon several factors. Some varieties
naturally produce more tillers than
others. Thin seeding promotes the
growth of a larger number of tillers
than a thicker rate of seeding. Winter
wheat usually tillers more than spring
wheat. Poor or infertile soils retard the
production of tillers. Thus it is seen
that many more heads or spikes are pro-
duced on a given area than there were
kernels planted, the number depending
upon the several factors above mentioned.
Tic. 31. — Dia- The length of the stem, when fully
gram showing stool-  grown, varies with the variety and soil.
ing or tillering in A .
wheat. Some varieties grow only 2.5 to 3 feet
in height, while others under the same
conditions may reach a height of 4 or 5 feet. Aside
from the variation in the length of the stem, there is
also found variation in the number of tillers, thickness
of the stem wall, and in the number of nodes. In describ-
ing or identifying varieties of wheat, the color of the stem,
particularly that of the upper internode, is of considerable
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service. The stem of the wheat plant in most varieties
is hollow, excepting at the node, where it is solid. In
some few varieties the stem is partly or entirely filled with
pith. The number of pounds of straw required to pro-
duce a bushel of grain varies
greatly with the variety and
with the soil. At the Ohio
Station, with 45 varieties, dur-
ing a period of 13 years, the
weight of straw varied from 92
to 132 pounds per bushel of
grain, the average being about
105 pounds of straw per bushel
of grain. Whenr manure or
fertilizer was applied at this
station, there was a greater
proportionate increase in the
weight of the straw than in
the grain.

86. The leaves. — As in the
corn plant, the leaves are ar-
ranged alternately, one leaf
growing from each node of the
stem. While the plant dur-
ing its early stage of growth
has a leafy appearance, after
the internodes have become Fie. 32.— Variation in number
full length, the leaves appear § st
to be few in number. = This is due to the fact that they are
then arranged on a lengthened stem. The leaves of wheat
are short and narrow as compared with those of the corn
plant. They vary in different varieties in length, width,
smoothness, and prominence of veins. The leaf sheaths of
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wheat and rye are hairy, while in barley and oats they are
smooth. The lower leaves wither and die as the plant
approaches maturity, and at the beginning of ripening only
the upper leaf and the topmost internode are green.

" 87. The spikelets. — A spikelet is composed of two
outer glumes, -inclosing from two to
five flowers, each with a flowering
glume and palea. In the wheat plant
only one spikelet grows from each joint
of the rachis. The rachis may be de-
fined as that part of the stem which
passes up through the head. The
joints of the rachis are close together,
thus forming a compact head or spike.
The number of spikelets per head
varies with different varieties, the
thickness of planting, the condition of
the soil, and with the weather. The
number varies from 10 to as many as 50
or more. In fertile soils more spike-
lets are produced per head than in poor
soils. A thin rate of seeding also favors
the production of a larger number of
‘spikelets. Some varieties naturally

F16. 33. — Variation :
in size of head and have a larger number of spikelets per

number of spikelets. 1004 than do other varieties. At the

base of the head there are usually one or more sterile
spikelets, — that is, spikelets in which the flowers do not
become fertilized and produce kernels. This varies with
the growing season and with the rate of planting. Un-
favorable growing seasons and a thick rate of seeding are
favorable for a large number of sterile spikelets. The
spike or head may vary in length and in shape. The
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shape may be tapering to the tip, tapering both ways
from the middle, tapering from the top to the bottom, or
it may be uniform throughout the length of the spike.
The outer glume in the wheat spikelet is oval in shape and
terminates in a beak which varies in sharpness and length.

Stertlell Flower

Fic. 34.— A spikelet of wheat. No. 1 shows parts in position as they
appear on the head. No. 2 shows parts dissected.

The outer glumes also vary in color and they may be
velvety or hairy, or smooth, depending upon variety.

88. The flowers. — Each flower is inclosed in a flower-
ing glume and palea. The flowering glume is larger than
the palea and is on the outer side of the kernel, that is,
next to the outer glume. The tip of the flowering glume
in some varieties is extended into an awn or beard, while
in others no awn appears. The latter are called beard-
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less, awnless, or bald varieties. The palea is a thin, mem-
braneous glume, the edges of which are folded inside of
the flowering glume. The flower proper is inclosed within
and consists of the ovulary, stigma, and stamens. The
stamens are three in number, the filament of which is
short before fertilization, bearing at the top an elongated
anther. The stigma is composed of two branches, each
provided with tiny, feathery branches to catch the pollen.
Wheat is a close or self-pollinated plant. When the time
comes for fertilization, the filaments of the stamens rapidly
elongate, and in so doing, upset the anthers, which spill
the pollen on the stigmas. While the spikelet may have
from 2 to 5 flowers, usually only 2 or 3 develop. Those
which do not develop are called sterile flowers. When
seeded thickly or on poor soil, or if not favored with good
growing weather, fewer flowers develop. Usually 2 or 3
flowers of each spikelet develop, however, and under
favorable conditions as many as 5 may mature grains.
The number of kernels per spike, therefore, varies greatly
in the same field, or even in different spikes of the same
plant. In the threshing of wheat, the kernel is liberated
from the outer and flowering glumes and from the palea,
all of which taken together are called the chaff.

89. The kernel. — After fertilization the ovulary devel-
ops into an oblong grain, with a deep groove or furrow
on the side next to the palea. Great variation in size,
shape, color, and hardness is found in the kernels of differ-
ent varieties. Slight, or in some cases marked, variations
are found among the kernels of a single spike. Upon
examination of the kernel, a lot of short hairs will be found
at the tip. This is called the brush. If a cross-section
be made, it will be seen that the kernel is made up of several
distinct parts. The outside covering of the kernel is
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made up of three layers, which are separated only with
difficulty ; taken together they are called the bran. In
the milling of wheat, for the making of flour, the bran is
removed and used as stock feed, and does not enter into
the making of flour. The bran makes up about 5 per cent
of the entire kernel. Surrounding the kernel, immediately
under the bran, is a single layer of large cells called the
aleurone layer, comprising 3 to 4 per cent of the kernel.
In the milling of wheat this aleurone layer is not included
in the flour. Under the aleurone layer lies the endosperm,
which is made up of thin walled starch cells. The en-
dosperm makes by far the largest part of the kernel,
from 82 to 85 per cent, most of which enters into the
making of flour. At the base of the kernel at the side
opposite the crease will be found the small embryo or
germ. The germ of the wheat kernel is small in propor-
tion to the size of the kernel, when compared with that of
corn.

TYPES OF WHEAT

90. Classification. — The cultivated species of the genus
Triticum may be grouped into eight distinet classes or
types. According to almost all botanists, only three of
the types are considered as distinet species, the others
being sub-species. The following outline, arranged by
Hunt, shows the relationship of the eight types of wheat :

monococcum — (1) einkorn

spelta — (2) spelt .

dicoccum — (3) emmer
vulgare — (4) common wheat
compactum — (5) club wheat
turgidum — (6) poulard wheat
durum — (7) durum wheat
polonicum— Polish wheat

Triticum | stativium
tenax
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91. Einkorn. — Einkorn is the German for one grain,
and this type of wheat is so named because, in most the
common varieties, it has but one grain per spikelet.

Fie. 35.— Einkorn.

Einkorn is a short-strawed, narrow-
leafed plant, with a compact, heavily
bearded spike. It seldom grows to a
height of more than three feet, the straw
is stiff and carries the head erect even
when ripe, thus giving it a different ap-
pearance when growing in the field from
that of our common wheat. Einkorn
is thought to be one of the more prim-
itive types, and more closely related to
the original forms than other types. It
is grown in a limited way in the poor,
stony soils of southern Europe. It has
never been grown in the United States
except in an experimental way.

92. Spelt. — When seen growing in
the field, spelt looks very much like our
common wheat ; but if we examine the
spikelets, they will be found to be quite
different from those of common wheat.
The spikelets usually contain two ker-
nels, which are tightly held within the

glumes. When spelt is threshed, un-

like common wheat, the kernels are not
separated from the glumes, but are

retained in them. Threshing does not even remove the
spikelets from the rachis, but a portion of it is broken off
and retained by each spikelet. Spelt, therefore, cannot
well be used for making flour, but can be fed to live stock
without further threshing. It is not grown in the United
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States or in Canada, but it is grown in southern Europe,
where it is used as feed for live stock. There are both
spring and winter varieties, some of which
are bearded, but almost all of which are

beardless.

It is doubtful if spelt will be ex-

tensively grown in any part of the United
States.

93. Emmer. — Emmer is often confused
with, and sometimes goes under the name of,

spelt.

The two

= b
211 nh

spelt.

Fig. 37.— A head of

emmer.

types are, however, quite
different. The stem or
culm of emmer is quite
frequently filled with pith,
the leaves are broader, and
it is more heavily bearded
than spelt. The spikelets
of spelt are farther apart
on the rachis than those
of emmer, those of the
latter being quite close to-
gether, giving a compact
appearance to the spike.
Like spelt, the kernels of
emmer are retained in the

Fic. 36.—
Spelt.

glumes after threshing. Emmer is not
used for the making of flour, but is
useful as a stock feed. It is grown to
some extent in the northern states of
the Great Plains of the United States,
where it usually goes by the name of
It is more drought-resistant than many of the other
grain plants and therefore may develop into a useful
plant in the semi-arid regions of this country.

In Europe
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it is grown to some extent in Russia, Germany, Italy,
Spain, and in a very limited way in other countries.

94. Common wheat.— As the name indicates, this
is the type most commonly grown in the wheat-growing
countries of the world. The botanical
characters of this type have been dis-
cussed in the preceding paragraph. The
cultural methods and uses will be dis-
cussed in thefollowing pages of the chapter.

95. Club wheat.— This type of wheat
gets its name from the short, compact
heads, which are either square or larger
at the top and taper toward the base.
In this type of wheat the spikelets are
very close together on the rachis, so close
that sometimes they almost stand at right
angles to it. Three or four grains usu-
ally develop in each spikelet. They
may be either white or red, the color
depending upon the variety. Club wheat
has a short, stiff straw, which is less
liable to lodge than the varieties of
common wheat. It is also less likely
| to shatter, because the glumes hold the
Fre. 38.— Club  kernels more tightly, and even when

wheat. the crop is fully ripe, little shattering
occurs during harvesting. This type of wheat, therefore,
is well adapted to the Pacific Coast region, where, on
account of the absence of rainfall, it may be, and often
is, left standing in the field for several weeks after ripening
before it is harvested. Club wheats are heavy yielders
as compared with the common wheats. While the heads
are short, the spikelets are close together, and more
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kernels are usually produced in the spikelets than in the
spikelets of common wheats. Their general methods
of culture are similar to those of the common wheats.

96. Poulard wheat. — Poulard wheats are distinguished
by their tall, stiff straws, sometimes filled with pith,
broad, hairy, or velvety leaves, broad heads with short
bristly beards, and large, hard kernels. Poulard wheats
are not grown, except in an experimental way, in the
United States. They are grown in Turkey, Russia,
France, Egypt, and other countries bordering the Medi-
terranean Sea. The flour made from them is used to some
extent in the manufacture of macaroni, and in the making
of bread, by mixing it with flour from common wheat.

97. Durum wheat. — This type is very similar to the
poulard wheats, some varieties, in fact, being hard to
distinguish from them. It differs from the poulard
wheat in having smooth leaves, long, heavy beards, and
rather pointed, hard, semi-transparent kernels. The
beards of durum wheat, together with the shape of the
head, give to it, when seen at a little distance, the appear-
ance of bearded barley. The kernels are the hardest of
any of the wheats. Durum wheats are nearly all spring
varieties, adapted to hot, dry climates, and grow well in
soils that are slightly alkaline. They are, therefore, well
adapted to the semi-arid sections of the Western States,
and will grow in soils that contain too much alkali to
grow the common varieties. It has been said that the
introduction of the durum wheats into the United States
has greatly increased our annual production of wheat by
extending the wheat-growing area into the dry alkali
regions, where the common varieties would not produce
a profitable yield. They have been grown in the United
States only within the past 30 years. Durum wheat is
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used largely in the making of macaroni, and is often
called macaroni wheat. As yet it is not used to a great
extent in the making of bread flour. Some mills, however,
have milled it and placed the flour upon the market,
and in the opinion of many, bread made from it is to be
preferred to that made from common wheat. Durum
wheat is also grown in Central and
South America, Russia, and the Medi-
terranean countries of Europe.

98. Polish wheat. — Polish wheat
has a tall, smooth, pithy straw, a
large chaffy-appearing head, due to the
loosely arranged spikelets, and large,
long kernels. On account of the shape
of the kernels, this type of wheat is
sometimes called giant or Jerusalem
rye. Polish wheat is well adapted to
arid districts, but it is not grown in
the United States except in a small
way. It is grown in Russia and the
countries of the Mediterranean region.
It is not well adapted for bread-mak-
ing, unless mixed with common wheat,

. and is used almost exclusively in the

Fia. 39. — Polish . B d

e hean -making of macaroni, spaghetti; and
other similar products.

99. Bread wheats. — Of the eight types of wheat,
only four, —namely, common, club, durum, and emmer,—
are at present of economic importance in the United
States. Of the eight types, only two find their greatest
usefulness in the making of bread or pastries. These
are the common and club wheats, which supply not only
the United States, but the whole world, wherever wheat
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bread is used. Durum, poulard, and Polish are used only
in a limited way in the making of bread, their greatest
usefulness being found in the manufacture of macaroni,
spaghetti, and other similar products. Emmer, spelt,
and einkorn are used in the feeding of live stock. Bread
wheats and those used in the making of macaroni may be
classed in several different ways. They may be divided
into two groups based upon the time of sowing, viz.
spring or winter wheats; based on the structure of the
kernel, viz. hard and soft; according to their uses,
viz. bread and macaroni; according to the color of the
grain, viz. red and white. Most often the classification
used is a combination. Thus spring wheat may be either
white or red, hard or soft, used either for bread or maca-
roni.

THE USES OF WHEAT

100. General uses.— The wheat crop is perhaps
more closely related to the welfare of mankind than is
any other crop. Almost all of the grain from the world’s
wheat crop is used in the manufacture of flour for human
consumption, although a small amount of it is used
in the feeding of animals, the grain for this purpose being
principally that of poor quality and unsuitable to use in
the making of flour. In the milling of wheat flour, several
by-products result which are important live stock feeds,
and the straw also is used for the feeding and bedding of
animals. In its chemical composition and palatability,
the wheat grain ranks high as a feed for live stock, but the
high price per bushel which it commands for flour-making
purposes prevents, excepting in years of heavy yield,
its use as feed for domestic animals. - The milling of wheat,

the grades and kinds of flour, and the uses of the by-
1
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products of milling will be briefly taken up in the following
paragraphs.

101. The evolution of the flour mill. — The story of the
processes through which wheat passes, from the time it
reaches the mill until it appears on our tables as bread
or other baked foods, is a long one. It might be interest-
ing to trace very briefly the evolution of the flour mill,
from the time when the first miller, in prehistoric times,
took the wheat grain from the stalk and used his teeth
as bur stones. The simplest milling device of which we
know is the hand-stone, consisting of a hollow stone
into which the grain was placed, and a crusher with
which to pound it. Four thousand years later came the
invention of the saddle-stone, a marked improvement
over the hand-stone. In using this device the grain was
placed on the concave surface of the lower stone, and
rubbed by the upper stone, which worked backward and
forward, and not by rolling or pounding. The saddle-
stone was in very general use, as is proved by the pre-
historic remains of almost every European race. A
contemporary of the saddle-stone was the mortar, used
by the Greeks and other nations.

The first complete grinding machine came with the
invention of the quern, shortly before the beginning of
the Christian era. Here the grain was ground with a cir-
cular motion, and the two stones, instead of being loose,
were fastened together. At first the grinding surfaces
were flat, but later they were grooved. A handle, fitted
into a hole drilled in the upper stone, was the means by
which the miller caused the upper stone to revolve upon
the lower. The quern is still commonly used in parts of
Europe, Asia, China, and Japan.

Women were the millers of the races for many centuries.
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Later it became the custom to compel the slaves and crim-
inals to grind the flour and bake the bread. Still later
cattle furnished the motive power, and following the cattle-
mill came the water-mill, first used by the Greeks about
50 years B.c. Not until several hundred years later was
the windmill invented, and from the time when it first
came into use, great improvements were made in it over
the original type, and its use was rapidly extended. In
1784 we have the invention of the steam-mill in London.
In the year 1870 there was introduced in Minnesota a
machine which was to revolutionize the milling industry
in this country. The purifier, which was a machine for
separating middlings and flour, enabled the miller of the
Northwest to make acceptable flour from spring wheat,
which had hitherto been despised on account of its dark
color. During all this time the grinding surfaces of the
milling machines had been mill-stones, but in 1878 there
was introduced into this country the roller-mill, which
marked the greatest of all advances in the milling busi-
ness.

102. Modern milling. — In modern milling there are
three fundamental processes, viz. cleaning, tempering,
and grinding. Each of these three main processes is com-
posed of several minor processes. The object of cleaning
is to remove all dust or dirt and foreign seeds. Special
machinery is used to rid the wheat of foreign seeds, after
which the grain is either dry-cleaned by being run through
scourers, or else it is washed and dried. The next process
is tempering the grain by the application of heat and mois-
ture, in the form of steam or water, or both. This toughens
the bran so that it will not crumble into fine particles, but
will break off in large pieces. Then comes the milling
proper, which is quite a complicated process and cannot
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be explained here in detail. The grains are run, first
between corrugated iron rollers, where they are cut and
broken, but not crushed. This is called the first break,
after which the wheat is sifted several times to separate a
part of the interior from the rest of the kernel. The scalp-
ings, as the bran and adhering portions of the interior part
of the grain are called, are then run through another set of
rollers, with finer corrugations, and again sifted. This
process is repeated until no more of the interior may be
separated. The interior of the grain thus removed is called
middlings. The middlings are run through the middlings
purifier. This removes the germ and small particles of
bran, after which the middlings are ground between
smooth rollers, sifted, and reground until they are of the
required fineness, which an expert is able to determine by
the feel and color of the flour.

103. Grades and kinds of flour.— Many dlfferent grades
of flour result from the modern processes of milling, based
upon the purity of the product, that is, freedom from germ
and bran particles. The finest flour is the patent grade,
which may be further graded into first and second patent,
while the lowest grade is known as red dog. In all of the
large mills, and in many of the smaller ones, great care is
taken to maintain uniform quality in the flour. For this
purpose an expert is employed to make actual baking tests
of grain as it comes to the elevator, grinding the samples
of wheat in a small mill made for that purpose. He com-
pares each bake with that made from a standard flour put
out by the mill. .

There is some little difference in the composition of the
hard or spring wheat flour of the Northwest and the soft
or winter wheat flour, the spring wheat flour being stronger,
that is, containing a higher percentage of gluten, the pres-
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ence of which enables the yeast-leavened loaf to retain its
shape. The red winter wheat flour is softer, containing
more starch and less gluten, and thus is better flour for
quick breads, cake, pastry, ete., although the best grades
of red winter wheat flour will make very acceptable yeast
bread of excellent flavor, texture, and shape. Many millers
now follow the practice of blending spring and winter
wheats in making flour, and thus get a very satisfactory
flour for general purposes. The very soft wheats of the
Pacific Coast, containing a high percentage of starch, and
being very weak in gluten, are used almost entirely in the

Fia. 40. — Loaves of bread illustrating the baking qualities of flour made
from different varieties of wheat.

making of pastry flour. Durum wheat flour has in the
past been used chiefly in the making of macaroni and
similar products, being especially well adapted to this use
on account of the very high percentage of gluten which
it contains. It is quite likely, however, that it will soon
come into common use as bread flour. Bread made from
durum flour is a rich creamy color, and has an excellent
flavor. .

It should be noted that there are great variations in
wheat of the same kind, especially the red winter wheats,
as to yield, and also as to bread-making qualities. The
baking of bread with flour made from certain varieties of
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wheat will result in a loaf of good color and shape, fine
texture, even grain, and excellent flavor, while that made
from another variety of this same sort of wheat may give a
loaf gray in color, coarse-textured, poor in flavor, and of
poor shape. These differences are due mainly to the
quality and quantity of the gluten present. A great
opportunity exists for the farmer to improve the bread-
making qualities of his wheat, as well as its yield.

Graham flour is wheat meal made by grinding the whole
wheat kernel. As a matter of fact, however, there is very
little true Graham flour on the market, the so-called
Graham flour being usually a mixture of a poor grade of
white flour and bran.

True whole wheat flour is similar to Graham flour, but
contains only the inner layer of bran, and since the cellu-
lose is in very finely divided particles, it is not nearly so
irritating to sensitive digestive organs as is the bran in
Graham flour.

104. By-products of milling. — Usually about 70 to 80 per
cent of the wheat kernel, depending upon the variety of wheat,
the milling process to which it is subjected, and the physical
character of the grain, enters into the making of flour, the
remainder forming the by-products. The principal by-prod-
ucts of the milling of wheat are bran, shorts, and middlings.
Sometimes the lowest grade flour, called red dog, is considered a
by-product and is used for feeding live stock. The bran is the
outside covering of the kernel, together with the aleurone layer,
and a small amount of adherent portions of the endosperm not
removed in the milling process. In the milling of wheat some of
the bran is reduced to rather fine particles, and this, when sepa-
rated from the coarser bran, is known as shorts. The middlings
contain a greater proportion of endosperm and usually more of
the germ than do the bran and shorts. The germ or embryo,
containing a high percentage of fat and being comparatively high
in protein, does not enter into the making of flour, since it injures
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the keeping quality of the latter, but is removed during milling
and may be added to any one of the above feeds. The by-prod-
ucts are excellent feed for live stock and command for this
purpose a high price upon the market. Their relative com-
position may be seen from the following table:

Carpo- PROTEIN Fars

HYDRATES
BNire-grain v i s S SEES SR 73.7 12.2 17
IBLATIA, oy e Tt WARCE SN 53.9 15.4 4.0
Shortgh .o, S o aEade b 56.8 14.9 4.5
Middlings; - Sraismariet e sa 60.4 12.1 4.0
Redidog! & ot e Ry 56.2 19.9 6.2

PRODUCTION AND DISTRIBUTION

105. The world’s production. — For the five years
1908-12, the world’s wheat crop has been approximately
3500 million bushels. Of this amount, Europe produced
over 1800 million bushels, or more than 50 per cent of the
world’s crop. North America ranks second, with a yield
of 822 million bushels, a little less than one-fourth of the
world’s crop. The other continents contributed as fol-
lows: Asia, 480 million bushels, South America, 185
million bushels, Australia, 85 million bushels, and Africa,
75 million bushels. Of the European countries, Russia
is the leading wheat-producing country, producing an
average annual yield, during the above five years, of 594
million bushels. Austria-Hungary ranks second, with
233 million bushels, France third, with 316 million bushels,
Italy and Germany each produce 170 million bushels, and
Spain 130 million bushels. Of the other European coun-
tries, Roumania and the United Kingdom alone produced
comparatively large amounts. In North America, the
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United States produces 643 million bushels, or almost
80 per cent of the total crop, Canada 168 million bushels,
and Mexico 11 million bushels. The United States, for
the five years 1908-12, was the world’s largest wheat-
producing country, while Russia was a close second. In
South America Argentina produces over 90 per cent of
the total wheat crop of that continent. In Asia, British
India produced 320 of
the 480 million bushels
produced by that con-
tinent. In Africa, al-
most all the wheat is
grown in Egypt and
Algeria.

106. Production in
the United States. —
About one-half of the
wheat crop of the
United States is pro-
duced in the North
F16. 41. — Wheat crops of the leading coun- Sl St.ate.s g W eSt.

tries of the world. of the Mississippi

River, including Min-

nesota, Iowa, Missouri, North and South Dakota, Nebraska,
and Kansas. About one-sixth of the crop of this country
is produced in the North Central States east of the Mis-
sissippi, including Ohio, Indiana, Illinois, Michigan, and
Wisconsin. The far West produces about one-sixth of our
crop, while all of the rest of the states taken together pro-
duce only about 100 million bushels. For the five years
1908-12, North Dakota was the leading wheat-producing
state, with an average annual yield of 90 million bushels.
Other states producing large amounts were Kansas, 70
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million bushels, Minnesota, 56 million bushels, Nebraska,
45 million bushels, and Washington, 44 million bushels.
About one-half of the wheat produced in the United States
is spring wheat.

107. Yield per acre. — The average annual yield per
acre of wheat in the United States for the ten years 1903-12
was 14.1 bushels. During the same time, Germany’s
acre yield was 30.1 bushels, England’s, 32, that of France,
21, and Russia’s, 9.7 bushels. It is interesting to note that
the two largest wheat-producing countries of the world
obtain the lowest acre yield, and it is interesting also to
speculate as to how long it will be, if the time ever does
come, before these two countries, with their extensive acre-
age, will be able to bring their yield per acre up to Ger-
many’s present standard. At the present time the yearly
world’s production is none too great for the needs of its
bread-eating nations, and yet the population of these
nations is increasing steadily. Since almost all of the
available wheat lands of the world, with the exception of a
few countries, are now under cultivation, it would seem that
the only means by which this increased population may be
supplied with bread ‘is in making our present wheat fields
produce more abundantly.

108. The world’s supply and demand. — The success
or failure of the wheat crop has a more powerful influence
upon the world at large than has the success or failure of
any other field crop. From the time the farmer sows the
seed until the crop is received by the miller, the bread-
eating world anxiously watches the crop, receiving with
thanksgiving news of a bountiful harvest. Unfavorable
conditions of weather for its growth or harvest in any
considerable area at once becomes news of international
interest. The reason for this unusual interest held by the
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bread-eating nations is not far to seek. Wheat is an inter-
national erop, the price of which is fixed by the supply
upon the world’s markets. The price of the grain in
countries having a surplus is dependent upon the com-
petitive offers from importing nations. The United King-
dom, being the largest importer of wheat, fixes, to a great
extent, the price of that crop in all wheat-producing and
exporting countries. The United Kingdom imports
annually about 180 million bushels. Germany demands
85 millions, Belgium, 70 millions, The Netherlands, 50
millions, and smaller amounts enter the ports of Italy,
France, Switzerland, Sweden, Greece, Denmark, and
other countries.

In all about 550 million bushels, almost as much as is
produced in the United States, annually enter into inter-
national trade. The principal countries supplying this
demand, with their average annual exportation for the
five years 1907-11, are Russia, 140 million, Argentina, 95
million, the United States, 55 million, Canada, 50 million,
Roumania, 40 million, India and Australia, 35 million
each, and Belgium, 20 million bushels. It will be noted
that the United States is a wheat-exporting country, but
statistics show that her annual exportations are becoming
less each year. Considering the present rate of increase in
population, it is interesting to speculate upon the length
of time that will elapse before the United States becomes
a wheat-importing nation. It is interesting also to note
that the exports of Argentina, which produces but one-
fourth as much as the United States, are almost twice as
great as the exports of this country. Argentina has great
possibilities as a wheat-producing country, and undoubt-
edly will in the future have an important part in feeding the
world.
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109. Wheat districts of the United States. — When
one glances over the market report from one of the large
markets, it will be noticed that prices are quoted for several
kinds of wheat. Thus quotations will be found on hard
winter, red-winter, hard-spring, and the like. In order to
understand the report, it is necessary to know something
of the nature of the several kinds of wheat, the sections
of the country in which they are grown, and their uses.
In studying this interesting subject it will be found that
wheat grown in one section of the country may be very
different from that grown in another section. Based upon
the character of the wheat produced, the United States
may be divided into five districts somewhat overlapping,
each producing a wheat differing in several respects from
that produced in other sections. A brief discussion of the
several districts and the character of the wheat grown in
them will not only be interesting, but will be helpful in
enabling one to understand the market classifications.

110. Semi-hard wheat district. — This district includes
all of the states east of the Mississippi River, with the
exception of northern Wisconsin. It also includes almost
all of Missouri and Arkansas and eastern Texas. The
wheat grown in this section of the country has a medium
hard, rather starchy kernel. The color may be either red,
amber, or white, red being the most common. Almost all
of the wheat of this section is winter wheat. In the ex-
treme northeastern part a small amount of spring wheat is
grown, but it is used locally, very little, if any, finding its
way to the large markets. The spring wheat of these
states is quite similar in character to the winter wheat of
the remainder of the section. The wheat of the north-
western part of this section is slightly harder than that
produced in the Eastern and Southern States. Wheat
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which finds its way to the markets from the semi-hard
wheat districts is classed on the market as ““ red winter ”’
wheat. Most of the red-winter wheat that appears on
the market is produced in the North Central States. In
the Eastern and Southern States wheat is grown only in
small amounts and is used locally. When, therefore, the
market report speaks of ¢ red-winter ”’ wheat, it refers to
that grown in Ohio, Indiana, Illinois, Kentucky, Missouri,
Michigan, southern Wisconsin, and Pennsylvania. The
most important varieties: of semi-hard wheats are Poole,
Gypsy, Mediterranean, Fultz, and Fulcaster.

111, Hard-winter district. — This district includes
chiefly Kansas, Oklahoma, southern Nebraska, southern
Iowa, and northern Missouri, although Montana, Idaho,
Utah, and Oregon are producing large quantities. The
boundaries of this district, especially the eastern boundary,
are subject to change from year to year, due to seasonal
variations, which influence the quality of the wheat.
Thus southern Iowa wheat may sometimes be classed as
“ hard-winter,” and at other times “ red-winter.”” The
wheat produced in this section has hard, narrow, medium-
sized grains. It has excellent bread-making qualities,
being considered superior for this purpose to the semi-hard
wheats. The chief difference in the appearance of the
wheats of these two sections is in the hardness and shape
of the grain. The kernel of the hard-winter is much
harder, containing very little white starch, and it is some-
what longer and narrower than the grains of the semi-
hard or red-winter wheats. Wheat grown in this section
is classed as ‘ hard-winter ”” wheat on the market. The
most important varieties of hard-winter wheat are Turkey
and Karkov, the former of which was introduced from
Russia some thirty years ago.
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112. Hard-spring wheat district. — This section in-
cludes Minnesota, North and South Dakota, northern
Wisconsin, Iowa, and Nebraska, and parts of Montana and
Colorado and Canada. The wheat produced in this
section is sown in the spring and has rather small, short,
hard grains. It is the most highly prized for bread-making
of any wheat grown in the United States. This section
produces over 30 per cent of the total crop of the United
States and is the center of the milling district. The wheat
of this section differs from that of the hard winter district
in that it is spring sown, the kernels-are harder, somewhat
shorter, and it makes a slightly better quality of bread
flour. There are two important varieties of hard spring
- wheats, namely, — the fife and blue-stem, while a third,
the bearded fife, or so-called ““ velvet chaff,”” is also com-
monly grown.

113. Soft wheat district. — This district in a general
way includes the states west of the hard winter and hard
spring districts. The wheat of this section is both fall
and spring sown, and the kernels may be either red or
white in color. The largest part of the crop of this section
is spring sown, and produces white kernels. California,
Washington, and Oregon produce most of the wheat grown
in this section. Scattered portions of the Rocky Moun-
tain States produce small amounts by means of irrigation.
The wheat of this section is characterized by a soft, plump,
starchy red or white kernel. The district is sometimes
called the white wheat district, because most of the wheat
has white, starchy kernels. The wheats of this section are
not well adapted to the making of bread flour, and are used
largely for export to the Orient, and in the making of
pastry flour. Much of the wheat produced in this section
is the T'riticum sativum compactum, or club wheat, a most
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important variety of which is Little Club, known also as
California Club, Washington Club, Walla Walla Club,
Silver Club, and the like. Other varieties commonly
grown are Oregon Red-chaff, Dale’s Glory, and Crook-
neck Club. The leading common wheats in the soft
wheat district of the West are White Australian, a beard-
less variety largely grown in California, Sonora, a beard-
less brown-chaff variety grown in California and Oregon,
and Palouse Bluestem, a semi-hard spring variety, closely
related to fife wheat, and grown in Washington and
Oregon. Some few varieties, the most common of which
are Dawson’s Golden Chaff and Gold Coin, grown in Ohio,
New York, and adjacent states, grade on the market as
soft wheats.

114. Durum wheat district. — Durum wheat is grown
principally in the east and central parts of the Dakotas,
in Colorado, Montana, Kansas, Nebraska, and in smaller
areas in adjacent states. This section, therefore, overlaps
both that of the hard winter and the hard spring districts.
Durum wheat is grown largely in sections of these states
where conditions are not favorable for the growing of
hard winter or hard spring wheat. It will grow in more
arid sections and with less rainfall than will produce a
profitable crop of either of the other sorts. Usually when
either hard winter or hard spring varieties can be grown
with profit, they are preferred to durum. The important
varieties of durum wheat are Kubanka and Arnantka.
For some years after its introduction durum wheat sold at a
discount ranging from 25 to 15 cents per bushel below com-
mon hard wheat. This prejudice has gradually decreased,
however, and during the past year durum wheat has sold
at a premium over equal grades of hard spring common
wheat.
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ADAPTATION

115. Climatic adaptation. — The wheat plant has a wide
climatic adaptation which in no little measure is responsi-
ble for its world-wide importance. If it were a plant
adapted only to certain restricted climates, it never could
have gained the place of preéminence which it now holds
among the nations of the world. In a general way, how-
ever, the world’s wheat crop is grown in regions of cold
winters. Exceptions to this are to be found in India and
Egypt and in California. Wheat, for its best develop-
ment, requires that the plants make their early growth
during the cool part of the growing season. This is true
for both fall and spring varieties. If planted in the season
of the year when early growth is made during hot weather,
little stooling results and low yields are secured. While
wheat has a wide climatic range, climate has a marked
influence upon the quality of it. The division of the
United States into wheat districts, which has just been
discussed, has been due largely to the influence of climate
in the various sections of the country upon the physical
character of the grain. Wheat of the best quality is pro-
duced in sections having a cool and rather wet growing
season during the early life of the plant, followed by rather
hot, dry, sunshiny weather during the ripening period.
When these conditions prevail, the largest yields are se-
cured and the grain is of the best quality. Under these
conditions of growth the kernels are rather hard and
flinty and contain a relatively high percentage of protein
and low percentage of starch. In sections where rainfall
is plentiful and damp weather prevails during the ripening
period, the kernels are soft and starchy, containing a
relatively high percentage of starch and low percentage of
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protein. This difference in the physical character of the
kernel is due, in part, to the fact that if favorable growing
weather prevails during the ripening period, the plant
continues its growth until the starch cells of the kernels
are completely filled, which gives to the kernel a light
color and a soft, starchy endosperm. If, however, hot,
dry weather prevails during the ripening period, the plant
ripens prematurely, and before all of the starch cells of the
kernel have been filled by the transfer of starch from the
leaves and stem to the kernel. The starch cells, therefore,
not being completely filled, give to the kernels a hard and
flinty texture and a rather dark color. In the Pacific
Coast States, where soft wheats are produ@ed, rather
little rain falls during the growing season, but it falls in
abundance during the winter, and since the soils of this
section have great water-holding capacity, the plant is well
supplied with moisture during its full period of growth.
Some of the difference in the physical characters between
hard and soft wheats may perhaps be due in part to a
difference in the size of the starch cells, as revealed by
microscopic examination, those of the soft wheats being
the larger. ;

116. Adaptation to soil. — In addition to its adaptation
to climate, wheat will grow well under greatly varying
soil conditions. The soil, unlike climate, has no notice-
able effect upon the quality of the grain, but it is of con-
siderable importance when the yield is considered. Like
almost all crops, wheat yields the best on fertile soils,
although good yields may be secured on rather poor types
of soils if proper fertilization and cultural methods are
employed in growing it. As a general thing, wheat is
better adapted to the so-called ‘ grass lands’ or clay
loam soils, than to the more fertile ¢ corn soils ”’ that are
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abundantly supplied with organic matter. Winter killing
is less likely to occur on clay than on loamy soils, and
comparatively better yields of wheat are secured on this
type than are obtained from corn soils.

METHODS OF CULTURE

117. Place in the rotation. — In the corn belt states
where both corn and oats are grown in the rotation, the
usual sequence is corn, oats, wheat, hay. = When wheat,
is the only grain crop in rotation, the wheat follows corn,
and it is in turn followed by hay. While a corn, wheat,
and oat rotation is usually a three-year rotation, it may,
by cutting hay from the field for two years, be extended
to four years. In parts of the Great Plains area, wheat is
grown in continuous culture, largely because farming
operations are so extensive that a rotation cannot well be
practiced. As the population increases, the size of farms
will decrease and after a few years, perhaps, a well-defined
rotation will have become the usual practice there.

118. Preparing the seed bed. — The method of pre-
paring the seed bed for wheat, of course, will be influenced
by the rotation practiced and whether it is seeded in the
fall or spring. In the winter wheat sections, when a
four-year rotation is followed, the oat stubble land must
be prepared for wheat. The most common method,
perhaps, is that of plowing the land a few weeks before
the time of seeding. In recent years the disking of the
land instead of plowing has become a common practice.
Whether plowing or disking is the method employed, an
important factor, probably the most important factor in
many cases, is the handling of the soil in such a way as to
retain as much of the season’s rainfall stored in the soil as

possible. Moisture is often a factor which determines
K
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whether or not the plants will make a successful growth
before winter. The handling of the soil in such a way
as to retain moisture and to permit its rise from the sub-
soil by capillarity is of even more importance in preparing

Fig. 42.— Cross section of a poorly and of a well prepared seed bed.

the land for fall wheat than for corn. Corn is planted in
the spring when showers are frequent, and usually rain falls
in sufficient quantity within a few days of the planting to
supply the needed water for early germination, while at
wheat-planting time rain falls rather infrequently in many
sections, and unless the soil is prepared so as to permit the



WHEAT 131

water to come up from the subsoil to supply water neces-
sary for germination, the latter may be delayed for several
weeks. In preparing the soil for wheat, the same general
principles will be involved as were discussed in the cor-
responding part of the chapter on corn. Oat stubble
should be plowed or disked as soon as the oats can be
removed from the field, and the land further prepared by
frequent harrowing so as to prevent rapid loss of moisture
until the seed is planted. Sometimes it is advisable and
entirely practical to disk the land before plowing it.
This renders the further preparation less difficult and often
saves much time as compared with plowing only. In the
three-year rotation, wheat most often follows ecorn.
Usually corn land cannot be given much preparation before
seeding the wheat, since the corn remains on the field
until, or even after, the wheat is sown. However, much
can be done to prepare the seed bed for wheat, both in
pulverizing the soil and keeping it free from. weeds by
careful cultivation of the corn crop. Sometimes a light
drag may well be run ahead of the drill to loosen up the
soil. This practice is often followed when the wheat is
drilled in the standing corn. If an early variety of corn is
grown, it may usually be put into the shock before wheat
seeding, in which case a disk or cultivator may be em-
ployed to prepare the ground for sowing. For spring
wheat the land may be either plowed in the fall or early in
the spring. The preparation of the seed bed from fall or
spring plowed land does not differ from the practices
already described.

119. Preparation of wheat for seeding. — Wheat to be
used for seeding should be run through the fanning mill to
remove the weed seeds, dirt, chaff, and damaged kernels.
After the wheat has been thoroughly cleaned by the use of
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the fanning mill, it is usually profitable to treat it for the
prevention of stinking smut, a fungous disease that does
considerable damage and sometimes destroys as much as
10 per cent of the crop. This fungus will be described
elsewhere in the chapter, and only the method of treating
the seed for its control will be discussed here. The fungus
spores of the stinking smut of wheat and of the loose smut
of oats may be killed by treating the seed grain in the
following way : Take a pound of formalin (formaldehyde,
40 per cent), dissolve it in 50 gallons of water, spread the
grain out on the clean floor, and wet it thoroughly with the
solution, using about three quarts to a gallon for each
bushel of the grain. The work can be done easily and
thoroughly if one person shovels the wheat over while
_another applies the solution with the sprinkling can, then
stack the grain up in a pile or in a long rick, and cover over
with carpets and blankets to retain the fumes from the
formalin, and allow to remain for two or three hours, or
even over night. Then spread the grain out to dry before
seeding. It should not be returned to the same bags
unless they have been treated with the solution, as they
may contain spores that will again infect the grain. The
drill box also should be sprayed with the solution.

120. Time and rate of seeding. — The time of seeding
wheat, of course, varies with the locality. In the winter-
wheat districts the seeding is done early enough in the fall
to permit the plants to become well established before
winter. In the red-winter wheat section almost all of the
wheat is seeded during September ; in the northern portion
the seeding is done during the early part of the month,
while in the southern portion it is usually delayed until the
last of September or even until October. In the South-
ern States it may be seeded even later than that. If
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seeded too early, too much growth is made before cold
weather, and many of the plants are likely to be winter-
killed ; but if delayed too long, sufficient growth cannot be
made to enable the plants to withstand the winter. The
practice of the best farmers of any section may usually be
used as a guide for the proper time of seeding. Spring
wheat usually does better if the seeding is done early,
since the plants make their best growth during the cool
weather of spring. Early seeding also avoids to a con-
siderable extent the attacks of insects and permits the
crop to ripen and be harvested before the more severe
storms of late summer.

121. Method and depth of seeding. — Almost all of the
wheat in the United States is now seeded with a grain
drill, in some few places, however, broadcasting being
still practiced. Seeding with the grain drill is to be rec-
ommended in almost all cases. The depth of seeding
depends to some extent upon the condition of the seed
bed. In a well-prepared bed the seed should not be put
down deeply into the ground, usually one to two inches
being a sufficient depth. Some farmers plant the seed
deeply, in order, as they believe, to insure a deep root
system and prevent winter killing. Deep seeding, of
course, does not insure a deep root system, as has pre-
viously been explained. It is necessary in a poorly pre-
pared seed bed to put the seed down somewhat deeper in
order to place it where it can get sufficient moisture to
germinate and also in order that there may be enough
loose soil to cover it.

122. Cultivation of wheat. — Wheat is not usually
cultivated after seeding, but some growers follow the
practice of harrowing fall-sown wheat in the spring. This
breaks up the surface crust and prevents the evaporation of
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moisture. Experiment station tests of this practice seem
to indicate that harrowing wheat is profitable if the season
is a dry one, this practice sometimes increasing the yield
as much as 6 or 7 bushels per acre. In these experiments,
harrowing was not found to decrease the yield during any
season. Rolling the wheat in the spring has also given
good results, in some cases better than harrowing.

HARVESTING AND STORING

123. Harvesting. — In some part of the world, wheat is
being harvested during each month in the year. In the

F1c. 43. — Harvesting wheat with a grain binder.

southern part of the United States wheat harvest begins in
May, and as the season advances progresses northward,
the more northerly fields being cut in August. Almost all
of the wheat crop in this country is harvested as soon as
it is ripe. However, in certain sections of the wheat
growing districts along the Pacific Coast it is allowed to
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stand in the field for several weeks before harvesting.
In the corn belt states the harvesting must be done as
soon as the crop is ripe, or much will be lost from shatter-
ing. Sometimes it is advisable even to cut it before it is
fully matured in order to prevent loss from shattering.
Wheat may be cut without loss in yield or injury to the
quality after the straw has turned yellow and the grain
is in the hard dough stage. When cut at this time, the
bundles should be promptly set up in shocks, or else the
hot sun will stop the transfer of starch from the leaves

Fi1G. 44. — A combination harvester and thrasher at work in the far West.

and stem to the grain. Prompt shocking is desirable also
to prevent bleaching and injury from rain and dew and
usually it should be done if possible the same day the wheat
is cut. Wheat shocks usually are made somewhat larger
than those of oats, since the grain and straw dry out more
rapidly. Usually twelve bundles are set together to form
a shock. Thrashing may be done directly from the field
or the bundles may be stacked or stored in the barn for
later thrashing. On the large wheat farms of the Western
States a combination harvester and thrasher is employed.
This outfit represents a considerable investment of capital
and also requires considerable motive power, usually
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28 mules or a tractor engine being required. It can be
used with profit only when extensive acreages are grown
in one field.

124. Storing of wheat. — Thrashed grain may be stored
safely in any tight bin or granary. Owing to the dry
weather of the Pacific Coast States, thrashed grain is
frequently allowed to remain in the field until marketed,
or even after marketing it may be stored by piling the

FiG. 45.— Thrashing wheat in the Northwest.

bags in great heaps out in the open. The moisture con-
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