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PREFACE

Ther« are two outstanding reasons why Agrieulture slioiild

Im) regularly ineluiled in tlie prognininu' of studies for pul>lie

schools. One of these is, that in a country that is dominant ly

agricultural, it enables the child to pass easily into the

characteristic life of the community. The other is, that

under proper organization of its materials, it enilnKlics more

completely than any other subject of the public scIhbiI the

interesting beginnings of practically . the natural sciences.

It is thus the complement to subjects that are more or less

scholastic. As f,n applied science it is dynamic in asoect, and

under proper treatment nie<'ts the demands for tli« increte

in elementary teaching. The science of agricultt in its

higher aspects has now progresse<l to a stage at which the

diverse materials of the simple sciences, such as geology,

physics, chemistry, botany, bacteriology, entomology, etc., on

which it is based, have been harmonized into a Ixsly of know-

ledge worthy of being itself called a science. From this it is

possible to set out in like relation its elementary principles

and facts to the broadening of the experience of public school

pupils. To this broadening of experience the pupils of the

elementary schools are entitled.

The last two years of the public schools are the meeting

ground between the science and art of the high, technical, and

vocational schools on the one hand, and the nature studies,

geography, and practical school arts of the elementary grades

of the public school on the other. The subject should dis-

play some organization, but the methcnls of the elementary

grades should persist. There is no opposition between the

iii
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practical and pedagogical denmnds of agriculture teaching
w,th respect to either methcKl or „.atter except such a, result,
fron, the limitations of the puhlic school. I^j-ieal arrange-
ment of matter and proper metluxls of teaching are of equal
importance in the securing of interest and understanding
The b,K,k has in view the limitations of the puhlic school

w.th respec't to the teaching of a suhject that is an art as well
as a science. The public school is not a trade school. The
teaching of agriculture in the public sch.K.! is education
through agriculture rather than agricultural e<lucation. At
the same time, agriculture is an applied science, and the parts
of It that can be properly taught are the parts that should be
included in the public scho<,l programme of studies. Practi-
cally the whole of the book is taken up with materials that
are at hand, as soils, plants, tillage, and crops Part I is a
series of studies concerned with finding out how natural forces
have operated to establish a home for the plant. Part II is
a study of the life cycle of the general plant. The pupils
already have some acquaintance with soils and plants, but
organization should go step by step with the acquisition of
knowledge.

Part III, which deals with tillage, includes more matter
than 18 commonly found in text-books on elementary agricul-
ture. This is in harmony with the progress that has been
recently made in .soil phy.sics and with the empha.sis that is
being placed on soil condition, rather than on soil consent
exclusively, as a result of this progress. It is likewise in
accord more particularly with the dominant problem of prairie
agriculture in meeting our not too plentiful moisture supply
by careful cultivation for moisture conservation. While the
emphasis to be placed on the different chapters oi Part III
varies in different parts of the prairie, this section is intended
to fui-n.sh an nportant part of the material for teaching in
the second year. Part IV, which deals with crops, is subject
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to limitations for public sohoul work, chiefly as to the eliapters

dealing with individual field crops. The aim of it is the

teaching of representative crops rather than the detjiils of

management of particular crops.

The use made of the materials of the text-l)ook should be

influenced by the fact that it has to .serve for both urbaTi and

rural schools, and the emphasis on difl'ercnt parts of the book

should vary with local needs. The chapters on trees and on

gai'dens and grounds are rather general in tivatnient in

order to preserve the balance of the text. The materials of

these chapters should be supplemented from bulletins on trees

and on flower and vegetable culture ami on school gai'dens.

The book natui'ally falls into two sections, the first two parts

being introfhictory soil and plant studies, while the remainder

is concerned with practice or applicati<»n.

The introfluction and the two chapters of the supplement

are necessary to the placing of tlie detaiUid studies of the Ixiok

in their proper setting. Tlie introduction sets out the uses to

which soil is put and the importance of agriculture in general

economy. The two chapters of the supplement, dealing with

types of farm enterprise and types and breeds of farm

animals, are intended to indicate the importance of the super-

structure of stock-raising on crop-growing rather than to

furnish a IsKly of material foi' detailed study by pupils. The

effect and value of these chaptt^rs relating to general economy
depend almost wholly on the effort and skill of the teacher.

The live stock illustrations should be used to develop a keen

appreciation of good animals and of characteiistic types. A
numt)er of the more general farm atid live stock illustrations

have been interspersed with the reading matter throughout

the book to develop interest from frequent inciiiental

inspection.

Following each chapt<'r of the book are exercises Vuised on
the matter of the chapters. These contain the lalwratory
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work of tl.e subject, review questions, and also deductions onhe matter of the chapters. The experiments may be pe"

dealt w th. They do not require elaborate equipment and™ake only a modest demand on the resources ^f the teacherThe laboratory work i„ the school, in the home and schoogarden and n the field, is essential. The po.ssib^it T
:href:trio'n:'*''^™'''^^*'^^'"--^°--^^^^
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PART I-SOIL

CHAPTER I

INTRODUCTION

The Uses of Land. Agriculture in a broad sense
is the use of the soil for the production of plants
and animals that a.e useful to man. The most
common use of the word agriculture is that in

which it stands for the production of field crops
such as gi-ains, grasses, and roots. By extension
it is taken to include the breeding and care of
live stock for work or for the production of
meat and milk on the products of cultivation.
This is called mixed farming or general farming.
The special production of milk is called dairy
farming. The grazing of stock over wide areas
with a minimum of cultivation is called ranching.
It may be concerned with hoi-ses, cattle, or sheep,
and so is called horse-ranching, cattle-ranching, or
sheep-ranching.

The word ranch originally had the same
meaning as farm. With us it has not been
commonly associated with cultivation, though
where ranching has been dominant the word
ranch is colloquially applied to farm enter-
prises. Horticulture is the name given to garden

11
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on the farms or from the cotton gi-own on the

most impoitant milling industries of th. /
The .urplu« fruit. and\e^:b;ro/tl'^^^^^^^^^^^^

i!^t T.,^ ^,
"'^' ""^ «"PP''«d from the livestock of the farm. The side products of the «„imJsupport such subsidiary industries to ,hepShou^ the making of soap, glue, and fe'S:'and the tannmg of hides. Harness-making fa<.tor

dependent on hides prepai-ed in the tanneries Theheav^ p,^uets of the fann, such as J^n Hvestock, and roots, make work for the tran^l'l
companies, and the same materials in ra^ o^manufactured state are the chief commod t Js ocommerce. It is thus seen what a large part theproducts of agriculture play in the economy of thecountry. They are the chief source of nalLlamdustry and of national wealth

°'*"o-^ai

and'tunrthe "T"" ''''' "^« "^^ ^-'-^^^

IT ^iculture. In addition toproducing crops and animals, the farmer hal to
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dispose of them. H«> ulso 1ms to do a goo<l deal of
buying of foods, supplies, inachiiioiy, aud stock,

and generally to manage his aflfaiis. In this asj^ct
agi'iculture is a buiineM. The know]e<lge that tlie

farmer applies in the miinagement f)f soil, tiie

treatment of croi>s, and the brewling iind foetiing

of animals, is tlie science of agriculture. It is in the
science of agriculture that we are chiefiy interested.

A knowledge of business is gaine<l in actual busi-
ness, skill in an art is secured in practice and
experience, but tlie elements of the science can be
studied at school. This applies chiefly to soil and
plants, which are about us eveiywhere, or which
may be brought into the school. We should get
the science of things from a study of the things
themselves.

XZKSCISES

1. What kinds of crops are grown in your ncighborhwxH
2. Are the crops that are grown sol<l or fed principally ? 3.

Make a list of the farm
i rodiicts marketed from your district.

4. Make a list of the products from the farm that are used
on the farm. 5. Explain the difference between ranching
and farming as to : the character of the operations, the laboi
employed, the area of land used and the total returns from
the land. 6. Which is the most imi ortant industry in your
province: agriculture, mininj;, or manufacturing? 7. What
industries or businesses may be imoKed in the raising and
disposition of a cow and her priKlucts? 8. Explain the
difference between the art of agriculture and the science of
agr" culture. Are they related to each other ?



CHaPTEK II

SOIL AND ITS ORIGIN

Soil. The woiii soil is u.swl in a variety of ways.
The outer i)art of the globe, so far as we can judge,
consists of a rock crust covered with rock waste,
such as clay, sand, and gravel. Id some places the
waste material fails to cover the rock; in other
places it is several hundred feet deep. The whole
of this waste material is commonly called earth,
but is sometimes also called soil to distinguish it

from rock.

In most places where the rock is covered with
earth, the earth is covered with vegetati' u. It
may be trees, shrubs, grains, glasses, or flowers,
and these may be cultivated or wild. In other
places theie is no vegetation. "We recognize that
earth is necessary for vegetation and that all kinds
of earth are not equally suitable. If we examine
the earth in which plants grow we find that at the
surface it consists of a dark layer which appears
to be decayed vegetable matter itself mixed with
clay or sand. We shall find out later that this is a
result as well as a condition of vegetation, but for
the present we shall content ourselves with ob-
serving that it is in this dark earth that our plants

IS
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gi-ow or gi'ow best. The layer cf dark earth may
be only a few inches in depth or it may be several
feet, and it may be daiker in some localities than it

is in others. Usually there are only a few inches
of dark earth at the surface, whUe the earth below
is colored for a little distance down by the vegetable
maceiial at the sniface. The roots of 2)lants are
seen to ])enetrate often to a dejjth of two or three
feet, the deptli depending upon the character of the
earth and also on the habit of the plant. In any
case there is a portion of the earthy material at
the sui-fa(!e in which tlie plant lives or wlii(;h

is suited to the support of plant life. This is

true soil. The terui soil in its riglit sen.se stands
for the whole surface layer of earthy material that
is concerned with the support of plant life. This
is a general use of the word.

The work of agriculture has been found to depend
on a great many of the uatui-al sciences, and the
knowledge underlying it has been gathered into
what is itself called the science of agriculture. The
accurate use of terms is necessary in the sciences.
The word soil is jjcrhaps used more often than any
other word in agricultui-al discussion, and in such
discussion it has a special meaning. Tillage is the
fundamental operation in agiiculture and, since
tillage of the farm or garden directly affects t)nly a
few inches of tho sui-face of the earth, the word soil

has been given a meaning to suit this condition.
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Soil in an agiieultural sense means the part of the

earth that is cultivated for crop production.

Subsoil. While tillage dii'octly aflfects only a few

inches of the surface covering of the earth, the

character of the part immediately below is important

and couies prominently into soil studies. We make
a distinction l)etween the earth at the surface and
that wliich is below, by calling that which is below
subs: I. As we limit the word soil to the depth of

surface that is tilled, so we should limit the term
subsoil to the part of the under-soil that is of im-

portance in relation to plant growth. The depth

to which subsoil is important is the depth to which
water and air commonly penetrate or to which plant

roots may find their way. The waste material

below this is of no greater importance to plant

growth than the rock which is hundreds of feet

below the surface. Subsoil in an agricultural sense

is the part of the under-soil which affects plant

growth. We must associate both soil and subsoil

with life.

The most apparent difference between soil and
subsoil is that the soil is darker than the subsoil.

The close resemblance between the decaying vege-

table matter on the sui'face and the soil immediately
below it shows that this difference is due to the

presence of vegetable matter in the upper soil,

Conmion observation teaches us that land that has
large supplies of decayed vegetable matter on the
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surface k.e,y productive, and as this material i.made at the surface, soil is always more productive

iTraTtf-
"^^^ •^'"^ "" '"^^"^ ^ ^deptt of™i feet m many parts of the Prairie Provincesof Canada 5oil is usually finer in textureSeScompac than subsoil. Ve^ often the rock im-

mediatoly below the subsoil appears to be under-going changes by which it is being turned into
loose material.

Origin of Soil. The soil and the subsoil are bothdenved originally from rock. This can be best
understood by the observation of the soU-makW
processes going .on about us, by the similarity ofthe underiying rock and the soil immediately above
It, and by a knowledge of certain great changes thathav« taken pla^e in the history of the earth It isaccepted as true that the materials composing theearth were once in a gaseous state and that ^ theearth became cool by the radiation of the heat thesurface became rockbound. The globe also became
smaller and wa« thrown up into wrinkles and ridges.The coohng of the vapors made the waters of theearth which ran into the valleys, and thus we hadthe separation of the wat«r from the land The
exposing of the rocks led at once to what we caUweathenng. The result of weathering is soil madeby sucli processes as we see going on about useveiy day. We may readily believe that the cool-ing process by which the world is thrown up into
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ridges is still going on, so that we have two opposing
activities, one within the earth, which makes eleva-
tions and in-egirlarities in the surface, and the other
without, which tears down these irregularities and
fills the hollows.

EXERCISES

1. Examine the face of the soil in a railway cutting, road
cutting, cellar excavation, creek, or river bank, and tell what
color the soil near the surface is. 2. How far down does the
soil of this color and of similar character extend 1 3. What
is the color of the undersoil? 4. Plant a dozen seeds of
wheat from the same sample in two pots, one containing soil
and the other subsoil. Compare the results as to (a) germin-
ation, (i) subsequent growth. 5. Do the colors in the soil
and subsoil blend or are they rather distinct? 6. Is there
any rock exposed, and if so at what depth ? 7. Is the soil
immediately above it similar to the rock in appeararce?
8. Compare the top soil with the under-soil as to texture by
rubbing it between the palms. .9. Which is the more ea.sily
removed, the upper part of a cellar excavation or the earth
four or five feet down? 10. Is the undersoil on the bank
you have examined all of one kind, or is it sand, clay, and
gravel in different layers? If so, in what order do they
come ?

'



CHAPTER III

SOILS IN THE MAKING

It is important to know how soils have been
made, as the processes by which tliey have origin-
ated are still going on and are reducing and
changing our soils and moving them about, some-
times to the improvement and sometimes to the
lujuiy of the soils. The original source of soil
being rock, we shall look into the work of the
agents by which tlu part of soil derived from rock
has been made, as well as into subsequent changes.
Agents Concerned in Soil-Making. The chief

ways by which soils are made and changed are by
weathering and by the work of plants and animals.
In soil study, weathering stands for quite a number
of activities, which include the breaking down of
solid materials by force as well as decomposing
them. Frost is an important agent in the breaking
down of rock. All rocks have crevices in them
When these become filled with water and the water
freezes, it expands, causing the I'ocks to split. Frost
has the same effect on compacted soil that contains
water and helps to reduce it to a finer state of
division. Changes In temperature from season to

20
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sfasoii and from day to night cause alternate
exi»iii8ion and contiuction. This causes tlie rock
to crumble and fall into dt-eay. Water acts chemi-
cally on the minerals contaiuetl in rocks. Some of
the minerals it dissolves out of the rock. In other
cases it helps to form new compounds which are

Fig 4. Disrdptivk Fokce of Feost in Rock Skams.

soft and are easily broken down. In both cases
the rock is reduced. In jtassing through the air
water absorb,, carbonic acid gas, which increases its
solvent power. The oxygen of the air unites with
substances in the rock and causes decay. All
rocks and soils contain a little iron, which when
exposed to ftir changes to iron rust.
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««"tf act in diflferent ways. Their roots often

to spilt. The surface of rocks is furrowed >,v th^
roots of plants which have grown onZrlurfalt
finer state of division and mix the under-soil withthe top «oiI Gophers, badgers, and ants aricom

worVoTeTrtr
''^ *'^ .P"'™- ^" -- P'-« tlwork of earth-worms is important. They increasethe circu ation of air in the soil. They dmgT

eads to the improvement of the under-soil and

ulTT"' '^"''"^'"^^ ^^ *« under-soil L "hesurface. Dar^n was the fii-st to point out their

"r;T, ^'
'''T'^

*^^* ^-^ *- tons

;

acre of the lower soil were brought to the surf^eannua ly m certain localities examined. The pCen.e of wonns and their number, however, deLTdupon conditions of tUth, climate, etc
^

SoU-Moving. It is necessary to consider «nil
transportation among the soil-making" oces"'

s^rthitT
°' '"'^^^^^^^^ ^°"« diffei.rrfr

soik that have remained where they have been

classified on this ba.is into sedentary soils and

of two kinds alluvial soils and glacier drift
Rivers, Snow, and Ice. The laying down ofalluvial son is the work of large drafnafe s^Jt^n^;
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often including lakes as well as heavy sti-eama.

The gathering of materials is greatest on the steep
inclines of large valleys. Eveiy stream is dis-

colored after a rain-stoi-m or flood with clay or
with lighter floating material. In steep channels
heavier material, such as sand, is swept along the
bottom of the river channels. Stones and pieces
of rock go tumbling along and wear each other
into sand or into smooth, rounded pebbles. As the
stream reaches lower levels the force of the current
weakens and the stones and pebbles settle in the
stream. The sand still moves along, the bottom
under the curtain of muddy water and may be
diiven aside into bars which appear above the
water on the quieter side of the stream when it

shrinks, or the finest of it may pass out through
the mouth of the river into the bed of the lake or
ocean. Still lighter material, consisting of very fine
clay or silt and vegetable mold, settles and forms
rich deltas such as occur at the mouth of the Red
and aiississippi. The greater part of the Province
of Manitoba is covered with a rich alluvial deposit
which once formed the bottom of an ancient lake,
called Lake Agassiz.

Where the banks are low a river in high water
may overflow its banks and, gi-adually subsiding,
leave alight but rich deposit on the ad/a^ent lands!
This explains the fertility of most bottom lands.
Alluvial soils are the most fertile agricultural lands
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that we have, owing to the fact that they have lanre

weHn T VT'^'^'^ "-*«-! and that theTweJl fined and mixed.

iJf7J^*^fi""^"'- ThepKK,e«sofsoil-n.oving
JU8t descnl^ ,H impo,tant, not only in a largo waj|n making soil where there w«« none beS.Z
Sr^ wf'"^ /^

"" '*•""* --ywhere. On eve,yfarm where there are differences in elevation the

hills to the hollows, and, as the l«st soil is on thesurface t e l.ollows become enriched at thee^^
of the laJls. Th,s may be seen in the difference in

thth 'if""T :'' '^^^ •*' ''^^ ^"'''•'*- «"d that ofhe hollows between them. On farms with sharp
slopes and many natural drainage courses the loss^good sod each year is very g.^t. As forests pro!tect the sod of the hills on which they grow, so grassand other crops protect the hills of cullat'-.' fiTdl

wo.k of transportn.g sods as they furnish materialsto the streams. Avalanches sweep the sides of thevalleys clear of vegetation and of soil and evencoa.^r material. Glaciers
. nnd and pulve.C

sod and rock material to the streams springingfrom their base.
F""S"ig

The Great Glacier. The second kind of trans-

form ar 'r"^'
'"'^

""' ^"^'^'' '^•^*' -^-"dfrom a great contmentaJ glacier. At one time the
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ujipt-r {.art of North Aiii.-iica, ws w»ill an i.arts of
KiirojK} and Asia, \\nn a great ico field. The stejuly

afciimultttioii of ice in iiortJjeiii latitudes and the
thuwinK of the iee at tlie southern fringo of the ii-o

field started the southerly inoveineiit of this mass,
which ground and imlvcrizcd everything in its

Fiii 5. Soii..Makix,i in Hkhkk Altitddes.

way. In the path of the glacier field were left the
<'lay and gravel, and in some cases boulders, that
form the covering of much of the underlying rock
of the Great Central Plain. This soil provides rich
supplies of mineral food materials for plants. It is
the basis of our soil over i)ractically the wliole of
the Prairie Provinces.

Wind is an impoitant agent in soil-moving. In
diy countries swept by sti-ong prevailing winds the



26 ELF.MENTAKY AGRICl'LTUHE

results are important. Iiiirn.'iise beds of soil, failed
loess, huvo accuniulatcl in Clnna as the result of
wind. There is a constant ni,>venient of dust to
the leeward edge of the drier jiarts of the western
Ulterior of North America. Finely cultivate.] fields
unprotecte.1 by crop often lose tli., gi-eatei- part of
their surface mold by blowing. Deep accumula-
tions of sand ai>pe;ir on the eastei-n shores of lakes
and sometimes cover up more productive soil.

EXERCISES

1. Give ciniuo.. ..xa.nple. of the .li.sruptivo force of frost
1. Examine tlie outer and inner surfaces of a fresh chipped
piece of rock an<i explain the ditterence. 3. What chan-es
are likely to takfi place in heavy, clay, ploughed land over
winter? 4. Contrast its appearance in tlie spring with its
appearance in the fall. 5. What .loes the appearance of
boulders or pebbles tell of their history? «, I.s the move
ment of black soil fron, the hills to the hollows likely to be
greater in cultivated soil or in virgin soil? 7. How would
you explain the occurrence of a greater depth of black soil
on the hills than in the hollows where it occurs? 8 Com-
pare a wo(Kled slope with a bare one as to erosive action and
explain. 9. Is the fl.KMling of land by irrigation likely to
be of benefit in any other way than in the furnishin- of
moisture ?

°
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ORGANIC AND IN0:;G INIC COr STITUENTS OF SOIL

It has been shown tliat soil-niakiiig bej^aii jiis

soon as tlie siii-f{U'(> of tlio earth Ix'came solid and
the water })ecajue separated from the hind. The
action of climate or the weather, which is just

day-to-day climate, may be assumed to have been
the same from the bejjrinniiig as it is now. The
heat and cold and water did their work of physical
disintegration, and the moist ui'e and gases their work
of chemical decomi)osition on the I'ock surface of
the earth. Plants likewise have been seen to act
both physically and chemically ; in otw case cleaving
the I'ock by the force of growth ; in the other de-
composing the rock by the acids secreted in plant
gi'owth.

Agricultural Soil. The work of all these agencies,
impoi-tant as it is in the first pla(!e, does not give
us agi'icultural soil. We have seen that the most
ob\ious difference between soil and subsoil is a
difference in coloi'. The surfa<!e of the earth is

covered with dark material. If we dig down into
the earth or if we observe the iam of the soil on a
cutbauk or other steep exposed surface, we find that

27
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he earth becomes of a lighter shade as we go down
It usually continues dark for some distance andthen becomes grey or brown or red. The changes
in color may be rather abrupt, but generally theyshade mto each other, the dark of the top soil
penetrating „.to the soil below. The blending
takes pl^e m moist climates to a greater extenthan in dry climates and usually to a gieater extent
in cultivated soil than in wild, or so-called virgin
soil. In any case there is a sharp contrast in color

Itn T^ "" '^"'^ "" ^«" '' '^"^ P-»t below
It which indicates a different quality and ongin.The top soil.is not wholly the result of the same
processes as have led to the breaking down of the
parent rock, but to other processes working at the
immediate surface of the earth, and of ^perhaps
greater importance in preparing the earth for thework of cultivation and production than the originalwork of soil-making has been. The dark-colored
soil at the surface of the earth is not wholly derived
from rock but from entirely different sources

orilT"", r** 'T^*"'
Substances. This double

origin of the soil is usually expressed by saying
that soj IS made up of both organic and iiiorgkni!
matenal. An organic substance in an ordinary
sense is a substance derived from something that
has had organs or parts and that has had life, such
as a plant or an animal, in short, that has been
organized. It may be the bones or other parts of
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'i

J

.III animal ov tlif jiarts of a [)hiiit, such as leaves,

twijis, or I'oots. Anyiliiii}; that does not show

organized siructiii-", or of wliieh one part is the

same as another, such as niinei'als, metals, gases, or

wafer, is inorganic. To iriake a soil wc must have

')oth organic and iiiorgaiiic inatcrials. The propor-

tion of inorganic matei'ial is usually much greater

than the jiroporl ion of organic miilcrial, liut it varies

in different soils. Suhsoil, like soil, contal.i,; hoth

organic, and inorganic material, liul the pro[)ortiou

of organic material in sulisoil is much smaller than

it is in soil. The reason for this is plain. Hock
materials aie the foundation of all soils and are

below, while oi-ganic materials are supplied by
plants and animals which live on the surface of

the earth. The organic materials are likewise

always lighter than the inorganic materials and .so

tend to remain above the inoi'ganic nuiterials.

Humus. The name given to the kind of soil

made from the decay of organic material is humus.
It is derived chiefly from plant.s. Leaf mold and
peat are common examples of this kind of soil.

The decaying material left by plants is a real

addition to the soil. The plant in giving up its

life to the soil, whether it be the humble lichen or

gi'eat forest tree, is not merely giving back what it

has already taken away fnMii the soil, but is adding

to the soil material which it has deiived from the

ST, so that the continuous growth and decay of
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sand or e ay. A vprv vini, j
^"e rest is fine

.«y opposite ,„„«,„ ^, .h,;u ™r

i...o.- ,„««.,. w.ga-o„. w?:';;m;
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is left. Let it stand in the sun for a day. This is

air-drying it. Weigh it. Put it into a shallow pan
and put it into the oven for four or five hours.

This is kUn-drying it. Weigh it. The diflfereiice

between this weight and half a pound tells what
amount of moisture it contains which can be ex-

pressed as a percentage. Put the soil on a pan or
shovel and set it on red hot coals. Keep it on the
coals and stir it until it stops smoking. Weigh it.

The final weight is the inorganic part of the soO.

The difference between its final weight and the
weight of the kiln-dried soil gives the quantity of
organic matter in the soil. Express these weights
in percentages.

EXEKCISES

Vary the experiment set out in the dry analysis of soils by
using one of the following types of soil : 1. A sample from
the highest point of a cultivated field. 2. A sample of soil
from the lowest part adjacent to the highest point. 3. The
loose mulch from a woodlot or bluff after the dry leaves have
been cleared off. 4. A sample of soil in the next six inches
under the mulch. 5. A sample of subsoil from a depth of
four or five feet.



CHAPTER V

CLASSIFICATION OF SOILS

It has been seen that the two kinds of soU
constituents are inorganic materials (lerive<l from
rock and organic materials derived from plants
and animals, but chiefly from plants. The I'oek
materials nmst be in a fine state of division to con-
stitute soil. Gravel is not soil, though it may be
found in soil, and gives it a certain character or
condition. Hence we speak of giavelly soil. The
common or standard ingredients of soil which have
their origin in rock are sand and clay, and these
two along with the humus of organic ongin make
up the solid ingredients of soil, or of a soil.

Sand. In order to understand the value or
importance of sand as an ingi-edient of soil we
shall use the common description of soil as the
home of the plant. This means that the soil is the
place where the plant lives or stays as well as the
place where it takes its food. It is in housing
rather than in feeding the plant that sand is
important. Sand consists largely of silica, which
IS not a food for plants. We could produce
nothing from a soil of pure sand. The value of
sand in soil is that it gives to it certain qualities

32
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that have au effeot on the gi-owth of the plaat. It

gives to humous soil a weight and .substance that

enable it to hold plants. Rich, peaty soils are

sometimes artificially improvetl for vegetable grow-

ing by the addition of sand. The drainage (lualities

of humous soils are improved by the addition of

sand. It also improves clay soils. A clay soil is

usually compact, and does not admit air and

moisture easily. Sand makes such soils more loose

and open. The fanner usually refers to clay soil as

heavy soil and to sand as light soil, though actually

clay is not as heavy as sand. Sand is said to make

clay soil lighter, which means that it is more easily

worked. As .sand admits air and moisture easily

it helps to bring about the changes in plant food

materials • that make these materials available to

plants. On the other hand, a soil that is very

sandy a'lows moisture to pass through it rapidly,

in which case it is said to leach. This means that

it allows water to carry away and waste plant

foods, and also that it dries too rapidly. A sandy

soil with sufficient humus is a good soil in a wet

season. It is loose in texture and is well suited to

the production of roots and vegetables. Sandy soil

is a warm soil, because of its small water content.

Clay in a pure state does not contain any of the

essential constituents of plants though the so-called

impuritiGK of clay contain them. As au ingredient

of soils it may be considered on the basis of the
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same k.n.l „f |„o|...,ti...s that w,. l,„v ,.si.l,.,v,l in
sHli.l. Th..s.. niv i,i„.-ti,.ally ll ,,,,„sit.. „f ll,u«.
of sa.Hl. |„ tl... (irnt ,.lu.... i, is a,lh,.siv.. a.al ...„„.

P»<-t. r\w imvMvs „f saii.l s..,,antt,. .„• fall apart
I'as.ly wlu.tlH.r wet .„• .by. Clay, „„ tl fl,,,
mn.l, ,f i,u.istHu.,l slicks t..K.'tli..r, an.l if ,l,-i,„l

JH.,.o,n..s very l.an). If sntH.-ient l„.at is a|.i.li..,l it
becomes as hard as sf.ne. This .,„„li,v ,.x,,|„i,„
Its use f,.r the makilij; ..f l,ri,.k an.l .,f .litferent
km.ls „f tile. While san.l l„.ih nveivvs a.,.| ^ives
ui. Its m.Mstnre rea.lily, .-lay r.veives it sl„wlv an.l
gives ,t m. sh.vvly. Clay is har.l .,r stiff in w-.Vking
and s„ ,s ,.alle.l heavy. Owing t.. its ..los.- texture
and .•ompaetne.ss, .-lay .l„,.s not admit air easily or
as we said above, moisture, so that the changes in
a stiff ..lay soil are not rapid, whi.-h means that
growth IS slow. In a wet, adhesive, elav soil plants
may su-ken an.l .li. f,,,. ,vant of air or for want of
the too.l that is mmle available l.v th,. .-in-ulation
ot an- and by warmth. A eh.y soil js a cold soil,
owmg to Its eonsiderable water eontent.

It will be seen, that while neither san.l nor elay
is good of itself, either mav 1

fault.-

bind

ly be useful t

in the eondition of the other. (

o correct

up a sandy soil an.l help it to ret

lay mav

moisture; .sand may open tiji and
and so make it

iiin its

warm a clay soil

more favorable to the
j

more easily w.)rked, ami make it

soil

Droces.ses .>:

s are, in a sense, luui'c n'liabic thai

'f growth. Clay

1 sandy ones,
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no tlicy retain moisture iitiil also fertilizing niid

food materials better tliuu smiily ones. Chiy soils

are suite*! chiefly to j^-ass and cereal crops.

Humus. Though no single one of the three

common ingredients of soil can make l»y itself a

real agiicuitural soil, humus is the most impoi-taut

of the three. It intluences the (luulity or condition

of soils in a very important way, just as sand and
clay do, and liesides this, it contains carbon, oxygen,

nitrogen, and hydrogen, which are among the essen-

tial elements or constituents of plants. It is derived
originally from leaf mold, dead liml)s and roots of

trees and shrubs on wooded areas, and from the

tlead I'oots and leaves of gi-a.sses on open areas.

VV^iile humus contains a number of the essential

elements of plants, these are not directly available

to plants. In the decomi)osition of organic matter
carbonic acid, ammonia, and water result, and it is

these that are useful as plant foods. The supply
of humus in .soils is important. It is not only the
most imiKjrtant soil ingi-edient from the standpoint
of crop production, but it is the ingredient whose
supply is under the control of the farmer. The
farmer can waste, conserve, or increase the humus
of the soil. When organic mateiial is turned under
it decomposes and so is in condition to be used up
by the plant, hence it should be the aim of the
farmer to keep up the supply of hunuis steadily by
direct ai)plication of manm-e or by saving such
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crop residue as stubble and straw which are fre-
quently burned, and so are lost except for the ash
or muieral constituents which they contain.
Humus is important also on account of its effect

on the condition or texture of soil. It improves
sandy soils not only on account of its food content
but because it increases the capacity of sandy soil
for retainmg moisture. It will absorb and retain
moisture better than either sand or clay will It
opens up clay soils and admits both heat and air
to them, and so makes the conditions favorable to
crop growth. It also improves the working quali-
ties of clay soil. The color of humous soils is
important also. Black colors absorb the sun's heat
most quickly and radiate it most slowly. On this
account the humus of soil is an aid to the decom-
position processes which make plant feeding and
plant gi-owth possible.

Agricultural Soils. The three ingredients of soU
have been considered separately in order to make
the understanding of their properties simple.
1 hough we may have areas of desert sand, peat
bog, or clay flats, these do not concern the farmer
as they are not soils in the practical, agricultural
sense. Soils are of composite or mixed character.
Iheir classification, however, depends upon the
proportion in which the common ingredients occur.
1 hey are usually classified accoi-ding to the prevail-
ing ingredients, particularly of sand and clay, which
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make up the bulk of most agricultural soils, and
which give to them cei-tain physical qualities

according to the proportious in which these iii-

gi-edients occur. By physical qualities is meant
such external or easily observed qualities as weight,
porosity, adhesiveness, wetness, or diyness, and
wai-mth.

A sandy soli is one containing enough sand to

give it a loose, easy working quality. A clay soil

is one that is distinctly heavy or sticky by reason
of the large proportion of clay which it con-
tains. A variety of clay soil that is common on
the prairie is gumlM. It is very sticky when wet
and very hard when dry. Soils are sometimes
defined according to the percentage of sand or clay
which they contain, but as soils present such a
variety of combinations of sand, clay, and humus,
figures are not of much use, and it is better to
classify them according to their dominant quality
or condition. A peaty soil is one consisting laigely
of vegetable matter. When the ingredients of a
soil are fairiy well balanced or mixed it is called a
loam, which is the best kind of soil. Loams, like-
wise, may be either sandy loams or eUy loams accord-
ing to whether they tend towards light or heavy
working quality. It is clear that these classes
cannot be made very definite or exact. The pro-
perties of a soil are arii ved at in a vai-iety of ways

:

By the way it turns off the plow; by the way it
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works in th« fingers wet or dry; hy its fipiicariiiico

after rain ; by its ixtsitiou as to elevation, and by
the cliaractor of the vegetation it carries. All these

things should be niadi! a matter of careful obser-

vation.

EXERCISES

1. Put an eiiual weiglit of kilii-dried sand, clay, liuraus,

and loam separately in flower pots or in cans, in the bottoms

of which holes have been nia<le. JIake the soil fine and set

it rather firmly in the pots. Put a piece of blotting paper

over the holes so as tSo prevent the escajie of soil. Suspend

the pots by strings or set them on strips, so as to leave them
free to drip. Add water to each gradually until it runs

through the pots. Weigh each pot after the water has

ceased to drip. In what order do the soils rank for moisture-

holding capacity 1 What per cent of weight of the soil itself

is the water it will contain? 2. Fill one flower pot with

sand, another with clay and a third with leaf mold, and
scatter grass seed on the .surface of each. Keep the soil

moist and set the pots in a p'ace favorable to growth. Com-
pare the diflFerent kinds of soil as to growth and penetration

of plants 3 Make a ball of wet sand and another of wet
clay. Place them in the sun and compare results. 4. Put a

sample of good soil in a connuon pickle bottle. Fill the

ves.sel with water and shake thoroughly. Set it down
promptly to settle and observe the arrangement of soil

ingredients and explain it. This is calle<l the mechanical

analysis of soils by water-gravity method, ,'j. Wh: •: different

classes of soil are there in your neighborhood? Justify your
classification.



CHAPTER VI

WATER AND AIR IN THE SOIL

Soil Water. In oiu' study of soil we have found

that the chief materials composing it are broken

diwii rock and humus. We have learned also that

some of the ingi-edients of .soil, such as sand and

day, are impoiiant on account of their effect on

the physical character of soil. Humus, on the other

hand, while it affects the physical character of the

soil, is important chiefly on account of its content.

It contains food materials for plants. As plants

use only soluble matter, or as we say, take food

materials which they get from the soil in liquid

form, water is necessary in the soil in oi der to have

growth. Water is important not only because it is

the channel by which food enters the plant, but also

because it is an important constituent of the plant

itself. Such ci-ops as fresh grasses, i-oots, and vege-

tables are made up of water to the extent of from

seventy-five to ninety per cent of their weight.

We usually speak of the water in the soil as soil

water, owing to its intimate connection with the

soil and with the activities that take place in the

soil, and likewise on account of the differences

between it after it is in the soil and ordinary raiu

39
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water. It should be looked upon as an actual
part, of agricultural soil, for no soil is of any u^e
without it.

Three Forms of Soil Water. The source of s.,il

moisture is rain, or rather precipitation, which in-
cludes both rain and snow. When rain falls on the

Fio. 8. Live Sf/CK for Work.

land in considerable quantity it continues to settle
downward into the earth by gi-avitation. Rain
frequently falls to the extent of filling up all the
open spaces in the soil. After entering the soil it

rans through it to lower levels and may be carried
off in drains or may reappear at lower levels as
springs. Water that moves through the soil in this
way by gravitation is called free water.
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t All tlie water that enters soil does not drain

' away. In settling into the earth it usually comes

I td a comiiaft and almost iinperx-ioiis layer of earth

* wliich stops it or keeps it up. This .stratum sei ves

as a reservoir for water. It is not the immediate

• effect of rain that is important to crops, but the

c securing of a supply in the soil that is slowly used

"] ]>y the plant. The water that does not run throuf?h

the land ;.s free water begins a return movement

towards the surface as soon as the little spaces

a between the soil particles an^ itlear of free water

and evaporation begins again at the surface. It

foi'ins a loose film about the soil particles and

moves on from one to another by a kind of tension

or attraction. It moistens all soil but does not

wholly fill the spaces and so exclude the air. It not

only moves upward to restore the supply used in

plant feeding and lost by evaporation, bui sideways,

and by this intMius keeps all the soil in a uniform

condition as to moisture. The movement of water

by which it surrounds the soil partit^les and reaches

from one to another is called capillary action,

and tlic water that moves in this way is called

capillary water.

This is the most important thing to know in

reg.ird to soil water. It is the capillary water which

conx'cys food materials to plants, and its supply

and care are important to the fanner. This water,

or most of it, passes up .mgh the plant and passes
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out through the leaf. The eapillniy water that does
not enter the roots of plants passes out at the sur-
face of the soil bj' evaporation. We are accustomed
from our studies in geography to think that the
changes -whitih take place in the moisture of the air
consist of its condensation and falling on the earth
and evaporating bacfk from the surface of the rivers,

lakes, and seas. While this is true, it is also true
that water evaporates from the soil rapidly, and
still more rapidly from land where evaporation is

assisted by transpiration from the leaves of a
crop.

Practically all the water falling on the soil runs
off the soil or through it as free water or returns to
the surface by capillary action, but no soil ever
becomes wholly diy. When capillaiy water is

exhausted, growth practically ceases, but even the
driest road sand or air-dry soil, which is soil from
which the moisture lias apparently all evaporated,
contains a little moisture, and if the moisture is all

driven out of soil by thorough baking it will be
found later to have regained a little moisture which
it secures from the air. This moisture surrounds
the soil particles as a veiy light film and adheres to
it in a close and intimate way. It makes up only
two oi' three per cent of the weight of soil, and it

can be driven off only by heat sufficient to make
water boil. These final ti-acos of moisture in soil are
called hygroscopic water. This residue of moisture
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is ineffective so far as its relation to crop pro-

duction is concerned.

Air in the Soil. It is hy means of capillary water,

or that which moves freely among the particles of

soil, that plants are fed. (Japillary water does not

entirely fill the pore spaces in the soil. Soil in

pi-oper condition to permit of growth is made up of

the soil itself, the envelope or film of moisture about

each particle, and also of open spaces between these

into which air penetrates freely. Plants reipiire air

about their growing parts below as well as above

ground. Seed that is sown in ground that is

completely fille<l with water, or that has be<!ome

thoroughly compacted by having been water-soaked,

will not genninate for want of air. If the land

becomes water-soaked and remains in this condition

after the plants have started they will stop growing,

weaken, and finally die. Ail- is necessary for the

root a(;tivities by which plants obtain food as well

as for the life of bacteria in the soil which work to

the advantage of the plant.

The Control of Soil Moisture. The source of water

being precipitation, the supply is not within the

control of the farmer. The amount of precipitation

and the condition of the soil as to moisture give

rise to important problems of soil management.

While the fanner cannot stop the rain or bring it,

he can suit his methods to conditions of over-

supply or uuder-supply of moisture in the soil.
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Wee there is „o natural slope ,o the land and the

^ate -soaked ,n areas with heavy rainfalls or inothe, places durmg wet seasons. The land is coldand an- cannot penetrate. When such land driestbakes and c.-acks and is generally unsatisfactor^ ocrop producfon. Such conditions are corrected bydrainage, wh.ch opens the soil to air, warms it andincreases t e depth of the feeding g^-ound TolJC!Where the supply of n.oisture is scant or insuffi-cent steps have to be taken to make the best useof the moisture that falls. The system of soHmanagement followed under such conditions"
ca led dry-fann,n«, the outstanding features of whicha'e: deep cultivation, to allow the rain to settle2 the .soil instead of running off the surf ce adshallow su,face cultivation, to break the eapillarv
movementofwaterledtothesurfaeebyevapo^on'
Where the supply of lake or river water issufficient and the surface character of the country

>s avorable, water is sometimes led from streamior lakes and run over the laud to suppleme fghnatural precipitation. This is called irrigation, whths n sy« em in which the supply of moisture i Lderho control of the farmer. The management of soito secure right conditions as to moisture is ju t a

dZT, '"^""^'^ *^ ''''^' ""^'^^ the con-ditions as to moisture are right.
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Soil in Dry and Humid Areas. ITiuler conditions

of lieavj' miufall mucli valuable surface soil is

(•allied away and deposited iu the bottoms of lakes

and seas or is piled up iu limited areas of alluvial

land. Water running through the land likewise

dissolves and caiTies

away plant food. In

dner areas where ex-

cessive flooding and

washing do not take

place, there is little

waste of surface soil

or of plant food ma-

terials, so that, while

the soil of dry areas

has little humus on

account of its secant

vegetation, both the

soil and subsoil are

rich ill plant foods. In

areas of heavy rainfall

the ditferenee between

soil and subsoil is

gi'eater than in dry or

semi-dry areas. In moist climates there is con-

siderable humus at the surface and much day

in the subsoil; in dry areas, while there is less

humus, the soil is richer iu nitrogen and the land

generally is sandier and is capable of deeper working.

Flli. 9. TllAN9PIR*TIOy.
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EZBKCISES

t .0 plant ever a pot of „,„iHt soil «,„tai„in« a growingpant w,t.. oiled oloth or rubber to exclude li.tuf. from

the mtenor of the jar. 2. Hold a piec. of cube «u«ar to thesurface of a cup of coffee and explain what happens 3 Dipa marble ,„ water an.l observe wbether or not the water

ead. of -glasses sUnding side by side, one filled withwater and he other dry. Explain. 5. Account for thehape of a d,.p of water. G. Compare the vegetation andthe texture of the so^I on two pl.ces, one of ^hich drainsproperly and the other of which is covere,! with w.ter after a
rain. Classify the soils.

i

: I



PART II-rLANTS

CHAPTER VII

GERMINATION

Examination of Seeds. Though the seeds of most

field and garden plants are not very large, some of

them are large enough for easy examination, and

the seeds themselves can teach us a good deal about

plants. Beans are easily examined on account of

their size. As all seeds dry out when they ripen

and are kept dry whUe stored, they become rather

hard. To make examination easier it is better to

soak the seeds in wat«r. Take half a dozen each

of scarlet runners or other large beans and of

field peas and put them in a shallow dish on a

piece of wet flannel and cover them with another

piece. After they have been wet for ten or twelve

houi-s the skin will begin to enlarge and wrinkle,

because it gets soaked before the inside of the

seed does. The wrinkling begins on the side of

the seed where .t has been attached to the pod.

Gradually the whole seed swells and the skin

becomes smooth again.

It is now in condition for examination. Split

the seed with a tbin knife, beginning at the convex

47
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"til. l.Hhvs, u snuill but well.,lefi„e<l stn.,-
tme wlii.'h is utUu-hi'il

'<> »>ofli si.los, l,„t

'•iVftk-H off frotn one of
Ih.'in wliHii the seed is

*<l'lit. It is poiiitetl at
OIK* end and lesein-

•'''« a l.air of s,„,ii|

featileiy leaves at the
other end. Tlie two
paits aie held tojfether

joint. Thisst..uetu..eisaXrtir""""
to eal, the seed an e.h.yo llr o,-1 aHh':':;contains an enibiyo plant Tl,e , /

10 t e a ,.a.t of ,t. Kxa.nine the inside of the neain tlie same way. P®*

Kviimv,, „r ihk Ukan
l*I.ANT.
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After the siiine metliod put some seeds of corn

and whent to soak. It will bo found that the seeds .

of the corn and wheat do not divide into two parts

like the grains of the bean and pea. It is possible

with the point of a knife to separate a part of the

seed, which can be recognized as the plantlet or

embryo, from the bulky part of the seed. The

remaining part is the flour or starch of the grain.

The double leaves that appear on the stem of the

bean cannot be found, but an enlargement on the

imder part of the stem takes its place. Besides this

the seed has starch in which the embryo is bedded.

Other plants lifviug double seed-leaves, like the

bean and pea, are the plants of such crops as the

clovers and vetches, and of the same nature as coin

and wheat, the cereals and grasses.

Steps in Germination. If seeds of the kinds we

have been examining are k<'pt between the folds of

a damp cloth for a few days they will send out

spiouts. The point of the stem comes out at one

end of the scar on the concave edge of the bean,

where the skin appears to be thin, at a coirespouding

point on the pea, and at the end of the corn or

wheat, but in all cases on the side or end of the seed

which has been in contact with the parent plant.

The steps that have been so far observed in germin-

ation are the swelling of the whole seed and the

appearance of the sprout. The enlargement of the

seed from the absorption of water is a purely
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physical change, such as occurs in the wetting of
wood or any other porous material. The growth
of the sprout is the beginning of the hfe of the
plant, and this change is consequently called a
biological change.

Moisture, Heat, and Air. The usual way to make
seeds germinate is to put them in moist earth at
the proper season. We have been able, however,
to make the plant begin its life without the aid of
soil. A dry seed, though it has vitality, is a dor-
mant seed, but with the aid of moisture we have
been able to stir it into life. "We are justified in

concluding that moisture is necessary to germination.
This is the most obvious cause of germination, but
it is not the only condition. In order to bring
about germination we have been careful to keep
our seeds in a wami place.

The need of heat may be seen in various ways.
Water or snow may moisten the top of a bin of
wheat, but the grain does not sprout until the wai-m
weather comes. Growth ceases entirely during the
winter season. Different seeds germinate at different

degrees of heat. Wheat and barley will germinate
at a lower tempeiature than corn and pumpkin
seeds will. The need of considerable warmth for

germmation teaches us that it is not wise to
sow or plant seed while the ground is cold. It

not only fails to germinate readily, but it may
be spoiled.
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Another condition to germination is air. Seeds

will swell if wholly covered with water, but they will

not generally germinate. If seeds are buried deeply

in the ground they \rill not gernauate. If grain is

sown in water-soaked gi-ound it will not germinate

at all, or will germinate slowly and the plants will

be weak. If seeds are put in a sealed bottle with

enough water to moisten them they will begin to ger-

minate, but will not fully germinate. They have ex-

hausted the oxygen of the limited supply of air in

the bottle. In all these cases it is the absence or

scarcity of air, or as we commonly say, of ventilation,

that chokes plant activity. The three conditions of

moisture, heat and air make germination possible.

EXEKCISBS

Observe and record resultr- from the following experiments

;

1. The planting of field seeds in two pots or boxes, one filled

with moist soil and the other with dry soil. 2. The planting

Fio 12. See. r^sTiNO Plates.

of field seeds in two pots or boxes of moist soil, ono of which

is kept in the sunny window of a warm room, and the other

in a cool cellar. 3. The placing of field seeds on moist blot-

ting paper packed to the depth of an inch in two jars, one of

which is sealed and the other loosely co\ared.
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Make n germination test of one hundred se«is of three

different samples of wheat, oats, or barley, of varying plump-
ness and quality, by the following method : Fill soup plates

nearly level full of sand, cover the sand with a circular piece

of blotting paper, place the seeds evenly over the paper, cover

them with a second piece of blotting papei', saturate the sand
and paper and place another plate upside down^)ver them.

Keep in a warm place. Remove the seeds that have germi-

nated in four, eight, and twelve days. Record the number
and also the number that fail to sprout. From the results of

your tests estimate the number of pounds per acre a farmer
would have to add to one anrl one-half bushels per acre allow-

ance of seed in onler tp secure the stand intended if he used

seed from the samples tested.



CHAPTER VIII

THE YOUNG PLANT

Plant Food in the Seed. The study of germina-

tion has shown us the nature of seed, the changes

which seed undei-goes in germination, and the

conditions under which germination takes place.

The seed holds an embryo plant which in germina-

tion bursts its way through the seed coveiing under
the influence of moisture, heat and the oxygen of

the air. Seeds ordinarily germinate in the ground,

but it 's not as easy to observe the process in the

ground as it is in damp flannel. How is it that we
can start the plant activities in this way I We must
have always known, if we have thought of it at all,

that the plant secures material for its gi'owth from
the soil, which is its natural home, though, as wo shall

see later, it does not secure all of its f xid here.

The reason we have not had to draw upon the

resources of the soil is that tlie seed has withiu

itself the supply of food that makes the changes

that take place in germination possible. We have

seen that in the case of the bean there is a large

bulk of material in the seed-leaves that is neither

stem nor bud. As soon as the bean plant gets

established in the soil the seed leaves actually shrink
53
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away. If we examine the com kernels when the

plant has become established in the soil we find that

the starch that surrounded the embiyo has all been

eaten out and we can only conclude that it has been

used in helping the plant to begin its life. The
bulky part of the bean seed has been made use of

in the same way, and it is true of seeds generally,

that they contain within themselves the food

necessary to enable them to begin to grow. Exam-
ine the seeds of flax and buckwheat for plant food.

Direction of Growth «f Root and Stem. The ex-

amination of the seeds which have been started in

damp flannel teaches us something besides the pro-

perties and possibilities of the seeds. As soon as

the root develops it takes a direction directly

downward. The single root of the bean or pea,

even after it grows an inch or more in length, will

form a crook to enable the extremity of the root to

keep pointed towards the earth. At the same time

the root, will show the beginning of root hairs that

spread from the main root as it increases in length.

The roots of the wheat and barley appear as fibres,

being three in number in the first place, and they

also work downward and cling to the flannel at

their tips. The downward direction of the roots is

due partly to gravity, to which the tip of the root

seems to be sensitive, but the bending takes place

in the growing part back of the tip. The stem on

the other hand goes upward. The position of the
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seed at planting does not change the direction of

the root or stem. If a corn seed is jilanted with

the small end upward, the root and stem will both

turn and pass each other, the root going downward
seeking for moisture and the stem upward for light.

The Plant and Light. For the germination of

seeds three conditions, moisture, warmth, and air,

are necessary. For natural and continuous jJant

growth another condition is necessary. This is

light. This along with air is just as necessary to

the part of the plant above the ground as moisture

and wai-mth are to the part below the surface of

the ground. As we shall see later, the building up
of plants is the result of work done both above and
below the surface of the ground. The root and
leaf processes are complementary.

The need of light for the growth of the plant is

shown in two ways. One of these is the tendency

of the plant to seek the light; the other is the effect

of the absence of light in preventing normal plant

growth. We have already seen that the stem of

the plant immediately turns upward towards the

light. If we examine the seeds we have geiminated

in the damp flannel, we shall see that in continuing

their growth, they grow towards the outer edges of

the flannel and make rapid gi-owth when they reach

the outside. This is noticeable in the case of the

gi-ains, such as liarley, oats, or peas, which can be

kept gi'owing in this way until they are several
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iiK'hes in length. If tlie steins of hems, peas, or
other kinds of seeds are examined, it will be seen
that at such time as they reach the iight they imme-
diately change from white to the constant color of
nonnal plants, and they take on the sturdy quality
of stem that belongs to i)lants that are gi-owing in

the usual conditions of light and air. If seeds are
planted in a pot and set in a sunny window the
plants will grow and bend towards the sunlight so
as to expose a suitable amount of leaf surface to the
sun. If the ptisition is changed the direction or
position of the parts of the plant changes also.

If plants are grown in pooi' light or away from
the light they do not grow into nonnal plants.
This is shown by a want of proportion in the
plant, a want of strength, and in the absence of
normal color. Stem growth is often very rapid, but
the stem is weak. Leaf gi-owth is small and the
color of both stem and leaves is pale. Compare
potatoes sprouted in a warm, dark cellar with potato
plants in the garden as to length of stem, stoutness
of stem, leaf growth, and color. Plant some barley,

wheat, and radish seeds not too deep in moist soil

and cover them with a board. Examine them a
couple of times a week and compare them with
plants grown in the open. Apply pressure to the
stem with the thumb ai, • finger to test its strength.
While growth is possible without light for a time,
it is not possible to produce healthy, natural plants
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without it. Subsequent to the ntage of germination
it may be considered as one of the necessary con-
ditions to plant growth. For continuous growth
we may add light to the three conditions which we
found necessary to bring about germination.

KZKKCISBS

For the observation of young plants, four kinds of methods
or conditions may be made use of : Two folds of damp
flannel in a plate ; a straight lamp chimney lined with manilla
paper and filled with wet sawdust or mold, the chimney being
set in a pot of soil ; a chalk box with a glass lid and with the
end knocked out, with manilla paper next the glass and filled

with wet sawdust or mold, the box being set on end; the
school or home garden. In the case of the observation box
and chimney, place the seeds between the paper and the glass
in various positions, some with the scar end or side upwards
and some with it downwards. Use beans, com, peas, pump-
kins, radish, and the grains. Make the following observations

:

the order of appearance of root and stem ; direction of root
and stem ; kind of roots that develop from different seeds

;

method of coming out of the seed and api)earing above the
ground in the case of such seeds as the bean, pea, pumpkin,
and wheat ; the appearance of root hairs ; the development
of color in stems.

Make observations on the following also : Lay a pot con-
taining a plant on its side and leave it in this position for a
week. Cover one of two plants in pots with a box so as to

shut out the light but admitting air at the bottom. Keep
both plants in the same conditions otherwise. Plant half a
dozen grains of good wheat and half a dozen of shrunken
wheat in different halves of the same pot. What is the
appearance of the plants at the end of twelve days t Explain.
Remove the seed-leaves from sprnut«d beans in one or more

I and leave them on in others.



CHAPTER IX

STRUCTURE AITD FUNCTIOIT OF PARTS OF
THE PLANT

The Root. A plant has two principal parts : the

i-oot and the shoot. Associatetl with this special

organization of parts there aie 8i)ei'ial duties which
each part has to perform. The root has two
important functions. One of these is the holding

of the plant in position in the soil ; the othei- is the

gathering of food and moisture from the soil. The
plant cannot take food materials through the i-oots

except in solution, and it requires moisture also in

its own composition.

The root equipment of a plant is called a root

ystem. There are two main kinds of these. In

one there is a central main root called a Up-root.

Besides this it has a number of ."smaller side or
lateral roott. Plants with this kind of i-oot system
are called tap-rooted plants. Examples of this

kind of root equipment are the turnip, parsnip,

lettuce, alfalfa, dandelion, and burdock. The other

system consists of a group or bunch of similar

threads called fibrous roote. The grasses and grains

have fibrous root^, and are called fibrous-rooted

plants. The greater number of plants are fibrous-

£8
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rooted. The tap-root holds the stem of the plant

in an upright position, but the close contact of the

smaller roots with the soil is what makes the tap-

rooted plant difficult to pull up. Tap-roots usually

extend to a considerable depth downward, thougli

Fig. 14. TvpiM or Roots. Tap-root, Fi.kshy Tap-root and
Fibrous Roots.

much of the food and moisture of the plant is

necessarily gathered near the surface. It is at the

surface of the soil that rainfall is received, and the

moisture that settles into the soil comes back to

the surface by capillary action, canying with it in

solution plant food materials from below, so that it

is at or neai' the surface where the chief food
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supiily is availublc. Alfalfa loots, however, have
been found at a depth of forty feet, and the roots
of large trees grow to gi-eat depths also in search of
moisture. Fibrous roots are apt to spread laterally

rather than go to great depths directly downward.
The root of tap-rooted plants is in

many cases the part that is of value
for food. This is the case with those

that are tleshy. Examples are the
beet, cari'ot, parsnip, radish, turnip,

and mangel. It takes two years for

these plants to produce seed. In the
first year they store up in the root

food which is used in the growing of

the seed in the second year. It is this

stored material that constuutes the

flesh of the useful garden and field

roots.

Rootlets and Root-hairs. In any
system of roots there are distinguish-

able three grades of root structiu-es

which may be called roots, rootlets, •

and root-hairs. The main roots as

well as the smaller roots tend to
become merely canals for the carrying of soil

water. The work of absorbing moisture is done
almost wholly by the root-hairs. The root-hairs
find their way among the smallest particles of
soil so as to really become a part of the soil

Klii. 1.5.

HoOT-HArHS ON
TlIK KAItlSll.
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They become covered with the fihn raoisture, just

as the particles of soil do, so that the roots and soil

together are in iutiraate communication and con-

nection through the cai)illary action of the soil

water. If a plant like a radish seedling is taken

from the gi'ound carefully the fine earth and root-

hail's will be found so closely attached to t'a<'li

other that they can scarcely be sejjarated. Root-

hairs may be seen on the young roots of germi-

nating seeds, and resemble a down or pile made up
of minute hairs standing out at right angles to the

root. If examined under the micros(!opo they look

like simple tubes, but they absorb not only at their

tips but along their walls. The root-hairs do not

appear on the root immediately at the point where

it leaves the stem ; neither do they appear near the

tip. The lengthening of the root by growth takes

place just near the end, or as we say, btM'k of the

root-cap, which is a special stmcture fitted to work

its way forward and to meet waste or wearing by
rapid repair.

It is important to know the use and value of the

root-hairs. If evergreen or other trees are torn

from the ground with only their big roots and

transplanted they will invariably die. The whole

cell system of the tree becomes dry and dead befoi-e

the roots can develop root-liairs to feed it. If on

the other hand trees are lifted and sacked with all

the root earth around them and with the minute
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root system undisturbed, they will invariably liveToo deep cultivation about trees, shrubs, vegetables
and flowers often does harm. It .iestroys part of
the mmute root system whi..h tends to spread
along not far from the surface where air and
moisture easily penetrate.

F.O. 16. Th« Best Wav to Transplant Yo„no Trkps

Osmosis. The al.soiption of soil water is the
most important function of the root system The
name of the activity by which this absorption
takes place is osmosis. If two fluids, one of which
IS strong, such as salty water, and the other is weak
or clear, such as clear, spring water, are separated
by a membraneous wall, such as parchment or a
piece of bladder, the weaker one will tend to pass
into the chamber of the stronger one. The root of
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the plant i,s made up of little cells with mem-
braneous walls. Inside of the cells are protoplasm
and cell-sap which are stronger than the soil water
outside is. The soil water passes into the root and
also from cell to cell up through the plant, and
es(!apes from the plant bj' the pores on the under
(side of the leaf, leaving its food materials in the

k-af.

A little of the sap of the plant also passes out
into the soil. Its effect is important, as it has
acids in solution that help to dissolve plant food
materials in thi; soil. Its work may be seen in the

decomposing of rock surfacies over which the roots

of certain plants spread and grow. The rock
surfaces show little furrows under the i-oots.

EXERCISES

1. Cut the stem of a suiifli)wer, liean, or other fast-growing

plant across with a sharp knife. What conclusion do you
come to from the appearance of the end of the stem shortly

after it lias been cut ? 2. What is the appearance of plants

when the soil water is abundant, for example, after a rain I

3. Can you explain why a thistle or other plant dies if salt

is spread about its nmts ! 4. Why is it advisable to prune
the tops of trees that are being transplanted ? 5. Cut two
slices two and a half inches long, an inch wide ami a quarter

of ail inch thick, from ii fresh beet. Test them for rigidity

by trying to bend them. Place one in a strong salt solution

and the other in fresh water and test again. Explain.



CHAPTER X

STRUCTURE AND FUNCTION OF PARTS OF
THE PLANT (continued)

The stem System. The part of the plant above
the ground is made up of different organs with
different duties to pe.-fom, just as the part below
the ground is. The name stem is given to the axis
or central part of the upper section of the plant,
and the stem, together with all the parts attached
to it, is called the stem system. It is much more
complex than the root system as to both form
and work. Stems, like roots, serve as canals for
caiTying sap, and the leaves serve in the work of
nutrition, just as the rootlets and root-hairs do, but
they do their work in the air, while the roots work
in the soil water. In addition to leaves, the stem
bears flowei-s, and finally fruit, by which the life of
the plant is carried over from year to year. We
have, Ukewise, a great variety of stems, a great
vaiiety of leaves as to both form and ari'angement,
and a gi'eat variety in the forms of flowers and
fruit. The study of these things in detail is the
work of the botanist. The student of agriculture
is concerned with the structure of plants so far as
it helps him to uudei'stand the processes of growth.
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The stem. The stem serves as a support for
leaves, flowers, and fruit, and as a canal for the
carrying of food materials between the roots and
the leaves, which are the working centres of the
plant. There are certain ducts in the wood by
which the root sap passes to the leaves, and there
are chains of cells also in the bark, through which
the food that Ls prepared in the leaves is canied
back from the leaves to build u{> the whole structure
of the plant, (consisting of the leaves themselves,
the stem, bark, flowers, fruit, and root. The leaf i.s

a centre of gi-eater activity in plant nutrition thati
the root is, for it is in the leaf that the foo.l is

finally elaborated or prepared for the upbuilding ,,f

the plant.

Carbon from the Air. The absoi-ption of watei- by
the roots of plants can be satisfactorily shown. It
is not so easy to see the leaves at their work of
building up the plant from foods obtained from the
air, but by unbuilding the plant we can learn that
plant elements come from both the soil and the
air, or, at least, that the elements contained in the
plant belong properly to the soil in certain eases
and to the air in others. The simplest division
of plant substances is into water iuid dry matter.
If a plant is pulled up it wilts oi- loses most of its

water. The rest of its moisture can he driven off
by drying the plant in an oven. Tiie free water
tihat leaves the plant by air-drying i.s uecessa.y
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for growtb, nnd complete drying drives off water
that is consiitueiit watei', but the really important
coiistitueuts of the plant are those of the fully

dried plant.

The dry matter of the plant can be further

divided or redueeci. 1 f v, - buiii a plant, most of its

bulk disappears, but . t all of it. We thus have
combustible and incom > istible parts. What is left

over after burning is called the aah or mineral sub-
stance of the plant. We may conclude that this

part of the plant comes to it by the soil water which
is in contact with mineral matter in the soil.

The rest of the plant has disappeai-ed as com-
pletely as the water has. We can, however, learn

something of the combustible parts of the plant if

we check the buining pnx-ess before it is completA
If a plant or i>iece of wo<^Hi is burned or charred in

a closed vessel, that is, with the air excluded, the

res, Hll be charcoal. It is in this way that the
char<'oai of eommei'ce is obtaine<l. Charcoal is

pure carbon, except f(jr the ash or mineral matter
which it contains. A large part of every plant is

carbon. Other forms of carbon are the lead of lead

pencils and the diamond crystal, which is pure
carbon. It is the carbon containe<l in coal and
wood that entitles them to be (tailed fuel. When
the plant is completely bunied in (he air the
carbon disappears. It unites with tlio oxygen of

the air to form carbonic acid gas. It is in the form
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of i'arl)oiii<. n«i(l gas that the phiiit gets back
from the air the eailwii, which makes up about
half tlie weight of tlie dry matter of j>lauts, and it

is the si)ecial work of the leaves to secure this
carljon and use it.

The Leaf. Ft is the work of the leaf to I'eeeive
moistui'e coming to it by way of the stem, air by
way i.f the jwivs of the lejif, and to manufactur«

<t - "Zfm

Fio. ]8. Leaf STKUcrnRE. -,, F.iidermal (KUi,; /,, (•hm.r.,phvix
C'Ei.iaj f, Tissue; il, Aih Cki,ij( ; f, .Stohata.

from these the food i-e(juirv<l by the plant. The
leaf also permits the escape of moisture not rcjuired
ill the growth of the plant. The framework of the
leaf may be .seen by holding it up against the
light of Xh^ sun. The leaf stalk divides into many
branches called veias, and these are connected back
and forth by snialb-r veins. It is by the veins that
the soil water is led al.out to all i)arts of the leaf.
The leaves are snitW-fs to the sun and air. The
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upper HUi-face is generally smooth and biight-

folort'd, and the under .side rough and dull, but the
minute structure is not apparent. The bright gi-een

of the upper surfa<re is due to a coloring matter
called chlorophyll in a layer of cells near the surface,

and the roughness of the under surface is due to

pores in the leaf, which are found chiefly on the
under side, and to minute hairs which protect them.
These pores are called stomata. It is by the pores
that air enters the plant, and with it carbonic acid

gas. Chlorophyll is the active agent in food pre-

paration. It absorbs certain rays of the sun, and
the energy obtained in this way breaks up the car-

bonic acid gas into carbon and oxygen. The oxygen
is set free, but the carbon, or part of it, unites with
the soil water to make sugar, and finally starch.

This process goes on only during the day. By a
process similar to digestion the starch, which is

insoluble, is again turned into sugar, to be re-

dissolved and carried to all parts of the plant. As
the stem conta;ins chlorophyll, the work of food
preparation goes on to a slight extent in the stem
as well as in the leaves.

All the starch made in the leaves of plants is not

immediately used in the gi'owth of the plants. It

is stored in the stem and in other parts of the

plants, and serves to promote biid growth or blos-

soming befoi-e general growth has started. In the

case of the fleshy-rooted plants, as we have already
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seen, it sei-vos to sui>i)ort seed i)ro<luetion in the
second year of th<« life of c-ortnin plants.

Transpiration. The uses of water in relution to

phmt life an four. It earries food from the soil to

the leav<s of the plnut, it curries the i>repared food
from the leaves to all parts of the plant, it is found
in the cells of all growinj? plants and keeps them
fresh and turgid, an<l it is part of the intimate con-
stitution of plants. The process of building up a
plant through the circulation of soil w ater is a very
gi-adual process. It seems that only small portions
of plant food materials are liberated from the soil

at ii time, and a great deal of water passes through
the plant while it is growing. The water that is

not needed to dissolve and distribute plant food, or
that is not required to keep the plant fresh, j)asses

out thi'ough the pores of the leaves. This process
is called transpiration. It has been estimated that

phiuts use from three to five hundred tons of water
in the making of one ton of dry matter.

The movement of water within tlie i)lant is influ-

enced by both the supply of soil moisture and the

condition of the atmosphere. If there is an abun-
dant supply of moisture about the roots of the

plants, they become fresh and turgid by rapid
osmosis. On the other hand, if the temperature is

high, the air very dry, or tli weather windy, the

plants wilt by rapid ti'anspirutiou. Anything that

affects the vato of evaporation affects the rate of
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transpii-atiou. Plants have tlie capacity to limit

transpiration by closing their pores when the snpply
of soil moisture is low, but not to the extent of pre-

venting partial wilting in very hot, diy weather.

This accounts for the rapid drying up of vegetation

by hot, prairie winds.

Plants adapt their structure to suit climatic and
soil conditions. The leaves of plants ai-e usually

very thin and open in stracture in moist climates,

but thick, fleshy, and compact where moisture is

scarce. The cactus is found in dry places. It gives

up its moisture so slowly that it scarcely wilts when
cut and thrown out in the sun.

Importance of Leaf Growth. The root of a plant

is commonly looked upon as the vital part of the
plant. While a plant immediately dies when de-

prived of its root, it is equally clear that it cannot
continue to live and grow without leaves, as it is in

the leaves that food-making goes on, and from the

leaves that food is distributed. The extent of the
leaf system determines the extent of growth. If

limbs are broken from a tree, or leaves stripped off

by insects, or in any other way, the whole life of

the tree is affected. If plants are grown so thickly

as to shade each other, or if weeds shade the crop,

the sun is shut out, and chlorophyll is not developed
in the i)lants. Most plants that are grown in the
shade of a house or fence do poorly for the same
reason. Grass grows poorly under trees.



STBUCTUBE AND FUNCTION OF PARTS OF PLANTS 71

EXERCISES

1. Take a ,mall plant with heavy leaf growth, and cut oft

with a httle water colored with red injc. Through what
parts of the root and stem does the water ascend ? 2 Do thesame thmg with a cut «talk of celery. 3. Bind a twig tightly
n spnng, w.th a wire, and oK^erve the effect over a perL o^two or three month. At what conclusion do you arfve with
respect to sap movement in the bark! 4. Explain the pro-
cess o blanch„.g celery. 5. Why are ga^en plants usually
set out m the evening instead of in the morning or at mid-day ?



chaptp:r XI

REPRODUCTION, PROPAGATION, AND IMPROVEMENT
OF PLANTS

The Flower and Fruit. Aftor a plant has about

reached its iiatiiriil sizo, or tho sizo iiossiblc to it in

the coiiditioiis uiidei' which it is ffiowing, it sends

forth flowers. Flowers are conaiionly beautiful

and striking in appearance by leason of their form
and bright coloring, as in the case of tho lily or

apple blossom. In other eases they are small, as

in the case of the gi-ains and grasses, or not highly

colored, as in the ease of (!orn. Tlieir work, how-
ever, is very important. The flowers contain the

parts which make the :.eed and so make possible

the continued life of different varieties of plants.

If the flower fails in its work there will be no seed

and no new plants except in the cases of plants that

can be started from slips or cuttings.

The parts of the flowers and the uses '^f these

parts can be very easily studied from the : , pea,

though its sti-ueture is much more complex than

we commonly realize if our interest has been taken

up wholly with the delicate tints of the flower.

Outside of the colored petals of the flower we find

a little green cup for the flower. It is quite regular
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in shape and has five points. When tliey ....cur
separately, eadi of these points is called a sepal-
taken together they are called the calyx. They are
not Joined together in all tlowers, nor is tiieir num-
ber always five. The ..olored leaves of the sweet
pea, called petals, are not all alike or regular as they

Fir., ao. Pktam and Essk.-tial Groans or ihu Sweet Pea.

are m such flowers as the lily. The pea flower has
been likened to a butterfly. It is possible, however,
to relate Tne petals to the sepals as to number, as it
IS with respect to the parts of the flower inside of
the petals. The petals together are caUed the
corolla and the calyx and corolla together are called
the floral envelopes.

Within the floral envelopes we have the essential
organs, called the stamens and pistil. The stamens
are ten in number. They are thread-like in their
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upper part, but arc joinwl together into a thin saek

at tlie lower en«l, all except one, which is free.

Inside of this sack is a soft, hairy pod whi<'h con-

tains the fnttire setnls. The upper end of the pod
consists of a tube which rises in the jniddle of the

stamens and is called the jiistil. At the upper end
of thtf stamens arc enlargements, which are reallj'

little boxes containing pollen. This i)ollen is liber-

ated easily, and when the flower is opened it will be

found scattered alxmt on the i)etals. The end of

the pistil secretes a* sticky fluid to which the pollen

adhei'cs. The transfer of the pollen to the pistil is

called poUination. It is by means of the pollen dust

which grows down the tube and fuses with the

contents of the pistil that the seeds are formed and
matured. This pror 3S is called fertilization.

All flowers are not as complete as to essential

organs as the flowers of the sweet 2>ea are. Some
flowers have only a pistil, while others of the same
kind of plant have only stamens. This occurs in

the case of the flowers of the sqrash on the same
vine. In these cases the pollen dust has to be

carried from oi 3 flower to another. This is done
in some cases by the wind, com being an example.

In other cases it is done by bees and other insects

that are attracted to the flowers by their bright

coloi's and tlieir scent or by the nectar they contain.

Propagation of Plants. The matuiing of the seed

makes possible the continued life of the species of
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l>l!iiit i.rodupiii^ til.' so»>.l. Tlie soimI is milly a
liltle plant ivmly to ijrow \vlieiii>v."r siiitiihle con-
ditions iiiv iirovicUid. I'ndcr nutnnd conditions
I'liints iiiciviiM- chietly liy s.!.'.:, but not exclusively
111 this way. Silvcrw.'cd fryows stems which lean
over and touch the f,'ronnd where they develop roots
aiul so hefrin a new phiiit. Bla(^kl)erry hushes
droo|. over and estahlish n.'w plants in the same
Wiiy. .Many shrnl.s and trees grow suckers from

Fii:. 21. Rki>k(i1)I(jtkin iiv Kinneks.

their roots. These may be transplanted success-
fully. Couch grass si)reads from buds on an
underground stern. Nature has to provide likewise
for the distribution of seeds, which is done in a
variety of interesting ways, as we see in the case of
the maple, dandelion, thistle, tumbleweed, and burr.
On the other hand, man plants his seeds in the

places and in the order that suit him, and besides,
uses a lumiber of ways of increasing his plants that
are not used by nature. All the other ways in

iU
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which plants are iiicrpased by the gardener or far-

mer are by a method of divlaion. He increases his

stock of strawberry plants in the same way as the

silvtJi'weed increiises, but he cultivates his plants,

not only to i)roduce fruit but to make them grow a

lot of runners. If his soil is in good condition the

I'unners root well. Sometimes he gets as many as

ten from one plant. The strawberry grows seed,

but plants from the seed do not grow true to the

pareiit plant, as they do in the case of most of our

useful garden and field plants, such as beets, carrots,

turnips, and the grains and grasses. When a plant

varies widely from normal type it is said to sport.

The most common method of division is by the

use of cuttings. To grow currants, raspberry, or

gooseberry bushes, the gardener takes slips of young

wood and cuts them squarely across just below a

bud, strips off a couple of buds above the cut and

plants them in the fall in a bed of loose sandy soil.

It takes two seasons of growth before the plants are

ready to bear. Rose bushes are produced in the

same way. Willows are easily grown from cuttings.

They may be set in the gi'ound where they are to

be permanently, and they grow rapidly. Many
kinds of flowers are grown from stem cuttings, the

geranium being a common example. Others, such

as the begonia, do equally well from leaf cuttings.

The potato, while commonly associated with root

crops, is not a root in the ordinary sense. It is
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;^1W a tu....... The „„t„fo,v,.i..|. we „.s«an.l plant

riH. potato p-ous seed. l.„t, like the stmwl.errv it.loes not eome tme to the phtnt i.ro.luei..^ it J^^"- -.tt,n,.s tVom the ste,,.. i,.othe.- n. .od"
pl;;nt.hv.K>.n. layering. It iseo„„u..nlv p,-^!

ot plants, such as oaraations. In hiye.-inK of wape-vn.es
.

,s nsnal to cover two l>u Is'and lelfo' «exposed and allow the plant a season to set befo.'e

All the tree fruits, su.h as pl„„.s, peaches, apples,
Pe. N ... hemes, are grown from buds and gr.fuas they do not conie true from seed. The slhi or
pa.'t of the stem that is set is called a scio 'the
Mautxntowhichitis set is called the sto L tL«c,on IS set m a split in the stock. To succeed itIS necessary to have the cambium of the stoi incontact with the cambium of the scion so that theymay g,.ow to,,ether. The cambium is a laye ofcell tissue between the bark and the wood m whichthe g,.owth of r..w wood takes place. Thlcut
surfaces of both the stock and scfon are covJed«ith wax to prevent drying out. B-.dding, which
IS graf mg of a single bud, is performed by LrtLga bud between the wood and the bark. Plants are
ftequently mereased by root division. Most shrubscan be grown in this way. A garden plant that i.
easily subject to root division is rhubarb, from
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which US iiiiiiiy phiiits iniiy )>«> thrown as tht'if are

buds and hy u ronjfli mt'tliod "f division.

Plant Improvement. All <if thi' phints «» i.tupii-

giite and ^row havt* wild ani't-stoi's. Tin' iii'ist

(jisily obwrvt'd cxauiiiU's of tamo and wild jdants

of tlw siinw general kind are the sirawlierry, nisji-

berry, blaekeap, thimbleben-y, ehervy, i>lnm, and

grape. Wec.-.niiot find Wilil vunptieseonesponding

to all the tame plants that may be cultivated in a

given locality, or even country, ami some of these

would be difficult to recognize. The resemblance

of tame and wild fruits is very plain, but the differ-

ences aie also striking. The tame plants are prolific

and the fruit is large and juicy. The tame fruits

are a great improvement on the wild ones in their

usefulness to man. The changes in these are due

to culture, using the word culture to stand for all the

means that have been employed to make the plant

better.

Cultivation. In a wild state plants ai>iiear in

great confusion. Trees, shrubs, flowers, and grasses

are all competing for soil, moisture, sunlight, and

air. When plants are grown by a fanner or

gardener he excludes all other kinds of plants, both

tame and wild. He loosens the soil to promote

root development and to 'ncrease its moisture-

holding capacity, cultivates it to kill weeds and to

prevent evaporation, and sets the plants at such

distance apart as will eiudjle each to grow without
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int.'cf.M'injr with its iM.iKhl.or, aiul li.- imiy ..v..|i

furnish siipiilit's cf iiioistmv anil f.'itili/.in;; siil.-

staiic.w arlKi.-iiilly. In ..v,.iy way h- sliiniilalrs

(hf ithiiit to make tho lifst jx.ssil)!.. urowtli. Thi>
•ontiiiuatioii of this tivalni.-nt fniin jf.Mi.Tation to

Kt>n.Tationi.r(>.hi(vss(.rn.M.fth.Mlit1'.'ivi sIh-Iw.-.^m

wild and tame jilants.

Selection. The diani.'i's imxhiirfd in phmts hy
c'ultivi' ion arc important, hut not so important as
Konu' .it ar»> iirodu.-fd in otlicr ways. Tli.' cjiii'f

way in which plants may he improved l.y tht> or-
dinary farmer or v 'riUsncr is l>y selection. W'liJIc it

is commonly said
: it jihmts .uid animals produce

after their kind, it is also the case that no two plants
are exactly alike. Plants have the power to difTer
in small or large ways from their ancestors. This
is calle<l variaticn. if jihints did not have this habit
it would not be possible to improve them l)y sel-

ection. By selection is meant tiie jruidinj; of the
changes in plants and animals by eutting (mt all

those individuals that change in undesiral)le ways
and keeping for rejiroduction those that display
desirable clianges. In a patch of thimbleber.les or
a field of wheat certain i.lants are always better
than others, even under identical <'onditions of soil,

sunlight and caie. By using for reprothu^tion only
cuttings from the good thimbleberry jilants anil
hoad.s from the good wheat plants, our ci-ops may-
be improxed in both cases.
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Examples of Improvement by Selection. Common
examples of crops that have been improved by
selection are the gi'ains, the potato, and the sugar

beet. Usually the care of the farmer in the choice

of seed is limited to securing seed that is genuine,

that is free from impurities, and that has vitality.

By this means liis crops are improved and his

profits increased. A more effective method of im-

provement is the selection of seed in the field. The
plants from even a handful of wheat may show

striking variations. It is the selection of the best

kernels from the best heads of the best plants that

has given us some of our best varieties. Grain that

is the result of this kind of selection and that is

kept pure is called pedigreed seed. It is quite possible

that in a single field of wheat we may observe

plants in different instances that show such desir-

able qualities as liberal stooling, early ripening,

resistance to frost, resistance to disease, shorter or

longer straw, stiff straw, long heads, or large ker-

nels, any of which may be made the basis of

producing a new variety that would be an improve-

ment on the general crop.

Corn has been subject to great improvement by
selection iu United States. It is a plant of great

variability and wide adaptation. By the selection

of varieties and of seed from individual plants that

show early maturing qualities its use will extend in

Western Canada.
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The potato is an interesting example of the work
of seleotioii, in one case to conserve the purity of
variety, and in tJio other to improve the quality
and productivity. The potato is reproduced from
the tuber because the seed does not come time.
The improvement of the potato is commonly
brought about by selecting tubers for setting from
the best producing hills and by choosing the best
formed potatoes.

The sugar beet has been raised in .sugar content
from eight to eighteen per cent by selection. The
sugai- beet is a biennial. It produces its seeds in
the second year. The way it has been impioved
has been by the selection of well-formed beets in a
given j-ear and the analysis of the sugar content of
a portion of each beet which can be bored out
without injuring the beet for replanting. The
beets of the highest sugar consent ai'e planted for
the pi'oduction of seed for subsequent use.

Hybridization. The kind of improvement we
have been speaking of is based on the variations
in plants as we find them. Specialists in plant
improvement bring about variations themselves.
This is done liy crossing two varieties of the same
species. The result of crossing two such plants is

the production of a hybrid. We make a hybrid by
taking away the pollen from a flower before it has
had time to act and afterwards dusting on the
stigma that remains pollen from another variety.

I- (
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The liybi-id shows a new combination of the quali-

ties of the parents which distinguishes it from

either of them. The work of producing new
varieties that are desirable is not easy and there

are hundreds of failures for one success. It requires

patience or even genius. The most important

improvements in plants are made by hybridization

and selection rather than by selection alone, but

they are diflScult to establish.

EZBSCISES

1 . Make an examination of the flower of fireweed, morning

glory, vetch, and common mustard, so as to recognize their

common parts. 2. Conduct experiments at home with

cuttings of house plants, hush fruits, and willows to demon-

strate the method of increasing plants by division. 3. Dig

up a complete potato plant carefully to find out to what part

of the plant the tubers belong. Make a drawing of it.

^. Make lists of useful igid ornamental plants in the house,

garden and field that are grown from seed, from stem cuttings,

from root cuttings and by more than one of these. 5. Ex-

amine a plant of blue grass to find out its root habit.

Compare it w''-h timothy. 6. Count the stems on a single

wheat plant. Can you form an opinion as to why the num-

ber of stems varies t Examine the plants in th^i field for

this purpose. 7. Conduct an experiment in potato growing

covering two years, using large, smooth potatoes and large,

irregular potatoes, six hills of each, planting not more than

three sets in a hill and sets from a single potato in each hill.

Devise your experiments for the second year based on selec-

tions from the results of the first year.



CHAPTER XII

PLANT FOODS

The Constituents of Plants. In the study of the
s rueture and work of plants we have learned that
plants get their foods from two sources, the soUana the an-, and thai they get this food by means
of themy of roots in one case, and by activities
n the leaves and other pa.ts of the stem system, in
the other. In the unbuilding of the plant we first
separated the wat«r from the dry matter by heating
the plant m the oven. By burning the plant in a
closed vessel we got charcoal, which is made up of
carbon and ash. In completely b ning the plantwe restored its carbon to the aii .d found that
only the ash remained. We have thus found that
the plant consists of combustible material and ash
the former of which has been driven into the air'
while the latter has fallen to the ground
While it is possible for the chemist io separate

the plant mto the elements composing it, about a
dozen in all, just as it is with any other material
substance, it is found that the plant does n. t use
these elements separately but in compounds, except
in the case of oxygon, a little of which is used bv

83
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plants in respiration, just as it is nsed by animals
and human beings.

A compoui'd is a substance made up of two or
more elements. We have already learned that car-

bon enters the plant as earboni<> acid ga«. Water,
which plays such an important part in plant growth,
is made up of hydrogjen and oxygen. Nitrogen,
whi<!h is an important element iu plants, is taken
up in the form of nitrates, whic-h are compounds of
nitrogen foi-med in the soil. The sources of this

nitrogen are small quantities of ammonia and nitric

acid, which are washed out of the air by rain, and
nitrogen compounds, which jesult from the decay
of organic material in the soil. These four elements,

or substances made from them, ai-e impoitant, as
they make up about ninety-eight per cent of the
green plant. They are called the organic elements
because they form by far the largei- part of all

organic bodies. The mineral elements are just as
necessaiy to the life of the plant as the organic
elements. The necessary ones are six in uumljer:
phosphorus, potassium, calcium, magnesium, iron,

and sulphur. They are available as plant food
only in compounds. A plant usually contains two
or three other elements not essential to its growth
but found in soil solutions.

,,oil Bacteria. The nitrogen found in combina-
tion with other substances in the soil is called fixed

nitrogen. The two chief gases of the air, nitrogen
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B'lu. 23a. Alfalfa on Uninociilatku Soil.

Fio. 236. Aijalfa ok In iculatkd Soil.
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and oxygen, are not chemically coml.ine.l but exist
independently, or rather are mixed with each otherOn this account we call the nitrogen of the air free
nitrogen as distinguished from the nitrogen of the
soil. A certain class of plants can draw on the
stores of nitrogen in the air. These plants belong
to he family called legumes, and they include
alfalfa, clover, vetches, peas, and beans. If the
roots of a healthy alfalfa plant are examine.! there
will be found small bunches or enlargen.ents on
them called n«iules. They are caused by bacteria,
which are themselves small plant orgunisns, that
make a home and work in the roots of this class
ot plants. The bacteria themselves are wholly
indistinguishable except under a very powerful
microscope, as the smallest portion of soil contains
countless thousands of them. By their activities
the nitrogen of the air which enters the soil is
changed to forms available to the plant Thev
cannot work in soil that is not ventilated. The
legumes require a lot of nitrogen and they have
thus two ways of getting it, for they also use the
nitrates of the soil as other plants do.
Legumes Improve the Soil. The " nitrogen con-

tained m the roots and other parts of the legumes
makes them a good kind of plant through which
to add to the nitrogen content of the soil. All
kinds of organic matter, such as stubble, manure
and green crops, which are tm-ned into the soil'
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restore most of what is taken out by crops, but
the turning under of plants or even the roots of
plants of the clover family increases the supply of
nitrogen in the soil as the nitrogen or part of it

has been taken from the air. This nitrogen costs

the fanner nothing. Plants of the clover family
more than pay their debt to the soil.

Other bacteria besides those working in the roots
of the legumes are found in the soil, and aid in

making plant food available. The soil now is

looked upon as a live and busy workshop instead
of a dead, inert mass. As the work of bacteria
depends upon suitable conditions of heat, moisture,

and air in the soil, their discoveiy has influenced
our ideas of tillage.

Soil Inoculation. So. important are the bacteria

of the soil in both the life of the plant and the
improvement of the soil that when alfalfa, for

example, is being sown on land for the first time it

is customary to inoculate the soil. This is done by
scattering over it, to the extent of about a bushel
per acre, soil taken from the land upon which
alfalfa is already growing successfully, oi- it may
be done by cultures provided by the various

Departments of Agriculture. Inoculation, however,
should not be expected to secure special results

unless the conditions of tillage are favorable.

Uses of the Different Plant Foods. As the ten

elements we have spoken of are all necessaiy to
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plant >=fe, one is just as •niiK>rtant as another ^n
one sewse, for without thfm we <'v.u have no plant
at all. On the other hand, some of them are of
greater interest than others, lK)th on ac-t-onnt of
their use as well as on lu-couiit of their bulk. To the
farmer the plant is just a certain weight oi- hulk
of food, and when it is found that atwut niaety-
eight per eent of the wei^Wit of the green plant is
made up of the organic substances, the importance
of these is obvious. When the compounds of
which we liave been speaking are taken up by the
plant they ar.. all broken up and recombined into
wholly different compounds. The compounds from
the soil and from the air are plant food.s. New
compounds made from these i-i the plant are
animal foods, and these are valued chiefly for their
organic content, and are distinguished from each
other by tlie ways in which these contents are
combined.

The important food compounds in plants are
called carbohydrates, fats, and protein. Carbohydrates
are compounds of carb.>n and the elements of
water, that is, hydrogen and oxygen. They make
up the starch, sugar, and cells of the plant. Starch
is found in the seeds of wheat, com, and other
grain, and in the tuber of the potato. Sugar is
found in the juice of root crops, such as the
sugar-beet, and in the sap of such trees as the
sugar-maple. Fats contain a larger proportion of
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carbon than carbohydrateH do. They are found in

all seeds, prominently in flax, but in other grains

also, and to some extent in all parts of the plant.

Protein contains nitrogen and a little sulphur and
phosphorus in addition to carbon, hydrogen, and
oxygen. Protein is found in all parts of young
plants and also in seeds. It is an important

part of the seed of leguinino'"^ plants such as

peas and beans. It is these various substances

that give a plant its food value, as they funiish the

main part of the flesh and fat of the animal as well

as energy.

Mineral Substances. The uses of the mineral

substances to the plant are not so well understood

as the uses of the organic substances, but they

seem to be useful in relation to plant activities

rather than for their volume. It is known that

chlorophyll cannot be fonned unless iron is present.

Sulphur and phosphorus -.e found along with

protein, and are thought to be usefid in its forma-

tion. Potash is thought to aid in converting stan'h

into sugiir. Lime is not an impoi-tant jlant food,

but it helps to free other foods and improves the

physical condition of the soil. Of the other ele-

ments little appeai-s to be known.

The uses to the animal of the mineral substances

in plants are important, tliough the bulk of these

substances is small. The bones, tissues, blood, and
digestive fluids all contain mineral compounds.
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Potash and phosphoric acid are subject to ex-

haustion in old soils. Potash is found in unleached

wood ashes and phosphoric acid in bone, but the

available supply of these is so small as to be of

little practical importance. The best source of

supply of these for the farmer is in th.; stubble of

the land, in manure, and in crops of ditferent kinds

that may be plowed down for soil improvement.

The other elements required by the plant are

found to be practically inexhaustible in relation

to crop needs.

EXERCISES

1. Explain why plants are said t<> purify the air? 2. How

is the rigidity of green plants affected by conditions in the

soil? By conditions in the air? 3. Is soil exhaustion inevi-

table and necessary by crop production or not? What can

you learn of this matter from the vegetable mold of forests,

the soil of the prairie, and generally from your knowledge of

how plants feed t

II







TART Iir-TfLLAGE

CHAPTER XIII

OBJECTS OF TILLAGE

Modern Tillage. In a natural state soil is vei-y
compact, .hie to settling by its own weight, the
action of ram, snow, and frost, and the trampling of
animals. We can nnderstand that early attempts
at crop-growing were largely limited to the stirring
of the soil, in o;der to get the seed into it, and that
^-ely simple tools were used for this puipose. In
many countries the woik of agiieulture is still very
sim^.le. On the other hand, among nations where
prodnetion and commerce are active, investigations
are being steadily carried on by men of science to
find out how production may be improvetl or in-
creased. Much has been learned about the way
plnnts gi'ow, about the movement of water and the
action of air in the soil, about the work of bacteria
in the soil, and about the effects of tillage in
relation to all these things. The result is that
the management of the soil has become a very
important and complex business. Tillage now in-
cludes many different operations earned on in the

91
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preparation of the soil for crops, and also in their

subsequent care and cultivation, and involves

the use of a good many different kinds of

implements.

Objects of Tillage. The chief objects of tillage

are : (1) To break up and mellow the soil to permit

the penetration 'of roots, and to increase the contact

of the root system with the larj,i it possible surface

of soil paiticles. (2) To regulate the movement of

moisture in the soil, and to admit air. (3) To influ-

ence the temperature of the soil for the sake of

growth. (4) To turn under organic matter, such, as

sod, stubble, manure, green crops, or weeds, in order

to bring about its decomposition, and so make food

for the immediate use of plants. (5) To destroy

weeds, and to prevent their growth.

Tillage and Plant Feeding. The condition of a

soil, with respect to being coarse or fine, is generally

caked its texture. The finest ultimate division of

soil is into grains. The particles of soil as we see

them are not soil gi-ains, but are accumulations of

soil grains, more or less closely cemented or stuck

together. These are called granules. We often speak

of the granular condition of the soil, which means

the same as texture, or its condition of division.

Usually, soil that has been little tilled is coarse or

open in texture. The first purpose of tillage is to

bring the soil into a fine state of division. Soil in

a fine state of division is in the best condition for
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the support of plant life. The finer a soil is, the
more open and mellow it is, for each little particle
has some open space around it. The more a garden
soil is hoed and raked after being dug, the easier it
IS to set seeds or plants in it. So it is easy for the
roots of faiTO crops to find a home in the soil if it
is fine and mellow.

This is purely a mechanical advantage. Besides
this, the fine rootlets or root-hairs of the plant can
come in contact with a large surface of the soil
particles if the particles are small and there are
many of them. The plant will g,-ow an abundance
of root-hairs to take advantage of the little chan-
nels that lead them to plant food. When a plant
IS lifted in very fine, rich, garden soil, the root-hairs
are so numerous that they hold the soil togetherm a mass. It is possible, with certain kinds of
sou, to have the granules too small. If the soil is
too fine, it does not admit air readUy, and soil wat«r
does not move about in it readUy. The particles
become cemented together if the soil becomes satur-
ated. This is the case with veiy fine clay soil.

TiUage and Moisture. The working of the soil
has a good deal to do with the movement, and even
with the supply, of soil water. It cannot do much
to correct an over-supply of water. This condition
IS con-ected by drainage, which is reaUy a way of
reclaiming useless land, ruthei- than of tilling it,

though surface working may hasten the evaporation
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of excess water in certain kinds of soil. This does
not apply to heavy clay soil, which should not be
worked when it is wet.

When the supply of moisture is scant, or is not
more than suCcient, it can be made good use of by
right tnethods of tiUage. Before land is broken it is

very compact, and a lot of the rain that falls is lost
to the vegetation by rapid surface drainage and by
evaporation. The breaking of the land '^llows the
rain and melted snow to settle into the soil. When
the surface is coarse and open, the rain runs through
it, and is not held near the surface, where it is most
needed. The surface exposed to the upper air is

great, air enters the soil too readily, and the loss by
evaporation is great. When the soil is fine, the rain
soaks in readily but gi-adually, and forms an envel-
ope about the soil grains. We speak of the soil
holding moisture, but it is just as trae to say that
the moisture holds the soil, for it reaches from
grain to grain, and, if the supply is light, and the
condition of the soil right, the water supply system
of the soil is a common system.

It can be readily seen that when this is the condi-
tion of soil and of soil moisture, the food supply of
plants, rt'hich must come through the water, is at its

best. This fine condition of the soil is best, not
only to hold the moisture that falls, but also to lead
the water from the under-soil towards the surface,
where it is most needed for the roots of plants. As
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all soil water climbs to the surface by capillai-y
a«tioH, there is a possibility of losing a good deal of
moisture by evaporation. Light tillage of the soil
he ps to prevent this by breaking the connection
between the soil particles in the three or four inches
at the surface and the soil below it.

TiUage and Warmth. The temperature of tho
soil IS affected by tillage. The working of soil in
the spring raises its temperature, and so hastens
germination and growth. Good gardeners and good
farmers pay a great deal of attention to having a
good seed-bed. Making a seed-bed is preparing a
few inches of the surface soil carefully, by making
H fine and mellow. It absorbs heat readily from
the sun, and really keeps it, for it is not readUy
conducted into the hard soil below. It also breaks
off the nse, by capillary action, of the cold water
below for a while, so that evaporation is not active
and evaporation cools the soil just as perspiration
does the body. TUling the soil in the spring is not
only making a good place for the seed to get food
but a warn place to begin its life. If the gi-ound is
warm, more seeds will germinate than if the ground
IS cold, and if germination and growth are rapid
the plants will be strong plants. Another way in'
which tiUage warms the soil is by covering up
oi-ganic material that has been lying on the surface.
When this material is turned under, it ferments or
decomposes, which makes heat
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Tillage and Humus. The ti .-niiig luuler of stub-
ble, sod, manure, green crops, mid weeds, is secured
by tillage. Materials that letnaiu dry ou the suiface
of the soil do not liecome part of it, but when they
are turned into the aioist soil they beghi to decom-
pose. In decomposing, they fonn acids, called

humic acids, which help to dissolve the mineral
foods in the soil. Carbonic acid gas is also formed,
which dissolves in the "oil water, and this increiises

its solvent power. While humus, or organic matter,
is thus used up or decreased by turning it under,
it is by tillage that it is made immediately available

to crops.

Tillage and Aveeds. S .;i is frequently tilled to

destroy weeds. If laud is tilled sufficiently for the
good of the crop, weeds will not give any trouble,

but weeds are an incident to c. op-growing every-

where. Where they have not been prevented by
tillage, they have to be cured by it. They are

destroyed because they are greedy and thirsty

intruders on the support intended for the crops.

They are sometimes plowed under in fallow land.

In other cases they are killed by the harrows.

Much of the work of cultivated crops, such f„, roots,

tubers, vegetables, small fraits, and even young
trees, is done to destroy weeds. When weeds are

being destroyed by cultivation, the work should be
thorough, and should touch all of the surface soil,

so as to get good general as well as special results.
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KZKKCISBS

1. Pulvoiizo n, finely as p„«,il,|o, i„ the hamis, throe tmall
dry H,.,n,,l,.s ..f «u.-l, !.«,„, an.l clay, U, Htu.ly the fincn,*., of
d.v,Hi.,„ int.. soil grains. '>. Why ,|o we ,,,„ovo hani |„,np,
of Noil from alKHit the .VH.tH of p|»„t« whon wo „•« sottitiR
then, out? 3. Ha, the watering of plantn at the time of
"ett.nic tl.oni out any eflect b<.»id<.H the furnishing of w„tcr to
the n«tM of plants? 4. What is the ..ffeft of -lipping a dry
wiflc in oil before sotting it in a lamp burnor? Con,,«i,-e this
wtl. the effect when it is left .Iry. Apply the principle to
surface cultivation. 5. How would you expect the general
intr.Hluction of cultivation to affect the occurrence of flooiism prairie areas ? 6. State, giving r,.«sons, whether it is better
to br..ak prairie s,k1 when it is wet, or when it is dry
7 Estnnate the surface area of a cube four inches each way •

of the parts of the same cute cut into two-inch blocks •

into'
inch bl,K..ks. D.«,, this exorcise teach anything in relation to
tlie effect of fine soil division on plant feeding 1



CHAPTER XIV

Ilk'W

IMPLEMENTS OK TILLAGE AND THEIR WORK

Plowing. Tlieie are a great many different

kinds of irnj>lf(nents used in aKricultino. Of these
the plow has l)een made to symbolize the work of
agiicnltuie. Tillage is the fundamental operation
of farming, and the plo^v is the gi-eatest implement
of tillage. It goes deeper than any other imple-
ment and so fixes the depth of tilled soil ; it may
tuni up additions of under-soil to the processes of
weathering and of nixing vrith the soil already
tilled; it gives a complete change of air to the
under-soil; it is the implement by which humus is

set in the soil for decomposition, and it does the firat

step in pulverizing the soil in a very thorough way.
In jeration the plow is a combination of the

wedge and the screw. Ine share cuts the earth
and raises it, and also begins to lay the furrow-
slice over, but this is done chiefly by the mold-
board which gives the furrow-slice a half turn
when it lays it flat over. The work of plowing
does not consist simply of turning a mass of earth
upside down or setting it in ridges to be worked
down by the harrow. In the act of raising and
turning the furrow-slice the plow really divides it
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into a niimWr of thin luyt'is. This is .'siMH-ially

true of tlu> J.1..WS with Htc«'j) inohl-lMnmls. We can
undei-staiid that if a six-im-h d.^'p fiiirow-siife
were divid...! into six sli.-ps, each an iix-ii in depth,
that the bending of th.t fun-ou-slic,. hy raising it

would cause tlie upper slice t(. slide over the slice

immediately Iwlow it. Tlie same thing would
happen with each of the five up,K}r slices in rehitif)n
to the one below it, Just as the leaves of a book
pass each other if bent in a thick group between
the thumb and linger. The plow really does this
slicing in a rough way for itself. Each upper part
of the fuiTow soil slides over the part below it. If
the furrow-slice is thin there is not much crumb-
ling, but if :t is thick the j.ulverizing is better done.
Tt is the sliding of the ujiper i)arts of a furrow over
the lower parts, or the foiling of the lower parts
against the up(.er by the p.essure of the plow, that
makes the draft heavy in deep plowing.
Depth to Plow. The depth of plowing dei)ends

upon a great many diflferent conditions. If a soil is

a shallow soil, as it is called, having only three or
four inches of jiropeily weathered material and
humus, and lies immediately on fop of clay, it

would lessen the usefulnc ,f the surface or agri-
cultural soil to turn up large quantities of the clay.
Though the increasing of the depth of tillage is to
be desired, only very small quautities of uuder-soil
should be turned up for assimil;tion with the top soil
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at a time. Deep plowing may be an injuiy, but
it is not likely to be so with prairie soils. Praiiie
soils ai'e frequently very deep soils, and in any case
the diffeience between the top soil and under-soil is

not very great, and in prairie soils deep (mltivation
is generally desirable from considerations of rain
saving. In spite of the under-soil l)eing poor it is

often desirable to plow deep in order to open the
under-soil, which may be hardpan ; but instead of
mixing it with the upper soil it is perhaps better to
use the subsoU plow to increase the depth of loose
soil. The chief objection to the use of the subsoil
plow is the expense of a second plowing.
The first breaking of land is often too shallow.

The bottom of the furrow, which is called the
furrow-sole, becomes hard and glazed by plow pres-
sure, and each plowing at the same depth makes it

hard to break through and establish deeper tillage.

Usually fall plowing is deep and spring plowing
shallow, to secure winter reduction in one case and
to make a quick, warm seed-bed in the other.

The management of clay soil requires judgment.
It is always hard to work. When it is wet it

should not be worked at all, as its granular con-
dition is destroyed, and it becomes a dense, compact
mass. About the same thing happens when it is

very dry. The granules become pulverized into
the very small grains of which clay is composed,
and these lie so closely that they do not readily
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admit eitlier water or air. The comiuicting of clay
Sf .1 by a reiluotiou of its granules to soil gi-aius is

illed puddling.

Plows. Plows are constructed to suit the work
they are recjuired to do. Tliere are two kinds of
plows, mold-board plows and disk plows. Of these the
mold-board plow is more common. There are two
principal kinds of mold-board i)lows, called sod or

breaking plows, and stubble plows. The so<l jdow has
a long, low, gradually turned mold-board, and is

used to cut a clean furrow and turn it ovei- so as to
cover what is on the surface. The other has a
short, high, steep mold-board, and is used to pul-
veiize the soil and make it mellow.

The draft of a steep mold-board plow is greater
than the draft of a sod plow in the same kind of
land. It is i)ossible to use the steep mold-board
plow only in easily plowed land. The long mold-
board plow has to be used in new laud or tough sod
where we have to be content with turning the furrow
over to secure the rotting of vegetable matter with-
out doing much pulverization of the soil. The
share of the breaking i)low has a long, oblique edge
to make the cutting of roots easier and also to

make the holding of the plow easier. Soils that are
naturally loose, such as sandy soils, do not need the
work of the stubble plow to pulverize them, and a
long mold-board plow or an intermediate kind is

more suited to these soils.
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The disk plow consists of a single workiiig part

which cuts the soil, lifts it, and turns it over,

crumbling it pretty well in the o{ieration. The
disk plow is mounted on wheels, and it does not

glaze and harden the bottom of the furrow to the

point of making the capillary action between the

under-soil and tilled soil diiKcult. It will work in

Fig. 26. Engine Breaking.

diy and in sticky soils better than the mold-board

plow will. It is suited to a lighter type of cultiva-

tion than the mold-board plow is, and is frequently

used in spring work.

When a plow turns more than a single furrow it

is called a gang-plow. On the prairies much land is

broken and cultivated 1)y plows made up of a

number of single plows and drawn by an engine.
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They are suited to very large fields. Plows that
are followed and held by the operator are called
walking plows; those that are mounted on wheels
to carry the plowman <-

: called riding or sulky plows.
The subsoil plow is a special kind of plow with a
single (^hisel-liko share that tears up the soil in the
bottom of the furrow made by a common plow.
It enables the soil to receive and retsiin additional
moisture, and opens a deeper feeding gromid for
plant roots.

Harrows. The harrow is used to make the
surface soil finer than it has been left by the plow,
and to make it level and smooth; to make dry
mulches on fallow land and on yoimg crop, and to
destroy weeds. The common kind of hai'row is the
spike-tooth harrow, which consists of a series of teeth
Li „ in a steel frame, and generally capable of being
set by means of levers at different angles to tear or
pulveiize the soil. It is sometimes called the drag
harrow to distinguish it from the disk harrow.
The disk harrow is in general use where new land is

being converted to cultivation. It cuts the sod
and pulverizes the soil so that it fills the fuirow
seams and corrects the open textui-e of rough sod
plowing. This helps in the rotting of gi-ass ^hat is

turned under. It is used in the fall to break the
surface of hard stubble land immediately after
cutting. By this means continuous evaporation is
stopped, the land is in better condition for the

'ill
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W'

covering of stiiblilc by plowing, or if not plowerl,

the surface is roughened to catch fall and winter

Tnoistu?-e. It is often used instead of the cultivator

in tho i)rei)iiration of land in the spring. Disks of

twelve to fourteen inches diameter do better work
in soil filling a-id mixing than larger ones do,

though the draft is heavier.

Other kinds of standard haiTOw are the acme harrow

and spring-tooth harrow, which aid in the cutting,

tearing, and pulv iiziiig of soil. Home-made imple-

ments which aid in the smoothing and fining of the

soil, particularly after seeding, are the planker and
the brush harrow, both of which are quite u.seful in

bringing about what is sometimes called the loose

comiiactness of seeded g'.-ound. For the special work
of weed destruction the haiTow is extensively used.

The drag harrow will destroy a good many seedlings

by tearing thein loose and leaving them on the sur-

face to dry. The disk cuts deeper and stirs the soil

much more than the common harrow does and
destroys weeds. Weeds, however, of the tap-root-

ed kind especially, require some kind of a cutting

impleineiit to destroy them. For this pui-pose some
type of flat-footed cultivator is necessaiy.

Packing Implements. In many places seeding

operation>; are followed by the use of the roller to

break the small clods on the surface, and to com-
pact and wann the immediate surface in order to

secure quick germination. Its use applies tc moist
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climates chiefly. In <liy or semi-diy areas it is not

an advantage, as it (Quickens evaporation and
smooths and fines the sui-uicf! so that it blows

badly. In very wet land it i-auses baking. An
implement called the surface packer (Fig. 8) is used
to make firm the seed-bed after sowing in areas

not subject to heavy precipitation. It consists of

a series of metal wheels set on an axlo but with the

rims notched so that it presses through the soil

rather than completely over it. This leaves the

soil compact, but with the surface still broken so

that it cannot be I'obbed of fine soil by tin* winds.

The subsurface packer is built up of wedge-shaped

wheels resembling a combination of two disks

placed with their concave sides together. It is

intended to compact the seed-bed some distance

down, especially where the texture is very oj^en, due
to undecomposed stubble and other organic matter
or to general lightness of soil.

EXERCISES

1. Examine a plow so as to know the following parts and
their uses : beam, share, point, mold-board, laiidside, heel,

coulter, rolling cutter, jointer, and beam-wheel. 2. What are

back-fiirrow, dead-furrow, and a land ? 3. Of what injury

are kinks and breaks in a furrow slice ? 4. Whetlier would

you choose May, June, July, or August for breaking prairie

sod and for what reason? 5. Of what use is the packing of

a garden l)ed after the seeds have been sown ? 6. What are

the losstss and the advantages, if any, in stubble burning?



CHAPTER XV

DRAINAGE

Surface Drainage and Underdrainage. Even in
countries of moderate rainfall there are ureas that
have to be fi'eed of surplus water. Sometimes large
areas are covered with water that can be removed.
In such eases drainage is laud reclamation, and,
according to the extent of the work, may be a
national or a municipal undertaking. On individual
farms reclamation work may go on on a smaller
scale. Often a little work may change a consider-
able part of a farm that is covered witli standing
water into arable land or hay land. The work is
done by surface ditching. No elaborate plan or
careful, detailed eonstraction is necessary. It is

simply a ease of lowering tlie water level at a point
where it can be done with least labor. The gravi-
tational movement of water itself tends to make
natural channels, by which the water moves towards
the ultimate drainage basins of the globe. The
work of surface drainage, however, is important, as
it increases the productive area of the earth.

Underdrainage is a different kind of work. It
is undertaken generally to bring about a different
condition in the soil, and so is closely related to

106
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tillage. It is a branch of soil management, and
this is why it is generally discussed along with
tillage. It is an expensive kind of improvement,
and is not common in areas where land is cheap.

Objects of Drainage. The uses of diaiiiage are as
follows: (1) To make soil firm enough to permit of
its being worked. (2) To admit air. (3) To increase
the waimth of soils. (4) To remove an excess of
soluble salts.

Drainage and Tillage. The operations of the farm,
such as spring tillage, crop cultivation, and liarvest-
ing, are sometimes held back by a wet condition of
the soil. It is not, as a rule, any advantage to work
soil when it is wet, especially clay soil, but as soon
as a farmer can get on the land, and can cany on
light surface tillage, he is by this means aiding
surface drying by opening the soil to the air. If
either surface drainage or underdrainage will make
earlier sowing possible, it is an advantage. It may
still be inadvisable to seed land that is only diy
enough to put horses and implements on, because
the nearness of free water may keep the seed-bed
cold. The progi-ess of evaporation of water near
the surface itself will have this etfect. Usually,
however, if the soil is dry enough to work, -'t is

warm enough to seed.

Drainage and Air. The importance of water in
plant growth has been shown in our plant studies.
It has what the plant physiologist calls both
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fuiictfonal and <!onstitueiit vtiluo, which means that

it aids plant growth and it is also a part of plants.

The water that passes through the plant has been
shown by experiment to be four or live Iniiidred

times tlie weight of the dry matter of the plant and
about seventy-five to ninety i)er cent of the weight

't'M4:f*

Fio. 28. Appearance or VKfiETATios in Undbained Land.

of the green plant is water. In spite of all this, we
may have too much water in the soil. "VVe must
have air as well as water in the soil to have plant

gi'owth. If land is water soaked, plants may even
wilt and die from root suffocation. We need nir

and warmth in the soil for the dissolving of plant
food and for the .sustaining of the life of the

bacteria in the soil. Air is a condition to the
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activities of tho I'oots. The water itself wlii.-h fulls

on tliH Itmd briiisjs down into tho soil fresh supplies

of oxyjreii from tht* air. If the soil is already filled

with water, the fresh water .just runs off the surface.

The iiu-rease in tho depth to which air jjenetrates

increases the volume of soil within which tho root

system of plants may develop and feed. Thus,
tho removinjf of water really nnikes more water
available. Plants that gi-ow on swamps oi' marshes
aie always shallow-rooted. If the water level i.s

lowered, the roots follow the air downwards. The
roots of grass and grain crops in well-diaiiu-d,

porcms soil, commonly penetrate to a depth (if two
or three feet, though the bulk of the root system is

near the surfacse.

Drainage and Warmth. Water is a poor coudu(!tor

of heat. If land is saturated with water, it does
not warm up in the sun like well-drained laud does.

The water of a lake is of a lower average teinpei'a-

ture than the sand of the shore in the growing
season. Soil does not warm up in the spring until

the air gets into it. The fermentation processes,

which can go on in tho soil only when it is ven-
tilated, warm up the soil. As root activity increases

with the increase of wannth in the soil, the warm-
ing of the soil is directly promoting growth.

Drainage and Alkali. In the passing of water
through the soil, some of the soluble matters, or salts,

as tliey are called, are taken with it. The condition
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Uitil

of w'li water is the inost common and striking
example of the lemoviil of soluhle salts from t)ie

land by drninajfe. This means a loss of plant fools.
On the otiier hand, if the lanil does not drain

these salts in some places accumulate on the sur-
face of the soil. They are dissolve.1 in the first

place by rains, and washed a little way into the
soil, and return again in the water by capillary
movement. As the water evaporates, they are left

on the surface, usually as a white incrustation, but
not always. AVe ha\e botli white and black alkalis.

'I'his condition occurs also on dry lands, where there
is not enouph precii)itation to nmke any free water
in the soil, or it may occur on the borders of
sloughs, the watei- of which is held up by hai-dpan
not far below the surface. The wat«r of such
sloughs is sometimes injurious to stock. There is

no gi-avitational movement of water away from
these places, but only a return capillary movement
and evaporation.

This gives rise to what are called alkali Unda.
They are not so much a particular kind of land
as a particular condition of land. They will not
support vegetation, because the soil solutions are
too strong for the i)lants. They cause the plant to
lose what cell sap it has instead of gaining soil

water. Improvement is secured by drainage, or by
the breaking up of the hardpan. On dry lands, the
introduction of iirigation, which is a combination
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of wnterinj? and diiiiiiing, UMimlly doos away with
the trouble, but irripition witlioiit effectiv edruiiiajj:.)

makes the alkali condition woi-se.

Construction of Drains. Suifa... dniins nmy con-
sist of furrows iniido ))y the plow, or of channels
both wider and deeper, made with the additional
help of the scraper, or of more elaborate .lit.'hius;

machinery. Where the ditcli..s aiv sliallow, th.-

sides are sometimes made to slojx. so friadiially as
not to interfere with the working' of mowers and
other machinery. They siiould l)e kept free from
abrupt tunis, and the sides siiould be sown to ^rass,
as weeds develop readily alon^ ditches. A modified'
type of surface drainage is secured by the dea<l-
furrow in fields tliat have been plowe.i in narrow
lands. Where the .slope of a field is in a single
direction, this plan works well.

Underdrainage requiies more elaborate con-
struction. It is usually secured by factory-made
tiles of a diameter from three inches up. Water
enters the tUe through the crevices between the
tUes. Lateral branches should generally be made
of smaUer tile than those of the main canal,
and the laterals should enter the main drain
at such an angle as to avoid cross cui-reiits. The
work of laying out a system of und(>rdrainage
requires the use of the level in the first place, to
determine the fall of the land, and to fix depths
and grades. The fall should not be less than two
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inches in a hundred feet, and the bottom of the
drain in which the tile are laid should be a direct
and accurate slope. A fall or depression in the bed
of the drain may cause the settling of sediment and
the choking of the drain. The construction of
underdrains demands expert direction and careful
work. The depth of the drain is usuaUy three or
four feet.

EZEKCISE8

1. Why are flower pots constructed as they are 1 Conduct
an experiment, devised by yourself, to test your explanation.
2. Why do weeds and crops grow so well on the margin of a
ditch? 3. Why is steaming greater on plowed land than on
undisturbed land in the spring! 4. What difficulties might
arise with tile^raining in the Prairie Provinces on account of
the deep penetration of frost and its slow thawing out?







CHAPTER XVI

MOISTURE CONSERVATION

Prairie Climate. Both climate and natural fertil-
ity influence soil nianageineut. A supply of plant
food in the soU, and moisture to carry it into the
plant, are both neces.saiy for crop production.
Right conditions as to moisture are commonly re-
garded as part of fertility, but as either may be a
problem without the other, they are better considered
separately. In areas of liberal rainfall, such as the
eastern parts of North America, the interest is

chiefly in the .wpply of plant food in the soU.
These are the earliest settled parts of the continent
and in some places show an exhaustion of plant
food substances. Heavy precipitation itself causes
some losses. The central plain of North America,
on the other hand, has a precipitation of from fifteen
to twenty inches only, as against from thirty to
sixty, and a climate described as extreme. Its

winter temperature is low and its summer tempera-
ture is high. Its moisture evaporates rapidly. On
the other hand, as it is recently settled, it has not
had time to show exhaustion of its natural fertility.

The conservation of moisture is of importance on
113
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the praine. It is a matter of special interest in

special areas ; for example, those mider the Chinook

wind, which causes very I'apid evaporation.

Breaking. The general effect of breaking up the

prairie has been to lessen the run-off and to convert

the moisture that falls to the production of a

heavier vegetation. The appearance of the prairie

in some places is unfavorable to crop production,

but the meagre crop of natural grass is not due to

poor soil or to absolute di-yness of climate, but to

compactness and diyness of the soil in the absence

of cultivation. As only a small fraction of the

total area of the praiiie has been brought into cul-

tivation, there will be a good deal of land each year

that will be plowed for the first time, and as the

way soil is managed in a single year affects the

supply of moisture, often for a couple of years, it is

important that breaking sh(mld be properly done.

Both the time of breaking and the way the work
in done must be taken account of. Two-thirds of the

annual precipitation over the prairie areas comes in

the months of May, June, July, and August.

Breaking should be done early in the period of

gi'eatest rainfall. The rain puts the sod in good
condition to turn, and the earlier it is done aft«r it

is fit to plow the gi-eater will be the amount of rain

received and held by the plowed soil. Where the

breaking is late, there is considerable run-off and
also considerable moisture used up in the rapid
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spring growth of grass. The time of breaking thus
mfluenoes the condition of the soil as to moisture
after brwakirg.

The way in whicli the breaking is done has a
good deal to do ,vith the way tlie soil holds moisture
The best results will be secured from turning the
furrow-slice completely over and having it lie (^ose
to the furrow-sole or under-soil. This keeps boti
the furrow-slice and the under-soil moist. If the
sod is only half tm-ned over, or if it is full of
wnnkles and breaks, it dries out rapidly and the
under-soil dries out also. The sod will dry but it
will not rot. It has too much air and not enough
moisture to decompose, and the grass will not
entirely disappear until it is mora completely
covered in the second season. Breaking is com-
monly followed by packing.

Use of the Disk. Careful disking is necessary
after breaking. The common drag harrow will
pulverize and smooth old land, but it has little
effect on sod. The disk is a heavier implement, and
Its weight helps to compact the breaking, but its
chief work is to cut the furrow-slice and pulverize
the soil at the same time. It works best following
the direction of the plowing and runs the loose soil
into the furrow seams. As the two sections of the
disk throw in opposite ways, the land can be kept
level by overlapping a half at each turn. Disking
should follow plowing immediately. What is plowed
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each day should be disked the same day. The
work is more easily done on the new furrow,

and drying out is prevented by promptly com-
pacting tne soil. Many of the traction plowing rigs

have a disk attachment which saves both time and
moisture.

Later Plowing. Usually breaking is not very

iJeep. It is sometimes as shallow as three inches,

but a furrow as thin as this consists of a large pro-

portion of grass and grass roots. It dries out
quickly and has not enough soil on the upper side

of it from which to develop a mulch. Five inches

is a better depth, and some prefer to set a lower

depth at the first plowing, but it requires good
power to break land deep. It has been found
satisfactory in practice to break deep enough to rot

the sod fairly well and to make the second plowing
or backsetting, as it is called, a couple of inches

deeper. This will still keep the sod covered after

the second plowing and will increase the loose soil.

The depth should be increased to nine or ten inches

in later plowing.

The right method of dealing with new land to

bring it into good condition of tilth, as it is called,

is the best method of conserving moisture, and this

is true of tillage generally. The steps that have
been followed in the preparation of new land have
had three objects :'the rotting of the sod, the fining

of the soil, and the lowering of the depth of the
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tilled sou. The rotting of the sod, or the changing
of the vegetable matedal, such as grass and i-oots,

into humus, which makes it a real part of the soil,

has coiTected the open texture of tiie soil, by whicli
evaporation has been checked. Tlie lowering of
the plow has increased the capacity of the soil to
let moisture down, and the pulverizing of the soil
has increased the capacity of tlie volume of tilled
soil to hold moisture. The finer the soil, the greater
the su-face area of the soil particles, and the gi-eater
its capacity for holding water. Clay, which is the
soil made up of the smallest particles, has a pore
space which makes up fifty-two per cent of its total
volume when it is in a fine state of division, while
coarse sand has a pore space of about thirty-three
per cent. It is clear that a given volume of finely
divided soil will admit more water than a coarse
soU. For this reason it appears to be an advantage
to have any kind of soil in a fine state of division
and to have the soil tilled to a good depth.
A good way to remember the capacity of these

soils to receive water is to change the percentage
into inches. A foot in depth of sandy soil has
enough pore space to receive four inches of pre-
cipitation, and a foot of fine, tilled clay over six
inches. A soil in propei'ly drained field condition,
of course, does not contain this amount of moisture.
It should not be filled with water. The moisture
just covers the soil particles with a film and there
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are air spaces between, but the finer the soil the
gi-eater the surface space tljere is to be covered with
film moisture.

The main thin-? to remember is that the soil

should be fine and the plowing should be deep. In
an easily worked loam a depth of nine or ten
inches Ls possible. Below this the depth of loose

soil can be increased by the use of the subsoil plow,
but as the rainfall does not all come at one time the
ordinary plow will loosen the soil deep enough to

take up the moisture as it comes. Besides this, the
packing of the soil is often necessary, and it is hard
to compact the soil to great depth. The objection
to turning up poor under-soil by deep plowing does
not commonly apply on the prairie, as the fliffereuee

between the top soil and under-soil is not great.

The Surface Mulch. The two fundamental points
in moisture conservation are to get the moisture
into the soil and keep it in. We have seen that

deep plowing and fine reduction of the soil are
necessary to give the soil a high moisture-holdiiig

capacity. The next thing is to save the moisture
for the use of the crop. There is usually veiy little

loss of moisture by free underdrainage. The
problem is to keep the soil from loss of water by
capillarity. The average amount of water required
to grow a ton of dry matter of representative farm
crops, such as grain, hay and potatoes, has been
shown by experiment to be four hundred and fifty



M0I8TUEE CONSERVATION 119

tons, which figures out to a raiiifuU four hiclies in

depth, and for two tons the amount would Im twice

as great. Other experiments liave shown the water

required for different yields of grain. A twenty-

bushel wheat crop requires six inches of water, a

thirty-bushel crop nine, and a forty-bushel crop

twelve. Wheat requires more for the same yield

than oats or barley. The water spoken of here

means effective water, that is, water that actually

passes into the soil and becomes available to the

roots of plants.

Evaporation. The surface mulch is used to make
the rainfall available. The rains settle into the soil

and moisten it for five, ten, or fifteen inches down.

The soil particles are surrounded by the delicate

films, and these are all held together by attraction

for each other, apparently all tiying to draw to-

gether as the molecules in the drop of water. When
we speak of a molecule we mean the smallest divi-

sion of which any substance may be capable. The
point at which moisture is dissipated is at the sur-

face of the soil. The moistui'e at the surface is a

free surface that the sun and air can get at. The

heat causes the molecules of water to stir about just

as the heat under a teakettle does. They collide

with each other and are thrown apart into the air

as vapor. The heat has freed them from their fel-

lows and has given them wings besides. This is

evaporation. Other molecules come fi-om within
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the soil to take their places and to ghare their fate,

for a movement at one point affects the whole
moisture content of the soil. The rate of evapora-
tion is affected by the condition of the air. If the
air is very dry, evaporation will be rapid ; if it is

saturated with vapor, evaporation will be slow.

Maintaining the Mulch. The soil mulch is a layer
of dry earth which prevents the exposure of a free

surface of moisture to the sun and air. It shuts off

the direct rays of the suri and it does not steal auy
moisture itself, or at least very little. The little

moisture particles have greater attraction towards
each other than they feel towards a dry soil, so
they remain and keep the soil moist under the
blanket of dust. Once the blanket becomes moist,

as it does by a fresh rain, then the supply below
joins with that above and the sun and air begin
over again to drive the moisture particles off the
surface into the air. The farmer has to cheek this.

He cannot hang the dust blanket out to diy, but he
can put the harrow on it and jostle it about and
free its moisture, just as moisture is freed from a
blanket on the line, and he cannot get good results

in drying until the heat has wrung some of the

moisture out of the surface. If he begins too soon
the blanket still remains wet and loss by capillarity

continues.

The keeping of a dust blanket on the soil in places

where the rainfall is not heavy, say below twenty
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inches, applies to all sorts of fiiltivalioii. After the
funuer litis <liski><l his lireakiiig, and more par-

ticularly after back-setting, he uses tlie drag harrow
frequently to make a diy niul(!h. After he has har-

vested his crop, and even before he has moved his

grain stocks, he uses the disk to break the hard sur-

face of his fields. When he summer-fallows his land

Fio. 31. Disk Following Bindib.

to get two years' moisture for one year's crop, he
has to restore the dry mulch on his land after eveiy
rain, and he even harrows his young crop up till it

is five or six weeks old to keep a dry surface and so
drive the moisture into the roots of his crop. He
also works the soil between his rows of potatoes, roots,

and vegetables to save moisture as well as kill the
weeds, and he does the same thing with his alfalfa

when he grows it in rows to get good, strong seed.
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The best depth for a mulch is about thi-ee inches.

As the mulch consists of the surface soil it means
that the best soil is out of use for the plants and too
much of it should not be used in this way. Mulch-
ing for cultivated crops should be more frequent
early in the season than when the crop is approach-
ing maturity in order to kill weeds and ventilate

the soil. Late mulching distui'bs the root system
which tends to work towards the surface late in

the season. '

Humus and Moisture. We found in our soil

studies that all soils have not the same capacity for

holding moistm-e. The best soil for this purpose is

humus and the gieater proportion of humus a soil

contains the easier it will be to keep it moist.

The soils in the driest parts of the prairie are
generally light, easily worked soils and they need
humus. The ordinary sources of hurrus are stubble,

manure, and green crops. Stubble should not be
burned. It should be worked down with the disk
before plowing to have it cover and rot well.

Manure should not be allowed to waste and rot

around the stables, but should be spread on the land
fresh and plowed down when it becomes wet with
the rain. The best green crops to plow under are
the leguminous crops, as they are rich in nitrogen.

They should be allowed to grow past the flowering
stage and should be carefully turned under to

secure thorough decomposition.
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Breaking of Bnishland. All parts of the Prairie

Provinces do not require the same care in moisture

saving. Though the precipitation is not heavy any-

place, the country covered or partially covered with

scrub does not lose its moisture by evaporation as

easily as the bare prairie does. High winds are not

so common in the northern parts of the prairie as

in the southern parts, and the humus content of the

soil is gi-eater owing to the decay of a heavier sur-

face gi'owth. In breaking such land it is usual to

plow it only once the first season, but to plow it

deep so as to get below the roots and to follow the

plow by the disk and packer. It is common to

grow two crops before turning the land up again, in

order to give time for the decomposition of the

coareer material turned under, the preparation of

the soil for crops being done by the disk.

EXKSCISIS

1. Explain the difference between precipitation and rain-

fall. 2. Discuss the suitability of wheat, peas, turnips, and
trees for semi-arid lands. 3. What kind of subsoil is best in

an area of limited rainfall 1 4. Give examples of garden

mulches. 5. Why should seeding on dry land be thin?

6. Is dry farming an extensive or intensive system ? Is it

more diversified or less diversified than farming in humid
areas 1 7. Give as many reasons as you can why root crops

should be frequently cultivated. 8. What is meant by
watering the garden with a rake ?



CHAPTER XVII

DRY FARMING

The Meaning of Dry Fanning. Di-y farming is

the name given to a system of soil management in
areas where the annual precipitation is not con-
sidered sufficient for th^ production of profitable
crops, except by special care of the moisture that
falls. It is not farming without moisture. This is

not possible. On this account the term does not
accurately describe the system, but no othe- term
has been able to displace it. It seems to be a good
term when the system for which it stands is set
over against irrigation farming. Irrigation farming
is farming on watered lands, while dry farming is

farming on unwatered, or, comparatively speaking,
dry lands. It is sometimes described as the method
of cultivation followed in places where the annual
precipitation is under twenty inches, but the abso-
lute amount of moisture that falls does not alone
determine how soil should be managed.
A great many other things may be working

either with the farmer or against bim in his
effort to make the moisture that falls eflPective.

If moisture falls on a rich, humous soil, with a
clay subsoU, it will be of greater use and effect

12i
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than it will be falling on light, sandy loam with
a gravelly subsoil. The vegetation going with
these different types of soils increases the differ-

ence between them. A heavy vegetation will shade
the gi-ound from the sun and, to some extent,

check air movements, and so check evaporation,
while the opposite condition will result from scant
vegetation. The occurrence or absence of winds
is also important. Perhaps the most impoi-tant

natural influence in making moisture effective or
ineffective is the time at which it principally

falls. If the greater part of the moisture falls in

the growing season, as it does in the Great Cen-
tral Plain, there will be less surface waste and
less under waste than there will be in places
where the greater part comes in late fall or winter
or early spring.

The management of the soi' has to be made
to meet a whole set of conditions, not a single

condition, such as that of precipitation alone. The
same method of cultivation may have to be em-
ployed, whether the absolute precipitation is eight

or eighteen inches. Where moisture is scarce from
imy cause, whether from light rainfall, light and
open soil, high winds, or scarcity of rainfall in the

gi-owing season, the dry farm mt^thod has to be

followed. It has really come to be understood as a
system of storing moisture and of growing an
average of less than one crop a year.
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General Method of Moisture Saving. The method
of moisture saving set out in a previous chapter
must be understood to be a part of the diy farming
system. Deep plowing and fine working of the
soil are necessary to make it receive and contain

moisture. The mulch must likewise be used at all

times
: to keep the moisture in newly broken land,

to break the crust on young crop, to roughen the
surface of the stubble field after the grain is cut,

and to save moisture to the rows of potato**!,

turnips, corn, and alfalfa. The humus content of

the soil must also be kept up for the sake of

moisture keeping as well as fertility.

Fallowing. Fallowing is a necessary feature of

dry fanning work. A rather common idea of the

fallow is that it is a neglected piece of ground.
Si-metimes it is looked upon as a piece of land that

is left unseeded in order to rest. The word fallow

in oiigin means land that is yellow or bare on the

surface from having no crop, or from not having
been touched since the previous crop was removed.
The fallow is unseeded laud, but to the cultivator

of semi-arid land it is not unplowed or uncultivated

land. The fallow is a very active and interesting

part of the farm.

The practice of leaving land bare has been given
up in very moist countries. Where the precipitation

is greater than can be taken up by the soil, the
free water gets away by underdrainage. In settling

m
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down through the s.,il, it washes „„t soluble ^.lant
fooa, which is a loss in fertility. If a crop is raise.l
ten or twelve inches of tiie water, perhaps, is „se,iby the crop, and with it the pla.it food which
It holds m solution. On areas of li„,it«l rainfall
on the other hand, there is little loss of plant food
by leaching. The water settles down from a few

Fill. 32. Alfalfa in Thibty-i.voh Rows.

inches to several feet, according to the .piantity
falling and to the character of the soil, but it
remains capillary water, and so is available for
plant use when retpiired. It has been shown by
experiment that water falling in one year can be
stored and curne.l over to the next year by special
methods of cultivation. Deep and fine cultiva-
tion of the soil increases its storage (capacity and
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provides a supply of water for deep settling into

the under-soil. Surface mulching prevents ita

evaporation.

Good results cannot be secured on woedy land.

The fallow must be a clean fallow. Volunteer oats,

sunflowers, and other weeds are as thirsty as a

regular crop. Even if they are not as thick, their

roots spread out and seek for available water. The

oats stool out, and the weeds are heavy, coarse

weeds, that transpire rapidly. The fallow should

be well cultivated and bare.

Time to Cultivate. Plowing in preparation for

fallowing should be done in the previous fall, if the

land is not so diy as to make it impossible, and the

land should be harrowed, so as to lessen the loss

of moisture from evaporation. It is not neces-

sary to plow again in spring, unless the land has

become packed with heavy rains. The disk will pul-

verize the land to good depth in early spring. After

this, surface working with the common harrow will

make a sufficient mulch, except in the case of weedy

ground, which may have to be gone over with a

cultivator. If the soil is fine to a good depth, a

three-inch mulch is deep enough. The number of

times to harrow is detennined by the rainfall. It is

necessary to harrow after every rain that goes deep

enough to saturate the whole mulch, and so to

establish by saturaiiou the capillary contact between

the mulch soil and under-soil. Harrowing should
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be done as soon after a .ai,, «s fi.. soil is i„ oondi-
lon to make it iK>ssibl. to se-u.-e the result desir«l

It It IS done too soon, the harrow h.-stens surface
evaporation, but does not break the nmleh from the
under-so.1; if it is left too Ion,, evaporation may
cause heavy losses of moisture
Frequency of Fallowing. Whether a farmer fal-lows every other year, or every three or four vea.-s,

depends on loeal conditions of soil, moisture, wind
etc., and most of all on experience. It is not always
sate to figure on average rainfall. The farmer
should always be ready for a dry year. It has been
said that If the pre,.,p,tation is above fifteen inches
once every three years is often enough to fallow,'
but If under fifteen inches, land should be fallowed
eveiy other year. It is at least safe to say, that in
areas where the annual precipitation is only ten
or twelve inches, annual cropping .should not be
attenapted. This means that twice as much lan.l
should be cultivated as is sown to crop in a -Mven
year. 1- "'i

Fallowing and Fertility. While fallowing on
lands with limited rainfall is done f„r the purpose
of storing moisture, it has an important effect in
liberating plant food. The warm, moist fallow is
favorable to chemical changes and to the work of
bactena The class of plant food made available
is the class called nitrates. The vegetable matter
turned mto the .soil contains nitrogen. In this foi-ra
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it is called organic nitrogen and is not soluble. By
the entrance of the oxygen of the air, with condi-

tions of heat and moisture favorable, the nitrogen

takes the form of nitric acid. This acid unites with

plant food substances, such as lime, soda, and

potash, to fonn what are called nitrates, which are

soluble in water, and so are available to plants.

This is the way the humus of the soil is used

up, and we have to keep adding to it in order to

furnish a very important class of plant foods.

The good crop that c6mes from fallowing may
be due to larger supplies of available plant food

as well as moisture. Continuous fallowing exhausts

plant foods. In a sense fallow land is resting, be-

cause it is not supporting a crop, but in another

sense it is a very busy place. The name given to

the activities by which nitrates are formed is called

iiitriflcation.

Fallowing on the heavier new lands of the brush

couutry, where moisture is more plentiful, is not

necessary for moisture conservation, though it is

sometimes carried on in order to destroy weeds.

On such fallow lands, catch crops of grain are

sometimes grown for summer pastures.

Crops and Cropping. The crops grown on semi-

arid land in the Great Plains area are the ordinary

fai-m crops, such as wheat, oats, lye, and barley of

the grains ; alfalfa, timothy, brome grass, and rye

grass for hay and forage ; corn also for forage rather
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than seed; iK>tntoe8, and the common field and
garden roots and vegetables; small fruits, and to
some extent, trees.

Grain Crops. Wheat is the ohief grain crop, and
fhe wmter varieties are grown in some sections
of the prairie. The establishing of a good root
system in the fall is a shortening of the period of
spring and summer growth. On the other hand
weeds establish themselves easily with winter wheat
The Turkey variety of winter wheat has proved so
suitable to the upjwr Great Plains that it has im-
proved in weight and kernel on the seed from
Kansas. In spring wheats there is a tendency to
introduce drouth-resisting vaiieties, such as dunim
or the macaroni wheats. Early maturing varieties
of oats are chosen. The beardless and hull-less
varieties of bariey are preferred. Rye is a good
crop for semi-arid lands, owing to its rather limited
transpiration surface.

Seeding. The importance of choosing seed grain
grown under conditions similar to those into which
It IS being intioduced, is fully recognized. Home-
grown seed should b. used where the crop ha«
proved successful. Seeding siiould be done as eariy
as the condition of the soil as to wai-mth and
moistm-e will permit, and the surface should
be left rough and not rolled. Seeding should
be three or four inches deep. Onlv about half
the seed is sown on dry lands that is sown on
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moist, bW-k lands. Heavy seeding on dry lands

exhausts the moisture of the soil before the

ci-op is matured. On moist lands, on the other

hand, heavy seeding, by the using up of moisture,

promotes early rijiening, and so is a safeguard

against frost.

Forage, Root*, and Trees. Tiegiiminoiis plants,

such as the vetches and pea vine, are common on

the prairies, which gives warrant for the growing of

alfalfa, and considerable success has already been

attained. Alfalfa is highly desirable on account of

the great crojw of fine hay it provides, as well as to

maintain fertility through the work of the nitrogen-

fixing bacteria, which find a home and workshop in

its roots. Rye and brome grass do well. Timothy
requires a stronger start in early spring than it com-
monly gets on semi-arid land. Corn for forage is a

profitable crop. Potatoes do well under light seeding

and thorough cultivation. Of roots, the sugar beet

seems to be well suited to the climate, and other

roots do well iu proportion to the care taken in their

cultivation. Shrubs and bush fruits do better than

trees, but suitable varieties of trees are successfully

grown for windbreaks and for decoration. They
require careful cultivation at first.

EXERCISES

1. Make a study of precipitation by provinces in the

Dominion of Canada. Mark on a sketch map the number of

inches in each, and group them on the basis of having under
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twenty inchw, between twenty an.l thirty mche^ an.l over
thirty inches. 2. Make a study ..f the monthly precipitation
at the point ncarttst to your home where recordx are kept,
and flml the monthly and yearly average over a )«ri.Kl of five
yean.. X Explain what is meant by saying thot moiHture is

fertilil. I Place a cube of sugar in a saucer, put a tea-
spoonnil ..f vat^^ ii, »he saucer, and observe the progress of
satnrHvMv Vary il,. .experiment by putting on the surface
o* tl.i- ,;ut., ,1., „„.,.

I iinely pulvcrize<l sugar as it will carry.
0'i^.'rvfc vn.'ili. ,•,„>,,

I

I lie pulverized sugar becomes saturate<l
i- tlie lonf >.i.,tt.- no. s Apply your results to soil treatment.
' ^''"

' "" -""P'-iiinent with small plots of the same kind
erf ve,-,t;,l,|,, in your home ganlen, one of whi.h is not cul-
tivati-il at ail, .,mu .,f which is cultivated every two weeks,
and tiie diinl every week during the first six weeks of the
growing season.
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IRRIGATION

Purpose of Irrigation. Ini<?ation is the practice

of applying water ti) land by artificial methods.
The common idea of irrigation is that it is the
application of water to lands that will not otherwise

produce crops at all. Irrigation works are gener-

ally established on lands that have not been tilled,

and tlie heavy i)roduction that has followed irriga-

tion gives it the appearance of land reclamation.

Most of the prairie area.s, however, in which iniga-

tion lias bee established have a good sod of bunch
gi-ass or other prai)-ie vegetation, and would in all

cases produce some crop. There are not many
places entirely without moisture, and if there were
such, they would probably also lack the soil quaU-
ties that would make crop production possible even
if water W(-i'e supplied. Irrigation cannot reclaim

an absolut(> desert of pui'e sand. Tin; pm-pose of

irrigation is to give certainty to crop production

and to increase its volume so far as these things

depend upon the supply of nioistui'e.

Irrigation for Both Dry and Humid Areas. As
liie amount of iinnu.il i>ro('ipitation vanes greatly

even in the same couiitiy oi- section of a countiy,

1.14
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the need of irrigation or the benefit of irrigation

must likewise vary. In places with a precipitation
of only eight inches annually iirigation would be
practically a necessity for the production of annual
crops. In places with a precipitation of over twenty
inches it might still be a gi'eat benefit. In the
former case in-igation would be desirable on account
of absolute scarcity of moisture; in the latter ease
it would be desirable to correct the irregularity or
insuflSeiency of moisture during the growing season.
In such countries as China and Japan, as well as
in Mexico, where irrigation has been practised for
centuries, the annual precipitation ranges between
twenty-three and fifty-one inches approximately.
Meadows of timothy and other grasses are flooded
in the south-west of England, and truck farms and
gardens are inigated from water distributed in
overhead pipes iu New Jersey, though the climate
in both these places is distinctly humid.

Irrigation in Canada is limited to the three
western provinces, British Columbia, Saskatchewan,
and Albei-ta. Its chief use in British Columbia is

on fruit lands and in Saskatchewan ou grass lands.
In Albei-ta three large enterprises have been earned
out affecting an area of over thn and a half
million acres, a good part of which is capable of
effective watering. In these provinces irrigation is

not employed to make crop production possible, but
to make it certain and better. None of the area in
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whii'h in-igiitioii is established lias a dry, or arid,
climate, which is commonly described as a climate
having under t^iii inches of annual precipitation.
The term semi-dry, or semi-arid, is another word
that is used to describe climate where moisture is

scarce or scant. The term is applied to the climate
of places having under twenty inches of moisture
but over ten.

We should be careful in considering climate in
relation to agiioulture. Twenty inches of total
moisture may be plenty in one place and not enough
in another. If moisture falls chietiy in the gi-owing
season, as it does in the Prairie Provinces, more of
it is available to crops than if the greater part falls

in autumn or winter, and so becomes subject to con-
siderable evaporation before the crop is ready to use
it in consequence. A condition that affects the sup-
ply of moisture uufavoralily is the occurrence of
high winds. The Chinook wind carries away a good
deal of the moisture fi-om both snow and rain before
it has had a chance to settle into the soil. It even
wastes moisture that does entei- the roots of the crop.
When a hot, dry wind is blowing the crop about,
transpiration is sometimes more I'apid than the
supply of soil water can stand, and so the plant is

wilted and set htu-k. It is the effect of the Chinook
wind in the southern purt of Albei-ta and the
south-western part of Saskatchewan that makes
in-igation an advantage.
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Other Benefits from Irrigation. Hesidt's makiiifj;

it poKsiUlc to grow liciivicr mid Ix-tttM' cioiis wheie
raiiifiill is liglit or ii'ivgulai-, iri-ij;iitioii hns otlier

IjeiU'lits. The increase of irioistiire not only makes
itiMissilile to j,'r<)\\- l)etler grain eroj.s, Imt it nmk(>s
a greater variety of crops j.ossilile. ITnder irrigation

heavy crops of forage- and roots are grown wliich

Fi(i. 35. The Kkkiuvc^ uf Kan.^k

make stock-raising possible. Stock-raising and
special stock feeding help to keep up the fertility o{
the soil. Fruits and vegetables are coininon crops
under irrigation. By investing more in watei' and
in hdjor the farmer changes his system tVoin

extensive to intensive agriculture. Irrigation water
contains plant foo.l in solution and also carries

sediment, both of vdiich increase fertility. When
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the in-igation of land is accompanied by proper

drainage it removes alkali deposits, which sometimes

retard the germination and even the giowth of

crops.

The Supply of Water. Water for iirigation is

usually secured by damming a stream and leading

the water out on to the land at a point where this

is most easily done. The channel by which water

is taken is usually called the main canal. The

ditches which run out from the side of the main

canal to distribute water are called lateral ditches.

Lakes are sometimes tapped for a supply of water.

Water is pumped from streams and wells and

stored in reservoire. This is a more expensive way

of securing water than the gravity method is, but

pays under certain conditions. Springs furnish

water in small quantities. Flood and storm waters

are sometimes held by the construction of reservoirs

at the lowest point of a small basin, and the water

is used for small field or garden plots. Irrigation

enterprises generally take account of large areas.

In Saskatchewan and Alberta the right to use

water and construct inigatiou works is secured by

license from the Dominion Government, which is

also charged with the duty of protecting the rights

of the users of water.

Terms Used in Irrigation. By duty of water is

meant the allotment of water for a given area.

This is fixed by the government at a second-foot
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for one hundi-ed «„d fifty acres. A Mcond-footmeans a cub.c foot of water each second over themigation 8ea.son, whi.h extends from the first ofMay to the first of October. Another unit omeasurement sometimes employed is the .cre-inch,which means the amount of water required toover au acre of land an inch deep. Z inch
of water over an acre of land would be five acre-mche and ,,^,^.^ .^^,^^^ ^^^ ^^^^^ ^^^ ^^^^ ^a unit of measurement ari.ses from the need of

^e z.eed of makmg a division of water among
different users, a« irngation wate,- is what is calleda community utility. A unit of m^surement Isalso .some gmde to the inexperienced irrigatorDnd« the .Utch. or below the ditch, is u term usfd todescnbe the land over which water will flow from
tl e toch. The land on the opposite .si^e is said t"be above the ditch, though sometimes water is ledalong a ndge from which irrigation can be carried
on on botJi sides. A whole farm may be spoken of
as under the dit.-h, though every portion oVit mayno be subjm to effective watering. The volume
of the stream use<l expresse.1 in second-feet is com-
""
M ri""^' "" '^'' ''*'* "'""" "^ *-l«P'«ng head.
Methods of Irrigation. There are thi^ general

methcKls „f .rrigation
: (1, By flooding, («) fl,m Zopen ditch,

(/.) by the check system. (2) By furrow,
(•ij iJy sub-irrigation.
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The flooding syitem is the system most commonly

used in Alberta and Saskatchewan. This is the

system best suited to grain and forage crops, which

are the crops most extensively grown. By this

method the ditches are run at right angles to the

direction of the slope of the land. The water is

checked by dammmg until it rises to the rim of the

Fill. 36. The Usuai. MirrHoi> oi' IiunuiTi.su Meadows and

Gbain Cro.s.

ditch, wid is then released at intei-vals by breaking

the ditch with a spade. Some Ciire and direction

are necessaiy to secure unifonn soaking after the

water is freed. When the ground has been thor-

oughly irrigated in the section under this ditch a

new piece is l)egmi, served by the next ditch, which

is from thirty to seventy-five yards lower down.

One man will irrigate from two to ten acres a day,

depending upon the surface of the land, the head of

water, and the experience and skill of the iirigator.
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A immitive type of flooding, called wild flooding,
consists of diverting water and turning it on
meaaows to run for weeks or even months at a
time, sometimes .luring the gi-owing season for u
hay crop, and in other cases during winter.
The check syitem is not commonly employed in

Alberta, but is used to some extent in hay .neadowsm SHskatehewan. The check system is a system
of dykes rather than of ditches. The water is
served each way from a main .litch, and flows over
the land until stoi)ped by a dyke or levee, which
biU'ks the water over the area being watered.
When one piece is done the water is freed, it enters
another cheek and is held by another dyke. The
word check I'efers to the blocks or units set out
Whei-e the laud is practically level these may be
regular rectangular divisions; where the contour of
the land is irregular the boundaries of the checks
are iiTegular, and tie system i.s said to be the
contour check system, while the foi-mer is .said t > le
by re«-tangular checks.

The fnrrow cystea is used in ii-rigating eiiber 'ield
or garden crops grown in rows, such iu< i.-tat/)';;-:,

sugar b.>ets, mangels, and also trees. Tiic jrop is
plaiite.1 in rows nuuiiug up and down tU slope of
the land, and the water is allowed to run betwef u
the rows in sufficient .luanlity to soak the crop „„
each side. Water may be run in each fuirow or ii-

each alternate furrow. In the case of fruit trees
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ring furrowH are Homutimes made around the tree

to whi('h water is led by parallel furrows mntiing

along the rows of trees.

Sub-irrigation is not practised in Western Canada.

It consists of a rather elaborate and ex{>«nsive

system of tiles laid a short distance below the

surface and filled with water. The water seeps

from the joints of the tiles and works to the surface

by capillary action.

Irrigation and Drainag^. From what has been

learned in previous chapters about ventilating the

soil it will be readily understood that drainage is a

necessary condition to successful urigation. In

iiTiguting land the water should be served rapidly

to the land to a volume from six to nine acre-inches

according to the needs of the crop and the char-

acter of soil. After the land is soaked it should be

freed from stagnant water, so that the feeding

processes depending upon air and moisture together

can go ou quickly. The same methods of cultiva-

tion employed in the dry farinmg system should be

employed. With cultivated crops the land should

be worked as soon after irrigation as the surface

is dry.

Time and Frequency of Irrigation. Tlie time at

whi(!li irrigating should be done depends upon the

ci-op. Usually grain and forage crops are irrigated

once and in the middle or early part of the growing

season. Late irrigation keeps such crops growing
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too long and they may suffer from frost. On tlie
other hand, if the soil is i„ goo«l condition as
to moisture at seeding time, root crops require
moistu,-e chiefly when they ara completing their
g.-owth, that is, when they are storing up starch in
their underground parts. These general practices
are subject to modification according to the obvious
needs of the crop at a particular time or in a
particular season.

The practice of irrigating land in the fall is
rather common. Land is usually d.y at this time,
and dunng the season of winter there is little loss
from evaporation, except at the immediate surface
as capiUary action is stopped by frost.

BZESCISKS

farmer to subdue nature? Give examples. 2. Doe, thesnow he f^m fel. until spring i„ your district or not?
lixplain the good or harm from the conditi.ms. 3 What

Z, T k' '"""J"""
"" "'"'•^ ""'^ "h"' ""- *- inter-

Ind .r K
^ *. "^ -"idsummer and fall ? 4. Tell the gcKiand the harm done by the Chinook winds if they prevail inyour district. 5. What advantage has mixed fanning „ver

grain-growing alone? 6. Give as many reasons a., you canwhy crops may become wilted? 7. Whether would you
prefer to have four showers of an inch of rainfall each over a
reriod of thr^ weeks or one shower of four inches in an area^.mited rainfall? Explain. 8. Which should produce the
better garden crop, sprinkling „r sub-irrigation?
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PART IV-CROrS

CHAPTER XIX

CLASSIFICATION OF PLANTS

The Plant Kingdom. Tlie plant king<lom has

countless forms and tj'pes of life. An obvious fea-

ture of plant life is the difference in size of different

kinds of plants as, for example, the forest tree on

one hand and the moss on the other. Plants differ

widely also according to their home, or habitat, as

it is called. Water plants, desert plants, and garden

vegetables have constant characteristic qualities and

differences. Again, most plants are independent

providers for their own needs and find part of their

food in the soil ; others live on their fellows. The

same kind of plant also may show great variations

according to locality. Thei'e is always some place

where a particular kind of plant will do best, and

though it may live and survive in another place it

will usually be smaller or at least different. The

same kind of plant may vary greatly even in the

same locality owing to differences in light, moisture,

shelter, or to competition with other plants for room

and plant food. The great variety and multiplicity
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of plants may be realized by the most casual ob-

server ill the forost or garden or on the lake shore.

Though the variety is bewildeiing, it is scarcely

possible to help seeing tliat the kinds of plants that

have establislied themselves are such as suit the
conditions. It is an interesting and profitable exer-

cise to .study how plant character fits the environ-
ment of the plant.

Plants Highly Organized. The botanist lias estab-

lished an order and system in the apparent cjoiifusion

of plant forms. There is only one re.speet in which
all plants agree. They all have the elementary con-
stituent unit from vhich the body of Bvery plant is

built up, which is the plant cell. Some plants con-
sist of a single cell, but highi- organized plants have
countless cells. This com .on property does not
give us any basis of classification. A study of

plants would be quite incomplete that did not take

account of the most highly developed plants oi-, as

we might say, the best developed plants, which are

those that have special organs, such as the root,

stem, leaf, flower, and frait foi- special duties. It is

among the most highly organized plants that varia-

tions seem to occur most easily.

How Plants are Classified. The botanist has sought
out points of similarity and difference in the parts

of plants such as to make it possible to ammge
them in groups. This department of plant study
is called systematic botany, and the classification



146 ELEMENTARY AGRICULTURE

is said to be made on tlie basis of form because

it takes account of the forms or kinds of root, stem,

leaf, flower, and fruit. Another basis of classifica-

tion is the length of life of the plant. All plants do

not complete the (-ycle of life in a season as we are

perhaps apt to think on account of the round of the

seasons. Finally we have the agricultural classifica-

tion which is based upon use. All of these systems

are of more or less direct interest to the farmer.

Botanical Classification. All of the plants com-

monly grown on the farm or in the garden belong

to one great botanical division called seed plants.

The farm and garden plants are included in nine

families. The latin names of these families are

vmiversally used, though they are also sometimes

named by a common type plant. Two of these

families are very important. The most important

family is the graminae, or grass family, which in-

cludes all the cereals and grasses, such as wheat,

oats, barley, corn, timothy, brome grass, etc.

While these would fall into two classes, called

grains and hay or fodder crops, in an agricultural

classification, their botanical grouping is based upon

their having similar parts. They are all fibrous-

rooted plants and feed near the surface and so

should not be sown deep. Thus their botanical

form has some relation to their treatment. The

detailed study of one member of the group gives us

a key to the structure of all the rest. In botany
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we make tlio lu-qmiiiitanee of types through indiv-

iihiiils. It does not matter whether we start with

the wheat phuit or timothy. The roots are the

same ; the stem wliich is called a ctilm is hollow, but

eulai'ged and solid at the joints ; its leav )s which

sm-round the stem are alternate; the flowers are

in spikelets, or clusters, or are 'ndensed into

a spike, and the flowers are enclosed in glttmes

and pales which become the chafi of rhe ripe plant.

Another important family is the Isgumlnosae, or

pea family. Its importance is due not only to the

nitrogen in the plant itself, but to the work of the

bacteria that make a home in the tubercles of the

roots and fix free nitrogen from the air. It includes

alfalfa, the clovers, vetches, beans, and pease. The
family is the same as that of the wild vetch, and the

members of the group can always be asstwiated by
their butterfly-shaped corolla a.nd by their seed

pods.

The group characteristics of the other families

into which agricultural plants fall are not important

agi-iculturally, but the common group names and

familiar examples, including a few weeds, as well

as useful crop plants, are given as material for those

who wish to supplement agricultural study by

botanical study.

Parsley family : parsley, parsnip, carrot, and celery.

Rose family: apple, pear, raspberiy, and straw-

berry.

Hi
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Mustard family: mi'stard, rape, cabbajj^e, uiid

radish.

Lily family: onion, hyadntli, and tulip.

Nightshade family : polisto and tomato.

Aster family: sunflower, thistle, lettuce,and I'an-

delion.

ftourd family: cucumber, pumpkin, squash,

citron, and melon.

While the other three gi-eat divisions which re-

produce from spores or by a simple method of divi-

sion, rather than from seeds, do not include any of

the cultivated held or garden plants except the

mushroom, which is grown in a few places, they are

important because they include the bacteria and
fungi. We have learned a little about bacteria in

our plant and soil studies. The fungi include,

among others, such plants as the molds, mildews,

smut, and rast, some of which give rise to very

practical problems in crop-growing.

Classification on Length of Life. By the classi-

fication of plants on Icngtii of life we get annuals,

biennials, and perennials. An annual is a plant that

germinates, blooms, produces fruit, and dies in a

season or yeai', such as oats, beans, peas, wild buck-

wheat wild oats, and mustard. Some grains, such

as winter wheat and rye, and some weed
,
germinate

in the fall and complete their growth in a year, but

use a part of two seasons. These are called winter

annuals. Biennials usually grow roots aud leaves
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and store up fooil the first year and pioduee flower

aud fruit flu- second year. Examples are the pars-

nip, carrot, beet turnip, reil clover, and white

clover. Perenm^' are plants that live for three or

more seasons, Uhually blossoininj; and j)rf>ducing

fruit each year after maturity. Examples are trees,

slirabs, most meadow jjrasses, alfalfa, couch grass,

strawbe'-iy, dock, aud thistle.

The chief value of a knowledge of the life habit

of the plant has relation to weeds, but to some ex-

tent to grasse:< or to the making of grass mixtures.

A knowledge of the i.atui'e and habit of a plant is

necessary in undertaking to destroy it. A clean field

may become ilii-ty in a single season from a half

dozen grains of mustard in the seed wheat because

mustard completes its life cycle in a season and
produces a lot of seed. e caimot afford to be

ignorant of the habits of such enemies as mustard,

the thistle, aud couch gvass.

A^cultural Classification. The agiicultural

classificatiou of plants is the one in which we are

directly interested. The grouping of farm plants or

crops is a convenienc^e for purposes of study. It

does not include the whole plant kingdom, but only

cultivated plants, and the whole list can be easily

gathered and set together. It y^ plain that the

classification will vary ac(!ordiiig to the locality in

which crop production is being studied. Old settled

countries, provided that they have moist climate
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and kockI xoil, will liavti u greater variety of crops

than places where the soil resources have not Ween

fully tried out and the climatic intlucuces are not

fully understood. Besides this, different "plants

may have different uses in different places or even

on the same farm. Flax, while it is grown jiriniar-

ily for its fibre in most places, and is classitied as a

Fio. 3P. Rape is a Hkavt PRonncmo Foraob Punt.

fibre crop in most books, is grown wholly for its

seed where linen uianufactming is int developed-

Corn is both a gi-ain and forage crop whore it

reaches its best development, that is, in the Central

States; in the Central West of Canada, with less

moisture and less summer heat, it is practically a

forage plant only. "While wheat, oats, barley, rye,

and pease are grown primai-ily for their gi-ain,
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the straw is lik.-wlse use.l for foni^re „ti.l otli.'r

I.uriK..so.M. I'r,u-fi,.«lly uU of tlioso grains ai,. mwn
for forag.', usually in mixtures. Koot crops of tli«
same name appear in Iwtli field and ^^arden .-rop
gi'oups, but they are usiudly di.stiuKuished by the
use of different vai'ieties for «to<k and 'table
food.

Any chLssilication, however, is good and really
.scientific that arranges plants in groups according
to a common idea, such as the use made of them
or of their imj^rtant parts, or such as a common
method of culture, but only one basis should be
used in any classittcatioi On the basis of the u.se
made of its parts, rape, for example, is a forage
crop, even though it has a close family relationship
with such root ciops as the turnip ad iu some
places is cultivated iu much the same . ay.

A useful classification of farm plants or crops
would include :

—

(1) Grain: wheat, oats, barley, rye, pease, and flax.

(2) Forage: timothy, brome grass, rye gi'ass,
blue grass, red ;:op, alfalfa, vetch, millet, corn
fodder, small grain fodder, and rape.

(3) Roots: turnip, carrot, mangel, beet, and
sugar beet.

(4) Tubers: potato.

(5) Trees: poplar, ash, elm, birch, maple, and
spruce.
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EXERCISES

1. Select three plants of the same kind and in the same

neighborhood and account for their differences in size or habit

of growth. 2. Compare the leaf of the bean and of the

cactus as to surface and as to density of structure, if both

plants are available in your neighborhood. 3, What is

meant by a plant being highly organized ? Give examples.

4. With a double lens make an examination of one variety

of meadow gra^s, and one of grain when in full bloom, and

write a description of each. 5. Discuss the effectiveness of

spudding in the cases of thistle and couch grass. 6. Make

a list of the different kinds o.° forage that are used in your

neighborhood. Collect samples of each. 7. What different

uses are made of flax ? 8. Write down in separate lists the

crops of the farm that are summer foods and those that are

winter foods.







CHAPTER XX
CROP ROTATION

Meaning of Rotation. By crop rotation is meant
a sequence of crops. When wo speak of crop rota-
tion, we must be understood to be deal inj? with the
subject of cropping in illation to a i)articular
soil area or piece of ground, or to a whole fann,
which may include several crop units or fields. A
sequence must likewise be understood to be an
ordered sequence or system. Each crop succeeds
the one before it for a certain leason or advantage.

Rotation and the Science of Agriculture. The
first men of science who undertook to study plants
m relation to the causes, sources, and conditions
of growth were chemists, and they dealt almost
exclusively with the substances in the soil that
furnished food materials for plants. They gave
themselves up wholly to investigations relating to
fertiUty, or the supply of plant food materials in the
soil. An analysis of the plant showed what sub-
stances it took fiom the soil, and the problem of
agiiculture was to keep from wasting these, or to
add to them by artiticial mean«. They made the
use of artificial fertilizers popular.

153
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The benefits of rotation were known practically

and experimentally back in classical times. The

scientists brought the lij^ht of chemistry on the

question in showing that all plants do not use or

require the same foods in the same proportion.

Until quite recently, the chief reason given for the

rotation of crops was based on this idea. A repe-

tition o' the same crop exhausts a particular class

of foods. Conversely, a variation of plants pre-

serves the balance of food materials in the soil. It

is true that all plants do not use foods obtained

from the soil in the same proportions, thougli they

all must have the organic group of four, and the

inorganic group of at least six elements. There

are other things that alfect the success of crop-

growing over a series of years besides the supplies

of plant food. Some plants put more back into the

soil than others, the legumes among forage crops

being the best example. Then there are questions

of the moisture ussd or wasted in certain crops,

the depth of feeding, the conditions favorable or

unfavorable to the work of bacteria, and the varia-

tions in tillage for different crops. The condition

of soil is as impoi-tant as the supply of food

materials.

Economy of Rotation. The (juestion of rotation

is determined by economy. We must understand

economy in the largo sense as profltable use rather

than saving.
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The advantages of rotutioii aie given below

:

(1) It avoids the exhaustion of particular foods.

A thirty-bushel crop of wheat takes twice as much
nitrogen and pllo^phoric acid from tlie soil as a

thirty-bushel crop of oats, but as the average yield

of oats is about twice as large as that of wheat,

their effect on the land as crops is about the same
with respect to these foods. On the other liaud, a

thirty-bushel crop of oats requires as much potash

as a thirty-bushel crop of wheat, which means that

the usual crop of oats takes out of the soil twice as

much potash as the usual crop of wheat. It appears

that even though these crops are a good deal alike,

they vary considerably in their tax on the three

kinds of food material that are hardest to keep up
—nitrogen, phosphoric acid, and potash.

(2) It restores by one crop the losses made by
another. The exhaustion of nitrogen is the chief

cause of crop failures, .so far as crops depend upon
foods. Legumes, such as alfalfa and clover, add
more nitrogen to the soil than they take away,

and should have a place in a rotation embracing

cereal and root crops, which use a lot of organic

material.

(3) It makes a larger general use of the stores of

plant food. Most fibrous-rooted plants, such as

wheat, feed near the surface, while tap-rooted

plants, such as alfalfa and the sugar beet, penetrate

deeply iuto the soil.

m

i
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(4) It changes the physical condition of the soil

by varying the tillage. ( hasses are not subject to

cultivation after seeding, and gi-ains to only a slight

extent. Roots and potatoes are. Cultivation fines

the soil. Summer-fallowing lowera the depth of

tiUage, pulvemes the soil, and keeps it moist.

Cereal and gi-ass crops bind the soil; cultivated

crops leave it open to the work of winds and

heavy rains.

(5) It restores organic matter. While cultivation

uses up organic matter by making it available to

crops, gi-ass crops restore it by the accumulation of

roots and stems in sod. Decomposed sod means

not only fei-tility, but good physical condition.

(6) It promotes the activity of soil bacteria. This

arises from such operations of tillage as result in

making the soil fine and keeping it moist.

(7) It destroys weeds and insects. Grain crops

are annuals. Many weeds, like mustard and wild

oats, are also annuals. They grow and shed then-

seeds on the ground in a single season. They will

appear in the next year's crop if it is the same

kind. Cultivated crops and fallowing tear them

out and they die on the surface or are buried.

Grass crops choke them. The larvae of insects are

destroyed by cultivation.

(8) It destroys toxic substances. Toxic sub-

stances are supposed to be organic compounds that

ai-e left in the soil by excretion from plants. An



it
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accumulation of these by the same plant year after

year may react on the health of the plant. To the

particular plant they are poisonous, though not to

other plants. They explain what is commonly
called " grainsick " land.

The explanation of the advantages of crop rota-

tion will show, likewise, why a rotation should be a
well-considered and systematic one. A particular

crop should offset the one before it and prepare for

the one which follows it, with respect to the use of

plant food, the depth of feeding, moisture, kind

of tillage, etc. It is clear that crop rotation is not,

on the whole, a method of increasing fertility, ex-

cept, perhaps, in the case of one special kind of crop

in the rotation, or unless green manure crops, which
are grown explicitly for putting something into the

soil, are included in a rotation, and other manures
and the waste from crops are also returned. On
the contrary, it must be true that if a farmer is

producing twice as much vegetation on the land as

his neighbor, he is actually couverting twice as

much plant food to his use. He is using more fully

the resources of the soil, but he may make partial

restitution as he goes along, and it is quite possible

that a scientific rotation may ultimately be arranged

which will maintain without depletion the resources

of the soil, but not without our taking steps period-

ically to put something into the soil without taking

anything out.
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Making a Rotation. It is not easy to set out
rotations capable of being applied. They must
vary according to the general system followed, or to

the crops suited to the locality, to the demands of

the market, and the tastes of the farmer. Under
an extensive system of fanning, such as is followed

in areas of limited rainfall, effective rotation is

diiScult. The gi-eater the vaiiety of crops grown,
the easier it is to increase total i)roduction with the

aid of systems of rotation. Systems of rotation

can be best studied by first classifying crops into

cereals, grasses, legumes, cultivated crops (including

fallowing), green manuring, and catch crops, and
obsei-ving the following principles

:

'

A rotation should contain representatives from
different gi-oups. Wheat is still the most important
crop in Western Canada, and is a good crop from
which to develop a rotation.

The conversion of organic material into humus
by cultivation is a good basis for a wheat crop,

which requires large supplies of organic material.

Oats are apt to run too much to straw following

cultivated crops or fallow in a moist climate.

Barley may replace wheat in a rotation on well-

drained liuid.

Legumes should be introduced frequently where
they can be.grown. If the soil is light they should

be kept on the same land over a series of years if

they are perennials.
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Rich, black soils will stiiiul t-ereals uiiil root crops

better than light soils will.

Wheat, oats, and barley all answer as nurse crops

for gi-asses.

Alfalfa should bo sown without a nurse crop.

Grain crops for fodder ta u less from the soil and
leave more in it than threshefl crops do.

Catch crops should have a place in a rotation for

the sake of feed, fertility, and, in some places, to

keep the soil from blowing.

In practice, rotations run from three to six years,

but generally ^bout four.

Where alfalfa is a successful crop, it should

determine the rotation. It is a heavy producer, a
soil improver, ;nid is a perennial that does not reach

its best ptpductiou until the second or third year.

Alfalfa requires a long rotation period.

EXESniSBS

1. Give reasons for including tlie following in a rotation :

potatoes, alfalfa, wheat, and pasture grasses. 2. Give reasons

for including fallowing in a rotation. Is the fallow as

necessary under a diversified system of farming as under a

system devoted chiefly to grain-growing. 3. Arrange the

following crops in the order of their desirability for what they

return to the soil : potatoes, alfalfa, wheat, pasture grasses,

and sugar beets, -t. Which is likely to succeed better in a

dry year, oats or rye t Explain. 5. What losses may arise

from a cultivated crop in a dry climate ? In a moist climate ?



CHAPTER XXI

GRAIN

The grain crops grown in the Prairie Provinces

indude the cereals, pease, and flax. Cereals are

commonly defined as members of the gmss fan. ly

that are gi-own for their edible gran.s. The cecals

are the most i.nportant of our grain crops, and ot

these wheat is the most extensively grown.

WHEAT

Uses of Wheat. Wlieat is a crop of universal

use and great antiquity. It is spoken of n. the

literature of five thousand years ago. Its ch.et

value is in the flour it furnishes for human food

WIeat flour is superior to rye or barley flour, and

its use stands for a good standard of livn.g, such

as belongs to an advanced civilization. Wheat is

usually the first crop grown in newly-opened a.^as

in the Western Hemisphe, 3. Bread is called the

Stat! of life, and wheat furnishes large supplies ot

food with small demands ut labor. It is likewise

the chief crop grown in what are called bonanza

enterprises, as it is a machine crop. I.x oMer settle-

ments it becomes displaced by mixed tarmmg

160
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crops, as it runs out from soil exhiiustioii. Canada
and the Argentine are two countries in which wheat
growing is expanding at present.

It is an international commodity. Great Britain
is the greatest consumer of wheat grown in other
counti-ies, and imports about two hundi-ed million

Fio. 43. Sunshine and Harvest.

bushels annually. The [)i-ice of wheat in Great
Britain largely determines the price all over the

world. The price of wheat is not likely to go
down, as population is constantly increasing and
unsettled land steadily decreasing.

Wheat is a good stock food, but its cost compared
with other grains Uniits its use for this purpose.

Its use for stock is hmited to the poorer grades
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and to by-products Buoh aa braa, Aorte, .^d ,

^^<iii^« The Jtem is a by-product of wheat

S^^^ a'tLdast fU Soxnetunesa

;^rS ^Te from griuding the whole of^e^
l!l*i.nr This is called graham flour. The straw

^t^t r^e l^t viuable of all the st^ws

tlth feed except rye. but the clu^ -

^lish^by cattte. Emmer aud spelt, which are

^*il of the Wheat family and whi^^no

shed their hulls in threshing, are used ^^oUy for

^k food, but are »ot grown to any extent m

^.<. Wheat. Aconvenientc^i-of

• Sntw^n characterisdc habit and^«e«^
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. W variety, caUed durum wheat, « used for

:^in;mai;.>nL Wheats are also dassifi^-^
Smes on such unessential qualities as color, chaff,

or the presence or absence of awns.
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ClimAte and SoU. Wheat has a wide dimatio
diatribntion. India and Buasda, for example, are
both wheat prodacing countries in the Old Worid,
and Kansas and Canada in the New Worid. The
best wheat, however, is produced in countries with
cold winters and with the growing season rather
cool and moist and the ripening season hot, dry,
and with long days of bright sunshine. Where
'he growing season is protracted, the cells of the
grain are completely fiUed with starch, and the
grain is soft; where the growth is sharply checked
by good ripening weather, the proportion of starch
is less and of gluten more, and the kernel is harder
and darker. It is gluten that gives the sticky
quality to dough, and is the gummy substance left
after the starch is dissolved out of wheat by chew-
ing. A wheat that is rich in gluten makes what is
oaUed a strong flour.

The best soils for wheat are clays and clay loMns,
but the fertiUty must be kept up for heavy yields.
Winter wheat requires heavier soil than spring
wheat. It stands the winter best in such soils.
Differences in soils are not thought to influence the
quality of wheat as differences in climate do, but
heavy, new, black land that holds its moisture latem the season is known to produce softer wheat than
land that has been opened and warmed by tillage

Culture pf Wheat. AU plants profit by thorough
tillage of the kind suited to the climatic and soil
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conditions, the chief poi-.ts of which on the prairie

a,.e:-deei. plowing to hicvease the soil depth for

receiving rain and for the easy penetration of

roots; the fining of the soil to increase its moisture-

holding capacity and to increase the surface tor

root feeding; and frequent sui-face cultivation to

prevent loss of moisture from surfa.* evaporation

Wlieat, however, is a shallow rooting plant, ard

where plowing is done in immediate preparation

for wheat it should he shallow. This allows the

roots of the plant to spread out over the fuiTow-

sole, which is somewhat compact ahd is the point

at which capillary moisture is chiefly secured, and

the roots can still be near the surface and the air.

Some of the longer roots, of course, penetrate to a

much greater depth, but not the general root

system. Where land is plowed in the fall m

preparation for sprhig wheat it is plowed deep

and the cultivator or disk is used to fix the depth

of loose soil hi the soring. Fall wheat sowing is

usually preceded by fallowing. If fall wheat is

sown after another cereal crop, such as oats or

another crop of wheat, the soil is usually too dry to

give the grain a good start in the fall. Where two

crops cf wheat come in succession, the second crop

should be heavily manured. Wheat is not subject

to cultivation after sowing except to break the

crust on fall wheat in spring or to maintam for a

time a mulch on spring crop iu dry areas.
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Stooling or Tillering. It is impoilaut to know
about the habits of the wheat and other cereal
plants. When the wheat comes up first it has
three roots. These are only temponiiy loots.
After the shoot has grown a little, other roots,

generally six or eiglit in nurabei', start from a node
or Joint below the surface and the others gradually
die. The stem system also expands. Buds appear
on a node and these become stems also. This
stem expansion is called stooling or tillering. Some
kinds of wheat produr-e more tillers than otliei's,

but their development is influem-ed chiefly by thin
seeding, plenty of moisture, and good soil. The
amount of seed sown in semi-aiid lands is only
about half of what it is on moist lands. If suffi-

cient moisture eomes, the crop will thicken by
tillering; if it does not come the smaller numbei-
of plants will still mature sjitisfactorily. Shallow
seeding is thought to increase tillering, but the
depth of seeding should be regulated by the
distance below the surface of sufficient moisture to
promote rapid gt-i niination.

Fall wheat requires a good start in the first

season. If it does not establish a strong, peimanent
root system and stool well before winter frosts
have checked gi-owth, it will not stand the winter
very well. The es...blishing of a good root system
in the fall in preparation for spriuj,' gi-owtli is one
advantage of fall wheat in dry areas. On the other
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^a, where .oi*re . ^». ««. .- c.^ot

^.„r extent to Ml «he.t o. the p»ne.

H.n,eeti«. Wheat should not he allo«d to

very ary.
^^^^^ ^^ ^ell

s\r.ti:XhrLte*-»;-^^^^^^
thumb ™iL Ihe general appearane. ot the straw
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and crop should be nch yellow. Wheat is com-
monly hai-vested with the selfbinder by horse or

gasoline power. In lai-ge farm enterprises the
header is sometimes used, which leaves practically

all the straw on the field where it is of most use if

it cannot be converted to better use by live stock.

Seed. Seed should be pure and should be of
good quality. By purity is meant freedom from
weed seeds, from other kinds of gi-ain, from other
varieties of wheat, and from smut. Good quality is

determined in a number of ways. The grain
should be well matured and should be free from
injury by frost, or from disease such as rust. It

should be large, plump, and heavy. Good milling
wheat is hard, translucent, and bright in color.

Seed grain of all kinds should be tested for vitality,

and should be treated for smut before being sown
if subject to smut.

OATS

Uses of Oats. Next to wheat, the most important
grain crop grown in Western Canada is the oat
crop. The gi-ain is used in the form of rolled oats
or oatmeal for human food, but its chief use is

as food for live stock. The same interest is not
attached to it commercially as to wheat, but on
account of its use for live stock the progress of
oat-growing indicates the progi-ess of mixed farm-
ing. On account of the high protein content of
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the grain, it is an ex-ellent foo.l for young stock

It is fed whole to horses au.l sheep, an.l groun.l to

cattle and hogs. It is commonly mixed with o her

grains for hog feeding. The straw is of cons dei

able value for roughage when supplemented by

better feed.

Fio. 45. OBovvT.i From Two Samples of Oats

m»stm.ln« the difference in the eergyof^^^^^^^^^^

Kinds of oats. There are two common varieties

of oats, distinguishod by the pamcle or head. The

^pen paUle is the more common. In tins variety the

g^ain is arranged on the stem in ^P-af-g-^-^;^

in the side panicle variety the gram is all on one side

of the stem. Oats differ as to color, being white,

black, or yellow, white being most common.







OKAI\ 169

Climate and Soil. Oats luiw ,i rather ui.l,. ,lis-

tributioii, l.ut (1.) l,„st ill a I, moist clitimto.
Oats grown ill warm coiintri.-s aiv irxigt-r ami have
thicker luill and pooivr k.>rii<.| tliaii tli.-y liav.« in
cool countries. (>ats commonly weigli rmin forty
to forty-eiglit pounds per mciisiired Imshel in the
upper prairio sections. Tliey do L.^st in ricli loams,
l)ut will i)roduce fair yields on all l.iit very light
soils. They re(iniiv a soil of good moistiire-holdiiig
capacity. On extremely rich soils they are apt to
go to straw and to lodg.'. They are iiot as satis-

factory for a nurse crop as either wh.-at or barley
on account of their coarse straw, lieavy leaves, and
late ripening. The same culture methods apply to
oats as to wheat, lint they wdl do with less careful
preparation. They should he sown saily, .so as to
get a good gi-owth while the weatlier is (-nol and so
that they will ripen early.

il!!l

BARLEY

Uses of Barley. Barley is an ancient crop, and
until the sixteenth centui-y was perhaps used for
bread more than wheat was over t',.'^ whole of
Eui-ope. It is still used for bread in many parts
of Europe. Its chief uses in America are for
malting and for st()<'k-feeding, but a little of it is

used whole, stripped of i]w. hull, for human food.
The CO- imon varieties grown in Western Canada
are the six-rowed, which is a feeding barley, and
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the tw«ow.d. which iH nf^ for ""^l^j"?.
J^^

name arises from the number o row« of gram on

the head. Barley is not commonly fed -one to^ny

kind of stock on account of the amovmt of fement

it contains. The malt spi-outs and brewers' gram,

whS are by-products of malting, are oxtens.ve^

I^ for stoclLling. The straw is not very goc^

?oH.vamg on account of the trouble the awns cause

^the nJuths of live stock. Hull-less barley is a

kind in which the hull is separated from the kernel

hi threshing. It is used for stock-feeding.

Barley has about the same cUmatic adaptation

as wheat, and requires the same treatment and soU^

It does not do well on poorly drained soil. It «

Itred to any other cereal as a. u..^^c^

Tcount of its short straw and eariy npemng.

Sariey is -bject to two kinds of smut, just as

^heat is, and the seed requires the same treatment.

Tt is als; attacked by msts similar to thoje effect-

ing wheat and oats. It d^s better on alkali lands

than wheat does.

RYK

Rye is an important crop in Western Canada^

As I grain it is not distinguished by a standard

L such as wheat for flour, oats for horses and

barley for brewing, though the grain is useful ma

number of ways. It is used to son.e extent foi

W, to some extent in distUling, and can be used
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with other grains for nny kind of stwk, hnt it doen
not npiNjiir on every fiirni, and where it is grown
it is not generally for the grain hut to fill a
place in a rotation, such as furnishing gi-con

manure, fall or early spring pasture, or hay. It

does well on rather jwor soils and stands diy
weather well, a (luality which is resulting in its

larger use. On account of its small leaf sm-face,

Fig. 47. Pra.rie Thbishino.

it does not discharge moistui-e by transpiration
as rapidly as oats. The straw, on account of its

length, toughness, and even stem, is used in the
manufacture of mats, hats, and baskets.

PEASE

The field pea can be grown wherever oats can be
grown, and requires the same moisst, cool climatr
It seems to do best on soils plentifully supplied
with lime. Like other leguminous crops, it requires
inoculation to succeed well. At present the volume
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of production of this crop is not large, but its inn)or-

tauce is likely to increase, especially in areas where

large quantities of forage and feed grains are gi-ovvn

for the support of increased live stock on the farms.

It is useful in combination with oats for both green

and dry forage, and the straw, if properly saved and

not too ripe, is excellent roughage for sheep. It has a

high value as grain feed for hogs when left to ripen

and to be pastured on the field. It does not do well on

wet or on very light land.

FLAX

Though grown principally for its fibre in old

communities, as a prairie crop, flax is grown

chiefly for its grain. It has about the same

adaptation as wheat when it is gi-owu for seed, but

loose, sandy soils suit it best. It is frequently the

first crop grown on prairie breaking. The seed is

veiy rich in oil. One hundred pounds of seed will

give between thirty and forty pounds of oil. The

oil is used for paints and varnishes, and the re-

mainder of the seed for stock food in the form of

oil cake. For seed it is harvested like the ordinary

grains, but when used for fibre is pulled by hand,

bound into bundles, and threshed without injuring

the straw. The part that is used for linen is the

second bark. AVhen grown for seed, about three

pecks of seed are sown to the acre; when grown

for its fibre, over twice this amount is useu m order

to secure long, fine stems.
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EXEKCISBS

1. Examine
.. kerad m v heat for the recognition of the

following part»
. s .ture, ohe ., kernel, and brush. 2. Collect

T^Z"^ *"" ""' ''""'« ''•™*^ •" «"'*" bottles prop..rly
labelled as such, and also as to variety and as to whether
hard or soft. Compare them as to si.e, form, color, etc.. byplacmg single grains side by side. 3. What varieties ofwheat oats, and barley are grown in your neighborhood?
4. Take a head of ripe wheat and pick the gmins of wheat
out of It section by section of the stem from above down-
wards, and arrange them in r«ws one above the otherExamine for the number of eaoh, for fruit bearing and empty
sections and for variation in the size of grains. 5. Devise a
plan of hand selection of seed. 6. Devise an experiment inboxes to show how stooling is caused. 7. Make an inde-
pendent calculation based upon the number of seeds in a
head, the number of stems in an observed stool, and the
ascertained weight of a certain number of grains of wheat,
aa to how long it would take to produce a peck of wheatfroma kernel or from the selected half of .seeds in a head.
». What are the various uses of the fanning milU 9
Ascertain from the Dominion Statistical Year Book which
province of Canada l.ads in the pnxluction of bushels ofWheat, oats, barley, rye, pease, and flax. Also arrange the
grains m order of the production of bushels in your own
province. ^

'i

i !
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CHAPTER XXII

FORAGE CROPS

Value of Forage. Forage crops are crops grown

for the whole of their surface parts as bulky feed

for farm animals. As there is on all lands quite a

supply of natural vegetation that is useful for hay

and pasture, the cultivation of forage crops has not

gone on to the same extent as the cultivation of

grains has. While native grasses are valuable for

grazing and also furnish considerable hay in areas

that are partly open and unsettled, it is generally

moi-e profitable to gi'ow the cultivated forage crops

on lauds that have passed into private ownership

than it is to leave them unbroken. Forage crops

are just as important as grain crops. They do not

exhaust the soil as rapidly as grain crops do, they

make stock-raising possible, and make the retui-ns

from the farm more certain and varied.

Kinds of Forage. The crops included under for-

age all belong to two or three botanical families.

The graminae include the cereals as well as what

are commonly called the grasses; the leguminosae

include alfalfa, pease, the vetches, and the clovers.

The only other family represented is the cruclferae, an

174
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example of whicli is rape. The different kinds of
plants or crops go under a great many different
names by those who grow them. Hay is the pro-
duet from a group of plants used pi'imarilv for dry
feedmg, such as timothy and alfalfa. Fodder is a
general term used to stand for long feed of any
kmd, cut and fed either green or dry. In some
places fodder means only corn fodder, but we have
broadened it to include feed from the small grain
crops, such as oats, rye, pease, etc., as well as hay
and such other annuals as millet and vetch, and
which in most cases maybe fed either green or diy
In this class would come cured gi-eeu oats, local-
ly known as green-feed. When these crops are
cut and fed green to stock they are commonly
called soiling crops, which refers to the method of
handling the crop in conti-ast to curing or pas-
turing. Silage is any cro:.) that is grown and is
cut green to be stored in silos. Corn is the most
impoi-tant and the most successful example, but
other fodders are suitable for silage. Pasture crops
are crops that are eaten where they gi'ow. They
may include hay or meadow grasses, the clovers
grains, or rape. This description refers to the waym which the crop is used.

Other kinds of crops that we should know the
use of and that are gi-own from forage plants are
catch crops, cover crops, nurse crops, and green
manuring crops. Catch crops are crops that are
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worked i..to a rotation l.etwee,, regular season

JU su..h as rare sown with oats for all pnsture

.: :
'

tor late fall or early spring pasture Cover

croi. are erops that are grown to protect the soil,

such as rye or rape. Nurse crops are g.-arn crops

S h wlml grass seed is sown. Green manure crops

Ir crops thit are grown to he plowed n.uler to add

7oL l-ertility of the soil or to improve the physical

condition of the soil.

ThUaving of Forage. The value of forage de-

pends upon the time at which it is cut. I should

be cut while all parts of the plant are stdl succu-

lent not after they have completed then- giwth.

1 '.lant to .uite an extent produces Us par s by

stages in the order of leaf, stem, flower, r,nd fruit

wL the leaves and stem have aW competed

their growth they produce flowers and hnally f. uit,

1^ '; the tinJL fi^t is developed the o her

;:,t. 're turning dry and hard and are not of

Lch value for food. It is in young and growing

plants that the food constituent, protem. which is

the flesh-making substance in phints, is

-^<^^J'^^
ful To secure the best condition in the whole

plant we must cut it before it has stopped grow-

L Hay should be cut when it is just corv-mg

n bloom or has just come into blocm. Oats

or fodder should be cut before the gram has

passed the milk stage. It is sometimes recom^

Lnded that market hay should be loft a little
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longer than hay that is to be fed at hnme but
It should be clearly understood tluit forage crops,
are crops that are cut gi-eeu if they are cut.
Groups of Forage Crops. It is not easy to classify

forage crops on the basis of use, as the plants n,av
be used ni a nunil)e,' of different ways It is
possible, however, to make a groupius;" of ,,lants
because they are of the same general character. A
useful classification is as follows

:

1. Perennial meadow and pasture grasses: timo-
thy, rye grass, brome grass, re<l top, and Kentucky
and Canadian blue-gi-ass.

2. Fodders: corn, small gi-ain fodders, millet
vetch, and various mixtures of these.

'

3. Legumes: alfalfa, red clover, crimson clover
and alsike.

'

4. Rape.

MEADOW AND PASTURE GRASSES

Timothy is a standai-d hay crop. Owing to its
value for working horses, the demand for it is con-
stant and the prices of other kinds of hay are fixed
in relation to it. The seed is cheap, it produces a
good yield and the sod is eisily got rid of It
generally produces well for two years, but after
that It thickens so that the stem growth is short
and hght. It requires good soil and a liberal rain-
taU. In some parts of the West it suffers from the
absence of early spring rains.

t»l
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IJ

Western Rye Grass is a vuluablc hay viith(>r than

pastuiv phiiit. It is a hunch, rather than a ••r(>.n'i''g

typo of jjtrass, tliat is iiidigeuoiis to the whole of

Canada and is very coiimion in Western Canada.

It is a deep rootin.si grass and does well in rather

dry soil, but produces lieavily under irrigation

with proper drainage. It reaches its best produe-

tion about the third >ear and is better hay ior

horses than for cattle.

Brome Grass has been introduced into Western

Canada on account of its drouth-resisting (lualities,

tlu)ugh it does liest in a rich, moist soil. It does

not grow very fast the first year and should be

sown without a nurse crop. It produces good ci'ops

of hay for a couple of years but it multiplies so

rapidly through root spreading that it gets too

thick to grow good hay and is then valuable (jhiefly

for pasture. It is rather hard to erailicato and is

regarded almost as a weed. It is generally got rid

of by following it by a cultivated eiop on deep

plowing.

Kentucky Blue-Grass is valuable for permanent

pasture. The grass is of fine (luality. It does well

on stiff or poor soil, but produces only a light crop

of hay. It thickens by root creeping and so keeps

itself renewed. Canadian blue-grass is of similar

habit and quality. Eed Top is used to a limited

extent in pennanent pasture mixtures. It produces

a light hay crop on wet, sour lands, where it is
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ulwuys f„i,u,l -n.wiii.sj i.i.liK,.n..u<lv. Tli..s,. (h,,,,.
Viinetit's „f «r,.,ss aro all g.,,,,! lawn -rass.-s.
Grass Mwfjres. In i.nu-ti<-.. most l.av an.l pastn.v

ffi-usHPs are .own in niixtmvs in „r.I..V t.. H.-niv a
heavier yield, an.l als., to k.-o,, hm.] loniror in .-ra-
an.l s,. sav.. tl,.. ..xpens,. „f n.-s,M..liM- an.l ,-ulli-
valion. Soni.. ffmssos an- shallow .-..otinj; an.l

Fro 49. MANrroTiA Foddfr Corn.

some <lee,, rooting. S..n... .lo l„^st in th,^ first „r
hr.st an.l sc-ond years, whil,^ others .-..me on in
the third year. Cnumon mixtun-s ar.-: tim..tliv
and rye grass; timothy, rye, and brome grass; anil
I'ye gi'ass and Kentu.-ky blue-grass.

FODDERS
Corn. Where corn can be grown best it J.i>o.b„.es

larare yields of trrain wl>i,.l, w .-ahiable for the fat-

y corn stt ks after

•ge yields of grain which is valuable for the t\

tening of hogs and cattle. Dr
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the gi-ain is stripped off is called stover. In Westei-n

Canada our interest in corn so far is largely limited

to its use as fodder. As fodder it has three uses: as

silage, as a soiling crop, as dry fodder. The use of

the silo is 'lot yet general but is extending. By the

selection of suitable varieties, up to twenty tons per

acre of green fodder can be produced, which is more

than can be grown of any other crop. It cleans the

land and is a good pre-

paration for wheat.

Small Grain Fodders.

The most extensively

used dry fodder crop

grown in Western Can-

ada is oats, commonly

called gi-een-feed. It is

also an excellent silage

Fio. 50. The SiLa crop. It produces a

heavy yield, is palatable for all kinds of stock and

is easily harvested. It is dso sown with other gi-ains,

such as barley, but most commonly with oats, peas,

or vetches. Combinations of these are extensively

used as soiling crops as well as for pasture. Millet

is used as a soiling crop. The grain crop of most

varied use is rye. It is sown for fall pasture, is

useful to keep soil from blowing in winter time, is

grazed again in the spring for a while, and finally

harvested for its grain, or it may be cut green for

fodder and either fed green to stock or cared.
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THE LEGDMES

Til.. leKUJiies, iiwhvVmg MMn and the clovers,
hiiv.. ulways )),.,.ii hifrl,ly vuIu.mI ,>„ arconiit <.f the
l'"W. yi..|.ls tli.'y K'ive, tlu, hi^'h (,nality „f the
f...l.lei- they pn.vi.le, un.l „„ ft,.,-,)i,„t of Hum,- value
<-> the soil i„ a rotation. Most of the fora.sje of
^\ estern Vauiuhi consists of the native grasses, tame
jfrasses, an.l ..,.,•,.,,! fo.l.lers of similar form an.l
hal.it. The .listril.ution of tli.. native pea an.l
vet-h an.l th.. sn ss .>f s,-attere.l nxperiments
iiidi.-at.. that the leffiiniinons .-rops will l«.,.ome
more .'oinmon.

Alfalfa is a perennial plant Listing sometimes on
the same lan.l f.,r thirty yeai-s. It is use.l almost
ex.-lusively for hay, an.l where it succeeds can be
.'ut two or three times in a .season. It is valuable
for .lairy .-attle an.l sheep particularly, but is a good
general food for stock of all kinds. As a pasture
It is use.l .-hiefly for hogs, but cattle may be grazed
oil s.v..i,d growth alfalfa if accustomed to it gradu-
ally. It shoul.l i„. grown without a nurse crop, and
re(iuires careful preparafioi, of the land. It does
not reach its highest pro.luetioii until the third
year. It is a deep feeding plant an.l re.|uires a
porous, well-drained soil and subsoil. Inoculation
of the soil helps t.. .sc-ure a good stan.l if other
con.ht.ons are favorable. It succee.ls best on u-ri-
gated land. Wh- > it succeeds well it becomes the
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dominant crop in a rotation and gives a special

character to the faiin enterprise Asrith which it is

connected.

The Clovers. There are four varieties of clover

that have been subject to trial: I'ed, crimson, white,

and alsike. Red clover is a biennial, though occa-

sional plants persist for a year longer. It requires

considerable moisture to succeed well. Though it

is a deep rooting plant it will not stand periods of

drought well. It thrives m a soil that contains con-

siderable lime, that is fertile, and that is well

drained. It is thought that the progress of tillage

and drainage in areas of sufficient rainfall will

make success with red clover common. It should

succeed under in-igation, but the higher yield of

alfalfa gives alfalfa first place. Crimson clover is an

annual. It is not as good a hay plant as red clover,

but is a good soiling plant and is used also for hog

pasture. White clover is a plant of low habit that

serves well in both hay and pasture seeding. Alsike

is not a deep rooting plant like alfalfa. It has a

root system near the surface and is not affected by

poor drainage to the same extent that red clover is.

It is a success in hay and pasture mixtures. In

common with other legumes, the sweet clovers are

useful in soil improvement, but are of little value for

fodder on account of their woody stem and bitter

taste. Pease and vetches have been dealt with under

fodder, for which they are commonly grown.
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KAPE

Rape is purely a pasture plant. It resembles the
turnip in leaf growth, but its root is not fleshy, being
more like that of the cabbage. Rape furnishes
large supplies of succulent, tender feed. It is much
relished by cattle, sheep, and hogs. It can be
grazed early in summer, but is at its best with the
coming of the fii-st light frost. It requires well-
prepared soil. It does weU and gives heavy yields
sown broadcast on new, rich soil, but is commonly
ft cultivated crop sown in drills in the older parts
of Canada.

EXERCISES

1. What different kinds of forage are grown and used in
your district? 2. Make a collection of half a dozen natural
forage plants in your district. 3. What quality in blue-grass
gives it its chief value? i. How many tons of hay per a-re
are commonly secured from native prairie, timothy, and al-
falfa

? 5. What would probably be the effect of winter frost
on deep-rooted plants on undrained soil? 6. Do you know
any grasses that cure without being cut?



CHAPTER XXIII

ROOTS AND TUBERS

Uses of Roots. The growing of field roots is not

general on the prairie. In areas of new, free, open

land, and where labor is scarce and high, people

are concerned with getting the most out of land

with the least labor. Agriculture is extensive

rather than intensive, and machhie crops are pre-

ferred to hoed crops. Under other systems of

agriculture, roots are considered a necessary part of

a rotation. They require a good deal of cultivation,

which results in putting the soil in good physical

condition, and also in clearing it of weeds. They

also are considered economical feed. Only about

ten per cent of the root crop is actual food material

or dry matter. The rest is water, but under good

management fifteen tons to the acre are commonly

harvested. In this country we do not regard root-

growing as the most economical way of producing

feed, but we recognize the value ^f roots when

fed along with either dry, concentrated feed, or

roughage. They appear to keep live stock in good

health and help to digest the rough feed, or perhaps

help Uve stock to make use of more of it. Koots

184
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are especially valuable foi' growing stock and for
milk cows. Where corn is a successful crop, silage
takes the place of roots for succulent feed in winter.
It is pi-obuhle that in most parts of \Vestera Canada
roots will be extensively growr in the future. The
climate is admirably suited to roots.

Turnips. The turnip is the root that is most
commonly grown for live stwjk. There are two
gei.ei'al chisses, (tailed fall and winter turnips,
with <:lightly different uses. The fall turnip is

lai'ge, soft, and is white in tiesli, and has light,

green leaves and no stem. It does not keep
through the winter and is fed early. The chief
varieties ai'e the White Globe and the drey Stone.
The winter turnip is commonly called the Swede,
or ruta baga. It is smaller and firmer than the
fall turnip, and is globular in shape and yellow in
flesh. Its leaves are bluish gi-e^n and it shows
some stem. The two common vaiieties are the
Purple Top and Bronze Top. It is highly flavored,

and gives a rather objectionable flavor to milk
unless fed in moderate quantities and after milking.
Turnips are greatly relished by sheep, and have a
limited use as feed for hogs.

Land intended for turnips requires careful pre-
paration. It should be plowed deep in the fall and
carefully worked in the spring. In places where
much stock is gi-own the land is heavily manm-ed
in pieparatiou for the turnip crop. Turnips should

ll

i
\
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be 80W1I in di-Uls two and a half feet apart, thinned

to ten inches apart, and carefully worked with the

cultivator and hoe.
, , a t

Carrots of the field varieties are used chietly tor

hoi-ses. They are not useful for working hoi-ses, as

they keep them soft, but they help to keep idle

hoi-ses in good health. They are deep-rooting

plants, and require careful preparation of the land.

The division of carrots into different varieties is

largely a matter of type and shape, and not ot

difference in use.

Mangels. There are three varieties of roots

belonging to the mangel gioup. These are the

mangel-wurzel, populariy known as the mangel;

the sugar mangel, which is a cross between the

long, red mangel and the sugar beet; and the

sugar beet. The first two are used for stock-feed-

ing and the last for the production or manufacture

of sugar. All of these are saccharine in content,

which gives them their chief food value. Mangels

are especially good feed for milk cows and for

hogs, but are not specially good for sheep. They

keep well, and are suited for late winter feeding.

They are not as satisfactoiy a crop as turnips, as

they are easily injured by early frosts.

Sugar Beets. The sugar beet is cultivated

primarily for the sugar it produces. It contams

nearly twice as much dry matter as turnips or

mangels, consisting mainly of sugar. In Southern
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Albei-ta it is a siutcessful crop. The sugar beet
requires intensive culture. It is the usual practice
to su!miier-fallow laud in preparation for the beet
crop the year before the crop is sown. The seed is
sown early, usually by the first of May, in drills
about twenty inches apart. About ten or twelve
pounds of seed per acre are required. When four
leaves appear on the beets they should be thinned
to about ten inches, subject to the strong.^st plants
being saved. The ground should be kept well
cultivated and free from weeds. The beets ripen
about October. They are harvested by plowing
with a regular beet plow, thrown in heaps and
topped by hand. Yields run from twelve to twenty
tons per acre, and the value is usually about five
dollars per ton. The two varieties in common use
are the Vilmorin and Klein Wanzleben.
The tops of the sugar beet plant are useful for fod-

der, and the pulp is excellent succulent feed along
with grain and diy fodder for fattening sheep and
cattle. The cultivation required for the production
of a crop is a good prepaiation for wheat the follow-
ing season.

TUBERS

The Potato is our only tuber crop. It is a field
crop grown for table use. The potato is sometimes
loosely included in root ciops, because the part of
it wo use is produced below the ground, or because
il requires the same kind of cultivation as the root

! i,
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,.,•..1.'*
Tli."i.iirturtl..-i".tiit..that\vt.useisuotaroot

hut a lulHT. A tulHT is an .-ularj,'.'"! part ..f a plant.

The i...1atn .liH's not jjioNV on a root, Imt on an un-

,l,M-ronn.l sl.-n. or stolon, as il is calUMl. What we

c,tll ev.'s in tin. potato aiv l.u.ls. If we cxainmo them

we tiiia tint thev are arrang.-<l spirally us the buds

KlU. 53. TllK I'liTATO Hakvkst.

are on the stem. The base or stem end of the potato

has few buds, but the top, as it should bo .-ailed, has

quite .. number. By a division of the potato wo can

produce jrenerally as many potato plants as there

are buds on the potato. (Irowins potatoes from

buds is an artifi<-ial method of propagation. Frost

.l-stroys tlie potato easily. The potato eontams

from twelve to twenty per cent of starch.



Fkj. 54a. Hampshire Ewk;

Fn;. r>4/.. SiiHdpsnikE Ewes.
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Culture of the Potato. Tlie potato requires loose,

mellow, well-prepared soil. While it will produce

well on most well-drainefl soils, it does best on a

medium, light soil. This kind of soil works easily,

and the potatoes grow well iu it. It should have

considerable humus, however, and it pays to

manure liberally for a potato crop. Good crops

are commonly grown in sod if the soil is of a good
kind and the surface is thoroughly cultivated. It

is not wise to plant the potato on the same land

moi-e than once without having other crops come
between, as it is subject to disease and to attacks

from insects which persist in the soil.

Stored potatoes sprout readily in the spring. In

wai-m cellars, long, white sprouts appear, and the

potato shrinks from loss of water and starch con-

sumed in growth. These sprouts break off or are

rubbed off, and the buds have to start all over again.

If potatoes are spread in the light or sun on a floor

they will spi-Out less readily, and the sprout will be

small and hnrdy, and it is a gain in the season's

growth. This is called sun sprouting. Sun sprout-

ing is a kind of germination test. Sun-sprouted

potato seed is usually cut one sprout to a piece;

otherwise tw". The seed pieces are commonly
dropped twelve or fourteen inches apart in drills

thirty-three to thirty-six inches apart. The market
demands a medium-sizetl, smooth potato, not one
in which the buds are deeply sunk, and this kind
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Hhould l)« Huloctwl for swmI. The ivsults of tests

are uiifiivtMnhle to the steady use of Hmull potatoes

for soetl.

Potatoes nHjuire fre<juent cultivation. Ou dry

lands potatoes should !« seeded thin and cultiva-

tion should bo frecjuent. Cultivation should be

deep and close to tlio plant* in the early part of the

season, and should not l)e deep after the tubers

have set. The soil should l)e worke<l from the

centre each way to inci-ease the volume of loose

soil about the growing parts and to shield the

t\x\m- from sunburn. The hilling of potatoes is

thought by some to increa.se the evaporating sur-

face of the land, but experiments have not shown

that flat cultivation in-oduces better crops than

working the niol<l into drills. Where potatoes are

grown on a large scale, machinery is used for both

dropping and digging.

SXESCISKS

1. Give as many reasons as you can why roots should ba

grown. 2. Discuss tlie wisdom of the statement : roots are

ninety per cent water, but it is mighty good water. 3. What

objection would you make to a ration for livestock of all

grain, all fodder, all roots? 4. Explain how the putting of

manure on u risit crop helps a subsequent crop of wheat or

barley. H. Is either of the two common kinds of field

turnips suitable for table use! 6. Compare wheat, turnips,

and sugar heeU in relation to soil improvement and wealth

production. 7. Make a drawing showing all the parts of a

potato plant, and give other examples of stolons.



CHAPTER XXIV

TRBBS

From Sod to Soil Surface. The area included in

the Prairie Provinces i8 not all ]>ruii-ie. Part of it

is prairie, part of it is park land, and part of it is

timber land. While the prairie aspect seems to be
oharacteristio and constant, it is not thought that

the prairie was always without trees. If an area
were carefully fire-guarded and enclosed so as to

prevent close grazing, it would undoubtedly de-

velop tree growth, though the process might
appear slow to us. If the grass were undisturbed
it would grow a top of vegetation that in its decay
would create soU conditions that would be favor-

able to scrub growth, which would be followed by
still higher growth with the accumulation of loose

mold and shelter from sun and wind. This is

nature's method of making the earth progressively

fertile and attractive. It is known that the Indians

were in the habit of setting out fires to improve
the buffalo pastui-e by providing fi-esh springing
gi-ass, and it is generally thought that, whether in

accident or design, fire has been chiefly responsible

for stripping the prairie of all vegetation except
101
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the grasses, though climatic differences would

account for differences in the volume of tree

gi-owth in the first place.

The prairie stretches are sometimes referred to

as the Grass Lands of the Great Central Plain.

These lands are characteristically suited to the

production of the cereals which are also of the

gi-ass family. Owing to the ease with which these

lands can be converted to production they have

been rapidly settled. They simply have to be

turned with the plow. Sometimes it is done with

the patient cattle workii^g in the natural day and

tearing up a single ribbon of sod at a time, or it

may be the work of the great engine working both

by day and by night, and turning acres instead of

inches at a round.

The soil is very productive. The mineral in-

gi-edients have been well fined and mixed by glacial

action, and the land is ovei-laid with a rich humous

covering with which a humble vegetation has been

dressing the rock waste year by year. In some

places this rich top soil has been gathered by the

streams and deposited in the bottoms of lakes that

have long since disappeared. The result is that the

conversion of the prairie from a sod to a soil surface

has been veiy rapid. It is sometimes said that the

bountiful production of the prairie with little ex-

penditure of labor encourages money-making rather

than home-making.



Flo. 55a. Primitive Power.

Fic. 556. MouKR-N Power.
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Conservation. The turning up of the prairie has
given rise to insistent problems of conservation.

We have learned in our crop studies that it is neces-

sary to conserve soil fertility by returning crop

waste and maniire to the soil, by green manuring,

by crop rotation, and by including as often as pos-

sible in a rotation, leguminous planU where they

will grow. Tree planting is an attractive and im-

poi"tant work with a distinct aspect of conservation.

In its larger features it has become a concern of

governments, and has for its central pui-pose the

providing of a timber supply for future use. The
business of developing and caring for timber is

called forestry. The work done by the Dominion
Government concerns itself with the re-seeding of

stripped areas; the seeding of new areas unsuited

to agricultural use ; the establishment and extension

of timber reserves, and also with the fire-guarding

of forests and the i-egulation of brush disposal.

It is recognized also that forest conservation has
other impoi-tant retsalts besides saving and increas-

ing the supply of timber. In the first place, forests

create by the materials they furnish, such as leaves

and twigs, and by the shade as well as protection

against blowing which they furnish, a deep accum-
ulation of black mold. The black soil of the

forest retains moisture well, and the trees shade it

fi-om surface evaporation. This makes the dis-

charge of water to the valleys steady and regular.
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If the sides of the valleys are stripped of trees, the

humous mateiiiil not only ceases to aceumulate, but

it disappears by both washing and blowing.

Valleys that are dcimded of forests are soon

denuded of black soil. Channels are cut deep by
erosion. Flooding and soil washing are common
on the lands at lower levels. While the timber

supply is the chief concern of forestry, the inci-

dental benefits of forest i)ianting are of great

economic importance.

Tree-Planting on the Prairies. Tree-planting on

the prairies is usually undertaken inore for its

incidental benefits than for the supply of timber

which it may furnish. The natural conditions are

not favorable to the establishment of forestry

enterprises. Owing to the extreme climate, light

rainfall, and short growing season, tree growth is

slow. The rapid evajwration caused by the high

winds means low growth. The stately trees that

we see in forests have germinated in a loose, moist

soil in the flr.st place. As seedlings, and also as

saplings, they have had favorable soil conditions,

and have been shaded by the vast trees amidst

which they have .sprung and by each other. They
have really become great trees themselves of fine

girth and stature before they have lost the parental

shelter. These tall trees of even girth are real

timber trees. We cannot grow many varieties of

trees on the prairie, the varieties we can grow are
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not the most valuable timber trees, aud we cannot
grow them in very great perfection for timber
pm-poses. The growing of trees on the prairie is

only aa adjunct to fanning, but the economic
benefits from it are suflaciently important to make
the planting of trees worth while. •

Fla. 58. W1NDBRE4K OF CoTTOKWOOD.

Benefits from Tree-Planting. The word most
commonly used to describe the tree group on
the prairie is the word windbreak, which shows
how trees are chiefly regarded. The windbreak is

valuable

:

1. To cTieck the blowing of the soil. The fine

soil of the prairies when dry is easily cairied away
by the wind, and, of course, the surface soil is the
most valuable. It is the humous materials which
are lightest also. Blowing affects the soil of summer-



196 ELEHENTABT AGRICULTtJBE

fallows, young crop, and even crop of considerable

height. Sometimes young crop may be blown right

out of the ground in either winter or summer. It

was obsei-ved at the Indian Head Experimental
Farm that a fifteen -foot-high windbreak completely

protected a gi-afc crop from injury to a distance of

seven hundred and fifty feet, or for fifty feet for

every foot of height in the windbreak. It would
probably lessen the injury to the crop or soil surface

for a considerably gi-eater distance.

2. To check snow blowing. It is not uncommon
to see the total snowfall in certain parts of the

prairie entirely carried away from the surface of

fields. The snow lifts soil with it, and the loss is a

double loss of moisture and fertility. The catching

of snow by a windbreak itself insures the better

establishment of the windbreak by the accession

of leaves, stubble, bla«k soil, and moisture.

3. To check evaporation on the lee side of the

trees. Observations have shown that the evapora-

tion duiing a high wind is much greater away from
a windbreak than it is near it. Windbreaks are

absolutely necessaiy for orchard trees on the

prairies, and their benefit for the protection of the

loose soils and the plants of gardens against drying
is obvious.

4. To shelter stock. Comfortable buildings are

expensive on the prairie, and certain kinds of stock

will gi'ow and keep in good condition mnning out-
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side if they have food and shelter. The benefits of
fresh air and exercise compensate for the absence
of warmth. Shelter saves feed and makes growth
possible.

5. To shelter farm homes and other buildings. It
is much more comfortable, both within and about
farm buildings, if they are situated in shelter, than
it is if they ai-e

on wind-swept

ground.

6. To add to

the beauty and
value of farm

property. The

attractiveness

of surround-

ings adds much
to the enjoyment of home life. Too many homes
on the prairies have been left unimproved as to
their surroundings. The actual selling value of a
place is increased by the planting of trees around
the buildings, along the lanes, and along permanent
fences.

7. To furnish a supply of wood and of pole
timber. The development of tree-planting has
already resulted in some parts of the prairie in
furnishing domestic wood, pole timber for building,
and posts for fencing. This is not an immediate
benefit from tree-planting. It comes with the

Fig. 87. This Kind or Stock Commonly
VVjNTEKs Outside.
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n

development of fairly large plantations and after

they have made a stand that establishes something
like forest conditions, such as, the holding of their

own leaf mold and other waste, the retention of
moisture by reason of the mold and shade together,

and the rapid produ<;tiou of natural seedlings.

Wood or light timber may be supplied from wind-
breaks by cutting out grown trees of temporary
varieties, in order to make room for more per-

manent sorts that are coming into good growth.

The Planting and Cultivation of Trees. In the

absence of the usual conditions under which trees

or forests are commonly produced, the fai-mer must
look on trees as a crop until they are well estab-

lished. This means that the soil must be carefully

prepared and the trees cultivated for two or three

years. It will pay to give a season to the prepara-
tion of the soil. If the trees are to be planted on
land that has already been cropped, it should be
carefully summer-fallowed to secure a store of

moisture. If they are planted on new land it

should be plowed three times. The fii-st plowing
should be quite shallow and should be done early

in the spring. It should be disked a couple of

times to pack it down and fill. the seams so as to

hasten decomposition. It should then be ba<-kset

two or three inches deeper, well surface-worked,

and plowed a third time still deeper late in the fall,

haiTowed, and left until spring. It will not require
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working in the spring before planting. The plow
may be used to make a furrow in which to set the
trees. Intertillage is by the horse an<l seuffler.

Windbreaks should be set for protection against
the west and noi-th winds chiefly. Most of the
fast drying summer winds are from the south-west.
Protection on the south side helps to check evapor-
ation from these winds, but a south bank of trees
should not be set up close to small plots to be i)ro-
tected, as it shuts out the sun. Trees do not need
to be set close to buildings in order to give pro-
tection. If they are set close they bring the snow-
banks too close to the buildings. Trees for wind-
breaks should be set in rows four feet apart, and
the trees should be about the same distance apait
in the row.

A plantation should contain a number of
varieties. Some trees quickly shade the ground
and help to produce a good soU cover. The Mani-
toba maple is of this sort. It produces an abundant
leaf growth, but does not last for many years. The
poplars are most used in the Western Provinces on
account of their rapid gi-owth and hai-diness. The
ash, elm, and evergreens are slower growers, but
make the best trees ultimately for shelter or decora-
tion. If ash, elm, and evergreens are intended to
make the ultimate shelter belt they should be
planted so as to make a good gi-oup after the tem-
porary trees have run out or have been cut out.
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Maples and cottonwoods may be set on the ontsides

of the plantation, and such trees as evergreens, elm,

and ash, set eight feet apart on the inside with inter-

mediate rows of Manitoba maple, making four foot

spaces for cultivation between eat^h pair of rows.

Trees should be planted firmly, and a little

deeper than they grew before transplanting. They

do not need manure. Sui-face-working should be

directed by the condition of the surface soil, as in

general diy farming practice. It should be frequent

early iu the season, but should cease about the

month of August. New wood grown after this

time is apt to be set back and killed by early frosts.

The poplars and so-called eottonwoods can be

grown from cuttings. The bulletins of the Forestry

Branch of the Department of the Interior furnish

valuable information on care and varieties.

Native and neighboring varieties of trees should

be the first ones selected for shelter and general

group planting. These under reasonable care will

turn out ninety per cent good. Others should be

chosen on account of such similar climatic adapta-

tions as wiU give reasonable hope of success. In

the case of all trees, whether grown from cuttings

or seed, considerable time is saved by procuring well

set nursery stock, but it is particularly important

to secure stock from home nurseries to leasen the

losses from long shipments, but more particularly

to get trees that are grown under conditions similar
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to thone into which they are Iwing transplanted.

Local nui-serles can easily furaish co-ojHjrative as-

sistance to tree-growing enterijrisfts, ami have a

direct interest in having their stock give satisfaction.

It is important to feel in the fii-st place that the

planting of the tree is ,< l.enelicent act, and in the

second place, that any ti i is niiutiful in right

environment. A no um iIkI. -chin y or saskatoon,

oragi'oupof these, luy 1>»^ jii ; wmjiI u particular

comer requii-es.

KXE CISSS

1. What different kinds of iiijiiy ir inconvenience are
caused by wind in your dist: I'l ( 2. Aw there any natural
plant societies which include trees in your neighborhixKl? H
so, what is their environment in contrast to that of places

without trees 1 3. Visit these f^roups to ascertain what differ-

ent kinds of trees and shruljs are included in the plant societies.

How are they arranged, and of what use are they to each
other? 4. From what kind of environment or situation

would you choose a tree for single planting f 5. Are there
any places about your home that would Iw improved by trees

for either shelter or decoration 1 6. Choose an<i carry out an
experiment suite<l to your circumstances from the following

:

(a) The growing of plants from the seed of the Manitoba
maple, Cottonwood, ash, or elm. (A) The growing of trees

from cuttings of cottonwood or willow, (c) The growing of
trees from both suckers and cuttings of Russian poplar, (rf)

The transplanting of one native ccmiferous tree and <me
deciduous tree from your neighborhood. (») The planting of
two native shrubs from your neighborhood. (/') The st^curing
and planting of caragana seedlings for a short he<lge, or of
Virginia creeper. Make the cultural conditions as g(Mxl as
you can by learning frfim books, from the experience uf
others, and by your own judgment and ob.servation.



'
, i

f

CHAPTER XXV

GARDENS AND GROUNDS

Use of the Garden.—The fields of the farm com-

monly provide a number of crops that are suitable

for table food. The potato is commonly grown
under field conditions for, economy in woi'king, and
is usually a farm crop for market as well as a

home supply crop. Onions are generally grown
as a field crop for market as well as for domestic

u.se. Corn is ordinarily a field -^lop, where it can be

gi'owu, and the pumpkin and b.juash are generally

grown in the field on account of the room that

they requii'e. For this reason they are commonlj-

limited to the farm and are not included in garden

crops for town cultivation at all. The garden, how-
ever, should be looked upon as a necessity for both

the town and country lioiue on account of the

variety and succession of vegetable foods it fur-

nishes for both summer and winter use.

In town we commonly speak of the garden as a

kitchen garden. It is usually situated at the back of

the house, while in the country we frequently find

the gtti'den plot and such decoration as lawn, trees,

and shrubs in close association. Frequently the tree

ao2

i
-lE
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growth answers for shelter as well as decoration,
and the gai-den is helped in this way. A well-tilled

garden plot does not necessarily take away from the
attractiveness of the setting for the farm home if

the parts are suitably an-anged.

In many western towns there are many vacant
lots that may easily be converted to gardens for
those who have not sutiieient gi'ound about their
own homes. Their cultivation vastly improves the
appearance of the street and may yield a profit to
enterprising boys and girls.

Garden Soils.—Garden soils are to a considerable
degi-ee made soils. A very light, sandy soil may be
improved by the addition of manure, or a clay soil

opened up by careful tillage and the use of manure
combined. The best natui-al soil is a loam oi- .sandy
loam that is liberally supplied with humus and that
is well drained. A soil of this kind is easily worked.
Different plants have different soil adaptations.

' Such vegetables as carrots and radislies do not gi'ow
well on clay soils, but on sundy soils they gi-ow
rapidly and are clean. Cabl)!ige and cauliflowei- do
well on heavier soils. Onions and celery do best
on reclaime<l, black lands. Gravel is a poor soil

for gardens.

Exposure.—The aspect or exposure of a garden
plot, or of different i)arts of it, is important in rela-
tion to crops. I,a,nd with a southern or south-
eastern exposure will produ(!e earlier crojis than one

I'

I
lis'

I
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with a northern exposure. On the other hand,

trees and bush fruits may suffer by being started

too early. Sjieeial parts of a garden are sometimes

better than otliers with respect to warmth of soil,

slope, elevation, or shelter, or from the reflection of

heat from fences or buildings. Conditions of this

Fio. 61.—Corn and Tomatoes Procit by Favorable Exposcke.

kind are important in relation to plants such as

corn, the tomato, and the gourds that reach their

perfection in a warm'^r climate.

Preparing Garden Soil.— The pieparation of a

garden plot for spring jilanting should be done in

the previous fall. The land should be plowed or

dug deep, and in dry ai'eas should be han-owed.

"Where land requii'es manui'e it should be applied

if
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the year previous to that iu which the soil is

planted so as to become thoroughly a part of the

soil. In areas where dry fanning is practised the

garden should always be on summer-fallow, that

is, it is necessary to cultivate twice as much land

as is cropped. The use of manure on dry land the

same year as it is cropped is wholly inadvisable, as

it opens the soil to air and hastens the loss of

moisture by evaporation. When used on summer-
fallow, however, it improves the soil for moisture-

keei)ing later. The soil .should be made thoroughly

fine in the spring. This warms it, increases its

capacity for moisture, and so hastens gennination

and improves the conditions for growth.

The Hotbed. The hotbed is a most profitable ad-

junct to the garden iu both town and country. It

is a device to make heat and keep it, and still admit
sunlight as it does through the sash covering. A
good start and rapid growth are necessary for both
quantity and quality iu vegetables. The hotbed
has two uses. It can furnish a supply worth while

of such early vegetables as lettuce, radish, and
onions, and can give a month's rapid growth before

good conditions of growth are established outside,

for such plants as cat)bage, cauliflower, tomatoes,

squash, vegetable marrow, and celery. The hotbed
should be planted about the first of April in order

to have plants ready for setting out by the first of

May, though the date may vary according to the



206 ELEMENTABY AQKICULTURE

condition in diflferent Iwalitie.s, or to the taste and
convenience of the gardener.

The hotbed is simple in eoustruction. In some
places it is sunk helow the level of the suiface of
the ground, but this is not necessary. The condi-
tions whi<!h make a hotbed desirable may be se-
cured without this trouble. It should be locatefl in
a wai'm, sunny placo. The south side of a fence or

fill. 0-2. End Vikw „r Smau, Hoibeh.

building Ls a desirable situation. A convenient size
foi- a small hotbed is four feet from front to back
and SIX feet long, with the front two feet high and
the back two and a half feet high. This will allow
for a foot or more of manure, from four to six
inches of soil, and will leave six inches of open
height at the front, and twelve inches at the ba<;k
for the plants. The manure should be fresh horse
manure mixed with litter. It should be fermental in
heaps before being put into the hotbed. It .should
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be well trampled in, and should be put in in such
quantity as to be of the lequiied depth after it has
settled by further fermentation. It will probably
take not less than a week to lower in temperature
sufficiently to be safe for planting. It may be
tested with a thermometer. It will probably go up
to 120 degree.-, but should not be planted until
It has gone back to 90 or 95. When it i.s right,
put m about Ave or .six inches of sandy, bla^-k
loam. It should be banked on the outside with
manure.

A cold-frame is sometimes used to hold plants be-
tween the time they have been weU stai'ted in the
hotbed and their final setting out. It is similai- to
a hotbed but without the manure, and is intended
to harden the plants, but similar results can be
secured by teaving the sash of the hotbed open.
This permits the reduction of heat and the entrance
of air from outside.

Common Garden Crops. The word vegetable is
not a name with scientific meaning ..r limitation,
as the word legume or even i'o..t is, as applied to
crops. It is a general word used to designate most
of the things grown in the garden for table use,
except sweet fruits. It includes plants belonging
to a variety of families and of which any or all of
the parts may be used, such as the pod of the bean,
the root of the caiTot, the flower stem of cauliflower,
the leaf st^k of rhubarb. et<\
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The minute culture of garden plants is set out in

special works on horticulture. For practical pur-
poses the directions on seed packages are generally

suificient, and they are clear and concise. For the

sake of order apd economy in working, most gar-

deners no plant their crops in long rows rather

than in beds. Where the

garden is large, as it may
be in the countiy, a horse

; cultivator may be used

for intertillage. The rows

should run north and south

so that one cla.ss of plants

will not shade another.

For this kind of cultivation

a long narrow garden is

better than a square one,

as it saves short turns.

A gai-den usually in-

cludes a number of crop

groups besides individual plants. Beets, caiTots,

parsnips, and radishes ai-e root crops. The seeding

for beets and carrots should take account of both

summer and winter sorts. Radishes should be sown
every week or ten days so as to furnish a suc-

cession, but the quality is better early in the season

than it is late. Part of the parsnip crop is com-
monly left in the ground over winter. Parsnips

are improved in both flavor and texture by the soil

Fio. 83. Celery.
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and frost, but should be lifted before they start to
gi'ow in the spring.

Garden peas and beans are used in a similar
way except that the whole pod is cooked in the
ease of the bean. Dwarf varieties are most popular
in both. Beans are easily injured by late frosts
and cannot be .sown as early as peas. Where shell
beans, as they are called, are grown they are
usually a field crop.

Cabbage, cauliflowei-, and Brussels sprouts are of
smiUar habit and use. They require considerable
moisture. Cauliflower is micertain where moisture
is mtermittent. Early and late varieties of cab-
bage should be planted.

Of pot-herbs or greens the most common are
Swiss chard, spinach, and young beets. The chard
has a delicate and enticing flavor lesembling celery
The thinning of the beet rows can be regulated so
as to furnish gi-eens for the table. Salad plants
are plants that are used for dressing and food
combined. Of these, lettuce, cress, and parsley are
most common. A succession of lettuce should be
provided by sowing every week.
The gourd plants, sometimes described as fruits

that are not sweet, include the pumpkin, squash
marrow, cucumber, and melon. The first three are
successful in Western Canada, while melons do not
succeed, and cucumbers succeed or fail according
to the season. A good crop can be secured by
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lilaiitiiifi; tlicm iiitlicr hiti? in tho liothed iuid lettint;

them iifoducc thoro.

The oiiiou crop is tlie moKt iiii[>ortaiit market

j?ardeu crop grown. There are a iiiimher of ways
of growing onions. Tliey may be grown from seed,

tiie onions that are thinned out being used given

Flu. tio. NllKTllERX Alll.KS.

while the others are left to iriature
;
green onions

may be grown from sets planted in the spring, and
very early spi'ing onions can be produced from
such varieties as the Egyptian, which are planted

as sets in the fall and i»roduce a good crop of

young onions in the spring.

Among individual plants, tomatoes do well in

Western Canada under proper treatment. The
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plants ve(iuir8 a wai'in, siiniiy cxiiosiin', iln.y

should be planted not l.-ss than four IVci ;i)i;iit.

staked, and should he well cut back as to tops and
side leaves after the fruit has foi'ine.l. The crisp-

ness and flavor of Canadian celery is a itstaiidiiij;

example of the effect of suitable soil and cliniale

on all our vegetable plants. It is considered a vciy
wholesome plant. Sciuaw corn may )« made to

produce a supply of cobs for table use. ( )th.'r vari-

eties will come into use by s.'lection and <-areful

cultivation. Rhubarb is a gaideu staple. It should
be set in the fall tVoin root divisions containini;

two buds each. It should be j^'otected <lniiiig

winter by a covering of short manure whi.'h shouM
be worked into the soil in tlie mmug.
Garden Fruits. The fruits grown on the praiiie

are chiefly limited to the strawberry, raspberr\-,

black, red, and white currants, and gooseberries.

Among tree fruits crabs do satisfa<-torily, and vai'ie-

ties of plums, cherries, and apples oidy reijuire the
development of species suited to the (diinate.

Beautifying Home and School Grounds. The gar-
den has been considei-ed in order to indicate what
can be done with t\w soil about the fann or town
home. Most homes have a garden, but they also
have a door-yard which may be impi-oved or unim-
proved, and the attractiveness and value, of tl

home increased or lessened in consequence. The
common decorations of house surroundings consist
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of trees, shrubs, flowers, ami grass stretolies or

lawns. There ai'e two general types or plans of

decoration. One is the conventional, which mns
into straight lines and geometrical figures; the

othei- is the natural type, in which the evidence of

design is as slight as possible. The conventional

type helps to enipluisize the oi'der and neatness of

well-kept gi'ounds. The natural type is displacing

the other. The natural type is well suited to large

grounds.

The house is the centre from whicjh landscape

gardening should begin. A low style i/f house is

best suited to the prairie. The high, narrow house

is a false note in the landscape. Trees may help

to improve the appearance of the house by filling

the deep angles made by the vertical lines of the

house and the ground line. The house should have

a rather unobstructed view in the front. Trees

belong to the side rather than the front of the

grounds. The immediate front of the house should

be lawn. A lawn is beautiful on its own account

and should be an unbroken stretch of grass and

should not be dotted with trees and shrubs or cut

up with flower beds. The trees and shrubs should

be set back from the lawn. Exception may be m
in the ease of natural trees of striking indiviQ..»l

beauty or of groups of trees. Walks should not

ran in straight lines but in easy curves. Shrubs or

flower beds may fill corners and angles in the
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gi'ounds around the house. Vines may soften the
angles of buildings ,„• shade a veran<la. Fl.nvers
of humble growth may border paths or walks.
Sweet peas may covei^ i. trellis division between
front and back yards.

Trees should var'- be-

tween de(!iduous and
evergi-een and sliould

be in groups in most
plaees, tliough rows of

trees dress up fence

divisions or lanes.

Hedges serve the same
purpose. Evergreens

should be pla(3ed for

winter shelter. All
grounds should have
tree corners. A single

evergreen has rather a

solitary aspect. Ever-
gi'eens should not be
trimmed into fantastic

shapes or trimmed of their lower limbs. Trees of
low habit are to be preferred to others for the praiiie.
Grounds should not be fully made and completed

m a season. The plan should take some general
form in the liking and imagination of the home-
maker and may not, for example, have either a blue
spruce or cut leaf birch the first year. Wild oueum-

Fio. 67 Vines may SiiAnK a
Veranda.
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ber and hops may diess or shade one part of the
veranda wliile the Vii'ginia creeper grows in anotliei-.

Each year should add something to improve a bald
place or to satisfy the desire for a new tree or

flower or shi-ub.

The growing of

trees is not likely to

be overdone on the

prairies. Boys and

girls should make
home gai'dens for

profit and experi-

ment and should

plant trees of their

own which will grow

in beauty and use

and strength as

boys and gi'-ls do

themselves.

Boys and girls

should combine and

share on the school

gi'ounds tlie pleas-

ure they get from
improving work. Thjy should work together for

enlarged school grounds, so that they can grow
flowers, trees, and shrubs, and experiment with

soils and plants, besides having room to play.

They should dress their school fences with trees

Fio. 68. Hyacinth.
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and the ..oraers with ..lun.ps of trees, or improve
the entrance to the scho..i in the same way. They
should cut or i.ull the weed, and mow the grass
before it gets sere. They should make flower
plots and borders together au,l (.-.atribute plants
cuttings, or seeds for the eonimoa pleasure.

EXERCISES

1. Wliat do y„„ u„d,.,staiKl l,y a ,na,Ie soil! 2 Howwould you explain the dme.ence l.tween field and garden
.llage?

3. Secure the privilege of cropping a piece of gar-d.n not less than eight by twenty feet, to grow not less than
S.X kinds of garden vegefibles, not less than three kinds of

!'n^' .-.r
"'"''"" ""^ """"'•" ""l-ri^-t connected

with seeds t,ll.ng, watering, or manuring. Draw a plan of
your plot before you begin work. i. What trees are native
to your district? Wh-eh do you pilfer ! Do you intend to
plant one or more trees this year? If so, what precautions
do you intenu to take in moving them ? 5. What flower can
you contribute to the decoration of your schoolroom ? 6 Howmay hyacinths be grown ? How do they multiply ! 7. Choose
a least two flowers from the following list that you intend to
plant and take care of this year: sweet pea, aster, pan.sy
verbena, zinnia, larkspur, phlox, nasturtium, pink, and^ngle
poppy. ®



CHAI'TER XXVI

PLANT ENEMIES

Plant Enemies.- A jilaiif eiuMiiy is anytliiiig that
opecatfs afjiiilist the siic<'ess of a rro]t witli inspect
to citli.T (luaiitity or ((imlity. Thf diief ,'ummfi of
('i'0[)s live weeds, insects, mid fuiiji;i.

Climate and Cropping in Relation to Weeds.—

A

weed is coTniiioiily defined as a plant out of i)laee.

There are two important conditions or causes tliat

favor weed growth in Westei-n Canada. These are
the climate and the system of croppinj,'. The pre-
cipitation of the open part of the year comes almost
wholly in the gi-owing season. Plants good and
bad are i-ushed to maturity hy a fertile .soil, consid-
erable rainfall, and also warmtli. The harvesting
season is rather sharply defined by the ces.sation of
rainfall, and plants of all kinds i-ipen promptly.
The grain is cut and threshed, and with it some of
weeds. Others have shed their seeds or have liad

them rattled out in the stubble. They fall on dry
soil and do not germinate, and so are not destroyed
as plants by the frost or the disk. The seeds may
be covered up by cultivation, but they lie unharmed
over winter. Many of them, like buckwheat and

21tt
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mnstaiyl, have thick, oily skins; vol«,.f,.,.r c.o.m of
gram are from shell.Ml Rmi,. that has survived tlie
winter ,n or on top of ,iry soil. I„ the same way the
weed seeds also are ready for the next season. Nome
of our worst w.-eds are winter annuals, and if they
do start in the fall, thoy are not killed, but go on
growing in the .«pnng. Another feature of our
cl.nmte help.s to increase weeds by distributing
them. This is the high winds.
The system of cropping on the prairie is favor-

able t the increase of weeds. We do not have
diversuied rotations. Sometimes we have two
wheat crops in succession, and if we do not have
wheat following w at, we commonly have oats or
barley, which are ci ps like wheat, seeded about the
same time, so that the weeds have a chance to grow
and ripen with the grain year after year. If we
had a diversified rotation, in which cultivated crops
or early cut forage crops were grown, the weeds
would not have a chance to ripen as they have in a
grain rotation.

Distribution of Weeds—There are certain ways
in which weed seeds are distnbuted. A common
way IS m manure. Wind and water carry seeds for
long distances. Some seeds cling to the garmt its
of men and to the coats of animals, and finally are
rubbed oif. Weed seeds are earned from one farm
to another, or from one field to another, bv machin-
eiy. Weeds are sometimes brought in by impure
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seed from distant places. Seed is not always well
cleaned at home. Weed seeds come in hay or in
cars, which cairy impure seed. The screenings
from the elevators are sometimes moved away in
open wagons, for

sheep feeding,

though this is

generally for-

bidden.

Where weeds

are very trouble-

some, govern-

ments pass legis-

lation which is

intended to

prevent weeds or

destroy them.

Certain classes

of weeds are

defined as nox-

ious on account
*"'"• "—^he loco Wk.d.

of the injury they work to crops, penalties are
imposed, and inspectors appointed to enforce the
laws. The Acts of the various provinces should
be consulted to find out what weeds are defined
as noxious. The provinces all issue bulletins on
weed extermination. Collections of the noxious
weeds should be made so that they will become
familiar.
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Injury Caused by Weeds.—The effects of weeds

are as follows

:

They rob the crop of moisture, food, aL<i sunlight.

They lower the value of grain by m^cing it a

poor sample, and by the impurity of the weed seeds.

They involve labor and expense in combatting

them.

Some weeds are injurious or even fatal to live-

stock, as loco, water hemlock, wild onion, and

larkspur.
'

They destroy the fleeces of sheep or i-educe their

value.

They spoil the appearance and lower the value of

farm lands.

Destruction of Weeds.—Annual weeds must be

got rid of in the season in which they appear. If

land is not too diy in the fall, disking Mrill cause

seeds to germinate, in which case they may be

destroyed by the frost or turned under by the plow.

Land should be worked early in the spring to cause

them to germinate. They are then easily destroyed

by harrowing before the crop is sown. Harrowing

land after the crop is set also helps to destroy them.

If they are not too numerous, they may be pulled

by hand as thay appear in the crop.

Biennials are plants that produce seed in the

second year. They should be cut down when in

bloom. If cut too early the root may contain suflB-

cient food to mature flowers and seeds the second
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Flo. 72. Tim Cotswold. A Loho-Wooled Breed.

Fig. 73. The Oxtobd. A Middlx-Wooled Bkeed.
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time. Spudding below the crown is the most
effective way of cutting them. A veiy heavy forage

cr(:p, or a well-cultivated crop on deep plowing,

may destroy them, but the most effective way is to

summer-fallow. The land should be kept bare and
cultivated with implements that tear out the roots

and bring them to the surface, where they may be
gathered with the drag-han-ow and burned when
dry. The disk is not useful for this work. Where
weeds of any kind have got a start on a summer-
fallow, sheep will usually eat them off if held on the

land in suflScient numbers. They also pack and
fertilize the soil. The sowing of rape and of grain

fodders is sometimes resorted to in order to choke
weeds and gi-aze them off. Early cut gi-een feed on
well-tilled land does away with weeds. It has been
demonstrated that mustard may be destroyed by
spraying with blue vitriol or with copperas, without
injury to the crop.

Precautionary measures take aceou" of securing

clean seed by hand selection or the i. of the fan-

ning mill, the burning of screenings, or the feeding

of them exclusively to sheep, and the keeping of

machinery clean.

INSECTS

Conditions Favoring Insects. Insects, as well as

diseases, are more common in old lands than in

new lauds. Once they are established they ten<! to
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persist and to increase. The vigor of crops on new
laud helps them to resist attack, while soil ex-

haustion, neglect, poor tillage, and weak crops have

the opposite effect. Where crops are weak from

scarcity of moistu'-e they seem to be more subject

to attack than where moisture is plentiful. Western

Canada has not been greatly troubled with insects,

but is not entirely free from them.

What an Insect is. The term insect is an exact

term and does not ificlude all small or minute

animals. Spiders and worms are not insects. An
insect has six legs, three body divisions—head,

thorax, and abdomen—and may have either one

pair or two pairs of wings. Examples of insects

are butterflies, grasshoppers, potato and other

beetles, flies, mosquitoes, and bees. The grass-

hopper is the best example from which to study

the parts. Most insects, though not all of them,

pass through four stages of gi-oAvth or metamor-

phosis, as it is called : the egg, larva, pupa, and imago

stages. The tei-ms egg, grub, cocoon, and adult

may be more familial'. It is in the grub stage

that insects do most damage, as in the case of the

cabbage worm and potato slug.

Classes of Insects. For the discussion of ways
of geiting rid of them, insects are divided into two

classes : biting insects and sucking insects. Biting

insects are those that eat the parts of a plant;

suckiUu insects are those that bore into a plant and
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live on its sap. Biting insec^ts aie destroyed by
putting poison on tlie pails tliut they eat; sucking
insects cannot be reached in tiiis way and are killed
by emulsions that corrode their bodies or clioke
their breathing by smearing. The most common
poison employed is Paris green ai>plied as a spray,
using one pound of Paris gi-een to fifty gallons of
water. A common emulsion consists of iialf a
pound of laundry soap dissolved in a gallon of liot

water mixed with two gallons of kerosene and
diluted with twenty gallons of water. It is usc-d
also as a spray.

Grasshoppers are sometimes destructive. They
are found in small numbers eveiy season. In an
ordinary season the birds keep them in cheek.
When they do come in large numb^'-s their coming
appears as a disastrous visitation ^ d nothing can
check them. They move from the mountains out
on to the plains and eat everytiiing that is green.
Their appearance in great hosts cannot be foreseen
or explained. They disappear us suddenly as they
come. The young that are bred out in the plains
in a erasade do not seem to be able to survive.

Potato Beetles. Potato beetles nave not yet
appeared in great numbers, but rhey should be
destroyed wherever they appear. One beetle will

lay from five hundred to a thousand eggs in a
season. They can be successfully got rid of with
Paris green.
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Cabbage Moths. The same treatment destroys

cabbage or tomato grubs as is used for potato

beetles, but poisons should not be applied to plants

that are ready to be eaten.

Plant Lice and Scale Insects, such as appear on
cabbage plants and in some places on trees, are

destroyed by emulsions.

Fio. 74. Thb Cutworm, a, Larva Staoe ; 6, Pupa Stage ;

c, Adclt Staoi.

Cutworms. These insects attack both farm and
garden plants and are, perhaps, the most destruc-

tive insect pests on the prairie. They are bad in

dry climates and in dry years, and usually on
spring plowing of sod. The cutworm is a dark,

grey worm, faintly striped, and has a soft body.

The adult form is a moth. It lays its eggs on grass

stems in the summer. When the eggs hatch the

larvae fall and burrow down into the soil, where
they continue to grow until the frost of winter. In
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Fig. 73. Tvi-a or C;h.cken.s. E,m,, (i.vER^,. p^hposk
Meat Breeds.
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spring; they eat eveiytliiii^r within leadi, <-uttinff oflf

the i»hiiits Just al)ove the surface of the jjioiiud.

The best ,-ay to reduce tlieir iinuilH>rs is l)y iK)i-

soiifd bail, such as hnm saturated with Paris Ki-een.

This may b<' used Iwfore the crop is sown by putting
it ill suudl lieaps on the surface wliere land is

known to be infested. After the plants are ui) tlie

bait should be placwl beside the plant. This applies
to small garden areas.

Where larp- areas of "arm lands luive be.-ome
infested, the worms may i)»» destroyed in large
numbers in trap furrows, a.s they are givat travel-
lers. To keej) them out of a fiel<l, <.r to destroy
them while moving from field to Held, plow a steep
furrow, which sliould b." smooth on the sides and
not broken or rough. Sprinkle shorts poisoned
with Paris green at the rate of ten jtounds for sixty
rods, or strew green wee<ls or gi'een alfalfa in the
furrow after clipping the green stuff in a mixture of
twelve gallons of water, one gallon of molasses, and
one pomid ..f I'aiis green. Late fall plowing helps
to destroy the larvae.

Pea Weevil. This insect lays its eggs on the pod
of the pea. The larva eats through the pod and
enters the grain and destroys the germs. The
weevil may be killed l)y placing carbon disulphide
in the gi'aiii bins.

Hessian Fly. Tliis insect attacks the stem of
the wheat plant. It does not yield to dii-ect treat-
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mont. Late fall plowing helps to destroy late
broods of the fly.

Helpful Insects. All insects are not injurious.
Many are heli)lul or even necessary. Bees, both
tame and wild, do the work of pollination for
plants with pistil and stamens in different flowei's.

The dragon fly destroys large numbers of mos-
quitoes, both ailult and as larvae. The ladybug
devours great numbers of plant lice. Some insects
are parasites in relatioh to other insects. Certain
flies lay their eggs beneath the skin of plant lice.

Ichneumon flies do similar injury to moths.
Birds and Insects. If it were not for the birds,

crop-gi-owing would be impossible. Insects make
up part of the diet of nearly all birds, and almost
the whole diet of some of them. The large number
of insects they destroy leaves a big balance in their
favor against the little they may use of our field

and garden crops. Robins use a little fruit, but
their chief diet is of grubs and worms. Crows take
a little corn and other grain, h it they also eat
insects and destroy carrion. They are not numer-
ous in Western Canada. Wild ducks, chickens,
and geese sometimes make inroads in the ;?rain

fields, but, on the other hand, they furnish finely

flavored meat. English sparrows eat some gi'ain,

but vary their diet with weed seeds and insects.

Some of the hawks, such as the goshawks, steal

an occasional chicken, but thoir steady diet is the
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mice and othor .small rodents of the grain flcids.

The eowbird ouxts many <>f fh»' more useful Inids

from their liomes, and jirovents them from raising

families, and so is not a helper.

Most of our birds, however, are wholly Ijeneficial,

and should he protected and eucouiaged. Their

nests should not be dis-

turbed. They can be eu-

couraged to nest about the

home;, and gardens by
setting up nesting places

for them under the eaves,

upon poles, or in trees. The
variety of useful bi'-ds is

very large, and includes

the meadow - lark, robin,

wren, woodpecker, cedar

waxwing, snowbunting,

kingbird, juneo, vireo, nuthatch, warbler, thrush,

butcherbird, and different varieties of swallows,

hawks, and owls.

Fiu. 76. Thi KiNOBiHii.

FUNGI

Fungi a'-e a low type of plant organism or plants

that reproduce by spores, and not by seeds as our

crop plants do. They do not contain chlorophyll,

which is the medium by which the higher plants

manufacture food from the materials sp<>u"ed

through the roots and leavet,. One class c' fungi
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called parasites secure their food from the living

tissues of plants and animals. Another chiss called

saprophytes live on the decayin;; parts of plants or

animals or i-eally hr'nig about the decay. The class

which bring about decay are called t)acteria, which

are a simple class of fungi.

Parasitic Life. A spore is a single-celled body,

.so small that five thousand in a row would only

extend one inch in distance. Spoi'es are scattered

by wind, or water, or inse(!ts. When a spore is in

favorable conditions of moisture and heat, and has

a suitable host, it starts to grow into a thread or

series of cells. A host is a plant hi which a par-

ticular kind of spore naturally lives and works.

A series of cells is called a hypha (pi. hyphae). The

hypha branches and grows into a bimdle or mass

of threads called a mycelium (pi. mycelia). It is

the mycelium that absorbs imtrient material fi-om

the host and that produces new spores. Fungi,

like all other plants, take tlieir food by diffusion

througli tlieir cell walls. Common examples of

fungi that are of diretit interest to the crop gi-ower

are the smuts and rusts of wheat, oats, and barley,

the smut of the corn, the ei'got of rye, and the scab

and blight of the potato.

Smut. The smut fungus appears as a mass of

black or brown powder in the heads of the grain.

This dust consists of spores. ^Yhcn the grain is

threshed this dust settles on the kernels. The
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spores cling to the gi-aiii, and when it is sown they
begin to grow up through the tissues of the plant
and take possession of the liead, and approj.riate
the food that would otherwise go to make the grain
kernels. Wheat, barley, and oats have each two
kinds of smut, closed and loose. The closed snuit
of the wheat and barley, and both kinds of out
smut, can be controlled by treating the seed grain.
The closed smut of wheat is called stinking stnut.

The open smut of wheat and barley is early, and
the spores are dispersed while the grain is just
forming, and so it gets i-ight into the kernels and
cannot be reached by spraying the seed. Hot
water dipping of the seed is sometimes employed,
but this destroys some of the gi-ain also. For the
treatment of seed grain a forty per cent solution
of fonnaldehyde is used. Corn smut is not sub-
ject to direct treatment. Smut masses should be
burned.

Rust. Wheat, oats, and barley are iubject to
rust. The rust appears about the time grain is

ready to head out. It consists of reddish brown,
powdery streaks on the leaves and stem. The
spores are blown about on the leaves and stems
of other plants. Damp weather or dew induces
multiplication where the si.ores fall. Finally the
rust tm-ns black, and pei-sists on the straw over
winter. Damp weather is thought to mduue rust,

but it only increase ^ it.
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Rust is not subject to direct control. Early crops

are more likely to escape rust than late crops that

run into cool, damp weather are. Rust is worse on

low or undrained land than it is on windswept land,

because of the deposit of moisture on the plants.

Heat does not cause smut, though it may h^.ten

the drying up of plants and the shrinking of gi-ain

where the tissues of plants are weakened and

broken by the disease. Rotation of crops is un-

favoi'able to rust. Some varieties of grain are less

subject to rust than others, for example, dui'um

wheat, or early varieties of oats, as compared with

late oats.

Potato Scab is a fungus disease causing dry,

scabby patches on the tuber of the potato. It gets

worse every year if potatoes are planted a number
of times in succession on the same land. The
spores also persist on the potato itself. Rotation of

crops, selection of seed, and formaldehyde treat-

ment of seed are the remedies.

Potato Blight. The spores of blight persist

in the potato and in the stalks. They work their

way into the tissues of the leaves and destroy them.

The disease gets to the surface by the leaf pores,

the spores are distributed by the wind and de-

veloped by moisture. It is hard to control after it

has got started. Frequent spraying with Bordeaux
mixture is a preventive.

Ergot is a fungus that appears on rye, couch grass,
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timothy, and other grasses. The spores are dis-
tributed by insects. It is worse on wet land than
on well-drained land, but is not subject to direct
treatment. It is injurious to live-stock

EXERCISES

L Explain how dry autumns may affect the purity of 8^.
-. Why are certain weeds called noxious] Give exan.pio,
3. Name three annuals, three biennials, and three perennials,t In how many ways do fanning mills improve seed? 5Why are sheep considered the best class of stock to destroy
weeds f 6. Explain carefully how the eating of the foliage of
a plant affects the plant. 7. What insects are troublesome
.n your neighborhood and what plants do they attack? 8
Give other examples of fungi besides those mentioned above



PART V-SUPPLEMENT

CHAPTER XXVTT

TYPES OF FARM ENTERPRISE

Soil and Plant Interests are Central Interests.

The definition of agi-iculture given at the beginning

of the book is, that it is the use of the soil for the

production of plants and animals that are useful to

man. We have learned a great many things about

the properties of soils and about the behavior of

plants, about the uses and methods of tillage, and

abovt field crops, garden crops, and trees. These

are things that boys and girls should know, whether

the soil in which they are directly interested is the

soil in the front and back of a city lot, or the soil m

the fields. We have been able to study these thmgs

directly and practically because the soil i« every-

where and it is used everywhere: in the gardens at

home and at school, and in the nearby fields.

Plants are found wherever soil is found. Many of

the important things to be learned about soils and

plants can be learned by bringing thorn into the

school-room.
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With faiTO animals it is different. Some boys
and girls know a little about the art of caring for
farm animals, but this can be properly learned only
at home wheie the animals are kept. The science
underiying tlie noui-ishment of fa.-m animals is
rather difficult, and besides it is interesting chiefly to
the professional stock-raiser. We shoul.l all under-
stand, however, the relation of stock-raising to
tillage and crops, and we should know the s{)e<nal
kinds of farm enterprises carried on in our couutiy.
The Relation of Stock to Crops. It must be clear

that animals depend upon croi)s just as ci-ops
depend upon soil. Both have to be fed. We know
this from common observation, but we should know
it better on account of our crop studies. Some of
the crops we have studied are used directly and
exclusively by man, such as the fruits and finer
vegetables. Raspberries, tomatoes, and celery are
good examples. Others, such as wheat, oats, barley,
rye, and com are useful, sometimes as to their
different parts, for both man and animals. Still
others, such as rape, hay, and other fodders, and
coarse roots, are useful for stock only. But saying
that some foods are used by man and .some are u.se<l

by stock, is just saying that man uses some foods
directly and others indirectly. The ones that he
uses indirectly ai-e the ones that are changed by
animals into such things as meat and dairy products.
Wliile people in fhc torrid zone live principally on
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vegetable foods, and in the frigid zone on animal

foods, in the temperate zone they live on a com-

bination of these. It has been estimated that

about forty-five per cent of the food used in the

temperate zone is animal food, such as meat, milk,

and eggs, and the rest fruit, vegetable, and cereal

foods. Both by reason of the kinds of crops we

grow and the way we live it would seem that the

raising of animals is A most impoi-tant side of agri-

cultural production.

Stock-Farming and Agricultural Progress. So

important is the r >sing of animals considered, that

the perfection in which tiny are found, either

generally or on individual fanns, is the measure of

progress in fanning. The feeding of crops to stock

is a method of concentrating rough feed and se-

eming a good price for it. It not only saves or

gives value to such feed, but the feeding of it to

stock involves skilful management and labor for

which the farmer gets paid. The value of the tota'

output from land devoted to stock-raising is high.

Stock-raising also conserves the fertility of the soil,

because only a small per cent of the weight of the

feed is actually assimilated and the rest is available

in usable form to keep up the fertUity of the soil.

For these reasons stock-raising is commonly called

the crown of agiicultural production.

How Farm Enterprises Develop. The character

of farm entei-prises in a country like Western
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Canada is a matter of geiierul climatic and soil

adaptatioiiK in the first place, iiud of the length of

time land has been occui)ied in the second place.

Prairie land has been used in the first place for two
different pmposes according to locality. The
western prairie section was originally devoted to

Fio. 78, Hacknkv Poniks.

ranching and the middle and eastern sections to

grain-growing. The mild winter climate and the

short, but nutiitious, sun-cured vegetation of the

western section adapted it to pastoral use. The
quality of grain grown on the other sections, due to

rich soil, cold wintei's, moist gi-owing season, and
dry hai'vests, led to its use for the growing of
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wheat. Both ranching and grain-growing are to

some extent transitional, because they do not stand

for the most profitable use of the land. Land

that will grow good natural grass, will, generally

speaking, grow tame grasses or grains profitably

with the aid of cultivation, and stock may be

raised in greater numbers than before. In the

grain areas the natural increase of necessary stock

and the need of keepii;ig up the fertility of the land,

soon result m turning grain-fanning into general

farming, though grain may be grown in as great

quantity as before or in even greater quantity.

Mixed Fanning. The first change then that occurs

in new prairie countries is that simple enterprises

change into complex ones. Most farmers after they

have become established raise both crops and stock.

Horses are necessary for the work of the farm ;
a

few cows are necessary for the home supply of

milk and butter
;
pork is the most easily kept meat

for the farmer; sheep furnish wholesome fresh

meat in conveniently small carcasses, and poulti-y

supply both meat and eggs for the farm table.

All these likewise are, or may be made, revenue

producers. Most farmers raise their own horses

and a surplus besides. The sale for these is usually

good where new country is being settled. Cattle

are commonly the most important stock on thr

farm. They can make profitable use of large

quantities of rough feed. The revenue from cattle
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comes from milk and its products and from fat

young stock and cows. A farmer seldom uses all

the pork he produces or kills all his surplus sheep
for himself. He also secures a revenue from wool.

Every farm commonly produces a surplus of eggs
and poultry. This is mixed farming, which is the

growing of crops and feeding them to stock raised

on the farm. In the best type of mixed fanning
all crops are fed, the stock or stock products being
the ultimate products of the farm. This is what
the farmer calls making his crops walk to market,
which means that he is concentrating a lot of
coarse, bulky feed into a highly finished and
valuable product.

Live-stock and Dairy Enterprises. While general
or mixed farming enterprises are the most common,
they usually turn into special enterprises to suit the
tastes of the farmer, the proximity of markets, and
the adaptations of particular farms. A farmer
usuaUy pays greater attention to the breeding and
care of one kind of stock than to the others. It is

usual to specialize ^n some of the larger classes of
stock, such as horses or cattle, and to raise the
smaller stock, such as sheep and swine, as side

products.

Fai-ms that will grow large quantities of coai-se

grains, forage, and roots are generally best suited

to stock-raising. Heavy horses are generally better

suited for breeding enterprises on the fai-m than
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light horses are, because they iii-e ewily raised

and because of the kind of work they can do.

Besi<les this, light horses require more education

and care than ;he general fanner has time for.

Beef cattle are more commonly bred by farmers than

dairy cattle are in spai-sely settled countries. Cer-

tain breeds of cattle, notably the Shorthorn, will

Fio. 79. A DoAL l^RPosK Shobtuorn.

yield a good .leal of milk, will breed good beef

cattle, and will make good beef themselves besides.

The special dairy breeds on the other hand do not

fatten well, when they are no longer profitable for

milk, nor will their stock fatten well. A cow that

is good for both pm'poses is called a dual purpose cow.

It is plain that such a cow is a good one for the

general fanner. This quality in the Shorthorn is
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not general, V»ut buloiijfs to certain sti'ains or fam-

ilies. In Ciinatia the Shorthorn lias het-n bred prin-

cipally for beef in the |>ast, bnt the dual purpose

type is receiving a groat deal of attention and herds

will increase riipidly. In the old country it is cdih.

monly estimated that the Shortliorn and the grades

Fki. ho. a Pair or Twin Dokskt Ewes

of Shorthorn furni.sh both more milk and more beef

than all the other breeds of cattle together. Special

dairy enterprises are suited to farms that are clo.se to

citie.s, or generally to places' well settled and with

good transportation servic>. ;. Dairying furnishes

steady revenue throughout the year, and enables

the farmer to [)ay as he goes.

Sheep. Sheep ai-e not commonly the leading clas.s



240 ELEMENTARY AGRICULTURE

i

of stock oh western farms. Special sheep enter-
piises are limited to raiichitif?, or to the fattening of
sheep on the sci'eenings of the elevators. Small
flocks of either gi'ade or pnre-bi'ed sheep can be
satisfactoiily kept along with other kinds of stock,
ex(!ept dairy cows. Tliey consume rough feed, such
as weed seeds, small grain, and rough fodders, des-
troy weeds on the summei'-fallows and other parts
of the farm, and furnish a wholesome kind of fresh
moat in summer time. They require close fencing
to hold them, and also to keep out predatoiy
animals.

Angora Goats are raised to a slight extent in the
brushy parts of the West.

Swine requii'e careful and regular attention and
considei'able coneeutrated food, and, except under
cai'eful management, are better as a side line in

live stock than as a specially large enterprise. The
hog business can be successfully can-ied on along
witli dairying, where only the cream or butter is

disposed of. As with other classes of meat stock,

there is a tendency to change the method of raising

hogs on concentrated feed, to a system of grazing
in suimner and feeding jnore on nitrogenous foods
and roots, rather than on fat-producing foods, in

winter, in order to i,ieet the demand for lean or
mixed meat. This change also illustrates an ad-
vance in economy in feeding by the use to the
fullest extent of cheaply produced foods.



Fic. 8-.'. The Belgian.
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Horses for Power. Hoi-ses are in a different class

from cattle, sheep, swine, and poulti-y, as to use or

purpose ou the farm. They are sometimes called

the power stock of the farm. All of the work con-

nected with the use of implements and machinery,

the hauling of loails, and the transportation of

people, was formerly done by horses. In the

Southern States mules are extensively used instead

of horses, and oxen are common in our own coun-

try in newly opened districts. In certain large

farm enterprises steam and gasoline engines are

used for breaking, and for the driving of machinery,

both heavy and light. Motor rigs are doing a good
deal of both the freight and passenger transporta-

tion in cities, but in the country their use so far is

limited to light driving. It is not likely that the

horse will be superseded for the fm-nishing of power
on the ordinary farm, except for stationary work,

such as the driving of pumps, choppers, separators,

and threshing machines. In some of the countries

of Europe, notably France and Germany, the flesh

of the horse is used for food.



CHAPTER XXVIII

TYPES AND BREEDS OF FARM ANIMALS

The Improvement of Live Stock. Though the

greater part of the I'oiiunou stock of the farm is

not i)iire-bred, we have in all classes of stock

a great many different well-established breeds.

There are enough of different bi-eeds in all classes

of stock to make it possible for anyone to find a

breed suited to his taste. It is by keeping to the

same breed of animals steadily and keeping the

best of them, that good animals have been pro-

duced and that all animals have been improved.

The keeping of the best sto:.'k is called selection.

When a breed becomes well established, the fan-

ciers of the breed get together and fix a standard

of excellence for it, which takes account of certain

points, such as weight, height, color, conformation,

and other features. Animals that come up to the

standard are recorded in a '-agister kept for the

purpose, and the owiwrs are given a certificate

which is es'idence of pure biteding. The recording

of pure-bred animals in Canada is under the direc-

tion of the various breed societies, subject to

inspection by the Dominion Department of Agri-

242
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culture. The word thoroughbred is sometimes usedm tlie sense of pure-bred, l,ut this is ineoiTeet. It is
uot correct to speak of tlioi'ou-hljred pij^s or cattle
The word thoroughbred api.lics oulv to the Euf,'lish
race-horse. An animal that is not pure-bred may
be either a cross or a grade.

Care has as much to do with producing good
animals as selection has. The influences outside
ot good breeding that altogether affect the growth
of an animal are called the environment. This is
made up of care, shelter, feeding, and also climate
and soil, though sometimes environment is used to
stand for natural influences only. Good examples
of the effect of environment appear in the differ-
ence between the Clydesdale and the Shetland, one
of which may weigh a ton and the other stop at
three hundred pounds, or in the Welsh pony and
the Shire, or the Welsh Mountain sheep and the
Lincoln. Two Hereford cattle of equal breeding
size, and quality jnay be placed on adjacent farms'
One may improve and the other deteriorate on
account ..i the difference in care. The chief thing
to be learned from this is that goo.l breeding is of
no use without good care. Pure-bivd animals will
repay good care better than others, but will not
stand hard conditions any better.

Where heids or flocks of good stock are owned
near the school, the teacher and pupils .should visit
the farm by arrangement with the owner, to learn
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something about types of animals, ami also tihout

the care of animals.

Horses. Accordiuj; to use horses are comniouly

described as heavy, general purpose, and light.

The pure-bred horses that are raised in Western

Canada may be oouveniently gi-ouped into two

classes called draft horses and light horses. The

breeds included are as follows:

Draft Horses:

Clydesdale.

Percherou.

Shire.

Suffolk Punch.

Belgian.

Light Horses :

Hackney. Standard- Bred.

Thoroughbred.

The draft horse is used for moving heavy loads.

He is low set and blocky in type, with heavy limbs

and large feet, and generally moves slowly. '
Light

horses have smaller bodies, longer and lighter

limbs and smaller feet than draft horses have.

Horses of similar type to the Hackney are the

French and fierman coach. These are all carriage

horses of good size, the Thoroughbred and Stan-

dard-Bred being relatively small. Along with the

Thoroughbred we may class the Irish Hunter.

These are both strictly saildle horses. The Stan-

dard-Bred is used in harness only. Horses of the
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Standard-Bred and Thoroughbivd classes ar.. bivd
wlioUy for speed, the gait of the hitter being a
gallop and of the former the trot or pace.

In addition to these groups we have a class of
ponie.- including tlie following kinds:

Ponies

:

Shetland. Hackney. Welsli.

The first two are used by children for riding and
driving, and the last Ijy ladies for park diiving.
The bronco is a half-wUd pony of Western Canada

an.l United States. It is known as the musUng in
Mexico and as

the Indian pony
or a<yuse in

Canada. The
bi'oueo is not

established or

held as a breed,

but is being

rapidly trans-

formed by mix-

ing with the im-

proved breeds. Fia. 83. Shetland Pony

The meaning of the name itself has been changed
so that it now stands for any wild or unbroken'
prau-ie horse independent of breeding. The bronco
is distinguished for good wind, sound digestion,
and general hardines.s, and no doubt contributes
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some of these qualities to the stock with which it

is interbred.

Cattle. The chief breeds of cattle raised in

Western Canada are:

Beef Breeds :

Shorthorn.

Hereford.

Aberdeen-Angus.

Galloway.

Dual Purpose:

Shorthorns (cei-tain strains). Red Polled.

Dairy Breeds

:

Holsteiu-Friesian. Jersey.

Ayrshire. Guernsey.

The Shorthorns and Herefords are the heaviest

of the beef breeds. They are big, growthy, square-

built cattle.

The Aberdeen-

Angus is round

in conformation

rather than
square. The

Galloway is a

heavy - coated,

hardy animal.

Both the Gallo-

way and the

Aberdeen-Angus

are black, while the Shorthoms are red, roan, or

white, and the Herefords are red and white. The

Fio. 84. The Siiokthorns are RfcD,

Roan, and White.



TYPES AND BREEDS OF FARM ANIMALS 247

Red Polled rattle are medium sized, jjoneral purjM)se
cattle, but ai-e not very numerous. Ilolsteins are the
largest and give the most milk of any of the dairy
breeds. Jerseys and Onernseys give the richest
mi'k, while the Ayrshires are of intermediate type.
The Holsteins are used for milk production. The
Jerseys and Ouernseys are not large and make
good family cows, as well as gencial dairy cows,
where butter-making is the leading interest.

Beef and Dairy Form. There is a strong contrast
between typical beef and dairy cattle in appearance
ami in actual conformation. The cattle that are
best for beef are bloeky, solid cattle, approximating
generally to a rectangular solid in .shape. They
are both wide and deep, and have short legs and
necks, and are well covered with flesh. Tlieii- riljs

spring widely from the back, so as to give width to
the body throughout. The good dairy cow, on the
other hand, is rather thin in appearance. She is

poorly covered with flesh and shows a wedge shape
in threo directions. She is deeper behind than in
front when viewed from the side, thicker behind
than in front when viewed from the front, and
thicker below than above when viewed from the
top. She has light hams, rather flat ribs, and a
rather long, thin neck. The barrel is rather large,
which indicates a good capacity to make use of
food. Both beef and dairy cattle should have good
heart girth suited to their general conformation.
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Sheep. There art^ two main puri-oses for which

sheep are kept an.l two general gi-oups into which

they fall. All sheep produce both wool and mutton.

The English breeds are the better ones foi- mut-

ton and are more profitable farm sheep than the

Merinos are, but do not produce such fine wool.

The Merinos are well adapted to being kept in large

bands, and most of the range sheep ai-e Meiinos, or

are partly of Merino blood. Special mutton sheep

and special wool sheep differ in form and appear-

ance somewhat as the beef and daiiy types of

cattle differ. Mutton sheep are large, squai-e-bodied

sheep with well sprung ribs and good fleshing

qualities. The special wool sheep are rather small

and thin looking. They have sloping or flat vibs

and are not well fleshed any place. Those produc-

ing the finest wool are quite wrinkly in the skm.

Of the English breeds, the Middle-wooled, dark-

faced sheep are prefen-ed in tlie Prairie Provinces.

Dense -fleeced sheep do not lose their animal

warmth readily, nor does the snow penetrate

easily to the skin. They are generally hardy.

The classes and breeds are commonly grouped

accor(iing to the kind of wool they have and ai-e

as follows:

Long-wooled Breeds

:

Leicester.

Lincoln.

Cotswold.

Eomney Mavsh.



Fio. SSa. Special Wool Tyi'«.

Fig. SSb. SriciAL Murrojf Type.
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Middle-wooled Breeds :

Houthdown.

Sliropshire.

Oxford.

Fine-wooled Breeds :

Aiiiencan Merino.

Delaine Merino.

Hainiishire.

Suffolit.

Dorset.

Ranibouillet.

Swine. The demand for baeon has liad an im-
portant influence ou the character and touformation

Fig. 86. fJooD Thrivers.

of the breeds of hogs. Hogs are generally cla.ssified

as lard hogs and bacon hogs, but iu C;uiada most
of the breeds are being assimilated to the bacon
tyjie. The bacon type is a long, comparativ(>ly

thin hog, with deep sides, smooth shoulders, and
trim hams. The lard hog is a shorter hog, with
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thick back, shoulders, and liams. The two classes

are represented chiefly by the following breeds

:

Bacon Hogs

:

Yorkshire. Tamwovth.

Bei'ksliire.

Lard Hogs

:

Duroc-Jersey. Poland China.

Other breeds represented are the Hainpshii-e, an

intermediate type, and the Chester White, which is

a large, lard hog.

Poultry. The keeping of poultry is common to

the countiy and town or city lot. In the towns

and cities the interest is largely limited to chickens;

in the country, ducks, geese, and turkeys are also

raised. In addition to their value for their eggs,

flesh, and feathers, the different kinds of poultiy

help to destroy insects. Chickens are of great

variety, but fall into three general types, which

may be called egg breeds, general purpose breeds,

an<l meat breeds, of which a few representatives

are given

:

Egg Breeds

:

Leghorn. Minorca. Spanish.

General Purpose Breeds

:

Plymouth Rocks. Orpingtons.

Rhode Island Reds. Dorkings.

Wyandottes.
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Meat Breeds

:

Brahma. Cochin. Langshan.

Besides these we have fancy breeds represented
in the games and bantams. Varieties of the general
purpose type are commonly preferred in the eoun-
tiy, and egg breeds and general purpose breeds in

the towns. Poultiy interests are connected inoi-e

with the interests of the house than with those of

the farm, and are commonly taken account of by
tlip hoys and girls, who make profit from keeping
and caring for their birds.

Mm mM%
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Hampshire Sheep, 21ft

Hardpan. 100.

Harrows, 103.

Harvesting, 168.

Hay, 175.

Hereford Cattle, 246.

Hessian Fly. 225.

Hogs. 250.

Holstein-Friesian Cai.tie, HB.

Horses, 244.

Horticulture, 11.

Host, 228.

Hotbed, 205.

Humus, 29, 30, 35.

Hybrid, 81.

Hybridization, RL

Hygroscopic Water, 42.

Hypha, 228,

Ice, 24.

Implemeuts, 98.

Improvement of Animals, 242.

Improvement of Plants, 78.

Improvement of Soil, 85, 129, 181,

Inoculation of Soil. 86, 171.

Insects. 221.

Intensive Cultivution, 12, 137.

Irrigation, 131.

Jersey Cattle, 248.

Kentucky Blue-grass, 178.

Kerosene. Emulsion, 223.



Landscape Gardening, 212.

Langshaii. 2.il.

Larvii, 222.

Layerinf(, 77.

Leaf. 87,

Leghorn. 250.

Lcglinies, 83, 155, 138, 181.

Lcico8t«r, Sl.uep, JJ8L

Lettuce, au9.

Light, m.
Lily, U8.

Lime, 88, 171

Linct'n Sheep, 2tt,

Loam. 37.

Loess, 28,

Macaroni, 131, 182.

Mangclfl, 186,

A'anufacturing, la
Manure, 89, 80, 161, 203, 205, 207.

Marl:et«, 237.

Meat Breeds of Chickens, 25a
Merino Sheep, 219.

Metamorphosis, 222.

Middlings. 162.

Millt, 12, 23a
Mlliet, 177

Mineral Matter, 25, 66, 88.

Minorca, 25a
Moisture, 10. J3, .v., 93, 113, 12(, 131.

Moth, 221.

Motor, 241.

Mulch, 118, 120, 126.

Mules, 211.

Mustard, aiS, 221,

Mutton Sheep, 218.

Mycelium, 228.

Nectar, 71.

Nightshade, 118.

Nitrates, 129,

Nitriflcation. 130,

Nitrogen, 81, 122, 129, 117, 155,

Nodules, 85.

Oats, 167.

Oil, 172.

Orchard, 12, 196.

Onions, 2ia
Organic Material, 29.

INDK-V

Orpington, 2.tO.

Osmosis, 62.

Ojifonl Slieep, 219.

Oxygen. 88. St. 87.

Paclcer. 105.

Parasite, 228.

Paris Green, 223.

Parsley. 117.

Pastures, 177.

Pease, 171.

Peaty Soil. 37.

Pedigreed Seed, m.
Percheron Horse, 214.

Perennials, 118.

Petals, 73.

Phosphoric Acid, 9a
Pistil, 73.

Planting Trees. ISB.

Plant, 48, 58, 61, 72.

Plant Foods, 83,

Plant Societies, 201.

Plymouth Kocli, 250,

Plows, 101.

Pollination. 71.

Potash, 9a
Potato, 187.

Poultry, 250.

Propagation of Plants, 74.

Protein, 87, 167.

Pupa. 222.

Radish. liOS.

Ranching, 11, 235.

Rape, 183.

Raspberry, 211.

Recording of Ar;imais, 212.

Red Clover, 182.

Red Polled Cattle, 216.

Reproduction of Plants. 72.

Rhode Island Reds, 250.

Rock Criist, 15.

Roller, 101.

Root Crops. 181.

Root-hairs, 6a
Root System, 58.

Rose, 117.

Rotation. 1,53.

Runners, 76.

Rye. Ka
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8«its, loe.

Sand, 32.

Scab, 230.

School Garden. 214.

Scion, 77.

Soed-bod, 99.

Seeding, 131.

Seed-leavcH. 48.

Seed Testing, 61.

Selection, 79, 212.

Sepals, 73.

Sheep, 239.

Shorts, 162.

Stamens, 73.

Stem System, 6^

Stock, 77.

Stock-raising, 231,

Stomata, (B.

StooUng, 165.

Strawberry, 76, 211.

Suckers. 75.

Subsoil, 17.

Suffolk Punch Horse, 211.

Snflblk Sheep, 249.

Sugar, 68.

Sugar Beet. 186.

Summer-fallow, 126.

Sweet Clover, 182.

Swine, 210.

Tamworth Hog, 250.

Thoroughbred, 243 244.

Tillage, 91.

TUth, 116.

Timber, 193.

Timothy, 177.

Tomato, 210,

Transpiration. 45, 69.

Transplantinsr Trees, 61.

Transportation, la

Trap Furrow, 225.

Trees, 191.

Tuber, 187.

Turnips, 185.

Variation. 7a
Vegetable, 207.

Ventilation, 51,

Vetches, 180.

Water, Absorption of by Plants, 62.

Water, Amount Used by Crops, 118.

Water, Capacity of Different Soils

for, 117,

Water for Irrigation, 134.

Water in Plants, 6&
Weathering, 2a
Weeds, 21&

Weevil, 22Sl

WeBte<-n Rye Grass, 178,

Wheat, 80, 160.

White Clover, 182.

Wind, 25.

Wood. 197.

Wool, 13.

Wyandotte. 290.

Yorkshire Hog. 29a
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