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PREFACHEK

LORET1Y
EIGHTH LDLITION

of the Royal Ayricwltural Sociely's Text Book, 1911

I'YHE Text-Book edited by the late Dr. Fream and

published, Laving run through seven editions, and
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39,000 copies have been sold since its issue, the Society
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Dr. Voeleker, Mr. R. M. Greaves, Mr. Cecil Warburton.
Professor Drysdale Turmer, Mr. C. D. Stewart, Mr.
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Neild, Mr. J. Herbert Taylor, Mr. W. Hanson Sale, Mr.
Senders Spencer, and the Secretaries of the Breeding
Societies, Professor Ainswor{b-Davis has spared no pains
to bring Dr. Fream's work up to the present date. The
plates are taken from photographs of representative
enimals, and the Society wish to thank those gentlemen
who have been good enough fo provide them.

The thanks of the Soclety are eapecially due to Pro-
fessor Ainsworth-Davis for undertaking the somewhat
ungrateful task of building upon snother man's founda-
tions, and they trust that the gratitude of zll interested
in Agrien)furs] Edpcation will be some raward for his
arducus labours.

J. H. THOROLD,

Chairman of the Education Commities,

Rorval AORICULTTRAL SoctETY or ExoLa¥D,
18, Bedford Square, W.C.
July, 1911,
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ELEMENTS OF AGRICULTURE.

PART I--THE SOIL.

CHAPTER L
FORMATION OF SOIL

Evervyrmung, whether plapt or animal, that a farmer
grows can be traced back to two primary sources, the
soil and the atmosphere,  Vegetable products, such as
wheat, hay, potatoes, turnips, contain no chemical
elements which cannot also be found either in the soil or
in the air. The same is true of animmls and their pro-
ducts, for beef, mutton, bacon, milk, leather, wool, are
pbtained asge result of feeding farm animals upon plant
substances. The soil and the atmosphere, then, are the
primary sources of the food of plants and of animals,
but it is the soil alone which is the object of special
attention on the part of the cultivator.

The soil is é name given to the earthy matter
which is usually Tound oo the surface of the land, and
19 often spoken of as ‘mould,” ‘dirt,’ or ‘earth.” It is
nowhere of great depth, and is in some places very
shallow. By diggig into it with a spade the true soil
is soon passed through. and something tbat differs from
it is reached. as may commonly be seen when & hole is
dug for a pgate-post, or a well is being sunk,  This
underlying material is the sulMlpil (Lat. sub, under). If,
at any place, the soil were scraped away so as to lay

B



] FORMATION OF B8OIL

bare the subsoil and expose the latter to the air, in the
course of time the surface of the subsoil would change
into soil. Hence. there is a relationship between these
two, and the soil may be regarded as derived from the
subsoil. The chief agents in effecting the change are
air, moisture, and changes of temperature, aided by
plants and animals. .

That there are different kinds of soil is a fact that
everybody can prove for himself. The differences are
visible to the eyve; they are felt when the soils are
walked upon, and still more so when portions are taken
up and handled; and they declare themselves by the
sorts of plant which grow naturally upon the soils.
Visible differences are those of colour, and, to some
extent, of texture. Red soils may be seen in Somerset
and Herefordshire, bluish soils in Gloucestershire, dirty
white or grevish soils in parts of the Thames valley and
in Kent, vellowish soils in Northamptonshire, a#d black
soils in the Fens of Lincolnshire, and in most kitchen
gardens  Some soils are seen to have a loose texture.
and these may be either fine or coarse, ranging from
sandy to gravelly or stony. Others are seen to possess a
close, firm texture, and to allow water to rest in puddles
upon their surface, as is the case with most of the clay
soils.

Much is learnt about a soil by merely walking upon it
What is called a loose open soil shifts beneath the feet.
but shows no tendency to adhere to the boots; sugh a
soil is usually dry. What is termed a stiff tenacious
s0il retains the imprint of the foot and is very adhesive.
so that when such a soil is wet it is not possible to walk
across it with much rapidity. All elay soils partake
more or less of this character.

By handling a soil, other facts may be learnt con-
cerning it. A dry lcose soil will run through the spaces
between the fingers if a handful of it 1s taken up. Even
moistening it with- water will not caunse it to cobere for
any length of time. The many kinds of clay soils, on
the contrary, are so tenacious that they can be moulded
by the hand, provided they are sufficiently moist. By
rubbing portions of a soil between the thumb and
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finger further information 1s obtained as to its texture,
for it will be felt whether the particles are fine and
upctuous (soapy or greasy) as in a clay, or coarse and
gritty as in a sandy soil.

The wild or native plant growth upon a soil is a\wnya
worthy of notice where it can he observed. Heather,
whertleberry, bracken, larches, and fir-trees, are the
natural produce of pcor barren sands often stretching
away into heaths and moors., Oak-trees and cowslips
thrive upon clay soils, while beech and yew-trees do
well upon chalk or other limestone soils. Oaks, there-
fore, flourish upon the clay soils which extend far up
the valley of the Thames, and occupy large areas in
the heart of Kent and Sussex. The heech and the yew

may be seen in plenty upon the Chalk Downs of the
South of England. Rushes, sedges (including cotton-
zrdw) and sundew grow in many localities where the

land 1§ wet and marshy.

The foregoing examples serve to show that, with
ordinary care, it is possible to learn many useful facts
about a soil, without calling in the aid of special means
of observation.

That part of a soil which dymsolves in water is called
the soluble part. whilst that which will not dissolve is
called the insoluble part. The distinction is important,
because plants, in obtaining food from the soil (which
they do by means of their roots) only make use of the
soluble part there present. When water which has
trickled through a soil flows away from it, some of this
soluble matter—and in certain cases a considerable
proportion of it—may be drained away.

It is thus possible to learn by very simple means of
observation that soils vary in colour, in texture, and in
the plants they naturally produce; also that they
contain variable proportions of moisture, and that
whilst & part of the soil is soluble in water, by far the
farger proportion of it is insoluble.

The soil, as seen in arable fields and gardens, 13 the
final product o! a long series of changes, the study of
which belongs to the science of Geology. If the land

could be suddenly stripped of its soils and snbsoils,
b 2
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there would be exposed rock surfaces very different in
character from the soils by winch they are covered.
The colours upon an ordinary map of the ‘sohd
(geology * of any area are intended to indicate the
nature of these underlying rock-masses, whick can
always be reached by digging down to a sufficient depth.
Oua the North and South Downs, on Salisbury Plain, on
the elopes of the Chiltern Hills, in the western parts of
Norfolk and Suffolk, and elsewhere, the underlying
rock is chalk. In parts of Northumberland, Durham.
Yorkshire. and Lancaslire, on either side of the Pennine
Chain, 1t is a hard limestone. In Gloucestershire.
Oxtordshire, and other midland counties of England it
is often a stiff bluish or yellowish clay—to the geologist.
clay. occurring in a large mass, is as much a ‘rock’ as
is granite, or limestone, or coal, or sandstone. or sand.
In parts of Worcestershire and Herefordshire a red
sandstone, and in Cheshire and Warwickshire *red or
vellow sandstones and marls. support the soils and sub-
goils. In Naorth Wales the subsoil often rests upon slaty
rocks, and in many districts of Cornwall and Devon
granite is the underlying rock.

For some parts of Britain maps of the ‘surface
geology’ are also published by the Geological Survey.
These show the distribution of soils and other surlace
deposits.

Tt is difficult at first to grasp the fact that soils are
formed from rocks, such as the limestones and sand-
stones which are used for bhuilding purposes or for road-
mending. and such also as slaty Tocks and granites. If
these rocks could be kept out of the reach of water and
air they would undergo little or no change. When a
limestone or sandstone quarry is opened. the rock as
it is hewn out comnes into the light in the same condition
in which it has probably been for thousands of years.
As time progresses the face of the quarry loses its fresh
appearance. and_it is apparent that some change is
taking place on the surface of the stone. This change
is due to the action of air and moisture.

The process whereby hard rock masses are naturally
broken up is termed disintegration. The agents of
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disintegration are deserving of study, because they are
quite as actively engaged in the soils which it is the
province of the farmer and gardener to till, as in pro-
moting the decay of the rocks from which the soils are
derived.

Water is the chief agent of disintegration, and it
may act in two ways, physically and chemically. TIts
physical effect is seen in the action of ice and running
water, and particularly in the conversion of water into
ice, that is, in the process of freezing. Nearly every
known substance diminishes in volume as its tempera-
ture is lowered. This is true of water as it cools down
from the hoiling point (2129 F.) till it approaches the
freezing point (32° F.). At about 40° F., however, it
begins to expand again, and at the moment of con-
version into ice (at 32° F.) it undergoes a marked in-
crease in ®olume, so much so that 9 cubic inches of
water will make about 10 cubic inches of ice. The force
of this expansion is well-nigh irresistible, and the fabric
of a rock is necessarily weakened by the freezing of the
moisture with which the rock mass is permeated, any
small particles which may thus get broken off being
easily carried away in the water that trickles from the
rock.

On soils that are left rough and bare through the
winter the effects of the alternate freezing and thawing
of the soil moisture are readily noticeable. The ex-
pansion of the water in the act of freezing pushes apart
the constituent particles of the soil, and by the end of
winter the soil may have crumbled into that fine state
of subdivision often described as ‘ mellow.’

In districts where chalk is plentiful, lumps of this
white rock are sometimes put on the land in the autumn.
By the beginning of spring each hard piece of chalk will
have crumbled down into a heap of powder, a result
that is very largely due to the disruptive effects of frost.

At one time in one part of the globe, and at another
time in another, moving ice, in the form of glaciers,
has helped much in reducing hard rocks to a finer con-
dition. As a glacier flows along the surface of the land
it 1 g and hes the underlying

(e
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rock. It also. in its course, carries with it the rubbish
(detritus) which results from 1he destruction of the rocks,
and may transport this rubbish to a considerable
distance, where it may Lelp to form a soil far from the
place of its origin.  Such frausparted or erratic soils (Lat.
erro, I wander) are connnon in many parts of Britain.
In the counties of Norfolk and Suffolk, for example, the
rock of the district is largely covered by soils the
mineral matter of which was thus transported by
glaciers,  The Till, or Boulder Clay, of the North of
Evngland, and of Scotland, had a similar glacial origin.

The physical effect of running water is two-fold. It
denudes or lays bare the surface along which it flows,
and it carries away and deposits elsewhere the material
which is removed from the rocks. Most of our river
valleys have been scooped out by the action of running
water. An inspection of the sediment which' gathers at
roadsides in a heavy shower of rain will serve to show
how water can make runnels or channels for itself, and
the stone beneath the village pump usually affords some
signs of the wearing effect of running water.

Certain fertile soils which are spread out near the
mouths of rivers have been accumulated almost entirely
by the action of running water, and they are fittingly
called allurial soils (Lat. allurio, an overflowing). They
are made up of the material, derived from the wear and
tear of rocks, which is brought down in the river water.
Such alluvial soils are found bordering the estuaries of
the Thames, the Severn, and other rivers. Even the
clearest river water contains sediment, as may be seen
by allowing a tumbler of such water to stand for & few
hours, when the bottom of the tumbler becomes covered
with a fine deposit. This sediment is held in the river
water in suspension, as it is termed. not in solution.

Besides the mechanical action of water upon rocks
and rocky substances, there is also its chemical action
lo be considered. Some constituents of certain rocks
ire more or less soluble in pure water—rock-salt,
gypsum, and silica, for example. The solvent power of
rein water is, bowever, much increased by a property
which ia conferred upon it in falling through the air.
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The atmosphere* contains a very small proportion of
carbonic acid gas, or carbon dioxide, as it is also called.
This is the same gas as is formed when charcoal (a
nearly pure form of carbon) is burnt in the air. Rain
in falling to the earth dissolves some of the carbonic
acid gas of the atmosphere, and water thus charged with
carbonit acid s capable of dissolving certain substances
which are insoluble in pure water. The most important
substance thus dissolved out of the rocks is carbonate
of lime, a material of which limestone, chalk, and
marble are chiefly composed

Silica, of which the purest natural form ig seen in
rock crystal (quartz), and a less pure form in common
sand. is slightly soluble in pure water, and more so in
water containing carbonic acid. Various minerals
(felspar, mica, etc.) found in granite and other igneous
rocks are Jikewise more soluble in -water containing
carbonic acid.

Igneous rocks, to which reference has just been made,
are those that have cooled down from a molten condition
to the form in which we now see them; granite and
basalt are examples, as are also the lava and pumice
poured out from volcanoes like Vesuvius and Hecla.
Aqueous rocks are those which have been deposited
under water ; such are clays, most sandstones, limestones,
and deposits of rock-salt. Agueous rocks are usually
stratified, that is, arranged in beds or layers; igneous
rocks are not. Aqueous rocks often enclose remains of
animals and plants (fossile); igneous rocks never do.
Aqueous rocks are usually granular in texture ; igneous
rocks are commonly crystalline. The rocks exposed at
the surface of the earth are mostly of aqueous origin.

The oxygen of the air co-operates with carbon
dioxide in promoting the decay of rocks, upon the con-
stituents of which it may act either in the form of

* Atmospheric air is a mixture (not a compound) of
mtr:sln gas and oxygen %u. the former being four times as
abundant ae the latter, it he
about four volumes of earbonic scid gu in 10,000 volmneu of
air (equal to 400 volumes per million), together with a varying
quantity of water vapour, about one part per million of ammonis
gss, small quantities of chlorine and other constituents.
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gas or as a solution in water. The process is one of
oxidation, and the oxides formed are liable to be carried

away dissolved in water. Thus the disintegration of
rocks is further eflected. and the Yormation of soils
promoted.

Soils, then, are formed from rocks, and the subsoil
may be regarded as something between the fwo. It

F1e. 1.—Diasgram i{llustrating the formution of a sedeutary
soil on the Oolitic limestone of the Cotswold Hills,
Gloucestershire.

differs from the rock, but the changes it has experienced
have not gone far enough for the production of true
soil. A convenient term to include the whole of the
changes which have been described, and which result
n the ecenversion of rock into soil, is weathering.

Some soils are directly produced from the rock that
lies beneath them. as is the case with the thin soil
resting upon the chalk of the Wiltshire Downs or the
oolitic strata of the Cotswold Hills. Such soils (fig. 1)
are described as local, sedentary, or indigenous.

Tn other cases, soils bear no relationship to the under-
lying rock. Examples are afforded by the alluvial sqils
around the Wash, and in Holderness, and by the Boulder
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Clay of many northern counties. These soils, as has
already been stated (p. 6) are termed erratic or trans-
ported.

The weathering agents, whereby rocks are converted
into soils, do not cease to act when at length a soil is
formed. On account of the usually loose condition of
soils, they are, indeed, more susceptible than rocks to
the influence of frost, rain, and snow, of running water,
and of oxygen and carbonic dioxide: for these agents
more easily gain access to the interstices of the soil than
to those of the rock. Other agents, moreover—Iliving
agents in the form of plants and anhmnals—work upon
the fabric of the soil. In the case of cultivated soils,
crops grow and are removed, whilst their roots remain
in the soil to increase the store of organic matter or
humus. This, in the course of its decay, enriches the air
in the soil with carbon dioxide, which increases the
solvent power of soil water. Under the influence of the
air and water in the soil, the fragments of rocky matter
which it contains are broken up, and added to the store
of soil proper.

Hence the constituent parts of a soil are ever chang-
ing. Crops are continually carrying away certain ingre-
dients of the soil, whilst the  fine earth ’ of the soil is as
constantly being added to by the decomposition or decay
of the stony fragments which the soil contains. In addi-
tion, the rain which falls upon the land brings with it
from the atmosphere certain substances which are of
much importance in cultivated soils.

Of the animals which dwell in the soil, none approach
the earthworm in the magnitude of their effects. Earth-
worms feed upon the organic matter in the soil, and in
order to get sufficient food they have to pass large quan-
tities of earth through their bodies. This earth is ejected
in the form of castings, which may often be seen as little
mounds on the surface, near the entrance of the burrow.
Through the burrows of earthworms, air and water can
penetrate more freely into the soil, and the work of
decomposition progresses more rapidly. It has been cal-
culated that an acre of ordinary agricultural land con-
tains about 50,000 earthworms. The effect of their
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combined labours in reducing the soil to a finer condit
18 great, whilst they also enrich the surface soil
nitrogen. In old pastures the production of a clc
compact greensward is largely due to the fine ea
which i1s brought to the surface by earthwormd«to
afterwards crumbled down and levelled by the effect
sup and wind.

CHAPTER II.
COMPOSITION AND CLASSIFICATION OF SOILS

Tre solid substances f{ound in soils consist either
mineral (iuorgani() matter or of organic matter, 1
mineral matter is derived from tbe dmaw of rocks 1
organic matter (humus) arises from the decny of anir
and vegetable substances. The most abundant mine
ingredients of soils are sand and clay. To a less exte
lime also, generally as carbonate of lime, is ofi
present.

What sand is may best be learnt by examining 1
sand on the sea-shore, or in a sand-pit, or in a heap
sand intended to be mixed with lime for making mort
In many country districts fine sand ean be seraped
gether on the roadside, after a heavy storm of rain.
consists of a number of small hard clean particles
stone which, looked at through a magnifying glass. «
usually found to be rounded like the stones ar pebb
in gravel. Sand is, in fact, a very fine sort of grav
and the small particles of the latter which pass throu
a sieve can afterwards be shovelled up as sand. ~

When sand is put into a bowl and water poured up
it. the liguid at once sinks into the sand. Tf the bow!l
turned upside down upon the ground the water w
drain from it,-and the heap soon becomes dry. Partic.
of sand will not adhere to each other. and if moist sa
18 made into a ball in the hands, it will fall to fre
ments after the ® pressure ceases. Hence it is that sa

e
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this drifting of loose sand takes place to a serious
extent.

A soil consisting entirely of sand would be useless to
the cultivator, for he could grow nothing upon it.
Plants would be unable to get sufficient hold for their
roots. # Besides this they would pine away for lack of
moisture, because all the rain that fell upon such a soil
would trickle through and leave it dry. The physicll
properties of sand, therefore, are such that a soll of
pure sand would not be of any value.

Sand is equally deficient in respect of its chemical
properties. "It is generally composed of silica (810,), and
can offer to plants but little that may serve them
as food. A micacrous sand, however, contains fragments
or spangles of the glittering mineral mica, which, when
decomposed, is capable of yielding potash, lime, iron,
etc., some of which may he used by plants as food. Sand
may also eontain grains of other minerals (felspar, horn-
blende, etc.) from which plant food may be derived.

Although ordinary sand, by itself, has no physical or
chemical gualities which can commend it to the culti-
vator, yet as a constituent of soils it confers upon them
two important physical properties. It tends to make
them light and open, and therefore, permeable to mois-
ture, air, and warmth. In addition, its stony particles
become warm under the rays of the sun, and so the
temperature of the soil is raised.

Clay is made up of exceedingly minute particles
which readily adhere to each other, so that clay, when
moist, can be moulded or kneaded by the hand into any
desired shape. Hence its use in making bricks, tiles,
drain-pipes, and pottery. When water falls upon a
surface of clay it accumulates in puddles, and water that
is lodged in the interstices of clay has very little ten-
dency to drain away. Clay, therefore, is described as
impermeable to water.

The chemical composition of clay is less simple than
that of ordinary sand. The latter is made up wholly
of silica. Fare clay contains silica combined with another

bst. called alumi Like silica, alumina also is an
oxide, being composed of oxygen combined with a
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silvery-looking metal, aluminium, which has a number of
useful applications in the arts. Water enters into the
composition of all natural clays, and these are accord-
ingly described by the chemist as hydrated silicates of
alumina, a name that sufficiently indicates the presence
of water, silica, and alumina, ‘ hydrated ’ being derived
f@om the Greek word for water.

From a chemical point of view, pure clay would be
as useless as pure sand as a source of plant food. But
clays are always more or less impure, and the impurities
present usually contain elements, such as potassium,
magnesium, calcium, and iron, which play an important
part in the nutrition of plants. The physical properties
of clay are, in many respects, the reverse of those of
sand. Sand is loose and non-cohesive, clay is firm,
plastic, and tenacious ; sand rapidly loses moisture, clay
1s very retentive of it; sand easily becomes hot and dry,
whereas clay remains cool, and is well ablei.o resist a
drought.

It appears, then, that a soil consisting entirely of
clay would be very firm, cold, and damp, and if exposed
to much rain the surface would become muddy, owing
to the moisture not draining away. As one of the con-
stituents of the soil, however, clay is found to possess
many valuable properties. Thus, it holds the oxygen
of the air ; retains water, thereby keeping the soil moist;
gives tenacity to the soil ; absorbs and retains the useful
products resulting from the decomposition of manures,
such as ammonia, potash, lime, and phosphoric acid;
and is rich in useful substances (alkalies) adapted to
supply plants with food.

Most soils contain lime (generally as carbonate of
lime), though this substance is rarely present in large
proportion. If some powdered chalk, or Bath freestone,
or broken marble—all of which are composed of car-
honate of lime—is put in a tumbler, and a weak solution
of hydrochloric acid is poured upon it, the union of the
carbonic acid gas with the lime will be brokan and the
gas will escape in bubbles.

If a soil contains hme in any apprecla.ble quantxty lts
can be detected in the just indicat

P
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Take a small portion of soil which has been dried and
rub it down to a pewder, Lthen pour a lew drups ol weak
hydrochloric acid upon 1t [ carbonate of luue is
present, effervescence will result, °

It 15 necessary to distinguish between lime and lime-
stone, Lecause unfortunately the terw ¢ lune * is popu-
larly made to do duty for both. Limestone, as bas been
said, consists of lime combined with carbonic acid gas;
it is a carbonate of lime, or, to use strictly chemical
nomenclature, calcium carbonate. Lime can be obtained
from limestone by burning the latter in a limekiln
wherein the heat is sufficient to drive the carbonic acid
gas away from its combination with the hime. The
whitish substance (quicklime) left behind crumbles when
touched. 1f water is poured upun it the liquid i
greedily absorbed, there being a marked rise in Lenpera-
ture, %nd the resulting mass ia kuown as bydrated
lime, or slaked lime, or slack lime. 1f quicklime—also
called caustic lime—be exposed to the air, it will, besides
absorbing water, re-unite with carbonic acid gas, and
gradually revert to the form of carbonate of lime or
limestone. Pure lime never occurs naturally.

When it is said that a farmer is ‘liming’ his land,
it s not always certain whether it is meaut that he is
giving it a dressing of lime—that is, quicklime—or of
carbonate of lime (chalk, or ground limestone).

As a constituent of soils, lime, if sufficiently pul-
verised, has useful agricultural properties. On account
of its reaction with acids it aids the decomposition of
organic manures, such as farmyard maoure, and pro-
motes the formation of nitrates io the soil. Most lime-
stones are more or less impure, owing to the presence
of phosphates or sulphates of lime, magunesia, ete., the
elements of which are valuable as ingredients of plant
food. Caleium carbonate renders clay soils more friable.

Humus consists chiefly of decaying vegetable matter
in the soil, sometimes mixed with a greater or less
proportion of animal substance. It bas a dark brown
or blackish colour. Well-rotted leaf-mould, so largely
uged hy gardeners, is very rich in bumns. Thbe com-
pounds produced by the decay of organic matter in the



‘

14 COMPOSITION AND CLASSIFICATION OF SOILS

soil contain a larger proportion of nitrogen to carbon
than exists in living vegetation, the carbon of tbe humus
being diminished owing to much of it going off in union
with oxygen as carbon dioxide. It was formerly thought
that humus was capable of serving directly as plant-food,
but this bas been proved to be not the case. Nevertheless,
humus is of great value, because the final products cf its
decomposition—chiefly carbon dioxide, ammonia and
water—are capable of wministering to the food require-
ments of growing plants. The quantity of humus usvally
preseut in cultivated soils ranges from 2 to 9 per cent.,
and, within these limits, the soil will be the richer, or
the more fertile, the more humus it contains. It is
possible, however, for a soil to contain too wuch decay-
lng organic matter; this i1s the case with peaty soils
and boggy moorlands.

Garden soils commonly contain more humus than
ordinary agricultural soils. Sandy soils need to be en
riched with humus, not only on account of its cun
taining fertilizing ingredients, but equally for its
moisture-holding capacity, Of the various constituents
of soils none are equal to humus in the power of absorb-
ing and retaining moisture ; hence, a soil rich in humus
is better able Lo withstand drought. 1n contrast with
the free, open, saudy soils are the firm, dense, water-
holding clay soils; in these, humus has a physical value
on account of its property of loosening, and thereby
opening and aérating, the soil. Consequently, the very
growth of crops may improve the soil for future crops,
because the crop-residue, in the form of roots and
stubble, goes to increase the store of humus which the
soil contains, Hence it is desirable in some cases to
increase, and in others to judiciously regulate, the
quantity of hurmaus contained in the soil

By the process of green manuring—tbat is. raising a
crop of mustard, rape, or any other quick-growing plant,
and ploughing it in green—the arount of arganic matter
in & soil can be speedily increased.

Classiflcation of Soils.—Soils consisting almost ex-
clusively of one constituent are rare and exceptional.
Nearly all soils of the farm and garden will be found "~
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to contain sand, clay, a little limestone, and some amount
of humus. Inasmuch, however, as clay and sand are,
in point of quantity, by far the leading ngredients of
most soils, 1t has been found convenient to classify soils
according to the percentages of clay and sand they
contain.

Stippose, then, for the sake of simplicity, that a soil
consists almost entirely of sand and clay. 1f, in such a
case, the quantity of clay does not exceed 5 per cent.
of the weight, a sandy soil is the result.

With from 5 to 10 per ceut. of clay it is a sandy loam.

With from 10 to 20 per cent. of clay it is a loamy soil.

With from 20 to 30 per cent. of clay it becomes a clay
loam, with from 30 to 40 per cent. of clay it is a clay, and
with over 40 per cent. of clay a strong or heavy clay.

A loum, it will be noticed, is a soil consisting of a
mixture’ of sand and clay. A gravel loam and a chalk
loam are loams of which gravel and chalk respectively
are noteworthy ingredients.

A marl is a clayey soil containing from 5 to 20 per
cent. of carbonate of lime. Should the limestone pre-
sent exceed 20 per cent. of the total weight a calcareous
soil (Lat. calr, limestone ; orena, sand) is the result. A
sandy soil containing some amount of carbonate of lime
is called chalky sand.

For nearly all purposes loams make the most suitable
soils. If a soil happens to be excessively sandy, or
clayey, or calcareous, or peaty, it will be improved in
character in proportion as it is brought to resemble a
good medium loam. The object of the cultivator is, as
far as possible, to bring it into such a condition.

Experience proves that a soil is best adapted for
purposes of cultivation when it contains of—

Sand (siliceous and calcateoun) . from 50 to 70 per ceat.

Clay .. s o W, ETE)
Carbonate of bme . o gy B oM o s
Himus R 5,1 ,

It thus conta.ms enough sand to make it warm, and
pervious to air and moisture; enough clay to render it
moist, tenacious, and conuervative of manures; enough
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limestone to furnish calcareous material and to decom-
pose organic matter; and, lastly, sufbcient humus to
assist in supplying the fuod requirements of plauts, and
to ald o maintainiug the carbon dwxiwde 1 the inter-
stitial air of the soil. The reason that alluvial soils are
generally so fertile is the unxed miueral character they
possess, owing to their having been usually derived, from
the disintegration of varwus kiuds of rocks, and not of
one kind only. Such a soil as that indicated in the above
table is, however, the exceptiou rather than the rule in
nature, most soils being characterized by wo great an
excess of one or more of the ingredients.

Varnous agricultural terms are applied to soils. A
sandy soil is described as light, and sandy and loamy
souls are spokeu of as open and free-working. Friable
soils are readily crumbled between the thumb and fingers.
A clay soil is described as beavy because it is sticky
or tenacious; it may also be terwed stiff or stubborn.
As a matter of fact, however, a cublc foot of sand
weighs more than 2 cubic {oot of clay, the terms * light’
aud ' heavy ' referring to consistency rather than to deu-
sity. A ' mellow ' s0il is one which, by natural or artificial
means, bas been reduced to a fine state of subdivision.
A ‘hungry’ soil is one which 15 greedy of manure and
of water, with little power of retaining either! a poor

_sandy soil is an example. A ‘cold’ soil contains an
excess of clay or of bumus, botk of which retain water.
A “shallow * or * thin ' soil is one in which the distance
from the surface to the subsoil is but little; on the
Chalk Downs some of the soils are %0 shallow that they
cannot be ploughed deeper than 3 inches. To go below
this would bring up so much carbonate of lime (chalk)
that it would exercise an injurious effect for years. A
‘deep’ so0il, such as many clays, is of considerable
thickness.

Mechanical Analysis ol Boils.—A given soil consists
of {ragments and particles of different size, the sorting
out of which is eflected by mechanical analysis. The
sample to be examined is first dried, the weight of
moisture lost being noted, and then shakeo through a
sieve with round holes 3 mm. in diameter. In this way~
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the ‘ stones ' are separated from the ‘ fine earth.” The
latter is then treated successively with dilute hydro-
chloric acid- and anunonia, for the purpose of removing
the carbonates and humates that help to bind its par
ticles together. The fine earth is then air-dried, after
which fine gravel, coarse sand, and fine sand are sepa-
rated by means of sieves with holes of suitable dimen-
sions. The very finely divided material (silt and clay)
that remains is then sorted into size constituents by
means of water. This is sometimes done by stirring up
the soil in a full cylinder of water and afterwards allow-
ing it to settle. The coarsest particles are deposited
first and its finest ones last. More accurate results are
obtained when water currents of known force are used
to wash out particles of corresponding size.

The following will serve as an example of mechanical
analyses =
TaBLE L.—Soils from CHAPEL CLOSE, ROYAL AGRICULTURAL

CoLLEGE, CIRENCESTER KM Ksusmv.)

- - - . 1
| | Boila. | Soll B. | Soil C.

| per cent, | per cent. | per cent.
% 4L e ‘ “

|
E Stanes, diam. over 10 mum.

Small stones, diam. ever 3 mm 5 17 | ‘1%

Loss on treatment with acid ...

Fine gravel (3 mm— [ mm)
Course sand (l mm. 2 mm.)

| sl ('(H mm, 01 m.) |
| Finesilt (-0l mm.— 2 mm.) .. |
| Clay (below 002 mim.) ..

Organic ‘mater, & ete,, st on heanng
Dissolved matter
(carbonates and hnm:tes)

mostly calcium carbonate 1

The stones were nearly all limestone (calcinm carbonate).
“Chemical Analysis ol Soils.—Of the chemical ingre-
dients of soils, silica, alumina, and lime have
already been noticed. Others, usually present, are
potash, soda, magnesia, oxide of iron, phospheric
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acid, sulphuric acid, and chlorine. With the ex-
ception of chlorine these are all oxides, that is. com-
pounds formed by the union of oxygen with some other
element, though, in the case of the two acids named,
water also enters into the composition. Potash, soda,
magnesia, and oxide of iron are componnds of oxygen
with the metals potassium, sodium, magnesium, and 1ron
respectively. Phosphoric acid and sulphuric acid con-
tain, as their names imply, the non-metallic elements,
phosphorus and sulphur respectively, combined with
hydrogen and oxygen. The substances which have been
named do not usually exist free in the soil—mo soils
contain potash, soda, lime, or magnesia, as such, though
wany include free oxide of iron. The oxides of the
metals (bases as they are termed) exist in soils in com-
bination with the acids, forming salts* All clays contain
silicate of alumina. and frequently silicate of potasb.
Phosphates, sulphates, and carbonates of lime, and of
magnesia, occur naturally in many soils. Oxide of iron,
though not present in quantity, is of interest in that the
colours of s0ils are more frequently due to this ingre-
dieat than to any other. Red and yellow sands and
clays owe their colour to the presence of similarly
coloured oxides of iron. Oxygen combines with iron in
several different proportions, and the change in colour
of a subsoil from a bright yellow to & rusty brown may
be due to the bright yellow oxide of iron becoming more
thoroughly oxidized when tbe subsoil is exposed to the
air at the surface.

Availability of Plant Foods.—An ordinary chemical
apalysis of 8 soil enwnerates various substances known
to be essential as plant {ood, but does not state whether
these are immediately available for use The roots of
plants can only absorb compounds in solution, the feebly
acid sap and dissolved carbon dioxide constantly diffus-
ing out and thus helping to prepare such solutions. By
extracting a soil with a 1 per cent. solution of citric acid
the natural action of roots is, so to speak. imitated,

* Acids whose names end in ic form salts whose names usually
end in afle; thus, sulphuric acid forms sulphates; nitric agid,
nitrates.
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the substances thus dissolved out representing the
plant food which caun at once be drawn upon, and also
serving as a guide to manurial treatment. The citric
acid method, however is practically only a guide to the
amounts of available phosphoric acid and potash present.

Of the various substances required by crops Lo sustain
their growth, there are four of which the available
supply 1o the soil ix liable to run short, so that the
deficiency has to be made good by the cultivator. These
are nitrogen, phosphoric acid, potash, and lime. The
latter three, as they occur naturally in the soil, belong
to the mineral ingredients. Nitrogen, on the other hand,
is derived from the decay of oryanic matter i the soil
and to some extent from the atmosphere, in addition
to which small but variable gquantities are brought down
in rain.

In most ordinary scils, sand, clay, and humus make
up as mucl as nine-tenths of the whole, the actual in-
gredients upon which plants feed bemg comparatively
small in amount (see Analyses, p. 20). The sand, clay,
and humus, which constitute the bulk of the soil, furnish
the staple or fabric in which the roots search for food.
They contain varying amounts of material which, later
on, may be converted into plant food ready for absorp-
tion, but are for the time being *dormant’ or ‘un-
available.’ The quantity of soluble matter available,
even in rich soils, is never abundant at any one time,
and to add very large amounts of such matter would
defeat the end in view, for roots can only absorb weak
solutions, The object of the cultivator in his treatment
of the soil—by tilling, manuring, fallowing—is to provide
a succession of active or available plant-food, so that as
the nitrogen, phosphorus, potash, lime, and other matters
existing in the soluble form are used up, fresh supplies
may be ready to take their place. If the soil should-
run short of any ingredient of plant-food it is said to
be exhausted of that substance, and crops cannot be
grown till it is replaced in sufficient quantity. More-
over. an excess of one substance will not make good
the deficiency of another; if a soil contains no potaeh
an abundance of lime will not help it, and, similarly,
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though a soil may be rich in nitrogen it will yet be
incapable of growing crops if it has no phosphorus.

A good illustration of the difference between soluble
and insoluble plant-food is allorded by nitrogen.
Organic nitrogen, as it exists in farmyard manure, is
insoluble in water, and therefore the plant cannot
directly make use of it. The same nitrogen, safter the
process of nitrification, takes the form of a nitrate—
nitrate of lime usually—which is soluble, and. dissolved
in water, can be taken up by the plant.

The following analyses of soils have bLeen specially
selected, and are presented here together, as illustrative
of the variations in the composition of soils, which is
the subject discussed in this chapter. Respecting the
four ingredients just referred vo, it is seen that nitrogen
18 b its highest (247 per cent) in the pealy sol. and at
1ts Jowest (012 per cent.) in the sandy soil. Of phos-
phoric acid, the percentages range from 0 1t in the clay
sot] to 0°10 in the sandy soil. Potash Is at its highest
{076 per cent.) in the clay soil, whilst lime 1s most
abundant in the chalk soil and very deficient in the
sandy soil. The student will notice the small percent-
ages of nitrogen, phosphoric acid, and potash which are
usually present in cultivated soils. He will also observe
the high proportions of insoluble silicates and sand—
amounting to four-fifths or more of the whole—which
enter into the composition of clays, loams, and sandy
s0ils.

Tasre IL.—Composition of a Sawpy Som.*
Sample 9 inches deep.
! Organic matter nud loss on )unmg
( Oxide of iron . .
| Alumina

Phosphoric acid
| Sulvhurie acid .
}‘ Insoluble siliceous matter ... . ]
[
[
)

[ otova0 )
! Containing nitrogen... 2 |
equal to ammonia ... Rt [

* From Rugeley, Btaffordabire.
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TaeLe I1I.—Composition of a CrLay SoIL.*

Sample @ inches deep.
! Organic matter and loss on heating
Oxide of wron ...
Alumin,
Carluniat
Magnesi
Poasn ...

lime

o

1

1 o . . i

Insolutide »-hr:m» and sand - T
MLIRED

! Contaimng aitroger . . 16
equal to ammonia ... . - Sy

TaBLR IV, —Com pasition of o Loan Sott
Sample 9 wnches deep.

ter and loss on heating

! Organig m:

\ulx-nm of lim
Magnesia
Potasti ...
Sads

P Im-plun ic
Insoluble silicates and s

! Containing sitrogen ...
equal 1o ammonia

TABLE V. ——Lumpanmm of a CHAL! So1L.t
Sample & inches deep.

¥ Organic matter and loss on he.mnb
Oxide of iron . -
Alumina
Carbonate of lime
Sulphate of lime

Mngnesia
Potash . -}
Soda el
Phosphonc acid . .
Insoluble silicates and sand .. e e )
10060
! Countaining nitrogen ... 18
equal to ammonia ... s2

* From near Cambridge. 1 A hop soil near Sittingbourne.
T Larde Ve
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TaBLE VI.—Composition of a PEaTy SoiL.”
.\am/:/n 9 ) inches ,/‘»,,

er and logs an

! Qrgapic o
Qxide of iron
Carhon: o liwe

B
1RG0

Insoluble silic

16060
' Containing nitre 247
equal to ammor

= From Fxeter, Devon,

CHAPTER IIL
PHYSICAL PROPERTIES OF SOILS

Structure of Soil.—A soil consists, as we have seen
(p. 17). of particles of various size and kind. The inter-
stices between these particles collectively forme what is
known as the ‘ pore space,’” which is greatest in clays
(up Lo 50 per cent. of volume), and least in some of
the coarser sands (25 to 30 per cent.). The density of
the materials making up soils (true density) is obviously
greater than the density (apparent density) of the soils
themselves when dry, because the latter possess a larger
or smaller pore space. The apparent density of a dry
goil is obtained by dividing a gnen weight by its volume.
Owing to the ls.rge pore space in clay soils these are
really lighter than sandy soils with a smaller pore space,
as will be seen from the following table (A. D. Hall):—

T4BLE VII. —APPARENT DENSITY aAND WEIGHT OF SOILS.

i Lbs. per acrej
" & v Apparent Weight per oo por AcTe .y
Kindof Soil, Density, | cuble foor, |, 0f 8 layer

o | ¥inches thick. |

1062 664 | 0,000 |

Heavy clay 2,15
| Sandyclay ... 1279 0 2500,000 |
| Sandy cla¥ eaboil 118 T 280000 |
Light loam ... 1292 764 2,480,000
Light loam subsoil 1144 % | 2,320,000 |
Sandy loam N 51 767 I 2490000

Sandy pea ¢ { o
Lightsand .. .| 126 | 92 | 560000 =
|
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Bince the roots of plants derive their food from the
thin films of moisture clinging to the soil particles, it is
obvious that the total surface presented by these in
different cases is a matter of practical as well as theore-
tical interest, especially as it is also related to the
power of retaining water and of taking up certain sub-
stances from solutions. The following table embodies
the results of calculations made to determine the sur-
faces offered by soils of different kinds.

TasLE VIIL.—PORE SPACER AND SURFACES OF SOILS.
Areu of Surface in

Kind of Soil Pore space, per cent.  wiquare feet, g
foot of Soil,

Finest clay
Finest clay soil ...
Loamy ¢y soil
Loam

46,500
6,400 |
11,000

— — e — - W — S——

““As a rough figure to remember, the surface of the
particles in one cubic foot of an ordinary light loam
may be taken as about an acre; this will increase as
the soil approaches more and more to clay, and diminish
as the soil becomes increasingly sandy.” (A. D. Hall.)

Air of the Soil.—The pore space in an ordinary soil,
together with worm burrows and other relatively large
cavities that may be present, is more or less full of
air. The oxygen required by the roots of plants to
enable them to breathe is derived from this air, and
thorough ventilation of the soil is absolutely necessary
if crops are to flourish. The air in the soil also plays
an important part in the complex changes that are in-
cessantly going on, largely as the result of the activity
of microscopic organisms, and by which the store of
available plant food is continually being increased. The
object of drainage is to increase the volume of soil
through which air can freely circulate.

Water of the Soil.—A large proportion of the water
which a soil is capable of holding may be termed ° free,’
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ie., 1&drams a.\'t y with greater or less readiness. But
.,t&er remgval a great deal of water still remains,
hugmg to the particles of soil by means of *surface
fension.' Th& weaning of this term 1s difficult to under
istagd without a special knowledge of physies, but it
will suflice for/our present purpose to state that at the
surface of a layer of water, where it is in contact with
air, the malécules of water are drawn inwards by the
attraction of deeper water molecules more powerfully
than they are drawn outwards by the attraction of che
ollows from this that the film of moisture adher-
a particle of soil may be compared to an elastic
‘membrane on the stretch, and therefore trying to con-
tract inwards. The water thus tightiy held by the soil
is of primary importance to plants, as it constitutes the
plant food absorbed by the roots.

Soils differ very much from oune another as regards
their capacity for taking up water. This is greater in
proportign to the umount of clay and humus presont
The most favourable or ‘optimum’ amount for plant
growth is from 40 to 50 per cent. of the total
capacity.

Soils may suffer as much from containing too much
water as from possessing too little. By draining, on
the one hand, and by suitable tillage, on the other, it
is possible for the cultivator to exercise some control
over the moisture jn the soil.  Crops, especially in
droughty weather, draw largely upon the stores of
moisture within the soil.  To such an extent iz this
the cuse that cropped land generally gives up more
moisture than it would if left in bare fallow. In the
case of a crop of barley grown at Rothamsted there was
removed from the soll more water [equmivalent to
9 inches of rainfall] than lad evaporated in the same
time from an adjoining bare fallow. The powerful
action of a crop in robbing a soil of its moisture is
mainly due to the rapidity with which water evaporates
during daylight from the surface of the leaves. A deep-
rooted crop, like sainfoin or lucerne, may be more effec-
tive in drying the soil than a shallow~rooted crop, such
as barley or oats.
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The water which evaporates from leaves goes off as
pure water vapour, the substances dissolved in the
water when it Jeaves the soil remaining behind in the
plant, and aiding in its nutrition. Experiments have
led to the conclusion that from 250 to 300 lb. of water
are evaporated from leaves for 1 lb. of dry matter added
to the plant.

Sometimes the evaporation of moisture from the
leaves goes on more rapidly than the roots take up
fresh supplies from the soil. This state of things may
often be seen 1n a mangel field on a hot sunny afternoon
in July or August, when the leaves are all limp and
drooping. As evening approaches, and the evaporative
power of the sun’s heat 1s lessened, the supply of water
from the soil again equals the demand of the leaves,
and the latter resume their crisp character, because their
tissues I%ecmue turgid with water.

The maintenance of a suitable degree of moisture in
the soil depends largely upon its physical condition, and
especially upon its capillarity.

No physical property is more familiar than that of
capillarity, or capillary attraction. When a lump of
sugar is held with one corner dipping in a cup of coffee,
the brown liquid quickly suffuses the whole lump. When
a fresh wick is allowed to dip into the oil-reservoir of
a lamp, the oil speedily travels up the fabric. These
are instances of capillarity, and the phenomenon is
dependent upon the presence of innumerable very fine
tubes (Lat. capillus, a hair). As the internal diameter
of these narrow tubes increases, so does the power of
capillary attraction diminish. Mpyriads of such tubes
exist in the soil ; and the finer the soil the more delicate,
and consequently the more efficient, do these tubes
become. On the other hand, the coarser a soil, that is,
the more inferior the tilth, the more do the delicate
narrow tubes give place to others of wider bore.

However dry and parched a cultivated soil may
happen to be, it is not necessary to dig very deeply
before moist soil is reached. By diggi
depth, the water table, or line of
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the water-level upwards the earth 1s moiwst. though the
actual soil may have lost all, or nearly all, its moisture.
The fact that such a soil is not moist up to the surface
is partly due to evaporation, though it is a guestion
not 50 much of evaporation as of capillarity. The capil-
lary tubes, having lost most of their moisture by
svaporation, have erumbled into other more oper tubes,
too broad for the water to travel along, and hence the
surface soll has been deprived of those myriads of minute
invisible conduits which would have enabled it to cco-
tinuously draw its supplies of moisture from the reser-
voir below. Had the surface soil been kept in a state of
fine tilth—and this can be done by stirring it sufficiently
frequently—the mioisture would have travelled up from
below to replace that which evaporated.

When rain falls upon the soil, some of it sinks down
to replenish the stores below ; but, during the period of
active growth, and particularly in a drough[v season,
there is a movement of moisture from below upwards.
This moisture replaces that lost at the surface by
evaporation; and its direction is such that it tends to
keep the soluble plant food where it is wanted, that
is. about the roots of the plants. If enough water be
poured iito a saucer in which stands a flower-pot full
of earth. the surface of this mould will at length become
moist, the water having travelled upwards by capitlarity.

But here another important point has to be con-
sidered. If all the capillary tubes are open to the
surface, evaporation can proceed from them so freely
that the uaderground store of moisture may be insuffi-
cient to supply the continuous demand. Hence, again,
it is desirable to keep the surface soil. by frequent stir-
ring, in such a state that the capillary tubes are broken,
or interrupted, a little below the surface. In this case
the mere superficial covering of mould acts as a soll
muleh; and, like a layer of leaves, or grass, or farm-
yard manure; it protects the moisture beneath. Hence
an occasional slight stirring of the superficial soil serves to .
conserve rather thap to dissipate the underlying moisture,
and such operations as boeing and raking (harrowing)
may be usefully resorted to even in very hot weather.




PANS 7

In cases where, from frequent ploughings at the
same depth, what is called a * plough pan ' has formed,
or where a layer of farmyard manure has accumulated
beneath the soil, the overlying soil soon becomes dry.
and speedily suffers frow drought. The explanation,
of course, is that the surface soil has been cut off from
capillary continuity with the moisture iaden earth below,
and there has been no upward current of moisture to
replace that which hias bheen lost by evaporation at the
surface.

When land has been ploughed time after time, to
the sawe depth, it 1s no unusnal thing for 2 hard layer
or plough pan to form. It opposes the passage of water,
and the roots of plants are unable to penetrate it. The
repeated sliding of the base of the plough at one depth,
and the ®reading of horses and men along the furrow,
are the cause of the consolidation to which the pan 1s
due. It is necessary that all such hard or indurated pans
should be broken, and this is effected either by the sub-
soil plough, the trench plough, or the steam cultivator.
The subsoil plough breaks and stirs the subsoil without
bringing any of it to the surface. The deeper-working
trench plough acts more thoroughly, but at the risk of
bringing up to the surface ohjectionable matter. The
incorporation of subsoil with soil is a procedure to be
adopted only with great caution.

Natural pans are formed by chemical agencies. On
calcareous soils, or where lime has been freely used,
this material may form a lime pan at a moderate depth
from the surface. The changes are similar to those
which take place when lime and sand harden in mortar.
In soils containing an undue proportion of oxide of iron,
this material is washed into the subsoil, and cakes the
particles together into an iron pan. In the same way
tbe links of an iron chain may be cemented into one
piece by iron rost. Peaty or moorland pans occur in
beath and bog soils., and may arise from the accumula-
tion of salts of iron beneath the surface. The subsoil
plough and, in the case of lime pans, the trench plough,
must be set to work to reduce these obatructive layers,
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and thereby promotle the percolating properties of the
soil.

Temperature of the Soil.—The germination of seede
and the general growth of plants can only take place
within certain temperature limits, which vary some.
what with the species. The lower limit is known as
the minimum temperature, the upper lunit as the maxi-
mum, hetween which is & most favourable or optimum
temperature.

The following tables (compiled irom various authorn-
ties) wil illustrate this question :—

TanLe IX. —Tturcsnuﬂn oF GROWTH (in degrees F.).

Plant Minimim Optimum. Maximum,

— ‘

Mustard ... 32 K10 Ry

Kiduey bean
Melon ...

TaBLE X.—TEMPERATURKS OF GERMINATION (in degrees F.).

Plant. { Minimum. | Optimum. Maximum,

Wheat 32 ta 41 77 to 88 88 to 110
Barley 40 77 to 88 100 to 110
Oats 82 to 41| — 88 ta 100 |
Pea 38 to 41 —
Scarlet runner | a Xh
Maize ... 9

| Cucumber and melon | B8 to 99 \m m 120

From such facts as the above it is obvious that investi-
gations on the temperature of the soil are of practical
umportance, because they throw light upon when and
where to sow various erops with the prospect of reason-
able yield.
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The heat of the goil 1s mainly derived from the sun,
y the fall of warm rain, and by the coudensation
f water vapour. Loss of beat is choefly the result
f radiation nto the air, conduction into the air or
he subsoil, and evaporation irom the surface. The
wlance between gains and losses vanes from time to
ime, and cousequently the temperature of a given soil
&t any given depth varies also. The vanations are more
aarked near the surface than lower down, and there-
ore shallow-rooted are more affected than deep-
ooted plants. Not only crop plants, but also the micro-
icopic forms that bring about vanous nnportant changes
n the soil are affected by alterations 1o temperature,
ind a low thermometer not oaly checks the growth of
vgher forms, but also retards or suspends the activity
>f some of the lower forms which are engaged iu the
production o[.pla.uL food.

The amourt of heat gained by soils depends upon a
auvmber of factors, of which aspect 15 one of the most
mwportant. Lo our hemisphere slopes facing south receive
most heat from the sun and, other thipgs being equal,
bear the most forward crops. Colour is also an impor-
tant matter, for the heat absorbed is greater for dark
soils than for light. So much heat is lost by surface
evaporation that anything which checks this belps to
maintain the soil at a higher temperature. A covering
of vegetation, mulching, or stones on the surface, all
act in this way, and wind screens have a similar effect
It is also clear that a well-drained soil loses less mois-
ture by evaporation than an ill-draiped one, and is
therefore warmer.

CHAPTER IV.
SOURCES OF LOSS AND GAIN TO SOILS

Tre goil is ever changing. It is continually giving up
matter, and as constantly receiving fresh matter. That
crops rob soils of some of their ingredients is praved by
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burning the plants and analysing their ashes, which
vield substances identical with some of the mineral
matters of the soil, and different from anything which
ia contained in the air. The soil loses water, partly by
direct evaporation from the surface into the air, Lut
more especially through supplying that which the plant
gives up by evaporation (transpiration) from-the leaves.
A still more serious loss is that which is effected through
the predium of the water—drainage water—which flows
away from the soil. Such water carries with it particles
of soil—fine earth—in suspension, and it inflicts even
a greater loss npon the soil by dissolving certain sub-
stances and carrying them away invisibly in solution.
By analysing drainage waters, and comparing the results
with analyses of the rain waters which fall upon the
soil, it has been possible to arrive at many useful facts
concerning the behaviour of soils towayds substioces
which are of importance as sources of food to crops. It
has beep ascertained that some of these substances are
easlly ‘ washed out’ of the soil, and are therefure
commonly present in the drainage waters. Other useful
substances, which are known to be present in the soil,
are usually found in the drainage waters in only minute
quantities; the soil exercises what is called a retentive
power over these, since it retains or keeps hold of them.

The substances of agricultural intevest which are
most readily carried away in solution by drainage waters
are sodium and calcium chlorides and nitrates, and, to
a less degree, sodium and calcium sulphates. The most
important of these are the nitrates—‘ nitrate of soda’
and ‘ nitrate of lime,’ as they are commonly termed.

On the other hand, most fertile s0ils possess s great
retentive power for ammonia, potash, aod phosphoric
acid; consequerntly, salts of ammonia and potash, and
phosphates generally, are rarely found in any guantity
In drainage waters, except under exceptional conditions.
It is the clayey part of the soil which exerts the
retentive influence upon these soluble bodies, and, when
rain falls upon the land, the effect of its solvent pro-
perties is to cause a more equable distribution of these
subatances, rather than to wash them out.
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Experiments have shown that the expulsion of soluble
alts from the soil takes place most freely when the
rercolation of moisture is the most rapid, so that a
eavy rainfall, restricted to a few days, does far more
iarm in washing the soil, than would the same amount
f rainfall spread over a month.

The rishness of drainage waters in nitrates is, in the
limate of England, greatest in early autumn, whilst it
liminishes through the winter, and is least in spring.
[he summer is, nevertheless, the season when nitrates
wre most abundantly produced in the surface soil; but,
is little drainage occurs in summer time, owing to the
emperature encouraging a high rate of evaporation, the
iitrates at that season accumulate in the soil. As the
wtumn advances, drainage becomes active, and the
vashing out of the nitrates commences; the first drain-
\ge 1s not, }xowever. always the richest, because the
utrates are most abundant at the surface and must be
lisplaced by rain, and allowed time for diffusion, before
hey can appear in quantity in the drainage water
Shallow soils are most quickly washed out, whilst deep
i0ils, possessing a larger mass for the diffusion of the
iitrates, part with them more slowly and uniformly.

At Rothamsted, Hertfordshire, experiments have
>een made to find out what quantity of nitrogen may
»e carried away in drainage waters. Three drain-gauges
were sunk in bare soil, each occupying a surface area
if 1o55 of an acre, but extending to depths of 20 inches,
10 inches, and 60 inches, respectively. All the water
’hat drained through the gauges was collected, and
he quantity of nitrogen contained in it was ascertained
n the laboratory.

It was found that the annual amount of nitrogen in
the form of nitrates removed in the drainage water
was, on an average of four years (1877 to 1881), 4551 lb.,
16'32 1b., and 43-59 lb., respectively per acre from the
hree drain-gauges, the mean of all being 4181 Ib. per
were, which is the amount of nitrogen contained in 268 1b.
of ordinary mt.rat.e of soda. Supponmg—a.nd this is a
fair and that the d ge water
contained at the same time 0-5 part of nitrogen per
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million n the form of organic nitrogen and ammouia.
this gives a total of 4377 lb. as the quantity of nitrogen
removed in one year, from an acre of uncropped soil, 15
drainage water which amounted to 17251 inches. Sucl
a quantity of nitrogen is equal to that contained in
an average crop of wheat or barley; its loss to the soll
in the drainage water is thus a matter of grave import
ance. Though such loss may be. aud probably is, con
siderably less in an ordinary agricultural fallow, occur-
ring in rotation, thao in the Rothamsted drain-gauge
experiments, the loss must clearly be a very serious one
whenever the season is wet.

It has been estimated that, upon the farm =oil at
Rothamsted, as much as 80 1b. of nitrogen, as nitric acid.
is formed in an acre of land during a whole year’'s bare
fallow. In the drainage experiments just referred to
the mean annual amount of nitrogen per acre, carried
away in the drainage waters over a period of thirteen
years was 37 lb.

By bare fallow is meant an interval between the crops
upon a soil, during which space of time no crop is grown |
upon the land. It is a period of rest. i

Bare fallow can only be thoroughly successful in a
dry climate, in which case the active production of
nitrates, which takes place in a fallow, will doubtless
greatly increase the fertility of the soil for the succeed
ing crop. In a wet climate the practice of bare fallow
must result in a rapid diminution of soil nitrogen ; hence
farmers have introduced what are called ‘ fallow crops
and ‘calch crops. the effect of which is to intercept
the mitrogen which would otherwise be lost, and could
only be replaced by the use of expensive manures. One
method by which a crop will greatly diminish such loss
has already been noticed. namely, by largely increasing |
the amount of evaporation from the leaves (transpira- |
tion), and thus diminishing the amount of drainage.

Besides the drainage waters from bare fallow land.
those from variously manured soils cropped with wheat
bave also been collected and examined at Rothamsted. |
Wheat is & crop which. so far as is known, |s entirely
dependent for its nitrogen upon the nitrates in the soil.
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The average results for three years show that an un
manuared 50il upon which wheat was grown yielded uniy
3-9 parts and 45 parts respectively of nitrogen, as
mtnc acid, per 1,000,000 parts of drainage water. On
the vther hand, a bare soil kept free from weeds afforded
107 parts of witrogen, as uitric acid, in 1,000,000 parta
of drainige water. So that there was about two and a
half times as wmuch nitrogen washed out from the bare
goil as from the soil upon which the wheat was grown.
The much lower proportion of nitrates in the drainage
water of the wheat land was partly owing to the ex-
baunstion of the nitrogen of the soil by growing succes-
sive crops of wheat without manure, but it was chiefly
due to the fact that the crop made use of the nitrates
which would otherwise have been lost in the drainage
water. So great is the demand of the wheat crop for
nitrates thae, during the period of most active growth,
and for some time after, no nitric acid, or the merest
trace only, could be found in the drainage waters col-
lected from several of the plots in the wheat field in
which the experiment was made.

The sources of gain to the soil are to be sought in the
land itself, in the atmosphere, in the residoes of erops.
and in the application of menures and of other dressinga.

In the land itself a slow conversion of subsoil ioto
soil 15 always in progress. owing to the natural agencies
that have been described. In certain circumstances it
is found desirable to bastea this cbange by ploughing
deeply enough to break the subsoil. In the case of a
local or indigenous soil every gradation may be scen
(fig. 1) between the free-working surface earth at the
top, and the hard unweathered hed-rock at various
depths beneath. The soil itself is a traosition stage
between the rock. which is the parent of the soil, and
the finely divided or goluble matter which is wsually
carried away in the waters that drain from the soil, or
—in the case of dissolved matter—is exported from the
farm in the form of crops.

The stones and other coarse fragments in the soil
are continually undergoing reduction to smaller size,
snd adding thereby to the ‘ fine earth ' or mould amongst

a
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which the roots of plants can travel ip search of food.
Every change of temperature that affects the so0il, every
frost that disrupts its particles, every shuwer of rain
that soaks into its interstices, and every current of air
tbat blows across its surface—each does its work in re-
ducing the soil to a finer wechauvical condition. To these
aatural causes must be added the powerful agents of
disintegration which man has at his command in the
plough and other implements of tillage.

TaBLe XI.—THE Maxismum, MiINIMUM, aND MEas AMOUNTS

OF CERTAIN CONSTITU 1N XTY-NINE SAMPLES OF
Ra1y WATER 5N PaRrTS i MilLION
Nitrogen as
T Hard-
ness.
W Matter g A
Sty movia
Highest pro eig o Ts o wgd 1 a6 |60
Lowest pro- O 4 X o
Fortion § o [IRLFY ool ola an 0
““““"‘"'“"”"} B S (X PO 'S LU TR ST B
ples .

P e mean s 3

Rain, as a source of gain to the sail. supplies on the
one hand most of the water upon which our crops are
dependent for their growth, and on the other hand it
carries down from the atmosphere certain ingredients
which, though small in relative quantity, yet represent
a significant addition to the stores of fertility within the
soil.  As rain condenses, and falls through the air, it
dissolves some of the gases which are present in the
atmosphere. In rain-water, collected in the country,
nitrogen and oxygen are the chief gases dissolved,
together with a small quantity of carbonic acid and a
still smaller amount of ammopia. The rain further con-
tains certain golid substances gathered in the-course of
1ts descent.  Some of these, as the chlorides, sulphates,
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and mitrutes of sodiuu calciuin, and awmwoniuwm, are
digsolved by the rain; others, as particles of dust and
scot, are merely mechanically held, and give to rain
water its usually dirty appearance. As a rule these
various substapces are present cnly in very minute
quantities.

An example of what rain water may actually contain
is shown in Table XI., which affords information con-
cerning the cowposition of rain-water collected at

Tanie XIT.—THE MAXIMUM, MINIMUM, AND MEAN AMOUNTS
oF CErrsiN CONSTITUENTS In SEVEN SAMPLES oF DEW
aND Hoar-FROST, IN ParTe rer MirLioN.

Nitrvgen as

Carbon !
! Chile= | 1ard-

4 L Xie nne ne
Matter KO- Ame trate o | ness.
hd Miitier monae unid Ni
A
Highest pro- 1w yg0 19 wai 0u6 400 wo| 20
portion ... f
Lowest pro-{ | ooy jus | g2 167 02 bee sk | 1o
portion ... §

wa | e

AT Med 076

! The mean of 4 analyses

Rothamsted. [t indicates that nitrogen may occur in
rain in the forms of nitrates, nitrites, ammonia, and or-
ganic matter. The carbon and nitrogen in the organic
matter represent the soluble matter extracted by the
rain from the organic dust with which it has cowe in
contact tn the atmospbere, or on the surface of the col-
lecting vessels. The mean proportion of nitrogen to
carbon is about 1 :5 (0'19 to 0'90), so that the organic
matter brougbt down in rain is of & decidedly mitro-
genous character. The cblorine of rain-water is due to
the presence of common salt. It will be seen that th‘e
total solid matter (331 parts) dissolved in rain-water is

considerably greater than the sum (54 parts) of -the
¢ 3
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constituents which are specified in the table ; the remain-
ing matter is made up partly of sulphates, which form
& large ingredient of ramn-water.

Inasmuch as dew and hoar-frost are also sources of
soil-moisture, the composition of several samples, like-
wise collected at Rothamsted is given in Table XII.
By comparing the figures of this table with those io
Table XI. it will be learnt that these small deposits,
condensed from the lower layer of the atmosphere, con-
tain on an average three or four times the amount of
organic carhnn, organic nitrogen, amwmonia, and oitric
TapLe XI1L—AvERAGE COMPOSITION OF SaupLes or Ralx

FROM VaRIOUS DISTRICTS OF ENGLAND ANXD SCOTLAND, I

P'ARTS PER MILLION.

Nitrogen as

— Sulphuric
 Cigrine. ST

i Ammonia.

|

i

| England, country places, inland...,  0-38 019 552

| . towns . . vl 425 022 | 8497 |

| Seatland. country pl 061 o1l 564

‘ - “ 044 08 | 206

| 315 050 16:50
749 063 |

7019 ‘

acid found in the rain-water. The total quantity of
solid matter, and the amount of chlorides, are also
larger, but the difference is much smaller than in the
case of the other ingredients. The mean proportion of
orgsnic nitrogen to carbon is 1 : 3}, as compared with
about 1 :3 in the rain-water.

The composition of rain-water varies, however, very
considerably according to the locality in which it is col-
lected, as may be learnt from a study of Table XIM.
The rain of towns exhibits a large increase both in
gmmonia and sulphuric acid, and a smaller, though a
considerable, " increase in chlorides and nitrates.
Chlorides are most abundant in the rain collected at
the sea-coast. Rain collected at Valentia, on the west
coast of Ireland, yielded as much as 47'35 parts of
chlorine per million.
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Independently of the carbonic eacid gaa which ran
dissolves in its passage through the air (p. 34), nitrogen
1s by far the most valuable addition that rain makea
to tbe soil. It is brought down chiefly in the two com-
binations of ammonia and nitric scid, 1a which forms
farmers pay large prices for nitrogen when they pur-
cbase such artificial fertilizers as sulpliate of armmonia and
nitrate of soda (pp. 115-19). Analyses of rain-water made
at nine different places in Europe, between the years
1865 and 1880, gave an average of 1023 Ih. of nmitrogen
per acre per annum brought down in the raimnfall, the
least quantity being 1'86 lb. per acre at Kuschen and
the greatest 20091 lb. per acre at Proskau, The total
quantity of nitrogen supplied in the annual rainfsll at
Rothamsted is probably 4 to b lb. per acre, which is
consnderabl] less than the average of 1023 Ib. above
mentioned.

TapLe XIV.—Wereaz axp COMPOSITION oF R2dIDUES OF

Acd.

Crops.
Lb. per acre. |
_
Phos- | |
Cron  ixitrogen | phoric | Potash.
| Residue, | ‘ ‘

Good clover,— roots ...
| Oats,—roots and stubble
Timothy grass,—roots

The remains of plants, particularly their roots, which
accumnlate in the soil, are an obvious source of gain,
and serve to confer, especially upon the surface-soil,
some important characters. It is this plant refuse which
constitutes the main source of the homus, which is an
indispensable constituent of all fertile soils. In Table
X1V. are some figures showing, in certain cases, the
ascertained weight of erop residues (water-free) per
acre, together with the guantities of nitrogen, phou-
phonc acid, and potash contained by these.
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Table XV. shows the weight of roots, stones, fine goil,
and water contained in one acre of land. to a depth of
nioe inches, at Rothamsted. in o field that bad been in
grass for nearly thirty years. The proportion of stones
is higher than in any of the arable fields at Rothamsted.

It is seen that, after nearly thirty years, more than
4% tons of air-dried roots had accumulated per acre
within a depth of nine inches from the surface. These
roots gave on analysis 0'75 per cent. of nitrogen, equiva-
lent to 78 lb. of nitrogen per acre.

lapLe XV.—RooTs, SToNes, FINE SoiL, aXD WaTer 1¥ OnE
ACRE OF GRASS Lawp, NINE [NCHES DEXP.

Lb, Tous Per cent.
=3 =te o5 . S
Roots, etc 10400 = 46 (]
3 G0, 7 = 4037 269
v 1,90: 8 = 8 b6°7
Water ... 843,100 = 2420 161
Toral ‘& 8,366,415 = 1,030 100-0 |

The intentional application in the course of tillage of
natural manures and artificial fertilizers is an obvious
source of gain of material to the soil. Dressings of clay,
chalk, lime, marl, etc., upon soils that respectively need
them are equally substantial sources of gain.

The nitrogen contained in humus is kmown as organic
nitrogen, that is, nitrogen combined with carbon. In
this form 1t is scarcely, if at all, available aa plant food;
in order to bacome so it has to undergo a chemical
change known as mnitrification. This change resalts in
the conversion of the nitrogen by oxidation into nitric
acid. the combination of which with some soluble base
in the soil, such as lime, or potash, or soda, produces a
nitrate, which can be taken up in solution by the rootlets
of plants. A plant is capable of acquiring nitrogen from
the soil in the form of either nitric acid or ammonia.
As s matter of fact, however, the process of nitrification
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s s0 constantly going on that far more nitrogen ir
taken up in the forim of nitrates thso in any other
form.

Nitrification 18 brought about through the vital
activity of certain organisms tbat live in the soil. They
belong tp a group of living bodies (bacteria) which are
so small that the highest powers of the microscope are
necessary to discern them. Amwmonia is converted into
pitrous acid and nitrites by two organisms named
Nitrosomonas and Nitrococcus, and nitrites into nitrates
by another called Nitrobacter. Under the influence of
the umitrifying bacteria, and of other organisms, the
organic matter in the soil is converted inta water,
carbonic acid, and ammonia, and the latter finally into
nitric acid.

“ The conditions most favourable ta the activity of
the nitrifyirfg bacteria are that the soil shall be rmoist,
and porous enough to permit free access of air. The latter
is indeed essential to them, and many other aérobic forms.
The temperature must he sufficiently high, nitrification
being most active in the summer months, and ceasing as
the freezing point is approached. The soil must contain
some base with which the nitric acid produced can com-
bine ; usuelly this base is furnished by the lime of car-
bonate of lime, so that much of the nitrogen which enters
plants does so as nitrate of lime (calcium witrate)
in solution. Too much moisture operates against nitri-
fication, and in a water-logged soil. such as a peat-bog,
nitrification will not take place to an appreciable extent.
because the nccess of air is prevented.

It has long been known that leguminous plants (clover.
peas, beans, etc.) add to the nitrogencus plant-food
in the soil, and thus play a very important part in the
rotation of crops. The matter was not fully understood
until 1888, when Hellriegel and Wilfarth showed that
the numerous small swellings, or nodules, present on
the roots of such plants contain innumerahle bacterin
(Pseudomonas radicicola) capable of ‘fixing ' the nitrogen
contained in the air of the soil, with the ultimate pro-
duction of nitrogepous compounds servieg as plant-food.
Boil in which & leguminous crop has bees grown
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cuntsins enormous numbers of Pseudowonas in & restung
stage, and able to become associated with the roots of
a gubsequent and similar crop. Advantage has been
taken of this fact in reclaiming barren heath land, in-
capable without special treatment of growing such
plants as clover or beans to a profitable extent. After
suitable tillage in preparation for, say, clover such land
bas been ‘inocculated ' with 8 ewt. per acre of soil from
a clover field. When sown with clover an abundant crop
has resolted.

Several partially successful attempts have also been
made to prepare laboratory cultures of Pseadomonas for
the purpose of treating seeds and inoculating soil.
Nitragio was tbe first material of the kind. It was pre-
pared by Nobbe in various forms supposed to be adapted
to different leguminous species, it being agsumed that
Pseudomonas radicicola exists in & number of ‘ races,’
associated with distinct speciss. None of these prepara-
tions have so far attained practical success.

It has since been discovered tbat there are other
nitrogen-fixing bacteria which live in the soil, the most
important being Azxotobacter chrobroccum, 8 wxdoly diatri-
buted aérobic form. dependent for its activity on the
presence of calcium carbonate.

In opposition to the process of nitrification which is
constantly going on in the soil, there is also a process of
denitrification, whereby nitrogenous compounds are
broken down with the nltimate liberation of free nitrogen
into the air. Tbis takes place when a large amount of
organic matter is present. It is the work of certain
bacteria which only thrive when free oxygen is excluded,
and are therefore termed anatrobic,

Fungi of the Soil.—The complex chemical processes
that are constautly going on in the soil are not only
associated with bacteria, but with moulds and other
fungi that are ahundantly present. The action of these
affords a promising field for research in which compara-
tively little has so far been done. and the same is true
for the myriads of microscopic animala (Protozoa) that-
also )ive in the ground.
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It 18, however, deairable to say a word on mycotrophic
plants, e.g., heath and many trees, in which the roots
are covered by a feltwork of delicate fungus fibres,
to which the genersl name of mycorhiza has been ap
plied. There can be no doubt that these are concerned
with the preparation of plast-food for the forms with
which they are associated, and it is not impossible that
in some cases they are able to fix free nitrogen, though
that remains te be proved. The intiwate connection
between two forms of life for mutual benefit, ns ex-
emplified by mycorhiza and ULy the bacteria in the root
nodules of leguminous plants, is terioed mutualism or
symbiosis.

CHAPTER V.
IMPROVEMENT OF SOILS

Fon general purposea the most useful soils are the loams,
and the best kind of soil is that indicated on page 1o
Garden soils, that have long been subjected to spade cul-
ture and generous manuring, are of thie character. As
a rule, however, soils are more or less deficient w one
or more useful properties, and this is ootably the case
in the roils of farms which undergo the usual course of
field cultivation. It is the object of the cultivator to
make good such deficiencies, and so to bring the soil
into better condition. This may be effected in various
ways.

Soils consisting to an undue extent of one ingredient
are poor. A soil which includes an excessive percentage
of clay, or of sand, or of peaty matter, needs some
corrective before it can be cultivated to the beat advan-
tage. The most obvious course to pursue is to apply to
the soil, and to mix with it, that in which it ia deficient.
Hence have arisen various processes for iumproving the
soil, such as chalking, liming, clayiog, and warping,
to which may be added paring and burning, and green
manuring.
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Peaty soils, and others containing too much organic
matter, hecome what is termed ‘sour,’ owing to tbe
excess of organic acids which develop in the land as
the vegetable matter decomposes. Lime, by combining
with such acids renders them harmless; bence chalk or,
if more convenient, quicklime, is carted on to such land,
allowed to crumble, then spread and ploughed .

Marl is clay containing variable guantities of car-
bonate of lime; it may be called a calcareous clay. The
chalk marl of Farnbam contains 86 per cent. of carbonate
of hume, the clay mar! of Kimmeridge has 34 per cent.,
and the Keuper mar! of Worcestershire 8 per cent. Marl
is put ou land chiefiy for the sake of the lime it brings
with it, but on sandy soils it is useful for increasing their
coberence and water-holding capacity, on account of fhe
clay it includes. Old mar! pits are common in parts of
Cheshire, and elsewhere. a

By warping is meant the covering of land with the
sediment deposited from silt-laden streams or floods.
It is practised in Lincolnshire and adjacent districts,
usually on the flat horders near the mouths of sluggish
rivers. The warp makes a rich top dressing for the land.
and its effect will be seen for from 15 to 20 years. In
the notable case of the valley of the Nile, the crops are
dependent upou the anoual overflow of the river, not
only for manure, but also for moisture.

Paring and burning are occasionally ‘resorted to on
clay soils, and on soils that have become very foul from
the presence of couch and other troublesome weeds. The
surfece is pared off, gathered into heaps, and fired, tke
ashes—partly of plants and partly of burnt earth—being
returned to the land. A stiff clay soil may be rendered
more open and porous if beaps of the clay are burnt te
a ruddy brown colour, and then mixed again with the
land. Clay tbat has been burpt does not, when mois-
tened, resume its plastic character. The plasticity of
clay is due to combined water, and this is driven off in
the process of burning. Paring and burning destroys
weeds, improves the draining capacity, and renders the
silicates more soluble. potasb being set free. But. on
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the other band, 1t destroys organic matter, including
nitrogenous compounda.

Green manuring is a simple way of improving a aoil
that s deficient in organic matter or humus. Upon a
light saudy soil, for instance, the seed of a quick-growing
crup, such as mustard or vetches. may be sown, and
when the plant has attaiuned a convenilent height it is
ploughed in. The crop thereby returns to the {and not
only all the matter it took from the soil. but & much
larger quantity of carbonaceous material which it ob-
tained from the air. Leguminous crops (beans, clover,
lucerne, etc.) possess an additional adventage, in that
they collect from the air mot only carbon by means of
their leaves, but also nitrogen, through the medium of
the bacteria in the root nodules (p. 39). Such crops,
therefore, may serve as sources of nitrogen to the
801l °

Though vegetation cannot thrive upon a soil that con-
tainge po moisture, 1t does not follow that because a
501l 15 filled with moisture it is thersfore well adapted to
plant growth. Everything depends upon the condition
in which such moisture exists. 1f it 1s stagnant,
that is, if it takes the form of standing water, the aoil
will, for praetical purpases, be barren. What is required
s that the moisture in the soil should take the form
of moving water, carrying with it pla.n(rxood in solution,
and drawing after it the atmospheric air, It is to pro
mote this flow of water—sespecially of rain water—
through the soil, thai the operation of draining
18 resorted to.

Various indications serve to show when land needs
draining. After a fall of rain, the water collects in
puddles upon the surface. Upon arable land, the crops
are poor, and ill-coloured in the spring tirae, whilst
such weeds as horsetail, coltsfoot. and bistort spring
up. Land of this kind works badly under the plough,
and it is difficult to prepare seed-beds upon it. Upon
undrained grass land, rusbes, sedges, tussock grass,
and similar weeds usurp tbe place of the desirable
grasses. Plovers, starlings, and other insectivorons birde
commonly frequent land that needs drainage.
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Ill-drained solls are always cold. The water with
which the land is charged slowly evaporates into the
air. In the couversion of water into vapour a large
amount of beat 18 consumed, and it is the sun’s heat,
that would otherwise warm the land and promote plant-
growth, which is thus diverted. Independently of this,
water has o greater capacity for heat than most otber
substances, that 1s, to raise its temperature a given
extent, water requires more heat than other bodies.

Land is drained with the object of promoting the
percolation of water and air. Baondy soils by their
texture, some soils by their slope, and others by the
character of their subsoil, are said to be naturally
drained. Many soils. on the other hand, bave to be
subjected to a system of artificial drainage, usually by
means of pipes, before they arrive st the best condition
for successful cultivation. These drain-tiles or drain-
pipes. are made of burnt clay, and unsound ones should
always be rejected. The pipes are placed end to end
at suitable depths, with a gentle inclination of not less
than 1 in 220, along the entire course, in the direction
of the surface.

There ia a relation between the depth of drains and
their distance apart—the nearer they are laid to the
surface the closer are the lines of drain-pipes brought
together. Tn a very light soil, a single drain at a suit-
able depth may serve to control a large area; whereas,
in a stiff clay, the drains may need to be laid only
15 feet apart, and not more than 3 feet below the sur-
face. In practice, 21 feet is an ordinary distance apart
on heavy land, with & depth of 3 or 34 feet. On light
lands the width between dralns may be extended to
about 60 feet. In determining the direction of drains,
it does not fnllow that the greatest slope available
should absolutely be taken.

In land that drains [reely, the water that flls the
drain-pipes comes from below rather than from above.
It is a familiar fact, proved in the sinking of wells, that
at a certain depth water is reached. The surface of this
underground water—the water-table (p. 25)—oscillates,
approaching nearer to the ground after heavy raine and
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receding farther downwards after drought. The chief
function of drains is to tap this reservoir of underground
water, and so prevent the water-table from rising to such
a height that moisture would stagnate around the roots
of plauts and thus hinder their growth.

In cases of artificial draining it is necessary that
ditches and other open watercourses should be kept
clear and unobstructed. Attention to this point will
often lead to the disappearance of defects at some dis
tance awany. Mainr drains should be 3 inches lower than
turrow drains, and the outlets should be turned slightly
down stream, and be brick-faced, with a grating to guard
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T1a. 2.—PLsN or Dearss.

F, furrow drains, not more than 600 feet long, snd from 16 ta
60 fest apart; M, main drain; O, outlet,
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ageinst the entrance of rats. To prevent the accumula
tion of sediment, furrow drains should never enter a
main drain opposite each other (fig. 2). The nufiber of
outlets should be as few as possible, and every outlet
and drain ought to be marked on a plan of the farm,
so that, if lost sight of, any one of them can be traced
Where springs occur they must be drained a few inches
lower than the rest af the land. In places where there
is & rigk lest roats of trees or of hedgerow plants should
enter drains, and thereby choke them, it is well to e
socketed pipes, with cemented jointa.

The various acls of tillage, sucb as ploughing,
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barrowing, rolling, hoeing, etc.. are all directed o the
amelioration of soils. The primary improvement they
effect is in the mechanical coudition of the land, but.
as a consequence of this, the weathering agencies get
freer access tu the recesses of the soil. and the result
18 an addition to the <tore of soluble plant-food.

CHAPTER VI
AGRICULTURAL IMPLEMENTS
IMPLEMENTS FOR WORKING SOILS
Tue implements in use at the beginmug of the last
century were of 2 primitive and clumsy type. wood having

beeu largely employed in the construction of <hose parts
now made with ircn or steel. They were bullt with

F1o. 3.—S1noLx-FURROW PLOUGE.
4. beam. K, share.

B. handle or stilta. L, laud wheel,

¢, handle stay or hrace. o, land-wheel standard.
p, quadrant head. N, furrow wheel.

k. sliding-head. 0. furrow-whee! standard

k. draught chain, P, coulter.

G, bLreast or mould-bosrd. Q, coulter clip.
H, breast stay. R, skim-coulter.
1. mould-honrd-rest,

little regard to. sound mechanical principles, conse-
quently they were heavy io draught and deficient in
execution. Improvements have gradually been made.
but, as may be gathered from the successive volumes of
the Journal of the Royal dgricultural Society of England,
with striking rapidity during the last threc-quarters of
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& century. The spade and other hand implements are
described elsewhere (p 92).

Tux Proven —The early Egyptian plough had a share,
or, strictly speaking. an iron point, but mo coulter or
wheels ; the early Greek plough had wheels as well as &
share. The DBayeux Tapestry illustrates the Saxon
ploughs, of the eleventh century as haviug coulters,
shares, and wheels. Dut none of these old ploughs
turned a furrow ; and it was not until the middle of the
seventeenth century that the rude plough of antiquity
was improved in any lmportant particular. Even then
the progress was slow, and such improvements as were
~fTected were usually confined to limited districts.

F1o. 4 —ParTs oF PLOTGU.

1, drag weight and chain. B. hake and chain.
C. epanner.

The mould-boards continued to be made of wood, and
it was oot until 1760 that Small introduced the Scotch
ewing plough, of which the beam and handles were
made of wrought iron and the mould board of cast iron.
Wooden mould-boards were still commonly used until
about 1820. Nevertheless, at the beginning of the last
century the self-sharpening chilled cast-iron plough:
shares, the same as those now universally used, wers
invented, and plough bodies were made which could be
taken to pieces, and the parts replaced by the plough-
man in the field.

Sioce that time there have been no radical changes
in the principles governiag the copstruction of ploughs,
although great advance bas been made in perfecting the
different parts.

The parts of the common plough (figs. 3, 4. 5)—many
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or all of which are present in other ploughs—taken iv
the order in which it is convenient to fix them when
putting the plough together. include the beam, to which
are fitted the handles or stilis at the back end, and

F1a. 5.—ParTS or PLOUGH,

4, side-cap, or land-cap. E. cnat frame, or body.
B, slude. F. frame coupling.
¢, breast ; D.ite rest, or ‘footing.’ Q, breast coupling.

Fi0. 6.—FoRM8 OF PLOUGHBHARLS.

4, for aquare work in loams B, paring share for skimming
and land free from stones, stubbles.
¢, pointed share for stony lard.

(fig. 4) the hake and chain (sometimes called the
bridle) at the front end. The beam carries ail the parts.
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The handles are for steering and balancing the plough,
whilst the hake and chain provide the means for attach-
ing the plough to the whipple trees. The hake bas
notches by means of which the chain may be adjusted
as required ; if the plough will not draw into the ground
readily the chain is lodged in one of the upper noiches;
whilst if the tendency is to draw in too deeply the chain
is linked in one of the lower notches, thus causing the
plough to run without undue inchnation either wnto or
out of the soil, and relieving both horses and man of
undue or unnccessary strain. The hake can be moved
sideways along the quadrant head, which is provided
with holes and a piu in order to fix the hake in any
required position. 1f the plough runs away from the
unploughed land, the hake must be sev to the right ; and
if it runs too much to the land, the hake must be set. more
to the leff. In many ploughs the bake bead (fig. 4)
is replaced by a draught chain attached to the beam in
front of the body and the vertical and lateral adjust-
ment is obtained by means of the sliding head (see fig. 8).
Both systems have their advantages and advocates.

The frame or body (fig. 5, £), which carries the whole
of the ploughing parts except the coulters, is bolted
to the beam.

The share (fig. 6), the object of which is to make the
horizonta! cut of the furrow, is fitted on the fore-end
of the frame, or on & lever neck, which 18 made adjust-
able, so that, by raising or lowering the rear end of
-the lever-neck the share is set at & sharper angle, the
better to enter hard ground, or made to run level as
desired; this is called ' altering the pitch of the share.’
A few manufacturers in Great Britain bave recently in-
troduced what is called a bar point share (8g. 7). This
consists of a strong steel bar about a yard long, chisel-
pointed at both ends, which can be reversed and ad-
vanced as wear takes place, the wing of the share being
a separate wearing part. It is claimed for the plonghs
fitted with such bar point shares that they will face
rocky land hetter than anything else.

The slade iz attached to the under side of the body, -
its duties being to support the plough, aud to make it
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run steadily. The object of the side-cap or tand-cap 13
to take the thrust of the breast against the land side
snd to keep the earth from falling into the furrow.

—-PLotGH WITE Bar POINT S8HARY

7

F1o.

The breast or mould-board is bolted to the frame, and
kept g,d]ustabl_v rigid by means of the frame and breast
couplings and the breast-stay. The rest supporis the
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breast on the under side, and, taking the {riction, pre-
vents wear on the bottom of the breast, and is itself
replaced at trifling cost.

The lever-neck, when used, is attached to the frame
under the hreast. Many ploughs, however. are without
2 lever-neck, in which case the shares are made more
or less pitching, in order to suit the nature of the soil.
The wheels are fixed to the fore-end of the beam by a
cross-bar and beam-clasp. The cross-bar is attached at
right angles to the fore part of the beam by weans of

F1a. 8. -Proven WHEELs.

the beam-clasp, which is beld in its place by a set screw.
The large or furrow wheel is placed on the right of the
cross-bar, and the standard which carries the wheel ia
held in position by wheel sockets and set screws (fg. S£).
[t runs in the furrow, and regulates the width of the
furrow slice. The small or land-wheel is similarly at-
tached on the left of the cross-bar, and runs on the
unploughed land to control the depth of the ploughing.

The ploughing is regulated by the manner in which
the wheels are set. 1I it is desired that the furrow should
be ploughed deeper the land wheel is set higber. and
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vice versd. The width of the furrow is regulated by the
turrow wheel, the furrow widening in proportion as the
furrow wheel is set further from the beam. The width of
the furrow is, in fact, determined by the distance or
width between the cul of Lhe coulier and the track of
the furrow wheel. The details of the wheel {astenings
vary according to the district, some localities having
a preference for one form or another, but the above
description gives the general principles of the adjust-
ment for width and depth.

The wheels are fixed to the fore end of the beam by
one or more cross-bars, or by sliding axles to the lower
end of the wheel standards, as shown in the illustrations
(fig. 8).

The coulter is attached to the beam by means of the
coulter clip and loops (fg. 9, n). Some skill is required
to fix the coulter in the correct position, &g it is neces-
sary to place it at different angles according to circum-
gtances, but, as a rule, the point of the coulter should
be set so that it 15 almost close to the share point. The
coulter makes the vertical cut of the furrow slice. The
skim-coulter, which is attached to the beam slightly in
front of the coulter, is reelly a plough in miniature (fig.
9, ¢). It pares off the top of the furrow on the left side,
when this is rendered desirable on account of plant
growth upon jt, or when it is necessary to cover in dung
or other material lIying on the surface. The small breast
of the skim-coulter turns the loose material into the
horse-walk, where it immediately becomes buried by the
furrow.

Another method, frequently followed, of fitting the
plough together, is to begin with the body, consisting
of the frame, the slade, the share—either with or with-
out lever-neck—the breast, and the couplings whick
attach the breast to the frame. These practically make
the plough. The beam is attached to the implement for
the purpose of drawing it through the ground, for the
fixing of the wheels for regulating the depth, and for
attaching the coulter to make the clean vertical cut, The
bandles are put on to the rear end of the body for the
purpose of guiding the plough.
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In working the plough the following instructions
should be observed:—

Ploughs with two wheels should, inturning the land’s
eud, be balanced on the furrow whesl

In ploughing the Jast furrow, the land wheel is turned
inwards or drawn up out of the way.

On wet, sticky soil, where the land wheel clogs, a
slide foot may be used instead of the wheel, and a short

Fra. 9.—PaRrT8 0F PLovusH,

4, coulter (w, bole for attaching ©, skim-coulter,
drag weigbt and chain—fig. D, coulter clip and loope.
, A). 2, wheel socket and sat screwa.
8, disc-coulter.

breast, which turns the furrow more quickly, will be
found preferable to a long breast.

In very bard land, ploughs go more easily if the
draught chain is lengthened three or four feet.

‘When the ground is hard or stony, & share with a
long point should be used. and, as the point wears off,
the lever-neck—if present—must be raised higber.

On clay or soft land. or when ploughing without
wheels, a share with short point should be used, and
the lever-neck fixed lower. The head or draught chain
should also be lowered, 80 as to prevent the wheels
cutting into the ground.
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The skim-coulter should be set 8o as only just to clear
the herbage on the surface—the shellower the better;
the hinder part should not be too bigh from the ground,
but set as level as possible. In ploughing the coming-
back furrow, aiter drawing the first oo the ridge, the
skim-coulter should be set moderately deep, 50 as
effectually to bury the grass.

A drag chain should be used on ley ground, as also
when ploughing in green crops, stubbles, and lang dung.

Ou reaching the end of a furrow the plough should
oot be lifted by the ploughman fo the next piece, but
should.be brought out by simply pressing oo the bandles,
thereby using them as a lever. The plough is thus
turned over on the right-hacd side, balanced on the
large or furrow wheel, not the small or land wheel

v >

yard:

F16. 10.— D1AGRaM SHOWING MoDx O PLOUGHING
[NOTE.—MB=BQ=QF=FN=N0=>5¢ yards.]

and so drawn iowards vhe next piece. The turning can
be done by a boy, being a matter of skill rather than
of strength.

The breasts of ordinary ploughs are fixed on the
right-hand side, so that they turn the furrow slice on
the right-hand side only. It is therefore necessary to
work in ridges or lands, the width of which may be
varied from 8 feet to 68 feet, according to the climate
and nature of the soil.

Perhaps the best mode of plonghing in dry climates
with such ploughs is in 22-yard lands, as ilustrated
in fig. 10.

Step off from the left-hand boundary of the field
22 yards, a3 shown ju the diagram Divide this into
two equal lengths of 11 yards each, M Q. Q N. Divide
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again that portion nearest the hedge or boundary inte
two equal lengths of 53 yards, M B. B Q. Upon the
centre line A B of this, throw a furrow slice from each
side to form the ridge A B. Keep ploughing round
the ridge B, in the direction of the arrows, till 2% yards
of ridging or gathering are done each side, as shown
in the diagram. This first piece being finished, step
. out 22 yards, B C, from the middle of the ridge A B,
this distance will extend 5} yards beyond the first new
ridge C 8. Proceed to make ridge C S, and plough round
it. 34 rards on each side, as in the former case. There
will then be 1) yards, Q N, of unploughed land between
the two ridges A B and S (C. which proceed to plough
out (casting or splitting), first on one side, and then
on the other, until the work is finished in the middle,
where there will be an open furrow I
Now prgeeed to step oul 22 yards, {rom the ridge
C 8, to get the centre for the new ridge (shown at
D W), make a ridge on D W, and plough round it 54
yards on each side as before, then 5) yards on the
right side of ridge C S being already done, there will be
11 yards of unploughed land between the two ridges
C 8 and D W, which plough out as before.
From D, step out 22 yards to form the centre of
another ridge, and so on until the field is finished.
If it should happen that an odd piece is left over
on one side, a separate ridge must be made for it.
Where the fields are large, set out all the ridges first,
60 that several ploughs can work together in the same
field
Change the position of the ridges at every fresh
ploughing, beginning the new ridges in the old furrows.
In the diagram, B A, C. 8, are ridges; F is a furrow.
On heavy soils, as it is often impossible to get the
surface-water away quickly enough, unless the land is
laid up in ridge and furrow, the mode of setting out the
lands differs. The distance from the crown of one ridge
to the crown of the next varies according to the nature of
the land, Where a strong loam rests on a rather stiff
subsoil, 10-yard lands may be sufficient; the same soil
with & very retentive subsoil would not be safe in more



56 AGRICULTUKAL INPLEMENTS

than 7-yard lands; whilst a clay soil resting on clay
ghould not be laid up in more than 6-yard lands, and
even d-yard or 4-yard lands are practised. The smallest
londs are laid up for wheat, when, to avoid treading
on the seed-bed. they are ploughed so as to be just as
wide as the coru-drill; the horses then walk up the
open furrows, so that all treading, and consequently
puddling are avoided. Of course, these are flat, so that,
the drill runs evenly over them.

Fro. 11.—~FokMs OF FURROWS.

11} Rectangular forrow, oobroken; (2; crested furrow, unbrokeo :
{3) wide furrow, broken.

The three forms of furrows shown in fig. 11 are those
most commonly exaployed. The rectangular furrow (1)
is obtained by a flat cutting share, and an upright
coulter, so that the sole of the furrow is flat. The crested
or high cut furrow (2) is obtained by using a share which
is raised on the wing side, and an undercut coulter. In
the latter furrow a larger surface is exposed to the
influence of the weather, and it is therefore frequently
adopted in winter ploughing. or whe-s broadcast sowing
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is practised. The wide broken furrow (3) 18 the work of
the digging bresst plough. which is specially suitable
for the pyrpose of producing tilihs.

Land turned up with the digging plough is reduced
to a light condition, which makes it practically ready
for planting, though if left exposed (o the weather any
heavy rain is likely to beat it down to a ‘sad’ condi-
tion, requiring the work of a cultivalor or other imple-
ment to open it up. If the ploughed land has to lie for
a time, angular furrows (fig. 11, 1 and ¢) are preferable,
as they withstand the beating down effects of heavy
rain

The following are the points of good ploughing:—
1. The furrows must be straight.
2. The ridges must be well set.

8. The lagde should be of equal size and the number of fur-
rows in each should be the snme.

4. The furrowa should be neatly packed, saud all aurface
rubbish well covered.

5. The werk must be well finished.

The types of plough in use in this country and
various parts of the world are exceedingly numerous.
and differ in their most essential features, such as the
shapes of the cutting and turning parts, wheel fasten-
ings, beam, handles, etc., and no nniversal plough has
vet been found which will suit all the varming conditions
of soil and climate. For our purpose here ploughs may
be divided into four classes, viz.:— .

1. Single-furrow ploughs, one of which bas jost been
deseribed in detail.

2. One-way ploughs, inciuding turn-wrest, balance, and turo-
over plougha:

4. Double-furrow snd multiple ploughs.

4. Special purpose ploughs.

Of these, Class 1 may he sobdivided into plougha
for narrow unbroken work, and plougbs with short
h}'easta for wide hroken work, commonly known as
digging plonghs. In the case of the latter, the coulter.
rest-iron, breast-stay, and side-cap, are often found
not to be necessary. The shin of the breast, and the
skim-coulter, make the vertical cut, which, however, not
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being exactly perpendicular, does away with the neces-
aity of the side cap. The digging plough inverts the
land, and. as it has a short concave breast. it throws
the soil loosely over and pulverizes it, thus effecting
very similar work to that of the spade. The share is

Fra. 12.—SHARES 0F DIogING PLOUGHA.
For mixed Soil—4a. Reversible pointed; B, Cap pointed.

usually fitted with a chisel point, though this is not -
variably the case. Some of the renewable’ paiuts for
the shares are shown in fig. 12.

Single and double or multiple ploughs are used in
the hreaking up of land as well as in the subsequent
operations.

Fig. 13.—Di1sc Prougs.

Under special purpose ploughs ave classed the double-
breasted ridging or bouting ploughs, the subsoil, potato
raising, trenching; and other special ploughs and their
purpose 1s denoted in the name.

A somewhat recent development is the disc plough.
The share and breast of the ordinary plough is replaced
by a large steel concave cotting disc (ig. 13). Tn some
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paris of the world this implemeut 15 reported Lo suit the
conditions of soil and climate.

Single-furrow ploughs are aguaiu subdivided intw
swing ploughs, one-wheel ploughs, and {wo-wheel
ploughs, and ploughs with a gallows or loose fore-
carriage.

The ohe-wheel implement is used on sticky land,
where it assists the holder to keep the plough steady
without greatly interfering with the nature of the work
done. The two-wheel plough (fig. 3) 1s much more com-
mornly used, and, when properly set, leaves compara-
tively little for the holder to do. The furrow-slice with
this class of ploughs is turned over by a cast-iron orsteel
mould-board, which is made on the lines of a twisted
sirap, or somewhat like the scrow of a steamer. This
mould-board, drawn through the land, causes the cut
slice to ture over, and at the same time consolidates
it more or less by pressing il against the preceding one.
Two wheels are usually attached to digging ploughs,
turn-wrest ploughs, and most of the special purpose
ploughs. Ploughs with a gallows fore-carriage and
ploughs with a loose fore-carriage facilitate the turniog
at the headlands, but lack the simplicity of the fixed
wheels.

One-way Ploughs.—Where ploughs of this type are
used, one setting is sufficient, as all the furrows are
turned in one direction, thus avoiding the loss of time
and extra treading caused by finishes. The turn-wrest
plough (fig. 14) is used on hilly laod, being worked
horizontally along hillsides and turping the furrows all
in one direction, thus obviating the necessity of turning
any of the furrows uphill. The great extension of
market gardening and fruit farms bas led to the ex-
tended use of the horse balance plough, as the land
between the rows can be easily ploughed, as well as
small pieces of land between the crops not yet harvested.

Double (fig. 15) end multiple ploughs are used to
economize both horse and manual labour. Double-furrow
ploughs are frequently employed to break whole land,
and now that they are made lighter, and with special
arrangements for turning at the headlands, they might



80 AGRICULTURAL [MPLEMENTS

be used more f{requently than is at present the case.
The turning, and also regulation of depth of working,
are facilitated by connecting the wheels with a lever.
which adjusts their position. They also do good work

upon land that has been once moved. In some districts
they are largely used, and often result in a saving of
horse labour, as three horses will plough two furrows,
whereas, with a couple of single-furrow ploughs, four

F16, 15.—DOYRLE-FURBOW PLOUGH.

horses are required. Multiple plonghs, which turn three
or four small furrows, are adapted for turning over light
tilths, and for paring stubbles after harvest, and are
much more economical than single-furrow ploughs.



TYPES OF PLOUGE 61

Special purpose ploughs include many varieties, and
attention may be directed to those most conunonly used.
The double-breasted or ridging plough is employed for
laying up land in ridges for root growing, and for mould-
ing up potatoes. The subsoil plough, either single or
double, is made to travel in the furrows behind an
ordinary plough, the tine ruoning along tbe horse-walk
several inches deeper than tbe land has already been
ploughed ; or tbe tine is sometimes &xed to the common
plough. and the ploughiug and subsoiling are effected in
one operation. In this way land which, a few inches
below the surface, has been rendered hard through com-
pression or from natural causes, and has formed what
is known as a pan (p. 27), becomes loosened. As a result
the roots of plants can extend more deeply, excess of
water can drain away more readily, and the upward
flow of moisture by capillarity (p. 25) is not. checked.

The potato-raising plough is used for splitting open
potato ridges, thereby exposing the tubers, so that they
may be readily picked up. In order to facilitate the ex-
posure of the potatoes, the breast takes the form of a
raiser, a few prongs being substituted for the double-
breast of the moulding plougb. so that the eartb, falling
through the spaces between the prongs. leaves the
tubers on the surface. To render the work more per-
fect, another raiser is fixed in the place of the slade. If
the hinder raiser is taken off an efficient moulding-up
plough results.

Gripping ploughs are usefully employed on grass land
to cut grips, or shallow watercourses, for promoting sur-
face drainage; work which is not efficiently done by or-
dinary plougbs. For grass land on stiff soils a mole-
draining plough for horse draught will render great
service in getting rid of surplus water at small cost,
and the effect will last for years.

Trench Ploughing.—For fruit planting it is often
desirable to plough to deptbs far beyond the ordinary
farm work, and for this purpose special heavy ploughs
which work to a'depth of 18 inches are made, to be
drawn by horses.
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CuLtivatons are used (a) for breaking up whole land,
and (b) for stirring it after it is ploughed. They differ
frow ploughs in that they do not invert the soil.

The variety of implements known as cultivators,
grubbers, scarifiers, or scuillers, and horse hoes, is in-
finite, and there is no exact definition possible. At the
one extreme we find the single-row hoe for one horse,
as shown in fig. 16, and at the other the heavy scufiler
or cultivator requiring six horses, or the horse hoe with
ten or more tines for hoeing wheat or roots. All these
implements are usuvally provided with broad or narrow

-
Fra. 168.—SIngLE-ROW RooT HomSE-HOE, OR GRUBBEER.

4, draught hook. E £. wheel and standard,

B, beam, £ ¥ £, koife standarde.

00, frame. @ 0, clamps for two side knives,
00, hapdlea. HE.

B, front kaife,

shares or points according to the nature of the work
required. The form of the tines, the framework upon
which they are fixed, the wheels, carriage, etc., bave
perhape received more attention from implement makers
than the parts of any other farm tool, and hence in &
sbort summary it is impossible to describe them.
Harrows, however made, whether for light or heavy
work, do not possess wheels, and this feature
distinguishes them from cultivators.

The Disc Cultivator consists of a series of dishea
steel discs mounted somewhat obliquely to & travel ol
the machine, the dises cut up the soil and rapidly reduce
it te a fine bed
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In its hghter forus it 1s used as a Dise Harrow

The cultivator, scarifier, or scuffler (fig. 17), is more
often used with chisel pointa than with broad shares;
its duty i3 to break up furrows, so that the lighter
harrows may work more freely.

Harwows.—The curve-tined drag harrow is usuaslly
worked affer the scufler, and is one of the most useful
of the tillage implements. Tt stirs the land and helps to
forni a good tilth, whilst by the curved form of its tines it
drags out couch, and is thus most useful in all cleaning
operations. Straight-tined drags are used fo level down
furrows on light chalk soils, when there is much long
rubhish or haulm which requires burying, and which, if
dragged out, would prove troublesome. They are not
adapted for clearing land of weeds, such as couch, which
have extensive underground development.

F1o. 17.—CULTIVATOR.

Light harrows are commonly made on the zig-zag
principlefhereby the tines are so arranged that, while
the whole of the surface of the land is operated upon,
no two tines follow in exactly the same track (fig. 18)

Heavy sets of harrows are made for working with
three horses, intermediate seta for two horses, whilst
the lightest seed harrows, used for the final covering in
of the seed, require only one horse to draw them. Har-
rows take the place in field culture held by the rake in
garden work
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Chain harrows are coustructed so that they are quite
flexible. They are couvenient for gathering couch,
which they free from any adherent soil in the vperation.
They are equally useful for harrowing pastures, for
which purpose those with points are best adapted.

Rovirus axo resseus are made in many forms, though
the main fealure of rotation round an axle w common
to them all.  The heaviest are generally called clod-
crushers or presses, and are used to reduce large clods
to a size wore couvenient for treating with other im-
plements, and also to bring the clods into a condition

] [a}
F1o. 18.- Z10746 HaRROW,
4 4, draught beam. A, B, €, a. whippletree.
B, hake. D, D, D, tine marke,
¢, draught chain. E. E, E. teeth or tines.
more susceptible to the influence of the weathar. Clod-
crushers are made with discs revolving on a axle.

In the case of the Cambridge roller the discs are ar-
ranged so that the cylinder presents a transversely
fluted surface. Other pressers are made with serrated
discs which present a broken surface, the outside of the
cylinder being notched so that the clods are chopped
by the rough edges.

8mooth cylinder iron rollers are usually made in two
or more sections. the cylinders being placed end to end
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on an axle. Oue advantage of making the cylinder in
sections is that in case one portion meets with an acci-
dent or is worn out svoner Lhan amother iL can be re-
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placed at less cost. What is of great importance is
that it is more convenient at the end of the field to
turn the roller round, when in gections, than when in ons
long cylinder, for while in this operation one end =
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gowg forward the other revolves backward, thus pre-
venting the ‘screwing ' up of the soil, and often of the
crop, which is liable to occur if great care is not exer-
cised in turning. These rollers are made in various
sizes to suit the requirements of different kinda of
work.

Wooden rollers, though comparatively little employed
since the wtroduction of iron rollers, are very useful in
special cases, as when it is desired to break small clods
without consolidating the soil more than is absolutely
necessary. They consist merely of cylindrical boleg of
wood attached to s frame, the axle being an iron
gudgeon let into the wooden cylinder, and rotating in
the upright sides of the frame.

IMPLEMENTS FOR SOWING SEED AND
DISTRIBUTING MANURE

Duarrrs.—The machbines used for sowing seed mar be
claseed as follows:--

1. Cup drilis. 4 Chain drills.
2. Tooth and brush pinion drills. 5. Force feed drills
3. Disc drilis. 6 Potato planter.

The cup-drill (fg. 19) is the one 1n most common use
in Great Britain. A long box is mounted on a frame to
carry the seed. This box is divided into an upper
chamber, or hcpper, which connects with & lower
chamber by ports or apertures regulated by slides, and
through the lower a spindle runs from end to end On
the spindle several discs fixed transversely carry small
spooNns or CUPs sct near the ouiside rim, at right angles
to the direction taken by the discs. These cups pick up
the grain as they rcvolve (the motion being generally
given to the spindle by a nave gearing attached to the
travelling wheels) and pour it into funnels (fig. 20), the
latter being connected with spouts, which drop the seed
into the track made by the coulters. These are generally
attached to a mortised bar in the fore part of the frame.
Each coulter works independently, but various appliances
in the form of weights, springs, etc., are attached to
regulate the depth to which the coulters cat and at
which the seed in deposited. Fig. 21 affords a side view
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of e driviug gear, the travelling wheel being removed
from the axle, for the sake of clearnese. Except 1o the
detaila of raising the seed, most drills are constructed
on plane very mimilar to that just described

Fra. 20—Cup DaroL, VERTICAL SECTION (ON LARGEK SOALKj,
BHOWING PARTS.

4, frame. K, vertical rack,
1!, iron eide for supporting T, regulator-crank.
corn box, L/, spindle with worm gearing
B, ontline of travelling wheel. into worm whee' J.
0, axle. M, eop wheel,
D, bind barrel or roller, for N, hopper, or funnel.
winding lever-chaios. 0, 0, conductora, or apouts.
E, lever-chain, 0/, spherical cup connecting eon-
¥, r!, fore nod hind levers. duetor with coulter.
@, a/, fore and bind coultera. P, lever weight.
H, corr box. Q. lever joint,
1, box-regulator, =, steerage tongs.

I, worm wheel.

Tooth and brush pinion drills bave the bottom of the
seed box pierced with holes, which are covered by a
DT
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revolving pinion having teeth alternating with brushes,
whose revolution sweeps out the seed. These drills are
only suitable for level fields, and their use is restricted
to special districts.

#16. 81.—Cop Drirr, Sipm ELEVATION (ON LAiRGER S04LE),
FHOWING DRIVING GEsR.

4, index plate. 22, cog-wheel on cup-barrel,
B, B, grooves for holt D. 53, drop bearing for supporting
o, fixed stud of radiue-arm. cup-barrel.
®, bolt by which radius-armis 58, cateb for retaining drop bear-
held Tast to index plate. ing in position,
NP, cog wheel on connter- A', see fig. 20.
shaft, z, see fig. 19.

XE3, intermediate wheel.

Dis¢ drills are similar to piniow drills, the pinion
being in them replaced by a disc having waved edges,
which alternately open and close the holes in the seed
box, bringing forward some seed at the same time, as
an endless serew might. These are also unfitted for hill-
side work.

Chain drills are provided with an endless chain, on
which the seed from the hopper falls, and is thersby
conveyed ta the discharging fuunal.
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Force teed drills have the bottom of each seed hopper
closed by a smell spirally-grooved roller, which, re-
volving as the machine travels onwards, supplies seed
in & regular stream to the discharging funnel.

Potato planters are drills which are made with
hoppers to contain the potatoes, and an endless chain,
carrying a series of cups, which passes through ea.ch
hopper, every cup taking up & potato in its passage.
The potatoes then {all into a tube, through which the
eadless chain itself returns, and as each cup emerges
from the bottom of this tube, a potato drops lnto the
furrow. Mould boards are attached so as to imme-
diately cover the sets with mould.

Artoriciat Mavoes Distrivorors are made in several
forms, and may be divided into broadcast and rotary
dxsnnbumrs

The broadcast distributor delivers the manure to the
grouad along & strip, the width of whicb is equal to
the length of the hopper.

In the rotary distributor the manure is spread by
the centrifugal force imparted by revolving horizontal
dises, and the width covered is dependent on the speed
of the discs, the weight of manure, etec.

Machines for sowing seed and mapure at tho same
time are also made.

STEAM CULTIVATION

Ploughing, cultivating, harrowing, and drilling may
2ll be done by steam-driven implements, and, in o far
as large implements are suitable for working the land,
very clever adaptations of horse implements have been
made. A few years since it was confidently stated that
steam cultivation would supersede horse work, but this
expectation has not beer realized. The large imple-
ments which are requisite where expensive engines are
employed are too heavy and work too clumsily and too
coarsely, besides treating the land too roughly; more-
over, whilst stirring the land thoroughly, they injure
it a0 much at times that farmers find it mors econo-
mical to support a full team of horses than to lay out
part of their mcney in steam tackls. There are soms
operations which may be economically done by steam
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il they are well timed, but in an uncertain climate like
that of England, and on comparatively small tracts of
land, the occasions are few. Where steam cuitivation
is resorted to, it is generally dope—like steam thresh-
ing often 1s—by men who own the tackle, and do the
work for farmers at an agreed price per acre.

The best work is done by the steam cultivator, which
in & huge grubber, and in dry seasons, whether in
autumn, spring, or summer, this may be employed very
satisfactorily, if not worked to too great & depth, iv
breaking up lend, and thus forwarding the horee work.
It is then particularly advantageous, ns by its means
large tracts can be broken up on fine days during
seasons when tbere is not much weather favourable for
cleaning land.

The steam drag-harrow is a broader igplement than
the cultivator, but is lighter in construction, and is
fitted with a large number of smaller tines, which work
similarly to those on the ordinary horse scuffer. It 1a
very useful for stirring land already ploughed or broken.
Its great breadth readers it capable of covering many
ncres in a day, and it is specially valuable as a means
of forwarding horse work in spring.

Steam cultivation, as already explained, lnvolves a
large outlay, but considerable progress has been made
in ploughing by direct traction, tbe light motors being
driven by either steam or internal combustion engines,
using petroleum, petrol, or alecohol. The light motors
are made for the single-furrow machine, and of greater
power for working multi-furrow ploughs, and which,
besides ploughing, will hau! loads, or, by a belt, can
be used for driving machines.

So much work of this kind has been done in the
Colonies and foreign countries that motor ploughs for
working the various depths and widths required have
led to the design of special ploughs, adapted to meet
these requirements, and to withstand the pull of the
tractors. Two main types have been evolved since
the introduction of steam ploughing, viz., (1) balance
ploughs, and (2) following the ordinary types of horse
implements. &~¢'s and multiple plougks, tha latter
waking from two to ten furrows.
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IMPLEMENTS FOR SECURING CROPS

The scythe, sickle, fagging-hook., and pea-hook were
formerly relied upon for cutting the whole of the corn
crops, but the greater portion is now cut hy horse
machines. The scythe is still used when corn is badly
storm-broken, and sometimes, in preference to the horse
machine, on barley. It is also employed on & somewhat
large scale for mowing crops intended for hay. The
sickle 18 now rarely seen. The bagging-hook or fagging-
hook, continues to be used with some frequency, espe-
cially for cutting beans. The pea-hook is the best
implement for cutting field peas. The various hand
implements are further described on p. 98

HARVESTING IMPLEMENTS

Reariva ,Macorszs may be classed as: Manual-
delivery reapers; Sell-delivery reapers; Binders.

Manuai-delivery reapers require the assistance of a
man to clear the machine of the sheaf. Sell-delivery
reapers discharge the sheaf by means of revolving saila.
Binders cut the corn, gather it into sheaves, and tie
the sheaf with string.

The manusal-delivery reaper is the least complicated
of these machines, as the work to be done consists of
little beyond cutting the corn. A simple irame, carried
on one or two wheels, to which is attached the finger-
beam, in which the knife works, is all that is essential.
The crop is held up against the knives by the workman,
and a small slatted rack controlled by his feet receives
the corn as it falls; by lowering the rack the sheaf
glides off. It is a drawback to this machine that the
sheaves must be moved before it can work round the
field again, for they fall in the track the horses have
to walk along. These reapers are now only used to a
limited extent. Thev are very light in draught.

The self-delivery reaper (fig. 22) is more intricate
than the manual-delivery implement, as provision has
to be made for causing the sails to revolve. The delivery
of the sheaf is effected by the salls, which bring the
corn to the knives, and then cast it free from the
machine at the side. Thir side delirery of the sheaf
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leaves the horse-walk clean, so that if the crop is wet
when cut, or contains green weeds, or if band labour
cannot convenieutly be found at the time, it need pot
be tied, but the whole field may continue to be cut
without hindrance.

The force expended in working the sails, although
much lessened by the improved constructiow of the
machines, is nevertbeless great; consequently the
draught is much heavier than that of the manual-delivery
machines.

The binder is a very intricate machine, and is the
resuit of the application of a larger number of
mechanical principles than are to be found 10 almost
any other machine used upon the farm. Its construction
has now reached a high degree of perfection, con-
sidering the many difierent operations which bave to
be carried out simultaneously. Viewing thg size of the
machine and the various acts it performs, it is rela-
tively of easier draught than the self-delivery machine.

Making allowance for slight variations, the following
is the manner in which the binders perform their work.
The cut grain is first carried to one side of the machine
and tben lifted over the driving wheel by means of
endless webs, or canvas aprons; these deliver it to ap
incline, down which it falls, until stopped by a lever
which opposes its further progress. Against this the
graun s ‘ packed’ until a bundle big enough for a
soeaf has accumulated. Then the lever which is ar-
ranged to yield before a predetermined pressure, gives
way, and in doing 8o puts the ‘ binder’ inte gear. A
curved arm, the exact equivalent of the needle of a
sewing machipe and threaded with string under a given
tension, rises from beneath the incline and encircles
the bundle with a cord, the end of which it leaves in
the grasp of tbe kmotter. Fiunally, this clever device
first ties and then cuts the string band, leaving the sheaf
free to be thrown off the machine by a pair of arms
provided for that purpose.

Mowive Macarves, used for cutting grass and ¢ seeds,’
are very similar to the manual-delivery reapers, but
there are two travelling wheels (fig. 23) in the place of
the single whesl now used on all reaping machines. The
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mower has an independent gear-frame, from which the
outter-bar, or finger-beam, hangs in such a manner
as to follow freely all irregularities in the surface of the
ground.

F1o. 23.—Mowino MAOHINE.

4, track bosrd. p, draaght rod.

8, offside {or divider) shoe. Q Q. trovelling wheels
0, finger beam. K, ratchel pinton.

D, fingers, s, guard to spur wheel
X, main whos wheel. T, tipping lever.

¥, axlo plats to ditto, u, lifting lever,

G, bracket to main aboe. v, lifting quadrant

®, swing besm. w, lifting chain,

1, connecting rod. X, extension piece

R. crank wheel. Y, sent.

L, crank guard, 7, seat spring.

¥, main frame, 11, pole bracket.

N, whippletres bracket. Bl Bl, stays to sawing beam.

0, slide to ditto.

The Havuasmme Macnxe which superseded the hand
fork for tossing and tedding hay consists of a number of
tines mounted on beads attacbed by radial shafts to a
revolving axle, driven at a considerable speed by gearing
from the main driving wheels.
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When the tines revolve in a direction opposed te the
truvel of the machine, the hay ix tossed over the machine
and spread out for drying. When they revolve in the
opposite direction the partiy-made bay is merely turned
over, thereby exposing the underside to the sun and
aic (fig. 24).

F10. 24 —BaYMARNR,

1, road wheela. D, fork-hesd bar, G, houd.

B, tines or forks. E, cuver of gear B, shafta.

¢, spring for fork- hox. 1, suat,
eads. F, guardas.

arcron Rl]vl.p POR EWATHTURNG

F1e, 25.—COMBINED BIDE KakE, SwaTAE TURNER,
TEDDER AXD WINDLOWER,
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The action of this machine under certain circum-
stances being considered too violent, the hay-kicker
and swathe turner were evolved. The kicker consisted
of a series of spring-tined forks connected to a crank
axle which imparted a motion somewhat similar to that
of a hand fork gently turning the hay (fig. 24).

The early swathe turners consisted of two interrupted
helical discs with serrated edge (somewhat like a ship’s
propeller) mouated on two longitudinal spindles, the
distance between which could be adjusted to suit the
pitch of the swatbes, these were driven by gearing from
the main shaft, and in revolving they quietly turned over
the partially dried swathe, exposing the underside.

The latest development at the present time is &
corubination *'side rake,”” ‘' swathe turner.’’ ‘ tedder.”
and “‘wind rower” (fig. 23).

The Horae-raxE bas long teken the placegof the hand-
rake and band-drag for gathering grass and unsheaved
corn into rows. The borse-rake consists of a light frame
on two wheels (fig. 26). Iuo the front of the machine
are fitted a number of curved tines, extending the full
width from wheel to wheel; these are so designed as to
collect the material, and, on being raised up, to dis-
charge it. The tines, which are made of steel, are
adjustable, and, by altering the pitch of the machine,
can be made to lightly skim, or closely rake the ground,
as may be desired. By means of a ratchet gear,
attached to the wheels, the work of raising and lowering
the tines ia. in the go-called ‘seli-acting ' rakes, made
to fall upon the borse, tbus enabling boys or lade to
work the implements. On these machines, the driver,
who is provided with a seat, bas ouly to guide the
borse and to set free a paw! (or catch) by his foot, the
horse doing the rest of the work.

These implements are also made with a lever for
lifting the tines to discharge the collected material, and
are easily worked by a man whilst riding on the seat,
or when walking bebind and holding the reins. A
newer development of the Rake is the Side-Delivery
Horse-rake, which delivers the collected crop in a con-
tinuous windrow.
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The EvrrvaTor, or Stackem (fig. 27), is used to carry
bay, straw, or unthreshed corn on to the stack. When
used for the stacking of material brought straight from
the field, a pony-gear is often employed. When used
for stacking straw from the threshing machine, it is set
in motion by a strap runniog from a pulley on the
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F1q. 26.—BeLF-AcTINO HORSE-RAKE.
a, road wheel. ", clearing rods.
B, teeth. 1, back frame.
o, froot band lever. K, seat.
D, back hand lever. L, sent standard.
x, treadle for automatio 3, shaft iroo.
delivery. N, shaft,
r, spring for lever.
@, pawl

thresher. The elevator comsists of a long trough,
mounted on a frame supported by wheels. Endless
chains, furnished with carrying prongs, placed at inter-
vals of a few feet from each other, are made to travel
up the trough, and to return over guiding pulleys under-
peath the trough. In this way the material is carried
up in & continuous stream.

Hay anp Steaw Prrsses have lately come into general
use. They compress light, bulky material into a small
space, and thus render its tranaport less expensive.-
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These presses are made for working by band, usually
with two levers, with some form of pechanical device
for raisiug aud lowering the pressing platen. It is 8
ugeful plan for carting the material to market. Steam:

Fro. 27.—STACKING MaCHINE OR ELEVATOR.

s, travelling wheels. &, hopper for receiving

B, [rame. materisl 1o be atacked.

0, cogged wheels lor rawing L, lilting genr for raising hop-
the lifting rods, D, er. %he bopper in shown

R, worm ecrew for working alf -raised. By raising
hifting rods, D. the hopper, as required,

r, trough up hich the the top end of the trough
material travels, ia kept. continuously abeve

a, endless cbain, with forks the middle of the stack.
for carrying the material Conseguently, from begin-
np the trough f{seen re- ring to end, tbe delive
turnin bsueatb the takes place over the middle
trough). of the stack.

8, guide pulley for endless The Elevator in driven by a
chain. belt fram a puliey on the

1. adjastments for regulating Threshing Machine.
oodiass ehsin.



PRESSRS, CARTS AND WAGQGONS "

power perpetusl presses make solid bales for railway
teansit or for shipment. The rallways carry steam or
bydraulic press hales at special rales. These presses are
aow mede to work immediately behind the threshing
machine, the straw passing duect frow the shakers
iuto the press. and thus saving the work of vpe or two
mein.

Camrs axp Waccons are indispensable accessories on
a farm. Fig 28 shows elevation and section of a cart
wheel. The wheel is ‘dished.” so that, when luid Bat

Fra. 28.—A Carrt ~  2EL

4, axle arm. B, linch-pin a, felloea.

41, hox (oot required o, hub, F, tire or ring.
in iron-hubbed b, spokes a, axle.
wheasls).

on the ground, the rim is not on the same level as the
solid centre. The axle-arm a is, morecver, bent iu such
a way that each spoke, as it comes between the arm and
the ground, sssumes the vertical position, which is
that best adapted for beariug the weight of the load.
Further gupport is derived from the circumstance that
the outer end of the spoke rests upon the semicircular
arch iocluded in the tire.

Another effect of ‘ dishing ’ is that the dirt, which
is dislodged from the part of tbe rim which happens
to be at the highest position, falls outside the whesel,
whilst there is no risk lest the rim should graze the
side of the vehicle. The bub and the tire are the most "
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important parts of the wheel. So long as the tire lasts,
any pressure transmitted through the spokes only serves
to wedge the felloes more tightly together.

IMPLEMENTS FOR PREPARING CROPS
FOR MARKET

Tuuesmrve  Macruxes. — The modern  threshing
machives (of one of which fig. 29 gives an external
view, and fig. 30 a longitudinal vertical section) are &ll
constructed to work on the same general principles,
though a good deal of variation exists in the different
machines with respect to the separation of the cornm,
etc. They are alwost always driven by steam, but water
power, oil-engines, and horse gears are occasionally
uged. A study of the longitudinal vertical section shown
in fig. 30 will serve to indicate the course taken by the
material in the operation of threshing, separating, and
cleaning. The corn is fed into the drum-mouth o,
where 1t is caught by tbe beaters 4! of the drum &, and
the grain is threshed out between these and the cob-
cave 8. A large proportion of the grain falls through
the concave, while that which remains with the straw
is shaken out, together with short pieces of straw, chaff,
etc., by the shakers, and falls upon the upper collecting
tray k. The straw passes rut of the machine over the
shakers. All the materis]l which passes through the
coancave and the shakers is conducted on to the floor
of the upper shoe r, and then passed over the caving
riddle r'. The cavings (i.c., refuse material intermediate
between chaff and straw) pass over this riddle out of
the machine, while the grain, chaff, and small refuse fall
through on to the collecting tray ¢ of the lower shoe.
The separating action of the caving riddle is assisted
hy a blast of air through spout ! from the first fan x.
The grain, chaff, and refuse are now taken into the
lower shoe ®, through which a blast of air from the
first fan x ia playing. The chaff is blown away, and the
grain and heavier refuse fall through the chaff sieve !,
on to the chob sieve m?, The grain falls through thll
sieve, and the chobs (such as pieces of wood. small
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where any weed seeds or dust and

TARESHING MACHINE

stones, thistleheads, etc.) ride over an adjustable lip on
to the ground. The grain from the sieve B? falls upon

the seed sieve m¥,
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sand are shaken out, while the grain passes along the
spout, ut to the elevator . The grain elevator consists
of buckets fastened Lo an endless belt working over the
pulleys L' and 17, and these buckets carry vp the grain
apd deliver it into the awner and chobber m and x
Here the awns of barley and the white-heads, or tough
unremoved chaff of the wheat are taken away. The
chobber is adjustable, so that the grain may be sub-
jected to more or less vigorous treatment, as desired
The grain now falls into the second dressing shoe »;
there it passes through the grain sieves #' and r? ou
to seed sieve P*. A blast of air from the second fan @
i directed through the second dressing shoe, and blows
the light refuse back into the upper shoe. Material
which rides over the sieves p! and »? falls upon the
sieve v', through which any grain there may be present
passes. The refuse passes over the sieve »¢ and falls
down the spo ¢®, with the seed and dust taken out
of the mow thoroughly cleaned grain hy the sieve r?.
The grain s now taken to the rotary screen 2, where
it is graded. The rotary screen (for an example, see
fig. 35) has helical bara running through it, so that the
corn is carried {rom end to end, the thinnest grains pass-
ug through tbe divisions between the wire bara of the
screen first ; then a second and a third division are made
by partitions placed in the hopper underneath. That
which passes through the whole length of the acreep ia
the dressed or finished sample. The screen may be ad-
justed to take out more or less small grains, as may
be desired. In the geceral construction of the machine
it will be noted that the collecting trays, spouts. etc., ars
inclined, but to kesp the material steadily moving theee
inclined surfaces are given reciprocating motions, which
are obtained by cranked shafts and wood springs, called
suspenders.

To improve the quality of the dressing of the corn.
and to increase the output, the area of the riddling and
dressing surfaces has from time to time been increased
and additional blast has been added.

Various accessories are now fitted to the modern
threshing machine, among which the most generally
used are the elevator driven by a belt from the thresbing
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machine, which delivers the straw from the shakers on to
the stack. The chafl-sifting and lagging apparatus, ete.

Various accessories may now be fitted to the modern
threshing machine, among which the most generally

». ohlmpey.

0.

srparage hand wheel.

|, brake lever.
4, Bleersman’s oAt

X, tank fller.

P My wheel.

q,

&, connecting rod.
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used are chaff sifting and bagging apparatus {(one of
which is shown fitted to the machine in fig. 29), and straw
trusses for tying the straw into bundles as it is delivered
from the shakers. This latter is a development of the
sheaf binding apparatus of the harvesting machine.

Stesxs Enxcives,—A view of a farm locomotive, or
traction engine, which supplies steam power for thresh-
ing, hauling, sawing, and a variety of other purposes,
is given ip fig. 31. These locomotives are increasing in
general use, and on wmany farms have taken the place
of portable engines, which are drawn from place to place
by horses, and which are so largely employed in all parts
of the country.

Since their first introduction, the steam pressure has
been considerably increased, the eompound principle has
been geperally adopted except for very small powers,
they have also been mounted on springs, both fore and
aft wheels, ®all of which modifications have produced
more efficient working and improved economy.

O Escives.—These convenient motors are now very
largely used. They are specially valuable where work
is intermittent, as 1s usually the case in a farmyard, as
they can be started at a few minutes’ notice, without
the long delay involved in getting up steam, and are
therefore particularly adapted for driving the different
machines used in the preparation of food, such as chafi-
cutting and gristing, and other light machines. Another
advantage is that they do pot require constant atten-
tion while running, as is the case with a steam engine.
For stopping the engine, moreover, it is only necessary
to turn off"the supply of oil, so that there is little or
no waste.

These engines usually run on what is known as the
““ Otto ” cycle: a section is shown in fig. 32. The process
of starting and working this engine is as follows:
The vaporiser is raised to a dull red heat, by means of
the coil lamp shown. The fly-wheel is now pulled round.
This opens & valve, through which, as the piston moves .
forward, air is drawn tnto the cylinder. When the piston
moves backward this valve is closed, and the air in
the cylinder is compressed and forced through the
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perrow neck at the back of the cylinder into the
vaporiser  In the meantime the gearing has caused =
small pump to send a jet of oil into the heated vaporiser.
The hot walls of the vaporiser immediately couvert the
oil into vapour, and the compressed air forced in by
the piston supplies healed oxygen sufficient to make a
mixture that will cause the necessary cxplosion. The
explosion thrusts out the piston, the producty of com
bustion [ollowing it into the cylinder. On the return of
the piston a valve is opened, and these products are
forced into the exhaust pipe. With the next movement

J WATER JACKEY

V. yAPORISER.

< T oL 7ank P o pump.

Fra. 32.—Om ENGINE.

of the piston the cycle begins again. The heat generated
by the explosion and the compression are sufficient to
keep the vaporiser hot.

Where only a small amount of power is reguired
PrrroL Encrxes are sometimes used, and these are very
convenient, starting as they do at a moment’s notice,
in the manner now so familiar in connection with motor
cars; but it is doubtful whether such a highly inflam-
mable liquid as petrol should be placed in unskilled
hands, or in the vicinity of such combustible materials
as are usually found in a farmyard.
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Wowowree Maonmeza (fig. 33) are used for the further
cleaning of the already partially cleaned corn, therehy
rendering it more marketable. In the best machines,
the winnower ig strong emough to separate the light
graioe from the heavier, whilst smaller heavier seeda
are removed by being passed over screems or riddles.

R

Fia. 33, —CORN WINNOWING Ok DEX8BING MiOHIXRE.

i, handle. K, sereen under riddla.
B, main wheel, L, spont from which atoucs,
o, lan, aticka, &c., are delivered.
D, pulley on fan sxle to drive M, tailing corn.

elevator, N, screenings.

£, wheel driving large roller. 0, chaff.
¥, wheel driving amall roller. p, e¢levator cups,

@, hopper. qQ, strap to drive alevator.

E, screw to regulate feed. &, spout where dressed corn
1, riddle frama. is delivered into sacks.

3, riddle, s, fifting handlea.

which contain the good grain and allow the impurities
to fall tbrough. Too many kinds of these machines are
provided with a blast which, though strong enough to
blow out chaff, is incompetent to separate the graina of
different. density. Such machines have to rely entirely
on the screens for effecting the separation, which they
do indifferently well.
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Various Somrexs, such as the ‘Boby,’ and rotary
screens, generally not fitted with & blast, are used with
good effect (see figs. 34 and 36). The rotary screen

=GN =

F10. 84.—ApJUSTABLE FLAT CORN SCREEN.

a, hopper. 6, slone aeparator.
B, fly wheel. 8, adjustable bed.
0, crank. 1. shoe frame.

D, lever for adjusting feed X K, screen frame.
E, gear wheel and pinion. L L, rollers for ehoe.
¥, turning handle, M, adjusting screw.

F16. 35.—ADJUSTABLE ROTARY SOREEN.
A, screen barrel. e, fixed delivary ring.
B B, hollow shaft containing ¥, handle for najuatmg width
adjusting screw. between wirea,
0, feed end mi G, section of wire used in
©, casting which slides along barrels,
shaft. B

@
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(Bg. 45) can be supported in any convenient frame, and
the width of the spaces between the wires is graduated
by means of the adjusting handle r and the screw in the
bollow shaft, 8 8. The screen is turmed by & bandle
fixed at the right-hand end, as seen in the diagram.
Hand-sieves are usefully employed in conjunction with
the other eleaning machines.

IMPLEMENTS FOR PREPARING FOOD FOR
STOCK

Cuarr Currns are used to cut hay and straw into
short pieces, partly to aid mastication and digeation,

F16. 36.--STEAM-POWER AFP-OUTTEER, WITH SIFTING,
DusTING, AND BaGGING APPARATUS.

4, driving puiley, on which E, shafts.

rune belt from thresher, ¥, riddle for sifting out the

or direct from engine. imger!ect!_v cut material.
B, elevator trough, or bagger. G, chaff bags.
0, end of feed box. H, lever to stop and reverss
D, front travelling wheel. the foed.
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but more especially with & view to economy, as hay and
straw are much wasted when they are given in the long
state. Besides, it is possible to mix other foods, such
as meal, cake, and roots, more economically when there
is & bulky mass of short dry material to stir them among.
Chaff ia therefore generally looked upon as a vehicle
for conveying these foods to animals, in addition to being
a food iu Itsell. Chaff cutters are made in all sizes,
from small haod-worked implements up to powerful
steam-driven machines (fig. 36) carrying balf a dozen
large knives, capable of cutting the straw into half-
inch lengths as {ast as it can be passed through the

— largest thresh-
ing machines.
The material
to be cut 1s
plgeced in &
long trough,
and 18 drawn
forward by
means of
cogged and
fluted rollers
to the knives.
The latter are
arranged radi-
ally on a fly-
wheel, cutting
from the
centre out-
wards, and
pass rapidly by

Fra. 87.—TURKIP-OUTTER.

4, handle. 1, handles for carrying the face ar
8, fiy-wheel. - machine. mouth of the
¢, iron body, B, top hopper. feedi b

D, hopper grate, L, wrench, or spanner. L86010Z oX.
X, nuxﬁi&ry handle. »r, pricker. The arrange-
F, cast [rame. ¥, bottom hopper. ment af the
a, thumb screw. @, adjustable bearings. prives is such

H, wooden legs. that there is
no intermission in the cutting, for as one knife is finish-

‘ng its cut the next has already commenced to operate.
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The larger machines are usually fitted with a riddling
and a bagging apparatus, which sift out the dust and
dirt from the chaff and elevate the latter into bags. All
machines are now fitted with some {orm of safety device,
to prevent the possibility of the atteudant's hand bemg
drawn with the bay, ete., between the rollers to the
knives.

Tonxir-Corrers, or Puirere (fgs. 37 and 38), are
uniclly made with a
disc wheel fitted with
knives of various
forms, to produce
slices, fingers, or
pulp. Mapy machines
are fitted with devices
for removing earth or =t
other foreign matter py; sg_ Tymxre-ourTER BaBREL

adhering to the roots. : :
4, spindie through tre of
CorN GrirvIiNg spb-n-al?mmg ongh cenire o

Murs are made in B, steel plate,

several forms, perhaps ©.seute-angled knives.
the oldest being the v, cast barrel to which the stesl

) . iate d koi hed.
Millsione, which has plates and koives are aftached

been used from time immemorial, and is still semetimes
used on large farms. This form produces an excellent
sample of meal, but at a considerable expenditure of
time and power, and it is not well adapted to grinding
the variety of produce that is generally used on a farm.

Mills with a pair of vertically mounted flat discs,
with tangential grooves formed on their faces, are very
largely used; they are very ecomomical of power, and
easily adapted to grinding & variety of produce, and are
usually fitted with a spring arrangement, which permita
of an increase of the space between the discs, to allow
for the passage of hard foreign bodies through the mill
without injury to the discs. The material to be ground
is led into the centre and the meal escapes at the.
circum{erence.

Mills similar to the above, but with conoidal discs,
are also made, and are very satisfactory.
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Another form of mill that is largely used has a conical
grooved roller, which revolves on a horizontal axle
against a concave with similar grooves, the material to
be ground being fed into the small end of the mill, and
the meal escaping at the large end. These mills are
economical of power, and easily adapted to various
materials,

Roller Mills, with rallers either grooved or smooth,
are largely used, and are specially adapted to crushing
oats.

HAND IMPLEMENTS

Small implementa are as necessary as the larger ones
on farms, and are of still greater importance on allot-
ments and small koldings, and especially in gardens.

The spade is used for breaking up the'ground. 1t
is forced into the soil by the pressure of the foot, and
the earth, commounly called the spit, is lifted out and
inverted, the result being much the same as in plough-
ing, but more thorough in character. The spade is held
by the handle in the right hand, while the left hand
grasps the heft lower down. The left foot is then ap-
plied, the spade is thrust into the ground, and the spit
is lifted out and rapidly inverted by & sharp action of
the wrist. .

The shovel is very similar to the spade, but, &as it is
pot used for breaking hard ground, it is made less rigid,
whilst the sides are slightly tarned up so as the better
to hold loose material.

Forks.—The 3- and 4-tined forks are used not only
for digging ground, but for filling dung carts, and for
spreading dung or other material upon the land. Those
with short handles, similar to the handles of spades,
are far superior to those with long handles, as they
afford the workman much more power over the tool, and
he is better able to use his wrist to give a sweeping
stroke while spreading dung; at the same time they
are more convenient for digging. The neck shonld eurve
sharply, thereby forming a crank which affords leverags,
and thus aids the efforts of the workman.
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Forks with two prongs or tines fixed into a long
handle are ofien called pitchforks. The farmer applien
the term pitchforks only to those which are made with
apecially long tines and handles, so as to render them
convenient for raising or pitching hay and corn on to
waggons or carts. The shorter ones are called emptying
forks, as they are used for emptying the carts. A
skilful workman uses his wrists very freely, whereas a
uovice uses them hut slightly. and works clumsily and
lahoriously.

Caving forks, cocking or pooking forks (fig. 38) are
shaped very much like dung forks, but have excep-
tionally long tines g
set widely apart,
while there is a
continuation  of
the tines behird
the tread piece.
The continuation
extends  geveral
inches and then curves upwards and forwards, forming
& scoop. They are particularly useful for collecting
cavings, or for gathering together (or posking) short
barley into heaps ready for pitching.

Rakes are used for collecting short material, such as
hay, and for levelling the surface of land before or
after sowing seed. The best form of rake ia made
with & wooden head or crosspiece attached to a long
handle, the bead baving inserted into it, at short inter-
vals, small steel tines or teeth. This kind of rake is
light enough for using in the hayfield, and strong enough
for collecting couch or twitch, whilst it is very durable.
The rake should not be used with a chopping or hosing
action, bnt should be so held that the handle rests
gently in the left hand. The right hand should grasp
the handle near the top, and the left hand lower down,
the knuckles of both hands being turned downwards.
The right hand should retain its hold firmly, but the
rake should slide freely between the thumb and finger
of the loft hand. The wrists must be worked pliably,
freedom of action being thus obtained.

N\

F1a. 89.—Caving or PoOKTNG FORK.
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Daisy rakes, wilh close-set wedge-shaped Leeth, arv
frequently used on the farm for collecting the heads of
Dutch clover when the crop is grown for seed.

Hoes are used for cutlting vp weeds o erops. and for
loosening the surface of the soil in order to promote
plant growth. The best form of boe 1s (fig. 40) that fitted
with a loug curved or ‘awan’ neck. Any 4ther mode of
attaching the blade to the handle prevents the free use
of the hoe on all except very clean, dry, and [riable
soils, as the weeds or eartb clog, and thus hinder the
workman in making a long stroke. Where other forms
are used, it i3 only possible to make short chops, instead
of loug strokes. Hoes for
use in wheat and barley
crops should be from 4% to
54 in. in width; for peas.
8 to 8 in. ; aed for beans and
root crops, 9 in. in width.

Several forms of cutting
toals are used for reapmng
and mowing corn. A few
years ago there seemed
great probability that large machines would totally
supersede these, but since there has been an increase in
the quantity of land let out in small boldings and allot-
ments, the manufacture of small tools for harvesting
purposes has revived.

The scythe consists of a long curved blade (fig. 41)
fixed at something less than a right angle to the snaith
or handle. The shape of the snaith varies in differeat
localities, but the object aimed at is to make a snaith
whicb permits the workman to swing the scythe with
an easy curved sweep; for this reason perfectly straight
handles are in many districts not used. The angle at
which the blade is laid to the snaith has to be regulated
according to the height of the workman and the nature
of the crop to be mown. This is effected by means of -
large nails and strips of leather uzed for packing
between the ring and the anaith.

The sward should be cut at the same height through-
out. The ribbing often seen in fields after the crop is

F10. 40.—Swax-xucg Hok.
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cleared 18 evidence that the workman has vot mown
skilfully. The poiot of the blade should be laid in fat,
and the stroke should be carried through completely to
the end. If a wan wakes s scooping stroke he leaves
perhaps a foot. at both the commencement and end of
the stroke, which will have to he mown through, and
for this resson it 18 very annoying for a good scythe-
man to have to follow a bad one. When mowing, the
wan should place his legs wide apart, so as to bring
his back into the hest position for it to exercise its
strength, for mowing should be done by means of a
body stroke rather than by the arms. The arms shouid
act chiefly as guiding or connecting rods between the
wan and the scythe, in the same way as a skilful carsman
exerts his powers from the back, and by the use of his
iegs, instead of pulling tbe stroke through with hia

arms. N

F10. 41.—EXGLISH ScYyTER

The eatly part of the siroke is easily made. as the
natural swing of the scytbe is rufficient to cut that
section of the sward, but as material collects it becomes
more difficult to complete the stroke, therefore the body
must then be in a position to exert its force most freely.
This is achieved when tbe man stands near to the finish
of the stroke—i.c., as far aa practicable from the com-
wencement. Young beginners make tbe end of the
stroke with the left hand too far in advance of the left
leg (which should be a little in the rear of the right).
After tbe first balf of the stroke the left band should
be drawn sharply round and pear to the left leg. It is
want of attention to this point which causes difficulty to
beginners.

The whetting of the blade is an important detail in
mowing. The what-stone should be laid flat against the
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blade, and drawn steadily along it. LI the stone is not
laid fiat, an angle is made with the blade, the edge of
which is rapidly lost, so that recourse to the grindstone
is soon rendered necessary.

The sickle is the typical harvest tool, but iz now
rarely used on large farms. The sickle, or reaping hook,
consists (fig. 42) of a short, curved blade, with finely
serrated edges, and fixed into a short handle. Reaping
ia done thus:—The reaper grasps & handful of corn in
his left hand at about a foot from the ground, and bends
back the straws away from him. He next places the
sickle behind the handful, so as to partly surround it,
and draws the implement towards him, sawing the

F10. 42.—810RLE, South of F1g. 43.—Baacine Hook or
England pattorn. FaocIxo HoOE.

straws asunder. The handful is then drawn out, and
several such bhandfuls form s sheaf. Tbe curve of the
book varies somewhat in different districts.

The fagging hook, or bagging hook, is used for cut-
ting cereal and bean ecrops; alsc, when more strongly
made, for cutting furze. The fagging hook (fig. 43)
is very similar in shape to the sickle, but is made
without a serrated edge. In some districts the blade
is preferred slightly cranked near to the handle, whilst
in others the crank is dispensed with. The cutting of
the corn is effected by first chopping the stems, and
then collecting them by means of the hook. The leg of
the workman is used in gathering the sheaf, the com
being worked up aguinst it. Fagging is & convenient
way of outting when the crop is badly laid. Reaping
is more often practised when the corn is standing
apright.
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The pee hook (of which fig. 44 shows (he blade and
socket, the lalter made to receive a wooden handie)
1s used for cutting peas. This crop lies about the land
so much that mow-
ing is impracticable,
because mauny of the
pods would be cut off
and lost. The pea
book is in reality a Fia. 44.—Brax on [Es TTvok.
short - bladed fagging
hook set in a long handle, without any c¢rank. Occa-
sionally peas are cut with a short hook, but the work is
then more laborious. An old sickle blade. with several
inches of the pointed end broken off, is always hizhly
valued for use as & pea book, on account of the good
‘temper' it has acquired.

F10. 45.—SwitcH BiLL 0k SLASARE
Hedge slashers and switch bills are formed (fig. 48)
of a short stout blade fixcd into & long strong handle.
The blades, sometimes straight, are far more often
slightly curved. They are used for trimming and laying,
or layering, hedges.

CHAPTER VIL
TILLAGE

Owe of the primary conditions of success in farming
is the proper and intelligent cultivation of the soil.
By tillage we mean the ordinary processes of cultivation
by which we stir the soil and prepare it for the recep-
tion of crops, so that they may flourish to the best
advantage. To bring about the conditions necessary for
the successful growth of crops the soil must be porous and -
in a fine state of division; it must be clean and free
from weeds; and it must contain sufficient supplies of
plant food and moisture. As a preparation for these
E
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conditions the soil has to be loosened and turned over,
80 as to allow air, rain, frost, wind, and sunshive to
exercise their pulverizing influence. This work is moat
effectually done hy the spade or fork. and may be seen
to best advantage in the gardes. The earth, dug out
to a depth of 8 or 9 inches. is thrown forward, thus
leaving & trench, behind which fresh spits of mould
are dug out and turned aver. This method of hand
cultivation is well suited to small areas, but where
whole fields bave to he dealt with. a8 on the farm,
it is far too costly. Hence the farmer, baving to culti-
vate extensive areas of land in a short time, bas re-
course to the plough. The plouch and harrow perform
in field culture the same operations as are far more
thorpurhly effected by the spade and rake in garden
cultivation. -

In preparing a tilth the ground is usually first of all
turned over hy the plough. and this is then followed
by the cultivator, harrow, roll, and harrow, in the order
aamed, the horse-hoe heing used after the crop is up
to stir the soil between the rows.

The operation of ploughing inverts the soil. burying
manure, weeds, and any other vegetable growth, and
exposes a large surface to the heneficial action of the
weather. In the operation of cultivating the object is
to stit and loosen the soil without acfually jnverting
it, and the implewents employed for the purpose are
called cunltivators.

Harrowing is carried out with the object of dragging
out couch and other weeds previously uprooted so as to
clean the land, and also for the purpose of reducing
the surface to a fine condition after the other imple-
ments. The lighter harrows are also used for covering
seed immediately after sowing.

Rolling breaks up the clods and gives a level surface
to the land. Tt also consolidates the roil. Roling the
land in spring when it is dry bas the effect of improving
the capillary powers of the soil so that it is able to
raise more moisture from below. This is a very im-
portant matfer whers young seeds are germinating in
the ground.
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Hoeing s carried out with the special object of
destroying weeds, and it also stirs and loosens the soil.
[n dry weather keeping the hoe going between the rows
of a growing crop and moving the soil to the depth of
one or two inches makes a muleh on the surface which
will tend to check evaporation of moisture from below,
and convey it instead to the roots of the growing crop.

The plough apd other implements of tillage bave
been described in detail in the preceding chapter, where
their various forms and different methods of use are
explained.

TILLAGE OPERATIONS are most conveniently discussed
under the headings of autumn, winter. spring, and
summer work, according to the time of the year the
preparations for the various crops are most actively
carried out.

Autumn Cultivation.—In the Jate aummer and early
autumn the clover and ‘seed’ leys are generally
ploughed, in preparation for the succeeding wheat crop,
together with any land intended for winter beans and
vetches; a coating of dung being applied previously
where pecessary. In the case of wheat on the lighter
soils the furrow when turned is wusually furrow-
pressed or rolled, and the seed iz then either sown
broadcast and harrowed in, or the soil ig first worked
down with the drags and harrows, the seed being sub-
sequently drilled and covered with a double stroke of
the barrow.

The most important part of autumn cultivation,
however, consists, when the weather is favourable, of
breaking up the stubbles and making an attempt to
remove & coating of couch and other weeds in prepara-
tiou for mext year's failow crops.

Winter heans are generally grown on the stronger
soils, and it is advisable to put them in as soon after
harvest as possible, g0 that they may be well established
before winter. This crop, as a rule, follows oats or.
barley, and the seed can either be ploughed in—a small
drill or bopper heing attached to every second or third
plough for the purpose—or, after ploughing, the furrow

) I
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csn be harrowed down and the beans then drilled sad
harrowed in.

Other crops sown in the early avtumn are winter
rye, winter oats, and winler barley, the cultivation re
quired for these being shuple, as in the case of wheat
Thus the land is ploughed and the seed 1s sown broad-
cast on the furrow, or the furrow is first harrowed down
and the seed then drilled, in both cases the seed being
subsequently harrowed 1a.

Winter Cultivation.—Towards the eud of the year
and during winter the principal work consists in plough-
ing. The land intended for roots, and which, under
favourable circumstances, bas been subjected to a series
uf cleaning operations during the autumn, is deeply
pleughed, so as expose the furrow to the ameliorating
effscts of the weather for as long a period as possible
before moving it again. Winter ploughing glso includes
turning over the stubbles and other land intended for
spring corn, and breaking up the ground which has been
fed off after roots with sheep.

Spring Cultivation.—In the spring from February cn
wards an active period of work cowmences on the farm,
including the actual preparation of the tilths for and
drilling of spring corn, the cross-ploughing and culti-
vating of the root fallows, and a continuation of break-
ing up the land after the sheep folds, where this has not
already bcen accomplished. There is a great demand
for horse labour on the farm at this period of the year,
and consequently the endurance of the teams 1s greatly
taxed.

The mange! fallows next call for atteotion, and the
land, which sbould have been cleaned and ploughed early
for this purpose, must be worked down to a deep meliow
tilth, being fine underneath, but firm at the time of
sowing. -

) Cleaning operations may also be necessary, especially
if the weather of the preceding autumn was unfavour-
able for tbe purpose, on the rvot-fallows iotended for
swodes and turnips; and as summer advances the seed
beds for these crops must be prepared. The actual pre-
paration of these tilths is often a matter of some
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anxiety, and calls for rouch skill and experience on the
part of the cullivator; and the order wm which the
various lmplements, particularly the harrow and tho

roller, should follow one another at the finish often
requires great nicety of judgment to decide.

Summer Cultivation.—On the heaviest soils a bare
or dead fallow is sometimes taken during the summer,
although the practice is not nearly so common now as
it was formerly, and much of the land of this descrip-
tion has gone out of cultivation, or been laid down
to grass. Where the system is still followed frequent
ploughings and stirrings are given, so that the large
clods on the surface are moved about and thoroughly
baked under the influence of the sun’s heat, and thus
the couch and other weeds contained in them are des-
troyed. The exposure to the sun and rain, with alter-
nate bakidg and moistening, causes the clods to
gradually shatter, and in this way towards autumn a
tilth composed of fine particles and small clods is ob-
tained, which is very suitehle as a seed bed for the suc-
cceding wheat crop. Apother important operation
carried out during the summer months is the process of
*intertillage,” or hand-hoeing and horse-hoeing between
the root and certain other crops, 5o as to destroy weeds
and stir the first few inches of the soil. .

To explain the best method of nbtaining a tilth and
clenning a fleld, it will be advisable to take the case of a
wheat stubble which is foul with couch, and intended
to carry a crop of swedes the following year. After har-
vest, if the weather is favourable, the first thing to do
is to pare the stubhble shallowly either with the paring
ploughs or broad shares, so that a section of some two
inches in depth is removed from the surface. Or, if
steam cultivators are available, they may be set to
work to hreak up the stubble, working it in two direc-
tions at right angles to one a,nobber,, atever my
ment is used the object iz the samhe—to detach a thili' s
layer of soil from the surfaeé; which is a.fberya,ra‘h\
worked with the drags to ther dxsm&e—gmﬂa-w It is
then generally rolled, h nxxwéd several times with
medium harrows to separ o‘c the couch and weeds,
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and the rubbish thus drawn out 15 afterwards collected
on the surface with chain harrows. The couch and other
refuse is then burnt in small heaps and the ashes spread.
The number of times the various implements will have
to be used to effect the above purpose will depend to a
large extent on the circumstances of each case. and
also on the condition of the soil. If the weatber still
holds fine a second series of operations may be advis-
able, commencing again with ploughing, and following
with the other implements, Bo as to remove a further
couting of couch and weeds. Even a third set of clean-
ing operations may be necessary where there are very
foul spots in the field. The next thing, provided the soil
is fairly retentive, is to apply a good dressing of dung,
where this is available, and have it spread on the sur-
face, and then follow by giving the land a ploughing
a8 deep as possible according to the natureef the soil.

This ploughing is called ‘ winter ploughing,’ because
it exposes the furrow to the pulverizing effects of atmos-
pheric agents during the winter months. so that it be-
comes well shattered before it is moved again in the
pew year.

In the early spring, if the land is clean, it may only
be necessary to work the furrows across at right angles
with the cultivator, so as to break them down, and thus
obtain a suitable mixture of clods and finer particles,
which can afterwards be further reduced with the lighter
implements when preparing the actual seed beds. These
conditions, however, are not always obtained in prac-
tice, and in the majority of cases, wheras the soil has
settied down and run t,ogether, it will be found neces-
sary tO Cross- plough it in the spring, and in some cases
a third plonghing is essential hefore a suitable tilth can
be obtained for sowing. It is a mistake to plough again
in spring if it can possibly be avoided, as, in the case
of heary soils, the fine surface tilth which bas been
obtained by the winter’s frost is lost ; while turning over
light. soils in spring, especially in dry weather, allows
the drought to enter, and causes them to hecome too
loose and open.

To eeses where it has not been possible to carry out
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gutumn cultivation, and the land ia very foul, it will
be necessary to conduct a servies of cleaning operations
in the spring, even at the risk of losing the winter’s
tilth, or letting the drought into the soil. A way in
which it is easy to make a mistake in spring cultivation
1s when, the winter furrow is first broken up, and there
are a number of large clods below the surface, to try
and force a tilth on the top hy means of the roller and
harrow. If this is done the soil will be too dry and
open below, and unsatisfactory results will be obtained
at seed time. After moving the winter furrow, time
should be allowed for the larger clods to be exposed
to the weather, and the soil should not be worked again
till it is in a suitable condition, when drags and the
cultivator will further reduce it, producing a mass of fine
particles underneath with a layer of coarser fragments
on the sutlace. After this the harrow and roller will
prepare the actual seed bed, consisting of a deep,
rellow, firm tilth, composed of fine mould, on the sur-
face of which is a layer of small clods, which will act as
a mulch.

A good tilth may be recognized hy its smooth, even
surface, which is comfortable to walk on, and sufficiently
firm to prevent one from sinking into it. The soil should
be worked to an even depth all over the field, and a
stick pushed in should sink to the same depth at any
point. When moved, a fine mould should be found below
the surface, free from any large clods, and containing
sufficient moisture for the germination of seed.

The land should be clean and the surface free from
annual weeds.

There are some main differences hetween the culti-
vation of heavy and light soils.

Clay soils must never be worked when wet, for if
this 18 done the particles tend to run together, and
afterwards to bake into bard lumps, which it will be
almost impossible to bring down again into a suitable
tilth. .

Ploughing at the proper time and making use of the
forces of nature by exposing the suil to the disinte-
grating effects of the weather, especially frost during
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the winter, are the beslL means of breaking down a clay
soil and obtaining a suitable tilth in the spring.

Exposure to changes of temperature in summer, so
that ihe clods are alternately baked by the sun and
then moistened by rain, will cause them to shatter and
come down into a fine condition.

Autumn cultivation is specially suitable for clay soils,
as the land then is in its best condition for working,
ond can afterwards be left exposed for the winter.

Clay soils are paturally firm and close in texture,
and the aim of the cultivator should be to lighten them
up as much as possible, and this can be done to a certain
extent by the application of dung in a ‘long’ or fresh
condition, and the ploughing in of any vegetable refuse
which will take some time to decay. Lime also has a
beneficial effect in improving the texture of clay soils.

In dealing with light soils, on the other*hand, the
wain ohject is to get them firm and sufficiently consoli-
dated. For this reason sheep are almost indispensable
to the light land farmer, for, besides manuring the land
where they are folded, they also consolidate it by the
even and regular treading of their small hoofs.

Light soils very easily dry out, especially in the
spring time, and it is therefore a mistake to over-
cultivate them at this season of the year, as drought is
liable to get in, rendering them too dry for seeding pur-
poses. Cleaning operations carried out too late in the
spring should also be avoided for the same reason.

Farmyard manure on light sols should be applied in
a well-rotted condition. as long, strawy dung would
render the soil too Lght or ‘hover,” and also tend to
let in the drought.

After cultivation, or inter-tillage, refers to work that
15 carried out after the crop is sown. Thus wheat is
generally harrowed and rolled in spring, with the object
of breaking the crust which often forms on the surface
during winter, and also consolidating the soil round the
roots of the young plants. Barley and oats are some-
times treated in a similar manner.

The hoe and .the horse-hoe are the prigcipal imple-
ments, however, used in after-cnltivation, and they



MANURES AND MANURING 105

must be kept. going among the root crops throughout
the summer till the plants become too large in the rows
to allow their passage. It was Jethro Tull, a Berkshire
iandowner, farming at the begiuning of the eighteenth
century, who introduced one of the most important i
provements ever made in agriculture by growing crop:
in rows, so that the soil could be stirred between them.
T_he advantages of this method were afterwards recog
nized, and led to a revolution in husbandry practices,
so that it became possible to grow large crops of roots.
providing abundance of succulent food for stock during
the winter.

The beneficial effects of moving the soil Letween
the rows of a growing crop are, therefore: (1) to destroy
weeds: (2) to break up any pan and to allow the air
to enter the suil; and (8) to form a mulch on the sur
face whick will retain the moisture rising from below.

From the above we see that the chief objects of tillage
are therefore:—

1. To clean the land by dragging out and destroying couck
and other weedas imwing therein,

2. To expose the soil particles to the disintegrating action of
the weather, thus obtsining a euitable tilth for the germination
of seed, and the development of a healthy root system.

3. To break up the eoil and improve its mechanical texture,
whereby the movements of air and water within it will be
assisted. The process of rendering soluble some of the dormant
plant food present will also be hastened.

4. To bury farmyard manure together with stubble and any
vegotable rubbieh on the surface eo that it may decsy and add
to the stock of organic matter in the eoll.

5. To destroy ineect pests.

CHAPTER VIIL
MANURES AND MANURING

Tur system of manuring by means of stock is the batk-
bone of farming. The animals are either fed on the
land, or the,manure from the steadings is spread upon
the fields. The land is thus manured through the stock,
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and the nature and quality of the fuod supplied to the
stock, equally with the character of the stock that are
fed, will have a direct influence upon the value of the
manure. The relationship between soil and stock is con-
veniently indicated in the subjoined diagram:—

CROP——STOCK
I |
| |
S0IL<——MANURE

Only o portion of the food that an animeal receives
enters into the composition of its body. A considerable
proportion is consumed in maintaining the heat of the
body, and is lost, in the form of earbon dioxide and
water vapour, from the lungs and the skin.

The remainder, including the greater gart of the
nitrogenous and mineral matter, passes from the animal
in the form of solid and liquid excrement, and it is
these which are capable of being returned with much
bepefit to the soil. In former days, when no manufac-
tured feeding stuffs or artificial manures were purchased,
the fertility of the soil was kept up solely by means of
this refuse matter, and it was to avoid rapid exhaustion
of the soil that tenants were bound in their leases not
to sell auy hagy, or straw, or roots, but to consume these
on the farm, in order that most of the mineral and
nitrogenous matter they took from the land might be
returned to it.

‘When cattle or sheep are grazed upon the land, their
excrets fall at once upon the soil. so that more useful
matter is thus recovered than when food is consumed in
the farmyard. In the latter case various sources of loss
srise before the manure reaches the land.

Young growing animals are building up their muscles
and bones. Hence they extract more nitrogen and
phosphorus from their foad than is the case with adul
animals whose increase in weight is chiefly ~f fat. As
fat contains mneither nitrogen nor phosphorus, the
manure of grown-up fatting animals is more valuable
then that of young growiug stock. N
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In the same way, cowa in calf, or cows in milk, make
s demand upon the nitrogen, phosphorus, and pOLIlh
of the food, such as does not arise in the case of oxen
or barren cows, and the manure is the poorer through
the absence of those ingredients which go to build up
the calf or to form the milk,

FARMYARD MANURE

Where cattle are fed at the homesteads, as on arable
farms, and even on grazing farms at certain periods of
the year, their excreta take the formn of farmyard
manure, or ‘dung.’ This cousists of the straw or other
material supplied to the animals as litter, mixed with

TanLE XVIe—CHEMICAL COMPOSITION 0F FARMYARD MANURE.”

Water ...
U Organic matter
(Jx|d< of iron aud alumina |,

Soda

® Phusphnnc acid
Sulphuric acid
Chlorine .
Carbonic acid, eto.
Silica .

! Containing nitrogen...
equdl to ammonia
% equal to phosphate of lime ...
or generally, 65 to 80 per cent. water, 45 zo 65 per cent. nitrogen,
*4 10 "8 per cent. potash, and ‘2 to *§ per cent. phosphoric acid.

|
|

their solid excreta, and saturated with their urine, the
whole trodden into & more or less compact mass. As
this dung contains a large proportion of the manurial
matter yielded by crops grown on the farm, as well .as

"¢ Thisisa good a eragL (2nkcn from the W ohum Experiments) of welt
made farmyard manure, produced by bullocks in feeding boxes receiving
cake and corn.
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by purchased foods. it js a precious material, and is
Much.

therefore, depends upon the skill with which a farmer

the chief mainstay of the fertility of the farm.

inanages this product.

Farmyard manure is distinguished by the fact that
it contains all the constituents which the land requires

in order to grow crops.

Of inorganic ingredients it
possesses potash, soda, lime, magnesia, oxide of iron,

silica, chlorine, phosphoric acid, and carbonic acid, all

of which are found in the ashes of crops.
copstituents are represented by various
compounds which give rise to ammonia and humic acids,
the latter forming a considerable part of the dark-

The organic
nitrogenons

coloured vegetable material, or humus, from which, by
means of nitrification, nitrogen is supplied to growing
crops. The complexity of its composition helps to render

farmyard manure a perfect, as well as a generel manure.
The average composition of the solid and liquid
excreta, of farro animals, as shown in the following table

(from A. D. Hall), is worth noting:—

TaBLE XVIL—PEECENTAGE COMPOSITION OF EXCRETA

Ammal | Excreta,
I

|

o |

{|Sold .

<] Liquid ..

Cow ]. ‘ i{:lnl .

§ Salid ...
Stewp .| S0
Pig o Tomia

_The solid excreta chiefly contain phosphoric acid,
lime, magnesia, and silica, with comparatively little
pitrogen. The liquid excreta, on the other haad, are
almost destitute of phosphoric acid, but abound in
alkaline salts (icluding potash), and in nitrogenous

Water

Phosploric
acid.

Dotash.

01

0w

G4
136
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organic matters, including urea and uric wod, which
yield ammonia on decomposition.

These facts show clearly that the most valuable con-
stitueats of dung are contained iu the urine of live stock.
The straw or other litter absorbs this liguid, though
some of it is liable to drain away unless a large
quantity-of litter is employed. A loss thus arises, and
a still greater loss is ineurred if, in the course of the
fermentation of dung, a dark brown liquor is allowed
to trickle from the mass. This liquor contains not only
the constituents of the urine, bui the valuable solid
matter which has become soluble.

As straw will absorb any ordinary liquids, an en-
deavour should be made te restrict its absorbent powers
entirely to the excreta of the animals, and for this
purpose the litter should be kept out of reacb of rain
or other water. The washing out from the manure of
its fertilizing lngredients will at the sawe time he pre-
vented. For the better preservation of dung. there-
fore, covered yards have been devised. A portion of the
farmyard Js covered with roofing, and though this in-
volves considerable expenditure at the outset, the cost
is found to more than repay itself in the better quality
of the manure. In a covered yard the floor and gutters
can be so disposed as to cause drainings from the heap
and urine from the caitle byres to flow into a tank,
whence the liquid may be taken as occasion requires,
or else pumped back on to the heap. Tanks are some-
times provided in open yards.

An advantage of a covered yard is that dung may
accuraulate in it to a considerable depth, beneath the
treading of the stock, which belps to make the mass
uniform in texture and quality. The use of roughly
chaffed straw and peatmoss litter will aid in the forma-
tion of a wellconsolidated bed of dung.

Socner or later, the manure—unless for special
reasons put upon the land at once—finds its way to
the ‘dung-heap,’ though this will happen more fre-
quently in the case of an open yard. In the dung heap
two sources of loss have to be guarded against—
drainage and excessive fermentation.
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Fermentation is the name given to those chemical
changes, brought about by the action of bacteria, which
result in making the manure ‘ripe’ or ‘mellow," and
better adapted o the immediate use of growing plants.
Ii is a proc of oxidation, and can only take place
where there 15 free access of air. Heat is produced by
the union of oxygeu with the ilngredients of the dung,
and the more rapid the fermentation the greater is the
heat. 1t is obvious then that fermentation may he con-
trolled by increasing or diminishing the quantity of air
that gains acc to the heap, the oxidation being most
active when the manure lies loosely, and least so when
the heap is compressed.

Most of the nitrogen jn urine is present in the form
of a compound called urea, which, wm the course
of fermentation, is sltered into carbonate of ammonia.
This, being a volatile substance. passes off foto the air,
and a serious loss to the manure heap of its most valu-
able element, nitrogen, may thus occur Even free
nitrogen gas may pass off, if the heap becomes too
dry. In such cases the compression and moistening of
the heap are desirable,

The losses in making and storing farmyard manure
have been found, as the outcome of a pumber of ex-
periments spread over different years at the Wobumn
Experimental Farm, to be, on an average, 15 per cent.
of the total nitrogen of the food used during the making
of the dung, and 19 per cent, more (makiog 34 per cent.
in all) in storing. As this applies to the most favourahle
conditions, the loss, under ordinary circumstances, must
be put at 50 per cent. of the nitrogen of the food, and
this is the figure adopted by Lawes and Gilbert in their
tables. ’

Unfermenied dung is known as ‘fresh’ or ‘long’
manure, the straw io it baving undergone little altera-
tion. Well fermented dung is termed ‘rotten ’ or ‘ short”
manure. Rotten is more concentrated than fresh manure.
and containg & larger propoertion of soluhle ingredients.
for which reason it is more immediately available as
plant-food.
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1t 1e characteristic of farmyard manure to iviave in the
soi) a large, though slowly available residue of food at
the disposal of future crops. It is the nitrogen of the
liguid excreta of auimals that is first rendered useful
to plants within the soil, then that of the finely divided
matter which passes intermixed with sowe secretions
the solid excrements, and lastly that of the litter.

The physical effect of farmyard manure upon soils is
ss important as its chemical influence. The general rule
according to which short and well-rotted dung is applied
to light open soils, and long fresh dung to heavy com-
pact soils, is one intimately associated with the mutual
physical relations of =oil and wanure. The fresher the
dung the less ready are its constituents to enter into
combinations available as plant-food ; and in this form
a stiff clay s0il is well adapted to hold or retain it til}
the occurrence of those chemical reactions which result
in renderiok the nutrient ingredients of the manure pre
sentable to the plant. The older and the more rotted
the dung, before application, the more promptly are its
fertilizing mgred\ema available; and, as light porous
goils are deficient in retentive power, it is well they
should receive dung in an advanced state of decom-
position, and at a time when the crop is ready to make
use of it, loss of manurial substance by means of the
drainage waters being thus avoided. Furthermore, long
or green manure belps to open up stiff soils; and ths
fresb straw provides air chaonels aloog which the
atmosphere can find its way into the interstices of the
soil, oxidation being Lherebv promoted. Conversely,
the application of short or much-decomposed dung to
a light or sandy soil bas the beneficial eflect of making
it firmer and of rendering it less rapidly permeable by
water.

ARTIFICIAL MANURES

Of the essential constituents of their food which eul-
tivated plants obtain from the soil, it has been stated
(p. 19) that those which are liable to become temporarily
exhaunsted include nitrogen, phosphoric acid, potash,
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and Jime. It is chiefly with the object of suppiying any
deficiency in one or more of these—particularly of the
first. three—that manuring is resorted to, though, even
iu this case, the main source of these substances is still
1o be sought in the store of fertility which has accumu-
lated i most cultivable soils. It is partly for the privi-
lege of drawiug upon this reservoir of plant-food that
the tenent farmer pays rent to his landiord. Year by
vear the soil doles out from its vast stores of insoluble
watter small quantities dissolved in water, and there.
fore available as the food of crops, and to these the
farmer adds contributions of his own in the form of
natural and artificial fertilizers. The latter help to
maintain the condition of the soil, as distinguished from
its fertility. It is quite possible for a soil of low natural
fertility to be brought into a high condition. It is the
natural fertility inherent in a soil which 1~ given v
exchange for rent, whilst the ‘ condition ’ depend» upon
the additional fertility which the tenant brings upan
the land at his option.

Artificial manures possess the advantage of present-
ing a large quantity of fertilizing material in a small
bulk. Tbey were formerly described as portable
manures, because, as compared with farmyard manure,
they are easily carried from place to place. In other
words. the carriage of a given quantity of nitrogen, or
of phosphorus, from one place to another would cost
far less in the form of an artificial fertilizer than in that
of farmyard mavure. Some artificial fertilizers contain
only one valuable ingredient, and are then spoken of as
nitrogenous, phosphatic, or potash manures, as the case
may be; others, such as Peruvian goano, contain more
than one.

Paruvian guano is the excrement of fish-eating sea-
birds which has accumulated in the rainless districts
of Pern. In former years it was a rich ammoniacal
manure, but as the best deposits have been worked
out its character has altered, and it is now richer in
phosphates and poorer in nitrogen. The higher qualities
still obtsinable yield from 8 to 10 or 12 per cent. of
ammonia. and the poorer grades only about 4 per cent.,
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and even less, with, however, from 30 to 50 per cont.
of phosphates. The better qualitles, when available,
are a valuable top-dressing for corn crops. The lower
qualities are cheap enough to be used for any of the
purposes to which fine bone-meal is applied. The lower
class guanos are the residues left after the more soluble
ingredients of high-class guanos have been washed out
by rain. From 1 to 3 per cent. of potash way be pre-
sent, besides a variable proportion of insoluble stony
matter, derived from the rock on which the guana is
deposited. After having been driven away, the birda
are now returning to some of the islands, where they are
formiing fresh supplies of guano.

Fish guano is rather inappropriately named, as it
is not a real guano. It is obtained from fish-curing
establishments, and consists of fish offal, sometimes of
whole fish, died and ground. Fish guanos, according
to their source, yield from 6 to 10 per cent. of ammonia,
and from 10 to 15 per cent., or even more, of phosphate
of lime. Alare correctly speaking, there are two kinds
of this fertilizer; one with a high percentage (10 to 11)
of nitrogen, and a low percentage {11 to 15) of phos-
phate of lime ; the other with a low nitrogen percentage
(5 to 8), and a high percentage (30 to 40) of phosphate of
lime. Fish guanos often contain fish-oil, which renders
them less gerviceable as manures, because it delays
decomposition.

Bones are essentially a phosphatic maoure, though
they also yield a certain amount of nitrogen. The guality
depends upon the treatment of the bones before their
application to the soil. Coarsely erughed bones decom-
pose but slowly, and occnpy some years wn yielding up
their fertilizing ingredients. Raw bone-meal of good
quelity contains from 45 to 50 per cent. of phosphate of
lime, with nitrogen equal to 43 or 5 per cent. of am-
monia. The more finely-ground the meal the more
speedy is its action. Bones that bave been steamed at
high pressure, to deprive them of the gelatine
used in glue-making, contain much more phosphate of
lime (55 to 65 per cent), but pitrogen equal to only
ahout 1} or ¢ per cent. of amrmonia ; these steamed bones
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- S s e
are often ground into & fine four before use. Bones are
chiefly used as a manure for turnips and swedes, and
for top-dressing pasture land. Table XVIIT gives
analyses of average samples of bone-meal and steamed
bone.

TabLe XVIIL—Composition of average samples of BONE-MRAL
and STEAMED BONE.

& i
Steamed
bone. |

‘Brmc-mv al

linie vz
me, magnesia, el
iceous watter

Inscluble

|

' Containing 1
Equal to amme

To hasten the action of bones, and so to get a more
prompt return from their application to the land, Liebig
proposed that they should be treated with sulphuric
acid. The result is that the imsoluble (tribasic) phbos-
phate of lime which they contain is converted into a
new compound of phosphoric ecid, which readily dis-
solves in water.® Dissolved bones are thus produced.
Peruvian guano is similarly ‘dissolved’ by means of
sulphuric acid, and to it sulphate of ammonia is fre-
quently added, thus producing a strong active manure

It was found that the same process could be success:
fully applied to mineral phosphates, the resulting
soluble compound being called a mineral superphos-
phate, to distinguish it from the dissolved bones which
have just been referred to. Attention was first. turned

® The term °euperphosphate’ is applied to this compound
and the calciom sulphate, ete., with which it is mixed (ser
TapLr XIX.). It does pot imply, as might be supposed, that
an vnusually large amonnt of phosphoric acid is present.
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to mineral phosphates when it was realized (about 1840)
that boues owed their value as a manure to the presence
of phosphate of lime. The minerals known as apatite
and phospborite first received aitention, and material
of the kind imported from Estremadura (Spain) was
used in 1843 for field trials in England. Apatite from
Canada aud Norway has also been employed to some
extent. An important advance followed the discovery
in 1845 of phosphatic nodules known as ‘ coprolites’ in
the Cambridge greensand. These were extensively
worked, as were similar deposits in the Crag. Compe-
tition with foreign phospbates of similar nature, but
occurring 1o larger quantity. ultimately ruined the
native industry. The phosphates of Lahn (Germany)
were largely worked for some time, but contain too
great & proportion of oxide of iron and alumina. The
objection to the Belgian phosphates from near Mons is
the low percentage (40 to 50) of phaosphate of lime. The
Bowmme phosphates from North Irance are superior to
both the preceding, containing, as they do. but little
(I to 2 per cent.) oxide of iron and alumina, and a
large amount (up to 70 per cent.) of phosphate of lime.
Florida phosphate, containing 70 to 78 per cent. of phos-
phate of lime, and very free from the oxides wentioned,
is of still greater salue, but the most unportant source
of this kind of mineral matter is now North Africa.
There is here an important deposit at the base of the
Eocene, and extensively mired in Algeria and Tunis. It
probably exists in Morocco, end is found in Egypt,
though it ie there of less value than in the first-named
countries, where it contains from 55 to 65 per cent. of
phosphate, without much iron or alumina.

Mention must also be made of the ‘crust’ guanos.
from which the nitrogen has been almost or entirely
washed out. These are chiefly found in the West Indies
(Sombrero, Curagoa), the Pacific (Ocean and Christmas
Islands), and Bolivia. The Christmas and Ocean Islands’
deposits, containing 80 to 86 per cent. of phosphate are .
the most important ones now worked.

In manufacturing superphosphate the raw materiale
are finely ground, and then treated with dilute oil of
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vitriol (sulpburic acid), which results in the production
of monobasic (soluble) phosphate of lime and sulphate
of lime. The oxides of iron and alumina present in some
of the mineral phosphates are undesirable, because they
interfere with a proper mechanical condition of the
manufactured product, and also lead to ‘reversion,’
t.e., the conversion of soluble phosphate into insoluble
or ‘reverted ’ phosphate (intermediate di-calcium phos-
phate). There is consequently a certain amount of
deterioration during storage. Analyses are given in

Table XIX.
TaBLE XIX.—Composition of average samples of MINERAL
SUPERPHOSPHATE OF LIME and pure Dx‘.soum) BoxEs.

Pure

BUPELs issolves
phosphite dissolved
of lime, o
Moistare .. 1205 |
* Organic matter and w 8206 |
ERE
Bosplate) racilare dac bl (2298) |
Insoluble phosphat . 5

Sulphate of lime, a ne salts

87
Insoluble siliceous matter 141 |

10000 10000 |

! Containing nitrogen
equal to ammonia

509
Loaw |

I

Recent experiments have proved that it is not abso-
lutely necessary that mineral phosphates should be  con-
verted’ into superphosphates in order to he available
as plant-foed. If ground to a very fine powder they
will also answer the purpose, though less satisfactorily
and less rapidly. The most economical and certain way
of utilizing mineral phosphates is still to change them
into superphosphate hefore applying to the land. Even
when the conditiong are such that a non-acid or undis-
solved manure is to be preferred, other sources of
phosphorus are still svailable in the form of bones,
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guano, fish-guano, and basic slag. all of which are
better than ordinary mineral phosphate, hovever fiaely
ground.

It is necessary to distinguish between dissolved bone
and the mixed manures sold as dissolved bone-compound.
The latter consist of mineral superphosphate mised
with variable’quantities of bone, blood. ete., and usually
vield considerably less ammonia than genuine dissolved
hone.

Basic slag, basic cinder, or Thomas rdliosphate
powder, is a by-product, containiog the phosphorus
which is removed in the smelting of iron by the Thomas-
Gilehrist process. Ground down to a very fine powder.
it makes a cheap and useful phospbatic manure, which
has been extensively applied on large tracts of woor-
land in Germany. Its efficiency largely depends oa very
fine grinding. ¥rom 50 to 80 per cent. of well-ground
basic slag should pass through a sieve having 10.000
meshes to the square inch. The phosphoric acid of this
arvificial form of mineral phosphate exists in a2 more
readily available condition than that of the tribasic
phosphate of lime of natural mineral phosphate. Good
basic slag contains from 14 to 20 per cent. of phosphoric
acid.

Phosphatic manures that bave been acted upon by
eulphuric 2cid generally contain some amount of free
acid, aud are therefore distinguished as acid phosphatic
manures, The various kinds of superphosphate, includ-
ing dissolved bones, are examples. The other phosphatic
manures, which have not been treated with acid, are
called non-acid phosphatic manures. Ground coprolites
and bhasic slag are examples. To some cases an acid
phosphatic manure, in others a nom-acid phosphatic
manure, will be the more a,dva.ntmgeous]y applied to the
land. As a rule. if the soil is fairly rich in lime, a super-
phosphate or some similar dissolved manure will be
found the most efficacious and economical means of ap-
plying phosphorus. On the other hand, for soils deficient
in lime, it would probably be better to use bone-meal,
raw phosphatic guano, or basic slag. These, therefore
should be applied to soil, » sample of which will not
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effervesce when tested with dilute bydrochloric acid.
Moorlands, heaths, and many sandy soils are usually
known to be deficient in lime, as, on the other hand,
chalky and marly soils are known to contain it in suffi-
ciency.” It is to the loams of uncertzin character that
the test should be applied.

Witrate of soda is an artificial fertilizer of the highest
value, for it is readily soluble in water, and the nitrogen
it contains is in a form in which it can be immediately
approvriated by the plant. Consequently its action is
prompt and it iz only applied to land on which there
is o growing crop ready to make use of it In the absence
of a crop, the nitrate is liable to be washed out of the
soil, and its value thereby lost. Large natural deposits
of nitrate of soda are found on the soil in Peru and
Chili, and the salt is purified by dissolving and recrys-
tallizing it. As sold in the trade it cdntains about 95
per cent., and sometimes more, of pure nitrate of soda,
egual to about 15§ per cent. of nitrogen, or 19 per cent
of ammonia. The following is the analysis of an arerage
sample of nitrate of soda:—

Moisture ... 2:50
Chloride nf sodmm (common sah] 1-22
Other impurities . -36
Pure nitrate of soda 5-83

100-00

There still lingers a prejudice against the use of
aitrate of soda, because it is said to asct as a ‘ whip,’
or a ‘Bcourge,” and tc ‘exhaust the soil.” As a matter
of fact, nitrate of soda supplies an indispensable plant-
food—nitrogen.- But it is only productive of its best
effects in promoting the growth of crops when the other
easential elements of plant-food are alse available in
sufficient quantity. Either, therefore, the soil must be
in good condition, maintained by the liberal use of °
dung, or other artificials must be supplied to supplement
the action of the nitrate. In the cuse of corn crops, for
example, it is very commonly used in corjunction with
superphosphate.
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Nitrate of soda is jut on the land as 2 top-dressing
Lo the growing crop. Besides corn crops, it is specially
suited to mangel. The proper amount to use is generally
agbout I cwt. per acre. When used with superphosphate,
the two fertilizers shounld not be mixed t1l) just before
use, or a loss of nitric acid may result. This may be
altogether avoided by sowing the superphosphate with
the seed, and subsequently top-dressing the young crop
with nitrate. Common salt (chloride of sodium) is the
chief impurity of nitrate of soda, and is sometimes added
as an adulteration.

Sulphate of ammonia, a compound of ammonie and
sulpburic acid, is the great rival of nitrate of soda. It
is perfectly soluble in water, but less quick 1o its action
than nitrate. At the same time it is richer in nitrogen,
of which it contains about 20 per cent., equal to from
244 to 25} per gent. of ammonia. Good samples yield
more than 95 per cent. of sulphate of ammonia. 1t is a
refuse product of gas-works, the ammonia, which
results from the distillation of coal, being passed into
oil of vitriol (sulphuric acid), with which it combines.

Sulphate of ammonia may be used for all purposes
to which nilrate of soda is applied. As, however, the
salt bas to undergo nitrification in the soil, in order that
ity nitrogen may be converted into nitrate, sulphate
of ammonia may be applied to the land somewhat earlier
than would be prudent 1o the case of nitrate of soda,
without risk of loss hy drainage. In dry weather nitrate
acts the more quickly, in wet weather there is Dot much
difference between tbe two, and in very wet weather
there 1s the risk lest the nitrate may get washed out
of the soil before the crop bas been able to make full
use of it. Which of the two ia the more economical
manuare depends greatly upon the relative market prices,
it being mecessary to ascertain in which form the unit
(I per cent.) of nitrogen can be purchased the more
cheaply.

Calcium cyanamide and calcium nitrate, now largely
used, have obtained their pitrogen from the atmosphere
by electrical means. The former is prepared by passing
nitrogen gas over calcium earbide in the electric furnace.
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It contains 19 to 20 per cent. of nitrogen.

Calcium

aitrate is manufactured by making nitrogen and oxygen
combine in the electric arc, and then treating with lime

the nitric acid produced. It contains 13 per cent. of

nitrogen.
Dried blood. shoddy, hoofs and horns, ete., are or-
They are

ganic manures derived from animal refuse

all pitrogenous manures, and are nearly insoluble in

water. Their pitrogen, therefore, is yielded

slowly in the goil, where they

up  but

must undergo decom-

position. Dried blood is the most rapid of these slowly-
acting manures; it contains pitrogen equal to from 12
up to 16 per cent. of ammonia. Hoofs and horns are the

slowest in their action, which may, however,
accelerated by grinding them to a very fine
they yield about 16 to 18 per crr! of ammonia.
or wool waste varies in value according to the

be rouch
powder;
Shoddy
quantity

of wool present, and may contain from 3 to 14 per

cent. of nitrogen.

Hoofs and horns are used in market gardens and
bop yards, shoddy is chiefly applied to hops, and dried
blood is a good fertilizer for fruit trees, besides being

also used for cereals.

Soot, much employed as a top-dressing for corn crops,
is & nitrogewous manure which owes its fertilizing pro-
perties principally to the presence of a variable quantity
of salts of ammonia, representing from 2 to 5 per cent.
of ammonia. A good sample will contain at least 4 per
cent. The amount of ammonia depends largely upon the
extent to which the soot is mixed with ashes and other

refuse.

Of the foregoing manures, average samples will con-

tain the percentages of nitrogen stated:—

i
Sulphate of | Dried

| Ammonia. | Blood.
 — SN, g -
‘ per cent. | per cent. | per cent.
Nitrogen v e 20T 10-03 475
equal toammonia ... 2616 | 1218 577

per cent, |
|44

503

|
\
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Other Organmic manures, such as rape-cake. roustard-
cake. damaged cotton-cake, and similar refuse feeding-
cakes, are found to be especinlly useful on light land
deficient in orgaunic matter. They not only give bulk
to the soil, but supply it also with nitrogen, the gquantity
of the latter varying according to the kind of cake.
Fresh sea-weed contains from '3 10 ) per cent. of nitrogen,
with some potash.

Potash manures are less expensive than was formerly
the case, when potash was obtained almost exclusively
from the ashes of plants, especially of young twigs of
trees, Potash salts are now procured in guantities from
Stassfurt and other places in Gerraany, where they form
thick deposits resting npon rock salt. Of these salts
the best known is Rainit, 2 mineral composed of potas-
sium sulphate, magnesinvm sulphate, potassiuw chloride
(muriate of potaih), and water, usually with magnesium
and sodium chlorides. An average sample gave on
analysis 1256 per cent. of potash, equal to 2395 per
cent. of sulphate of potash.

Muriate of potash is the commercial name of chloride
of potassium. hydrochloric acid baving formerly been
called muriatic acid. It is much richer in potash (75 to
90 per cent. pure) thau kainit, and, where the saving of
carriage is an object, it may be used in preference.
Sulphate cf potash (90 per cent. pure)’is also a salf
largely used for supplying potash to crops.

Pasture lands are often much bencfited by the use
of potash salts, and so are clover. potatoes, and root
crops.

Potash manures cannot be advantageously applied to
s0 wide a range of soils as are improved by nitrogenous
and phosphatic fertilizers. Heavy lands do not, as a rule,
respond to potash, because there is usually sufficient of
this inzredient available in clays, Light soils, on the
other hand, generally vield better crops after treatment
with potash salts. As peaty soils are wanting in potash.
reclaimed bog lands also pay for applications of thie
ingredient.

Common salt, a3 used in agriculture, is the same
material as, in & purer form, is known as table-salt.



122 MANURES AND MANURING

Ohemically, it is chloride of sodium. Its action m the
soil is not understood, and is probably as much physical
as chemical, for most plants can grow healthily in the
absence of either or both of the elements of which it 1s
composed. Salt is usually applied as a top-dressing, in
conjunction with nitrate of soda, and it appears to check
the tendency which corn crops betray in the direction of
rank growth when nitrate is freely used by itself. Cab-
bage and mangel crops are often much benefited by the
application of salt, though in certain districts this is
not the case. The useful effect is largely due to the
fact that the salt retains moisture in the land for the
use of the crop, and =o is very beneficial in dry weather.
In localities near the sea some quantity of salt is derived
from the wind, and may act as a fertilizer. In certain
soils the use of salt leads to the formation of a pan (see
p. 27), possibly through the attractionof moisture. 1f
present in too large a quantity, salt renders soils sterile.

Gypsum, or sulphate of hime, is the same material as
plaster of Paris. Of plant-food it contains lime and
sulphur, and hence gypsum is suited to crops like turpips
and clover, which require a considerable quantity of
sulphur. As, however, superphosphates always contain
sulphate of lime, which is one of the products resulting
from the treatment of mineral and other phosphates
with sulpburic acid, the application of gypsum is nao-
necessary when superphosphates or dissolved bones are
used. As a rule, gypsum can only be usefully applied to
soils poor ip lime.

There is room for the exercise of considerahble skill
in the application of artificial manures, as regards
both time and method. It is very necessary to rememher
that the object is not so much to manure the land as
to feed the crop. Of the fertilizers put into the land by
the cultivator of the soil, only those portions are effec-
tively utilized which are subsequently recovered in the
crop. All that is not eo recovered is lost, and the outlay
upon it has been incurred in vain. The properties of
a fortilizer afford a safe guide to the time and method
~f its application. Thus, soluble and rapidly-acting
manures are preferably applied in the spring, when there
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is the prospect of a wigorously growing crop ready to
make use of them. The most sunking example 18 afforded
by nitrate of soda, which should never be applied till tbe
crop is, as it were, naturally waiung for it; if not
promuptly taken up by the plant, it can hardly escape
Leing washed out by ran. The same remarks apply in
only & less degree to ammoniacal wanures, far, though
fertile Boils have a great retentive power for ammonia,
get the latter i1s so soon converted into nitrates that
it is liable in this form to be lost. Slowly-acting manures,
like bones, fish guano, and shoddy, may be safely
applied in the autumn, as the process of nitrification
requires in their case a considerable time.

As phosphatic and potash manures are held by the
s0i). so that there is very little risk of their being washed
out, the time of their application may be determined
according to corwenience. Phosphates, for example, are
very commonly sown with the seed, the one operation
serving both for the geed and for the finely-divided
fertilizer.

As far as practicable, manures should be reduced to
the condition of a fine pnwder before application, not
only Lo ensure their more rapid action but also to secure
a more uniform distribution. With the same object
artificial manures are often mixed with gypsum, ashes,
sand, or fine dry soil, especially if intended to be broad-
casted by band.

On light open soils, of little retentive power, manures
that are only slightly soluble should be used, otherwise
they are liable to be speedily washed out.

MARURES FOR SPECIAL CROPS

As wheal occupie the land about twice as long as
oats or barley, it is usually able to ohtain & sufficiency
of phosphates in the duag employed to manure the crop
and in the residues of phospbates which exist in the
soll. But on light soils, especially if only a moderate
dressing of duog bas been given, some phosphatic
manure may be added at the time of sowing in anvtumn.
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Three cwt. of superplio-phale per oo on land rich in
lime, or 2 ewt. of phosphatic Peruvian guano, or 3 ewt.
of ﬁne bone-meal, on land poor in lime, should suffice.
In spring, wheat is top-dressed with nitrate of soda.
at the rate of 1 to 4 cwt. per acre, but several moderate
applications are better than one large dressing.

Barley and oats should, at the time of sowing, receive
the same dressings of phosphatic manures as recom
mended for wheat. They may also be top-dressed with
nitrate of soda, though this fertilizer must be cautiously
and sparingly used in the case of barley if the pro-
duction of malting grain 1s the object in view. Barley
following wheat may be more profitably manured than
barley following turnips which have been fed off by
sheep receiving cake.

In Scotland, and in the northern counties of England,
root-crops are manurerd more beavily tlkan in the south.
In the oporth, with a colder climate and a later and
shorter season, from 10 to 15 cwt. per acre of artificial
manures are profitably used for turnips, whereas in
the south not more than 3 or 4 cwt. can be usefully
employed.

Turnips and swedes usually receive a full dressing
of dung, notwithstaoding which, artificial phosphates
should also be used They are specially valusble in
belping the young turnip plant through the most critical
period of its life, and thus in carrying it beyond the
risk of destruction by the ‘ fly * or other insect enemies.
Moreover, these cruciferous roots are more responsive
than any other crup to phospbatic manuring. Or land
containing a sufficient supply of lime, 3 to 5 cwt. per
acre of superphosphate may be drilled in with the seed.
whilst on soils poor in lime 5 or 6 cwt. of basic slag
may be similarly applied. Nitrate of soda will not be
required unless only a very moderate dressing of dung
has been given, in which case 1 cwt. of nitrate per acre
Inay be thrown between the rows after hoeiug out. or
' singling.’

It is the practice in Norfolk to grow the greater part
of the swedes and almost all the turnips with artificial
manaures only, ne dung being applied.
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The mangel crop responds less freely to phosphatic
manuring than is the case with turnips. Therefore,
where a heavy dressing of dung has been gmiven, the
addition of phosphates is not recommended for good
soils. If, on the other hand, only 10 to 12 toos of dung
have been used per acre, then 3 cwt. of superphospliate
or land rich io lime may be given per acre, and 5 or 8
cwt. of hasic slag, or 3 or 4 cwt. of phosphatie Peruvian
guano, or of fine bone-meal, on land poor in lime.

It 18 geperally considersd in Norfolk that phosphates
bhave very little beaneficial action upon mangel, when
dung is used. For this crop nitrate of soda is preferable

Beyond the nitrogen they receive in dung it is not
economical to apply nitrogenous wanures to leguminous
erops. On the other hand, phosphatic and potassic fer-
tilizers may be profitably used, and, In some classes of
8o0il, gypsum a0, as these crops are capable of taking
oup compnrs.tlvely large qua.nmues of lime.

Rotation grasses, or ‘seeds,’ usually pay for mitro
genous manuring, potwithstanding the presence of
clover in the crop. As & large and immediate yield of
fodder is lovked for, rather than the production of fine
berbage and a close greensward, liberal dressiug may
be resorted to. Nitrate of soda, at the rate of 2 cwt.
per acre, and sometimes to the extent of 3 cwt., or
more, may be put on in dressings of 1 ¢wt. per acre at
a time. On soils containing a sufficiency of lime, 2 or 2
cwt. of superphospbate or of dissolved bones may be
used. Where lime is scarce, 3 cwt. of bone-meal or of
phosphatic Peruvian guano, or 5 cwt. of basic slag, will
be found effective. On light soils, deficient in potash,
2 or 3 cwt. of kainit per acre, or 1 cwt. of sulphate of
potash per acre, may be used.

In the manuring of permanent grass lard the propor
tion whicb it is desired to maintain of leguminous to
gramineous herbage must be kept in view. The best
manure of all 1s farmyard manure, though for an occa
sional crop of hay artificial manures may be used ; they
should, however, be resorted to with caution. Too free
an employment of aitrate of soda, for example, would
unduly favour the grasses at the expense of the clovers.
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About 1| cwt. per acre of uitrate of soda, or of sulphate
of ammonia, constitutes a moderate dressing. The phos-
phatic manures mentioned for rotation grasses, with
kainit for light lands, will be found suitable for per-
manent pasture. Basic slag, bones, guano, and other
undissolved maoures, are best applied to pastures in the
autumn,

The most profitable way, however, of improving
grass land i1s to manure it by feeding stock upon 1t with
cake. Lf cattle oc sheep are fed on the land with plenty
of cake, there will be no need for the direct application
of nitrogenous manures. The only aruficials then
reguired will be phosphates, and perhaps potash.

For hops and fruit, shoddy, rape-dust, and bulky
nitrogenous manures, such as fish manure. hoofs and
horns, etc., are dug in during the autumn Phosphatic
manures are also used as for grass lands, the dressing
being increased when dung is scarce.

Plants of the cabbage tribe, including kele and kohi
rabi, are gross and greedy feeders, so that bulky organic
manures may be supplemented by guano. Three or
4 cwt. per acre of nitrate of soda may be used, and, in
some cases, salt. Where potash is deficient, kainit should
be used. La dry weather a top-dressing of 3 cwt. of
salt to the acre will be found very useful, as it attracta
moisture to the plant




PART II. THE PLANT.

CHAPTER 1X.
SEEDLS AND TUEIR GERMINATION

Most farm and garden crops are raised from seed,
though some, such as potatoes, are not. It is difbcult
to see what changes are taking place when the seed
is in the ground, but it is easy to make seeds grow under
conditions perpitting continuous observation.

One method is to take a clean plece of red roofing
tile and place it in a shallow dish. The seeds are laid
apon the tile, and water is gently poured into the dish
to rather more than balf the thickness of the tile. The
dish, covered with a board or slate, is put op a shelf
in a warm cupboard, and the seeds examined daily. The
tile being unglazed the water soon rises to the upper
surface, and moistens the seeds. During the first day
or two these will swell, as may be proved by comparing
them with dry seeds. Then the skin or coat will be
seen to have burst, and & small whitish structure to
protrude. The seeds huve sproufed or germinated. Broad
beans may be conveniently selected for ohservation.

First, examine the dry seed. Notice the hard smooth
coat, and. at one end, a blackish mark (the ridum)
where the seed was attached to the pod. Carefully slit
open the coat with a penkmife. and peel it off. That
which is left copsists of two similar halves, which are
laid apart by pushing the knife solade between them.
These are the seed-leaves, or cotyledons.

Further examination will show that the seed-leaves
are attached, not to each other, but to a sbort spindle- -
shaped structure Iying at the margin of the seed, aud
almost hidden till the seed-leaves are forced apart.
This structure is called the acxis.




128 GEEDS AND THEIR GERMINATION

Next, take a bean that has lam on the moist tile
for a day or two. The peoknife now strips off an outer
leathery coat, beneath which is a much thinner trans-
porent one. The outer coat is the testa, the inner one
is the endopleura. These can easily be made out in a
nearly ripe bean or a cooked broad bean. They are
also brought into view in peeling a walout:

Each day the bean which appears to be most ad-
vanced should be taken off the tile and examined,
cutting it if need be for this purpose. In the course
of a week or so it will be cvew that the axis has grown
considerably. That end of it (the plumule, from Lat.
plumula. a little feather) which was turned in between
the flat faces of the seed-
leaves will begin to develop
small leaves. It is, in fact, the

- s
N

-

|\ || primary shoot—'c., the main
7 stem with its leaves. The other
end (the radicle, from Lat.

radir, a root), which was more
towards the outer margin of
the seed, will also bave

F16. 46.—SEmD or Pma

DISSECTED.

o, cotyledon.

Rr. radicle. or young root.

». plumule, or young shoot

T, testa, underlaid ﬁ)y the
endopleura.

Several germinated

lengthened. and fine threads or
fibres will have grown out from
its sides. Tt is the primary or
main root. Fig. 46 shows the
parts of a pea seed, twice the
natural size.

beans may be planted in the

ground. or in a flower-pot, and still kept under daily
observation. Before long the curved plumule will peep
above the soil, shoot up rapidly, gradually straightes
itself, and expand its leaves.

By pulling up the young plant, or seedling, it will
be found that the radicle has developed into the primary
root., bearing fibrous secondary or lateral roots.

The seed, then, consists of a dormant plantlet (con--
sisting of plumule, radicle, and cotyledons) covered by
protective coats.

What makes the bean seed germinate? A sack of
beans may be kept in a barn, or a bin of beans in 3
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shop, for an indefioite time and they will not begin
to grow. If, however, by some chance they got wet,
spronting or germination would begin. This shows that
moisture is necessary in order that germination may
take place. To prove this, some beans may ba placed
on a ile that is dry, and is kept dry, while other heans
are put on a moist tile. The beans on the dry tile will
undergo no change.

But the presence of wataer is pot the only condition.
It will be remembered that the tile in jts dish was put
in & waro cupboard. If, in the winter time. another lot
of beans had been placed on a tile, and the dish with
its water had been left out of doors, where it was
nearly cold enough to freeze the water, germination
would have been much slower, and it might not have
begun at ell. Heuoce it is learnt that a certain degree
of warmth—a certain temperature—is necessary in order
that germination may take place. Tt has been proved
that seeds do not usually germinate helow a tempera-
ture of 37¢ F. (the freezing point is 22° F.) But the
ternperature is different for different seeds. Thus, wheat
and barley will not germinate below 41°, nor will peas
helow 44° maize below 499, nor pumpkin seed below
56°. Hence, if wheat were sown at the end of November,
as it sometimes is, and if the winter were so cold that
for weeks the thermometer did not rise above 40°. the
wheat would not germinate, though sufficient moisture
wight be present.

In the some way, as there is for each kind of seed a
certain minimum temperature below which it will not ger-
minate, 80 there 18 & mazimum temperature abore which it
refases to do eo. This higher limit of temperature is 140°
for barley, 102° for peas, 108° for wheat, and 115° for
meize and pumpkin seeds.

Between these extreme temperaturea there is, in
each case, a temperpture most faveurable fo germinafion,
but this optimum temperatnre is not necessarily midway
hetween the two. For wheat, barley. and peas. it is
about 89°, for maize and pumpkin seeds it is 983°.

The plante named have only been solected s

[
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examples, and the figures are collected in the following
table :—

TaBLEXX.—TEMTERATURE of GERMINATION ( n dcgrlu Fahr.).

Minimum Optiwum Maximuia,

For seeds in general, the minimum temperature
ranges from 40° to 53° and the maximum from 100° o
116°.  The optimum temperature lies between 78°
and 94°. -

Another condition of germination is the presence of
air, though this can only be actually proved by means
of chemical apparatus. Still, if a small w'de-mouthed
bottle is filled with broad beans, a little water poured
in, and the mouth tightly stopped. the beans will be
seen Lo begin germinating. After a while, however,
they will wither. The reason is that the small bottle
could not hold much air, and, of that which was there,
the oxygen has been used up by the germinating seed,
and the supply exhaousted. The process of germination
wvolves oxidation, apd ceases when oxygen gas, which
makes up one-fifth of the atmosphere, is no looger
available. In the small bottle the oxygen gas has dis-
appeared, and carbonic acid gas bas taken its place.

Root and shoot.—Various other facts may be learnt
from the germinating beana. Take several sprouted
beans and plaut.them one by one upside down in the
ground—that is. with the radicle towards tbe surface
of the earth and the plumule pointing downwards. At
the same time. for comparison, plant & few more ger-~
minated heans upright in the ground.

Let the seedlings grow till they have formed green
shoots above tha ground, then pull them up for examin-
stion. In the case of the inverted seeds, the plumule,
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or ascsnding amia, or shoot, will bave curved completely
round in order to find 18 way into the light, At the
same time the radicle, or descending axis, ar toot, will
bave curved over the top of the seed and commenced
to grow downwards into the soil and away from the
light. Ccmpare one of these curved seedlings with a
straight one from a bean that was planted upright.

This property of the shoot to grow towards the light,
and of the root to grow into the soil is o most important
ons. Were it otherwise, aad if all seeds required to be
planted upright, the labour of sowing small seeds like
those of clover, and turnips, apd omwons would be
en0rmous.

Plant food.—Let some of the germinated beans
remain on the moist tils; do oot plant them at all
After a time they will begiu to witber, and eventually
they will die. *Bmaller seeds, hke turnipa and clovers,
will die much more quickly. Probably, at the same
time, they wil{ become covered with a delicate mould,
due to the growth of a fungua.

Why does the seediing lett upon the tile die, whilst
the one planted ouv hivest On the tile the plant has
at iLs disposal nothing but air and moisture. The other
plant not only has these, but it 18 brought into touch
with the soil. That 1t comes into very close contact
with the latier is shown by pulling up & growing seed-
ling, and observing the extent to which the particles of
so1l cling to the delicate root-hairg that clothe the roots.
Iv is reasonable to conclude that the planted seedling
18 able to obtain from the soil scmething which the
seedling on the tile could not get. This, indeed, is the
csse. The soil contains plant food—i.c., a very dilute
solution of certain mineral substances (see p. 19)—and
1w 18 owing to the lack of this food that the unplanted
seedling perishes.

At this stage another guestion suggests itself. The
unplanted seedling dies because it cannot obtain from
air and water such food as will enable it to live and -
grow. But the seed, when first placed on the tile, was
supplied with nothing but air and water at a suitable
degree of warmth, and yet it began to grow. Whence

F2
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It is now apparent that whilst the bean seed con-
teing mothing but the embryo of the future plant, the
wheat grain coataina the embryo and sowething ino
addition. This additional
matter, scraped out with a
koife, ia seen to be made
up chiefly of the whitish
powder kpnown as flour
(fig. 48, ). As the growth
of the germinating grain
progresses, the grain
gradually loses this mate-
rial. which is called upon
to supply the first food for
the germinating sced.
What, then, is really
the difference hetween such
types of seed as are ilius-
trated Ly the bean and the
wheat grain? Obviously
this, thbat in the wheat
grain thers is a minute

Fia. 48.—Section o QurEea-
MOST ParT or WEEaT
Graxx {magnified 300 timea).

4, epidermis, with an underlying
series of cells almoat ob-
literated by pressure.

B, cella with thick walla,

4 and B are more or leas coloured,
B giving the brown eolour of
brau,

o, thick-walled gluten eells fillad
with fine-grained protoplasm
and containing. granules of
albuminoid nafure.

D, thin-walled cells, filled with
starch granules (flour), form-
ing the mass of the grain.

embryo resting against a
much larger mass of food
material (endosperm),
this lying outside it; "
while the bean seed con-
tains pothing but a large
embryo, the size of which
is due to the food material
stored within its fleshy
seed-leaves.

The term albuminous is
applied to seeds which
contaln, besides the em-
bryo, & store of food
(endosperm) lying outside

it; while those seeds which, like the bean, contain
nothing but an embryo, are called ezalbuminous. The
difference is merely on¢ of position. In the exalbuminoua
seed the nutriment is entirely stored in the embryo; in
the albuminous seed it is not.
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o ol it i

Albuminous seeds vary considerably in rempect of
the relative size of embryo and endosperm. Bometimas
the embryo is very minute, as in the iris and the
poppy. In such a seed as the bindweed. on the other
band, the embryo is relatively large. The poaition of
the embryo in the albuminous eed likewise varies. In
wheat it lies at one side of the base. in the sedge it
18 central. iu tbe chickweed it is coiled round the store
of nutriment, in seeds of the onion and of the potato
it. 18 coiled up in the maer of nutriment.

Besides the seeds that havae just been named, the
following are also mentioned as affording easily obtainad
sxamples of albuminous seeds: Buttercup, violet,
spurrey, celery, parsnip, carrot, plantain, buckwheat

iy
=M

Fra. 40.—SEpoTIOX Or B¥ED F1g. bo.—SeCTION OY 838D

OF BUCKWHREAT. or BERT.
T, taats. T, Lesta.
®N, endoapsrm (or albumen), £, endorperm.
E, embryo, coosstiog of &a EM, embryo, with it two
axiz and two cotyledoos. cotyledons,

0, the sotyledons folded back,

(fg. 49), dock, sorrel, mangel, beet {fig. 50), sedges,
and all cereals and grasses. The seeds of the castor
ot plant, procurable at any chemist’s shop, are
particularly useful for examination on accouut of their
large size.

Of exalbuminouns seeds, besides thoss of leguminous
and cruciferous planta, noticed on page 132, may be
mentioned esuch familiar seeda as those of the maple,
sycamore, horse-chestnut, apple, cherry, vegetsble
marrow, cacumber, pumpkin, suoflower, yarrow,
together with the walnut, hazel-nut, beech-nut, and
scorn.
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The green colour of plants.—Return now to the
young bean plants and learn {rom them one more lesson.
The sproutg bean upoun the tile is whate, When it 18
planted out, the shoot that at length peeps through
the soil is also white. As 1t straightens itsell it turns
green, and keeps this colour ull after flowering. If e
watch be kept upon the ground in which seeds are
sown, whether {n the field or in the garden, it will be
observed that the young shoots as they work their way
out of the soll are white, or nearly so, but that
they speediy turn greeu. Moreover, if & vigorous
seedling be pulled up, it will be seen that whilst the
part above ground 1s green, the part below ground is
white.

In the soil it is always dark; above the soil it is not
This suggests thal light may have sn effect in producing
the green colour, and it is easily proved that it does.
If & bean seedling is planted in a flower-pot and put in
a dark cupboard, although it continues growing for some
time it does not turn green, but it may be caused to do
80 by bringing it into the light. When a branch of a
geranium or fuchsia is diverted inte a dark hox for a
time it loses its green colour. If a slab of wood or
stone has been laid flat upon garden turf for z week
or two, the grass will be found quite blanched when
the slab is lifted, and will only slowly reacquire the
green colour. The green colouring matter or pigment,
the presence of which is usually most noticeable 1 the
foliage leaves of a plant, is called chloropbyll. It is
easily extracted fromn dried parsley leaves by means of
aloohol.

Maliing.—The process by which barley is changed
into malt is one of germination. The barley grain ia
placed under suitable conditions of moisture and
warmth, with free access of air. It soon begins to
sprout, and at the same time a chemical change is
set up inside the grain, resulting chiefly iu Lhe conwver:
sion of stareh into malt-sugar. dost of the fioury material
conteined in the grain is starch, an insoluble compound
of carbon, bydrogen, and oxygen. But plants are
asually mecapable of consuming solid food; their nutri-
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ment must be in the flud form. During germination
the starch, which 18 insoluble, becomes clhianged wnto
malt-sugar, another compound of carbon, hydrogen, and
oxygen. but soluble in water. On account of ivs solu-
bility the sugar can be carried in solution to the young
growing plant, and tiere made use of as food. But the
object of the maltster is attained when a portion of the
starch is converted into sugar, and at this stage be
kills the young plant by suddenly raising the tempera-
ture above the limit of 104° (sce p. 130). In the place of
living barley-grains filled with insoluble starch there
are now dead malt-grains containing soluble malt-sugar.
The malt is steeped in water, which, by dissolving the
sugar, s converted into the sweet wort from which
beer 1s made. What are known as malt-combs consipt
of the radicles of the young plants, which are removed
by screening. =

4O oy B 9
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F1G. 51.—DISINTEGEATION OF 4 URAIN OF WHEAT
STARCH BY DIASTASE (highly magnified).
4, B, C, D, B, réepresent auccessive stages.

3]

The conversion of the starch into sugar (fig. 51) is
brought about by the activity of & substance termed
diastuse, & member of a very important group of bodies,
known as fermenis or enzymes, which sare protein com-
pounds (see below).

Starch is a good example of the group of substances
which chemists term carbehydrates, that is, compounds
containing carbon, bydrogen, and oxygen, {he two latter
being present in the same relative proportions in which
they combine together to form water—namely, two
solumes of bydrogen to onme of oxygen. But although
starch makes up a large proportion of the reserve
materiels of most seeds, whether albuminous or exalbu-
minous, otber kinds of carbohydrates are present. ’

Many seeds also contain fats or oils—linseed, rape-
seed, poppy-seed, coco-nut, and Brazil nut are examples.
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Fats, like carbohydrates, consist of carbonm, bydrogen,
and oxygen, but ihe oxygen 1s present 1 a Trelatively
smaller proporviop iban that i which it occurs in
carbohydrates.

Al seeds include, amosgst their reserve material,
certain compounds called proteins (or proteids), which
are dietwnguished from carbohydrates aud fats by con-
taining nmirogen and sulpbur, together—in some cases
—with phospliorus.

Seeds, then, are storebouses of rich concentrated
food, copsistiug of proteins, carbohydrates, and often
of fats also. Many of them are specially culuivated
a8 affording nutriticus food for men and ammals. 1t ie
for this reason that the cereal grains, such as wheat,
barley, oats, maize, rice, etc., and the pulses, such as
beans, peas, leulils, ete., are so largely grown. In the
ordinary course of nature, the stored-up food in these
seeds would be utilized in starting the youog plant
on ity independent existepce, but man steps in and
diverts this food to his own purposes.

The changes which take place in the seed during
germiuauion, and result in converting its stores of nutri-
menat into soluble plant-food, are very complicaved, and
not yet thoroughly understood. It has been proved,
however, that diastase 1s only one of a number of fer-
ments, the activity of which effects the transformation
of insoluble seed-stuffi into dissolved plant-food. Fer-
ments that convert starch into sugar are kuown as
amylolytic (i.e., starch-dissolving), while those turning
proieins into a soluble form are termed proteslytic (i.e.,
protein-dissolving).

Anybody who has witnessed a wet harvest will have
bhad an opportunity of seelng wheat or barley grain
sprout in the ear. Warm, wet weather causes the grain
to germmate before it can be carried off the field. ‘This
suggests a highly interesting question.

Before flowers are formed on the parent plant, no.
trace of seeds can be found. The seed 15 produced by
the flower, and obviously grews till it has atteined
maturity ; that is, till the seed is ‘ripe.’” Why does not
the seed, under ordinary circumstances, confinue to
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grow) Why does it stop growing when ripe} Why is
there what may be called a resting sfage!  These are
puzzling questions, and it is not safe to say wore than
that the resting period depends on the condition of tha
ferments. Diastase and other ferments are preseat in
the germinating seed, but in very minute guantities. It
18 characteristic of them that extremely small quantities
are capable of effecting extensive chemical change, and
that they are peitber changed nor destroved hy their
own activity. Exposure of the seed to caonditions of
moisture and warmth, which are recognized by experi-
ence as ‘ favourable to germination,” have the effect of
exciting the ferments into activity, the result of which
e that the stores of insoluble material are rendered
available as plant-food, and are transported in solution
to the seats of growth.

A fresh gerd is & living thing—it is slive just as
much a8 a hedgebog which lies motionless throughout
its long winter sleep at the bottom of a hedgerow.
Inside the seed is the living plant in its resting stage—
the embryo. In contact with the embryo, or within ite
substance, is the material which will constitute its firat
food when it resumes growth.

CHAPTER X

STRUCTURE AND FUNCTIONS OF PLANTS—
ROOTS, STEMS, AND LEAVES

Shoot and Root.—When studyiog the seed we found
that the plantlet this contains consists of plumule and
radicle, which grow upwards and downwards respec-
tively during germination {(p. 130). becoming the
ascending azis and descending azis of the mature plant.
The convenient term shoot is used to designate a stem
with its leaves, and we may therefore speak of the
plamule as the primary skoot, while the radicle is the
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primary roof. From the sides of these axes secondary
shoots and roots arise, which i their turn may give oft
branches, and so forth. The final recult, as & rule, 18
a complicated plant-body, which stretches its branches
in all directions into the soll, on the one hand, and inte
the air, on the other.

Meaning of the Branching Form of Green Plants.—
[t we compare an average green plant with an average
animal we shall see at once that the former is fixed
aund wmore or less branched, while the latter moves about
and is compactly shaped. The primary reason for these
differences is to be found in the mature of the food, and
before proceeding to consider in detail the different
kinds of root, stem, and leaf. as regards their shape
and structure, we shall find it instructive to make a
foew simple physiological enquiries.

Living Substance, or Protoplasm.—Th=s eswential part
of every organism, whether plant or animal, consists
of an exceedingly complex substance called protoplasm,
often kmown as ‘the physical basis of life.’ In higher
plante it is comunonly obscured, so to speak, by the
products of its activity, such as cellulose, wood, and
cork, but by means of the wmicroscope its presence can
easily be demonstrated. If, for example, an uninjured
stinging-hair from tbe leaf of & nettle be so examined,
the interior of its swollen base will be found to present
an interesting and remarkable spectacle. Lining the
firm external membrane there is a clear layer of semi-
fluid substance surroundicg a central space filled with
sap. This layer is drawn out into branching threads or
strands, which traverse the central space. If one such
strand be closely examined under a high power of the
microscope it will bhe found to contain innumerable
granules, wbich by their constant movement enable us
to discover that the substance of the strand is flowing
this way or that. The semifluid contents of the base
of the hair, which are in & state of such restless activity,~
afford a good example of living substance, or proto-
plasm.

Metaboglism,—Protoplasm differs from non-living sub-
atance in being the seat of a constant series of chemical
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ohanges, to which the term metabolism (Greek, mstabold
change) iy technically applied. Tbe reason is to be
sought in the fact that living matter constantly dis-
plays various forms of activity—e.g., movement-—as seen
in the nettle-hair, and, still more obviously, in animals.
Such activities would be impossible without a supply
of actual ar kinetic emergy, as may be illustrated by
the case of a mill-wheel, which is made to turn round
by the actual or kinetic energy of moving water, Such
energy is obtainable in various ways. In the mill-stream,
for example, it is set free when the sluices of the mill-
dam are opened, and the water allowed to escape. The
head of water in the mill-pond represents so much
stored or potential energy, which becomes kinetic energy
when the sluices are opensd. Similarly a bighly com-
plex unstable chemical substance may be regarded as
& store of energy, which is liberated wher the substance
breaks down thto simpler compounds. Fhigh explosives,
such as cordite, aflord an excellent illustration. The
kinetic energy by which projectiles are driven ia derived
from their sudden decomposition or explosion. In the
living plant or animal the requisite kinetic energy
results from the breaking down of complex unstable
protoplasm into simpler and simpler substances, the
ultimate chemical result being water, carbon dioxide
(CO,). and simple nitrogenous substances, which, being
too stable to decompose further, and therefore uaeless
to the orgauism, are konown as waste products. That
part. of metabolism which is concerned with down-
brealdng processes is known as destructive meatabolism,
or more briefly as katabolism.

It is clear that if the process of waste just described
were not in some way compensated, the living organism
would rapicdly become smaller and smaller, and ulti-
mately perish. Katabolism, however, is always asso-
ciated with and balanced by constructive matabolism,
or anabolism, including those metabolic changes by
which simple substances are built up into more and
more complex ones, the ultimate result being proto-
plasm. At the same time there is a conversion of kinetic
energy into potential. The entire cycle of chemical
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changes in the orgamsm is conveniently represented by
means of a diagram known as the metabolic staircase
(fig. 52).

Food and Feeding.—From what has just been said,
it 1a clear that, 1f wasting of the body is to be coun-
terbalanced, materials [or the upbuilding or constructive
processes must be taken in from the exterior. These
materials constitute the food. In the case of a green
plant they consist of carbon dioxide (CO,), water, and
simple mineral substances in solution. It is important
to notice that such food is entirely of gaseous or liquid
nature, and is absorbed by the general surface of the body.
There is no internal digestive cavity. We can now see
why an ordinery plant 18 of branching form. This 18 a
means of increasing the surfare by which food can be

ro0a

oxvien
F1G. b2 —METABOLIO STAIRCASE.
X m, kinetic energy. P E, potential energy.

absorbed. The leaves collectively present a large area
for taking in carbon dioxide {rom the air, while the root-
system comes info contact with a considerable amount
of soil, and 1s able to absorb & large quantity of water
with dissolved mineral substances. It must not be for-
gotten that food provides the material for growth, as
well as for the repair of waste.

Animals, as will appear in the sequel, require more
complex food than green plants. It is partly solid in
form, hence the neccssity for an internal digestive
cavity. Not being everywhere present. the animal has
to seek it, hence a compact shape and powers of loco-
motion.

Leaf-green or Chlorophyll.—The two sides of the
motabolic ataircase for green plants (fig. 52) are of
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bzs. o
uaual fengih, and we can broadly say that as much
kiuetic energy is converted nto potential during ite
constructive processes as potential into kinetic during
the down-breaking or destructive processes. lu cases
where growth is taking place the forer kind of coa-
version must obviously predominate, for the formation
of new protoplasm means increased storage of energy.

At first sight, therefore, there would appear to be
no available surplus of kinetic energy produced for car-
rying out the various bodily activities, while in growing
organs, as just mentioned, more kinetic energy is trans-
formed into potential durwig anabolism than s liberated
during katabolism. Compeunsation of waste, to say
aothing of growth, would indeed be impossible if the
green plant were not able to draw upon en outade
source of kinetic energy. Buch a source, bowever, is
afforded by the kinetic energy of the sun's rays, which
are utilized in the first constructive stage, whers water
and carbon dioxide enter into a chemcal reaction by
which non-pitregenous organic matter is produced, while
at the same timne iree oxygen is hberated. This may be
roughly represented thus:—

I,0 + L0, = CH,0 + 0,

The green colouring matter, or chlorophyll, of leavea
and young stews euables the protoplasm of these parts
to nse the kiuetic energy of sunbght for the purpose
ndicated, The exact way in which chloropbyll 1s able
to du this is still a matier for cunjecture, and affords
oue of the most difficult problems n plant pbysiology.

A very small amount of observation will show itbat
leaves are of many different shapes, and are arranged in
a large number of ways. Shape and arrangement alike
bave reference to advantageous display with regard to
air and sunlight.

Breathing or Respiration.~—~The hreakmg down of the
complex substance of the Living body, by which kinetic
energy is rendered available, is essentially a process -of
slow cowmbustion or oxidation. Io order that i1t may go
on with suflicieat rapidity it 1s pecessary that free
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oxygen should be introduced into the system. Bresth-
my or respiration s conccrned with (1) this inteking of
free oxygen, (2) the removal from the body of the waste
product carbon dioxide.

Ivis very nuportant to clearly understand that plants
and animals breutbe in exactly the same way, and nothing
could be more erroneous than the second part of a state-
lent somelimes met with to the eflect that ‘ animals
breathe 10 oxygen and breathe out carbon dioxide, while
plants breathe in carbon diveide and breathe vut orygen.’
This mistaken ides has arisen from the fact that green
plants, in the presence of sunlight, give out orygen as
a by-product during the first step in the constructive
processes (p. 143). The amount is 8o large that it entirely
swamps, so to speak, the carbon dioxide simulianeously
given out as a tesult of breathing. During the night, how-
aver, the latter process becomes obvious, and this 18
why green planis are undesireble in & bedroom.

We are now in a position to successively consider
roots, stems, and leaves. In all cases we shall find &
close relation between form and use or function.

ROOTS

Characters of Roots.—Young roots are pale in colour.
while old ones are brown, owing to the presence of a
protective coating of cork. Chloropbyll is never present,
and would indeed be useless, for roots grow away from
the light acd into the ground, where their work is
done. Another negative character of roots is found in
the absence of leaves. In ordinary language the name
‘root’ is given to any part of a plant growing under-
ground. We shall see, however, in the sequel that
many apparent roots are really underground stems
(p. 151).

The root is further characterized by certain peco-
larities of structure. It possesses & firm central axis,
or vagcular cylinder, containing elongated tubular
elements of two kinds—(1) some with firm, woody wallg,
constituting the wood, and (2) others with soft walls,

a
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. making up the bast. Wood and bast, in the vascular
cylinder of the younq root, have a radial arrangement.
t.e., when looked at in a cross section (fig. 53) they are
situated on different radii. We also find that the delicate
tip or growing point of a
root is covered by a thimble-
shaped root - cap, which
serves as a protection while
it is pushing its way through
the soil. The growing point
of & stem has uo such cap,
and ity tender young cells
are protected merely by
their position w the bheart
of a bud.  Branch-roots
arise deep within the tissues
of the parent yoot, gradually
forcing their way to the ex-
terior. This again must be
regarded =as a protective arrangement.

KRinds of Boot.—There are two chief kinds of root
One 1s the primary or tap-root, well seen in the radish,
carrot (fig. 54), parsnip, shepherd's purse, ete. it i3 the
developed radicle of the seed (fiz. 56). The other is
the fibrous root, of which the onion. lily (fig. 60), wheat
(fig. 55), barley, and all grasses afford good examples.
Many of the fibres of such roots are adventitious, i.c.
they grow from the stem. Al kinds of roota are modi
fications of one of these types. But even tap-roots are
furnished with a large number of lateral roots or root
fibres, and these again with root-hairs, as may be seen
by pulling & young bean plant—arpd many other plants
~out of the ground.

Functions o! Roots.—Roots have a mechanical func
tion, or duty—that of fixing the plant in the ground
They compete with one another for the plant
foad contained in the soil, and the intensity of
this competition may be realized by looking at the
under side of & piece of turf. when innumerable root
fibres will be seen matted together. Tap-roots are able
to uee the food which is contained in the deeper layer:

F1a., 53.—~CpoB8-8ECTION OF
YoUKG Roor (magoified).
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of the soil, and this 13 one reason why woeds like plan
tains and dandelions are so well able to compete with
grasses, or to flourish in hard, dry ground exposed to
the wun. Fibrous rooted plants, such as wmany grasses.
are depeudent oo the food contained in the surface
layers of the soil.

Fig. b4.~Roor or Fio. 55.—GErMINaTIMNG  Fr0, 66.—SBED.

4 CARROT SEED- WuEeAT GRAIN,D the LING PLANT OF

LING, the atout side (adventitious) SPEEDWELL,

tap-root  bewng rootlets and radicle illustrating the

thodrirect result (B) covered with root- direet prolon-

of thegrawth of hairs. Ou the left, a gation of the

the radicle. graim sprouting radicle in B
&, plumule. dicotyledonons

seed,

It is the young roots, with their delicate bairs, that
are chiefly engaged in obtaining plant-food from the
s0il. These are made up of cells, through the walls of
which solid matter cannot pass. Consequently all the
food that enters the plant from the soil must do &0 in

1 The “x 3’ on the illustration indicates that it is drawn
threa times the natural sixe.
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wiution by means of diffusion of liquid, technically
known as osmosis, If a piece of bladder or parchment
paper, {ree from: holes, 1s wade into a sort of bag, filled
with a solution of sugar, tied up, and placed 1 &
vessel of water, this kind of diffusion can be readily
observed. Afler a time the bag will swell up and becume
tense or turg:d, showing that water has diffused :nfo the
bag (endosmosis). But, to a lesser extent, sugar solu-
vion bas diffused ouf of ibe bag (exosmosis), for tbe
water in the vessel bag acquired a sweetish taste, and
the presence of sugar can be proved by suitable chemical
tests. A root-hair 1s comparable to such a bag. Its fuid
contents {cell-sap) correspond to the sugar sofution w
the bag, while the available plant-food, or weak
solution of miveral substances iu the suil, correspnnds to
the water outside the bag. As the amounot of liqwd
plant-food diffusing wnlo the bair is greaier (ban the
amount of cell-sap diffusing out, 1t is clear that the
bair will be kept 10 a swollen or furgid state. it does
oot burst, however, for some of its contents diffuse into
the underlying parts of the rootf, and by this process the
crude sap, or solution of plant-food abserbed from the
soil, ultimately reaches the woody strands of the vascular
cyliuder. Thence it passes along similar strands through
the stem and into the leaves.

The liguid that diffuses into the soifl from the root-
hairs is slightly acid, partly because it contains in solu-
tion carbon dioxide, which is being brealhed out, and
partly because it contains certain vegetable acida.
This liquid helps to dissolve the particles of soil, and
we can therefore say ihat roots belp to prepare plant
food. If a pohshed slab of hinestone is sunk 1 a flower-
pot containing a plant and left for some weeka, the
roots of the plaut will spread out on the polished sur-
face, and, by dissolving & film of limestone, etch their
own outline upon it.

In & good many cases the root serves as a store-
house o! nutriment that the plant can draw from when
necessary. (Good examples are afiorded by the swollen
tap-roots of turnip, carrot, parsnip, radish, and sugar
beet. In the last case the stored material ia in the form
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of & solution of sugar. Thia 18 the source of beet sugar,
now so largely used to replace the cane sugar derived
from the sugar cane.

Water Culture.—A sprouting bean may easily be
suspended so that its radicle hangs in a vessel of water.
If certain substances are dissolved in the water the
plant will contivue growing. its leaves will turn green,
and it may eiven produce flowers and fruit. The sub-
stances which the water should contain—though in very
weak solution—are chloride of potash, nitrate and phos:
phate of lime, sulphate of iron, and sulphate of magnesia.

By this method of water culture is learnt what sub-
stances plants reguire, and what they do not require,
to be supplied them through their roots. It is thus
proved that the presence of polash. lime, magnesis,
iron, nitric acid, phosphoric acid, and sulphuric aecid
in the soil is abeclutely essential Lo the growl,h of agricul-
tural plants. .

STXMS

Oharactsrs of Stems.—The plumule of many seedlings
grows vertically upwards as the primary shoot, and
obviously consists of an axis, the stem, bearing flattened
expansions, the leaves. That a slem should thus bear
leaves is one of its primary characters, while an ordinary
overground or aerial stem grows towards the light, and,
when young, is green from the presence of chlorophyll.

Onpe or two structural points also require notice.
As already mentioned (p. 145), the delicate growing point
at the end of o stem does not possess anything compar-
able to a root-cap. nor is a young stem traversed by a
central vascular cylinder like that found in a root. Wood
and bast fibres are associated In compound strands,
known as vascular bundles, in each of which the wood
18 nearer the centre of the stem than the bast. This
arrangement is technically known as collateral, bast
and wood, in any one bundle. bemg on the same radius
as seen in & cross-section, while in a young root the
wood and bast are disposed radially—i.e., on different
radii (p- 145).

B
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It is convenient to notice here that in the young
stern of a Dicotyledon the vascular bundles, as seen
in the cross-section, are arranged ia & ring, while in
the stem of a Monocotyledon, whether young or old,
they are scattered. [n the former, too, there is an
actively dividing layer (cambium) of thin-walled cells,
by which thickening 15 effected.

We have seen (p. 145) that branch roots zrise doeply
within the tissues of the parent raot. This is not the
case with branch-stems, and it must be added that each
of these arises in the axil of a leaf—i.c., in the upper
angle between the base of the leal and the stem.

Nodes and Internodes.—The regions of & stem from
which leaves grow out are ralled nodes. The name (L.

A B8

Epidermis

4, Dicotyledon,

bium
Gasdto A, Monocotyledan.
Medul\ar‘y G, & vaacular bundle
Ray from &.

F1o. 57.—Cross 8xoTiox oF YOUKG STEMSY,

nodus, & knot) has been derived from cases where, as
in grasses, there is a definite swelling at such places.
An internode (L. inter, between ; nodus) is part of a stem
between two succsssive nodes. In its very early con-
dition the shoot is known as a bud. Here the intersodes
have pot yet elongated, aod the incipient leaves are
closely crowded together. A bud may be either ferminal
(at the end of a stem) or axillary (situated in a leaf-axil).
Both are well seen in a branch of horse chestnut after
the leaves bave fallen. Such winter buds are destined
to form the shoots of the following year.

Kinds ot Stem.—We can broadly distinguish hetween
overground or aerial stems, &nd urnderground or



150 STRUCTURE AND FUNCTIONS OF PLANTS

subterranean slems. Among aerial atems the most typical
is the erect kind, which grows straight into the air. But
there are many other sorts, such as trailing, creeping,
and climbing stems, Climbing stems are particularly
interesting, because they enable a thin stem to advan-
tageously display its leaves to the sun and air without
the expenditure of material necessary in the case of
erect forms. though some of these—e.g., grasses—hy
adopting the hollow pillar principle make a small
amount of m.aterial go & long way. The means of climb-
ing are very diverse. In ivy we find adventitious roots
growing from the stem for this purpose. Ywining stewms,
which wind round aod round a support, are exemplified
by hop, convolvulus, and dodder. Briars climb or rather
scramble by means of hook-like prickles And we may

F1a. 58.—~STOLOR 0F CARNATION.

also find slender sensitive fendrils, as in the vine, Vir-
ginia creeper, and pea. In the two first-named plants
the tendrils are modified parts of the stem, while in the
pes they are specialized parts of the foliage leaves.

A stolon is a branch of the stem growing out from &
leaf axil just ahove the ground (fig. 58). extending
almost horizontally along the surface, and developing
roots and leaves where it comes in contact with the
soil. In time the conrecting part of tbe stolon dies,
and an independent plant results. Gardepers imitate
this in the operation called ‘layering.’ when they bend

down & branch from a shrub, and peg it to the soil, *

thereby causing it to develop roots, and so to form a
fresh plant. Gaps in shrubberies can thus be filled up
from the shtrubg alrea:ly present. The currant and goose-
berry give off stolons, as also do the creeping buttercup

o



UNDERGROUND 8TRMS 181

and white clover. Various grasses are enabled to rapidly
extend, owing to their property of developing stolons,
which are admirably adapted for wnsinuating their
slepder extremities hetween other pasture plants, and
rooting &t intervals. Planus that produce stolons are
termed stuloniferous.  Ta get a good i1dea of stolags,
examine the beautiful prostrate shoots sent out by
white cluver (fig. 8Z), or by the creeping butlercup.
The rumner is a long siender stolon, which, having
attained its full leogih along the ground, strikes root
frow the vip, where it develops a new plant (fig. 59)
A parent strawberry plant, if allowed room, will thus
develop around itself, by means of runoers, a number of
offspring. As the runners die these offspring become
separate plants, capable of repeating the process

F1o. 53.—RUNNER OF STRAWBERRY.

We next come to underground or subterranean stema,
many of which are familiarly called ‘roots.’ A potato
is known o bear ‘eyes,’ and wben potatoes are cut into
sets for planting, the gardener takes care to cut in
such & way that each set shall have an ‘eye’ or two.

The 'eye’ is really & leaf-bud, as may be proved by
examining a sprouting potato, and careful examination
will show that it grows from the axil of a small scale-
like leaf. Consequently the potato is a stem ; that form
of underground stem called a tuber, which is really &
swollen branch. Other examples of tubers are seen in
the Jerusalem artichoke and earth-nut.

Next, examine an onion f{reshly drawn from the
ground. The fibrous roots are seen growing down-
ward, and the edible part of the plant—popularly, the
‘root’—is found to conast of the thick whitish fleshy
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bases of lcaves overlapping each other around a very
short axis or stem (the * plate’ or disk), the internodes
of which remain undeveloped. Such a structure is termed
n bulb, and other examples are afforded by hyacinth
and lily (fig. 60). A hyacinth
gruwing in water in a glass
shows clearly the distinction
Letween the bulb and root.
It may be asked how the
glass - cultivated hyacinth
gets the food wherewith it
develops its stew and sweet-
smelling Bowers, The answer
is that the food is stored up
i the bulb. The *solid bulbs’
or corms of crocus and cycla-
men mostly consist of a
thickened stem, with sowme
scialy leaves on the outside.

The term ‘buib’ is often
applied. but not correctly,
to the turnip and the mangel.
These are really bulb-shaped

F1a, 60.—Buw oF Liry.
4, buds or young Iateral

bulbs,

B, plate or disc (the true roots.
stem) from which root- Many plants possess an
fibres grow down, elongated undergTOUHd stem

which grows horizontally or obliquely in the soil, send-
ing out adventitious roots from its under surface and
feaf-buds from above. Such stems vary much in thick-
ness, according to the species of plant, but they are
all included under the general name of rhizome (Ag. 61)
or root-stock (fig. 62). A stout. thickened form is seen
in the horse-radish and the primrose. a much slenderer
type (o the couch grass, and an intermediate variety in
the mint. When the leaves of a primrose die down as
the summer advances, the root-stock still lives
heneath the ground. Moreover, it very slowly travels -
along, for, as its front end grows forward its hinder
part gradually decays.

The different kinds of what are termed creeping,
runaing, or scaly ‘roots’ are all varieties of the rhizome
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or root-stock. They rapidly extend through considerable
portions of the soil, and, when they have ouce got a
hold of the Jand, are very difficult to extirpate. They
are always perennial—that is, they go on living from
year Lo year—so that they coutinue alive in the soil
through the winter, at a time when there may be no
indication of their presence above ground. Atr every

h
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F1o. 6}, —~URDEROROUND STEMR AnD VERTICAL LEBAF 8HLOTE
oF Covcn Gnaws,

F16. 62.—ROOTSTOCKS, OR CEREPING UNDERGEOUND BRaNCEES,
or Mixr.

joint of these subterrancan sters bude are produced,
aome of whick grow up above the ground and bear
leaves. flowers, fruit, and seed. whilst others form new
underground shoots. In this way these structurea form
2 deose bed or layer of interlacing stems beneath the
surface of the ground. To cut them to pieces by the
hoe or plough is useless, for it only serves to establisb
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new centres of growth, as every little portion bearing
a bud is capable of individual development. %Where land
i infeated by such voderground stems, the only remedy
18 to pull them bodily from the seil This is the kind
of work which the scarifier does upon land foul from
tbe presence of couch grass. sowse of the slender rhizomes
of which can often be pulled out many yards in length.

Although tbe underground stem (fig. 61) of the couch
grass is & pest upon arable land, the same kiud of
structure may, under special circumstances, be applied
to useful purposes. Thus, the slender creeping stem
of the sand sedge 1s valuable for binding together the
loose sands of the senshore.

Fia. 83. —Suckzu or Erm.

aB, ground line. D, sucker,
0, truak of elm trae &, young elm shoote.

An underground branch growing obliquely towards
the surface, ou reaching which it develops roots and
leaves, is called a sucker (fig. 63). Examples may be
seen around the rose, the raspberry, the elm tree. and
other plants. which are incorrectly said to multiply ‘by
the root.” With the spade. remove the soil from such a
sucker, and it will be seen to be only a creepiog branch
underground. As the sucker rots. the plant it produced
becomes independent. A gardener accelerates this inde-
pendence by eutting through the sucker with tbe spade.
In doing this he propagates the plant ¢ by division.’

The various modifications of the stem that creep
eitber along or beneath the surface of the ground should
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be carefully studied by the cultivator. From their posi-
tion they are frequently overlooked or ignored, whersas
the vegelation thal takes place tn the soil 18 quile aB
important as that which 1s couspicuously developed
abuve it

Functions of Stems.—The chiel uses of the stem ure
to display the foliage leaves to best advantage &s
regards sun and air; to dwsplay the floweras su a3 to
give them & good chance of cross-polhination; &nd
to dispose the fruits in such a way thal the seeds
may be dispersed by various apgencies. It also
serves &8 a means of commumeation hetween ruots and
leaves, and {requently acts as a sturelbiouse of fuod.
The last funcuion 18 wost ubvious in the case of under-
ground stemna. ln many cases. too, the siem plays an
important part 10 vegetative reproduction, where propa-
gavion takes place withoul the ageuncy of seeds, as by
atolons, runners, suckers, ecc.

LIAVES

Characters and Kinds of Leaves.—All leaves are ap-
pendages of the stem, taking origin at the nodes, and,
1 the large majuoty of cases, flattened in shape.

The following kinds of leat are recognized :—

{1). Scale-jeaves.—These nre especially characteriatic of under-
ground stems. l'hey are weil seen 1o Lhe polaio tuber {p. 131),
eud 1u some bulbs, such Ba those of Iy aud tulip (scaly buiba),
serve fur We storage of food,

(2). Foliagye leares.—Thesc are the ordinary green lesves of
plants, and will be cousidersd 1o some detall,

3). Bract.—1hs nawe s apphed to mmpie scale-like leaves
in we axila of which Hovers arise. Obvious examysies are aeen
e Compoesites aud Umivslilters,

(1). #tower-leaves—Lhease makes up most o! the flower, snd
will be doault with 1n tbe next chapler.

Characters and Kinds of Foliage-lsaves.—Examina-
tion of foliage-leaves from dicotyledonous plants will
show the presence of some or all of the following parts:
(o) an expanded blade or lamina, (b) a leaf-staik or
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petiole, (¢) a sheath that clasps the stem, (d) outgrowtha
knowa as stipules, at the junction of petiole and sheath.

Sessile leaves possess pno stalk, and a leaf devoid of
stipules ig said to he ezstipulute.

The leaves of dicetyledons vary greatly in arrange-
ment and shape, but in all cases we shall find the result
to be exposure of surface to sun and air without undue
overlapping. They are said to be alternate when only
one is attached to a node, opposite when there are two.

A very inieresting case 1s alforded Ly rosette-plants,
such as daisy, dandelion, and plantain, where the inter-
nodes of the stem are undeveloped, so that the leaves
are crowded together. Examigatian of oae of the plants
named will sbow that the leaves are so arranged as to
take full advantage of air and light, while at the same
time the surroundiny plants are shaded and killed. Any-
one who has removed a plantain or daisy plaunt from a
lawn must have npoticed the bare patch due to thia
cause.

In simple leaves the blade is one piece, while in
compound leaves 1t is divided into lsaflets. The latter
are either palmate, when all the leaflets are attached to
the end af the petiole (e.g., horse chestnut), or pinnate
when they are disposed in a feather-like way, as in
rose and many leguminous plants.

The leaves of mouocotyledons are usually simple and
stalkless. The sheath is commonly well developed, and a
scale-like autgrowth, the ligule, is often found on the
upper side at the junction of blade and sheath. This
in well seen in grasses (fig. 117), where the characters
of the ligule are of great importance 1n helping to dis-
tinguish between different species.

Structure of Foliage-leaves.—Conducting strands of
wood and bast—i.e.,, vascular bundles—pass from the
stem through the leaf-stalk (if present), and branch ont
in the fattened blade, where they are commouly known
as ‘veins.’ In monocotyledons the chief veins are more
or less parallel, while in dicotyledons they soon break
up into a complex network.

When & section through the blade of a leaf (fig. 64)
is examined through a microscopa, it is seen that the
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upper part consists of rows of elongated cells placed
side by side—palisade cells they are called.  As the
Jower surface 1s approached the cells are more loosely
aggregated, so that spaces—air-spaces—exist between
them. Both the cells in this spongy tissue of the
leaf and the puaiisade cells are green, owing to the
facy that  part of their protoplasm consists  of
chlorophyll granules, permeated by the cowplex sub-
stance known asg chlorophyll (see p. 136). Palisade cells

F16. 64.—SxCTION OF 4 LEAY {magnified).

, cuticle, B, epidermaj cells, of upper surface.
paliseda cells.

cells of spongy lissue,

interce{lulsr spaces, or sir cavities.
epidermal cells of ander surface.

stowsats opaning on surfoce of

epidermis, or ekin, of lower surface.
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and spongy tissue are together known ss mesophyll,
which is traversed by the vascular bundles of the leaf
(not shown in fig. 84). The reason the under side
of the leaf is usually paler in colour than the
upper surface is that the green cells of the upper
side are more closely crowded together. Over
the whole leaf there extends a thin transparent
skin, the epidermis. But the epidermis is not entire, for
# ia dotted with innumerable minute apertures called
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atomata (Gr. stoma, a mouth), each stoma being formed
by a pair of kidney-shaped cells, with their concave
sides towards each other By the straightening or bend-
ing of these ‘guard cells.” the size of the stoma 1s
controlled, and it is dependent upon external conditions
of light and moisture. Asarule the stomata are far more
abundant on the under than on the vpper face of the
leaf.

Functions o! Follage-leaves,—The most important
function of foliage-leaves is carbon assimflation. Their
chlorophyil granules are ahle to use the energy of sun-
light in bringing about a reaction between the carbon
dioxide absorbed from the air and the water that has
been taken from the soil, with the formation of organic
matter {see page 143). The intercellular spaces of the
leaf are full of air, and directly continyous with the
exterior by means of the stomata. The mesophyl] cells
can therefore readily obtain the carbon dioxide they
require for their constructive work. and can as easily
get rid of the axygen formed as a by-product.

The first visible product of assimilation in the leaf is
starch., as can readily be proved by soaking in iodine
solution a leaf thai has for sume time been exposed
to sunlight, when it turns to a blue-black colour This
iz o well-known laboratory test for starch.

Foliage-leaves also play an active part in breathing
or respiration, during which free oxygen iz taken up
end carbon dioxide elimivated (sez p. 143). The inter
cetlular spaces of the leaf obviously promote this func-
tion by supplying air to the mesophyil cells.

Transpiration.—lf some f{reshly-gathered leaves are
put under a cold dry tumbler, the mner snrface of the
tumbler becomes covered with moisture. This is because
the leaves are constantly giving up water vapour. They
at length wither—.e., lose thetr turgidity—because they
get no fresh supply of moisture. The evaporation of -
moisture from leaves, in the manner described, 13 called
transpiration. The quantity of water which thus passes
through a plant, from the soil to the atmosphere, 18 very
great. A maize plant was observed to give off between
May 22 and Beptember &, a period of 18 weeks, as
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much as 38 times its weight of water. Barley, beans,
and clover, during b months of their growth, traospired
niore than 200 times their {dry) weight of water. A
large oak tree will transpire from 10 ta 20 gallons of
water in a day. Land upder crop gives vp more water
per acra than an adjacent bare fallow, because of trans-
piration  In a hot, droughty suwmer the land around
trees suffers most, on account of the great demand for
maoisture to supply thav lost by the leaves. I{ jaid out,
side by side, the leaves of a big tree would cover
severzl acres. A sunBower, 5 fest high, will trauspire
from & pint to a quart of water during & bot summer
day. As sunflowers are of quick growtb they are some-
times planted around cottoges io swampy situations to
diminish the risk of ague.

A few worda are hers necessary regarding the phyaio-
logical meanirg of transpiration. We have seen that
roots absorb a very weak solution of minersl substances
frora the saud (p. 147), and this crude sap travels up to
the leaven through the wood of the vascular bundies.
As a considerable amount of mineral matter is used
up in the constructive processes, especially when active
growth is taking place, a constant stream of crude sap
i eagential. We may therefore look upon transpiration
as 2 means of getting rid of the superflnous water in
this crude sap.

By fermenl action the starch formed in leaves 1is
converted into a soluble form. largely sugar. and the
elaborated sap, containing this and other products of
constructive activity, is carried from the ieaves to places
where it is needed. Tn this conduction the bast of the
vascular bundles plays ap important part.

DTRATION OF LIFE

Annuals.—~Many plants spring up from the seed, pro-
duce their leaves and Bowers, fruit and seed. all within
tha space of one year, aud then die. Such plants are
called annnals, and examples are seen in wheat, barley,
oats, rye, brome grasses, buckwheat, beans, peas,
vetches, and ‘trifolinm.’
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Biennialg.—Apother group of plants 15 distinguished
by requiring two years, or at least two seasons, for this
work. During the first season they grow up from the
seed and develop what are called their vryetative organs
—the organs of growth. Then there ensues a period
of rest, followed by the development of the reproductive
organs—that is, the flowers, producing fruit and seed.
BSuch planta are called biennials, because they need a
portiou of two years to accomplish the changes between
sowing and fruiting. Examples are seen in the so-called

_‘root crops '—turnips, swedes, cabbages, and their
allies: and in parsnips, carrois, celery, lettuce, mangel,
and beetroot.

Both anpuals and bienniels are usually prolific pro-
ducers of seed. The effort involved in forming so large
a quaatity of seeds at one time Is so great that it kills
the plant. But, though the individual diel, ample provi-
sion is at the same time made for the preservation and
perpetuation of the species, for each seed contains a
new plant in miniature.

Qne reason why the production of seed 15 so exhaus-
ting to the pareot plaunt is that each seed contalns a
store of very rich food which the parent has had to
supply. A seed, therefore, is a reservoir of nutriment,
and man cultivates seed-bearing plants in order that
he may step 1y and seeure the fdod in the seed, either
for bimself, or for his domesticated animals.

During the process of ripening there is a steady
migration of nuirient material from the other parts of
the plant into the seed. From the leaves and stem of &
wheat or hean plant, for example, most of the nutritious
matter is carried away in solution and deposited in the
seed. During the later days of their lives, auch plants
cease to take food frem the soil or air, and they are
capable of completing the ripening of the seed provided
they can get a sufficient supply of water. Wheat, cut
before it is dead ripe, will complete the ripening of the
grain while standing in atook.

In the case of bienmials there is a resting period
between-the two seasons of growth. Let turnip seed,
for example, be sown in June, and by the antumn a
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well-shaped root will ba formed. This root may be laft
in the field through the winter, and 1 the following
spring it sends up leaves and flowers, produces fruit
and seed, and then dies. But a great change has taken
place in the root, for it is now small and shrivelled. The
root, indeed, serves as a temporary reservoir of the
putriment which is afterwards consumed in forming the
seed. The reason the cultivator grows such crops as
turnips, carrots, parsnips, manpgels, eic., is that he can
interfere at this resting stage, and utilize the store of
food for himself or his live stock.

It is not pecessary that the roots of biennial cropa,
intended for the production of seed, should remain in the
ground all the winter. They may. if desired, be taken
up. and placted out again in spring. By this means
it is possible to make a selection, and to resarve only
the most desirtble specimens for the growth of aeed.

Pgrennials.—This name is given to plants that live
for more than two years. Examples are seen in sainfoin,
lucerne, white clover, furze, yarrow, prickly com-
frey, plaptain, asparagus, and pasture grasses. Also,
in the gooseberry, currant, strawberry, respberry, plum,
cherry, apple, pear, and timber trees. In such perennial
plants as lose their leaves during winter, there 18, before
the fall of the leaf, & migration of nutrient materiala
from those organs into the stem (certain regions of a
tree tronk, for example), which serves as a reservoir.
The leaf-buds of deciduous trees sre formed in the
antumn, and when they commence to open in the spring,
their first food ia derived from the reservoir of nutriment
in the stem. It is because this supply of ready-made
food is close at hand that leaf-bude expand so rapidly
ander the influence of the incressing temperaturs of
spring. Leafless trees should be examived for their
buds in the wintar. Those of the beech, ash, horse-
chestnut, and willow are very beautiful, but the buds
are equally noticeable on-other timber trees and on
orchard fruit trees.

Various parts of the plant, it has been seen, may
Serve as storebouses of nutriment. The seed always
contains a ressrve of plant-food; in biennial plants, the

L ]
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root acts as a reservoir; and. in perennials, the stem.
Many such reservoirs have a special interest, because
they are diverted by man to his own purposes. The
tuber of the potato is stored with food, chiefly starch
The bulb of the onion and the young shoot of the
ssparagus are other examples.

CHATTER XL

STRUCTURE AND FUNCTIONS OF PLANTS—
FLOWERS, FRUIT, AND SEEDS

FLOWERS

a

8tRUcToRE sxD Fuxcrion oF Frowrrs.—The flower is
a shoot that is specialized in relation to the formation
of seads. It consists of flower-leaves of various kind,
crowded together on o shortened region of the stem
known as the floral receptacle or torus, which is the
swollen end of the flower-stalk or peduncle. This crowd-
g of flower-leaves on a short thick piece of stem is
due to suppression of internodes. A comparison may
be made with the rosertes of foliage-leaves seen 1n
such plants as daisy, dandelion, and plantain (see
(p. 156).

The flower of a buttercup is a simple and convenient
type with which to make a start. Four different kinds
of flower-leaf will be found attached to the receptacle
(fg. 65). Beginning at the outside, these are: (1) Five
aall green sepals arranged in a circlet or whorl, and
collectively termed the calyx. (2) A whorl of five large
yellow petals alternating with the precediog, and
together constituting the corolla. (3) A large number
of thread-like stamens, each with a thickened end. ~(4)
A number of small fattened carpels, making up what
s kmown as the pistil.

The function of the flower is to produce zeeds, and
as only the stamens and carpels are directly concernad
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with this, they are conveniently termsd essentia)
organs, while the investing corolla and calyx together
constitute the periamth. The relative positions of these
different kinds of flower-leaf can be indicated in a
ground plan or floral diagram (fig. 65, u).

A closer examination of the essential organs here
becornes necessary. A stamen is seen to consist of a
stallc or fllament, bearing a thickened two-lobed anther.
When the latter is ripe it splits open, and fine yellow
dust (the pollen), escapes to the exterior, It consists
of minute pollen-grains, which may be regarded as
male.

A

Stamens
Carpels = |\

F1a. 65.—FrowzR OF BUTTRECUP AND FLOEAL DIs0BaM.
&, diagrammaiic vertical gection. B, floral diagram
B, receptacle.

Turning now to the carpels, we shall find a roughened
sticky patch, the stigma, at the end of each, and just
belaw this & narrow regjon, the style, which merges into
an underlying swollen ovary. By crushing or cutting
open the ovary we shall find that it contains a minute
rounded body. This is an ovule, which, under favour-
able circumstances, may become & seed. Examination
of prepared longitudinal sections throngh ovules wil
show the following parts: (1) A stalk (lupicle} attaching
the ovuie to the ovary, and serving to convey nourisb-
ment to the developing seed. (2) An external skin
(integument) extending from the base of the ovule to its
tip, where, however, a minute aperture. the micropyle
(ig. 86) is left uncovered. (3) A cellular mass, the
nucellus, making up the interior of the ovule. (4) A

LR
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clear egg-shaped bag, the embryo-sac, within the
nucellus, adjacent to the micropyle. (3) A spheroidal
8gg-cell, or female cell inside the embryo-sac, close to
the micropyle. The remaining contents of the embryo-
sac, [or our present purpose, may be neglected.
Pollination and Fertilization (hg. 66).—The stigma is
rough and sticky, so that pollen-grains may adhere to it.
Their transfer is technically known as pollirationr, and
when it has taken place the stigma is said to be poliinated.
This is an essential preliminary to the formation of
seeds. In cucumber and
vegetable marrow, for 1n-
stance, the flowers are of

Aetal

Anther
® :'" LG two kinds—(a) male, or
ot staminate, devoid of pistil,
Srigma — ;

and (b) female, or pustid
late, devoid of stamens.
/ If pollen is prevented from
P ey 3 reaching the stigmas of the
female flowers, no fruit
9 &/ y will be get and no seeds
Sratn A / will be formed. We must
therefore enquire what
takes place after pollina-
tion hay been effected. It
F1a. 66.—VERTIOAL BROTION OF will l?e found t'h.“ after
FLOWER, 1LLUsTRATIRG Por- Toiehing the stigma a
LINATION XD FERTILIZATION. pollen - grain awells up
B, receptacle. and germinates, send-
ing out an excessively

delicate pollen-tube, the tip of which bores through
the atyle, enters the ovary, and makes its way
to the micropyle of an ovule. A minute quantity of
the living matter (protoplasm) with a male nucleus (derived
from one of two nuclei contained in the pollen-grain)
passes into the egg-cell, and the mele nucleus fuses
with the female nucleus which this contains. The process
is termed fertilization (or mpregnation), and the egg-cell
i3 said to be fertilized (or smpregnated). It now undergoes
numerous divisions to form an embryo or plantlet, while
the rest of the ovule becomes the remaining part of

wiari | Styte
Ovary.
Paiten Tune
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the seed. The ovary also undergoes changes, which
convert it into a fruit. Broadly speaking, therefore, a
fruit is o matured ovary and a seed a matured ovule.
The fusion of male nuclear matter with female nuclear
matter that constitutes fertilization is the essential
part of sexual reproduction, alike in plants and annnals.

Flowers and Insects.—Let us wmow return to the
yellow corolla, which makes the buttercup Hower so
conspicnous, and enquire the meaning of this. Near
the narrow base of each petal a small pit cao be seen,
covered over by a yellow scale. A little care will
enable us to prove that the pit coatains e sweet fluid
{nectar), and is, in fact, a nectar-gland {nectary), while
tho scale ig & nectar-cover that prevents the secretion
from being washed away by rain. By watchisg growing
buttercups i sunny weatber we shall find various small
insects crawling about the flowers, some licking the
nectar, and others devouring the nutritious pollen, of
which the very numercus stamens produce a great
quantity. Observations of other kinds of conspicuous
flowers will show that they, too, are viaited by iwmsects,
to which they offer similar attractions. It would seem,
therefore, that by the possession of nectar and super-
fluous po[len the buttercup is adapted to the visits of
insects, and the conspicuous corolla, advertising desir-
able booty, attracts their attention. As a single butter-
cup plant bears many blossoms, and numerous plants
often grow near together, the collective colour effect is
very considerahle. The odour of many fiowers constitutes
another means of attracting insects, and even butter-
cups probably possess a honey-like smell perceptible
to these little creatures.

It may be taken as a general rule for temperate
climates that conspicuous flowers—many of which exbale
8 distinct odour—attract insect visitors, i.e., are msect-
loviag {entomophilous), and provide food for their
guests. Important services are rendered in return, as
will pow be explained.

Self- and Cross-Pollination and Pertilization.—The
flowers of buttercups and most otber flowering plants are
biserual, containing both stamens and carpsls It
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tollows, therefore, that pollination of the latter, and
its sequel, fertilization. may be effected either i) by
pollen from the same tlower, or (2) by pollen from some
other flower of the same species. That is to say, either
self-pollination or cross-pollination may take place, to
be followed by self-fertilization or cross-fertilization, as
the case may be. It appears that healthier and more
vigorous seeds are produced by crossing, and tbis ex-
plains why flowers lay themselves out to attract fiyiog
insects, for these unconsciously carry pollen {rom one
blossom to another, and often eflect cross-polhnation.
The buttercup flower attracts a miscellaneous set of
insects, and as its outer anthers are ripe at about the
same time as the stigmas become receptive, lnsect
visitors do not regularly and automatically eflect croas-
ing, as in some other cases.

The green calyx of the buttercup flower:bas nothing
to do with pollination, but serves as a protection to the
more delicate internal flower-leaves, especially before
the bud expands.

One or two other characters of the buttercup flower
require notice. In the first place, its sepals and petals
are regularly arranged with regard to a set of imaginary
lines radiating from the centre, like the spokes of &
wheel. The flower is therefore said to display radial
symmetry, or to be regular. In the second place. it will
be seen on examining a vertical section of the flower
that sepals, petals, and stamens all grow out from the
receptacle below the pistil. In technical language, the
flower is hypogynous. In this case the pistil is said
to be superior, and the calyx inferior.

For comparison with the buttercup it will be instruc-
tive at this stage.to consider a few other types of flower.
Take. for example, any of the cross-bearing or
cruciferons flowers, such as wallflower, cuckoo flower,
cabbage blossom. charlock, hedpe-garlic, etc. These
are obviously regular, and sufficiently conspicuons to
suggest that they are adapt,ed to the visits of insects,
which is, in fact. the case. It is convenient to dlsbmgmsh
between the back and front of a flower, nearest to and
furthest from the main axis respectively. The terms
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posterior and anterior are applied to flower-leaves at
the back or front. as the case may be, while those at
the sides are lateral.

The arrangement of parts in the cruciform flower
is as follows: (1) Calyx, of four distinct sepals in two
alternating whorls of two each, an outer of anterior and
posterior sepals, and an inner of lateral sepals. (2)
Corolla, of four distinet petals, arranged ohliquely like
a Maltese cross, whence the name ‘cruciferous * (cross-
bearing) as applied to plants hearing such flowers
(3) Six stamens in two wharls, an outer made up of a
short lateral stamen on each side. and an inner of two
pairs of long stamens, placed back and front respec-
tively. (4) A pistll composed of twa lateral carpels fused
together. The double stigma indicates what has taken
place.  Stamens and petals are hypogynous, pistil
superior, and calyx inferior, as in buttercup (s p. 166).

When calyx, corolla, and stamens have been removed
some little awellings will be observed on the receptacle.
These are the nesctarias. Insect visitors alight on the
platform afforded by the corolla, and probe for nectar,
sften effecting crowsing as they go from flower to
flower. Anp interesling explanation can be given of the
reason for Jong and short stamens in the crucifers. The
anthers of the former protrude from the flower, so that
their pollen easily adheres to insects and often effects
crossing. The anthers of the short stamens, on the
conbrary, only reach the level of the stizma. thus secur-
ing self-pollination in the event of crossing not having
taken place.

Cruciferous flowers, as compared with huttercups,
are an example of reducticn in the numher of stamens,
and even more so in the number of carpels, while the
latter are fused together, an advance on the simpler
state of things exemplified by the buttercup. A pistil
18 termed apocarpous when its carpels are not united,
symcarpous when they are more or less fused together.

As & third common type of flower, characteristic of
leguminous plants, we may take that of the pea or
tean, and shall at once be struck by the fact that it
s uot-regunlar, hot two-sided, or, to use the technical
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term, irregular (figs. 87 and 68). [t is & case of two-
sided or bilateral symmeiry, ss conirasied with the
radial symmetry of buttercup and wallfower. This
means more marked aduptalion to the visits of insects,
especially those, such as bees, of higher kind, with well-
developed sight and suiell, and elongated mouvh-parts,
capable of probing deeply for concealed nectar.

The ports of the flower are as follows: (1) A green
cup-shaped calyx, made up of five fused sepals, one of
which is antemor. (2) A large, showy, butterfly-shaped
(papilivnacrous) corolla, composed of five petals, to which
fanciful names are given. They are: (a) a large upnght

Fia. 67.—PrEs BLossox Fro. 83.—FaRrT8 07 a
{with papilionaceous PAPILIONACEOUS COROLLA.
corolla),

i, Ale. 0, Carina. s, Standard.

standard (verillum) at the back. (b) & pair of wings (alz),
whieh serve as an alighting platform for insect visitors,
and (¢) an anterior keel (caring), which shelters the
essentinl flower-leaves, and coonsists of two petals with
distinet stalks but united limbs. (3) Ten stamens, con-
sisting of two whorls of five each. A posterior stamen is
quite distinet from the rest, but the stalks of the remain-

ing pine are fused ioto 2 tube, surrounding (4) the

pistil, which is termed simpls, because it consists of a
single carpel, that matures into the familiar pod. The
latter is of considerahle interest, becanse it shows that
carpels are really folded leaves. By holding & young pea
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pod up to the light we shall see that there are two
thickened edges, the peas or seeds being next one of
these, Carefully split open the pod along this edge
(the wentral suture) and spread it out, when it will not
be difficult to realize that we have before us a wodified
leaf, beuring seed along its edges. The thickened edge
of the pod away frow the sced s clearly the nudrib of
this leal. An even clearer demonstration of the real
oature of carpels is furnished by wmarsh wangold
(Caltha), colmmnbine (dguileyra), or larkspur (Dilphinium),
all relatives of the buttercup.

The stigmma and anthers of pea or bean are so close
together in the tip of the keel thal self-pollination
would seem inevitable. As in a great many other
fluwers, however, this is for some time prevented by a
simple device. The stigma and aothers de not wature
simuitaneouedy. Such a flower is termed dichogamous,
and it is clear that either the anthers wag first be
ready (protendrous) or else the stigma (profoyynowus).
The former is true for pea, bean, and the large majonty
of cases.

Suppose, now, that a bee, attracted by the colour
and fragrance of the blossom, alights upen the wings
and clings to the standard. The pressure exerted will
cause first the stigima and then the antbers to protrude
from the tip of the keel. If the under side of the bee
has already been dusted with pollen from a flower pre-
viously visited some of this will probably be transferred
to the stigma, and then & fresh supply of pollen will be
brushed from the anthers, and very likely carried to
another flower.

In pea and bean the nectar is secreted at the base
of the pistil within the staminal tube, and this explaina
why the posterior stamen is free. The proboscis of the
visitor can be thrust into the tube on one or other side
of the free stamen. (In some fowers—e.¢., gorse or furze
—related to the pea and bean—there is no nectar, and
only pollen is offered to insect visitors. Ip such cases
the posterior stamen is not free, and the filaments
of all ten stamens are fused together.) Upon the
standard can be seen s number of coloured streaks,
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which converge below, and, as it were, point out the
way to the nectar. Sireaks, dots, and other markings
of this kiud are known as mectar-guides, and they may
be seen in very many difierent kiuds of flower. Pansy,
forget-me-not, pelargonium, and azaiea are striking
instances.

Examination of a veriical section through a pea or
bean flower shows that sepals, petals, and stameus do
not—as in buttercup or walllower—grow out from the
receptaclie below the pistil. The receptacle, indeed,
instead of being conical, is broadened out into a very
shallow cup, to the centre of which the pistil 18
attached, while the sepals, etc., spring from the margin.
The tower is not, therefore. hypogynous (see p. 166),
but perigynous—i.e., the sepals, etc., are grouped around
the pistil, which, however, is not fused with the recep-
tacle. Rose, blackberry, and cherry are mere markedly
perigynous than the pea or bean, for in them the
receptacle 1s a comparatively deep cup.

A number of plants bear 'incomplete’ flowers, in
which the perianth either consists of a single whorl (e.g.,
beet and mangel) or is entirely absent (e.g., hazel). Such
flowers are small, greenish, usvally odourless, and gene-
rally devpid of pectar. As might be conjectured from these
characters, they are nof adapted to nsect visits, and in
many of them pollen is transferred from Bower to flower
by the wind—i.e., they are wind-loving (anemophilous).
Self-pollination ia also of frequent occurrenoce.

Dicotyledons and Monocotyledons.—In all the flowers
s0 far described it will be noticed that the whorls of
fiower-leaves are mostly in twos, fours, or fives. This
is one feature of the great group of Dicotyledons,
which are further characterized by the ring-like arrange-
ment of the vascular bundles in the young stem, net-
veined folinge leaves, and two cotyledons in the seed.

Even & cursory examination of liliaceous plants {e.g.,
lily, tulip, onion) and grasses will show that they do not ~
conform to thia type. In a lily or tulip we shall find
three petal-like (petaloid) sepals, three petals, six
stamens ¥ two whorls of three each, and a pistil of
three carpels fused together. In grasses the perianth



DEVICES FOR SERCUERING CROSBING 171

is much reduced, but the stamena are usually three iu
pumber. The foregoing belong to the group of Mono-
cotyledons, in which many of the flower-leaves nre in
threes. the vascular bundles in the young stem are scat-
tered, the foliage-leaves are parallel-veined, and the
seed poasesses but a single cotyledon.

Cross-Pollination and Cross-Fertilization,—(ross-pol-
linaiion and its sequel cross-fertilization are secured by a
large number of different devices, which have gradually
come into existence by a process of evolution. The most
certain method is exemplified by plants in which the
flowers are unisexual, being either staminate (male) or
pistillate (female). Sometimes these male and female
flowers are found on different plants (dicecious), as in
willow, or both may occur on the same plant (monce-
tious), as in hazel

Pollen is*transferred {rom one flower to ancther by
various agents, of which wind and insects are the most
important. Io typical wind-pollinated flowers—e.g.,
many trees and grasses—the Stamens possess very
slender filaments, to which the anthers are but lightly
atrached, so that they are moved by the least breath
of air. The pollen is dry and easily scattered, some-
times being liberated by sudden spring like movements
of the starvens. aa in ovettles. The stigmas are com-
monly branched and hairy, protruding weli out of the
flower to catch the wind-bome pollen-grains, Wind-
pollinated flowers are inconspicuous, odourless, and
devoid of pectar.

Insect-pollinated flowers provide pollen or nectar, or
both, for their vimitors, which are attracted by various
colc_mrs and odours, while structural arrangements of
various kinds ensure, in grester or less degree, the
transfer of pollen from one blossom to another during
the visits received.

Examination of numerous types of insect-pollinated
flower enables us to make out a series of specializations
of increasing complexity, by which erossing is rendered
more and more certain as the scile is ascended.
Regular flowers, with free flower-leaves, yellow or white
in colour, and readily accessible nectar, may be con-
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sidered a8 comparatively unspecialized. The buttercup
15 a good example (see p. 162). Such flowers attract a
miscellaneous set of short-torgued insects, which do not
effect crossing with any certainty. Even in such cases,
however. the fact that at least some of the antbers
ripen before the stigmas have become receptive (or.
more rarely, the converse) secures some amount of
crossing.

From simple cases like those just indicated we can
trace specialization along several lines, the net result
being that the larger and more intelligent long-tongued
insects (especially hover-flies, butterflies, mothes, and
bees) are attracted with greater frequency, while the
more stupid short-tongued insects are excluded. At
the same time the arrangements for reception of visitors
render crossing more and more probable.

As already mentioned, yellow and white are the most
primitive colours, though it must be added that the
latter is also found in flowers adapted to attract moths,
as it i3 conspicuous at dusk. Red and reddish-brown
(as in pink and wallflower) attract butterflies, while
blue and purple (as i larkspur and monkshood) attract
bees. Bright blue, as in speedwells, is sometimes an
adaptation to the visits of bover-flies.

Irregular Howers are more specialized than regular
ones, as well seen in larkspur and monkshood, which
are relatives of the buttercup. Other good examples
are the butlerfly-shaped blossoms of pea, bean, ete. (see
p. 168), and the lipped or labiate flowers of foxglove,
snapdragon, sage, and mint.

Fusion of parts, and daeply concealed nectar also
mark specialization. The union of petals in the labiate
flowers just named is @ case In point, such nnion giving
rise to a tube, at the bottom of which nectar is usually
found.

Specialized flowers are so constructed that an insect
visitor is bound to touch anthers and stigma, and as thig
means economy of pollen some of the stamens can often
be dispensed with. Among Monocotyledons, for ex-
ample, the full number of stamens is six, as in lily, but
the more specialized iris only possesses three, while
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orchids, the most complicated of all flowers, usually
have but one. The massing together of numerous flowers
of the same kind greatly enbancea coaspicuousness and
largely increases the cbance of insect visits. Hence, in
all probability, one important reason for the evolution
of flawer-groups, or inflorescences, in the majority of
species. Obvious examples are afforded by foxzglove,
wallflower, lilac, elder, and cow parsoip. Small flowers.
individuaily inconspicuous, when thus aggregated, colb-
lectively make up & mass of colour that is easily seen
from = distapce. The most potable case is that of
Compasites, such as thistle, dandelion. and daisy. What
at first sight appears to bho a single flower in plants of
the kind is reslly an aggregate of numerous minute
flowers or florets. -

8iriking colour-efiects on a large scalc are produced
by associatiop of numerous plants of the same apecies.
Gorse, heather. and buttercup are good illustrations.

The massing together of flowers distinguished by
some marked odour may also secure visits, even though
there may be no partieular colour-cfect. The delicious
fragrance exhaled by lime-trees, for example, atiracts
mnumerable bees.

Artificial Pollination.—Pollen can, of course, be
transferred by human agency, should the npeceasary
insects be scarce or absent. When cucumbers, vege-
table marrows. or melons, all formz with unisexual
Bowers, are grown in frames, the gardener often ensures
pollination by ‘dusting’ the female flowers with the
male ones. It also frequently bappens that certain
{ruit-trees, such as peaches, apricots, and nectarines,
come inte flower before bees are abundant. In such
cases it is usual for a small camel-bair brush to be
used for transferring pollen.

This methed is commonly employed for she production
of new varieties, which often excel those previously exist-
ing. Br selecting two plants of the same species, both
possessing exclusive characters which it would be desir-
able to corobine in the same plant, and by cross-fertilizing
them and raising fresh plants from the seed, cultivatora
Bave been able to establish many of these. Bome of
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these crosses are of great commercial value, particularly
in the case of cereals and potatoes. Many heautiful
modifications of florists’ plauts have been in like manner
origmated.

Self-Pollination and Self-Fertilization, — Although
cross-pollination and cross-fertilization are promoted in a
great varieiy of ways, and the latter appears to be neces-
sary at intervals for maintaining the vigour of the species,
they are probably not of the paramount importance
once supposed, for a large number of naturally pro-
duced seeds capable of germinating inte healthy plants
result from self-fertilization following self-pollination.
This is especially true for unspecialized flowers like the
buttercup, where the chances of cross- and self-pollina-
tion are about equal. It also frequently happens that
seli-pollination is provided for should failure of insect
visits or otber canse have prevented crogsing. In fox-
glove, for instance, the purple corolla. to which the
staruens are attached, falls off and drags the anthers
over the stigma. And, as already mentioned. the short
stamens of cruciferous flowers appear to he a special
provision for selecting self-pollination (sce p. 167). There
are also many small flowers (e.g., chickweed. groundsel,
and wheat) where self-pollination is the rule rather
than the exception. Dog-violet, wood sorrel, and some
few other plants, even bear, at the end of the ordinary
flowering secason. small special fiowers that never open
(i.e., are cleistogamous). The anthers of these pro-
duce a small number of pollen-grains, from which
pollen-tubes grow directly into the stigma.

FRUITS AND SEEDS

Botanically speaking, a seed is a ripemed ovule,
containing a dormant emhryo or plantlet, while a Iruit
is a matured ovary, containing one or more seeds..
But in ordinary language the terms seed and fruit are
much more loosely applied. Thus, a gra.i.n of wheat or
rye is popularly called a seed, though it is really a fruit,

th® matured ovary of 8 wheat or rye flower.
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By acrapwg off & thin coat, corresponding to the wall
of the ovary, the true seed is laid bare.

The culuvator employs the term ‘seed * to denote
‘that which 1s sown,” rather than to indicate the
ripened ovule. It commouly happens, however, that
the seed, as sown, is the true botamcal seed, as is the
case with cabbages, turnips, rape, mustard, cress, beans,
peas, clover, and vniops. 1p all these cases, the ripened
ovule is sown.

But in the case of 'seed potatces.’ nobody could
regard the tubers which are planted as true seed. In
the case of the following crops, what the cultivator
sows 1s really the fruit and not the seed. Umbelliferous
plauts, such as carrol, parsmp, celery, parsiey, caraway.
Composite plants, such as sunflower, yarrow, letivee,
endive, dandehon, chicory. Oulier plants, such as wheat,
rye, buckwheat. Saiufoin is sown eitbier as " unmilled,’
that is, the wrinkled pod coniaining the seed, or as
‘milled,’ the pod haviug beeu removed and the true seed
alune being sown.

In yet other cases, the fruit, with something more
is sown a5 the ‘seed.’ This is so iu beetraot and wmangel,
as well as in barley and oats and most of the true
grasses.

Kinds of Fruit.—True fruits are conveniently divided
isio dry and succulent, each of these groups being further
subd_iﬂded. A few of the commoner kinds may here be
eonsidered.

4. Dear  Fsurrs.—These are either indehiscent or
dehiscent.  In the former case the wall of the fruit
gradually decays after sowing, in the latter it splts
open to liberate the seed. 1. Indehiscemt Dry Fruits.
(1) The achene is developed from a single carpel, its
wall is of horny texture, and it contains but one seed.
The buttercup Bower produces a group of acheues. (2)
The term ecaryopsis is applied to the fruits of cercals
and grasses. It contains only one seed, like an ackene,
but differs from this in being derived from a syncarpous
ovary—i.e., it consists of more than one carpel. (3) The
#ut is a ripened syncarpous ovary, its wall ia woody,
and there iz usually n single seed. Hazel is a good
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example. II. Dehiscent Dry Fruits. ¢1) The follicle is a
single ripened carpel, contains several seeds, and splits
open along the side which bears these (i.e., ventral
suture). A flower of marsh marigold, columbine, lark-
spur, or monkshood, produces a group of follicles. (2)
The pod or legume, characteristic of leguminous
plants, chiefly differs from the follicle in the fact that
it splits open along both sides. Pea, bean, broom, and
gorse, will serve as examples. (3) Cruciferous plants
possess g distinctive fruit, often known as a pod, which
is termed a siliqua if long (fig. 69), ond a silicula if
sbort. It results from the ripening of & syncarpous
ovary composed of two carpels (see p. 167).
These have fused togelher by their edges,
but the contained cavity is divided into
two by the growth of a partition known
as the replum. When the Sruit opens the
carpels separate from helow upwards,
leaving the seeds attached wo the replum
{fig. 69). The fruils of wallfower, cuckoo-
flower, cabbage, turnip, mustard, and
charlock are siliquas; those of shepherd’s
purse and candytuft siliculas. (4) The
capsule is devcloped from a syncarpous
ovary made up of two or wore fused
carpels. It opens in a variety of ways
F16.60.—FROIT {4 [iberate the seed. Examples are

(:néggélnonr afforded by the fruits of poppy, chick-

ous Prant. weed, foxglove, primrose, scarlet pim-

pernel. lily, and tulip.

B. Succonest Froirs include many of the fleshy
forms to which tbe term ‘fruit’ is most commonly
applied in ordinary language. There are two chief
types. (1) In the drupe or stone-frnit, such as plum,
cherry, or peach, the hard wall of the single ‘ stone’
is the innermost layer of the fruit, and the kernel is
the seed. Blackberry and raspberry are aggregates of*
smal} drupes or drupels. (2) The berry contains a number
of small hard seeds, the coats of which are thickened
to form protective investments. Examples are grape,
currant, and gooseberry.
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Spurious Fruits.—The foregoing are true fruits—i.c.,
matured ovaries, with their seeds—but & number of
wvell-knowan fruits are termed ‘false’ or ' spurious,’
because they clude some olher part of the Hower in
addition. The fleshy part of a strawberry, fur example
is the enlarged apd juicy Horal receptacle. In this
case the small brown bod.cs scattered over the surface,
aud often supposed to be -eeds, are the true fruits
(achenes). Apple, pear, ana quince are also spurious
fruits, in which the 'pips’ are the seeds, the core the
matured ovary, and the flesh the developed floral recep-
tacle. A good example of spurious dry fruits 1s afforded
by the so-called ‘ seeds’ of Uowposites, such as yarrow,
dandelion, tbistle, and suntiower. Such fruits super-
ficially resemble achenes, and contain only one seed,
but they are composed of two carpels, and Lheir outer-
most layer isweally the floral receptacle.

Dispersal of Seeds.—Sowme plants wmay be said to
scatter their own seeds, as io broom, where the ripe
pods suddenly burst open and fing thewm to & distance.
In many cases the wind serves as an agent of dis-
persal, which is but too well-known to cultivators in the
case of thistle, dandelion, and groundsel. Here the
fruit is crowned by & circlet of feathery hairs (pappus),
supposed to represent a specialization of the calyx.
Mary fruits or seeds are studded with hooks or
prickles, by which they cling to the fur or wool of guad.
rupeds or the feathers of hirds, and thus get transported
to & distance. The fruits of goosegrass or cleavers
(Galium wparine) illustrate this possibility. Succulent
fruits and spurious fruits, again, are largely eaten by
birds, and tbe seeds, being protected by firm invest-
wments, often escape digestion, and secure s chance of
germinating at some distance from the parent plant.

Such arraugements as those described help to pre-
vent plants from being smothered by the springing up
of their own offspring ciose to them, and & small per-
centage of seeds reach spots where they have some
chance of germinating and attaining maturity.
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CHAPTER X011
CULTIVATED PLANTH

For purposes of convenience farmers have devised a
classification of crops which is well adapted to ihe
end 1o view, For exawple, *root crops’ wclude turnips,
swedes, mangels, and others. Grawm crops, or straw
erops, cowprise such plauts as wheat and barley, beans
and peas. lhe ouly objection to this arrangemwent is that
it may lead the beginner to make incorrect inferences.
Thus, 1t 1s sowetimes supposed that the maunuring
suited to one kind of root crop is equally suited to
another—that what is good for the turnip, for example,
is also guod for the mangel. But this 45 oot so, nor
does it necessarily follow that it should be so.

In the botanical classification of plants the attempt
is made Lo arrange together those plants whose struc-
tural characters most nearly resemble each other. In
this way natural groups are formed, the memhers
of each of which are believed to have sprung, in the
remote past, from a common ancestor. Beans sand
peas are easily seen to possess a strong family
likeness, and so are wheat and barley. On the other
hand, there is great lack of resemblance between the
bean plant and the wheat plant.

Plants which are allied to each other usuaily require
the same kind of food. They are often liable to attack
from the same kinds of insects, and to fall & prey to
the same kinds of fungoid and other parasitic pests.
Hence the use to the grower of learning the relation-
ships of plants.

The wethod followed here is, first, to describe the
crop plants individually 1o their botapical sequence,
by discussing them in connection with the natural orderd
to which they severally belong, and subsequently
(chapser xvi.) Lo deal with them from the caoltivator’s
point of view. Advantage is taken of this arrange-
ment to notice the commoner weeds in copnection
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with the cultivated plants to which they are most
nearly allied. Other weed plants are referred to in
chapter xiii.

CRUCIFERZ.—The plants of this order are usually
herbs (a shrubin the case of the wallflower), with leaves ar-
ranged alternately. The flower and fruit have already been
described (pp. 167 and 178). The crucifers possess a pun-
gent Bavour, gtimulating and sometimes acrid, but never
poisonous ; and are antiscorbutic. Notable quantities of
sulphur and nitrogen are
present, and these, in union
with other elements, form a
volatile acrid oil (such as
o1l of mustard). The unbear-
able odour which arises from
a decaying heap of cabbage
stumps is due in & great
part to the formation of
sulphuretted hydrogen and
ammonia. By cultivation,

L]
F1o. 70.—SerPiERD'S PURRE
C"agulla Bursa-Pastoris,
D.C. On the left above
is the magnified fruit (a Fra. 71, —SEEp oF PENRY
silicula). CrEss, T'hlaspi arvense, L.}

the strong flavours of cruciferous plants have been
toned down, and thereby rendered agreeable and
acceptable to the palate.

Familiar crucifers are the wallffower, stock, candy-
tufb, sweet rocket, honesty, and Aubrietia of gardens;
also the woad. Amongst the weeds are shepherd’s
purse (fig. 70), an annual growing everywhere; the
cuckoo-lower, a lilac-flowered perennial, common in
@oist pastures and meadows; bedge-mustard, or Jack-
}n-t.he-hedge. a white-flowered plani with heart-shaped

tIn this and subsequent simjlar illustrations of seeds the
#mall figure indicates the natural size.
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leaves, frequent in hedgerows in spring, and emitting,
when bruised, a powerful onion-like odour; charlock, a
yellow-flowered annual, closely allied to wustard, and
one of the worst weeds of arable land; the wild radish,
an aonual weed of cornfields; and the penoy cress
or Mithridate muscard (fig. 71).

The cultivated food-plants of the Crucifers are
numerous and important. They inclede the turnip, cab-
bage, and their allies, all belonging to the penus
Brassica; mustard ; cress; radish; horse-radish; water-
cress; and sea-kule.

Turnips, in their many varieties, are distinguished
by the extent to which the root is developed into a
handsome globe-like structure, often, but incorrectly,
called & ‘bulb’ (se¢ p. 152). The leavus ure rough and
transpire very freely. Turnips are extensively grown
as food for sheep and cattle, the roots and leaves alike
being eaten by stock. Turnips are hkewise an important
garden crop, whilst turnip-tops, as the leaves are
termed, are boiled for table use.

The Swedish Turnip, or Swede, is the most valued
of the turnip family, being boih wore hardy and
more nutritious than the common kinds of turnips.
Swedes are distinguished from other turnips by
the leaves being smoother and of a bluish colour.
Trapspiration is much less than in ordinary turnips.
But the most obvious distinction is that the swede
usually has at the crown of the root a ‘neck’
(fig. 72), from which the leaves spring, and which
is absent from the other kinds of turnips. Swedes
also keep much better over the winter, and resist
frost to a greater extent. The two chief groups
of swedes in. the market are the Green-top and the
Purple-top, the varieties of the latter being most gene-
rally grown. Purple-top swedes may again be generally
divided into Tankard, Intermediate, and Globe-shaped
varieties. The Tankard-shaped roots, as a rule, grow
well out of the ground, and their keeping qualities are
suppgeed to be only moderate. They generally have
names assigned to them which denote great size, such
as Elephant, Giant, eto. The Intermediate sorts are
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between the Tankard and Globe varieties in shape,
and grow to a certain extent out of the ground; their
keeping qualities are looked on as better than those of
the Tankard. The Glohe-shaped varieties are charac-
terized by small necks, and generally grow well buried
w the ground. Swedes take o leading position amongst
rotation crops, but are never grown merely ag a catch-
crop.  They usually follow the wheat crop, and take
the place of the fallow or cleaning crop of the rotation,

F1e. 72.—SwepE. P16, 73, —TURNIE.
Notice the * neck ' or * collar * of the Swede.

most of the cleaning operationa being carried out during
the time the land is being prepared for sowing the
swede geed, .

Turnips include all varieties of these cruciferous root
Crops, excepting swedes. They do not possess either
the hardiness or the feeding value of swedes. They
are often grown as catch-crops, or may be taken in
the rotation instead of swedes when it has become too
lats in the season to sow the latter. The existence of
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aumerous varieties of turnips renders it easy to make
a velection suited to the time of sowing. For early
feeding it is usual to grow oce or more of the soft
white fleshed early varieties of poor keeping quality
with purple, grey, white or green skin, such as the
Purple-top Mammoth., Pomeraman White Globe, and
Lincolashire Red Globe. Some of the Hybrids are also
suitable for early use if sown at the beginning of June,
particularly the Centenary. All the Year Round, and
the Yellow Tankard. For late autumn and winter feed-
ing, the bardier kinds of White Turmip, such as the
Imperial Green Globe and Hardy Green Round, are
grown, together with the Hybrid varieties, of which
the Purple-top and Green-top Aberdeens are perhaps
the best known. For sowing after corn crops, such as
early peas, or others which have been harvested early
in August, the Stratton Green Round! the Greystone,
and the Early Six Weeks are well adapted. Turnips
are an exceedingly useful crop on light chalk soils,
where they probably form the bulk of the rout crop.

The Hybrid, or yellow-fleshed varieties, are sup
posed to be crosses between the turnip and swede. The
leaves are like those of the turnip. but the flesh in
colour, firmness and keeping qualities more resembles
that of the swede in character.

Rape, Cole, or Coleseed, is a plant very closely allied
to turnips and swedes. In fact, if neglected, these
latter are liable to lose their large shapely roots, and
to revert, the swede to the form of the smooth-leaved
summer rape, and the turmip to that of the rough-
leaved summer rape. In the case of the cultivated rape,
it is the foliage and not the root which bas been the
object of improvement. Two kinds of rape are com-
monly grown,. the Dwarf, or summer variety, and the
Giant. or winter variety. The Dwarf is largely used on
chalk soils, where it is often grown after a catch-crop.
The Giant is better sunited to stronger jand, and it
yields immense crops on rich fen soils, wbere it is taken
a8 a main crop in the rotation. To & great extent the
Dwarf-raps takes the same place as turnips, and the
Giant rape ar awedes. Rape is valuable in affording
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sreen food for forward lambs in February snd AMarch,
vhen there is usually a scarcity of soft mucculent
odder.

The Cabbage has been modified in 8o many ways by
zultivators that numerous vaneties have resolted. But
these are all reducible ro the folluwing four groups:—

(1) The Close or Drumheaded varieties, which form
a compact head by the dense overlapping of the leaves—
as i the Common Cabbage, and all other hard-hearted
varieties.

(2) Those of straggling open habit, due to a long
upright  braoching  stem,
developing nuerous
leaves or sprouts, but not
forming & ‘heart’—as in
the Thousand-beaded Kale
(fig. 74).

F16. 74.—TROUSAND-BEADED Fiq. 75.—KoAL EABL
Kars. Lesl-stalks cut off ahort.

(3) Those in whick the stem divides and forms, in
the middle of the plant, a dense head of imperfect
fowers—as in the Cauliflower and Broceoli.

(4) Thore in which the stem is abnormally developed
&l the base, 5o as to look like the ‘ root’ above ground.
45 the Kohl rabi (fig. 75), which used to be called the
Turnip-rocted Cabbage.
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In cultivation, all kinds of cabbages are better if
transplanted as seedlings, their hard tough roots not
being readily withered. In this respect they differ from
swedes and turnips, the soft succuleut roots of which
would be Liable to wither were transplanting attempted.
Hence, where cabbages are grown. whether in farm or
garden, it is desirable Lo have a seed-bed from which
the transplauting may be effected as is found
convenient.

Common or Close-headed Cabbages can be divided
into two classes according to the shape of the head—
viz., (1.) Uz-hearts, with oval or beart-shaped beads;
and (i1.) Drumbeads, which are of a flatfened spheroidai
shape. The Ox-hearts occupy less space, and can be
planted closer together than the Drumbeads. There
are av least five well-recoguized types of the common
cabbage—the Imperial, the Enfield Ma'ket, the Drum-
head, the Tom Tbuwh, and the Red or Pickling
Cabbage.

Those of the lmperial type are the earliest of the
field cabbages, and should be planted out, 18 in. by
24 in, apart, in autumn or early spring, so as to be fit
for feeding in June and July. Thase of the Enfield
Market type, planted out at the same time, 2 ft. by 2 ft.
apart, will be ready for feeding when the Imperials
are finished. The Drumhead, or cattle cabbage, is a
very heavy-cropping variety, and is usually ready for
feeding between September and Christmas; it is trans-
planted between February and July, each plant being
allowed 3 ft. by 3 ft. For late spring and summer use
the plants are set out in October and November from
sowings made in July and August. The Tom Thumbs
are garden cabbages, grown to produce the small heads
known as Collards. They often follow on the land a
crop of peas or onions, harvested very early in the
summer, and are planted out from 12 in. by 12 in. to
15 in. by 16 in. apart. Of Red Cabbage there are two
kinds, the Ox-heart Pickler and the Drumhead Pickler,
the former being the darker and the better kind for
pickling. They are planted out 18 in. by 24 in. apart,
and, besides their use for pickling, they are equal to



KALE, CAULIFLOWER, AND KOHL RABI 185

any other kind of cabbage as sheep-food. The Bavoy
is & very hardy cabbage, which will stand the coldest
wintars.

The Thousand-headed Cahbage or Thousand-headed
Kale (fig. 74) is the variety of sprouting cabbage mostly
grown on the farm. Like the common cabbage, it may
be transplanted, from May to July being the hest time,
though geperally it is found more convenient to drill
it on the land where the crop is to mature. It is a beavy
cropper, but the mistake ia somwetimes made of feeding
it off too early, before the plants have bad time to
throw out their abundant lateral branches. The garden
sarieties include Cottager's Kale, Curly Kale, and
Brussels Sprauts.

The Caulifiower and Broccoli are market-garden and
kitchep-garden grops, and are not cultivated on the
farm for stock-feeding. Thes are transplanted, and
treated genmerally in the same wag as other kinds of
cabbage. The whitish coral-like structure in the middle
of tbese plants consists of the over-developed inflor-
escence, made up of an immense number of imperfect
flowers,

Kohl rabi (the name is German and signifies cabbage-
turnip) develops above ground a large globular stem
(fig. 75) upon which scars are left by the bases of
fallen leaves. The green variety is almost exclusively
grown, the bronze kind heing but seldom cultivated.
The big-topped sorts are more hardy than the short-
topped forms. The latter come quickly to matority, but
M‘e_una.ble to face the severity af winter, and ars only
available for autumn feeding. The seed-beds are sown
in March or April, and transplanting is effected as soon
as convenient. Or, the seed may be drilled, and the
young plants hoed like turnips. Kobl rabi is especially
useful for soils in & dry climate where there is a diffi-
culty in getting a good growth of swedes. or for flling in
8aps jn the mangel crop, and, even for this purpose
5-101\9, it iy worth while having & small =eed-bed in
Teadiness upon arable farma. The tops of the hardy
varieties of kohl rabi make delicious table vegetables in
January,
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There 18 & marked similarity amongst the seeds of all
plants of the turnip and cabbage kind (genus Brassica).
They possess a purplish-black colour, and a general
resemblance to small shot. One reason for this simi-
larity, notwithstanding the many external differences
between the plants themselves. 1s that the eflorts of
the cultivator have pot been directed to effecting modi-
fications in the seed. His endeavour, by selection and
otherwise, has been to modify the root (turnips and
swedes), the stem (kohl rabi and caulifiower), or the
leaf (cabbages and kale). Had the improvement of the
seeds of these cruciferous plants been the object in view,
it is possible that as many easily recogmzable forms
of seed could have been established aa thers are of
beans, or peas, or of wheat grains. In each case, it
is the part that is to be specially used as food that has
been modified. N

The plants of the genus Brassica are all yellow-
flowered and biennial. Sometimes. in cultivation, the
plants become precocious, and exhibit a tendency to
shoot up their flower-stalks in the first season. This
should be checked by nipping off the flower-shoot,
thereby compelling the plant to restrict its energies to
the production of root, or atem, or leaf, as the came
may be.

Mustard is & quick-growing, yellow-flowered annual,
cultivated for ploughing in green on light soils as &
preparation for wheat. Where sheep are kept, it is
preferable to let them consume the crop on the land,
and then to plough. In Cambridgeshire and the adjoin-
ing counties the crop is grown for its seed, from which
the mustard used as a condiment is obtained. Thickly
sown and allowed to germinate, the green cotyledons
make the salad mustard, nsually eaten with the simi-
larly grown cress, another agreeably flavoured crucifer.
The troublesome weed charlock, with the blossom of
which cornfields often become yellow in early summer,
is sometimes called wild mustard; it is the plant most
closely related to mostard.

The radish must be regarded as a salad plant. The
roots are either fusifor~ (i.e., spindle-shaped) or napiform
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like a turnip). In the latter case it is called the Lurnip-
-adish, and its colour is usually white or red. The radish
s exclusively a gardeo plant.

The borse-radish, which 1 quite distivct from the
radish, 1s a garden plant, grown for the sake of itg
pungent rootstock, the white flesh of which is scraped
down to form ap agreeable condiment with roast beel.
Sometimes the roots of the poisonous monkshood have
been employved by mistake instead, with fatal resulis.

Watercress is a white-flowered salad herb growing
naturally in brooks and streams, whence it is collected
in the spring and summer monthe for sale wx towns.
It is also culiivaled in specially prepered shallow
streams, where 2 sufficient supply of running water is
availatile

CARYOPHYLLACEZX.—The plants of this order are
herbs with ocppofite undivided leaves. In the flower,
the four or five sepals are either joined or free,
and the four or five petals are free. There are
usually eiglt or ten stamens, and the fruit takes the
form of a capsnle,
inside which the albu- @
minous sceds are ‘
clustered around

.
e '

and upon & central . @

peg. . . @
This is chiefly an

order of weeds, the Fm.c 76.—SeED F}:»O' 77.—SEED OF
o 1 NF CRYICKWEED, ARROW - LEAVED

Oiill"‘tcul.t’vat.ed food O laviamedia, MoUSE-EsR CHICK-

plant it includes [ WEED, (erastium

being the spurrey. triviale, Link.
Several beautiful

garden flowers, as the pinks, caroations, and sweetl-

williams, belong to it. Amongst the weeds are

the white or red campions and catch-flies of fields

and hedges, ragged Robin, the stitchworts, and

the sandworts. The chickweed (fig. 76) is a common

annual surface weed of gardens and arable fields; it is

a light green plant of loose straggling habit, and has

AL alternating line of delicate hairs along the stem.

The narrow-leaved mouse-sar chickweed (fg. T77) is
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common in pastures. The corn-cockle (fig. 76) is the most
trouhlesome caryophyllaceous weed, as it grows io corn-
fields to about the height of the corn. with which it
gets harvested. Its blackish wrinkled seeds, known as
‘cockle,” are easily seen in a samnple of corn, which
should not be sown till cleaned of them. Corn-cockle
(fig. 78) ia an annual, with pale purple fowers, and is

Fi6. 78.—ConrK-cOCKLE, Gitkago Fia. 79.—SpURRRY,
segetum, Desf. Spergula arvensis, L.

On the left, the enlarged pistil, On the right, the enlarged
with five atyles, lea{Bnnd ealyx,

recognized by its woolly calyx-teeth (sepals) being
longer than, and stretching beyond, the petals. The
seeds of bladder campion, a white-flowered plant known
by its inflated calyx, are found in samples of clover
and grass seeds.

Spurrey, or corn-spurrey (fig. 79), is a white-flowered
annunal plant of creeping habit, with narrow fleshy leaves
arranged in circlets. It grows as a weed in cornfields,
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and is found naturally upon poor sandy soils It ia for
such soils. upon which little else will grow, that the
cultivation of spurrey, either for sheep food or silage.
has been recommended. The seed is sown about April,
and the crop is cut or fed w hen in flower. The seed
usually found in the south of Eogland has a papillose or
dotted surface ; fig. 80 shows the rarer form of seed in
the northern counties.

@ @

0

Fig, 80.—SEap®F SPURERY,
S pergula arvensis, L.

LINACEE is = smal
order, interesting as in-
cluding the flax plant (6g.
81). This is a slender annual
herb, growing from one to
two feet high, possessing
narrow alternate leaves and
deep blue flowers, the =
petals which expand in the Fig. 81.—Frax, Linum
momning falling off in the o TEATURT b
evening. A field of flax in secteiongof uvga?'y’:;g:
bloom is a beautiful sight. ing seeds. '

The flattened albuminous

seeds‘ (linseed) are closely packed together n &
spherical capsule. The tough stem of the plant con-
tains tbe ¢aluable flax fibre from which linen is made,
whilst the crushed seed yields linseed oil, and the
residue is compressed into oil-cake (linseed cake), nged
for feeding cattle. The boiled seed added to a mixture
of chopped roots and chaff, is also often employed for
feeding cattle in winter. Flax is but little grown m
England ; it is much mors largely cultivated in Ulster.
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In 1913 there were only 648 acres of flax in tho whole
of Great Britain. If this plant is nol koown to the
student, a few of the seeds sbould be sown in the garden
in April. It is better to soak the linseed 1 water for
twenty-four hours before sowing, and to wash away the
mucilage which oozes out. The purging flax (Linum
catharticum, L.) a slender annual white-flowered plant,
with a much-branched stem, is a weed of poor land.

LEGUMINOSZ/A.—The plants of this order are either
herba (clover, vetches, etc.), shrubs (furze, broom, ete.),
or trees (the introduced laburum, acacis. ete.). The
leaves are usually compound—i.e., broken up into distinct
leaflets. The flowers are very characteristic, and,
whether large, as in the pea (fig. 67), or small, as in
& clover head, they are all built up on the type which
bas already been fully described (p. 16:) in the case of
the bean. The papilionaceous flowers, ahd the pod (or
legume) which forms the fruit, sufficiently distinguish
the British members of the order. The food producta
of this order are specially rich in uitrogenous ingre-
dients.  Those Leguminos® whick gield food-grains
(peas, beans. lentils) are called pulses. This pame is
sometimes extended to all plants of the order used
for food, so that pulse crops are leguminous crops.

Peas are cultivated both as farm and as garden
crops. In the former case they are allowed to ripen,
when the seeds are threshed out, and the dry straw
or ‘haulm’ is used as fodder. In the latter case the
unripe seeds (green peas) are gathered for a table vege-
table. Near large towns, peas are stripped on the farm,
and the green haulm is either emplored as fodder, or
made into silage. Peas have weak straggling stems
furnisbed with tendrils, by the twining bahits of which
the plants are pulled up into the light and air, and in
garden cultivation sticks are planted along the row to
afford them support. In field cultivation, however, sticks
are not used, and the plants spread amongst each other
in the same way as vetches. They are a somewhat
ancertain crop.

Most varieties of garden pea have a white blossom ;
while field peas bhave bluish-purple flowers. Common
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field varieties are the Maple. the Early Maple, the Part-
ridge, the Early Dun, and the Common Grey. Prussian
Blues and many varieties of white pens, ariginally intro-
duced as garden peas, have found their way into field
culture. Amongst the soft or wrinkled peas grown as
vegetables are the British Queen, Fortylold, Ne Plus
Ultra, Telegraph. and Yorkshire Hero.

Peas are a crop suited to light land, and, when
grown in a rotation, they follow barley, and thus give
the land a rest from clover.

Beans are grown as a field crop, yielding the familiar
Horse Bean: also, as a garden crop, the Broad Bean
or Windsor Bean. Horse beans include the large ticks
or negro beans, the small ticks, and the common variety.
Beans are more hardy than peas, and have a stiff upright
mode of growih. They nre also & more certain crop
than peas, but require a stronger, deeper soil. The more
hardy kinds, sown in the autumn, are called winter
beans; the more delicate varieties, sown in February,
are called spring beans. Field beans are drilled or
dibbled in rows, 18 to 24 inches apart. Upder favourable
conditions they produce pads almost down to the
ground, as a result of the free admission of light and
air. By the time the crop is ready to be harvested for
its seed, the haulms are well-nigh black, so that beans
are a black straw crop. Bean straw is used for feeding,
and is often mixed with pea-haulm for the purpose.

Broad beans are grown in the garden for the sake
of their unripe seeds, which, like green peas, are boiled
for table use.

The Scarlet Runner Bean (Kidney bean) is a garden
plant, with g long twining stem and bold scarlet flowers.
[t is a native of Mexico, and is cultivated in English
gardens as an apnpual for the sake of its unripe pods,
whick are sliced and cooked for table use. The part
thtt.. 16 eaten is, of course, the immature ovary con-
talning the uaripe seeds. )

The dwarf French beans are varieties of the kidney
bean. The Haricot bean, largely used as food in France

and Italy, and to some extent in England, is another
variety.
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Clovers are members of the genus Trifolium. Their
leaves are made up of three leaflets (whence the name
trifolium). Notice, in a clover field, how the leaves of
the plants close up at sunset, therehy offering the
smallest surface possible to the cooling efiects of radia-
tion during wight; this is an example of what Darwin
called the sleep of plants. The numerous small papiliona~
ceous flowers are aggregated in dense heads. Clovers
are not cultivated as food for man, but are amongst
the most common of the farm crops grown either for
green forage or for hay.

The clovers usually found in cultivation are named
in the following table:—

Colour of Flower-

Botanical Name, ‘ Common Name | head
| N — B
, Trifolinm repens ... A,.‘ White or Dutch clover White, ‘
Trifolium pratense... .| Broad clover ... .| Redor purple. |

‘Trifolium pratense perenne
Trifolium hybridom
Trifolium incarpatum Trifolium” ...
Trifolivm minus ... ...| Yellow suckling clovs

Jo
Pink and white
Crimson.
| Yellow.

White clover, Dnich clover, or boneysuckle clover,
Trifolium repens (fig. 82), receives its specific name of
repens in  allusion to its creeping habit, numerous
prostrate stems or stolons being given out at the crown,
and helping to spread the plant in all directions. The
fruit is a flat pod, containing three or four seeds
(fig. 83) of a sulphur or orange colour. It is a well-
established perennial plant found in old feeding pastures
of prime quality, in which it helps to form a rich turf
of elose bottom-herbage. If sown by itself it is usually
folded with sheep, as its habit does not permit of its
being profitably cut with the seythe. But sheep should,
for the first few days, only be allowed on the crop when
their appetite is partly satisfied, otherwise they eat
80 much that they become hoven or blown, through the
accumulation of gas in the stomach. A luxurious growth
of white clover often follows a dressing of lime or
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phosphates on poor grass land, especiully on soils natu-
rally deficient in these ingredients. This, no doubt, is
due to the weak clover plants, already existing in the
pasture, being stimulated directly or ind:irectly by the
dressing applied.

Red or brvad clover, Trifolium pratense (fig. 84), is
also known as purple or meadow clover. It has a
oo fine head of purple
AT -

Py 18! flowers, is a very

{ robust plant with &
slightly downy sur-
face, and its leafleta
bear a whitish horse-
shoe-shaped or trian-
gular mark,

The {fruit is a one-
seeded pod, so dif-
ferent from the ordi-
nary pods of the
Leguminoss that it
must be specially

[}

[
Fro. 82.—Wairs CLOVER, F1G. BS.—SEED oF

Trifolium repens, Lo, WaiTE CLOVER.

exemined. It does not open lengthwise, but is divided
into an upper and a lower half. The wupper 13
& smooth shining cap, and the lower is & emall thin-
walled box, by the tearing of which the seed is set free.
Same of these curious pods are often present in samples
of red clover seed, though, as they are easily separated,
they ought not to be. The seed (fig. 85), viewed in bulk,
18 brizht and shining. and has & purplish tinge. A good
seed is of a dark purple colour at one end, gradaally
shading down to a light yellow. .
_ Red clover is commonly grown as a bay crop, but it
i6 also folded with sheep. On good soils it will stand
two or more years. Thia is the clover which is specially
=
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susceptible to ‘sickness,’ & disease associated with the
pregence of minute eel-worme in the stem of the plant.
As ‘clover sick ' land usually requires some years in
order to sufficiently recover to carry clover again, it
is not advisable to grow il—certainly on light open soils
—more than once every ten or twelve years. A healthy
crop of red clover generally affords a most abundant
vield. [Clover-sickuess is sometimes due to a fungus.)

Cow grasa (Trifolium pratense perenne) is not a true
grass, but is a varjety of the red clover, which, though
slower in arriving at
maturity, is pos-
sessed of a wmore
lasting character,
and is usually less
liable ta  clover
sicknesa. It is, there-
fore, well adapted
for use in a mixture
of seeds intended
to remain down for
some time. Being

0-9

ol
F16. 84.—REp CLOVER, Fi6. 85.—8ExD OF
T'rifolium pratense, L. RED CLOVER.

later than the red clover, it usefully supplements the
latter, as it comes in season after the red clover has
been cut once, and before it is ready to fold or to
cut again. But, am it is cut late, cow grass ylelds
only & moderate aftermath. Cow grasg is thus an ex-
ample of a ‘ single-cut ’ clover, whereas the other varisty
is a ‘double-cut’ clover. It is not possible to distinguish
the meed of common red clover from that of cow
grass.”
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Alstke clover (Trifolrum hybridum) is & smooth peren-
oial plant with hollow stems. Its whitish and pinkisb
flowers are arranged in loosa heads on long stalks, the
plant thus presenting an appearance intermediate
between that of white clover and that of broad clover.
The pod is short and contains from one to three small
dark green seeds (fig. 86).

Alsike grows freely on most p"’ln’-
soils, and will thrive on wet -"_{‘\5/
lend unsuited to the older ‘%’1 7
varieties; it is particularly ]

free from clover
sickness, so that when
oceasion arises it forma a
very useful agubstitute for
broad clover.

Orimson clawer — scarlet,
carnation, or Italian clover
—Trifolium incarnatum (fig.

87, is the plant which

F1g. 86.—Sxxp oy Fio, 87.—' TrIroLIoM,’
ALSIEE, Trifolium incarnatum, L.
With enlarged floret.

farmera call ‘trifolium.” It is characterized by its elon-
gated velvety head of dark crimson flowers. There are
thres forms geunerally grown in this country—tha Early
Red Trifolium, the Late Red, and the Extra Late Red—
in addition to which there is a white-flowered variety
T. album. It is essentially a single-cut clover, and is
commonly grown as a catch-crop, the seed being merely
_ha.rrowed in upon & cereal stuhble directly the corn crop
is off the gromnd. The trifolium ia fit for feeding in
May and June, and after it has been folded by
sheep it may be broken up to be followed by root
eropa.
B2
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Yellow suckliug clover, or lesser yellow trefoul,
Trifolium minus (fig. 88), is a small annual yellow-fowered
species, of much less size than the clovers that have
already been described. It is a smooth plant, with
slender flower-stalks. It is often grown in association
with rye-grass, and begins to shed its seed freely afier
midsummer, especially in hot dry seasome.

The hop trefoil (I'rifolium procumbens) has a rather
prominent head of primrose-coloured flowers. In each
corolla, the vexillum (fig. 67) is bent hack somewhat,
giving the whole head the appearance of a srall yellow
hop-cone. It grows chiefly on limestone soils, and is not
cultivated. The zigzag trefoil,
Irifolium  medium  (fg. 89),
with a head of rose-purple
flowers, and a straggling
zigzag stem, takes pOssession
of the so01l with great
rapidity.

F1g. 88.—YELLOW SUCKLING F10. 89.—SxxD OF Z1602A0G
CLOVER, T'rifolium minus, TREFOIL, Trifolium
Sra. medium, L.

With enlarged floret snd

fruit.

The true clovers belong exclusively to the genus
Trifolium. An allied genus, Medicago, contains seversl
species which are popularly regarded as clovers, though
they are not really so. In Medjcago, as in Trifolium,
each leaf is broken up into three leaflets. But the fowers
of Medicago are arranged in compact racemes, & number
of short-stalked florets springing from & common axis,
50 that the result is nmot unlike a clover-head. Again,
tbe pod of Medicago is usually either curved ar spiral,
whilstdn Trifolium it is nearly straight. Two species of
Medicago are of agricultural interest.
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Trefoil or yellow clover, Medicayo lupulina (Gg. 90),
also knowa as black medick or noneuch, and called ‘ hop'’
by farmers, has some resemblance to Tr:ifolium minus.
But the whole plant is hairy or downy, the florets form-
ing the head are numeroua
and very bright yellow, and
the curved pod (fig. 90) be-
comes black as it ripens, none
of which characters are
srue of Irefolium minus, More-
over, in trefoil the corolla
falls away after flowering,
and the black roughish kid-
ney-shaped pod is exposed to
view, wheress in the yellow
suckling clover the brown
withered remrains of the
corolla emprace the pod. The
seed of trefoil has a yel-

lowish Urown,  shining ap i Mo

pearance ; each pod conlains "

one seed. Trefoil does not O‘;(ﬁil’,iﬁgﬁf‘:ﬁ‘:}ﬁ;}l‘i
possess the high feeding an enlarged floret.
properties of the true clovera.

When cultivated, it is usually in a mixture of seeds in-
tended to remain down for a short period only. It is
thus grown, especially on light chalk soils, in association
with rye-grass.

Lucerne, Medicago sative (fig. 91), is a plant which at
first appears to be very distinct from the trefoil just
descrihed. But an examination of the characters of
their flowers and fruits shows their close relationship.
Lucerne, however, is a taller, more robust plant, with
!oose racemes of bluish-purple flowers. The fruit, (fig. 92)
ig & spiral pod, turned on itself two or three times, and
containing a number of kidney-shaped seeds. Being a
very deep-rooted plant, lucerne is well qualified to thrive
w dry soils and during droughty seasons. It is best sown
by drilling, or by transplanting, as if sown broadcast it
ia impossible to get between the plants to clean the
land. The crop will stand for & number of years, and is
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used chxeﬁy for green soiling {se¢ p. 263), though in somse
districts it is made into bay. It affords excellent [odder
for horses.

Two other legummous plants largely grown are sain-
foin and vetches.
Sainfoin is celti-
vated as a main
crop, bui this
is hardly the case
with vetches,
though they are
sometimes taken as .
& msin ecrop on
heavy land.

Fi16. 91.—LUOERNE, Medicago Fro. 92.—~TwISTED OR
sativa, L. SPIRAL POD (LEGUME)
oF LyoBRNE.

Sainloin, Orobrychis sativa (fig. 93), is & robust plant,
with a stout woody root, & long handsome leaf of
12 to 20 ieaflets, and bold elegant racemes of large pink
flowers. There are few prettier sights on the farm than
o field of saiufoin, such as can be seen in chalk districts,
in full bloom. The fruit is a large wrinkled pod, con-
taining a single kidney-shaped seed of chocolate-brown
colour. Sainfoin is allowed to remain down for from
three to seven years, and is either grazed by stock or
mown for hay. Buat, if folded too soon, sheep bite the
heart out of the plant, and the crop is sersously injured.

There are two cultivated varieties of sainfoin—(1)
The Common or English Sainfoin, which gives only one
cut of hay in the year, and is of a more perennial
character than the other, lasting some ‘five years or
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wore under suitable circumstances ; and (2) The Giant or
French Bainfoin, which is more luxurious in its growth
at first, and gives two cuts of hay per annum. This
variety, however, is short-lived, oot lasting more than
LWO Beasons.

Vetches or tares, Ficia satica (fig. 94), have the ter-
winal leaflets of the compound leaves converted iutc
tendrils, The stem is trailing, and the pale purple

F10. 98.—Ssrnrorn, Onobrychis  Fra. 94.—VETCH or Tazm,
sativa, L. Vicia sativa, L. -
With leaflet, flower, and pod
an larger geale.

flowers zrise, one or two together and without stalks,
from the leaf axils. The straight hairy pods are not
unlike those of the sweet pea, but smaller, and they
contains from four to six seeds. The plant is an annual
and there are two varieties, known as winter vetches
and spring vetches, the former being sown ih September,
and the latter in February, March, or April. The crop
should not be cut till the pode have formed, though
long before they ripen. Both varieties are highly nutri-
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tious, and are relished by all kinds of stock. Vetches
are often sown with a little rye, or other cereal (as oats),
the upright stolks of which afford them support and help
to keep them off the ground, thereby increasing the
useful produce.

F1a. 85.—CoxxoN BIRDSFOOT TEERFOIL,
Lotus cornictlatus,
8, root nodules containing pitrogen-iring bacteria (sez p. 39).

About a dozen species of wild vetch grow in this
country, the most elegant being the tufted blume vebch
Vicia Cracca, with racemes of blue flowers.

A few oLher leguminous plants, occasionally culti-
vated or grown on a small scale, demand notice.

The common birdstoot irefoil, ZLotus corniculatus
(fig. 95), may be found in flower through the sammer
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on grassy banks and in dry pastures. The head ismade up
of a few large bright yellow flowers which are crunson
before they open, and give place to narrow pods which
spread out like the toes of a bird's foor. This plant is
sown on poor soils. The greater birdsloot trefoil (Lotus
major) is a larger plant, thriving in moist meadowa and
on somewhat peaty soils.

The kidney vetch, or ladies’ fingers, Anthyllis I'ul-
neraria (fg. 96), has o branching head of couspicuous

Fie. 96.—K1pney VeTCH, Fre. 97.—YerLow MELILOT,
Anthyllis Vulneraria, L. Melilotus officinaliy, L.
With enlarged floret, With floret and {ruit enlarged.

vellow flowers, the calyx of each being coversd with
white silky bairs. The leaflets which make up the leaf
are of unequal size. This plant is but rarely cultivated
out of Hampshire, though it is a very useful fodder crop
on poor sandy soils.

The Bokhara clover, or Melilet, of which there are
YEHPW (fig. 97) and white flowered speciea (Meklotus
officinalis and M. alba), grows fo a height of from two to
61 feet. When in bloom it has an odour fike that of
fresh hay, and the blossoms are eagerly saught by bees.
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Lupines (species of Lupinus) are better known in
England a& cottage garden flowers than as forage crops.
The narrow leaflets all radiate from a common point,
and the inflorescence is a stately raceme of blue, yellow,
pink, or white flowers. They are not natives of thir
country.

Furze, gorse, or whin (['lex europeus) is a prickly
shrub, with deep yellow hlossoms of somewhat sickly
odour. It is raised from seed, on waste land nat capahla
of being otherwise utilized. Horses, cattle, and sheep
readily eat the nutritious young shoots, as also the older
perts aiter they have been bruised, so as to crush the
prickles. It provides winter as well as summer f{ood.

Serradella (Ornithopus sativa) is cultivated as a forage
crop oo the Continent; and fenugreek (Trigonella) is
grown for its seeds, which
are used as a condiment.

Other native leguminous
plants, not cultivated, are
the broom, rest-harrow, sad
meadow vetchling, the last-
named heing a yellow-
flowered plant growing
naturally in hayfields.

ROSACEZE is & natural
order that furnishes no farm
crops, but includes a con-
siderable number of the most
useful plants of the garden
and orchard. The botanical
characters of the order are
extremely varied. It em-
braces herbs (burnet [fig.
98], silverweed, strawberry),
shrubs (raspberry, bramble),

F1G. 98.—BURNKET, f
Sanguisorba officinalis, L. and trees (plum, app e)-
Witk enlarged floreta, To understand the distine-
tive characters of the flowers

o this order, blossoms of the bawthorn, dog-rose, and
blackberry should be examined. The flowers are peri-
gynous (p. 170), the five free sepals, five free petals, and
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pumerous stamens springing from the edge of the cup-
shaped receptacle. In the weeds called burnet (fig. 98)
and lady's mantle there are no petals. The carpels
range from one to five or more, and the {ruits are of
very various kinds, but they are never legumes--the
characteristic fruit of the Leguminose.

In many rosaceous plants the fruit is a drupe (see
p. 176), of which the cherry is an example. All kinds of
plums (including the wild sloe or blackthorn), damsons,
greengages, cherries, epricots, peaches, nectarines, and
almonds belong to this type, and so do the common
laurel and Portugal laurel of shrubberies, but not the
bay luurel.

In the raspberry, blackberry, dewberry, and other
forms of bramble, the fruit is made up of a collection
of small drupes or drupels.

In the stratwberry the  fruit’ is false or spurious {see
p. 177).

The calyx is persistent in the case of the rasphberry.
blackberry., dewberry, and strawberry. It can always
be found beneath these ‘fruits.’” There is often what
appears to be a second calyx-—epicalyz—outside the
ordinary one. This is in reality a circlet of bracts.

One other type of rosaceous fruit of industrial valne
(the pome) is that met with in the apple and pear,
i their scores of varieties. They are spurious fruits (see
P I77).

Other native rosaceous plants, not previously men-
tioned, are the wild rose, meadow-sweet, cinguefoil,
agrimsony, and cotoneaster.

RIBESIACEZXA is & small order to which the goose-
berry and the red and black currant belong. These shrubs
are known as ‘bush fruit,’ and the fruit they produce
is, in each case, a true berry. The flowers are epigynous
—i.e., the cup-shaped receptacle is fused with the ovary,
so that the sepals, petals, and stamens, springing from
its edge, eppear to grow from the top of that orgea.
The ovary matures rapidly into the fruit, the ‘eye’ of
which consists of withered sepals, petals, and stamens.
Gooseberries and currants are largely used both as fresh
fruit for table use, and also for preserving.
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CUCURBITACEZX,—Britain possesses only one native
plant of this order—the white bryony (Bryonia dicica), a
tendril-bearing plant which climbs the hedgerows and
produces conspicuous bunches of soft red or yellowish
berries, which are poisonous. The greenish-white flowers
are unisexual, the male and female rfowers being each
confined to separate plants. Examine some specimens
in June or July, and notice especially the curved anther-
lobes of the stamens in the male flowers. Observe, also,
the elaborate clasping and coiling of the tendrils,
whereby the feeble stem of the plant is lifted up so that
the leaves and flowers get their full requirement of air
and light.

The cultivated plants of the order include cucumbers,
vegetable marrows, pumpkins, melons, water melons,
gourds, ete. These are all grown for the sake of their
fruits, which are large watery berries possessing special
flavours. Some of them (the melons) are consumed as
fruits, others (vegetable marvows) are cooked as vege-
tables, some (cucumbers) are used as salads, whilst a
small variety of the cucumber (the gherkin) is pickled.
Pumpkins are the largest fruits known, eand even in
this country have been grown to a size exceeding 6 feet
in circumference, and to a weight of over 200 lb.

Pumpkins and melons, and sometimes cucumbers, are
grown under glass, upon rich warm beds specially pre-
pared. They are raised from seed, which is obtained by
washing tbe pulp away from the fruit; and they may
easily be multiplied by cuttings. When grown in frames
they have to be specially fertilized (see p. 173).

Vegetahle marrows and also cucumbers are grown
out in the open air, and the latter are largely culti-
vated as a market garden crop, the smaller fruits
(gherkins) being reserved for pickling. The seeds are
large, flattened. and exalbuminous.

UMBELLIFERZX is the name of an order in which the
inflorescence is made up of & number of ctalked flowers,
springing in all directions from a point at the end of
the floral axis. Such an inflorescence is called an umbel.
If each brench of the umbel branches again similarly,
a collection of little umbels results, and the whole is
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called a compound umbel {fig. 99). The main branches
spring from within a circlet (involucre) of bracts, and
there are similar but smaller circlets (involucels) sur-
rounding the base of each component umbel. The
Umbellifere are herbaceous plants, with hollow furrowed
stems, well-developed leaves, usually much divided, and
sheathing bases to the leaf-

stalks. They are mostly AR R
white-flowered, but some are 3
vellow. The flowers are
epigyuous, and the flower-
leaves in fives, except thle
carpels, which are two in
number and fused together.
Many plants of the order arc T
possessed of stroug odours,

and cert2in species i

are poisonous. The cultivated 1
umbel‘hferl include the carrot, F1o. 99.—DIAGEAM OF
parsnip, celery, parsley, fennel, 4 Compounp UspEL.
caraway, and coriander.

The carrot (Daucus Carota), as it grows wild in the
fields, is in some districts called bird’s nest, becanse its
compound umbel of white flowers—aften with a purple
flower in the centre—has the concave form of a nest.
Pull up one of these plants, notice the long tap-root,
and break it through so as to observe its odour. The
cultivated carrot, with its handsome well-developed tap-
root, has been obtained by cultivation and selection from
this wild progenitor. The varieties generally grown for
field cultivation are the Belgian White, the Red Inter-
mediate, and the Yellow Intermediate. Carrots afford
s highly nutritious food, and all kinds of farm stock
—horses in particular—are partial to them. The ‘seed’
of this, as well as of the other umbelliferous crops, is
really the dry fruit (called a cremocarp, consisting of two
one-seeded halves—mericarps).  Carrot ‘seeds’ are
covered with a coarse hairy outgrowth which causes
them to adhere together; hence, before sowing, they
should be well rubbed between the hands with dry ashes,
bran, or powdered charcoal.
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The juice of the red carrot is sometimes used in the
dairy to give a colour to cheese snd butter.

The parsnip (I’astinaca sativa) has not been much
used es a cattle food in England, and is chiefly grown
a8 a garden crop. It is an improved form of the wild
parsnip, which is a common weed of poor grass land
and waste places, with & root possessing the charec-
teristic odour of the cultivated plant. The umbel is
made up of yellow flowers. As a rule, the roots of the
parsnip are less shapely than those of the carrot. Being
a very hardy plant, the parsnip may he left in the
ground through the winter. Tle ‘seed’ of the parsnip
consists of the half-fruits (mrricarps).

Celery is the cultivated form of a wild plant (4 pium
graveolens), with umbels of greenish-white flowers, found
growing in salt marshes. The seedlings arc transplanted
into deep trenches, which are gradually filled up with
earth as the plants increase in height. The access of
light to the succulent leaf-stalks being thus prevented
the green pigment chlorophyll does not develop, and
the leaf-stalks acquire that blanched or white appear-
ance with which they come to the table. In its wild
condition it is somewhat poisonous, but in the process
of blanching the leaf-stalks lose the poisonous property,
or rather it 1s not developed.

Parsley is another modification of a plant found wild
in England (Cerum Petroselinum). The garden parsley
is & savoury herb, the part employed being the leaves,
which are also used for garnishing.

Sheep’s parsley is a field variety, the ‘seed’ of which
is sometimes included in mixtures for laying land down
for sheep-grazing. It is occasionally sown on sheep
runs, the animals being fond of it.

Fennel is a gercden derivative of the wild fennel
(Faniculum vulgare) of sea cliffs. It ia a perennial, with
very finely divided drooping leaves, and umbels of
yellow fowers. The leaves have a strong aromatic
odonr, and are used in making fish sauces, and for
garnishing.

Oaraway, Carum Carvi (fig. 100), is 2 white-flowered
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native plant, sparingly cultivated for its ‘seeds’ (half-
truits—mericarps), which are used for favouriog bread,
confectionery, and spirits. The plant is easily raised
by sowing a few caraway seeds. Coriander (Coriandrum
sativum) i e  somewbat
similar plant, the ‘seeds’ of
which are wsed in the same
way.

Excepting the fennel, all
the foregoing plants
are biennials, and require
two seasons in order
to bring their seed to per-
fection.

Of the weed umbellifers,
the commonest ars the
hedge parsieys® (Torilis nodo-
sus and 1. dnthriscus), which
are mostly annuals. They
are at once recognized In
the hedgerows and on the
waysides by their charac-
teristic leaves, and umbels
of white or pmmk flowers,
which appear from May to Carvi.

July OrAu_gusL. These plaata With enlarged fiower and

are sometimes gathered for fruit, snd section of latter.
feeding rabbits. The cow-

parsnip, or hog-weed (Heradeum Sphondylium) ia & tall
coarse plant, growing from five to ten feet high, with
rough leaves and a conspicuous white umbel. The
shepherd’s needle, or Venus’s comb (Scandiz Peclen
Veneris) is an abundant weed in cornfields. It is a white-
flowered annual, and derives its name from the fact that
its clusters of fruits (cremocarps) lengthen out to a
remarkable extent after the plants have flowered. The
earth-nut, or pig-nut (Coropodium denudatum, fig. 101), i8
a perennial weed of pastures. Its leaves are much
divided into linear segments, and its flowers are white.
It has blackish tuberous roots, about the size of & chest-
nut, which are edible, and possess a sweetish taste;

F10. 100.—Cagsway, Carum
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‘underground puts’ and ‘earth chestnuts’ are other
names locally applied to them.

Poisonous Umbellifers.— Certain umbelliferous weeds
are highly poisonous. Amongst these the hemlock and
fool’s parsley are land plants ; the water dropwort, water
parsnip and cowbane are water plants. The hemlock,
Conium maculatum (fig. 102), which grows in waste places,
attains & height of from two to four feet. It is white-

F10. 101.—EARTH-NOTT, Fig, 102.—Hrwrock, Conium
Conopodium denudatum, Koch. maculgtum, L.
With enlerged flowar and fruit, With enlarged flower and fruit,
angd section of latter, and aection of latter.

flowered, and bh&s a smooth polisbed stem, bearing
brownish red blotches. On being bruised the plant
emits an odour like that of mice. The whole plant is
poisonous, and the seeds are especially so. Fool's
parsley, Aithusa Cynapium (Bg. 103), i3 a white-flowered
annual, also growing in waste places, and occasionally
in kitchen gardens. It reaches a height of two feet, and
may be recognized by the three narrow leaves (bracts)
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which grow downwards from one side of the base of
each little umbel of the compound umbel. It sometimes
grows amongst parsley, from which it is distinguished
by the bluish tint of its leaves. 1t is doubtful whether
this plant is really poisonous,
and whether it has not
sometimes been blamed in-
stead of hemlock.

Water parsnip has some
resemblance, both in the
shape of the leaf and in
odour, to the cultivated par-
-snip. It is 2 white-flowered
perennial growing in ditches
and streams. Its leavessome-
times get gathered with
watercress, fidm which they
are easily distinguishable
both by their appearance
and their flavour. There are
two species, a broad-leaved
and a narrow-leaved (Sium
letifolium and 8. angust- Tthusa Cynapinm, L.
folium). Water dTDPWO_ﬂ- With enlurgyed gowar and
(Enanthe fistulosa) grows in  [fruil, and section of latter.
marsbes and on the banks of
rivers and ditches, where it attiins a heigbt of from
two to five feet. It is white-flowered, and the sub-
merged leaves are very much divided. It 1s sometimes
mistaken for celery. The cowbane (Cicuta wirosa) has an
srect, much hranched, furrowed stem. and grows to a
beight of tbree to four feet in ditches. Cattle have been
poisoned by eating its leaves. The umbels are four or
five inches broad, but the 8owers are very small. Cow-
bane, fortunately, is not of common occurrence.

COMPOSITX is the name given to & very extensive
natural order of plants, the members of which are
characterized by their inflorescence. Imagine, in such
an inflorescence as the simple umbel (p. 204), that the
indjvidual flowers are all deprived of their stalks. The
result would be a numher of stalkless (or sessile) flowera

Fi1a¢. 108.—FooL's PARSLEY,
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all crowded together. Such a structure is called a
composite or capitate inflorescence, or. briefly, a capitulum
or head, and it is met with in all plants belonging to
the Composite. A daisy head or dandelion head 1s,
therefore, not a flower, but a collection of flowers—an
inflorescence. Examine a daisy head. In the middle
(the disk) are seen a number of yellow florets, which are
called tubular florets. Around the rim (the ray) are many
white florets, with the corollas developed to one side;
these are called ligulate florets. Such florets may be
still better seen by breaking open the bead of a sun:
flower, from which florets of each kind may be taken
for closer examination. Many composite plants have
both tubular and ligulate florets in the head—as daisy,
ox-eys, marigold, sunflower; others have the head com-
posed entirely of hgu\ate florets—as lettuce, chicory,
hawkweed, sowthistle; in some, again, the florets are
all tubular—ag tansy, wormwood. The overlapping
greenish leaves surrounding the head of a composite
inflorescence are bracts, collectively forming an involucre.
Do not mistake them for sepals. The chamomiles, used
for making chsmomile tea, are the dried inflorescences
of a native composite plant.

Many of the Composite possess a milky juice, con-
taining hitter and other principles. By cultivation these
are sufficiently modified to be made acceptable to the
palate, especially when presented in the form of green
salad herbs. Yet, considering the immenge number of
species included in the order, singularly few are culti-
vated. The only species grown on the farm are yarrow
and chicory, to which may be added the lettnce and
dandelion of the garden.

Yarrow or milloill, dchillea Millefolium (fg 104), is &
plant of common occurrence in pastures and meadows,
and on roadsides. Its leaves are very much divided,
and its inflorescence, usually white, occasionally
becomes pink or reddish. Sheep eat yarrow in moderate
qua.m,ities perhaps as a condiment or » medicine. As
is the case with all the Compositse, the ‘seed ' used for
sowing is really the fruit. Yarrow is included in mix-
tures of seeds for laying down light soils to grase, and
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its roots aid in binding loose soils together It is &
perential, and grows to a height of about one foot.
Chicory or succory, (ichorium I[nfybus (fig. 105), is a
native perennial, growing to a height of three feet or
more, and bearing heads of handsome blue flowers,
which are given off the stem in pairs. It has been
cultivated on a moderate scale as a cattle food, the
foliage being used for this purpose. The root, dried
and ground, forms the chicory sold by grocers, and often

F1G. 104.—YARROW or Fra. 105.—CHICORY or
MirroLL, SUCCORY,
Achillea Millefalium, L. Cichorium Intybus, L.

mixed with coffee. Ity young blanched leaves are used
a8 a salad, as are also those of the closely related
endive.

Lettuce (Lactuca sativa) ia the commonest of all sajad
plants grown in Fnglish gardens. The varieties of this
agreeable plant are very numerous, differing in size,
texture, colour, and period when m season. Lettuce
is a yellow-fowered bienunial, and ripens its ‘seed’ the
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year after 1t is sown, though precocious plants are liable
to run to top in the same season, unless the floworing
shoots are nipped off.

The dandelion {l'araracum officinale) makes an excel-
lent addition to a salad, and there is no reason why this
plant should not be as largely cultivated for this pur-
pose in England as it is in France, where it is also sent
to the table cocked.

The sunflower (Helienthus annuus) is a stout upright
annual, bearing large terminal heads of fHowers It is
cultivated for its seeds—really the fruits—which have
& bigh feeding value.

The Jerusalem artichoke (Heclianthus tuberosus) is
closely allied to the sunfiower, which it much resem-
bles in general habit, but the solitary terminal yellow
flower heads are smaller. Tt is a perennial plant, some-
what difficult to get rid of when 1t has once taken pas-
segsion of the soil. It is grown for the sake of its tubers,
which were formerly used [or many purposes to which
the potato is now generally applied. It is both hardy
and productive, and is grown from sets like the potato.

The artichoke (Cynara Scolymus), though a composite,
ia quite a distinct plant from the foregoing. Its large
gashed leaves, two or three feet long, and of & grey
colour, are very noticeable. A stout stem, three or four
feet high, carries flower-heads, at the base of which
are numerous thick overlapping scaly leaves (bracts).

Many compositaceous weeds are furnished with stout
perennial roogstocks, which are difficult to extirpate.
On meadow land the only safe measure to adopt is to
pull them up bodily. But both annual and perennial
Composite are, in the case of many species, furnisbed
with an easy mesns of dissemination of the ‘seed.’ The
florets are so crowded together that the calyx 1is
often reduced to & mere ring of hairs, termed a pappus
(see p. 177), surmounting the fruit, and as the fruit
ripens the petals and stamens wither away. Although =
this stvucture is not present in all Composite—not
in the daisy, for example—it is obvious that those
compositaceous weeds which possess it have a ready
means of apreading themselves over the land. Hence,
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any measures directed to getting rid of such weeda must
be put in operatioa bafore the flower heads have ‘gone
to seed.’

Amongst the commonest composite weeds are various
species of hawkbit (Leentodon) and hawkweed (Hieracium),
all of which are yellow-flowered perenvials. Other
yellow-flowered species are =ow-thistles (species of
Sonchus) and groundsel (Senecio rulgaris), some of which
are annuals and others perennials. The corn-marigold
(Chrysanthemum segetum) is & handsome yellow-flowered
annual weed of cornfields, whist the
clogsely allied yellow and white ox-eye
Marguerite, (. Leucanthemum (fig. 108),
of meadow land is a perennial, as 1s
alno the daisy (Bellis perennmis), with ily
troublesome Josette of leaves lying
close to the ground and usurping the F16. 106.—
pluce of useful pasture plants. The 'ggep or Ox-
scentless Mayweed (Matricaria inodora) is  EYE Dalsy,

a white-flovered annual common in corn- Chrysanthemum
fields, as is the stinking chamomile L‘“‘“;"“"’“m'
(dnihemis Cotula). '

Purple-flowered composite weeds include the varioua
prickly thistles (Carduus, Onopordon, and Carlina), which
are elther biennials or perennials, and the perenpial
knapweed (Centaurea nigra), with its hard blackish bead
conspicuous before fowering. Another knapweed, the
hegutiful blue-bottle or cornflower(C. Cyanus), 15 an annual
weed in cornfields. The burdock (dretium Lappa), a coarse
purple-flowered biennial growing in waste places, is the
largest-leaved British plapt, and is often—but quite
incorrectly—called wild rbubarb. The burs, which catch
in the clothing and in sheep’s fleeces, are formed by
hooked pomts upon the bracts of the flower heads.

SOLANACEM.—The most familiar example of this
order is the potato, the fower of which should he ex-
amined. The five sepals are all joined together, as are
the five petals; while the five stamens, with their very
conspicuous orange-coloured anthers, arise from the short
corolla tube. The two carpels join together to form a
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two-chambered ovary, as may be seen by cutting it
across transversely, and the fruit is calied the potato
‘apple ’ or potato ‘berry.’

The potato (Solanum tuberosum) is cultivaied for the
sake of 1ty underground stem, or tuher (see p. 151). ln
Jersey and Guernsey it is extensively grown under glass.
in order Lo secure the early market when prices are high.
For ordinary purposes of cultivation the crop is grown
from tubers, which may be cut up inte ‘sets’ before
planting. New rvarieties are obtained by sowing the true
seed, but it takes several years to establisb a fresh
strain. The iotroduction of these new forms Is neces-
sary, inasmuch as each variety appears in time to decline
in value, becoming less prolific and reliable. It 1sobvious
that it is only by the cross-fertilization rendered possible
in the flower that new strains can be originated; oo
cross-breeding can be practised when prepagation is
continued year after year by means of the tubers only.

British Solanacem comprise the f{oul-sinelling hen-
bane (Hyoscyamus niger), the woody nightshade or bitter-
sweoet (Solunum Dulcamara), and the deadly nightshade
(dtropa Belladonna). These plants all possess poisonous
principles, and are, therefore, dangerous, as are also
the leaves and fruit of the potato. Consequently potato
haulm is burned, and is never used as food.

Other poigonous or highly narcatic plants of the order
are tobacco (Nicotiane Tabacum) and thorn-apple (Datura
Stramonium). The red capsicums and the smaller red
chillies, seen in pickle-jars, are fruits of this order. The
dried capsicums, when ground, yield Cayenne pepper.

The tomato (Selanum Lycopersicum), or love apple, is
cultivated for its fruit, & handsome red or yellow berry,
which is used either as a salad, a culinary vegetable,
or as & conatituent of sauces. In England it thrives
best when frained agsinst walls, but since it caunot
be relied upen to ripen its fruit out of doors, it 1s exten
sively grown under glass, and, being an annual, it is -
raised from seed. It is a weak, trailing plant, with
soft stem, winged leaves, and yellow flowers. Observe
the odour of its foliage, almost ss powerful as that of
henbane—a weed of waste places.
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The egg-plant or aubergine (S. esculentum) is another
introduced member of the order, cultivated for ite egg-
shaped fruit.

LABIATXE is an order of greafer interest to gar
deners than to farmers. To it belong many of the sweet-
smelling and savoury herbs, such as sage (Salvia offici-
nalis), mint (Mentha viridis), thyme (Thymus vulgaris),
marjoram ((riganum onites), balm (Melissa officinalis),
horehound (Marrubium vulgare), lavendar (Luvandula vera),
and rosemary (Kosmarinus officinalis). It also includes such
weeds as white deadnettle (Lamium album), red dead-
nettle (L. purjurewm), hemp nettle (CGaleopsis Tetrahit),
bugle (A4juga reptans). and self-heal (Prunells vulgaris—
fig. 107). The plants of the order are recognized by their
square slems, opposite leaves, two-lipped corollas, four

0o

Fro. 107.—SxEp F10.108. —SeED
OF SELF-Beal, F1c. 108.—SEED oF VIPXR'S OF SCORPION

Prunella  wul- BuGLOsS, GraBs  Myo-
garis, L. Echium wvulgare, L. s0tis grvensis,
Hoffm.

stamens—two long and two short—and fruit of four nut-
lets {(commonly called ‘seeds’) at the bottom of a
persistent calys-tube.

BORAGINEZE, like Labiate, bave a fruit of four
nutlets, but their leaves are not opposite, nor are their
corrollasg two-lipped. To this order belongs the prickly
comfrey (Symphkytum asperrimum), an introduced plant,
producing an abundance of coarse herbage ernployed for
green soiling of cattle (p. 263) or for making silage. The
crop is grown from the divided rootstocks, which are
planted at regular distances, and yield three or four
cuttings a year. Otbher members of the order are the
common comirey (Symphytum officinale), the purple-
reddish and cream-coloured flowers of which are seen by
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the sides of streams; the corn gromwell (ZLithospermum
arvense), an annual weed of cornfields; the blue-lowered
borage (Borage officinalis), employed to flavour claret-
cup; viper's bugloss (Echium vulgare—fig. 108); the
forget-me-not (M ynsotis palustris), and the allied weeds
koown as scorpion grasses (M. arvensis, ete., fig. 109).
CHENOPODIACERX is the name of the order of which
the mangel wurzel, bestroot, and spinach are members.
The various species of goose-
toot (Chenopodium) (figs. 110
and 111), which are amongst
the commonest annual weeds
of arable land, likewise
belong to this order. The
flowers of chenopodiaceouns
plants are small and greenish,
and possess no petals.
Examine some mangel
seed. The ‘seed’ of com-
merce consists of the ovary,
with its peeds, imbedded in
the swollen base of the
perianth, which thickens and

™
®
.

Fia. 110.—Wrrte Gooseroor, Fi0. 111.—Srep or WHITE
Chenopodium album, L, (GOOSEFOOT,
With enlarged fower. Chenopodium album, L.

hardens as it ripens, becoming angular and somewhat
woody. Hence, when a mangel or heet ‘seed’ is set to
germinate, it is not unusual for two or three shoots to
appear from it.

In cultivation, two or three young plants are likely
to spring up at the same spot, and this renders the
‘setting out’ of the mangel plant difficult, whilst it
helps to account for the frequently ‘ patchy’ appear-
ance of the crop. To promote regularity of sowing, the



mangel ‘seed’ is sometimes broken m a mill, whereby
the true seedy are set free, god are tbus enabled to
fall wore uniformly from the drill.

The mangel, the sugar beet, and the garden beet are
all improved modifications of the same original wild
plant (Beta maritima), whose natural habitat 18 on ses
shores.

Three main types of mangel are cultivated—the long
red, the yellow globe, and 1be intermediastely-shaped
rankard. Botanically, the mangel is far removed from
the swede, which it rivals in feeding properiies and
excels in keeping qualities, The crop is not suited to
fesding on the ground, but is test stored for spring and
BUmMer consumplion (sez p. 48i). An additional reason
for storing it is that it wiul not stand the winter if left
in the ground. Maagel i3 sown earlier than turnips or
swedes, and the crop has a longer period for its growth;
it has & much more deeply penetrating tap-root, throws
out & less proportion of its {eeding roots near the sur-
face, and exposes a comparatively large area of leaf
to the atmospbere. With 1ta niore extended root range
it is less dependent on frequency of rain when growth
is once well established, and it thrives under a bigher
temaperature than the turnip. Hence the midland,
eastern, and southern districts are much more suitable
for the crop than the north-west or nortb of England,
or than Bcotland, where it is comparatively little grown.
Where, however, soil and climate are favourable, much
beavier crops can be grown than of turnips, provxded
very large dressings of farmyard maaure are employed.
The proportion of leaf to root is, as a rale, very munch
less in the mangel than in the turnip, but more than in
the swede.

The garden beet is grown as a salad plant, and its
dark crimson colour renders it a suitable addition to
red cabbage in the pickle-jar. The sugar beet iz much
cultivated in Germany, Austria, and France, sugar being
extracted from the juice of the roots, and the refuse
pulp affording a valuable cattle food. It is a much
smaller root than the mangel, and as it grows almost
entirely buried in the soil it is a more expensive crop
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to raise. Onpn the stronger soils it 18 necessary to ralse
them with forks, or with wowe special diggiog machine,
as is done on the Contineat. Another point to be noticed
is that the smaller and rougher routs generally contain
the higher percentage of sugar, and though these are
consequently best for commercial purposes, they give a
comparatively small yield per acre.

POLYGONACEZE is an order rendered sufficiently
familiar by such well-known weeds as the docks and sor-
rels, togetber with the spakeweed (bistort) and knot
grass. Like the chenapoda they have incomplete flowers,
the petals being absent, but the sepals frequently assum-
iog o reddish, piokish, or whitish tinge. The order is
characterized by the preseace of a mewmbranous sheath

(a form of stipule)

. surrounding the

o £ ; . stenx at the base
% . of each leaf-stalk,

and by the fruit

F1g. 112—'SxEp’ oF Fic. 118.—SEED’ B -
CoMmOX SORREL, OF SHEEP'S Som- baving N the f ap
Rumez dcetosa, L REL, Humex Ace- ~PEBTADCS O a

tosella, L. polishied friangu-

lar nutlet—like a
very small becch-nut. The presence of dock and sorrel
‘seeds ' (figs. 112 and 113) in samples of cultivated seeds
ia thereby easily detected.

Buckwheat (Polygonum Fagopyrum) and rhubarb
(Rheum lhybridum) are two polygonaceous plants, neither
of them native, cultivated in Britain. The hlack
triangular ‘seeds’ of buckwheat are occasionally sown
to afford a crop either for ploughing in green or for
folding with sheep. The seed is valued as food far
poultry and pheasants. Rhubarb, grown for the sake of
its succulent lesf-stalk, contalning oxalic acid, effords
an excellent example of the sheathing atipules of the
order.

The docks and gorrels (species of Humer) are all
perenmal weeds, growing from stout rootstocks, which
require to be pulled up bodily in order to suppress these
plants. This is the operation of ‘docking,” frequently
necegsary amongst growing crops of corn. Docks and
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sorrels are common weeds of grass land, mare of hay
fields than of pastures.

Enot-grass (Polygonum aviculare) (fig. 1l1d)—often
called ‘redshank’ from the colour of the sheathing
stipules—and the climbing bistort (P. Convelvulus), with
its dark leaves and its convolvulus-like habit, are
amongst the commonest weeds of cornfields, and often
accur on other arable land.

URTICACEZX, the stinging-nettle family, is the order
vo which British botanists refer the hop (IFumulus Lupulus)

F16. 114 —ENOT-GRA4SS, Fia, 115.—Hor,
Polygonum aviculare, L. Humulus Lupulus, L

(fig. 115). This plant grows wild in the hedgeraws, but
its cultivation is practised chiefly in Kent, the only other
counties in which hops are grown to any extent being
Sussex, Surrey, Hants, Hereford, and Worcester. In
1913 there were 35,676 acres of hops in England, of which
Kent alone grew 21,844 acres, or more than three-fifths
of the whale.

Hops are a very expensive crop to grow, are specially
liable to insect attacks and fungoid diseases, and #re
cultivated differeuntly from any other English crop. The
plant has a twining Babit, and stout poles are throst
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into the ‘hills’ in spring in order to give support to
the bine, the young shoots of which are at the outset
tied to the poles. The lateral growth of the bine i: en-
couraged by strings of coco-mul fibre stretching from
pole 1o pole, whereby ihe side shoots get plenty of light
and air.

Systems of ‘wire traiping ' are now commeonly nsed,
the wires being strained to posts permanently fixed in
the ground. This ia sometimes spoken of as the ¢ Tele-
graph systern,” and has many advantages over the old
poles, as there is a better access of light and air to the
growing bines, and it is easier to wash the hops when
trained on wire. Again, the picking from the wire and
stringwork system is simpler, as it is only necessary to
cut the string when throwing the bine down. In picking
from poles, on the other hand, the bine must be cut
first, and this premature cutting often involves bleeding
and comsequent weakness.

The hop has unisexual flowers, the male plants car-
rying the staminate flowers in loose pale green panicles,
whilst in the female plants the pisullate flowers are
gathered into heads made up of closely packed bracts.
It is in these that the bitter principle of the hop (lupulin)
is found, and, after flowering is over, they enlarge into
the head or ‘cone’ which is gathered by the hop-
pickers.

LILIACEZXE constitute a beautiful group of flowering
plants, of which the lily, tulip, and hyacinth are familiar
examples. The flowers possess three sepals and three
petals much alike in shape, size, and colour. There are
six stamens and three carpels, the latter uniting to
form a three-chamhered superior ovary containing
numerous seeds.

The onion (4llzum Cepa), which belongs to this order,
is cultivated as a garden crop rather than a field crop.
It is grown for its tunicated bulb (similar to fig. €0),
the white fleshy overlapping scales of which are made .
up of the bases of the leaves. It is used either as a
vegetable, as a salad, or for pickling. The crop requires
considerable care in cultivation. a well- prepa,red seed-
bed especially being necessary. The seed, in germinat-
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ing, keeps the tip of the shoot inside the seed-coat tor
some time after emergence above the ground. 'I'ne
shallot (dllium ascalonicum) is a variety of onion with
s flat side, due to two or three bulbs growing together.
The leek (Alium l'errum) does oot bulb proportionately
to the same extent ag the onion. It is used chiefly for
cooking.

Asparagus (dsparagus offieinglis) is a liliaceous plant,
with a creeping matted rootstock throwing up annual
shoots, which are eaten young as a culinary vegetable.
The culture is of quite & special character. Good prices
are obtained in early spriug
for asparagus, which is tied
up in bundles for the market.
It is o wative ol maritime
coasts.

The wild omion, or crow
garlic (dilium vinewle), is an
exceedingly objectionable
weed in cornfields, as the
presence of garlic o &
sample of whent detracts
largely from its  value.
Garlic is easily recognized,
both by its general resem-
blance to the onion eand
by its anmistakable odour.
It is cleared out from a
growing erop by the expen- b
sive process of hand-pulling. pyg 116 merpow Savrow,

Meadow saffron (Colehicum — Qglehicum autwmnale, L
eutumnale) (fig. 116) is & With pistil and fruit enlerged.
poisonous weed that grows
accasionally in meadows and pastures. The slender
leaves alone are thrown up in epring, and the pale,
purple flowers appear in autumn, after the leaves have
died down.

GRAMINEZX, —0f the natural orders of plants this is
by far the most important and the most useful to the
agriculturist, including as it does all cereals and grasses.
Wheat, barley, oats, rye, maize, rice, and millet are
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graminsous planta cultivated mainly for the sake of their
grain. Meadow and pasture grasses, such as rye grass,
eocksfoot, foxtail, timothy, etc., are gramineous plants
grown for their nutritious herbage, which is either
consumed green, or is first converted into hay or
silage. The sugar-cane and the bamboo are examples
of gramineous plants grown for yat
other purposes.

Pall up & grass plant by the root and
examine . Notice that the root con-
sigts of a large number of more or less
coarsa threads, called root-fibres. In
some species, as barley, these spread
out near the surface of the ground; in
others, as wheat, they penetrate more
vertically into the soil.

The upright stem in & grass plant is

|| called the culm or haulm (fig. 117). In
most, species the culm is hollow, save

at the bases of the leaf-sheaths—the

| joints—where it is solid. Many grasses

{ develop & prostrate stem, or sfolon

c (fig. 150), which et intervals sends root-
lets downwards and leaf-shoots up-

Flgi? ”7-*{;““' wards, and thus gives rise to a num-
S"HUOP:‘(SR:“ ber of independent centres of growth.
PLANT, Such grasses are described as stoloni-
ferous ; fiorin (p. 236) and meadow fox-

4, culm, seen I
within the split tail (p. 239) are examples.

Ieﬁf-syeath- Ohserve that the Ieaf in most grasses
B, ule. B - -
o C,Sjmm. is long, narrow, and strap-shaped,

D, prrtof lamina COMing t0 & point &t its free end.
or leaf-blade. It varies 1n different species between

) - the fine slender (sefaceous or bristly)

leaf seen 1n gheep’s fescue, and the broad flat
leaf characteristic of cocksfoot, or of the great
reed (fig. 120). Hold a grass leaf between the eye
and the light, and notice the paraliel ribs extending
from tip to base. Follow the leal downwards to where
it embraces the stem by means of its leaf-sheath. In
most kinda of grasses the leaf-sheath is eplit
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down the front. Closely similar grasses are sume-
times distinguished by the rough or smooth surface of the
sheath.

By pulling the leal slightly away from the stem, and
looking at the place where the leaf joins ita sheath,
a thin whitish outgrowth is in most species brought
into view. This 15 the ligule (fig. 117), and it is worthy
of note, because, on account of variations in its size and
shape, it is frequently of use in affording & means of
distinguishing between grasses that are otherwise much
alike. For example, grow some plants of wheat, barley,
and oats, till they are about six inches high, and then
compare their ligules. That of wheat not only sur-
rounds the culm, but its ends overlap, and thay are
hairy; in barley the ends of the ligule similarly overlap
or cross each other, but they are naked; whilst in oats
the ligule is so, short as to extend only part of the way
round the culm. Notice, also, the ligules in the three
common meadow grasses:—

H»ough-_et;lged weadow grass (Pos {rivialis), ligule long and
1n .

Bmooth-stalked meadow grase (FPoa pratensis), Lguls blunt,

Wood mesdow grass (Foa memoralis), ligwle nope, absent.

Again :—

Fine bent grass (4grostis vulgaris), ligule short, blunt.
Marsh bent grass (dgrostis alba), Ligule long, scute.

The most distinctive characters of grasses are to
be found in the flowers, and for these the ear or panicle
(the inflorescence) must be examined. Take an ear of
some large-flowered grass, such as oats. The nodding
structures at the ends of the delicain branches are called
spikelets. Break ofi a spikelet and examine it. At its
base are seen two large bosat-shaped leaves—called the
empty or outer glumes—almost, but not quite, opposite
each other. Between these outer glumes are embraced
two or more little flowers—or florets, as they are better
termed, on account of their small size. Each floret has,
at the base, two chaffy leaves, nearly opposite to each
other, The larger and lower of these 1s called the
Bowsring glume, the smaller and upper is the palea or
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pale (figs. 145-6), though sometimes they are called the
vuter pale (i.e., the flowering glume) and the inner pale
regpectively. The fowering glume at its edges embraces
the pale. An awn, or bristle, is seen to arise from the
middle of the back of the
flowsrwng glume of the lowest
floret. BelLween the flower-
g glume and pale are con-
tained (fig. 118) the .three
stamens, from the anther-
lobes of which comes the

Fi1o. 119.—Drssecten
FLOREY OF WHEAT
(enlarged).

@, 0, outer glumes, which
enclose sll the Borets of

a spikelet.
Paris of a aingle floret:

Fia, 118—A PEx- F, flowering gluma.

FECT FLORET OF P, f e,

Ta®  OaT  {en- L, lodicules (representing

larged). perianth  of  ordinary
At the back is seen flowers.

the pointed pale 8, the threo stamens.

(the flowering T, the pistil, comprising

glume being re- BD OFArY suTmouDted by

moved). the two feathery styles.

male fertilizing material or pollen. In the heart
of the floret, between the filaments or stalks of the
stamens, is seen the ovary, which eventually ripens ints
the grain,
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In most grasses the florets are much smaller than
they are in the oat, and there exist varjous modifications
of the parts just enumerated. ln the wheat-plant, how-
ever, the florets (fig 119) are large, Lut the spikelets
which contain them have no stalks. The presence or
absence of stalks to the spikelets determines, to a great
extent, the appearance of the ear or pamicle of a graas.
Where the spikelets are not
supported by stalks, but
rest directly upon the stem
or axis, there results the
close narrow ear seen in
wheat. couch grass (fig. 158),
barley, barley grasses (fig.
160), rye, and rye grasses

(figs. 148-9). Where the
spikelets are upon long
stalks, which spread out-
ward from the axis, such

panicles as those af oats (fig.
189), oat grasses (fig. 144),
meadow grasses (figs. 141-3),
fescue grasses (figs. 131-2, and
135-6), brome grasses (figs.
158-7), bent grasses (figs. é.{’

f £\ j
2 1 "//
137-8), quaking grasses, hair }
3 J.rr-"'(g

grasses (fig. 159), Yorkshire o
fog (fig. 161), reeds (fig. 120), R

and cocksfoot (fig. 124) result. @ 120, —CoxyoN Ruxp

Sometimes the stalks of the
spikelets are very short,and
lie 80 closely ogainst the

Phragmites communis, Trin,

With enlarged spikelet snd
floret.

stem that the panicle looks
83 if the spikelets were without stalks, though examina-
tion shows this is not really the case; examples are seen
in dogstail (fig. 125), foxtail (fig. 139). timothy (fig. 155),
and, to a less extent, in sweet vernal (fig. 152). It will
be noticed that just as the ear or panicle of a grass or
cereal is made up of spikelets, so is each spikelet made
g of one or more floreta.

In order that there may be no uncertainty as to what



$08 CULTIVATED PLANTS

is meant by a spikelet, look at fig. 131 (meadow fescus
grass), and couut the spikelets, which, in this illustra-
tion, number twenty-three. In the specimen of barren
brome grass, illustrated in fig. 157, there are fourteen
apikelets shown. In the specimen of pereunial rye-grass
(fig. 148) eighteen spikelets may be counted. In most
of the illustraticas of grasses, moreover, an enlarged
view of a single spikelet is given.

The awn is g bristle which usually springs from the
back of the flowering glume (or outer pale), above
referred to as helping to enclose the Boret. The swn
may arise {rom the base (a8 in wavy hair grass, fig. 146),
or from the middle of the back {as in sweet vernal grass),
or it may be a mere prolongation of the tip (as in dogs-
tail, fig. 127) of the fiowering glume. ‘Bearded’ wheat
is awned, beardless or smooth wheat is pot awned. The
awns, like the ligules. afford & means of distinguishing
between species of grasses that are otherwise much
alike. Thus, Italian rye grass (fig. 149) is awned ; peren-
nial rye grass (fig. 148) is usnally not awned. The fescue
grassea (Festuca, figs. 135-6) are mostly shortly awned;
the meadow grasses (Poa, figs. 141-3) are never awned.
In barren brome grass (Bromus sterilis, fig. 157) the awn
is long ; in soft brome grass (Bromus mollis, fig. 156) it is
short. In Yorkshire fog (Holcus lanatus, fig. 161) the awn
is hidden, in creeping soft grass (Holeus mollis) it ia
exposed.

The true seed of cereals and grasses never, as such,
finds its way into commerce, the grain, aa in wheat,
being really the fruit. The commercial ‘seed” of rye 18
similar to that of wheat, but in the case of barley or
pats there is something more, for the flowering glume
and pale have hardened on to the grain, so that the
“peed ' in this case is the dried foret. in the middle
of which is the fruit. The ‘seed ' of many grasses, as it
occurs in commerce, consigts similarly of the entire
floret. thia being the case with the ‘seed’ of cocksfodt
(figs. 126-9), dogstail (figs. 126-7), fencues (fig. 134), rye
grassens (fg. 133), meadow grasses, sweet vernal. timothy,
and others. In some cases the ‘seed’ consists of even
more than thig, for it includes the entire spikelet. An
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example ia afforded by foxtail seed, to gather which 1t
is only pecessary to strip the spikelets (fig. 139) off the
ripe ear. Hence the term ‘seed,’ as applied 1o grasses,
must be understood in a special sense—the fruit or
grain enveloped in ‘chaff’-—and as by no means wmply-
ing the true botanical seed, such as is exemplified in
the commercial seed of clovers, trefoils, turnips, and
cabbages. In short, the term 'seed,’ as applied to
grasses, means simply ‘that which is sown.’

Fra. 121.—Coxmon RusH, Fia. 122.—Freip WoOD-RUNE,
Juncus communia, Meyer. Luzula campesiris, Willd.
With enlarged floret and fruit. With enlarged floret and frait.

The only commonly occurring plants which are lizble
to be mistaken for grasses are rushes (nat. ord
JUNCACEZX) and sedges (pat. ord. CYPERACEZX);
they have no feeding valoe.

Rushes usually have dark green rounded stems, taper-
ing to a point, and enclosing a continuous or inter-
rupted pith. The leaves, if developed, are either flat or
like the stem. The brownish flowers of rushes contain
six stamens, surrounded by six scaly leaves. They are,

13
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therefore, quite different from vhose of grasses, and have
rather the structure of & very diminutive tulip flower.
Moreover, they are pever aggregated together in
spikelets. The true rushes (Juncus, fig. 121) grow natu-
rally oo poor wet lands. The wood-rushes (Lusula,
fig. 122) occur upon heaths, meadows, pastures, and
shady places. Their foliage is more grass-like than
that of the rushes, but their leaves always have a
cottony appearance, due to
the presence of lopg wavy
white hairs.

Sedges (Carex, fig. 192)
are af once distinguished
from grasses by their solid
trisngular stems, by their
entire leaf-sheaths, and by
the absence of ligules. In
grasses the stems are usually
round and hollow, and their
leai-sheaths are split in
front. The anthers of grasses
are notched (figs. 118-19) at
the endx; those of sedges
are not. The cotton-grass or
cotton-sedge  (Eriophorum),

F1a. 123.—PINK-LEAVED growing on moors and hogs,

BEDGE, or ‘ CARNATION- develops cottony  heads,
Ca"_r‘“‘:i:;m L which look in the distance

With mals and female  like tufta of white wool.
flowern enlarged. The term ‘grass’ is erro-

neously applied to certain
plants which are not members of the natural order
Graminer. Thus, cotton-grass and carnation-grass (fig.
123) are reelly sedges. EKnot-grass (fig. 114), a trouble-
some weed on arable land, is & near relation of the docks
and sorrels. Goosegrass (fig. 165) is the cleavers, hariff,
or whip-tongue, growing in bedgerows. Rib grass is the
plantain. Scorpion-grass is one of the blue-flowered
forget-ma-nota. Arrow-grass belongs to the water plan-
tain family. Scurvy-grass asd the whitlow-grasses sre
cruciferous plants. The grass of Parnassus ie & member
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of the saxifrage family. Cow-grass is a clover—the
wuch-valued Trifolium pratense perenne.

Grasses, very clogely allied to each other, may oever-
theless possess widely different properties. Thus, wheat
18 botanically related to the troublesome weed couch-
grass (fig. 138), whilst meadow foxtail (fig. 139) is allied
to the field pest known as slender foxtail, or hunger-
weed (fig. 140). In describing the grasses of agricultural
value it will be convenient, therefore, to refer to the
weed-grasses respectively allied to them. Though the
characters of the panicle, spikelets. and florets afford
the readiest means of identifying grasses, it must be
remembered that during the greater part of the year
these plants are not
in flower Hence. it
i5  necessaly  to
study the Jeaves
and roots of
grasses, and to en-
deavour to identify
the several species
by the characters of
these alone. In
many cases this is
not difficnlt.

The cultivated
grasses are here
deseribed, as &
watter of conveni-
ence, in the follow-
ing order: Cocks-
foot, Dogstail,

Fescues, Fiorin,
Foxtail. Meadow F1o. 124. —CocksrooT, Doctylis
Grasses, Oat glomerata,

Grasses, Rye  ith enlarged spikelet on the right.
Grasses, Sweet

Grasses, Sweet Vernal, and Tiumothy. Az has been inti-
mated, however, incidental references are made to such
weed-grasses as are generically allied to any of the
foregoing.
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Cockstoot ( luctylis glomerata, L.) is easily recognized.
Its spikelets are crowded together into thick clusters—
hence the specific name ‘glomerata’'—and they are all
turned to one side (fig. 124). It s a large, coarse-
growing, and ofien unsightly plant, rough or barsh to
the touch. The leaves are very charactenstic—hroad,
thick, juicy, bluish-green, and their hasal parts
white and flattened near the ground. It is tall, and of
quick growth. Afier having been once mown, and par-
ticularly if growing in a deep, rich aoil, its foliage
becomes luxuriant and abundant. To this latter cir-
cumstance is attributed the freedons with which it grows
in orcharde (whence it is termed Orcbard Grass in the
United States) and near farm buildings. It is less
suitable for pasture than for meadow, because on
account of its tufted habit it forms denst cushions or
tussocks, which, owing to the strength of the stems,
render the whole plant liable to become uprooted by
grazing animals. Cocksioot has a fibrous, much-
branched, and deeply descending root, so that it is
scarcely sensible to drought, provided the soil is suff-
ciently deep. It grows successfully in almost all soils,
except dry sands and heath lands, generally thriving
better in damp and heavy soils than in such as are light
and dry.

Cocksfoot is pever sown azlone, for its tufted growth
would result in the formation of a patchy irregular
sward. It should be cut, if practicable, before flower-
ing; otherwise the stems become hard and woody, and
therefore less acceptable to animals &s fodder. In
meadows where cocksfoot makes up the chief part
of the herbage, the time for commencing to mow shouald
be determined by the coudition of this grass. It fur-
nishes a very abundant aftermath, or second growth.

The commonest impurities of cocksfoot seed (figs. 128
and 129), namely, the seeds of meadow fescne (fig. 134), _
yellow oat grass (fig. 145), and rye grass (fig. 133)_, are
far from being injurious, and two of them are of higher
commercial value than cocksfoot seed itself. More pre-
judicial are the seeds of brome grass and of certain
weeds of the composite family, particularly ox-eyes
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(fig. 108), groundsel, ragworts, nippleworts, and bawk-
weeds. Seeds of umbelliferons weeds are also found in
badly cleaned samples of cocksfoot.

Dogstail (Cynosurus cristatus, L.).—Crested dogstail
grass, though of sparse habit, aids in the production
of & good ‘ sole’ in the turf of pastures. It is essentially
a pastoral plant, and is pot of great value in the hay-
field. In association with the narrow-leaved fescues it
is an important
constituent of many
of the best sheep
pastures, while its
withered culms
may be seen i
quantity at the fall
of the year in old
deer - parks, "unless
the torf hes been
closely grazed in
spring and early
summer. The
apperrance of the
panicle is 8o charac-
teristic  (fig. 125)
that it i not likely
to be confounded
with  any other
native species; its

Fre. 125.—Doosralr, Cynosurua

peculiarity is the eristarus, L
presence of a DPeC-  With enlarged epikelet and, on left,
tinate (or comb-like) two of the pectinate bracts.

bract at the outer

base of each spikelet. The leaves are rather narrow and
teper upwards, and the sheaths near the ground have
a yellowish white colour. Dogstail is widely distributed
in the pastures of the British Isles, but it never occupies
8 leading place in the bulk of herbage produced. The
plant seems to be most at home on compact, dry soils,
and thrives above a chalk subsoil. The roots are hardy
and penetrate deeply, hence dogstail is little susceptible
to drought.
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The seed of dogstail (figs. 126-7) is easily identified
by its elegant attenuated form, and its bright yellow
colouring. The usual impurities are seeds of Yorkshire
fog (the small shining gres-shelled ‘seeds ' that have
fallen from the dried spikelet), sheep’s fescue, and blue
moor-grass (fig. 130).

Fia. 126. Fro. 127. Fie. 128. Fre. 129. Fra. 130
'Beeds ' (much enlarged) of (figs. 126, 127) dogstail; (figs. 128,
129) cocksfuot; and (fig. 130) purple Melinia (blue moor-grass).

The Fescnes.(Fesiuca) comprise an important group
of grasses, several of which are of recognized agricul-
tural value. They may be conveniently divided into the
broad-leaved fescues and the narrow-leaved fescues.

The broad-leaved forms include Meadow TFescue °
(Festuca pratensis, Huds), Tall Fescne (F. eatior,
L.), and Spiked Fescue (F. loliacea, Huds.). These
gre all, however, modifications of one type, and that
type in best represented by meadow fescue (fig. 131),
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which is a grass of moderate eize, with flat rich green
leaves, and a nodding panicle turned to one side. Tali
fescue is larger and more robust, often attaining a
keight of six feet, and found naturally on the borders
of water courses. Spiked fescue (fig. 132) is a more
slender plant than weadow fescue, and in its panicle the
spikelets are either without stalks, or have ouly short
ones, thus conferring upon the ear some external resem-
blance to the ear of perennial rye grass (l«lium perenne,

Fic. 18j.—Mezapow Fescuk, Fre. 132. —SrIgeDp ['macux
Festuca pratenaiz, Hude. Festuca loliacea, Huds,

With a single spikelet on the right. With a single spikelet on the

fig. 148), whence the specific name of ‘loliacea.” The
seeds of meadow fescue and rye grass are wuch alike
in appearance. On comparing the two (Bgs. 133-4), it is
seen, however, that in meadow fescue the fragment of
stalk at the base is usually longer, slightly separated
lengthwise from the pale, circular in transverse section,
somewhat attenuated in the middie and thickened at
the free end. In rye grass, on the other hand, the
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corresponding struciure is usually shorter, closely applied
to the pale, elliptical in transverse section, and not
narrow in the middle.

Meadow fescue is a valuable constituent both of
weadows and of pastures, though it is ruch rarer in
old pastures
than was at one
time supposed.
It is rather a
deep - rooting
ptant, and
thrives best on
damp clayey or
marshy soils. It
is an admirable
grags for irri-
gated meadows,
and, on the other
hand, has oot
much  capacity
for withstanding
drought. Itx
habit of growth
i In compact
tufts, from which,
in favourable
situations, the
stems rise to

a height of from

Fro. 133.— 8sxp’ Fra. 134.— Sexp’
or Ryz Grasw. OF MEADOW two to three feet,
FESCUS. and are fur-

(Both ten times the natural size.) nished with long
- broad leaves.

Sheep’s fescus (Festuca ovine, L.) may be taken as the

type of the narrow-leaved lescues. It forms a thick tufted
herbage (fig. 135) of very fine leaves—so fine that they
are olten described as setaceous (Lat. sela, a bristle), =

and in the United States this grass is known as Pine

Bunch Grass. It ia a common grass oan light limestone

pastures, and on chalk downs grazed by sheep, and in

such situstions it belps to lorm a close carpet o} turt
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The panicle 18 not unlike that of somne of the meadow
grassea (Poa, figs. 141-3), from which it may be distin-
guished by its short awns, the meadow grasses being
free from awns. Fesluca ovina ia susceptible of consider-
able variations, determined by circumstances of soil,
situation, and climate. The commonest modifications

are:—
Festuca duriusculs | . . Hard fescue,
Feetuca rubra . . . . Red fencue.
Festuca heteraphylla . . Varigus-lenved fescua,
Festucs tenuifolis . . . Fine-leaved foscue,

Hard fescue (Festuca duriurcula, L.) is so pamed in
allusion to the fact that the spikelets become hard as

Fio. 135.—Samxp's FEacuve, Frg. 138.—Flarp FEscux,
Fextuca ovina, L. FPestuca durivacula, L.

With enlarged apikelet on the right, With anlarged spikelet on the lafi

they ripen. The grass {fig. 136) is a valuable conatituent
of sheep pastures, wherse it helps to form a close bottom
1w the turf. Its habit, however, is not tufted, and its
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berbage s tender, juicy, and relished by stock. The
leaves are of a deep bluish-green colour, stifl, and rolled
up almost into a eylinder. Hard fescue seed may be
usefully iocluded in mixtures for permanent pastures
upon all soils that are not very wet. Being the com-
mounest of the narrow-leaved fescues its seed is the
cheapest.

Red fescue (Festuca rubra, L.) derives its name from
the colour of the sheaths of the lower leaves, which,
when the plant is spread open for the purpose, are seen
to be of a dull red. A more robust Llant thau hard
fescue, 1t has at the same time a creeping habit, wkich
belps it to withstand drought, and suits it to poor soils.
Like most of the narrow-leaved fescues, this variety
does not make suflicient bulk to be of much use in the
hayfield, but it is unquestionably serviceable as a con-
stituent of the bottom herbage in pasturesg where it is
readily grazed by stock. Its seeds are larger than those
of hard fescues.

Various-leaved fescue (Festuca heferoplylla) has, as its
pame implies, leaves which are not uniform in size and
shape. Its foliage varies somewhat between the narrow-
leaved and broad-leaved types of fescue. The upper
leaves are broad, but the root-leaves are harsh and
slender, and are enveloped in loose brown sheaths,
whilst the general habit of the plant is tufted. It comes
into profit fairly early in the season. and thrives best
upon calcareous soils, even when they are moist or
shady.

Fine-leaved fescue, or slender-leaved sheep's fescue
(Festuca fenuifotia), is a typical constituent of sheep
pastures. Its folded, thread-like leaves sre so attenuated
that the entire pla_ut presents & wiry eppearance. Never-
theless, it 1s juicy and palatable, and there is no grass
more relished by sheep. It is deeprootea and is
naturally suited to poor, dry uplands. It is useless to
sow it on rich soils, as it gradually disappears.

Fiorin (dgrostis alba, L., var. stolonifera), or creeping
bent grass, is & stout broad-leaved grass, sending out
prostrate stems or stolons (p. 150), which creep amongst
the other herbage, and develop rootlets wherever an
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opportunity offers. Hence, under favourable circum-
stances, the plant increases with comsiderable rapidity.
Its interrupted panicle (fig. 137) of innumerable small
spikelets is characterized by the well-defined intervals
between the points from which the clusters of branches
arise.  Fiorin thrives in moist poor soilg, both sardy
end peaty. It cap hardly be described as a favourite
food for cattle, but it is useful in that it affords a green
bite far into the autumn. It caonot Le reconimended as

Fio. 137.~F10BrN, Fia. 138.—CaMuoN BxT,
prostis adba, L., var. stolonifera. Agrostia vulgaris, L

ith enlarged spikelet on the left. ~ With enlarged spikelel oo the let

a hayfeld grass. The seed of Borin is very liable to
contain the seeds of other speciea of Agrostis, which
are practically indistinguishable from it, and it is often
ergoted (p. 393). )

The Common Bent, or the fine bent grass (Agrostis
rulyaris, L., fig. 138). and the Marsh Bent (Agresiis atba,
L.) are two weed grasses, often included wn the common
term, twitch, or squitch. They occur nbuudnutly in poor
meadows, and as weeds in some descriptions of arable
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land. When a wheat crop is cut, the land is often found
to be covered with bent grasses.

Yeadow Foxtail (dlupccarws prafensis, L., fig. 139) is
ope of the early grasses, and may often be found in
ear by the nnddle of April.  The ear has much the
appearance of a round tail coding in a point, and if
drawu from base to up, between finger and thumb, it
feels soft and silky. By doubling the ear upon itself
at about the middle
of its length, it will
be seen that each
spikelet has a very
short  stalk, and
that the spikelsta
are thickly crowdad
along the axis. The
milvery grey colour
of the ear is largely
due to the silky hair
or brisile (the awn).
which springs from
the flowering glume
of the solitary flower
within each spikelet.
The leaves are soft.
green, succulent, and
very nunierous; they
are long, broad, and

F10. 139 —Mgrapow FOXTAIL, strongly veined. Fox-
dlopecurus pratensis, L. tail throws up much

With enlarged spikelet on the left. herbage in the early

spring, and thus
affords valuable grazing at a period before many of the
other grasses are ready. Though s tall fine grass, it
is less robust than cocksfoot; at the same time it is
less unsightly.

A perennial grass, of early growth, and affording
abundance of excellent forage, this is a mosi useful
species for permanent pasture. Scarcely any grass
resists better the cold of winter, and even late frosta
affect it but alightly. It appeara to thrive equally well

o)

Ty
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in sunay and in shady situaticns. and thersfore growa
luxuriantly in orchards, where indeed its precocious
growth may become well advanced before leaves appear
upon the frun-trees to intercept the sun's rays. Ou
thin, light soils it gradually disappears, whilst it
flourishes best on deep heavy lands. Onp dawp soils ano
on irrigated meadows it doss equally well, but staguant
water 15 nimical to 1t

Meadow foxtail spreads itself by means of short
prostrate stolons, given off in all dircetious from the
base of its stemn. These stolons develop rootleta et
intervals, and consequently this grass is quite {ree fromw
that tufted habit which preveats such grasses as cocks-
foot from forming an even sward. Meadow foxtail
fhares with sweet vernal the distinction of being the
earllest-lowering of all the useful grasses. Op a good
soil il 1s quite capeble of yielding tbree cuts in the
vear. la the year of sowing, however, the yield is only
moderats ; it is better in the second year, and acquires
its greatest development in the third year. As a forage
crop, therefare, foxtail is never grown by itself. Auso-
ciated, however, with meadow fescue, cocksfoot, rye
grass, and alsike clover, it is well adapted for soveral
years' ley, aud for permanment pasture.

The ‘seed’ of meadow foxtail, a8 it occurs in com-
merce, consists of the spikelet (sez fig. 139) with its con-
tained structures. It is frequently gathered unripe, and
this accounts for the low germinating percentags which
samples olton give.

Common jmpurities of foxtail seeds are the ‘seeds’
of Yorkshire fog (Holeus lenatus, fig. 161), and creeping
soft grass (Holcus mollis).  Though possessing a close
apperent resemblance to the seed of foxtail, they may
vet be easily distinguished from it, both by the character
and distribution of the fine hairs, ar cilia, upon the
glumes which enclose the grain, and by the nature of the
awn. Somelimes it happens that meadow-foxtail sead is
adulterated with the seed of its near elly (dlopecurus
agrestia, L., fig. 140), variously termed alender fortail, black
bent, or hunger-wred.  The ‘ssed’ of this latter, how-
over, is less cihiated slong the keels of the outer
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glumes, and is usually darker in appearsnce than
the seed of meadow foxtail. One other adulterant, only
found, however, in {ureign foxtail seed, is the seed of
the exotic ciliated melic grass, Melion ciliata, L., but this
is at once recognized by the extraordinary extent to
which its glumes are fringed with delicate white bairs
{cila).

Floating foxtail (4lopeourus geniculatus, L.) i3 an
elegant lictle grass found in water meadows, shallow
ponds, and other
damp situations. Its
stem is too wesk to
grow upright, and it
therefore rests upon
the ground or upon
the adjacent herb-
age, ;being recogniz-
able by the sharp
joints, or ‘knees,’
which give to it a
zigzag Aappearance.
When in full flower,
the pollen ecovers its
neat and shapely
little ear with an
orange-brown dust.
Floating foxtall is
never very abun-
dant; and though

Fra. 140.—SLENDER FoXT4IL, not an objectionahle

Alopscurus agreatia, L. grass in the moist

With enlarged spikelet ou the right. [peplities which it

frequents, it cannot

be said to poasess any special agricultural value, nor
is its reed to be obtained upon the market.

Slender toxtail (4lopecurus agrestis, L., fig. 140) is one
of the worst pesta of the farm. It is & troublesome weed
of arable land, especially in cornfields, but rarely invades
the meadow or pasture. It possesses the general habit
of the valuable meadow foxtail, but is leas robust, and
its ear, besides being more slender, is blotched with
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black—hence the name of Wack bent commonly applied
to it. Another familiar pame, and one indicative of ita
bad character, is that of hunger-weed. It may be found in
ear in May awd June, and, if not removed before it sheds
its seed, further trouble way be looked for in the follow-
ing season. Cases are recorded in which fields of wheat
have been quite destroyed by this pest. A caution has
already been given as to the occurrence of its seed in
samples of meadow-foxtail seed.

Meadow grasses (I'os) are characterized by the
graceful tree-like branching of the panicle In general
ajpearance they are
somewhat suggestive
of the fescues (ligs.
135-6), but they never
bear awns, as many
of the fe s do.
The most widely dis-
tributed member of
the group. the an-
nnal meadow grass
(Poa annva, L.. fig.
141), isa weed spring-
ing up wherever op-
portunity wmay offer.
It invades bare spots
in pastures. occurs in
gateways and on
gravel walks, grows
in the ecrevices be-
tween paving stones,
and flourishes on F10. 14]1.—ANNUAL MEiDOW GRaSS,
walls nnd roofs. An Foa annua, L.
examination of & With eclarged spikelet oo the loft.
specimen of annual
meadow grass will bring into view the leading characters
of the genus Poa. Near the ground the stems are flat-
tened, the leaves are short with blunt ends, whilst the
ligule 1a long, pointed, whitish, and clasps the stem.
The whole plant ia limp and pale-coloured, and the leaves
are often waved. Its small size, and the brief duration
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of its life, serve to render Poa annua practically valueless
to the farmer.

The species of Poa of agricultural interest are the
smooth-stalked meadow grasa, the rough-stalked meadow
grass, and the wood meadow grass. Notwithstanding
their general similarity, it ix not difficult ta distinguish
between these three species. For example, the ligule (see
p 223) is long and pointed in Poa trivialis, obtuse but
prominent iz Poa
pratensis, and prac-
tically absent in Ioa
nemoralis. The leaves
of Poa pratensis are
broader and blunter
than those of Poa
trivialis. If the plant
is drawn through the
hend, Poa pratensis is
found to be smooth,
whilst. Poa trivialis is
rough.

Smooth - stalked
meadow grass (Poa
pratensis, L., fig. 142)
thrives naturally
upoun dry soils of
good quality. It is

; rather- a surface-

Fia. HZ.—Snoom-sru.n_D MEADOW rooted then a deep-
GRass, Poa pratensis, L. rooted plant, is of

With enlarged spikelot on the left. creeping habit, and

withatands droaght.

Being a grass of early growth, it is, on that account,
s valuable constituent of dry pastures. When raised
from seed its produce during the first year ia but small
This is the Kentucky Blue Graas of the United Btates.
p. 223) ia long and pointed in Poa trivialis, ohtnse but
143). formerly called Orcheston Grass, prefers strong
moist eoils, and is a conspicuous ingredient of the
harbage of deep rich pastures. It is, perhaps, less hardy
than Poa pratensis, and it is particularly addicted to
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shady eitustions, so that, in pasturas and meadows
where it occurs, it may generally be found jn abundance
beneath trees. Fine robust specunens occasionally spring
up in the rich soil of kitchen gardens, especially awongst
bush fruit.

Wood meadow grass, or evergreen meadow grass (Poa
nemyrules, L), is less common than the two preceding
species, whilst the 3
costhness of pure L \j t}'//
samples of the seed N WL
operates against its K
extensive use ] e
for agricultural pur- ;X t %Y
poses. Y ] N

There is consider- { /
able asimilarity
amongst the seeds of
these three ' Poas.
Theyareall ‘webbed’
at the base—those
of Poa pratensis most,
end those of Poa ne-
moralis least—though
in sowe samples the

P

web has been re- ? Y x5
moved by the web- fes S
bing machine. Inthe Fia. 143 —Rorou-araLkxp MEapow

case of Poa pratenss, Grasgs, Poa trivialis, L.
indeed, the woolly With enlarged apikelat on the right.
‘wehs’ cause the
seeds to adhere together in fluffy masses. amongst the
impurities or adulterauts in samples of Poa seeds ars
the seeds of annual meadow grass, of tufted hair grass
(4ira emspitosa, L.), and of blue moor grass (3olinia
cerulea, Moench. fig. 130), What the buver bas chiefly
to guard against, however, is the risk of accepting the
seed of one species of Poa for that of another and more
expensive kind.

Ozt grasses belong to the same genue (dvena) as the
cereal oats, which some of the native species clocely
resemble in habit, though they are usually inferior n
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size. The most important species are yellow oat grass
and tall oat grass, both of which are of agricultural
value; and downy oat grass, narrow-leaved oat grass,
and wild oat grass, which are weeds.

Yellow oat grass, or golden oat grass ((1rena flavescens,
L.), is one of the most graceful of the Dritish grasses
(fig. 144). Its leaves are slender, flat, pale green, and
covered with short hairs, which can easily be seen by
holding & specimen up to the light. The stem is clothed

with delicate hairs

!‘/,’"’ pointing  d own-

4 wards, which help
in  distinguishing

I the grass before
it protrudes its
ear. The panicle is
of a shining yellow
cololir, and glitters
in the sun. Up to
the time of flower-
ing the ear is very
compact, and is
beautifully shaded
with green and
gold, whilst the
delicate silky awns
look like streaks
of silver. Aa the
Fra. 144, —YeLrLow OaT Grass, flowers develop,
Avena flavescens, L. the entire panicle

With enlsiged spikelet on tue left. spreads out into

s tree-like form,

and it is at this stage that 4vena flavescens forms
one of the most elegant midsummer .cbjects in
moeadows. Wheb the blooming time is over, and
the seeds begin to ripen. the panicle closes up again.
its lovely colours disappear, and it becomes brown and
withered. If panicles in the three stages—hefore flower-
ing, in bloom. and after flowering—are placed side by
side, it s at first difficult to believe that they belong
to the same species. dvena flavescens is a valuable grass,
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both for forage and for hay. It occurs naturally in pas-

tures, hayfields, and wal

F16, 145.— Serp ' oF YELLOW
OaT GRrASS (enlarged).

4, ioner face, showing pedicel
or stalk of next ‘seed.’ with
s 7ow of haire on each side.

®, side view, showing on the
right the fowering glame,
with its twisted awn arising
from above the middle of the
back, and its cleft tip; and,
on the left. the pale with ite
free end cleft.

G, back view.

In & the pale faces the obeer-
ver. and in ¢ the flowering
glume.

ter-meadows, in all of which it

is & desirable constiluent.
Its seed (fig. 145) is costly,
and that of the wavy hair
grass (dwra  flexuose, L.,
fig. 146), which somewhat

Fi1e. 146.— SegEp’ oF Wavy
Hair Grass (enlarged).

4, inner face, showing pedicel
or stalk of next 'seed,’ with
a tuft of hairs on each side.

B, side view, showing on the
right the flowering glume,
with its twisted awn arising
from near the bas of. the
back ; the pale is hidden by
the flowering glume,

C. back view,

In a the pale facc:. tbe ohser-
ver, and in 0 tie flowering
glame.



248 CULTIVATED PLANTSH

resewbles it, bas been known to be freudulently substi-
tated for it. The wavy hair grass is a product of poor
heaths and sanda, and is incapable of establishing itself
in good meadows or pastures.

Tall oat grass, or false oat grass (Avena elafior, L., or
Arrhenatherum avenaceum, Beauv., fig. 147), may frequently
be found in or near the bedgerows bordering grass-
lands. Though often regarded as a weed, yet, in its
proper place, and in association with other grassex, thers
is little doubt it
posseases  agricul-
tural valuoe.
Foreign  agricul-
turists appreciate
it more than de
British farmers. It
thrives best on
wedium roils and
clay loams, where,
being a robust
plant, it attaina a
height of 3 to 4
feet. It can be
found in ear from
esrly summer to
late autumn, its
3 spreading panicle

e being mads up of

F1a, 147.—TaLL OaT Grass, pals purplishspike-

Avena elatior, L. lets, always of a

With en'arged spikelet on the right. shining appear-

ance. The bitter

favour of the plant is hardly noticeable when it ia con-

sumed in conjunction with other grasses. It is specially
linble to attacks of smut (p. 380).

A variaty of tall oat grass, called ‘onion couch,’
forms from two to five bulb-like swellings, which are
modifications of the sbort internodes, at the hase of each
oulm. It is sometimes a troublesore weed on arable
land.

Of the wead oat gramses, the downy oat grass (Aveno




RYE GRABSEX %47

pubescens) ia characterized by the dense covering of close-
set bairs, which impart to the plant a downy appear-
apce. 1t mas be found in dry pastures, espcomally in
chalk districts. It is readily distinguished from thbe
valuable yellow ouat grass, tbus:—

Downy oat Spikelets, Ligule

grass Avena pubeacens, L. Few, large. . Loag, pointed.
Yellow oat

grass Avena Savescens, L. Many, amall. Short, blunt.

The narrow-leaved oat grass (dvena pratensiz, 1.) has still
larger spikelets than Avena pubescens, but 1t8 lower leaves
though harsb and rougb. are not bairy. The wild oat
grass, or bavers (dvene fatna, L.), is a weed of corn
fields, and much resembles the cultivated oat. Its spike-
lets are large, apd the contained florets are furnished
each with a long twisted awn, apd with a number of
reddish-brown bairs, pointing forward at the base. Tbe
stem is smooth, but hairy at the joints. This plant is
an annval, growing from aeed each year, and dying on
the approach of winter.

The Rye grasses (Lolium) are very extensively culti-
vated. Perennial rye grass {Lolium perenne, L.) is an
abundant species in rich old English pastures, and in
leying land down to permanent grass it is pearly a)wn.ya
included, the proportions varying according to circum-
stances. ltalian rye grass (Loltum ttalicum, A. Br.) is not
& grass of permanent pasture, but is proﬁb&bly included
in mixtures for ome or two years’ leys, and thrives
remarkably well upon sewage-dressed lands.

Porennial rye grass (Lolium perenne, L., fig. 148) can
acarcely be mistaken for any other species. The flattened
ear looks almost as if it had been passed through a
press. The spikelets, free from stalks, are given off alter-
nately on either side of the stem, to which they are
attached edgewise. Each spikelet has only one outer
glume, the place of the other being, in sffect, occupied
by the adjacent portion of the stem or axis. The gloasy
dark-green leaves of rye grass glisten coospicuously in
the sunlight. A prominent midrib extends along the
hack of each leaf, and, as the leaf is traced downwards
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to ita shesth, it is found to be douhled an itself like
the contiguous faces of a sheet of notepaper. Moreover,
the leaf-sheathe are seen to be distinctly fattened or
compressed. and frequently to possess a reddisk or
purplish tinge at the base. By the foregoing characters
rye grass, before it is in ear, can he distinguished from
meadow fescue grass, the leaf of which has no prominent
roidrib, and is not doubled upon itself, nor are its leaf-
sheaths cempressed, but round. The flattened leaf-
shenths of rye grass
enable the plant to
accommodate  itself
readily to the tread-
g of bive steck. and
to thrive under the
hoofs of animals. and
this may be one
reason for the abund-
ance of perennial
rye grass in  well-
grazed pastures. Rye
grass i likely to be
found wherever the
soil is rich enough to
grow it. Hence it
commonly oceurs
amongst the herb-
age of roadsides,
; where the soil is
Fie, 148. —PERENNIAL RYE GRa®s, enriched with the
Lolium perenne, L. washings and the

With s single spikelst on the lsft. scrapings from the
surface of the road.

Rye grass is one of the most valuable planta of our
grass lands, and in clay-land pastures it 18 invaluable.
It tillers, or stools out. very freely, by which js meant
that pumerous leaf-buds arise above the crown of the
root, and develop vigorous leafy shoots, so that the plant
forms a thick close sward. It easily supports frequent
grezing, or pulling by hand. Trampling or treading does
it a0 harm, but rather enhances its useful propensity to
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tiller ; this is the reason 1if. gives better results as a
pasture plant than as a hayfield plant. The yield varies
considerably with season and soil, and according to the
manuring and preparation of the land,

Many varieties of rye grass have been named—such as
Pacey's perennial, Devon eaver, etc.—but they present
00 well-marked or permanent differences.

Though pre-eminently a grass of permanent pasture,
rye grass is also largely employed in mixtures of ‘ seeds’
for one or two years’
ley, intended to af-
ford a hay crop, and
also to provide tem-
porary pastures. If
only on account of
its prompt and luxu-
riant tillering, “rye
grass should usually
be included in mix-
tures of seeds in-
tended for good soils.

The seed af com-
merce (fig. 133) comes
chiefly from Scot-
lond and the North
of Ireland, where rye
gragg is cultivated
upon a large scale. It 2=
is collected by the Fic. 140.—ITaLiax RYE Grasy,

seed merchants, and Lolium italicum.
cleaned asecond time. With a single spikelet on the right.

special care being

taken to remove seeds of Yorkshire fog (Hdlcus lanatus,
fig. 161}, soft brome (Bromus mallis, fig. 156), and rat's-
tail fescue (Festuca sciuroides). Rye-grass seed is also
liable to contain seeds of plantain (figs. 171-2), buttercup,
and sorrel (fizs. 112-12). On account of its low price, it
rune but little risk of adulteration. Nevertheless the
seed of soft hrome is sometimes sold in bulk as that ol
rye grass, but the fraud is one which is easy to discover
It use roore often to happen that rye-grass seed wa
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itrelf substituted for an appareatly similar but more
expensjve geed, that of meadow fescue. for the sake of
the extra profit. (See figs. 133-4.) The rye-grass seed
itself is classified into several commercial sorts, accord-
mg to weight, purity, and germinating capacity. As the
better qualities possess, iu gcucral a gréster weight,
it 1s tha weight which serves in England as & guide to
the value of the seed.

Italian rye grass (Lolium stalicum) is a larger and more
robust plant than perennial rye grass, and it affords an
earlier cutting, or bita, in the spring. Its florets (Rg. 149)
are invariably awned. as may be seen in the ‘aseed,’
whilst those of perennial rye grass (fig. 148) very rarely
carry awns., It is exclusively used for alternate bus-
bandry, for which purpose it scarcely has an equal. On
rich dawop soils, that can be irrigated with liquid manure,
Ttelian rye grass yields enormous crops,'equo.lly valughle
both for soiling purposes (sre p. 263) and for hay. It may
be grown aloue, or in association with cocksfoot, timothy,
or broad clover. Dairy cows, grazed upon & temporary
ley of Ttalian rye grass, give a great yield of milk, the
flavour of the butter or cheese from which is excellent.
This speciex is never found in old pastures.

Darnel (Lolium temulentum, L.) is an occasional weed
of cornfields. It is distinguished from the other rye
grasses by the eircumstance that the solitary outer glume
1a longer (fig. 150) than the spikelet to which it belongs.
Poisonous or intoxicating properties have been attri-
buted to it.

Sweet grasses (Glyeceria) occur naturelly in water
meadows. and in the Fen districts, and are seldom raised
from seed. In the grass lands which they frequent, they
constitute acceptable and palatable additions to the
herbage, and are. as their name implies, distinctly sweet.
The floating sweet grass, or floating manpa grass (/Fly-
reria fluitans, Br.). is a slender and graceful grass (fig.
151), liable in certain stages of growth to be mistaken
for the spiked fescue (Festuea loliacea. fig. 132), which
grows in association with it. The spikelets of the sweet
grass are, however, longer, and coutain a larger number
of florets then is the case in spiked fescue. The reed
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sweet grass (Glyceric aguatica, Sm.) is a far stouter plant
(fig. 152), and shows a disposition to grow in the water-
courses, and along their borders, rather thiau to spread
itgelf over the meadow.

Sweet-scented vernal grass (dnthoranthum odoratum,
L.) is one of the earliest grasses to cowe 1to flower, and
it may often be gathered in ear at the begimning of

/ Q,
Pra. 150.—DaeNEL, Lolium  F16. 151.—FLOATING SWEET
temulentum, GRrass, Glyceria fuitans, Br,

With a aingle spikelet on the With a single spikelet on the
right, and enlarged floret on right, snd enlarged floret on
the lelt. the left.

April. Tt is a plant (fig. 153) of sparse habit, and, though
it may be found in water-meadows, hayfields, pastures,
copaes, and hedgerows, it never constitutes more than
an insignificant proportion of the total herbage. If the
stalk of this grass is chewed, a sweet lavender-like
odour, similar to that of new-mown hay, is perceived.
This odour is given out in the process of drying, and to
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it the agreeable scent of a freshly-mown bayfield is atiri-
buted. On the sheep-grazed Downs of the South of
England, sweet vernal grows in association with sheep’s
fescue  The leaves of sweet vernal are flat, hruad. and
somewhat hairy, but the grass is not of coarse growth.
Examine some of the florets and notice that they have ualy
two stamens each, instead of three, as is the case with

‘l\\ ;

Fra. 152.—Rrrp Swrer Fro. 153 —Swrer VERNAL Grass,

Grass, Glyceria aguatica, Anthozanthum odoratum,
Sm. With enlarged spikelet ~ With enlarged cluster of three
on the left, and enlarged spikelets on the left,

floret on the right.

the florets of most species of grasses. The function of
sweet, vernal, both in pastures and in hay. is probably
that of & condiment, as it is capable of imparting a
flavour to the asecociated herbage. It growe in carapact
tufts, tillers freely, and continues to throw up its leaves
until late in the autumn. The awnps are hygroscopic, so
that if some of the ‘seeds’ are placed upon the warm
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woist paln of the hand, they will commence to writhe
and wriggle about in a curious {ashion.

Some of the seed of commerce comes from Central
Germauny, these being derived not from plante specially
cultivated for the purpose, but gathered in glades and
copses. [t Is therefore obtalped only by long and
fatiguing labour, and genuine samples are necessarily
of high price. Derived from such sources, however, the
seed is seldom puxe being usually mixed with seeds of
other plants grow in the same localities, potably the
seeds of woodrush ((u: 122), sheep’s sorrel (fig. 113), and
sheep's fescue (fig. 135).

In the district of North Luneberg, Prussia, there is
frequently found growing in rye crops a bad annual
weed, allied to sweet vernal, and known as Puel’s vernal
grass (dnfhordnfhum Puelii). This forms such dense
tufts that the scythe can scarcely cut them, end hence
the mowing of the rye is rendered difficult. Large gquan-
tities of the seed of I’uel’s vernal grass ars exported
from Hamburg. and this worthless mate-
rial finds its way into commerce as the @
seed of the true sweet vernal. On account o
of this origin, the seed of Puel's grass ®
often contains the long-pointed grains of
rye, as well as the long-awned seeds of
the wind grass (dpera Spica-venti, L.), the F10. 154 ~—SExp

= of KNaweL,
seeds of cornflower, and of the annual ., 0000
knaswe)l (fig. 154). It is not altogether easy  zanuue, L.
to determine whether a solitary ‘seed’
iz that of Anthoranthum ederatum or of 4. Puelii, but
viewed in the bulk the latter iz of a distinctly lighter
brown colour than the former. Puel’'s grass 1s
of little valpe. During its first year it permits
scarcely any of the grasses near it to develop, whilst
its dense tufts help to smother them. If, however, it is
not allowed to shed its seed, it usually disappears in
the second year. The seed of sweet vernal is sometimes
adulterated with that (fig. 148) of the wavy hair grass
(Aira flezuosa), but the latter is readily recognized by
the lower hall of its prominent basal awn being
teriated.
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Timothy grass, or mmeadow catstail (Phleum pratense,
L., fig. 153), derives its more [amiliar name from
Timothy Hanson, hy whom the cultivation of this grass
was introduced from the United States of America about
the middle of the cighteenth century. It is a native
British species, and is relished by all classes of farm
stock.

The only grass that timothy might be mistaken far
w meadow foxtail, there being a geperal resemblance
between the ears of
these two species. A
brief examination
will serve to show,
however, that they
are really very dif-
feremt. The ear of
timothy is green and
rough, whereas that
of foxtall is sivery
grey and smooth;
the florets of fox-
tail carry silky awns,
those of timothy are
awnless. Foxtail is
an early grass,
timothy a late one;
the former wiul have
gone to seed almost
before the latter ap-

FXD.PZSZ;‘"‘T;?&‘::;' (Ii,,aA“' pga.rs n ear, &as
With enlarged epikelet and, on ity timothy  does n_ot
left, the contained foret. usually flower till

. July. The leaves

have a greyish-green colour, and they are broader, and
—especially when dried—stiffer, or more rigid, than
those of foxtail; hence there is no difficulty in picking
out the leaves of timothy from a sample of hay. Timothy ~
is a perennial grass, with well-developed fibrous roots.
Sometimes the base of the stem immediately above the

root-fibres becomes bulbons, especially on poor land.

Although timothy prefers a cool and even damp soil,
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it yet resists drought very well, but yields iu this cese
smaller produce. At the same time, it suffers less from
the cold of winter than do several other cultivated
grasses, and hence it ia useful upon woila where other
forage plants are liable to be killed by the winter's frosts.
1t succeeds best upon cold clays, and 18 specially valu-
able for reclaimed peaty soile. On dry soils. and upon
shallow calcareous lands, it yields a very uncertain pro-
duce. Experiments prove that timothy responds freely
to liberal manuring, and even a poor, light, sandy soil,
wben dressed with sulpbate of potash, was found to give
a much increased yield of this species.

Grown by itself, timothy produces a somewhat
irregular sward of moderately close tufts. Associated
with other grasses, or with clovers, it gives an abundant
produce, for its hay is heavier than that of any other
cultivated grash. Tt should be mown before flowering,
atherwise it fibres become woody, and its hay is heavier
and harder. The first cut is usually more productive
than the second.

‘Whether grown alons or mixed with clover, timothy
ie more useful as green forage than as hay, hecause,
even if the crop has been cut at the most desirable time,
this species aiways hardens in drying.

The chief eupplies of timothy seed are derived from
North America, and, in part, from Eastern Germany
and Austria. The American seed is usually much purer
than the European, a circumstance no doubt due to the
extensive cultivation of timothy as a crop by itself in
North America- The raw European seed commonly con-
tains from {0 to 20 per cent. of impurities, consisting of
harmless particles of soil end vegelable fragments, and
of the seeds of bad weeds.

The ‘seed’ of timothy consistz of the grain, closely
invested by the light drab-coloured flowering glume
and pale. It ia small, neat. and compact. and as there
it no other seed which at all closely resembles it, adul
terations or impurities in samples are easily detected
Timothy seed is used in malking ‘artificial’ jams, te
which it imparts the appearance of genuine strawberry
‘seeds’ (p. 177).
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Various weed grasses have already been referred to,
but it is necessary to notice certain others, such as the
Brome Grasses, Couch Grass, Hair Grasses, Meadow
Barley Grass, Quaking Grass, and Yorkshire Fog. They
caanot be said to be wittingly cultivated by the farmer,
but they frequently intrude, as uninvited guests, upon
bis domain.

The Brome grasses, native species of Dromus. are all
weeds. They are handsome grasses, with elegant lance-
shaped spikelets, each
containing  four or
more awned florets.
By far the most com-
mon is (fig. 156) the
soft brome grass (Bro-
mus 11:::1‘15. L.). a too
abundant constituent
of the herhage of
water meadows, hay-
fields, and temporary
leys, though hut rarely
found in old pastures.
It sheds its seed In
June, and is thereby
enabled to maintain
its position in the hay-

- T w - field. Tts spikelets are
ok ’ " covered with short
Fra. 156.—SorT BROME, hair, which serves to

Bromus mollis, L. distinguish it from the

With a single spikelet on the right. Smooth brome grass
(B. racemosus, L.) that

frequently grows beside it. The rye brome grass (B. seca-
linus. L.) is o tall weed of cornfields, with a loose, somewhat
drooping papicle. Barren brome grass (B. sterilis, L., fig.
157) is chiefly a roadside grass, and lurks beneath fences
and hedgerows; its spikelets are darkish, flattened. and
long-awned. Hairy brome grass (B. asper, Murr.), another
denizen of the hedgerows, is the tallest of the bromes,
often towering above the tops of the hedges. It has a
targe drooping panicle, with nodding spikelets, and the
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atem is densely clothed with coarse hairs pointing down
wards. Upright brome grass (. erectus, Hude.) Is a
short awned grase found o fields, but Lh)el\y In waste
places, upoun chaliy soils.

Couch grass (1'7./tcum repens, L, fig. 1ur) is exclusively
a weed of arable land, and its presence in permanent
grass lands need only be looked for during the first
year or two of their existence. [ts vigorous underground
stem (p. 152) grows
with great rapidity,
and sends forth roots
and shoots at such
frequent intervals
that one plant 18
capable of speedily
infesting & large
area. The nAme
‘couch probably
means ‘quick’ (ie.,
living), in refer-
ence to the vitality,
and great duficulty
of eradication, of this
particularly noxious
kind of grass. The
labour of cleaning
land from couch is
chiefly directed to Fra. 157. —BaRREN BroME,
removing these trou- Bromus sterilis, L.
blesome underground  With a single spikelet on the right.
stems—if they are
merely cut up and left in the ground, each fragment will
commenece Lo grow as an mdependpnt plant. In Italy
these stems, which are juicy, aweet, and nourishing, are
collected, washed, and sold as food for horses. Couch
grass in ear may often he found in the hedgerows of
grable fields, where it serves as a great propagator of
rust (p. 386). The spikelets have no stalks; they are (like
those of wheat) set broadside on the st;em and each is
turnished with two outer empty glumes. By the two
last-named characters, an ear of couch grass is readily

-3
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distinguished from an ear of rye grass (compare figs. 148
and 155), Bearded wheat grass (£. caninum, Huds.) is a
long-awned ally of couch grass, from which it differs
in not baving a creeping underground stem. It occa-
sionally appears in old pastures, but Is vot & cultivated
grass.

The Hair grasses (dira) make up a pretty group of
plants, but they are all weeds. There are half-a-dozen
native species, though, as a rule, only ope is met with
upon the farmn—the
tufted hair grass, or
tussock grass (dira
cespitosa, L., fig. 159).
It grows chiefly in
wet meadows and
pastures, forming
dark unsightly tufts
or tussocks, termed
in  some districts
‘bull faces’ or * bull
pates.” Cattle seldom
touch  the  hard,
rough, flat leaves.
Up to the time of
Bowering the panicle
is exceedingly beau-
tiful, owing to the
brilliant silverylustre

Fie. 158.—CoucH ‘Gmss, of the purplish spike-
Triticum repens, L. lets. At the time of

With a single spikelet on the right. fowering the pasicle
spreads wide open,
and does not close again, the effective result of its
compact appearance when young being thereby lost.
Draining and manuring operate againsi dire caspitesa,
and hand pulling. or chopping with an adze, is some-
times resorted to, the root being left to wither on the
ground, or thrown upon the compost heap.
The wavy hair grass (4. feruosa, L.) is named in
allusion to the wavy branches of its panicle. Its shining
purplish or browmish spikelets may be seen in dry
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woods and on sandy heaths, but seldon elsewhere, Ita
‘seed’ is shown in fig. 146.

Meadow barley grass (/{ordeum prafcuss, Huds) bas
the appearance (fig. 160) of a dimiuutive plant of the
cereal barley. It is not cultivated, as the long rough
awns are unpleasant, and may prove injurious, to
grazing animals, It occasionally oceurs in hayfelds and
pastures, but is seldom abundant. The allied wall barley,
or way benlL (H.
murinum, L.) is &
weed of gravelly
roadsides.

Quaking grass
(Driza media, L) is
too  well-known  to
need descriptiog. [t
grows  usually  on
poor meadows and
heaths, and throws
up but little bherb-
age. It seldom oc-
curs jn rich old
pastures and gene-
rally disappesrs es
& resull of draining
and l:beral wmanur-
ing. Its  panicle.
with the benutiful,
purplish, nodding, Fra. 159.-—TUsTED HaIR GR486.
boat-shaped  epike- Aira cespitosa, L.
lats on their slender With enlarged apikelet on the right.
stalks, is an exceed-
ingly elegant object—it is easy to see in quaking graxs
what is meant by a ‘spikelet.’

Yorkshire fog (Holcus lanatus, L., fig. 161) is a widely
distributed weed grass. The whole plant has a delicate
woolly covering, whence it 15 also known as meadow soft
grass. This external coat. the flaccid character of the
plant, and its bitter flavour combine to render it dis-
tasteful to stock. Its panicle, which remains closed np
to the time of flowering, is a pretty object, with ite

x3
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various shades of colour, ranging from greenish to pur-
plish. The panicle spreads out at the period of lowering,
and as the seeds ripen it assumes a brown and withered
appearance. Yorkshire {og is very common in water
meadows and in inferior hayfields. It is less abuundant
m rich pastures, from which it is sometimes eatirely
abseut. As it ripens its seeds early, hay containing
much Yorkshire fog may be the means of disseminating
this pest on arahle sheep farms. The hay being fed iu

Fi1G. 160. —MEavow BakLey GRass, Fla. 161.— YorgsHIRF Fo
Hordeum praterise, Huds. Holcus lanatus, L.

With enlarged spikelet on the right. With eplarged spikelet on the s

troughs to the sheep, the seeds of the Yorkshire fog fall
out. upon the g-round with the result that rows of Holcus
lanatus spring up in the places where the broughs have
stood. Yorkshire fog should be discouraged in favour
of better grasses, and care should be exercized lest its
‘seed ' be inadvertently introduced, either as an adul-
terzat, or as an Impurity, in mixtures for sowing.

The closely allied creeping soit grass (H. mollés, L.)
is much less common. It frequents hedgerows, copses.
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snd waste places, seldom intruding upon either the
meadow or the pasture. Whilst Holeus lunatus is equally
woolly all over, [1. mollis is more woolly at the Joints
than on any other portions of the plant; Ly this means,
and also by the awns (p. 226), the Lwo species can be
distinguished the one from the other.

THE CEREALS

Most of the forms of wheat in cultivation are vaneties
of Lriticum sativum. The greater number of these are
beardless, the remainder are bearded or awned. The
soft beardless wheats are divisible into groups, accord-
ing as the cars are white, reddish, or red ; and the white
and red vavietiqs are again classed in accordance with
either the smooth or downy character of the chaff. Of
the smooth-eared whests, whether white or red, the final
division is determined by the colour of the grain—white
on the one hand, red or yellow on the other.

White wheats, as a rule, require a better soil and
climate, and are less rotwust than the red varieties, The
quality of the grain is better, and they produce the best
flour.

Red wheats, on the other hand, are more vigorous
and generally yield better. They can generally be grown
under Jess favourable circumataucea as regards goil and
climate.

Wheats of the hetter class, as regards both quantity
and quality, are the produce of alluvial plains and fertile
valleys. The wheat grain is the true fruit (p. 175) of the
plant, and the flowering glume and pale do not harden
on to it.

The term ‘ chested,” as applied to wheat, denotes the
number of mature graine which are formed in each
spikelet (p. 225). In three-chested wheat, for example,
three florets in each spikelet produce ripe fruits; in four-
chested wheat, four florets, and so on.

Barley (Hordmm wlgare) furnishes the varieties of
two-rowed barley and six-rowed barley, the former dis-
tinguished as H. distichum, the latter as H. hezastichum.
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It is a bearded cereal, the awny being long and rough,
and assuming a beautiful purplish tinge at their free
ends. The grain, as harvested, comprises the true fruit,
closely invested by the light yellow flowering glume and
pale. Deel these off 2 grain of barley, and the structure
which remains is the equivalent of the wheaf graia.
When barley is subjected to a milling process whereby
the outer fibrous coats of the grain are removed, the
product is called pearl barley. Barley is specially note-
worthy for the flaygy, or leafy, nature of its straw.
Bere is the name of a coarse, hardy, four-rowed barley
grown in Treland and the North of Scotland.

Oats (Avena safira), like harley, have the grain in-
vested in the fiowering glume and pale. though they
adhere less closely, and are therefore more easily
removed. The varieties commonly cultivdted are: (1) the
Common Oat, which has a spreading panicle, and (2)
the Tartarian Oat, which is characterized by a one-sided
panicle. By drying in a kiln or oven the separation of
the coats of the gra.in is facilitated, and, after the husk
bas been removed in a mill, the groabs or gnt.a which
remain are ground into oztmeal. The ‘colour,’ in the
case of white and black oats respectively, is that of
the dried flowering glume and pale.

Rye (Secale cereale) produces & grain or fruit similar
to that of wheat, though less shapely, and without so
well-defined a groove. It remains loose inside the flower-
icg glume and pale, which do not adhere to it. There are
a number of winter and summer varieties of rye, the
former, the more commonly used, are sown in the
autumn ; the latter are sown in spring, and are qulcker
gro“mg and less productive. Young rye, growing in
the field, may be recognized by the purplish tinge of
the stem, between the root and the first leaf.

Of the four cereals that have been enumerated, wheat
is exclugively grown, and barley and oats are commonly,
grown in this country for the sake of their grain. In
many districts, however, each of the two latter is sown
in autumc, for spring feeding as a green crop, and in
such casea is usually associated with vetches, or some
other leguminous crop. The ‘ winter barley’ thus culti-

.~
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vated is the six-rowed variety. Qreen wheat, on the
other hand, is but very rarely fed on the ground. It
seldom bappens, except in the case of ‘proud’ wheat—
that 1s, a crop which, owing to the effect of a mild open
winter, has grown somewhot luxuriantly and unevenly.
Such a crop may be fed off by sheep 1n early spring,
in order that it may start uniformly upon its course of
summer growth. The free propensity to tiller, which
18 characteristic of the wheat plant, enables it to grow
vigorously after being grazed. Rye 15 pearly always
grown as a green crop for
spring feed, either alone or
in association, aud is seldom
left to ripen its grain in this
country.

Malize, or Indian corn (Zea
mays), and sorghum (Sorghum
saccharalum) are gramineous
plauts, which are cultivated
as cereal crops in warm coun-
tries. They are of robust
growth, with stout succulent
stems and broad faggy
leaves, and attain & con-
siderable height. In the
warmer parts of England \
they havepbesn cultivated to - \k\'

& very limited extent in F10. 162.—Canary Grase,
order to afford material for Wﬁ;’;"]‘zrf’ “‘”“”‘f’;";'t
green soiling—ihat 1s, for cut- ".he efeargegnduplezlir;.g
ting and feeding in the green floret on the right.

state to cattle and sheep.

Canary seed is the product of canary grass (Phalaris
canariensis, L., fig. 162), a native species which is very
sparsely cultivated in a few districts in the south-east
of England. It occupies the place of wheat in the rota
tion, but there is only an uncertain market for the ¢ seed,’
which is used as food for cage birds. The plant is easily
raised by sowing a few grains of ‘canary seed,” and is
sometimes found growing on rubbish heapa where bird-
cages are cleaned out.
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CHAPTER XITL
WEEDS

A wervr has been defined as a plant growing in the
wrong plece, so that a potato- plant is a weed if growing
in a cornfield, as is a wheat-plant in the kitchen garden,
Weeds cou:munl) usurp the place of the crop it is desired
to grow, and cultivators have to devote much time and
trouble to their suppression. As weeds are, in many
cases, the naturel produce of the soil on which the culti-
vator wishes to grow some special plant which would
not. spontaneously appear there, this circurmstance tells
in their favour. A fertile farm kept free of weeds is said
to be in a cleen condition, and it requires the highest
skill of the farmer to maiotain such a condmon Much
of the elaborate working which arable 14nd undergoes 1is
directed to the extirpation or suppression of weeds,
whilst, in the case of permanent grass land, other means
have to be adopted.

Some of the commonest weeds have already been
noticed in the preceding chapter, in conuection with the
cultivated plants to which they are most nearly allied.
There remain certain other weed-plants which it is con-
venient here to specify in connection with the natural
orders to which they belong.

RANUNCULACEE.—An order distinguished by hav-
ing n each whorl of the Aower the individual parts all
distinct from each other; the sepals are not joimed
together, nor are the petals (which are absent in some
species), nor are the stamens, nor the carpels. To this
order belong the buttercups (species of Ranunculus),
known also by such names as kingcup, crowfoot, spear-
wort. Buttercups grow as a rule on good land, and are
amongst the commonest weeds of pastures. The marsh
marigold (Caltha palustris) of water meadows, the
pheasant’s-eye (ddonis eutumnalis) of cornfields, and the
wood anemone, or windflower (Anemone nemorosa), are
also members of the order. Excepting pheasant’s-eye,
which 13 an annual weed, the plants named are
perennials.
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PAPAVERACEZE.- To this order belongs the poppy
(Papaver Khaas), one of the very few scarlet flowers
pative to this country. It is an annual plant, the fruit
of which—known as the poppy head—contains an enor-
mous number of seeds (fig. 163). The
poppy is a most persistent weed of corn-
fields. Examine a specimen in bud and
one in full flower, and notice tha! the

5 W F1o. 163.—
c{il).\, consisting of two sepals, forms a BEED 08 POrTy
kind of cap, which falls to the ground Papaver
before the crumpled petals can expand. haas, L.

Observe the many-rayed sessile stigma

resting upon the ovary; and cut across the ovary so ns
to bring into view the turned-in margins of the many
carpellary leaves (see p. 176), whbich do not, however,
meet ai the centre. I‘he opium poppy . somnifcmm)
is allied to the field poppy. and. in India, opium is
obtained by collecting the juice which e\udes from the
walls of the unripe ‘heads,” when these are gashed with
a small knife.

FUMARIACEZ.—A closely allied order to the pre-
ceding, but this has only six stamens ip the flower, whilst
the tips of the petals aghere together. Several species of
tumitory (Fumarie) are very common anoual weeds of
arable land. They have wuch divided pale green leaves,
and pale red (or white) corollas becoming darker at
the tips.

GERANIACEZE.—There are about a dozen native
geraniums, or cranesbills, the latter name referring to the
extent to which the dry fruit
lengthens in the course of ripening.
One of the commonest weeds in
gateways, and under walls and
bedgerows, is the strong-smelling
pink-stemroed Herb Robert (Gera- g
nivm Robertienum). Twa ar three Fig. 164.— Seep’ oF

. SMALL-FLOWERED
other species, notahly the dove's- CRANBSEBILL,
foot cranesbill (G. molle) and the cergnium pm:dtum,
cnt-leaved cranesbill (6. dissectum),
occur upon arable land and in meadows, and their ‘ seed ’
(fig. 184) is sometimes introduced in unclean samples
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of clover seed. The geraniums that have beer referred
to are all amnuals, and are small-iowered. The peren-
nial blue meadow cranesbill (G. pratrnse), found in pas-
tures, has much larger flowers.

RUBIACEM.—This is an order of plants made fami-
liar by the bedstraws, with their weak straggling stems,
linear leaves in circlets, and minute clustered flowers.
The commonest ts the plant variously tered goose-
grass, hariff, and cleavers (Galium dparine, fig. 165), with
its knob-like fruits covered with small hooked bristles,
whereby they adhere to
clothes and to sheep’s fleeces.
It is an annval weed of rank
growth in hedgerows. Rab-
bits eat it readily. On poor
meadows and down land the
yellow bedsiraw (G. rerum),
with numerous small, bright
yellow flowers. is & common
perennial weed. There are
about ten native specics of
bedstraw {fig. 166). The fleld

e

F10. 1685, —GoosE-GRass. Fi1a. 166.—Sxzp or WHITE
Galium A parine, L, BEDBTRAW, Galium Mol
§¥ith enturged flower, pistil, {ugo, L.
and fruit.

madder, or blue sherardia (Sherardia arvensis), is a small
llac-fowered annual weed common in cornfields
CONVOLVULACEX.—The lesser bindweed (Convol-
wulus arvensis), with its twining stem, and its pinkish-white
funnel-shaped aromatic flowers frequented by insects,
is a troublesome pest of cornfields and potato beds. The ~
manner in which it binds togetber the patato haulma
renders it difficult to dig the crop. The larger bindwesd
(C. sepium), with ita much bigger white flowers, is
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confimed to hedgerows and other fences. Both ars

perennials.

Dodders are parasitic flowering planta (fig. 167)
alhied to the bindweeds. Their seeds germinate in the

ground, and, in

the case of the §

clover dodder
(Cusenta Trifolis),
the young shoot,
coming in con-
tact with the
stem of a clover
plant, develops
suckers or haus-
toria. As growth
progresses  the

dodder produges .

more haustoria,
with the resuit
that 1t becomes
entirely parasitic
upon the clover
plant, and, whilst
it appropriates
the  nutriment
which the clover
has elaborated
for its own
growth, 1t gra-
dually strangles
its ‘host.” This
unequal struggle
terminates in the
death of the
clover plant, and
eometimes in &
clover field num-
bers of bare
patches may he

F1a. 167.—CrovErR DODDER.
Cuscuta Trifolti, Bab.
clover planta infested with dodder.
euckers or haustoria of dodder.

, gection of clover stem, showiag sttoch-

ment of dedder auckers.
dodder seed, natural aize.
dodder seed

white clover seed 1"‘“@158‘1 five

. red clover aeed ,‘ diametens.

seen where the crop has been destroyed hy dodder.
In such cases the claver should be fed off by sheep
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at once, the field should be ploughed up, and clover
should nol be grown again upon the samwe land for
a number of years, ic order that the dodder seed in
the soil may have time to die. Clover seed should
always be examined, sod, if it contains any of the
small brownish wrinkled seeds of dodder, it should on
no account be sown. To employ such seed is an act of
great folly.

Clover dodder has a yellowish-pink straggling stem,
with no Jeaves and with numerous clusters of small
flowers. The plant grows in the fashion of a heap,
the narrow stems alone being exposed to outward view,
and the clusters of flowers turned towards the ground.
Pulled away by hand, the wmass s felt to be rather
sticky. The plant has a faint arematic odour.

Other species of dodder attack the flax, and =ome
are parasitic upon the stinging-nettle,  Heather is
another victim, and pretty examples of Jodder-infested
heather are to be seen in July and August upon moor-
lands and mountains.

SCROPHULARINEZE. — The snapdragon (4ntir-
rhinum majus), the foxglove (Digitalis purpurea), and the
musk plant (Mimulus moschatus) of cottage windows, are
examples of this order. There are usually four stamens,
two being longer than the others, whilst the fruit is
a two-chambered capsule, and the corolla is in most
cases two-lipped. The toad-flax (Linaria wulgaris) i a
familiar weed with a yellow and white fiower, hence
called ‘ eggs-and-butter.’ Various weeds of the order
possess roots which are partly parasitic upon the roots
of grasses and clovers. Such are the red bartsia (Bartsia
Odontites), common in cornfields; the yellow ratile
(Rhingnthus Orista-galli), growing in meadows; the eye-
bright (Euphrasia officinalis), lousewort (Pedicularis sylva-
tica), and cow-wheat (Melampyrum protense). The figwort
(Scrophularia nodosa), which is poisonous, growa in damp
meadows, beside ditches; and the tall yellow-flowered
mullein (Verbascum ZThapsus), with its five-stamened -
flowers end large downy leaves, fregients the hedge-
rows. Perbaps the most generally distributed plants
of the order are the small blae-lowered spsedwells



OROBANCHACE A 269

(species of Feronica, fig. 168), which are often abundant
upon arable land and in waste places—in some ciuntry
districts the flowers are called ‘bird's eyes.” The four
petals are unequal in size, and there are only two
stamens.

OROBANCHACEZX.—This order is closely allied to
the Scrophularines. 1t is made up chiefly of the various
kinds of parasitic plants known by the general name
of broom-rape (Orobanche, fig. 169). The most f{amiliar
form is that which attacks clover.

7

F1G. 168.—GErMANDER SPrEED- F10. 169.—LEsazk PrOOK-

WELL, Veronica Chamadrys. L. BAPE,
With single fower an larger Orabanche minor, L.
ecale. With parts of fower on larger
* scala.

During July and August there may be seen, in after-
math clover, especially upon chalk soils, the thick fleshy
vellowisb-brown upright stems, 8 to 10 inches high, of
broom-rape. Tbe leaves of the parasite are reduced to
mere pointed scales, devoid of chlorophyll, whilst
towards the free end of the stem are numbers of dingy
gaping flowers. The plants are easily pulled up by
hand, when the underground portion of the stem is
seen to possess a bulb-like swelling, from the base ‘of
which a few straggling roots proceed. These are
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parasitic on the roots of the clover plants Hand-
pulling is the best remedy against broow-rape, and,
where a field is badly attacked, clover should not be
grown upon the land again for a number of years.

Various other plants are liable to the attack of
species of Lroow-rape, the pame of whieh appears to
relate to the fact that the leguminous plant, broom, s
one that has its nutriment thus stolen.

PRIMULACEZ.—The characters of this order are
well seen in the cowslip (Primula veris) and primrose (P
culyaris). The scarlet pimpernel (. {naoygullis arvensis) shares
with the common poppy the rare distinction, in the
British flora, of possessing scarlet petals. This is an
abundant annual weed of arable land. It has a prostrate
stem, with sessile oval leaves having black dots on
their under faces. Notice the fruit, an elegant spherical

capsule, opeming by a lid,

and containing numerous

© ‘ seeds (fig. 170) attached to &

central peg or axis (free

F1a, 170.—SEED OF SCARLET central placentation). As ihe

Pryessxel, dnagallis ar- petals close up on the

vensts, L. approach of rain, the plant

is also called the poor man’s weather glass, or shepherd's
weather glass.

PLANTAGINEZ.—To this order belongs the ribgrass,
ribwort, or plantain (Plintaqe lanceolata), sufficiently well
known by its flat rosette of lanceolated leaves with Gve
prominent ribs. The inflorescence is a spike. The
densely aggregated flovers are somewhat parchmenty
(scarious), and the seeds, which look like small polished
date-stones (figs. 171-2), are often seen in samples of
clover seed. The close-lying leaves of the plantain,
like those of .the dalsy, frequently dishgure lawns,
where the plant should be spudded up, and sulphate of
ammonia used. On loose sandy soils. and on railway em-
bankments tbe plantain is sometimes sown for the
binding eflect of its roots. -

The grester plantain (P. major), with larger leaves,
occurs in meadows and pastures, and on roadsides. Its
spikes elongate after flowering, and are often fed to
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cage-birds.  The hoary plantain (I'. medwa) has downy
leaves, which spread out flat on the ground. and are
ovate 1n shape. The gpecies 1s found in close dry pas-
tures and on lawns.

JUNCACEZ.—The rushes and wood rushes are
members of 1his order, and are referred to on page £27.

CYPERACEAE.—This is the extensive order to which
vhe sedges belong. They are described on page 228.

Weeds must be considered in their relations hoth to
plant food and to soil moisture.  When they accur
amongst growing crops—as charlock in the turnip-field,
or poppies in the corn—they take to themselves the
food which the husbandman desires should contribute
to the growth of the crop. They are thus robbers of

Fio 17].—SEED or RIBWORT, Fia. 172.—8gED or HoarY
FPlontago lanreolata, L. PLANTAIN, Plantage medio, L.

crop-food, as equally are the undesirable species that
find their way into meadows and pastures. Field experi-
meats on various ¢rops have shown that clean plots yield
from 40 to 30 per ceumi. more than unweeded ones.
Nevertheless weeds are not always harmful. After
harvest or during a penod of bare fallow, wben npo
cnltivated crop occuples the land, weeds spring up in
great abundance, and in such circumstances they do
useful work In retaining in the soil the nitrogen which
might otherwise be washed out of it in the drainage
waters (see p. 33). In thua intercepting the nitrogen they
play the part of a green crop. and., when they are
ploughed into the land, the nitrogen, in the course
of time, becomes agsin available as plant-food. A
specially sown green crop wouid, no doubt, answer the
purpose better, and care must always be taken to bury
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the weeds before they are sufficiently advanced tc shed
their seeds upon the ground. An old saying runs, * One
year’s seeding is seven years’ weeding.’ Single plants
of some weeds can produce an astonishing aumber of
seeds—e.g., ribwort plantain, 2,500 to 15,000; charlock,
up to 4,000 ; and groundsel, up to 20,000.

When weeds dispute the possession of the land with
a growing crop, they are capable at certain seasons of
seriously affecting the supply of moisture. It hus already
been explained that land under crop gives up more
moisture than adjoining bare land. Weeds spring up n
a very shori time in summer, they grow rapidly, and
they help to suck the soil dry. Then it is that those
erops which cannot be hoed begin to suffer, and the
farmer learns how difficult it is to raise a satisfactory
crop upon & foul seed-bed. Weeds also compete with
crops for air, light, and heab; while®many of them
either shelter ar serve as hosts for inseet and fungoid
pests. A good example of the last point is afforded
by charlock, that harbours turnip ' iy * during the early
summer, besides which its roots may be infected
by turnip gall-weevil and the germs of ‘ finger-and-toe’
disease. It 1nay be added that some weeds are poisonous,
and others—ec.g., wild onion—injuriously affect the
flavour of milk.

Preventive Measures.—The importance of preventing
weede from seeding has already been ewmphasized, and
the desirability of using clean seed is sufficiently
obvious. 1t has been calculated tbat if a mixture of
grass and clover seeds contains only one per ceat. of
dock, this means a possibility of ten or more dock
plants per square vard of the field sown with the mix-
ture. Hedges and ditches, which shelter many weeds,
should be kept in good order, and screenings used as
food for stock should be thoroughly ground, so that the
weed seeds they cantain are destroyed.

Good cultivation, associated with a sound rotation,
which gives opportunities of keeping the land clean,
ia prohably the best preveutive measure of all. In
some cases the growth of dense leguminous crops, such
a8 lucerne, prevents weeds from coming to maturity.
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Remedial Measures.—In the perpetual war which
1L 18 necessary to wage aguinst weeds, the mode of
procedure is determined partly by the length of life
of the weeds themselves, and partly by the nature of
the crop. On arable land, where the crop permits of
it, the hoe is kept constantly at work. It is specially
important that surface weeds, which are mostly those of
annual species, should be cut out, and left to wither
upon the ground, before they begin to form their seed.
One of the advantages of & root-crop, in a rotation,
is that it thus permits of a periodical crusede ageainst
annnal weeds, such field pests as poppy, fumitory,
charlock, and others being thereby checked. Perennial
weeds are less easily subdued, apd plants like dock,
knapweed, and warlic have frequently to be pulled up
by hand, a ciass of work thal can still be undertaken
when the crdp Lis so far advanced that hoeing is no
longer practicable. As a rule, perennial weeds develop
stouter, longer roots than those of only annual dura-
tion; and the hoe frequently fails to penetrate deeply
enough to destroy the buds at the crown of the root.
Where couch-grass and docks abound upon arahle land,
they should be vigorously attacked with the hand-fork
directly after harvest.

In the case of permanent grass land, generous treat-
ment in the matter of manuring will, by encouraging
the robust growth of the desirable plants, promote the
suppression of weeds. ln old grass land, most of the
weeds are perennials, the decreasing quantity of annual
weeds in newly laid down land being one of the indica
tlons of success. The weeds of common occurrence
upon grass land have already been described in the
last chapter. In the case of thistles and knapweeds,
docks, end sorrels, the spud should be freely used,
and the whole plant bodily removed. Thistles should
be cut when they come into flower, otherwise they
are capable of spreading rapidly by means of the
eeeds contained in the thistledown, which is so easily
carried away upon the breeze. In some countries it
19 an offence, punishable by law, to permit such weeds
as thistles and charlock to ripen their seed.
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Special chemical treatment has gradually been coming
wto favour as 2 means of killing certain weeds. The
best example is the process of spraying for charlock
with 4 per cent. solution of copper sulphate or 15 per
cent. solution of iron sulphate, used at the ratve of not
more than 40 gallons per acre, and applied by means of
& spraying machine. The same treatment applies te
wild radish.

Sulphate of ammonia is o valuable dressing for stimu-
lating the growth of grasses, and getting rid of weeds.
Lawn sands, often of great value in the extirpation
of daisies, dandelions. and plantains. chiefly consist of
a mixture of sand and sulphate of ammonia.

Common salt, for application to nettles, and as a
general dressing for grass, has proved useful in some
cases, while carbolic acid (1 pint of acid to 4 pints of
water), to the extent of 8 gallons pe., square rod,
destroys wild onion and some other weeds.

Sodium arsenite is the effective ingredient of many
‘weed killers,’ but it is so exceedingly poisonous that
its use is not to be recommended.

CHAPTER XIV.

SELECTION OF S8EEDS

[ the selection of seeds for sowing the main conditions
for the purchaser to secure are (1) adeguate germinating
capacity, (2) identity to species, (3) freedom from
impurities.

The germinating capacity of a sample of seed is
easily ascertained by following the method already
described (p. 127) for germinating the bean seed, count-
ing out 100 seeds for the purpose. Small seeds are most._
coovaeniently germinated between two pieces of damp
blotting paper, which are placed on a piece of f{elt
saturated with water, this again being put on a plate,
80 that ths supply of moisture can easily be maintained.
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The following table (from Harold C. Long) shows
what may be expected in satisfactory samplef:—

TapLe XXI-—Uscal PURITY AND GERMINATING CaRacITY OF
Farx SEEDS.

Average
Time of
Germination *

ais 4 G
Kind of Seed Purity J‘”"‘“"R

I'er cent Daye
Cabbage.. .. .. 961098 i)
Swede ... e 9N

White turnip
Bl

k mustard a6 Lo U8
White mustard i
. o to 9%
Yellow trefoil .. .46 to 9%
Crimsim clover #. e HU IO WD
Red clover . i 28
Alsike claver 28
White clover v [
Kidney vetch ... b
Bird'sfoot clover ... 6
Sainfoin ... 4@ to 100
Carrot ub
Parsnip . 95
Mange] wirzel (fruits 1o 1w
Buckwheat . 2 to 0o
Sweet vernal o6
Meadow foxtail 95
Timothy Yx
Golden oat-grass 3 98
Tall vat-grasa ... 9%
Crccled dogatail 96
Cacksfoot e s
Smooth-stalked
meadow-grass as 7
Rough-stalked
meadow-grass 9% 7
Meadow fescue... b8
Hard fescue 96
Sheep's fescue ... a6 T
Perennial rye-grass 98 to 100 5
| Italian rye-grass 98 to 100 5

* These figures refer to * energy of germxnauon or the speed at which
high-class samples g te. In order to 4 test of ger
capacity, however, up to 10 days should be allowed in the case of the first
18 epecies in the list, and up to 14 days for the rest, except the meadow-
grasses, for which & month should be allowed.
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Very brief experience will show that, even in the
same sauple, the time occupied in germinating will vary
considerably amongst individual seeds, and this is
markedly the case with clovers. This is partly due to
the coat or covering being thicker and tougher upon
sorme of the seeds than upon others, and therefore burst
ing less easily. It may also be due to diffierence of age,
old seed not germinating so readily as young seed:
whilst as age advances the contained germ dies, and a
dead seed will never germinate

In seeking to express, by a number, the germinating
capacity of seed, care must be taken to secure a repre-
gentative sample. At the same time anything that 1s
uot obviously a seed should not be employed iu
estimating germinations, as the gquestion of irapurity
affects a separate valuation of the sample.

Identity io species—that is, a sample'actually being
that which it is asserted to he—sometimes requires
expert knowledge for its determination. This is espe-
clally the case, as has been seen, with certain- grass
seeds, and it has sometimes happened that an inferior
seed has been substituted in bulk for that of a superior
sod more costly species. In some cases it is almost
impossible to distinguish between the seeds of different
kinds of plants—as between those of rape and swede,
or between those of broad clover and true cow grass
(see pp. 192-4). It is often desirable to learn something of
the stock from which a sample 1s derived; thus, it may
bappen that a sample of swede seed germinating 100
per cent. may be greatly inferior to another germinating
only 80 per cent., hecause the former is of a wild bastard
stock running to fangs and tops.

The impurities in suuples of seed may be classed
as injurious and bharmless. The latter consist of dead
seeds, fragments of plants, bits of stone, ete. They do
not influence the essential character of the sample,
and they do no harm upon the land. Still, it is ohvious.
that if a sample of seed contains, say, 10 per cent. of its
weight of such non-living impurities, then twenty
pounds of the seed, as purchased, will only furnish
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eighteen pounds of genuine seed, whilst the two pounds
of rubbish are paid for at the same rate as the good
seed.

The injurious impurities may, according to their
nature, detract very seriously from the value of a sample.
They way even render it in the highest Jegree nnwise
to use the seed for the purposes of sowing. The impu-
rities belonging to this class are usually living seeds
of weeds and parasitic plants. In the section oo Grasses
(pp. 221 to 261) many such irpurities are noticed. Grass
seed sometimes coutains the purplish-black spurs of the
fungus parasite, ergot (sec p. 393), and such seed should
always be rejected. Clover seeds are liable to contain
the seeds of the parasitic Aowering plant, broom-rape
(see p. 269), and of the still more objectionable parasitic
flowering plaut, dodder {p. 267). Such seeds should pever
be sown. The geed of plantain or ribgrass (p. 271) is &
common and easily recogmized impurity in samples of
clover seed; cranesbill ' seed’ (fig. 265) in samples of
clover seed is less promptly detected. Additional weed
seeds frequenlly found in samples of clover and other
agricultural seeds include those of the bladder campion
(nat. ord. Caryophyllaces), dove's-foot craneshill and
cut-leaved cranesbill (Geraniaces), hedge parsley and
wild carrot (Umbelliferw), goose-grass and blue
Sherardia (Rubiacem), scentless Mayweed, sharp-fringed
sow thistle, and nipplewort (Composite).

Real Valne.—This is the comwbined percentages of
purity and germination, and is obtained by multiplying
these percentages and dividing by 100; thus in a sample
of meadow fescue baving 88 per cent. purity and 5
per cent. germipation, 88 multiplied by 95 gives 8,360,
and this divided by 100 gives 83'6, the Real Value.

Collections of Seeds.—The student will find it useful
to make a list of the weeds the seeds of which are
named (pp. 229 to 236) as impurities of grass seed. The
plants producing these respective seeds should be iden-
tified In the field; and, in the suinmer and autumn,
samples of their seeds should be collected, and put inta
small bottles or boxes, correctly labelled. In the same
way, make & collection of pure grass seeds and of pure
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clover seeda. They will all be useful for purposes of
reference and comparison, whilst, by esanumng the
samples occasionally with a magunifier, the distinctive
characters of ench seed will be learnt; kuowledge of
this kind is always valuable. Take care that each
sample i1s well dried in the sun before it is corked up,
or it will soon begin to decay. Seeds of buttercup,
shepherd’s purse, chickweed, ragged Robin, corn cockle,
cranesbill, wild carrot, corn bluebattle, self-beal, dock,
sorrel, knot-grass, soft brome, Yorkshire fog, and of
other notorious weeds, may thus be collected in the
course of a season. Their characters learut in this way
in the field are never forgotten. and more useful infor-
mation is thus pleasantly obtained than could be
acquired by years of mere reading.

It may be useful, however, to warn the student that
the appearance of a seed—of wild carrof. for example—
as ripened in the field, may not bear much resemblance
to the same seed as it occurs in a sample of clover
seed. The friction induced during the several processes
tnvolved in the cleaning of the clover seed modifies the
external characters not only of wild carrot, but of a
ocumber of other weed seeds. Allowance should be made
for this alteration in appearance.

To purchasing seed 1t is well to remember that bad
seed is dear at any price, and that clean genuine
samples are usually worth the exira money asked for
them. Read, however, what is said about the cleaning
of land and preparation of the seed bed on pp. 283-5.

No hard and fast rules can be given concerning the
depth at which the various kinds of seeds should be
gown. It may be stated in a general way, howerver,
that the depth of sowing should vary as the size of
the seed, so that the larger the seed the greater—
within !imits—should be the depth at which it is sown.
On the other hand, very small seed requires very shallow
gOwing.
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CHAPTER XV.
GRASS LAND AND ITS MANAGEMENT

Gerass land, either temporary or permanent, plays &
very important part in the economy of the farm. During
the latter part of the nineteenth ceuntury, owing to the
depression in arable farming following on the fall in
the price of wheat and the enhianced cost of labour.
there was a steady increase in the area under per-
manent grass in Great Britain, and this has continued,
though to a less degree, during the first decade of the
twentielh century.

In 1913 there were some 17,671,350 acres under per:
rmanent grass in Great Britain, of which more than a
quarter was cul for hay. The returns of the Board of
Agriculture further show that the area of permanent
grass cut for bay each year alone is grealer than the
acreage of any other crop in Great Britain.

Considering these facts there is every inducement for
skilful management to be bestowed upon the grasa
land in this country; but unfortunately this is often
not the case, and while the arable land is liberally treated
the grass land is allowed to take care of itself, the
principle that ‘ what is taken out should be put back’
being largely neglected.

Grags land is either temporary or permapent. In
the former case, often spoken of as a ‘temporary ley.’
seeds of grasses and clovers are sown, and after a
period of variable length, the land is ploughed up
again. Permanent pasture land, on the other hand,
remains continuously under grass; it may either have
been grass land from time immemorial. or it may have
originated recently in the sowing of ‘seeds.’

Permanent grass land is generally referred to as
pasture or meadow.

The term pasture may be conveniently applied to
grasa that is grazed, but never mown, as certain of the
old ox-pastures in some of our best grazing districta. The
term meadow, on the other hand, is used to indicate grass
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tand which is cut for hay each year, sltbough at certain
periods it may be grazed. In some counties, however,
ag Gloucestershire, it is the custom to mow and graze
in alternate years, although this seems to lead in many
cases to an impoverishment of the grass land, owing to
neglect to make a sufficient return in the form of manure
for the hay crops that are removed. The phrase per-
manent pasfure is often used very loosely to denote any
grass land that has not been broken up for a number
of years. and thus to include old meadows or hayfields.
As much confusion thereby arises, it is better to restrict
the term pasture to land used exclusively for grazing.

The distinction is important because there is con-
siderahle difference between pastures and meadows as
thus defined This difference extends not only to the
quantity and quality of the herbage, and to the rela-
tive proportlons of the component spe(le% but also to
the ‘condition ' of the soil. 1In grazing. the animals
feed upon the pasture, and return to the land much
of what thev take from it. If they are at the same time
receiving additional food their effect upon the land is
correspondingly greater. Not only do animals thus
moaure the land, but they improve its texture by their
coustant treading. In the case of a regularly mown
meadow the hay is carried off the land, and may even
be sent, offl the farm altogether and consumed elsewhere.
In thus giving up its annual crop of hay the meadow
tand is unpoverished to a far greater extent than the
pasture Jand, and this impoverishment has to be met by
dressing the land with natural or artificial manures. If
a grass field he divided into two, and. whilst the one
part is continuously grazed, the other part is regu-
larly mown, it will be found that in time the herbage
of the pa:tured land will differ very materially from that
of the meadowed land. The plants which thrive best
under the treading and grazing of animals are not ex-
clusively the same species as flourish most readily under
the scythe.

Conclusions to be drawn from recent experimeats
tend to show that better results are obtained m the
mansgement of grass land when it is kept for one apecial
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purpose, either for grazing stock or mowing for hay,
wm the laiter case the aftermatls ooly being fed, than
by grazing and mowing in alternate years. In this way
the fullest development of the grasses and clovers wiich
are Dest suited to beying and grazing respectively are
obtained.

WATER MEADOWS

Water meadows are grass lands which, by a conve-
pient arrangement of water courses and slujces, can
be periodically ‘flooded’ or ‘drowned.! They are
usually situated near a river or stream, which supplies
the water {or purposes of irrigation.

There are two svstema commonly employed in laying
out water meadows, viz.

(1) The Ridge and Furrow, or Bedwork System.

(2) The Catchwork System.

The ridge-and-furrow system is generally adopted
where the land is fairly flat. The land is laid out in
ridges about half a chain in width, along the top of
which run ‘feeding channels’ or ‘foats’ for conveying
the water on to the land from the main carrier, which
brings it from the stream. Along the furrows between
the lands are a second series of channels, which act
as drains for collecting the water after it has flowed
over the ridges, end conducting it by means of the main
drain back to the stream. The floats being at a higher
level than the drains, when the land is flooded a steady
stream of water trickles amongst the herbage from a
feeding channel to a draining channel.

The general arrangement of 8 water meadow on the
ridge-and-furrow system is shown in the diagram.

The feeding channels vary in width and depth accord-
ing to circumstances, being wider at the end where
they join the main feeder and narrowing towards their
extremity. With the dralning chanpels this is reveraed,
their widest end being that at which they join the main
drain. The principal drawback to this system fis-the
expense incurred in laying out the land in the first
instance, whick is often comsiderable. The other kind
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of water meadow, on the catchwork system, ia epecially
adapted to grass lands that lie on a steep declivity,
running away from g stream, and examples are to be
seen in Someraet and Devonshire.

A series of parallel channels esre cut at intervals
running ecross tie slope, and water is introduced into
the first of these till it gradually overflows and runs
steadily down the surface of the slope, accumulating in
the second channel, which is again allowed to overflow,
and the process ia repeated. Thia goes on till the water,

M&in Carrigr

F16. 173.—D14GRAM BHOWING SCHEME OF IRRIGATION
IN WaTER MEaDOW.
asa, Ridges; BBB, Furrows.

having evenly saturated the surface, collects in a drain
at the bottom of the field, and is thence conveyed to
a gtream.

This system is generally a very cheap one tc lay
out where the conditions are suitahle.

The method of management consists in fleoding the
meadows continuously at intervals throughout the
winter, the water being allowed to remain on them from
three to fourteen days at each operation. This alter-
nate flooding and drying forces an early growth of grass,

o
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aud goes on frem October to March, when the ‘meads’
remaiu unflooded for a month or more, in order that
they may be fed off by ewes and lambs. Periodical
floodiugs are then resorted to till June, during which
wonth the meadows are dried for wowing. Towsrds
the end of July they are again flooded, and afierwards
grazed by horses and cattle till October.

In laying out auy system of irrigation the first thing
to be considered is the water supply. The best water
for the purpose is that supplied by a clear running
stream free from iron and other soluble matters likely
to damage the grass. A trout-stream ie generally con-
sidered suitable for the purpose. When the meadows
are flooded the waler should be running all the time,
and not allowed to become stagnant. Water should not
be turned on luring a frost; but if a frost comes on
when the water is running it should be allowed to
continue to run, 80 as to protect the ground, as tbe
temperature of running water is higber and more
constant than that of the air.

The chief advantage of a water meadow is to be
seen in a droughty summer, when, owing to the constant
supply of moisture, 2 crop of grass can be relied upon.
In winter, also, the running water increases the tem-
perature of the soil, so that the growth of tbe grass
is hastensd, and an early bite obtained in spring.
Further, the water acts as a carrier of plant food, and
fertilizing material is brought on to the soil in solution
and suspension, while air at the same time is allowed
to enter and produce its sweetening effect on the body
of the soil.

LAYING DOWXN LAND TO GEASS

1o laying land down to grass it is essential, in order
to ensure success. that the land should be clean and in
good condition, and the seeds pure. It is useless to
secure oue of these conditions without the other, for it
would be as futile to sow pure seads upon a foul seed-
bed and land in poor condition as to prepare a proper
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seed-bed for the reception of unclean seed. If the
object is to obtain a pasture in the shortest possible
time, it will be necessary, besides selecting a mixture
suitable for the purpose we have in view, to use skill
i the preparation of the soil, and to be liberal in tbe
after treatment of the young pasture.

As regards soils, the stronger ones which are cool
apd moist are best suited to the growth of pgrass;
whereas the lighter sands and gravels in the drier dis-
tricts do not form a turf so readily.

The most effective way to clean the land is to
thoroughly work 1t during a bare fallow in summer.
when it will be ready for seeding in the following
apring. As. however, bare fallowing is an expensive
operation, it is usual to take a root crop, which offers
the additional advantage that it may ke well dressed
with farmyard manure, whilst the condition of the soil
1@ further improved when turn:ps are fed upon the land
in autumn to sheep, which at the same time are con-
suming cake. As soon as the land is free it is subjected
o & deep ploughing, followed speedily by another
ploughing, and the Jaud is then laid up through the
winter. In the North of England, however, deep plough-
ing is not resorted to after a greenm crop has been fed
off by sheep, for. although a second ploughing may
bring the sheep-droppings again to the surface, this
second ploughing cannot always be accomplished at
once. As soon in the early spring as it js practicable to
resume operations the harrow and roller are set to work,
and are kept gomg till a fine firm level seed-bed is
produced.

The object should be to obtain a deep mellow tilth,
but very firm; and on the top of this a very shallow
and fine seed-bed should be formed, so that the small
seeds are not buried too deeply. A good plant of seeds
ig often seen on the headlands, which have been well
trampled by the horses in turning, when the rest of thd
field is very patchy. The seeds may be sown alome or
with a corn erop. If the pasture is wanted at the earliest
moment the grass seeds are best sown without & crop. In
this case it is advisable as scon as the grass gets ahead
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to mow it at intervals. which will tend to streogthen
the young grass and cause it to tiller out.

Sowing with a crop, however, is the usual method,
as 1t more economical m ordinary practice. The corn,
also, acts as 2 shade and nurse in o hot summer, and
helps to check the growth of weeds. The seeds are thue
usually sown with a thin seeding of wheat, barley, or
oats, and may be put in either at the same time aa the
corn or when the latter is a little wuy above the
ground. In some districts a preference is given to
sutumn-sown wheat as & nursing crop for young seeds,
where 1t 1s thought to be less liable to 'lodge’ than
oats or barley; and in this case there is also the
advantage of a solid soil, witb an inch of fine mould
on the surface as a seed-bed.

The spring, from the end of March to the beginning
of May. is the best time for sowing grass seeds. Early
sowing is to be preferred, providing the ground is suffi-
clently dry. Autumn sowing is sometimes adopted on
certain aoils, but care must be taken to sow early, in
order ilat the yaung plants may be sufficiently strong
before winter, and thus be able to withstand the attacks
of frost.

Some skill is required in sowing mixtures of grass
seeds, as, on account of the different sizes and weights
of the various species, irregularity may result. A &till
day is preferable, as the lighter grass seeds are easily
carried by the wind. The use of the seed-barrow, which
delivers the seed pear to the ground, is more reliahle
than broadcasting by band To secure uniformity of
sowing, it i8 & good plan to wheel in the grass seeds
alone in one direction, and then the clover seeds by
themselves in & direction al right angles to the
former.

To prepare the surface of the land for the seed, the
land is generally rolled first. After sowing, the seeds
should be covered by lightly ‘brushing’ or harrowing,
and then the ground should be firmly rolled down in
two directions.

Drilling grass seeds with the seed-drill is now some-
times adopted, especially on light soils, and bas certain
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advantages In a dry season; but it is important that
the ground should be rolled down tightly efterwards.

The skilful after management will determine to a
large extent the success of a young pasturc. The chief
point during the first few years is to get the long-lived
grasses predominating, and to encourage the develop-
ment of an even sole or bottom to the pasture. This
can be done (o & certain extent by keeping down the
top grasses and allowing pothing to run to sced so as
to weaken the growing plants.

As soon as the corn crop 15 off it is sometimes found
that the young herbege 1s very {orward, especially after
a damp summer. It way, therefore, be necessary to
top it with a mowing machine, or cattle may be turned
on. but it is advisable to keep sheep off a young per-
manent ‘pasture for the first two sessons. It 18 a
good plan to give & newly laid-down turf a dress-
ing of farmyard manure or compost during the winter
after the corn crop is removed, or if this is not con-
venient, an application of artificial manure may be
used Lo stimulate the growth of the plants. Such an arti-
ficial mixture should he a complete ome, and contain
the three chief plant-foods, nitrogen, phosphoric acid,
and potash, and may consist of:—

uperphosphate . . 8 cwt.
Kainit 2,
“Guano 1,

or with soils well supplied with potash, the following
may be used:—

Bleamed bone flour ... b cwt.
Nitrate of soda or sulphate of ammonia

These mixtures should be used at the r\ste of 6 cwt.
to the acre.

It is a good practice to mow a permanent pasture
the first year after sowing; but care should be taken
to make a liberal return in the form of manure to com-
pensate for what has been taken off. } o

Grazing the land with bullocks which are receiving
an sdditional allowance of food in the form of cake



GRABS MIXTURRS 87

and corn will be found a very beneficial treatment as
soon as the pasture is established. Feeding beasts
take very little out of their food, and when they are
receiving cake the fertility of the soil actually increases.
Young and milking stock, on the other hand, are not
so suitable for grazing on pastures while they are form-
ing, a8 they make much greater demands on the land
than feeding stock.

MIXTURES ¥YOR SOWIRG LAND DOWKR TO
GRASBS

Attention has already been drawn to the necessity
for using clean mixtures when sowing down land to
grass. The ol custom of mixing the sweepings of the
bhay loft with a few purchased seeds to make up &
mixture for sowing was often responsible for distribut-
ing weeds and worthless grasgss over the farm. Although
ready-made seed mixtures, adapted for any purpose,
can now be obtained from most of the leading firms of
seedsmen, still it is to the farmes’s advantage to know
something of the common grasses and clovers. and the
proportions in which they should be mixed to suit his
particular soil and climate, whether for permanent pas-
ture or temporary ley. A knowledge of these matiers will
often lead to & cousiderable saving where a large ares
has to be sown. In making any selection each grass and
clover should be considered with regard to its habit of
growth, durability, and adaptability to soil and climate.
A pumber of experiments have heen carried out of late
years by the local Agricultural Colleges with the object
of ascertaining the best seed mixtures for various pur-
poses on the soils in their particular districts. The
mixtures recommended as a result of some of these
trials together with others advocated by certain leading
authorities, are given below, and may be used as a
basis of selection for any particular soil.

Where the object is a ‘temporary ley,’ and the seed-
mixtures are intended to remain down for a short
period only-—say, one to four years—the quicker growing
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and shorter lived grasses and clovers are chosen for

the purpose.

Thus in certain districts for a one year's

ley broad red clover is sown by itself at the rate of

Tapre XXI[.—SEED-MIXTURES FOk PERMANENT PASTURES
(Quantitiez recommended for sowing per acre.)
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2
2
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)

Ttalian rye-grass
Perennial rye-grass...
Timothy
Cocksfoor ..
Meadow fescue
Tall fescne
Hard fescue ...
Sheep's feacue
Meadow foxtail
Fiorin...
Tall oat-grass
Golden oat-grass .. —
Rough-stalked poa .
Smooth-stalked poa . —
Crested dog's-tail .| —
Broad red clover —
Perennial red clover +
Alsike clover 2
White clover 2
Trefoil | 1

el Il eaes|

Lucerne
Sainfoin
Burnet
Chicory
Sheep's paraley

Yarrow aves
Kidney vetch
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12 to 16 lbs. to the acre.
amount of Italian rye grass, varying in quantity from
8 to 14 lbs., is sown along with the red clover.

In other cases a certain

When
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the intention is to leave the lev down for more than
two years. a ceriain amount of perennial rve grasa,
timothy. cocksfoct, perenpnial red clover and white
clover are added to the mixture.

The following are examples of suitable mixtures for
‘temporary leys i —

TaBLE XXIT1.— Sgep-Mrxtrres rFor  Tesrorary Levs

(Quantities recommended for xowing per acre.)

1 Year 2 Yeara 3-4 Years,

it Th. Th.
9 4 [
— 6 12
—_ 2 2
— 2 4
& — —
— 6 :
2 K <
- 2 4
18 26 82

MANAGEMENT OF OLD PASTURE LAND

The management of old pasture 'and is spoken of best
ander the headings of (a) Cultural operations on the
surface ; (b) Grazing: (¢} Manuring.

The cultural operations on the surface inciude chain
barrowing and rolling. These sbould be carried out
during the latter part of winter and early spring. By
chaip-harrowing moss and ‘fog’ are dragged out, so
that air ean enter the so0i), while dung and molebills are
distributed over the surface. By rolling the land is
consolidated and pressed around the roots of the
berbage after the disruptive effects of the winter frosts.
The slovenly practice of allowwng the droppings of horses
and cattle to remain undisturbed upon pastures cannot
be too strongly condemned, and any manure on the

L
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surface should be constantly scattered from time to
time by kuocking with forks. Unless this 15 done the
underlying plants are for a ume destroyed, and un-
sighitly rings of dark rank herbage spriug up around
them.

Weeds also, which grow up in unsightly patches and
asurp the surface during the sumuier, must be destroyed
by the systematic use of the spud and the scythe.

Grazing 1s an lwportant industry in many parts of
the country.

On the first-class ox-pastures of the Midlands, and in
some other districts, cattle are cousidered wo feed better
by themselves during the summer than when grazed
with other classes of stock. On some dairy pastures,
also, sheep, if grazed at the same tune, are thought
to deteriorate the value of the pasture for the horned
stock. The best returns cannot be obtasned from other
grass lands, however, without a judicious mixture of
borses, cattle, and sheep; and it 1s found in practice
that one class of stock will graze after the other and
browse over coarse patches of herbage growing round
the manure left by the former stock.

Much skill and careful supervision are therefore
necessary on the part of graziers in regulating the
number and kinds of stock fed upon the land so as to
obtain the best results, and to keep the grass eaten
down evenly. The chief cbjects are: (1) To keep the
stock lmproving; and (2) To maintain the fertility of
the pasture.

Stock must pot bs put on too early, however, or
kept on too late, otherwise the snimals will be wan-
dering about looking fur a bits, and there will be a
danger of some of the finer bottom herbage Leing torn
out. .
The date when cattle can be turned out in spring
will depend largely on the season, but, as a rule, pastures
in the South of England are ready to receive stock
about the end of April. Further north, cattle are ot
turned out till the middle of May, or even later.

Manuring Old Grass Land.—A number of exper-
ments .on the manuring of grass land have been con-
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ducted of recent years, the most important of these
being a set of experiments which have been carried out
at Rothamsted for a period of over half-a-century. In
this case an old grass field was divided into a number
of plots, and each plot has received the same manurial
treatment each year, and has been cat for hay. These
plots are of much interest, as not only do the returns
show a difference in the yield of Lay obtained each
year, but an inspection shows an entire change io the

TaBLe XXIV.—Swmowixa Lrrects or Variovs MaNoxes ow
THE YieLn aNp CaMpPasITION oF Hav AT ROTHAMSTRD.

Botanieal Composi-
tion pmr cemt

| Pict Wlanure

| Other Orders

ne

maure,

1 as nitrate!
ot <ada - el BDR
iplete manure, excess of ritrogen 668

botanical composition of the herbage of the several
plots, which at the commencement of the experiment
was of a similar character.

The effect of this long-continuved manuring on the
yield and botanical composition of the herhage of the
various plots is well shown in Table XXIV., which gives
the average vield for fifty-three years, and also the
character of tbe resulting berbage, as shown by a
botanical analysis in 1902, the forty-seventh year of the
experiment.

Lt
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Certain facts are shown by this table. Thus, if grass
land is mown each year without any return in the form
of manure not only will the yield be small. but there
will be a great preponderance of weeds in the composi-
tion of the herbage. One-sided manuring, only supplying
nitrogen or only phosphoric acid, however successful at
first, will eventually result in increased impoverishm=ut
of the land. Nitrogenous fertilizers encourage the
growth of the grasses at the expense of the clovers.
Mineral manures, and particulariy potash, encourage
the growth of leguminous plants, and enable them to
make headway against the grasses.

These experiments also show that any special manur-
ing or treatment followed continuously will encourage
the growth of certaln species of plants as against others,
and the best results are therefore obtamed by the
treatment first selected. «

In & similar way laying up land for hay will encourage
the development of the stronger grasses; whereas when
a field is grazed the finer bottom grasses will have the
advantage. Taking these facts into consideration, it
therefore seems wdvisable 1o keep certain lands for
mowing each year and to graze others, rather than to
follow the custom of alternately haying and mowing,
in which case certain grasses are encouraged one
peason and repressed the next.

Again, it 18 a waste of money to lavish expensive
dressings of manure on poor grass-land unless a
proper herhage is present to take advantage of such
treatment In such cases the character of the herbage
must be first slowly reformed by judicious treatment;
and it is only when the better grasses and clovers have
been encouraged to appear that it will pay to use
complete dressings of manure.

Taking into account the above facts it will now be
possible to deal separately with the question of
manuring pasture and meadow land respectively.

Manuring Pastures. —Pastures of the better descrip-
tion, such as old feeding pastures. require very little
manuring, as the stock being fattened on such land
remove few fertilizing ingredients from the soil. When
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cake and corn are fed the fertility actually increases i
these soils. It is a mistake to use heavy dressings of
farmyard manure ou land of this description, as it will
encourage the growth of the coarser grasses and weeds
to the exclusion of the clover. In old pastures an abund
ance of white clover is generally in evidence ; and this
will accumulate pitrogen in its growth and store it n
the surface soil. The cheapest method of supplying
nitrogen to pasture land, therefore, 18 by encouraging
the growth of clovers.

Most grass lands. especially on soils naturaliy deficient
in lime, will pay for dressings of this material from
time to time. The beneficial action of lime is particu-
larly noticeable on grass land where organic matter
bas accumulated through the decay of vegetation and
addition of dung. and the soil is consequently some-
what sour. Tha application of lime in such a case is
often followed by a luxurious growth of grass and clover.,
owing to the acidity being neutralized and reserves of
plant-food being rendered available for the use ol the
plant by the action of the lime.

Lime may be applied to grass land in the form of
quicklime, but one of the handiest forms to vse at the
present time 13 ‘ ground lime,’ which can be purchased
n bags, and is in a sufficiently dry state to sow from
a manure drill, by which means a small dressing can
be evenly distributed. Ground lime may be used at the
rate of 10 to 20 cwt. per acre on grass land.

Tt is a practice with the graziers 1o the better dis-
tricts to make a compost heap of road serapings, clean-
ings from ditches and other refuse about the farm. This
is mixed with lime and turned over two or three times,
after which it 1s applied as a top dressing to grass land
with the most bepeficial results,

Good pasture land, although rich in niwrogen, is some-
times deficient in mmeral 1ngreu)ent~a and, therefore,
additions of potash and phosphates in some form are
aften advisable.

Buch a dressing might cousist of—

'iup»rphosphnla . . Boewt
Kaijuit o2
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spplied at the rate of 5 cwt. per acre early in the year;
or, especially on soils deficient in lime, 5 cwt. of basic
slag put on in the autumn will have a good effect in
mamntaining the quality of the herbage.

Poor pastures, with a thin herbage on clay, sand, or
chalk, require special treatment in each case to im-
prove them. As has already been stated, it will not
pay to use expensive dressings of manure on these pas-
tures till the herbage has been slowly reformed.

In the case of poor clay land, as at Cockle Park,
in Northumberland, a heavy dressing of basic slag up
1o 10 cwt. per acre will often have the effect of stimu-
lating a strong growth of the weak elover plants which
are languishing in the soil through deficiency of phos-
phates. When this has been effected nitrogen will begin
to accumulate in the surface soil, and the better grasses
will gradually assert thewselves as the cloyer disappears.
After the herbage has been thus reformed a more liberal
manuring may be followed, including caking through
the stock grazed upon the land.

Poor =andy soils often require supplies of potnsh in
the form of kainit, in additicn to phosphates, to improve
them. In these cases steamed-bone flour is a good form
in which to supply phosphates.

Thin pastures on chalk soils require very liberal
treatment to improve them. They will stand plenty
of dung and heavy cake feeding, as well as complete
dressings of artificial manures. In many cases it is
doubtful whether pastures of this description can be
economically improved. On limestone soils, such as are
found on the Cotswold Hills, superphosphate will
often be found to give good results in improving the
herbage.

Manuring for Hay.—In the case of land which is laid
up for hay the object is to obtain a bulky crop of strong
growing grasses all coming to maturity, as far as pos-
sible, at the same time. With this object in view it is
advisable to manure heavily, using large dressings of
farmyard manure and complete dressings of artificials.
Where a field is cut regularly for hay each year, the
most economical system of manuring seems to be a dress-
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ing of farmyard manure (some 10 tons per acre) every
third or fourth year, and applications of complete mix-
tures of artiticial mwanures during the iutervening
periods. Such a nuxture would copsist of ¥ ewt.
per acre of superphosphate and 2 ewt. of Kainit
applied early in the year. followed by 1 ewt. of nitrate
of soda as soon as the grass showed signs of starting
growth.

On some of the stronger soils where there 1s sufficient
available potash, basic slag seenis to give better results
than superphosphate as a manure for the hay crop.
In such cases 5 ewt. per acre of hasie slag put on in the
autumn, followed by 1 cwt. of nitrate of soda wnen
growth starts in the spring, may be looked on t¢ give
good results, kainit being omitted.

.

MANAGEMENT OF MEADOW LAND

A permanent meadow is a field which is mown
annunally for a hay crop. The land may be grazed early
in the year, and then the stock are turned off some time
in April, and it is shut up so as to leave time for the
grass to grow previous to cutting. Defore finally
shutting up it is a good plan to chain-harrow the field
80 as to spread the dung, and also to roll it to con-
solidate the soil round the roots of the plants. At the
same time all sticks and stones. which otherwise might
cause trouble at the time of mowing, should be picked
off the surface and removed.

The various sorts of hay commonly met with in this
country are :—

{a) Upland or meadow hay; the produce of permanent grass
land.

(b) ‘Seeds’ hay which is yielded by temporary leys, sown
with grass and elover seeds.

{c) Water-meadow hay obtained from irrigated meadows.
This as a rule requires s good deal more making than
ordinary meadow hay, and often has to remain in large
cocks or 'ln;uner ricks’ in the field before being

ome.
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HAYMAKING

Haymaking is the operation whereby grass and clover
crops are converted into dry fodder. Juv includes tbe
three processes of (1) Cutting ; {2) Making : (8) Carrying.

Cutting.—Meadow hay 1s essentially a straw crop,
the object being to secure it before the grasses begin
to nipen their grain—that is, before the nutrient ingre-
dients in fhe stem have migrated upwards to aid in
maturing the seed. Ilence, bay shonld be cut at about
the time the bulk of the grasses are coming into flower -
that is, just before the polien dust can be freely shaken
from them.

The mowing wachine is now very generaly employed
for cutting hay. though the seythe has, still to pe used
in water meadows and on cmhankmems The introduc-
tion of the mowing machine has increased the risk lert
too much grass be cut at one time for the available
hands to deal with, so that this iz a detail requiring
attention. The labour of mowing with the scythe is very
severe, and it brings into play mnearly every muscle
1 the body. An experienced workinan will mow from
4 acre to 2 acres per day, according to the heaviness
of the crop. The line or row of cut herbage as it falls
upon the ground is calted the swathe.

There iz a notable difference io the mode of cutting
by the scythe and hy the mowing machine. Tbe simpler
implement effects the clean cut of & knife. The machine,
which works on the scissors principle, not only cuts. but
crushes or bruises at the same time. The cut of tbe
scyihe is regarded as being the less injurious to the
standing plant. and some f{armers always prefer the
scythe for meadow bay.

Making.—The conversion of green grass into hay is
effected by loss of moisture. which is brought ahout
partly by the sun’s heat and partly by the wind. How
great 1s this loss may be gathered from the circum-
stance that freshlv-cut grass contsins froam 70 to B0
per cent. of water. whilst hay has only from 14 to i6
per cent. To promote the escape of water vapour
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it 15 pecessary for the cut herbage to be turned over
and shaken out, 1n order 1o expose as large 2 surface
as possible 1o Lhe air. At the smue tuue, the work
should be carried out in such a manuer that, on the
approach of rain. the material can be quickly gathered
togethier, so as to expuse the least possible surtuce Lo its
acuion. MHence there 1s pienty of room for skill w the
operation of haymaking.

The grass falls from the mower in thick swathes,
which, if left undisturbed, would at length rot inside.
Therefore they must be tedded--ie., shaken out or
turned over in some way. This 1s dowe either by the
band-fork, or by means of a tedding machwe, or a
swathe-turner.

It must here be remembered that the methods of
baymaking bave undergone considerable changes of
recent years. * Formerly the grass was all cut with
the scythe, and atterwards tedded vut wul the fork.
The process of haymaking in these circumstances
being entirely carried out by hand was tedious and
expensive.

The next step in advance followed on the introduction
and development of labour-saving machinery, when the
mowing machine, the horse-rake, and the ‘tedder’
came into common use on the farw.

More recently other implements have gradually been
added to assist in the haylield, so that we now have the
“swathe-turner,” ‘side-delivery rake,” “hay-loader,” and
*sweep-rake,” together with the  elevator ' and bay-fork,
which can be used under suitable conditions to winimize
labour in saving the hay crop.

A large portion of the hay crop is made in the
soutbern portion of England in the 'swathe’ by means
of the swathe-turner. When sufficiently dry the swathes
can be run together by means of the side-delivery
rake into parallel rows across the field known as
‘wind-rows.” which can easily be split up into cocks
when necessary as a protectiou from the weather; or
the hay can be loaded directly from the wind-row .into
the carts and waggens. Duricg a wet summer, how-
ever, and when the crops of grass are heavy, the tedde:
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will be found to be a machine that it is almost impossible
to dispense with.

The process of making meadow hay when the tedding
machine is used may be deseribed as follows.

The crop, when ready, is cut with the mowing
machine, the grass being left in the swathe, so that the
water may evaporate from the surface. The next day
it is ‘ tedded,’” or spread out in a thin layer over the
surface of the ground to dry. Sometimes when the grass
is cut early in the morning, and the weather is fine,
the tedder is set to foliow immediately after the mowing
machine. The next operation is ‘ hacking,” or collecting
the hay together into small wind-rows, which may be
run together into little ‘pooks” or ‘cocks’ for the
night.

The following morning these are thrown out into
beds as soon as the ground is dry, ard the tedding
machine may be again set to work along these beds, if
necessary. .

The hay is then collected by means of the horse-rake
into large wind-rows, which can be run up into large
cocks for the night, or the hay can be carried direct
from the rows as circumstances require. If put into
large cocks, these should be turned over the next day
as soon as the ground is dry, and if the weather is fine
the hay should be fit to cart the same day.

The foregoing instructions apply to a period of fine
weather, and would occupy a period of some three
days. When the weather is unsettled or catchy, how-
ever, the period for carrying out these various opera-
tions has to be considerably extended: and it may be
necessary to continue the process of throwing the hay
out into beds, and cocking it up again for several days
in succession.

If hay .Js carted before it is ready, it may cause
serious trouble by overheating when put together in the
stack.

Carrying.—The hay is carted from the field to the
stack in carts or waggons, the material being loaded
on to these by hand. In some cases a machine of
American origin, working on the elevator principle, and
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called a hay-loader, is used for picking up and putting
the hay on to the carts, thereby making the process of
haymaking less dependent on manual labour.

Another labour-saving implement, also introduced
from America, the use of which is gradually spreading,
is the sweep-rake. Tlhis machine, which consists of a
large frame on wheels drawn by two horses, is able to
sweep up the hay out of the cock or wind-row and take
it straighi up to the rick, thus saving the expense of
carting. Its use is restricted, however, to cases where
the stack is built in the same field from whence the
crop is taken.

The time when hay is fit to carry and put iuto the
stack will depend very largely on the bulk of the crop
and the character of the herbage. When bhay is com-
posed of grasses of a somewhat dry and benty nature,
it is not necessary to be so careful about its condition
when carting as when dealing with a crop in which
there is a large percentage of bottom growth and clover.
In this latter case discretion must be used, as otherwise
excessive heating, and in some cases spontanecus co-
bustion may take place in the stack.

In the damper climate of the north of England and
Bcotland the custom is to put the hay up into large
cocks or ‘summer ricks’ in the field, containing half a
load to a load, with the object of allowing the hay to
dry more thoroughly and sweat to a certain extent
before 1t is carted some weeks later to the large rick.
This method also bas the advantage of saving time in
securing the hay crop at a busy time of the year, the
final carting and building into stacks being left till a
favourable opportunity presents itself.

The ordinary stacker, or elevator, will be found most
useful for emptying the carts on to the stack, and will
save a lot of manual Jabour in pitching, especially when
the stack rises in height. The hay-fork worked by
means of a pulley from a cross-piece attached to a long
pole set in the ground, will also be found a valiable
implement when stacking hay, as it is able to raise a
large part of a load from the cart on to the top of the
stack at one lift.
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Care must he taken in building a stack that the
middle 1s kept as high as possible, otherwise the raof
will become too flat when the stack sertles down, and
the thatch will be unable to remove the water sufficiently
rapidiv. The walls should also be carried up in
such a way that the eaves stand well out from the base,
s0 that the drip from the roof wmay fall clear of the
sides.

General Haymaking Rules.—Tn obtain the best results
attention must be paid to the following points in carry-
ing out the process of haymaking.

Throughout the entire operation the crop should be
dealt with as gently as possible. Turning and shaking
out are, of course, necessary to assist the process of
drying, but rough handling should v be avoided
Grasses are covered with a delicate waterproof
coating of waxy material, and when this is broken
or injured water will soak into the stalks, and the
quality of the bay will be much damaged by the soluble
ingredients being washed out. This loss is especially
liable to take place when half-made and tedded bay
is washed hy rain. The proper time to cut is when the
bulk of the grasses and clovers are coming into flower,
and before they set their seed. In this connection it
must be remembered that any loss of weight in the
crop hy early cutting will be gained in the aftermath.
Much greater damage. however, will be dooe to bay
by cutting and allowing it to he washed for days by rain
than by allowing the grass to hecome somewhat old
before cutting.

In making clover hay great care must be taken to
handle it as little as possible, and it must not be tedded,
otherwise much loss may occur by breaking off the fine
leaf. It is best, therefore, to let the crop remain a
few days in the swathe “fter it is cut to allow the woper
surface to dry thoroughly, and then to gently turn it
with the hand-rake or swethe-turner, so that the under
surface may be exposed. After a time it may be turned
back again, and then gently put together in rows—three
or four swathes being put into one row—from which, when
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fit, it sbould be carted direct, and putting it vp into
cocks should be avoided, if possible.

Lastly, it is a good rule to observe, and cue of great
importance now that, by means of the mowing machine,
80 much grass can be cut in & day, that no more hay
should be got on the ground than the stafl at command
can work.

Sweating.—When put together in the rick certain
chemical changes take place in the new hay which
give rise to the production of heat and sweating.

The amouat of heat developed in a stack will often
largely determine the quality of the hay when it is cut
out. The fermentation which takes place in the atack
is brought about by the starch in the grass being changed
first into sugar, and then passing through the successive
stages of alcofol, acetic aldehyde, and finally acetic
acid.

Overheating is due to an excessive development of
a suffocating, inflammable gas known as acetic aldehyde,
and where this occurs not only may the hay be charred
and its qualities for feeding spoilt, but spontaneoun
combustion may even take place in the stack.

A good sweating will often improve the subsequent
quality and palatability of hay of a somewhat coarse
character when put together, but the fermentation
should stop at the sugar stage; and to obtain this the
hay must be dry and in good condition when stacked.

The temperature of the stack can be tested by means
of a thermometer. and a good sweating can be safely
allowed up to 140° ¥. Danger is Lo be expecied, how-
ever, if the temperature rises above 150° F. Where
this occurs it may be necessary ta cut s hole in the
stack to allow the air to enter, or even in some cases L0
turn the stack over again.

The guality of hay is judged by its odour, its colonr,
and its generzl appearance. Hay that has been well
saved has an agreeable aromatic odour, almost lavender-
like, whilst its colour is pale green. Its appearance is
uniform in all parts of the stack, and there is no sign
of mildew. When a-stack heats, the middle is, of course,
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browner than the outer parts. As it increases in age,
hay acquires a fuller and more pronounced odour, its
colour deepens, and it cuts out from the stack in more
compact form.

The desirable qualities which have been mentioned
are absent from hay that has been badly washed in the
field, or has been put into stack wben too damp, and
has consequently heated to too great an extent, and
verhaps has subsequently become mouldy. Such hay
acquires a very dark colour, it has an unpleasant 6dour,
and samples from different parts of the stack are likely
to be uneven in quality. Its feeding properties are
lessened, and its selling value is dimnished.

Another method of judging hay, too hittle followed,
is based upon its botanical composition. The student
should not be satisfied with learning to, identify plants
as they grow in the meadow. He must proceed a step
farther, and be able to recognize them, and even frag-
ments of them, as they occur in the dried state in the
stack. Separate a bundle of hay into gramineous, legumi-
nous, and miscellaneous heaps, and then try to identify
the species present in each heap. The panicles of the
grasses will be recognized without much difficulty, and
by practice it becomes possible to identify the leaves and
culms as well. ‘Seeds’ hay, ordinary meadow hay, and
water-meadow hay can respectively be identified by an
examination which results in the recognition of the
species of plants present. To take two extreme cases.
hay consisting largely of rye grass and clover would at
once be accepted as superior to hay in which the woolly
stems and leaves of Yorkshire fog, and the brown
withered fragments of sorrel, were abundant

Hay 1s considered as ‘new ’ up to Michaelmas Day
(September 29), and, in some districts. till it is a year old.
A load of old hay is 36 trusses, and as the truss weighs
56 Ib. (3 cwt.), the load will weigh 18 cwt. A load of
pew hay, at 60 lb. per truss, weighs 19 ecwt. 1 gr.
4 1b. A load of straw, at 36 lb. per truss, weighs 11
ewt. 2 gr. 8 Ib. In each case the Joad is 38 truases.
Preferably, hay and straw are sold by the ton, and not
by the load, )



EXNSILAGE 304

ENSILAGE

The process of preserving green fodder in ita succu-
lent condition, mstead of first drying 1t inte hay, 18
called enstiage. The silo is the receptacle iz which the
preserved maierial, to which the name of silage 1s given,
15 stored. It is only within comparatively recent years
that the process of ensilage has been practised on any
extensive scale in tins country, but during that time
the operation has been much simplified. It was, for
example, formerly thought that an air-tight receptacle
must be available in order to make good silage. So far,
however, is this from being the case, that silage 18 now
made without any receptacle at all, the heap or stack
of the material itself constituting the silo. But, though
the practice Ras been modified, there has been no
change in the principle, the leading feature of which is
the exclusion of air from the mass of green herhage.

In the case of farmyard mapure it 1s a familiar fact
(see p. 110) that the more tightly the dung-heap is com-
pressed—that is, the more completely the atmosplierie
air 18 excluded—the slower are the changes that take
place within the heap. Oun the other hand, the greater
the freedom with which air permeates the mass the
more rapid is the fermentation. In ensilage the object
is to immtate, and indeed to improve upon, the tightly
pressed dung-heap. and, by excluding the air, to pre-
vent oxidation, which brings in its train fermentation,
decay, and loss. The more thoroughly the air 13 ex-
cluded, the greater is the success in making silage.

Grass is the material usually converted into silage,
and, in wet seasons unfavourable to haymaking, much
aseful provender has thus heen saved which otherwise
would have been lost. The process is, however, eyually
applicable to any other kind of green herbage. If put
into specially built siios, the herbage is often cut into
chaff first, as it then packs more closely, thus promoting
the exclusion of air. In stack silos the material is put
up in the long state. :

Specially built silos are constructed of brick or stone,
sand may be above ground or below ground. Chalk-pits,
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gravel-pits, and other excavawons, particularly if on
sloptng ground, which f{aciitates flling, may lkewise
be adapled as slos, 1o all such cases, the chopped
berbage requires e be well packed and trodden,
sspecially al the sides. su as Lo cowpletely Il the
receptacle. Even then, tue shrinkage which takes place
may create an air space bewwevn the mass of herbage
and the sides of the silo.

The silo stack pussesses the advantage oi cheapness
and stmphieiy, and notuing beyond ordinary care 18
necessary Lo ensure success. For the purpose of making
such a stack or clamp, grass way be wown when the
majority ol the plauts are in bluow ; clover when the
whole crop 1s i Hower; peas and velches just when
the pods are formiug, but before they commwence filling;
cats and other cereals when the graig'cvmmences 1o
form ; and rough trnwnuuogs from bauks and ditches at
any tune when they can be used to forin the top layer.
lo selecting a place fur the clamp, advantage should be
taken of hill-sides, so that the ‘drawiwng-up tongue,
leading on to the clamp, may be as shailow as possible,
thereby lessening the quantity which will require turning
up when Huishing the clawp. 1t 1s best to cart unme-
diately after the grass is cut, unless the waterial be
exceptionally succulent, as is the case with sewage-grown
grass; the weight of the fresh herbage thus helps to
ensile that below it. The material should be carted
together in such a way that the borses and carts cross
1t, thus consohdating 1t; and a roller, drawn by one or
more horses, sheuld be used to press 1t down, and make
it more easy for horses to cart over. The carts, roller,
and borses would not provide suilicient weight to cuom-
press the mass at once juto the compact condition in
which it comes out as silage, and which weighs from
50 to 60 lb. per cubic foot. But when fermentation takes
place, the fibre 1n the matenal softens, and readily
undergoes compression.

Not more than three days should be aliowed to elapse
before carving fresh material upen the heap, otherwise
the surface of the latier will become wmouldy. Thia
point must also be considered with reference to the
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sides, which should be kept hand-pulled, or pared, daily,
failing which the portion taken off the sides will be 1
& mouldy conditicn when put on the top. The greatest
care must be taken to keep the sides upright, aud they
should receive additional rolling on the top i order
that they may be properly compressed. The carts shoul )
be led round as near the sides as possibie for Lhe same
reason. 1o will be found necessary vo mamtain the sides
higher than the middle, as 1t is nupunubﬁe otherwise to
keep the stack in proper shape. When all the matenal
has been brought to the clamp, the nclined plave of
herbage which formed the tongue should be turned up
80 as Lo ensure that the whole of the wp shall be of
uniform height when it has settied. The clamp should be
cpvered as soun as possible, for less waste will result
than when it 15 allowed to become dried on the vop. Ii,
during intervals of making, the sarface dries, 1t should
be watered, in order that an even sawple way result.
As to weighting, it 1 a common practice to build a hay-
stack on the vop of the silo stack to provide the pressure
required, and this answers adwirably., As there 1s waste
at the sides of all silage, 1t is advisable to build large
stacks or silos, so that the extent of the sides may be
proportionately lessened.

Another cheap aad efficient method of making silage
is to dig a pit in the ground 3 to 6 ft. deep, cart over
it, and tread it with horses and men on the outside.
Roll 1t, and cover it all over—sides and top—with the
mould from the treuch, and knock it down lightly. A
stack of hay built upon it then makes a capital covering.

If care is taken to pack the material close to the
walls, the loss is considerably less in the case of silage
made in silos than when it is made in the stack, there-
fore small guantities are more successfully preserved in
the specially constructed silo than in the stack.

Silage may be fed to cattle at any time it may be
required after it is once put together. It will keep good
for years if well secured. Inferior hay may be got rid
of by chaffing it up with silage before offering it to
stock.

Whether sour silage or sweet silage results from the
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operation of making is determined mainly by the tem-
perature at which fermentation takes place within the
mass of herbage. Silage is sour or sweet according as
there is much or little of certain organic acids present.
These acids are principally acetic, lactic, ard butyric.

If an open-air « e stack is viewed mn section from
top to bottom, the l-) er layers will be seen to e greener
than the upper, whilst the colour gradually becomes
browfier towards the top, which will Le alimost of a burnt
coffee colour. The hottom layers have been converted
into green or sour silage because the pressure of the
material above has excluded the air, and fermentation
has taken place at a low temperature, there not having
been suliicient air to supply the oxvgen for a high tem-
perature fermentation. As less weight was applied o
the upper portion, there was freer access of air to Tt.
and more air was refained among the mass— hence a
higher fermmentation. The colour thus affords an indi-
cation of the temperature at which the fermentation rook
place.

It is generally recognized that silage made at a
temperature below 120° F. is ‘ sour’ silage, whilst that
which has not risen above 90° F. is commouly spoken
of as ‘low-temperature sour,’ and that which has ex-
ceeded 90° F. as * high-temperature sour.’ Between
120° and 120°, there are generally ve'ns or seams of
sweet and sour silage intermingled. From 130° to 140°
& shade of brown is discernible. Between 140° and 160°
it is decidedly brown; and above 160° it i3 over-heated.
aud very similar in appearance to over-heated hay,
whilst the favour denotes burning. In any case, fer»
mentation ceases as soon as all the available oxygen
is used up, the air that exists amongst the herbage being
then rich in carbonic acid gas.

Inasmuch as fermentation is a process chiefly of
oxidation, the Joss of solid matter falls mostly upon
the carbonaceous compounds (the carbohydrates) of the
herbage. The total quantity of nitrogen remains about
the samae, although some of it is converted into a form
in which it is less available as food. When ‘sweet’
silage is produced it is due to the higher temperature




FaRM CROPS 307

baving killed the living organisms which, under condi-
tions of less heat, set up an acid fermentation. The
loss of solid matter is probably greater in the making
of "sweet ' silage. The odour of sweet silage, however,
being vinous or aromatic, is far from unpleasant. * Sour’
silage. on the other hand, has a powerful and not an
attractive odour, which is readily absorbed by milk
freshly drawn from the cows. Therefore sour silage
should not be allowed to lie about the stalls of dairy
cows, nor should people Landle it nuwmediately before
milking.

Though ensilage alfords a most useful alternative
when the weather is too unfavourable to permit the
saving of bay, it should pot be regarded merely as a
substitute for haywaking. Silage can be made in all
kinds of weather, and it is capable of affording a sue-
culent and nutritious food to stock at all seasons of the
year. Consequently it possesses a special value in
seasons when there is a dearth of roots.

CIIAPTER XV1
FARM CROPS

Tue soil, or ‘land,’ as it is more commonly termed by
those who work 1t, is divided. for agricultural purposes,
into grass land and arable land.

Grass land is subjected to very little cultivation; it
cannot be stirred deeply, as the growth upon 1t is per-
manent. The acts of cultivation are limited, therefore,
to harrowing and rolling.

Arabie land undergoes frequent turning and stirring,
these operations being necessary to provide suitable
weed-beds for the crops, the seed for which is in most
cases sown at least once a year. It is unusual to grow
the same kind of crop frequently on the same land, it
being more economical to grow a variety of cropa.
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ROTATION OF CROPS

Experience has shown that, by growing different
kinds of crops in a particular order, reliable results
may be looked for. In this way there have arisen recog-
nized systems of cropping which are called rotations.

The advantages of rotations are:—

1. They result in crops of greater vigour. When
crops of the same kind are grown continuously on the
same land they are more liable to be attacked by insect
and fungoid pests. Repeated cropping of the same kind
causes the crops to lese vigour, so that they are ren-
dered less able to withstand such attacks. Therefore.
fresh kinds of plants should be introduced upon the
land. This variation of the order takesi away the food
of insects which infest a particular crop. so that, by
the time this crop is grown again, the insects have either
died out, or have gone elsewhere in search of food.

2. They are economical of manure. Different crops
require different kinds of manure, so that an alteration in
cropping allows plants of the various orders to take up
the manurial foods in the respective proportions in which
they need them, some crops requiring more of one kind.
and others more of another. A balance is thereby main
tained amongst the manurial ingredients in the soil.

3. Well-arranged rotations allow of an economical
distribution of labour, whether applied to the cleaning
of the land, the sowing of the seed, or the application
of manures.

4. Some varieties of plants (clovers, etc.) store up
food, from the air or soil, which becomes available for
the use of succeeding crops. Other crops (root crops,
etc.) are restorative, not in th lves, but b
they are usually fed to live-stock upon the land. Some
(wheat. barley) are of such a nature that, while they
are still growing, other kinds may be seeded in amongst
them, and so may become established, thereby avoiding
loss of time. Shallow-rooted crops are alternated with
deep-rooted ones, because they draw their food from
different regions of the soil
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5 A variety of crops is essential where cattle and
other live-stock are kept.

The most typical rotation 1s the Norfolk or four-
course system. This 15 as {ollows:—

First year: Autumn-sown cereal crop.— Wheat.

Secoud year: Fallow crop.— Roots: Turnips, mangels,
cabbage, potaloes, etc.

Third year: Spring-sown cereal crop — Barley or
oats.

Fourth year: Leguminous crop.-—(lover, in mixture
- alone; peas, beans.

Fifth year: Same as first—and so on.

The general arrangement, therefore. is such that
sbout half the land is under white straw crops, whilst
the other hall is carrying green crops and clover, and
the rotation m2y be thus represented:—

BOOTS

” *'\

WHEAT  BALLEY
-

CLOVER

This rotation is suitable for many classes of eoul.
for, where ome of the crops pamed would nav be
likely to prosper in a particanlar case, another one of
the same general character could be substituted which
would do so.

There are many rotations extending over from four
to eight years, but it will be fouud on examining a
classified list of such rotations that they are to a great
extent founded on this four-course system, and that the
chief differences are in the extension of the time during
which the clover or ‘seeds’ crops are allowed to stand,
and in the introduction of a wheat crop, or of some
other exhausting crop, after roots, before barley is
sown. Shorter rotations are also known, but they are
practised tess [requently than in bygone years. as the
soils to which they are applicable are now found to be
unprofitahle when under any form of arable culture ; con-
sequently, this class of land has, to a great extant,
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gone out of cultivation. Neverthelegs. the twa-courae
system— (1) wheat, (2) beans—does exist, though, as an
occasional bare fallow has to be taken which upsets this
order, it can scarcely be regarded as an exclusively two-
course system.

An examination of the four-course shift serves to
show how admirably a well-arranged rotation adapts
itself to farm practice :—

First year: Wheat.—The wheat follows clover. Sheep
can find but little food on the clover after Septewber,
therefore at this period it is ploughed. By employing
the horses at this time of year the work in the spring
is lightened. which is a very important matter. The
clover stores up in its roots and stubble a large quantity
of food ingredients, particularly nitrogen and potash,
which are ready for the use of the whéat crop. These
and other ingredients have been extracted partly from
the air by the broad lesves and root-nodules of the
clovers, and partly from the soil by their deep-searching
roots, which are capable of striking vertically into the
land for some rards. The wheat crop provides straw for
thatching, and for fodder and litter for cattle. If the
clover ley iz wanted for the sheep in the latter pari
of autumn or beginning of winter, a crop of oals
niay be substituted for wheat, as oats can be sown
in the spring: this is pot an uncommon practice in
Scotland.

Second year: Fallow crop.—The land has carried,
during the three previous years, crops which have
afforded but few opportunities of deep stirring or clean-
ing. provision for which must be made. Two out of the
three crops have been exhaustive, so that a restorative
crop is advisable.. A bulky crop of succulent food for
sheep aud cattle is required at the same time. All
these are provided for in fallowing by means of a fallow
or root crap. After the spring corn is sown, work is
required for the horses and men, and they can be em-
ployed on the fallows with great advantage. Perennis!
weeds are drawn out by the implements of tillage, and
annual weeds are destroyed by surface hoeing after
the crop is up.
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Besides the practical advantage arising from the
opportunity which the growth of roots affords for the
cleaning of the land, the benefits of growing this crop
in rotation are further due to the large amount of
manure apphed for iis growth, to the large residue
of the manure left i the soil for future crops, to the
large amount of matter at once returned as manure
again in the leaves, to the large amount of food pro-
duced, and to the small amount of the most important
manurial coustituents of the roots which is retaned by
the animals consuming them, the remainder being
returned to the land as manure,

Third year: Spring-sown cereal crop.—Barley and
oats thrive best when seeded early in the spring. There
is consequently little opportunity of cleaning the land.
Such crops are therefore adapted to follow the fallow
or cleaning crao. In some seasons when, on acconnt
of the weather, but little work can he done upon the
land, it is difficult to prepare a seed-bed. This difficulty
rarely arises after fallowing, as the land has been
thoroughly turned, stirred, and lightened only a few
months previously, so that nothing bevond shallow
ploughing is necessary to form a seed bed. Thin furrows
are more easily reduced to a tilth thau are thick ones,
as the weather has better opportunities of mellowing
them, and less borse-power is necessary to apply the
mechauical force required to bring the clods within the
influence of wind. rain, and frost. DBarley flourishes
beat when the seed-bed is just deep enough to cover
the seed well, and when the subsoil is fairly light, but
firm epough to afford efficient root-hold to the plants.
YWhen the land works rather badly, so that the mellow
tilth required by barley csonot be obtained, oats may
be substituted. They are more vigorous, and are not
50 susceptible to iojury when sown on a somewhat
moist and rough seed-bed. Again, when the land is toa
heavy for barley, oats way serve as the crop sown at
this period of the rotation.

At this stage a comparison of wheat and barley,
which normally occupy the alternate second years of
the rotation, is instructive. Wheat, as a rule, is sown in
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autumn, in a heavier and closer soil, and has a period
of four or five months in which to distribute its roots,
and thereby get pussession of a wide range of soil and
subsoil, before barley is sown. Barley 1s seeded in a
highter suriace soll, and, with a shorter period for root
development, is in a much greater degree dependent on
tbe stores of nutriment within a very moderate depth;
it is, in fact, a ‘' surface feeder.” It has, therefore, to
rely more especially upon the surface soil for its nitro-
genous, and particularly for its mineral, supplies. As
a result, barley is more benefited by the direct appl-
cation of mineral manures, especially of phosphatic fer-
tilizers, than is wheat under similar conditions of soil.
As both crops are exhaustive of the nitrogen of the
soil, they alike require—in the ordinary course of farm-
ing—rnitrogencus manures, whilst the spring-sown crop,
barley, needs superphosphate also. Besides its position
in the ordinary course of rotation, barley may be grown
in direct succession to wheat on the heavier soils, and,
provided the iand is clean enough for a second corn
crop, will then yield well both in quantity and in
quality.

Fourth year: Leguminous crop.—Where possible, a
restorative crop should be taken after an exhaustive
one, especially where sheep-feed for summer use and
hay for winter use, are required. These conditions are
complied with when a ciover or ‘seeds’ crop is intro-
duced. Clovers require firm seed-beds. and these are
available when the clovers are sown after barley. As
the clover crop is intended to lie for some time, it
should be sown not long after the land has been cleaned
by being fallowed. As a rule, the clover is actually
sown immediately after the fallowing. As it requires to
be in the land a-full year before it can give a return,
it is sown about the same time as the barley or oats,
so that the two crops are on the land at once, the clover
establishing itself whilst the barley is maturing. In
this way there is a saving of a year, which would be
lost if the clover were sown on uncropped land. Should
the land be clover-sick (p. 350), the difficulty is met by
planting beans when the soil is heavy, and peas when
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the soil is light and friable, thus giving the land a rest
from clover, and allowing an opportumty for it to
become healthy again.  Also. if the land s cousidered
too fou! Tor clover, heans or peas may likewise be taken,
as an opportunity is thereby afforded of cleanmng the
land slightly hefore seedimp. and of cleanmyg 11 more
thoroughly by a bastard faliow (e, a short fallow at
the end of summer) nnmediately the crap is cut. and
before wheat 1s cown. In Narfolk, where comparatively
few heans aud peas are grown, red eclover s usually
taken once in eight years. lo the intermedjate fourth
vear. a mixture Is sown of trefoil. white and als)ke
clovers, and rye grasses, the crop being very oiten fed,
and not cut for hay

The foregoing indicates the principles of a well known
rotation, and «f orie which is found easy 10 work, though
it does pot follow that it is iv all cases the best. Others
are adapted to suit particular cireumst <« and a
sound farmer should bhe competent to introduce s
modified rotation to meet his special requirements.

0

The following are examples of rotations, heing
mostly adaptations from the four-course {ollowed io
various parfs of the country

1. 8-course rotation suitable for heavy soils formerly
followed in the vale of Gloucester.—

1st vear.—Faflow erop (vatches followed by bastard fallow].

2nd ., QOats. ‘

3rd Beans.

4qth Wheat.

5tb Bare fallow

6th .. Osls.

7th Claver.

Bth ., Whest.

2. 5-course rotation used on the better loams in the
Midlands :—

18t yesr.—Roots (swedes).

2nd . Barley (seeded with clocer)
3rd Clover.

4th Wheat.

Sth . Oats (manured),
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3. b-course rotation iollouad oo lmestone soils of
the Cotswold Hills:—

lst yeur.— Routs {(swedes).

2nd Barley or vats (seeded).

3rd . Seeda (mown).

4th ,,  Beeds |grazed).

bth W heat.

4. 6-course rotation suited to damp chimate of th~
porth-west of England :—
It year.—KRouts (swedes and someiimes potatoes)

Zod Onts (sveded).
3rd Seeds.
4th Seeds.
bth Seeds.
6th Qats or wheat

5. b-course rotation used op deep niarly loaras in
Cheshire :—
st year.—Roots (largely cousisting of potatoes)

2nd -, Wiheat (seeded).
3rd . Seeds,
4th Seeds.
5th | Oata.

6. 6-course rotation adopted on good limestone soils
wm Derbyshire - —
st yeu —Roots (turnips and swedes grown with artificiale).

2ud Barley or vats (seeded).

3rd . Seeds.

4th ,.  Seeds.

5Ly Wheat (mannred with farmyard manure;.

6ib ’,’, Osta.

7. Wiltshire B-course rotation suited for sheap-
farming :(—
1st 3'alr.—Calrl7~rrhp (such ma vetches, irifolium, ete.,
followed by late sown turnips).

2od Roats (swedes).

Srd Whest,

4th Rarley.

6th ., Roots (preceded by an early catch-crop much aw
winter rva).

6tk ,, Barley (seeded).

7th Clpver and seeda.

Bh . Wheat.
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Wrear.—~The wheat crop generally follows ‘seeds,’
peus or beans, or potatoes, and is occasionally taken
afier roots fed off in the autumn, bastard fallows, or
bare fallows. Before seeding, the dung should be carted
out oa the land at any convenient time after harvest,
or directly the hay is off, so that it ruay be ploughed in.

The soils best suited for the growth of wheat are
those of the heavier description, such as the clays, when
properly drained. Wheat also requires a dry climate
and plenty of sun to bring jt to maturity, and therefore
it is better adapted to the south and east of England
than to the more humid districts of the north and west.

After ‘seeds,’ the preparation of land for wheat is
generally simple, for it is not advisable tv stir the
furrows unless a thorough cleaning is intended. The
land is therefore only ploughed and, on very light soils,
ring- or furrow-pressed. The seed is either drilled or
sown broadcast. and harrowed .

After peas or beans, the land iz usnally plonghed and
stirred to get out couch, and left to consolidate, wheat
being found to stapd the winter best on a firm seed-
bed. Just before seeding, the surface is harrowed, care
being takea not to reduce the clods more than is abso-
lutely necessary, as when tbe land is left in a fine state
on the surface it runs together, forming a cemeut-like
covering on drying in the spring, or, as it ia frequently
called, a ‘winter cap,’ which is often very hard and
troublesome to break. If not broken, it effectnally
prevents the wheat from growing freely.

After potatoes the land is often hght, and the aim
should be to consolidate it, without reducing it too much
on the surface. A shallow ploughing to make the bed
even and level is in some cases practised, whilst in others
the [and is merely drag-harrowed into a seed-hed, thus
retaining as solid a bottom as poasible.

After roots which have been fed off, the land should
be ploughed very shallow, 80 as to retain firmness below,
only sufficient 6oil being moved on the surface to permit
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the seed being covered. Occasionally, on heavy land,
it is advisable to sow the seed broadcast behind the
sheep, and * plough it in." When this is done, it 1s only
necessary to plough to a depth of from 1 to 14 inch,
letting the furrow fall lat. No harrowing is requred
untit spring, as the frosts will cause the land to shatter,
thus providing a proper surface.

After bastard and bare fallows the corn must be
drilled ; otherwise it will not be properly covered by the
soil. The seeding should take place early; in fact, this
1s the carliest of the wheat land to be seeded. As the
plant generally grows quickly and stoutly, thin seeding
1s advisable ; 5 pecks per acre are sufficient on a fallow
in September, where 8 to 10 pecks would be necessary
on the same land if it were in clover ley not broken up
until the end of October. The land, for some time before
seeding, should not be deeply stirred, kat be allowed to
consolidate. The surface consolidation should be
effected by harrowing, to prevent its becoming too fine,
though there are occasions when wheat land becomes
light and puffy, and wheu pressing with rough clod-
crushers 1s necessary.

Wheat should he sown on a moist seed-bed, but care
should be taken not to harrow the surface too much, or
too soon after rain, especially on ‘runming’ land. On
heavy land, water gutters should be made to carry off
surplus water; if this is neglected the wheat at the
bottom of the “lands’ will die out during winter.

Wheat is generally pickled or dressed with a solution
of copper sulphate or ' bluestone’ before being sown,
for the prevention of certain fungoid diseases, such as
bunt and smut (see p. 380). One pound of eopper sulphate
dissolved in 1 gallon of water will be sufficient te steep
4 bushels of wheat.

Subsequent Cultivation.—Wheat requires very little
attention during winter. If attacked by imsect pests,
such as wireworm and leather-jacket, or if the land is
very loose, it is advantageous to roll it, so as to con-
solidate the soil around the roots; but on the majority of
soils, except the most friable and easily dried, it is impos-
sible to work the roller in winger. In spring much benefit
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results from rolling and harrowing. Horse-hoeing and
band-hoeing are also practised in some districts with
advantage, though the drilling is sometimes so badly
done that the horse-hoes cannot be worked without
destroying a portion of the plant. Nevertheless, ex
cepting upon certain soils of peculiar character, the
wheat crop is greatly improved by hoeing, and the land
remains cleaner subsequently, as not only are annual
weeds destroyed, but seedling plants of couch and docks
are killed. Hand-hoeing wheat costs from 3s. 64. to
4s. 6d. per acre.

Often in the spring the young wheat plant turns a
sickly yellow colour and appears to be going off. When
this is the case a top dressing of some quickly-acting
nitrogenous manure, such as nitrate of soda or sulphate
of ammonia, should be applied at the rate of about
1 cwt. per acrea This will generally have the effect of
restoring the colour and the vigour of the crop.

Harvesting.—Wheat should not be allowed to ripen
before it is cut. When the straw immediately below the
ear assumes a yellow tinge, it is time to commence
cutting. If left until it is perfectly ripe, the quality of
the grain is injured by the increase in the thickness of
the bran (fig. 48) and a corresponding decrease of flour
inside it, without gain in weight or bulk. The grain is
also liable to be ‘whipped’ out by strong winds if the
crop is allowed to stand too long. Cutting somewhat
later has certain advantages, however, when the grain
is to be used for seed purposes, as a thin skin is then
of no advantage. The yield in these circumstances is
also greater, the sample plumper, and the seed well
matured. Some discretion is needed as to the degree
of ripeness which the ‘kernel,” or grain, is allowed to
attain, for, if the weather is very hot and the straw is
very thin, the sap ceases to flow upwards so early that
the grain feeds but little from the straw and fails to
mature; examples are not infrequently seen on thin
chalk soils. On rich loams, where the straw grows stou:
and thick, the cutting may be commenced when the
straw becomes only slightly yellow. Cutting wheat green
has quite gone out of fashion.
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Wheat is usually cul by reaping machines; but
occasionally, 1n wet seasons, when the crops are storm-
broken and twisted, the scythe or the fagging-hook is
necessary, as the machines are liable to cut off the ears
so closely that they cannot be gathered by horse-rakes,
and are therefore lost. Manual labour is always more
highly pard m harvest-time than at other seasons, and
perhaps the most common practice when the work is
done by the day isto double the ordinary wages. Inthose
districts swhere the men receive no extra sum or bonus
at Michaelmas, it i1s customary amoug {armers to pay
more during harvest to the permanven. hands employed
on the farm. The extra wages are, in fact, a sort of retain-
ing fee to insure a plentiful supply of workmen at that
busy season. Work is often let by the prece, so that the
men are paid in accordance with what they actually do.
In one way or another the earnings of labourers in dif-
ferent districts vary from £4 to £3 per harvest month.
From this it may be gathered that the cost of the dif-
ferent operations connected with harvesting varies very
much according to custom, and what is Jooked upon in
one locality as an excessive wage is not considered great
in another. For instance, tying wheat costs in some
districta 3s. per acre, whilst as much as 5s. per acre is
given in others, and, in the case of badly-laid crops,
1s. or more is occasionally added to this. Cutting by
means of a machine costs about 2« per acre, more or less,
according as the weather is favourable for the work:
this, with 3s 6d. for tying and stooking. brings the
total cost to bs. 6d. per acre. Mowing, tyiong, and stook-
ing generally costs from 6s. to 10s. per acre; but. in
some years, many farmers give as much as 20s. per acre
where the crops are much storm-broken. By the use
of the bhinder, cutting and tying costs from 3s. to 4s.
per acre.

Wheat should not be tied when it is in a wet con-
dition ; but as it has to staad in the staok for a loug
time, it is not greatly injured if it is tied whilst the
weeds in it are still green. The sbeaves should be set
up in stooks or shocks immediately after they are tied.
The stooks should be composed of not mora than twelve
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sheaves, six on each side of the shock, and so placed
that the sun may shine equally on both sides. The stooks
must be arranged in such a way that whilst the butt
ends of the sheaves stand well out on the ground, the
ears are brought together at an acute angle, in order
that the rain may shoot off them; otherwise the mois-
ture will soak into the sheaves, and great damage will
result to the grain. The practice of clubbing the sheaves
into a round heap, forming a large flat surface of ears,
is most injudicious, and is generally the result of laziness
on the part of the men, or of carelessness on the part
of the farmer.

Wheat is rarely fit for stacking in less than a week
after it is cut, and in dull seasons it may.require to be
left a fortnight before it is safe to stack it. If stacked
too soon it will ferment, and the grain will become
mouldy, or acquire a permanent odour, which will cause
the flour made from it to be unsaleable.

The carting and stacking without an elevator require
a man and a lad to load, and four men to empty the
carts and make the stack. They will clear from 8 to 15
acres per day, according to the size of the crop. Wheat
should not be carted while the intides of the sheaves are
wet, and great care should be taken that they are dry
beneath the band. If the sheaves have been thoroughly
dried a heavy dew need not prevent carting, nor need
a slight rain put a stop to the operation.

All stacks should be laid on a bottom which allows
the air to circulate freely under them. In building, :t
is necessary that the middle of the stack be kept con-
siderably higher than the walls, as, in the process of
settling, the middle. owing to the greater amount of
pressure, sinks more than the outside. If the stack
settles in such a way that the inner portion becomes
lower than the outer, the butts of the sheaves on the
external face will be higher than the ears; consequently,
whenever rain falls on them it will be conducted to the
middle of the stack, instead of being at once shot to
the ground. After the stack has settled sufficiently—-
which is very little in the case of a properly built stack
—it should be thatched with straw, or covered in with
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one of the modern substitutes for thatch. such as corru-
gated iron. A well-built stack suffers little from ram
even when unthatched. while one which 1s badly con-
svructed often suffers considerably when it is thatched.
The cost of thatching is 1s. per square of 100 square feet.
Taking one crop with another, the harvesting on a farm
1s often let at about 10s. to 12s. per acre, the maste:
tinding machines, horses, and boys to drive the horses
during carting.

‘Wheat is now all threshed by machinery. When an
ordinary eight horse set 1s employed. with an elevator
(fig. 27) to lift the straw, one man is required to tend
the engine, another to feed the machine another to cut
the bands, two men to throw up the sheaves, two men
on the straw-stack. one to look after the corn and cav-
ings, and one to fetch water and clear,away the chaff.
Boys may be employed in the place of men in the latter
light jobs, but the equivalent of nine to ten men must
be provided. In a day of ten hours, from eighty to one
hundred sacks of corn, according to the crop and yield,
should be threshed.

The modern threshing machines are made with very
efficient c]eanmg apparatus, so that nothing but corn
need be left in the sample. Owing, however, to care-
Jessness and other causes, rubbish finds its way into
the sack, and must be removed. A well-cleaned sample
always sells more easily, and commands a more
remunerative price. than the same sample containing
impurities. Hence, 1n practice, it is found advisable to
further clean grain, although it bas been treated as well
as the threshing machines are able to do it. With this
object the corn is dressed or winnowed (fig. 33), or is
passed through machines which perform both operations
at the same time. Wheat is now sold by weight, but the
standard varies very much in different markets. The
weight of an imperial bushel is 63 lb., and the net
weight of a quarter (8 bushels) is 504 1b. The average
natural weight of a bushel is 61} Ib.

The average yield of wheat in Great Britain is some
30 bushels of grain to the acre, although good crops may
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reach as much as 50 bushels, or more. The yield of
atraw will vary from 30 to 35 cwt.

Oars.—Ouats will grow on most soils provided there
s sufficient moisture; the question of climate being
really more tmportant for their successful growth than
that of soil. They are well suited to the damp climates
of the north of England and Scotland, as they require
less warmth and sunshine than wheat or barfey.

In the dry districts of the south they prefer the
stiffer soils, but in wet climates the best results are
obtained on the lighter loams Oats may also be grown
at considerable elevations above the sea level, and they
are generally the first corn crop taken after breaking up
grass-land.

Seeding.—Oats, as a corn crop, are almost always
sown in the spring. but in a few light-land districts
they are popular as an antumn-sown crop. If sown in
the autumn, they should be put in early, s0 as to become
well established before the frosts begin. The spring-
sown oats, which may be taken after roots, leys,
potatoes. and other crops, should likewise he seeded
early. After the opening of the year, no opportunity
when a fitting seed-bed can be obtained should be
missed. It is advisahle to put the seed in on a well-
prepared seed-bed, but. if the land is judiciously worked,
it is not absolutely necessary that the finest tilthe should
be made, as the plant is robust, and if the surface should
be a little coarse the fault may generally be corrected
by subsequent barrowing and rolling. Hence, there is
nothing of a very special nature in the preparation of
the seed-bed for oats.

Seeding may be continned late in the aeason,
although the earlier-sown crops almost invariably yield
best; but a fair crop of oats may be obtained when it
would be too late to sow barley with the expectation
of obtaining a paying crop. Thus, when the root erop
18 not cleared by sheep until too late for barley, quickly
maturing varieties of oats may be profitably sowa. Oatw
may be either sown broadcast, or drilled. Drilling, of
oourse, permits of better opportunities of claaning the

M
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crop subsequently, apd on land troubled with annus}
weeds this is of much hmportance.

The after-cultivation of oats is similer to that of
wheat, and if the land is loose and open after planting
it. may be advisable to harrow and roll just when the
young plant is coming through.

Harvesting.~—Oata should not be allowed to become
thoroughly ripe befare cutting; in fact, they are best
cut gs soon as the grain is fairly filled, as tbe latter
bas great power of absorbing nutriment from the stout
straw characteristic of the crop. It is advisable to cut oate
when there is a light yellow shade noticeable throughout
the field; the straw below the neck will still be green.
The warning given previously in reference to the early
cutting of wheat on poor land is applicable to oats. The
crop is cut, sheaved, and stooked in the same way as
wheat. On.ts however, require to be ir the stook for a
greater length of time than wheat, for they retain mois-
ture longer, and readily ferment when stacked. Fer-
mented oats are distinguished from others by their
brown skins, and are not so valuable because they hiave
an injurious effect on animals which consume them
The straw makes an exceedingly useful fodder. especially
when chaffed.

The vield of oats may vary from 40 to 60 bushels
of grain per acre, according to the crop, and the straw
from 30 cwt. upvwards.

Bariex.—This cereal requires more careful cultivation
than any of the other cereal or corn crops. It is so very
necessary that a uniform sample at harvest should be
obfained, that care must be exercised in every operation
before and during the growth of the crop. Barley is
grown more in England than in other parts of the
United Kingdom, and climate and season play an im-
portant part in determining the value of the crop. The
dry climate of the south and east of England appears
to be more particularly adapted to the production of
first-rate malting samples, and the crop seems to give
the best results on the lighter soils, especially those on
ohie limestone formations. Strong clay soils and soils of
a peaty nature are not so well adapted to the growth
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of barley. Barley is most commonly taken anfter roots;
but, as it is found that after a heavy crop of roots has
been fed on the land the soil is tuo high in condition,
and 18 consequently likely to produce an over-rapid and
unreliable growth, and a coarse, uneven satuple of
grain, upfitted for malting purposes, it has become the
practice with many farmers to first grow a crop of wheat
after the roots. Barley grown upon a wheat stubble
generally yields a far superior sample Lo that obtained
after roots fed by sheep, and, since wheat has been so
cheap, barley often follows ‘seeds’ in place of wheat.
The forner practice allows the high condition of the
s0il to be reduced, and the inequalities 1n the feeding-
off of the roots to be rectified, before a barley crop is
taken. This is good farming so far as it can be adopted ;
but the extent to which the system is applicable is
limited, becaus® wheat is not often a paying crop when
planted in the spring, and the land on which it is grown
must necessarily be that from which the roots are fed
off before December. Oats may be substituted upon the
later-fed-off ground with advantage. Barley is also
grown after potatoes, and occasionally after tilths made
during autumn, which bave been produced under autumn
cultivation,

Whatever the previous crop, it 18 very necessary that
a thorough tilth should be prepared. The beat tilths
are those which are obtained by the soil having been
exposed in the furrow to the effects of frost during
winter, hence the land should be turned as early as cir-
cumstances will permit. It is useless—in fact, harmful—
to stir this land in winter, and it should be left alone
on all occasions except the special one afforded during
moderata frost, when, if turned, the furrow is un-
doubtedly very much mellowed. After roots, unless the
land has been badly trodden and ‘poached’ whilst
being fed off by sheep, so that the sheep bave sunk into
the depths of the fallow ploughing, the ploughing for
barley sbould not exceed more than 3 to 4 inches in
depth. Barley requires a ‘kind’ seed-bed, but it is
esgential that it should also bave a firm hold for ita
roots; and this is not obtained when a deep light tilth

ug
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in prepared, as i1s not uncomwonly the case. The tith
must be light, free from excessive moisture, and must
be obtained without puddling the ground below the
immediate surface, or the free percolation of rain-water
will be impeded, and though to outward appearances
there may be reason to expect a healthy growth, an
unsatisfactory crop will result. If there is time in the
spring, the land may be ploughed again; but this is
not often coovenient, and it is more common to work
the land o a tiith by means ot repeated stirrings and
harrowings, using the implements in the usual order
of scarifier, drag-harrow, harrow, and roller, following
up the next workings by droppmng the heavier imple-
ments, until, as the time for seeding approaches, the
lighter harrows only are used.

8eeding.—Barley should be drilled, as 1t is more
ovenly deposited in the land than when 1t is sown
broadcast on the surface and harrowed in to unequal
depths. When the seeding is effected at different depths
the germipation is uneven, as some of the seed may not
reach the moisture, while other fai.s to the proper depth,
and some goes too deeply. A crop which comes up
unevenly makes a bad start towards producing a uciform
sample of grain, suitable for malting. The seed should
be harrowed in so as to be lightly covered, and if the
80il i8 not left sufficiently ‘kind,” fine, and mellow on
the surface, this wust be rectified by harrowing or
rolling as occasion permits, both hefore and after the
plant is ahove ground.

After Cultivation.—Barley may be rolled or harrowed
with advantage, provided the land is dry, at the time
that the blade ia appearing above ground; and again
when the plant is about 3 inches high, and the second
strong shoot is comrnencing to grow. If the work is
done at other periods, there is danger of the plant
being smothered. In some districts barley is never hoed,
but, as in the case of wheat, if the work is done under
favourable circumstances it proves profitable. °

Harvesting.—Barley should not be cut until it is fully
ripe, or & uniformly germinating sample for malting will
not be obthined. The straw should be white, and the
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ear should hang on one side, becoming ‘sickle-headed,’
a terin used to denote that the ear has curved down-
wards. The grain sliould be bard, and the skin coveriug
1t should be wrinkled into a fine network. If the skin
s smooth, or contains colour, it will not attain the
clear, light shade so necessary for a perfect sample of
malting barley. Barley is considered to be benefited by
being exposed Lo alternate sunshine and light rain or dew
for two or three days after cutting, as the grain becomes
wore meliow and Ilmproves iu colour. For this
reason it is held preferable to cut barley by the scythe
if good weather can be ensured, for by turning it twice
the whole of the 'kernels’ become bleached to the
same extent, thus avoiding the ‘two colours’ which
waltsters complain that they get in a sample which
has been sheaveg, thereby preventing the fmner por-
tion of the sheaves from henefiting from the mellowing
effect of genial weather after the crop is cut. In the
north of Eungland, however, both opiaton and practice
ars the reverse.

Barley 15 fit to stack much sooner when it liea loosely
than when bound 1o sheaves; especially is this the case
when there is much green material, such as clover or
weeds, present, as the sun and wind have a [ree oppor-
tunity to exercise their influence, which is irmpossible in
a tightly bound sheaf. Much smaller loss also ig believed
to result when tbe scythe is used in cutting the crop,
as there need be no ears cut off short on a {airly up-
standing crop ; whereas, with a machine, there are always
droppmg ears which are smppcd off and lost. Here,
agaw, however, local opinion is at variance, for l\orth
Country farmers consider that there js more waste
with the scythe than with tbe machine. Many farmers
atrongly support the custom of tying barley, and a great
point in favour of the practice is that, when the barley
ig bound, there is much less trouble to cart, stack. and
thresh it. But it is not uncommon, during wet periods,
for the sheaves to become saturated, and it is then found
necessary to untie them, and spread them out to dry.
The faggy nature of the straw ls much more likely to
cause the water to be absorbed thap is the case wits
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wheat ; therefore the fact that the sheaves are stooked
18 not suflicient to guarantee the safety of the crop. A
short supply of labour has compelled many farmers to
use the binder; and this is now the general method of
cutting in most districts.

It seldom happens that barley comes out of a stack
in the samne condition as it went in; 1t is usually better
or worse. If carted w good condition it improves;
if stacked when damp it deteriorates. It is therefore very
necessary to cart it when in good condition. As it readily
spoils, it should be stacked whenever an opportunity
should ofler. As wheat is much less likely 10 be injured in
the field, the carting of wheat should always give way
to the cariing of barley when the weather is favourable.
Barley stacks should be thatched as soon as possible, as
the flaggy straw prevents the water frorn running off the
roof, where it soazks in and does much damage. Care
should be taken. during both stacking and threshing,
that inferior barley does not get mixed with that which
is bright and good. for o very small quantity of bad
barley is capable of deteriorating a large bulk to the
extent of many shillings per quarter. DBarley, of all
corn, requires to be well prepared for market, and, in
addition to the ordinary winnowing, it is advisable to
put it over the ‘ Boby' screen. The weight of an
imperial bushel is 56 lb., which is about 2 lb. in excess
of the average natural weight.

The average yield of barley 1s from 32 to 40 bushels
of grain, and some 20 cwi. of straw per acre.

Rye.—This cereal is not grown to any great extent
for its grain in this country, but is sometimes used as
a forage crop. It will grow in late districts and on poor
soils unfavourable to the cultivation of other corn crops.
In the few places where it is grown as a grain crop it
takes the place of wheat in the rotation, but where cul-
tivated as a forage crop it generally comes in as a cateh
crop before roots.

The cultivation is similar to that of wheat, the land
being ploughed, and a seed-bed firm underseath and not
too fine op the surface being obtained. When grown for
forage, it generally follows & corn crop, the stubble of
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which is dunged and ploughed, and then worked down
into a seed-bed with the drags and harrows. In eitber
case 1t is, as a rule, sown in autumn, the seed being
drilled at the rate of 2 to 3 hushels per acre.

When consumed as a forage crop it has to be mown
or eaten off in good tiwe in the spring before the ear
appears, for as soon as it gets at all old it becomea
coarse and unpalatable to stock.

When harvested as a corn crop it is generally ripe
before the other cereals— about the end of July or begin-
ning of August—and cutting aud subsequent operations
i securing the crop are the same as in the case of
wheat.

The average yield of grain is from 22 to 32 bushels,
and straw 30 to 40 cwt. per acre.

:

PULSE CROPS

Beans.—These are sometimes sown 1o the autumt,
and are then known as ‘ winter beans,’ as the varietiea
uged are hardy, and are able to withstand the cold of
a moderately severe winter, though they are sometimes
killed, especially if the land he wet from want of drain-
age. Winter beans are ft for Larvesting earlier than
spring heans, and are less hable to injury from the
green and black ‘ flies ' (aphides), which do much barm
to late beans. As the “flies” do nof, as a rule, appear
until July, it is a decided advantage for the beans to
reach a stage in which they are past injury.

Beans do best on the stronger soils, especially those
containing a fair percentage of lime; in fact, beans, as
in the case of wheat, will grow on the heaviest clays
in this country. The light soils in the drier districts
are not so well adapted to their growth, and the crop
is often disappointing in these cases.

Beans are rather an uncertain crop, and lisble to he
affected by severe frost. They are, therefore, more
suited to the genial climate of the southern portion of:
Great Britain. On heavy land beans are sometimes
taken as a cleaning crop in the place of roots, and the




%R FARM CROPS

success of the crop may then be taken as a test of
clay-land farming. As noted elsewlere, beans, being
a leguminous crop, form a good preparation for the
succeeding wheat crop.

The seeding is simple. A piece of land which has
grown wheat on heavy soils or barley on the loams
is dunged and ploughed immediately after barvest, and,
after it has been harrowed to a rough seed-bed, the
beans are drilled and covered in by harrowing. Tt is
a common practice in the north of England to ridge up
land in the same way as for turnips, the ridges being
24 in. apart. Farmyard or other manure is put into the
ridges, the beans are sown broadeast, and the ridges
are split back over the manure and the seed. The ridges
are harrowed down just before the beans appear ahove
ground, and thus the growth of weedg is checked. Or,
tn other cases, the ridges may be split back aver the
manure first, and then the seed drilled on the tep of
the ridge in a similar way to sowing mangels or turnips
on the ridge.

Another very simple method of planting followed on
wet foils is ‘ploughing in.’ In this case a small seed
hopper or drill is attached to the beam of every second
or third plough, sccording to the distance apart it is
required to place the rows, and the seed is simply
dropped into the bottom of the furrow and covered as
the wark proceeds.

* Dibbling ’ by hand is an old and cherished metbhod
of plantinz beans still followed in & few places, the
beans being dibbled in the unbroken furrnw and after-
wards harrowed in. This method has the advantage in
wet seasons of allowing the planters to get on to the
and weeks earlier than it would be possible to put
horses on for drilling purposes.

It is very necessary to plant the beans early in the
autumn, otherwise they are not so well able to with-
gtand cold weather. As soon after barvest as possible
ia, therefore, the correct time for planting beans. Never-
theleas, the greater portion of the bean crop is perbaps
planted in the spring, bean-gowing being the first seed-
mg operation after winter. When beans are drilled in




HARVESTING OF BEANS agb

spriog the land firet requires harrowing with heavy
harrows to produce a seed-bed. The peed-bed need not
be particulurly fine. After dnlling, two or three har-
rowings will be required to cover the seed with soil.
With the exception mentioned above, beans are not
sowy broadceast, as it is impossible in that case to
thoroughly clean the crop.

After Cultivation.—Beans, which are drilled in wide
rows on heavy land which canaot be worked during
winter, should be cleaned by the hand-hoe and the horse-
hoe. A thorough tillage should be effected, especially
among the winter beaus. A single-row lorse-hoe is the
best implement for the purpose of loosening the ground,
and this should be followed by the hand hoe. On lighter
soils, spring beans may be cleaned with a three-row
horse-hoe, as the, object is cleaning rather than tilling.
The hoes should be kept going until the beans have
growu so high that further working among them would
be injuricus.

Harvesting.—Beans should be cut when the leaf bas
fallen, but it is not till some time after cutting that the
seed becomes brown and hard. The crop 1s occasiunally
mown, more often cut with a fagging-hook, and still
more frequently with a reaping machine, though the
hard stalks are very injuricus to the knives. When
the pods grow close to the ground, it is necessary to
allow the crap to become riper than for cutting, and
to pull the plants up bodily by hand. The cost of pulling
is about the same as for fagging, 8s. to fs. per acre.
Beans are cut, and alford work for men, when the
weather is too wet for empluyment to be found upon
otber corn crops. They should be tied and stooked, and,
after remaining in the stook for a long time, they are
stacked in mny but very wet weather. A little outside
moisture i8 pol very detrimental, as the stout, stuff
stalks allow air to draw freely through the stack. Beans
should not be used as food until they have been stacked
for the greater part of the year, and are betler if allowed
to stand over the summer; the threshing is hest delayed
until they are required. The sale weight is 18 stonea net
(=966 lb.) per sack of 4 busbels. The straw, or haulm,
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though not so valuable as pea straw, 1s nutritious, and
the upper portion is very palatable

The yield of the bean crop 1s from 30 to 40 bushels
of grain, aud sowe 25 to 30 cwt. of haulm or straw per
acre.

Peas.—This crop grows best on the lighter descrip-
tiops of soils, such as the sands, gravels, and freer-
working loams, especially when these soils contain a
fuir percenlage of line.

Peas are occasionally drilled in the autumn, but the
practice does not gaig ground, most growers finding that
vhe crop does as well when sown 1w the spring. Deas
are, as a rule, planted on a barley stubble which s
broken up wu the autumn, very commonly after the con-
clusion of the wheat seeding. It is generally found that
peas flourish best on a stale furrow, agd that beans do
best on a comparatively new furrow ; therefore 1n plough-
wg in the autumn, the pea land should be turned over
first. Peas are sown at dillerent periods, according to
the varieties. The field-pea, of which there are several
sorts, distinguished by bearing a blue blossom, should
be sown as early as possible mn the spring. The white
peas and round blues, such as the Frassian blues, all of
which bear white flowers, should be got in next—some
time during February or Marcb. The soft, wrinkled
peas, grown for culinary purposes, should not be sown
100 eariy in open field culture, and except for very early
picking should not be put in until April, or, being
tender, they will probubly be injured Ly frost.

Peas require a finely-prepared seed-bed, and should
not be drilled when the land 1s at all sticky; the more
tender varieties require comparatively better seed-beds
than do the hardier kinds. 1t is rarely advisable to
plough pea land a second time, but it should not be
trampled on while wet below the surface, or a fine
under-tilth will not be obtamned. it is better to delay
the seeding than to puddle the ground by trampling it.
too soon. If the land is harsh and uwokind it should be
stirred first with a scufiler, then with the drag-harrows,
then with light harrows, and, if necessary, reduced by
rollers. If the laad is in a wellow state the drag-harrows
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will be sufficiently heavy to stir it, and the lighter har-
rows will perfect the tilth. The seed should be drilled
whilst the land 1s friahle, and covered in by sufficient
barrowings te render the peas secure fram birds.

After Cultivation.— Peas should be harrowed just as
the shoot hegins to peep above the ground. If used at
this stage the harrow destroys many small weeds, and
opens the soil immediately around the individual planta
with beneficial effect. The crop should he harrowed
and rolled when abont 3 inches high, whilst hand-hoeing
should be commenced early, and continued until the
rows meet, and the hoes can no longer be worked.

Harvesting.—Peas should not allowed to ripen before
being cut, or many of the pods burst, and the peas fall
out during the turnings to which it is necessary to sub
ject them while in the field. Tt is sufficient that the
haulm should be yellow, and the pods tough and like:
wise of a yellow colour. All peas should be cut with
a pea-hook (p. 97), and should be worked up during the
aperation into small heaps or ‘wads.’ I the peas are
mown by a scythe, the pods are liable to be cut open,
or to be left on the ground on the base of the haulm.
Pea-hooking costs from 5s. to 8s. per zcre. After the
crop has lain in wads until these have become somewhat
dried, the heaps must be turned over. From time to
time they must again be turned, especially in wet or dull
weather, when, if not turned, they become mouldy both
in the middle and at the hottom of the wads. If carted
before they sre in fit condition. they become mouldy in
the stack. It is particularly necessary that the softer
or wrinkled varieties should be stacked in good condi-
tion, or a very large proportion of the peas will be
spoilt. When they are being threshed, care must be
taken that they are not split, or they will be useless for
seed purposes. It is often necessary, especially with the
gofter varieties, to take off the steel bar from the beaters
to avoid too hard hitting. A sack of peas (4 bushels)
should weigh 19 stones (= 286 1b.). Pex baulm is the
most valuable of the straw fodders, and is particularly
suitable, when chaffed or steanred. for dairy cows and
owWeos.
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The yield of gram is from 30 to 40 bushels per acre.
together with some 25 cwt. of straw or haulm

ROOT CROPS

Prepagation or Tue Laxp ror Roor Croes.—This
accuples to a greater or less extent nearly every seasop
of the year, although the time at which the work is most
actively carried on is during the seasons of autumo
cultivation (immediately after harvest), winter plough-
ing, and spring ploughing. to which may be added early
summer stirrings, when the actual seed-beds are pre-
pared. (Sre chapter vil, on Tillage.)

The process of cleaning is much more easily effccted
when the first stirring or plonghing is done on dry land
in dry weather. The comminution of 'the land is very
difficult when it is in a wet condition, and the endeavour
in bringing land to a tilth is to work it so that none
of the operations cause any portion of it to ' puddle *
or become annealed. When Jand is trodden upon or
worked while it is in & wet or sticky condition it dries
into harsh clods, and these clods, when reduced by
force, as by rollers or harrows, do pot {all down ioto a
soft, rellow powder, but into small, angular particles
which have not the power of retaining moisture during
droughty periods.

A special effort should always be made to prepare
a piece of land for the mangel crop, for mangel is best
asown early in the spring, at a time when the perfect
tilth required is often diffieslt to obtamn. The wmost ap-
proved method of preparing the land is to choose a piece
which is nearly, if not quite clean, and to fork out
any small pieces of couch, so that the work in the
gpring may be directed solely to the obtaining of a
tilth, without any hindrance being caused by cleaning
After the couchbing. the land should be dunged with
long dung, and turoed over in dry weather, when good”
working in the spring will be eosured.

It is not advisable to hinder the spring seeding of
tho cereal crops by employing the horses on the fallows;
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cousaquentlv until the greater portion of the corn is
sown, it is not usual to do mueh to the fallows. 1f, how
ever, the work is forward, the fallowing operations will
be made more easy if the land is ploughed or scuffled
in March, provided the weather is favourable Steam
cultivators and steam drag-harrows are particularly
valuable at this season, as by their use the greatest
advantage from a short spell of fine drying weather can
be obtained, inasmuch as a large tract cap be worked.
By using these heavy implements first, the horse-work
is greatly lightened, as the most severe strain on the
horses occurs during the first moving of the land. Ans
the season progresses. the cleaning and tilth-preparing
operations should proceed, and, if the dung bars not been
got on during winter and the earlier part of mpring, it
should be carfed on whenever an opportunity should
offer. Dung for roots, when applied in the spring, should
always be put on in a rotten condition, as the crop will
speedily need to make unse of it, so that there will be
little possibility of its fertilizing ingredients being
washed out before the plant can take them up.

The method of preparing a tilth on the root fallows
has already been discussed in the chapter on Tillage,
but a few further remarks on the subject may here be
added.

The preparation of the land for the root crop must
he carried out in such & maaner ag to result in the
production of a deep mellow tilth. Where the land per-
mits it, the furraw should he ploughed at least 6 inches
deep, and the whole of the {and which is moved should
be made into a friable tilth. If the land is wet, and in
a moist, sticky condition below the surface, a proper
tifth cannot he obtained unless the under side of the
furrow is hrought to the surface to be subjected to the
disintegrating eflect of the weather. the chief factors
of which—rain, wind, sunshine, and frost—all help te
shatter the clods. If heavy land is turned up when wet,
and great care is not exercised in its management.
it is liable to aggregate into ‘ nubbly’ brick-like clods,
upless there are a considerable number of alternating
frosts and small showers to prevent thia. At the same
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time, if circumstances perwnit, and the clods become guite
dry, then, on being rained upoun, they will lose their
adhesive properties, and the particles will fall down to a
fine mould. As it is uncertain, however, when the rain
will fall, there is great risk in this latter process, as
the season may become too far advanced before advan-
tage can be taken of it, and the crop may not be sown
soon enough to afford as large a yield as if sown earlier.
The light frosts which often occur during spring are
most useful, and should be utilized on all occasions.
When frosts are likely to take place, it is advisable to
atir the surface with barrows, so that a moist side of
the clod may be brought under the influence of the
cold; and when the clods are in a frosted condition,
which may perhaps only last an hour or two after aun-
rise, a gpecial effort should be made to move them,
as they will break much more easily fof being stirred
while frozen.

There is a large breadth of swedes and turnips sown
in the porth of England, where the land is not again
touched by the plough, after the good stubble furrow
which has been turned over in autumn or early winter.
The land is allowed to become thoroughly dry, and is
then broken up by grubbers and harrows to the depth
of the winter furrow. This the friable soil, which has
been exposed to the action of frost, is kept at the sur-
face to braird the turnips (i.e., to promote the growth of
the seedling plants). whilst the moisture is likewise
reteined in a dry season.

The cleaning and tilth-preparing coperations for roots
are carried out on practically the same lines as those
recommended for autumn cultivation. As, however, fine
seed-beds are required. the final operations must be
performed more carefully and delicately, as there are
fewer opportunities of correcting errors. Great care
must be taken not to plough during wet weather, nor
to harrow the land while it is wet or immediately before
rain, or it will run together, forming a paste on the
surface, which, on drying. will set like cement, and
destroy the tilthy properties of the soil, whilst a large
amount of fresh work, entailing a corresponding loas
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of time, will bave to be dope. It s impossible to convey
ou paper the circumstances uuder which it 18 advisable
to have the land barrowed down on the one baund, or
ralled down oa the other, wheu leaving it. Trifling
conditions with regard to moisture, the amount of work
put wnto the land, the weather present and prospective,
and various other circumstances, have to be taken ioto
consideration, and can only be decided upon by ohserva-
tion in the field at the time. Many crops of corn and of
coots are seriously reduced wn yield owing to the final
working being done by the harrow instead of Ly the
roller, and vice versd.

The general principles to be observed are that it 13
injudicivus to leave the land rolled down when it 13
moist, or when rain i+ expected before the surface has
become ‘ hazelled,” or dried 1nwe the light-brown colour
peculiar to land freshly surred. It i1 unsafe to harrow
1t while very wet, as 1 can bardly fail to set hard if it
dries quickly. If the lund 1s dry and puffy, so that mois-
ture may escape before seeding is commenced, and
before the moisture which would ascend from below by
capillarity has bad an opportunity of rising, it should be
rolled in preference to harrowing. A good tilth retains
wmoisture. If a tilth is fine it is able to draw up a large
amount of water from helow, but it must be sufficiently
compressed for the particles of mould to touch ane
another on all sides, or the capillarity is weak; there-
fore, very lght dry tilths must be rolled. But if a tilth
is consolidated while wet, Lben, instead of the particles
being brought close togetber, so as to essist the
upward flow of moisture, these particles will be,
as it were, driven in amongst one another, forming
s tough paste and destroying the capillarity, o
that the sol on the immediate surface will receive no
moisture from below. As, moreover, the soil will be
losing it by evaporation from above, the moisture will
g0 effectually disappear, that any seed sown will be
unsble to germinate unti) rain falls. Want of judgment
in the mesnagement of the final workings is responsible
for the greater portion of the losses of plant in root
crops, as well as the indifferent growth of the plant
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When up. The knowledge required can only be obtained
by constantly mun,asmg, or taking part in, the opera-
tions themselves. It is considerations of this kind which,
though apparently trifling, make all the difference
between successful and unprofitable farming.

Seepivo oF Root Urors,—Root crops are sown on the
ridge or on the flat, according to the district and climate.
The ridge system is that in which the land is laid up
in ridges 2 feet 3 inches or more apart, and the seed ia
sown along the top of each rudge. This is practised
chiefly in wet districts or on heavy land, the ridge shoot-
ing off excessive moisture, which would otherwise he
tajurious to the growth of the crop. The fiat system
18 carried out in dry districts, and on light dry soils. The
moisture is retained longer during droughts than when
the land is laid up in ridges into which the sun can
penetrate. It is usual to put the dung 6n the land at
some time previous to the final preparations for the
seed-bed, when the roots are to be drilled on the flat,
30 that it may become incorporated with the soil; but,
in the case of the ridged land, dung is applied just
before the fnal ploughing. The land, already worked
to a tilth, is ridged, and the dung is placed in the
furrows ; the ridge is then spht back over the dung, thus
forming a new ridge upon it, and on this the seed is
afterwards dniled.

Maxcer Worzen. — This is the first root crop
drilled. Where the land is free from annual weeds, the
seeding may be commenced much earlier than if these
pests are abundant. If this freedom from weeds has
not been secured—and it very rarely is—it frequently
happens, during cold seasons, that the weeds grow more
freely than the mangel, and the crop becomes so foul
that it is impossible to clean it without cutting up the
plants, 80 that it becomes necessary to re-sow the field.
Therefore, though the first week in April may be looked
upon as & good season for drilling mange! in one dis-
trict, equally good farmers in another district would
not put the seed in before the first or second week in
May. Mangel does best on strong loame. though with
lavish manoring it can be made to grow on almost any
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sosl. It is a very difficult crop to raise, bLecause of the
trouble involved 1 getting a full plant (p. 216). For thia
reason a little swede seed is frequently mixed with the
mangel seed ; if the mangel is a full plant the swedes
are taken oul, otherwise they are left to occupy the
gaps. The transplanting of small-topped kohl rabi s
a still better means of filling up such vacancies.

A perfect tilth is necessary, and this when dried
should be consulidated so that the seed can be deposited
at a uniform depth. If the tilth is loose, the moisture
does not rise sufficiently near the surface to promote
germination of the seed, which must not he deposited
at a depth greater than from 4 inch to 1 mch in the
soil; otherwise it does rot come up at all. The final
working at the time of drilling must be regulated by the
dryness of the {ilth, and the probabilities of rain. The
seed is sown either without manure, with liquid manure.
or with dry-compost manure, as, in fact, are the seeds
of all the root crops.

Although mangels and turnips resemble one another
as far as the cultivation of the ground is concerned at
a preparation for the crop, they differ considerably as
regards their manurial requirements. The mangel may
be described as & gross feeding plant, requiring a liberal
all-round manuring, containing the three essential ingre-
dients of plant-food liable to run short in the soil—viz..
nitrogen, phosphoric acid, and potash. It is therefore
generally grown with heavy dressings of farmyard
manure, to which additional supplies of artificials are
frequently added. Mangels possess a strong tap-root,
which strikes deeply into the soil, so that they are able
to keep themselves fairly well supplied with mineral
ingredients during the growing period, but they have
difficulty in obtaining sufficient supplies of nitrogen
when making rapid growth. In these circumstances it
is the custom to apply some quickly-acting nitrogenous
mannre, such as nitrate of soda, at the rate of
| to 3 cwt. per gcre in two or three top dressing§ at
short intervals. Artificial additions of phosphates and
potagh are also often added at the time of sowing the
crop, and although the effect of these is noi s marked
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as 1 the case of a nitrogenous manure, stll 1t 18 & wise
precaution vn certait sois when bulky crops are being
growu.  On some land a dressiig of cowmmon salt will
be found to have a beneficial efiect, and o these cases it
will be unnecessary to use any extra supplies of potash.

Manurial experuveuts carried oul m many counties
during the last few rs tend to show that moderate
dressings of dung—say, 12 tons 1o the acre—can be pro-
fitably supplemented with a suitable wixture of artificial
wanures 1 grov g wangels.

lu a sumber of trals carred cut on vanouns soils
in Gloucestershnre the followmg mixture of aruficials
i addition 1o Jdnpg gave the mosy profitable resuli—
viz., 4 ewt. of superphosphate of lime, | cwt. of sul-
phate of ammonia, 4 cwt. of common salt applied
at the time of sowing, aud 14 cwr. of njirate of soda
applied in two top dressings after the crop was up.
lu most cases 1t would be better to apply the common
salt o few weeks prior to dritling. In sowing mangel,
the rows are drilled at a width of 2 feet 3 inches or
moere on the ridge, and from (5 inches to 30 loches on
the flat, according to the soil and its preparation.

Swepks.—These are the most valuable varnety of the
turpip family. Tlhe preparation for this crop is chiefly
made in spring, and though the seeding comwences
i the early part of May in some districts, it is not
begun until the second week in June, or even later, in
many others. This 1s because the early-sown swedes
are specially liable to attacks of mildew, when grown
on sois which soon beconie parched in seasons of hot,
dry weather. If swedes have grown rapidly, and then
receive & sudden check, the mildew attacks thew, and
may ufterly destroy them. The early-sown swedes suffer
most in this respect, as they are less vigorous. When
land is ridged, it is inconvenient to make the ridges of"
legs width than gbout 2 feet 3 inches; therefore it may
always be understood that crops of roots drilled on the
ridge ara drilled that distance or more apart. Oun the
fiat, however, it 1s not uncommon to drill them as near
&8 18 inches from row to row, though 2 feet is the most
common distance.
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Swedes and turnips differ from mangels m being
shallow-rooted, and therefore require their food in a
soluble form near the surface. PRosphoric acid is the
ingredient they have the most difficulty in obtaining
from the soil, so artificial mixtures used for the swede
crop should consist largely of phosphates in some form
or other.

Good crops of swedes and turnips can be grown with
farmyard manure alone, but better results are generally
obtained by using a moderate dressing of dung sup-
plemented with some quickly-acting phosphatic manure,
such as superphosphate of lime. Buch a dressing would
consist of some 10 tons of dung per acre, put on before-
hand, together with 3 to 4 ewt. of superphosphate sown
at the time of drilling. Itisto be remembered, how-
ever, that in the north of England larger quantities of
artificial manufe are used for the root crop than in
the south. In some arable districts, such as the Cots-
wold Hills, many acres of swedes and turnips are grown
with artificials only, without any dung, and in such cases
the usual dressing consists of some 4 cwt. of super-
phosphate per acre, together with } to 1 cwt. of nitrate
of soda or sulphate of ammonia. Where the soil is
naturally deficient in potash, from 2 to 3 cwt. of kainit
may also be allowed in addition.

Toursies.—There are several distinct varieties of
turnips, and there are almost innumerable selections of
these varieties, which are very similar in everything but
their names. Among the most commonly grown sorts
(see p. 182) are the Purple-top Mammoth. Pomeranian
White Globe, Imperial Green Globe, Hardy Green
Round, Lincolnshire Red Globe, Early Stone, Green-top
Aberdeen, Purple-top Aberdeen, All the Year Round,
Yellow Tankard, Favourite, Early Six-weeks, ete. These
can be sown so as to provide food from July to Christ-
mas or later, if advantage is taken of the early maturing
and frost-resisting properties possessed by individual
varieties. If sown very late in the summer, they will
resist frost, and throw up sprouts in the spring, which
are very valuable as sheep or lamb feed in February
and March. A good tilth is necessary, and the earliest
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varieties may be put in during April; but, for & main
crop, May and June are usually tho best months. Seed-
ing may continue on t¢he bastard fallows, and after green
crops generally, until the middle or end of August. The
stubble turnips, if sown at the latter date, are fit for
feeding 1n the autumn. It is not an uncommon practice
to sow the stubble turnips broadcast, but all early-sown
varieties should be drilled, in order to allow proper
opportunities for band-hoeing and horse-hoeing.

Canrors,—These roots grow best on light sous free
from stones. If grown on heavy soils they are trouble-
some to dig up. and so much earth adheres to them that
washing becomes tedious and expensive. As the young
plants have very small tops, the crop is not suited to
weedy land, for in cold seasons the weeds overgrow
the carrots, so that it is practically impossible to
weparate them. A few oats are sometimes mixed with
the carrot seed before drilling, as they help to show
up the rows after germination. A fine tilth, prepared
by the land being ploughed and dunged during autumn,
and well stirred just before seeding, is necessary; and
the seed should be drilled, in March or April, in rows
from 12 to 18 inches apart. About 6 Lo 8 lLs. of seed
per acre is required, aud before sowing it should be
well rubbed and n:ixed with dry sand or ashes, so that
it will not clog in the drill, but will fall freely into the
drill-rows. It should be harrowed in with light harrows,
and not covered witn me.re than aninch of soil. Carrots are
particularly valuable as food for horses and dairy stock.

In some districts a small quantity of carrot seed is
sown with the mangel crop, as the carrot will often
stand where the mangel fails, and it grows well in
association with mangel.

Pansxies.—These roots grow more freely than carrots,
and, tbough they -require good preparation of the soil,
their broader tops sre better able to grow away from
weeds. The seed shbould be drilled in February and
March, about 8 to 8 lb. per acre, in rows s foot apart.

Much of the information which has been given in this
section is presented in a condensed form in Table XXV..
pp. 342 and 343.
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Sussequent CurTivaTion of Roors.—Roots require
much attention after the seed is drilled. The chief
aperations are hoeing and horse-hoeing. The horse-hoe
should be set to werk ay soon as the rows of young
plants afford a guide for steering; and, in cases whore
the drill-rows have not been harrowed out, horse-hoeing
may with great advantage be commenced before the
plants are visible. It is, of course, necessary to set the
hoes so that the small plants shall not be smothered
For this purpose hoes, which are so attached ta the
stemn or standard that the mould is not thrown on to
the rows, must be used. Although many specially formed
hoes have been introduced to turn the mould inwarda
from the plantrows, there is nothing superior to a
broad V-tlange hoe, with the stem placed some distancs
from the row, as even when the land is wet and there
18 loose straw or litter lying upon it, the hoe does pot
block. The horse-hoes should be put to work as fre
quently as possible. until the roots get so big that the
horses cannot walk along the rows without injuring
them.

The manual lahour consists of flat-hoeing—often
dispensed with in the case of swedes and turnips—with
a broad hoe alongside the rows, tu clean such places as
the horse-hoe misses, and of * singling,’ to set the plants
out at regular distances, and to separate the planta
so that there shall not be more than ome standing
together. 8ingling should commence when the plants
have a width of about 3 or 4 inches neross the leaves,
The operation is rarely dome perfectly at the first
attempt, and it i usual for it to be done twice. The
cost of the three manual operations varies from 104 teo
125, per acre, according to the width between tbe rows
Where the rows are placed about 18 inches apart, the
plants may be left from 14 to 16 inches from ceptre to
centre ; on widths of 2 feet 3 inches, a space of 11 inches
is sufficient. In some localities, roats are hoed into
bunches, and afterwards singled by hand by women and
children.

Hasvestoie o Roors.—Swades are got up i the
autumn for atorage in the field where they were grown,
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or they are carted to the homestead. Pulling up and
topping, and throwing the swedes into heaps—the ter-
minal roots should not be cut off—costs 6s. 8d. to 8a.
per acre. (overing the heaps in the feld costs from
s to ls. 6d. per acre in addition. The manual cost of
carting off the roots is 1s. to 1s. 6d., acvording to the
weight of the crops. These prices are somewhat ex-
ceeded in the north of England, where wages are high.
When stored, the roots shiould be carefully covered with
a layer of straw several inches in thickness, and over
this a layver of earth some few iuches deep should be
placed to keep out wet.

The mangel crop 18 harvested some time in October
or early November, when the leaves turn yellow, as
it 18 very susceptible to frost. The roots shoald be
injured as little as possible in Lifting to prevent bleed-
g, and the tops are preferably twistet{ off. After
remalning a day or two on the surface to dry, they are
carted to the pit or clamp, where they are carefully
stacked together, and then covered first with a layer of
straw and then with a layer of earth to protect them from
the weather during the winter. A veutilating shaft, coo-
aisting of & bunch of straw or a drain-pipe, should be
mserted at a distance of every six or eight yards.

Turnips are not usually stored, as, being soft, they
are easily gnawed Ly sheep. When required for cattle
they are pulled in the sanie manner as swedes.

Carrots must be dug with a fork, and strred in a
similar manner to swedes.

Parsnips may he left in the land until required, as
they withstand severe frost. They. however. must also
be dug.

CRUCIFEROUS FORAGE CROPS

Rape.—This i3 very similar in its management.to
turpips. Occasionally a small area is sown in March to
provide early sheep-keep in July. This is generally left,
after feeding. to produce a second crop in spring. There
are two varieties, the Dwarf and the Giant. The Dwarf
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18 usually grown on thin chalk and other hight soils;
the Giant is more commonly grown in the fens, where
ot 1s sown broadeast or drilled in June, and fed off
September. The greater portion of the Dwarl rapse is
grown on land wlich has carried an aulumn-sown catch-
crop, and is drilled in May and June, at the rate of
about 5 Ib. per acre, in rows 15 inches apart.

Koun wyni, Tuovsaxi-nvapen Kare, axn REp asp
Greex Canpacis.— These all belong to the same family,
and are a very valuable addition to the green forage
crops of the farm.  The chief advantages they possess

uver turnips are that they are not so liable to turnip
sickness and allied diseases, they are less affected by
drought and frost., they are very nutritious and rarely
upset the health of young animals, and they may be
eaten at anysstage of their growth with impunity. They
also not only stand transplanting, but grow more freely
as a consequence, thus affording longer time for the
fallowing operations. Being in the first place grown in
small compact seed-beds, they are more under the con-
trol of the grower. who is able ta defend them from
insect attacks with greater success.

Transplanting. — When cabbage, thousapd-headed
kale, and kohl rabi are raised in seed-beds, they may
be transplanted at various times, so that a supply of
green fodder is available without intermission through-
out the year. The seed-beds should be sown in March,
April. and May to produce plants for transplanting
through summer. and in August for autumn and spring
transplanting. Koh) rabi should be grown in the spring
seed-bed only, the other varieties may be grown in the
autumn seed-bed also. By transplanting cabbages and
kale from the avtumn beds, a supply of green food
may be relied upon to be fit for feeding from July to
Christmas. Kobl rabi from the spring beds, transplaoted
in May and June, iu fit for feeding from December to
March; kale transplanted in summer is at its best from
March to June. The cabbage tribe flourishes particularly
well on heavy land. The seed-beds should be carefully
prepared, as a fine tilth 1s necessary, and the seed
should be harrowed or raked in lightly.
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When plants are transplanted they are set out at
various distances, according to the land and the variety
of plant. Small early cablhages may be placed out at a
distance of 2 feet apart in each direction; drumheads
and red cabbages are best planted from £ feet ¢ inchaeg
to 3 feet apart

The ahove crops may also be drilled in the fleld in
the same way as turnips, and afterwards thinned out
with the hoe to the required distances apart. Thousand-
headed kale can in this way be sown in March or April
for use fromm October to March, and in August for late
spring and suwmer feed. Drumbeaded cabbage is often
drilled in the spring for late auturun and early wioter
uge.
Wmre Mostanp —This is frequently grown as a catch-
crop during summer, with the object of providing green
food for feeding off towards autumn. Seme 15 1b. of
seed per acre are generally sown broadcast after a fine
sesd-bed has been prepared.

LEGUMINOUS FORAGE GCROPS

Vercirea ok Tares.—These are sown principally with
the object of providing keep for sheep, and green
fodder for cattle and horses in spring, although they
are sometimes taken as a crop for seed. They generally
follow a white straw crop of some kind, and in light
land districts they are often grown as a catch-crop
between two main crops in the rotation. There are two
varieties. ‘the Winter’ and ‘the Spring.’ the former of
which is sown in the autumn and will stand the winter.
By sowirg at suitable intervals & succession of green
food can be arranged on the farm for a large part of
tbe year. The preparation of this crop is simple, a
piece of corn stubble being ploughed after a dressing of
farmyard manure has been applied and spread. The
seed can then be broadcasted and merely harrowed in,
or the land can be harrowed down first and the seed
afterwards drilled at the rate of 2 to 3 bushels to the
acre. When broadcasted rather more geed is generally
used. . .
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The crop, when ready, is generally folded off with
sheep, the autumn sown crops usually being fed off in
May, and the spring-sown later in the surimer, accord-
g to the date of sowing. When grown for seed the
crop is cut and harvested in a similar manner to peas.

TarroLium or Cumsox (rover,— This is sown in the
autumn as a catwh-crop for spring and early summer
keep. The cultivation is more simple than that required
for any other crop, a corn stubble after harvest being
merely well scratched with the drags, the peed then
broadcasted on the surface, harrowed in, and fioally
rolled.  No advantage is gained by a more thorough
cultivation for this crop, as, although it requires a five
seed-bed on the surface, it likes the land quite firm and
tight underneath. Ploughing, in fact, would have an
wjurious effext on this crop by rendering the soil much
too loose, 8o that it would be impossible to get an even
plant.

Lvoesse. — The  cultivation  of this  plant  hae
increased considerably during recent years. It is a
valuable crop on many soils, especially dry calcereous
Joams, such as those overlying the chalk, where, owing
to its deep roots striking into the interstices of the sub-
jacent rock, it is able to obtain moisture, and throw
up abundance of green food in a dry season. It does
not do so well on soils where the subsoil is stiff and
inclined to be wet.

Lucerne is sown either by itself or with a corn crop,
with the object of remaining down a number of yeara.
The best results, however, seem to be obtained where
the crop is sown alone. Whichever way the crop is sown,
the land chosen for the purpose should be 1o good con-
dition, and a fine seed-bed should be prepared which is
free from weeds. The seed is best drilled in rows at
about a foot apart, so as to give an opportunity of
cleaning the crop during its growth, for without hoeing
the plant soon gives place to weeds. It 13 sometimes
the practice to give an old lucerne ley & sharp barrowing
in the winter with the heavy harrows, and this rough
treatment seems in many cases to beneflt the crop by
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stirring the soil around the roots. Lucerne is generally
cut green for soiling, and after it 1s established several
cuttings may be taken during the summer. The number
of years a lucerne ley will stand will depend upon the
length of time it can be kept free from weeds, which
will eventually grow up and smother it. It must then be
broken up.

Sarxrous.—This is a crop of great wnportance to the
fiockmaster, especially on limestone soils, such as are
found on the chalk and oolitic formations. It 18 very
gimilar in its habits and cultivation to lucerne, and
also, awing to its deep roots, it is able to resist drought.
It 15 generally sown about April with a corn crop fol-
lowing roota fed off with sheep. Importance should be
paid to having the land guite clean before the seed is
sown, otherwise there is a chaoce of the ypung sainfoln
being choked by weeds.

The seed is commonly drilled in tbe busk mn the
‘rough ' or ‘unmilled’ state, as it is called, at the
rate of about a sack or 4 bushels to the acre. Sainfoin
is usually cut for hay the year after the corn crop is
cleared, and the method of securlng the crop Is the
same as for clover hay. There are two varieties of
sainfoin, the ‘ Common,’ which is used for long leys, and
the French or Giant variety, which is short-lived and
only lasts two years.

Sainfoin leys are generally allowed to remain down
from five to seven years, in some cases longer,
the length of time being determined by the growth of
weeds, which, as in the case of lucerne, finally get the
mastery.

Land which has recently grown sainfoin seems, in
some peculiar way, to become heartily sick of the crop,
and it is impossible to grow it again successfully on the
same soil til] a pumber of years have elapsed.

Sainfoin is 8 most valuable crop to wean lamhs upon,
and in certain summers, when the lambs do not seem
to make headway on apny of the other forage crops of
the farm, and they are troubled with scouring, a change
to a samfoin ley will often have a beneficial effect, and
they will begin to pick up in condition and lay on flogh.
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Both lucerne and suimfom are crops wore particularly
suited to the warmer aud wore gewal chmate of the
south of England.

Treroir, YELLOW CLovin, NoNsven, or Brace Mepics
(Medicago lupulina).—This is & plant that will grow on
almost any soil, but is specially suited to poor soils in
dry climates, It is therefore commonly grown w mix-
wures of grasses and clovers on thin limestone solils,
but on some of these soils, where it is indigenous it
assumes the character of a weed.

Crovess axp  ‘ Sgeps’—Clovers, and mixtures of
clovers and grasses intended to take a place in a rota-
tion, are almost always sown in amongst cereal crops,
very often at the same time that the corn is sown, but
occasionally after the corn has made some progress in
growth. On the other hand, they are but rarely sown
on land which 1s not to carry a corn crop concurrently
with them, for ‘leys,” or ‘seeds,’ as they are commonly
termed, require to be on the land a full year before
they are ft to feed. Although there 1s cccasionally,
during the first year, some little growth which may
be fed, yet it is pot sufficiently reliable for the crop to
be sown with that object in view. The most common
clovers grown in rotation are red or broad clover
(I'rifolium pratense), cow-grass (I. prolense perennc), white
or Dutch clover (I. repens), alsike (T. hybridum), and
trefoil (Medicago lupulina). All these are sown In one
and the same manner.

Seeding.—When sown in wheat, barley, or osats,
which have appeared above ground, ‘seeds’ may be
broadcasted on the surface with o seed-barrow, and are
then harrowed in very lizhbtly with the lightest seed-
barrows, or with a horse rake. The horse-rake is pre-
ferable on luose land, as it can be set so that teo mach
of the surface sou is pot disturbed, thereby preventing
an excess of earth being thrown upon the seed, which
cannot successfully germinate if buried to a greater
depth than about half an loch. The harrows are most
useful when tbe land is firm, as is frequently the case
where wheat is being grown. The seed may also be
drilled with a light seed-drill, greater regularity of
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germination being secured than by broadcasting. Uut,
as the plants stand thickly in rows, they have not
quite s0 good & chance of growing at subsequent periods,
for they erowd oue another. When driled with a small-
coulter drill, “seeds ' are best rolled 1n.

The seeding of clovers 1s often effected before the
cereals are up, and they are then harrowed in duriog
the final hiarrowing of the barley or oats. This is not
always advisable, as sometimes the land * caps,’ or forms
a hard surface on the top, which is injurious to both the
corn and the clovers; and when the clover bas ger-
minated 1t 1s impossible, without destroying 1t, to star
the land. For this reasop it is most usuval, on wet land,
to sow the clovers just as the barley 1s appearing
through the soi. Where the land is much troubled
with annual weeds it is wiser to posipone the sowing
of the clovers until the corn has beer! hoed, and the
uwsual custom in such cases 1s to sow the seed shortly
before hoeing, so as to cover it in during the process
of hoeing, harrowing being then unpecessary. When
rye-grass or other grasses are sown as a mixture with
clovers, the seeding is often effected in two operations,
in order to avoid undue proportions of seed 1n different
parts of the field. This is, indeed, necessary when the
seeds are drilled with a brush-drill, or sowa with a
seed-barrow, but not when they are put in with a cup-
drill.

When land is too frequently cropped with clover it
becomes clover-sick, and is unable to carry the plant
to maturity, as the crop dies off during autumn and
winter, a minute eel-worm (7ylenchus devastatrix) attack-
mg it in the root and stem, and destroying its life. A
deficiency of lime and potash is conducive to clover-
sickness ; therefore, where there is reason to believe that
these substances are lacking, they should be applied in
the most convenient form in which they can be obtained
n the locality. The surest method of preventing the
disease Is to refrain from growing red claver too fre- *
quently. This is best arranged by forming a sub-
rotation of clovers in the general rotation. Thus, if
red clover is taken in its proper position in the rota-
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tion, but cow-grass or white clover ig sown in its place
four years after, and alsitke grown four years later, then
red clover again four years subsequently, red clover
will only be on the land once in twelve years, and a
plentiful supply of sheep-keep will be provided without
risk of clover-sickness. In some localities a mixture of
alsike and white clover is sown when red clover is

omitted. [Clover-sickness is sometimes due to a fungus.)
After Management.—The after-management of the
‘seeds’ crop is very simple. 1f the land is loose it is

necessary to compress it in the autumn, by means of
rollers, or by the treading of sheep; but ‘seeds’ must
not be fed too hard with sheep at that season. Sheep
are the most perfect compressors of the soil, as they
pinch the mould around the roots, whereas other formes
of pressure are usually applied in broad sections, which
cannot fit intc' the inegualities of the land. Sheep
should not be put on heavy land in a wet autumn; but
it is not often that clovers and ‘seeds’ require con-
solidating during such seasons. The ‘seeds’ should be
rolled in the spring, and, if it is intended that the
crop should be converted into hay, loose stones should
be picked off the land, or they will prove troublesome at
hay-time.

CULTIVATION OF POTATOES

Potatoes are a field crop of considerable importance
in certain counties, such as Cheshire and Lincolnshire,
parts of Yorkshire and Lancashire, and also in certain
districts in Scotland and elsewhere. Although potatoes
are often referred to as a ‘ root crop,’ they are not roots
at all from the botanical point of view, but the tubers
are enlargements of underground stems, which are
stored with reserve food materials, to be used in
carrying on future growth (see p. 151). Fresh plants are
obtained by a vegetative growth or development from
the buds, or eyes, contained in the tubers, and thus the
potato differs from other farm crops which reproduce
themselves by a process of fertilization and the forma-
tion of seed. The potato, however, makes a fresh start
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each year frone the tuber, which 18 really a portion of
the old plant that has died down the preceding year
For this reason 2 new variety of potato generally begins
to lose its vigour after a few years’ growth, as is shown
by a falling off in the yield and the crop becorning more
susceptible to attacks of the potato disease (I} ytophthora
infrstans). Suitable changes of seed from tiwe to time,
as regards soif and climate, will help to prolong the
life of a variety, but on an average this does not last
more than [rom twelve to twenty years, and often less.
Taking the above considerations into account, it is of
importance tc the grower to discover which varieties
of potatoes are best suited to any particular soil and
district. and thus to increase the productiveness of the
crop. Potatoes may he divided into early, second-early
or mid-season, and late, according to the time they are
ready to harvest. One of the most protitable branches
of potato culture is that of growing early potatoes,
provided they can be got ready very early in the season
before the great glut of new potatoes from abroad and
elsewhere floods the markets of the United Kingdom.
Certain conditions, however, are necessary to be suec-
cessful in the cultivation of early potatoes. One of
these is a suitable climate, free from late spring frosts;
another is a deep, warm, well-drained friable soil,
capable of being beavily manured, Methods must also
be made use of to hasten the growth of the crop, such
as putting the seed tubers into shallow trays or boxes,
and allowing them to sprout previous to planting. In
this way a growth is taking place in the box before
the tuber is planted. and thus the grower can afiord
to wait a week or two longer for suitable weather
before planting out in the field. A good deal of care
and judgment must be used with regard to the regula
tion of light and-temperature in the building in which
the boxes are stored ; the object being to obtain strong
vigorous greeu shoots on the potatoes which will not
easily break off. 1If the boxes are kept in the dark
and &t too high a temperature, long, weak., spindly
shoots will be produced, which easily break off. Expo-
sure to light and reduction of temperature will conn-
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teract this tendency. Without the above necessary
conditions the growing of early potatoes will be & very
prern.rmus ll\]!iiﬂ(‘ﬁﬁ.

Potatoes flourish best on deep Jaose friable soils, such
as the hghter loams, especially when they contain a
fair amount of organic matter. Poor sandy soils, if
beavily manured, will grow good crops, provided thers
1s a sufficient ramfall, and even heavy clayvs, if suitably
treated, may be made to grow tiiem successfully.

Big crops are often ohtained froia recently broken up
grass land, and the potatoes seem to revel in the mass of
decaying vegetable matter derived from the old turf.
Bome of the choicest potatoes are raiged on the old red
sandstone and the marls and sands of the trias; thosae
grown on the greensand are generally of goad quality,
and most of ‘he light, mixed, gravelly loams produce
high-ciass tubers. The rich fens and warp deposits yield
immense crops, very good for change of seed, but the
quality for eating purposes cannot be depended upon.
Bome heavy soils grow fair crops of potatoes, but as
a rule these are not suited to strong clays with retentive
subsails, and it is often almost impossible to dig them
on these soils in a wet autumn,

The question of cultivation is a matter of very great
importance. Although the methnds may vary somewhat
m different districte and on different classes of soil,
there are a few points which are essential everywhere.
In the first place. the land must be thoroughly worked
to a good depth, and it is necessary that the crop should
be moulded up two or three times during its growth.
Where grown as a field crop, potatoes, as a rule, take
the place of roots and follow a grain crop of some
sort, often oats. The land may be ploughed lightly in
autumn and worked so as to remove any couch near
the surface. but in any case it should receive a deep
ploughing before the end of the year, so that the furrow
may be exposed to the beneficizl action of the winter's
frost. It may be necessary in some cases to plaugh
again in aspring, but this will all depend upon circum-
stances and the state of cleanliness of the land. Farm-
yard manure may be applied in the autumn before the

x
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winter ploughing, or may be spread in a short or rotten
condition in the furrow in the spring. This latter method
is generally followed on light sandy soils with porous
subsoils, where there is a fear of a large proportion
of the manure being lost by washing into the subsoil
if applied too early.

Potatoes are grown on the ridge or on the flat, in
the same manner as roots. When on the flat the rows
are generally 20 to 30 inches apart, and a distance of
12 to 18 inches is allowed between the sets; on the
ridge the distance from row to row is 24 to 30 inches
and the sets 10 to 15 inches, according to variety.

The method of planting on the ridge is generally
adopted in the damper climates of the north and west
and on the heavier soils, whereas the flat system is
more often followed on the drier soils ofcthe south and
east where the rainfall is [ess.

The preparation of the seed-bed is similar to that
for roots. When growing on the ridge. the land. after
it has been deeply worked and sufficient mould has
been obtained, is set up in ridges, as soon as the ground
is dry enough in spring, by means of the double-breasted
or r1d¢mg phugh The manure carts then follow, and
the dung. in a rotten state, is thrown out into small
heaps, which are afterwards teased out by means of
forks along the furrows. Any artificial manure used
is then generally sown over the dung, and the sets are
then placed in th- furrow at the required distances
apart. After this vhe doubte-breasted plongh splits the
ridges, thus covering up tne seed sets and the manure,
and enclosing them in the centres of the newly-formed
ridges.

When grown on the flat the potatoes may either be
plonghed in, the seed tubers being set in every third
furrow and then covered with the ordinary plough,
or the system of ‘holing in’ with the spade may be
adopted, in which case the land is first reduced to a .
tilth. In this latter case the land is marked out in
lines across the field, and a man with a spade makes
holes at rggulnr intervals along the rows, a boy who

him dropping a pot into each hale as
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it 18 opened. They then return, the man making holes
on a line parallel to the first, and as he does this he
fills in the previous holes so as to cover the potatoes;
in this way.the whole field 1s planted. Potatoes may
also be planted by dibbling them in. The dibble 18 a
thick stick pointed at one end, with which holes are
made in the ground, the potatoes being dropped into
the holes and afterwards covered with earth.

During its growth the crop must be kept clear of
surface weeds by means of continual hand-hoeings and
horse-hoeings, and it 1s often advisable, especially when
growing on the ridge, to commence by running the light
barrows over the surface, so as to break any crust
which may have formed, and also to destroy annual
weeds.

When the fops are some & to 10 inches high, it will
be necessary to earth up the rows by means of the
moulding plough, and this will also have to he done
a second, and perbaps even a third, time during the
sumrmer.

The selection of seed is a matter of great importance
for the success of the crop; and the newer varieties
should as far as possible be chosen which have been
shown to be suitable to the soil and climate of the dis-
trict. These, as a rule, are bigger croppers, more
vigorous in constitution, and give more profitable
returns ; and there is also less fear of loss from disease.

Change of seed from a different class of soil and

climate at frequent intervals is advisable. Such a change
usually results in healthier and heavier crops. The
best results are to be expected from seed brought from
a colder and more northerly climate; seed from a
warmer climate will give an earlier crop, but the growth
will not be so vigorous.
. With regard to the best size of seed to use, medium
sized sets which will pass through a 1} in. riddle, but
not through a 1} in. will be more profitable to plant
than either very large, or very small ones, although
large sets will give a better yield.

It is usually the practice to cut large seed-tubers,
at least two eyes or shoots being left on each set. The

x$
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results of recent experiments, however, tend to show
that there ia not much difference in the yield batween
planting whole and cut sets, when the same weight of
seed 1s used per acre. It is a mistake to cut early and
white-blossomed varieties, as these potatoes are more
delicate and liable to decompose when cut.

The usual time of planting is from March to the
beginning of May, according to the season. The early
varieties should be planted first, the second-early next,
and the main crop last.

From 12 to 15 ewt. of seed. according to the size,
is the amount usually required to plant an acre, although
in the potato-growing districts the quantity of seed used
per acre is often greater than this. Potatoes are a
surface-feeding crop, and require a liberal all-round
manuring, containing the three essentia] ingredients—
viz.,, nitrogen, phosphoric acid, and potash—to ensure
an abundant yield.

Manuring.—Good crops may be grown with artificials
alone, without dung, especially after 'seeds’ or an old
turf, but a dressing of farmyard manure is generally
considersd necessary for the early varieties.

Potatoes require plentiful supplies of potash for their
atarch development, and where a mixture of artificials
is used it should contain a fair proportion of some
potassic manure.

When large dressings of dung are employed artificial
manures are not essential, but it is now considered
more profitable to use a moderate dressing of dung—
say, 18 to 15 tons to the acre—and supplement it with
a complete muxture of artificials.

Such an artificial mixture might consist of—sulphate
of ammonia. 1 cwt. ; superphosphate, 3 cwt. ; sulphate or
muriate of potash, 1 ¢wt.; making, in all, 5 cwt. per
acre. .
Kainit is sometimes employed as a manure to supply
potash, but recent tests seem to point to the wisdom of |
sowing it some time before planting, so that any im-
purities it contains may be washed into the subsoil,
as these wsometimes bave a bad effect on young
vegetation.”
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ESTIMATE AS TO COST OF GROWING
CROPS IN A ROTATION

Having considered the cultivation of the various farm
crops, it will b2 inreresting to examine a few figures
showing the eost of production and returns which may
reasonably be expected from the growth of a series of
crops in rotation. The ‘four-course’ being the typical
rotation, on which inost others are based, reems a
fair one to take for this purpose. It is evidently unfair
to strike a balance on one crop of the rotation only,
such as ‘roots,” because, this being the cleaning crop
of the rotation, a large proportion of the expenditure
on cultivations and manures must be spread over the
rest of the course and a part dehited to each crop. It
will thus be necessary to summarize the expenditure and
returns on the whole rotation, so as to be able to draw
definite conclusions as to the true financial aspect of the
case.

In the following estimates the costs of cultivation and
produce obtained have been taken as representing a
fair average of what might be expected on farms in the
Midlands, where the soil is a medium loam, and capable
of being ploughed by two horses.

In these calculations a horse is valued at 3s. per day
and a man at 2s. 6d.; harvest wages are taken at b5s.
per day.

FIRST YEAR (SWEDES).
Cost per acre.

Ploughing in autumn (shnllow)
Two draggings at 1s. 6d.
Rolling ...
Two hurowmga 8t 9d
Chain harrowin .
Collecting and %nrnlng couch s s
Filling, carting and sprendmg dung 12 loads

at 10d. o
Winter ploughmg (deep)
Spring ploughing (cru-)
Two cultivatings at ls.

®co®e> coococcol
e
MBS wor—wo®

cecs oxmmoooR
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., FIRST YEAR (SWEDES)--Cont per acre—contd.
£ s
Dragging ol
Harrow g [
Rolling ... 01
Dr 1Ilmk sced and Auperphunllhuw 0 2
Need, 2 Jb. at 9 0o
Supe rphmpl,me 3 ewt. ot 3s. V)
Harrowing after drill.. 0 0
Rolling alier drill 00
Horse hoeing . 0 2
Hund-boeing and umghng 08
Horse boeing .. 0 2
Hand hoeing (20d L'une) [V
Home-hoeing .. 09
Pulling, topping, clpamng and burvmg on fleld . 0 15
Rent, rates and taxes . .15
‘ £8 3

Returne.

18 tous of ewedes at 5. per ton (consuming value) £4 10

SECOND YEAR (BARLEY).

Cost per arre.

Ploughing

Two barrmvmgs at 9d
Rolling

Hurrnmng

Drilling ... .
Seed, '% bushels at s, ..
Harrawing

Rolling

Weorhnq

Harvesting

Rent, rates and taxes

Returns.

43 qre. of barley at 28a. .
Straw at consuming value per acra

Threshing and ;nnrketvng. 4; qm “at % 44

m=ooococooocoooth
PR~ OO D ?

ol cocooooovworoo e ™

@l cacocovocvwono™

ol oon

o
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THIRD YEAR [SEEDS).
Cost per acre.

Sowing ‘ seeds * with barrow
* Seeds’ mixtore .
Light harrowing

Rolling .. >

IHaymuking

Reiit, rates ond Laxes -

Reeturns.

30 cwt. “eeeds hay at L2 per ton (consumi ng value)
Value of grazing .

IFOUIH’H YEAR (WHEAT).

Cost per acre.

£ o dl
Plonghing 010 0
Ralling I ]
Twa lmrrv\mnnn ‘nt o, a1 6
Two draggings at ls. 6d. n 3o
Harrowing a0 9
Drilling .. 020
Harrowing .09
Sead, 24 bushels at 4s, 010 0
Pickling seed ... 00 3
Harrowing spnug) 009
Rolling LS00
Weeding s .01 0
Carting and anvmg manure 00 86
1 ewt. nitrate of soda nin 0
Harvesting . 412 0
Threshing and markeung 4 qra at 2. 6. 010 0
Rent, rates and taxes . 1 5 90

£4 9 6

Returna.

£ 8 d
4 qrs. of wheat st 32 - .6 80
Straw at copsuming value p(‘r acra . 014 0
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BUMMARY,
Coats.
£ » d.
Roots (swedes) - . 6 3 8
oy . ) . 817 8
211 3
4 8 8
£17 111
Returns. .
£ s d
Roots (consuming value) 410 0
Barley 618 0
Beeds (consuming value) 4 00
Wheat .7 20
£22 10 0

Thia represeuts a profit of £5 8¢ 1d. per acre on the whoke
rotstion, or an average profit of say £1 Ts 0d. per acre per
snunm,

CHAPTER XVIL
HARDY FRUIT CULTURE
INTRODUCTION

Tae commercial fruit-growers of this country may be
divided into two classes—first, the individuals who make
fruit-growing their business, and, secondly, those who
treat it as a subsidiary industry, though a none-the-less
important one. Farmers may be included in the latter
class, and the object in this chapter is not to deal ex-
haustively with the many phases of fruit cultvre, which _
would be impossible in the space at command, but to
put in simple language those principles of fruit-growing
which ars_wmost likely to be of practical use to the agri-
eultural student, as well as to the farmer who cultivates
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PLATE I.- continued

2 RKAMLEY'S SEEDLING AFPPLE TREES I¥ OHCHARD.
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fruit partly for home consumption and also with a view
to profit. It should be understood, however, that if
fruit is to be a profitable part of farming, 1t must be
treated seriously, and he given just that care and atten
tion in cultivation which, in the ordinary way, is
accorded to every other crop that is grown.

APPLES AND PEARS IN GRASS ORCHARDS
(PLATE I1.)

In districts that are naturally adapted for fruit there
is no part of a farm which offers greater possibilities
for profit than a good orchard on grass, planted with
standard trees of suitable varieties, but the gospel of
orchard planiing is not one to be preached in all cir-
cumstances, because attempts at forcing the hand of
nature by planting orchards in places where soil and
situation are unsuitable is only courting failure. The
extent to which fruit is grown in the district, and the
way trees flourish, are perhaps the best guidea as to
the adaptability of the locality, and it should be remem-
bered that what is possible in a garden under the care
of an expert is not so easy under the less controlled
conditions of an orchard.

Soil and Situation.—For obvious reasons it is desir-
able that the orchard should be somewhere adjacent
to the homestead, and a slope facing to the south or
south-west is an excellent situation. It is a fatal error
to plant fruit trees in waterlogged soil, and if these
conditions prevail draining should be the initial opera-
tion. A deep and somewhat retentive loam is the best
for apples, and though pears will succeed under these
conditions, they prefer a rather lighter medium.

Trees and their Arrangement.—In planting a grass
orchard the object is to get fruit from the trees above
and grazing for stock beneath, therefore strong standard
trees should be selected in the nursery, with stems so
long that the heads are out of the reach of animals.
The hest way of arranging trees is alternately, or ia
the form of equilateral triangles, and strong growing
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varieties, which are the best for orchards, should not
be planted closer than 30 feet apart (fig. 174).

Planting (fiz. 175, 1).—All things considered, the fall
of the year is the best time for planting, November and
Decembier being the miost suitable months.  Having
marked out the site of each tree, the turf should
be removed in a circle not less than &5 feet
in diameter, and the top foot of soil be taken
out. The next step is to break up the lower

o

k1. 174.—ARRANGEMENT 0¥ ORCNARD, showing trees planted
i equilateral trangles, and in squares.

soil in the bhole with spade or fork, and then
cut up the turf-and spread it on the top of the lower
soil. A little of the best soil should then be scattered
over the broken turf, and the whole be trodden down
evenly. Everything is now ready for the stake, which
may be of sawn deal 8 feet long and 2} inches thick,
and creosoted for purposes of preservation. After the
stake has been drmven firmly into the ground, tbe tree
should be placed in position with roots spread out, and
three or four inches of soil be spread over the latter
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and trodden down. As some sinking will take place, tha
soil should e [«ft round the tree in the form of a slight
mound,.and on on account should the grass be allowed

Fro. 175.—A LessoN N PLANTING.

(1) 1, Subaoil broken up at the bottam of the hole. 2, Turf
taken from surface, cut up, and placed underneath the
roots. 3, Roats epread out 1o the soil.

(2) Standard tree planted, staked, and protected with wire
goard.

to grow to within 2 feet 8 inches of the stem for several
years. This is very important, as the growth of tur!
aver the roots of newly-planted trees has a detrimental
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effect on the development of the latter, and weeds
should be kept down by periodically hoeing.

Tying and Protecting (fig. 175, 2).—It is essential that
the tree should be fastened securely to the stake to avoid
damage by chafing or rubbing, and a simple contrivance
is to wrap a strip of old sacking round the stem and
fasten it to the stake with tarred cord. If animals have
access to the orchard some form of protection is essen-
tial, and nothing is better than circular guards of stout
wire netting, further strengthened by strands of strong
barbed wire. These guards reach to the top of the
stake, they can be easily removed if necessary, and
they afford protection against ground game as well as
stock.

The Tirst Pruning (fig. 176).—The prime object in prun-
ing a newly-planted tree is to promote growth, and a much-
debated point is whether the pruning should be done in
the spring following the planting, or whether it is better
to let the tree stand a whole year before it is operated
on. The balance of evidence points to the conclusion
that the best results are generally obtained with orchard
standards when the first pruning is effected nof in the
spring following the planting, but a year later. The
process is as follows: Cut out weakly side shoots that
are useless for making branches, leaving only the
leaders, or main growths, and these, in turn. should be
cut back to about one third their original length, always
taking care to cut just above a bud on the outside of the
branch.

After-Pruning.—The process just described has for
its object the multiplication of branches to form the
head of the tree, and if there is a sparsity of strong
shoots the leaders may be shortened again the second
year to encourage more growth, but when the head of a
standard tree is formed there should be no more shorten-
ing back, and the pruning year by year should consist
in removing superfluous branches that rub and cross
each other, tending to crowd up the centre of the tree.
If the trees are systematically treated in this way they
never get into that hopelessly overcrowded condition
which is the fault of so many trees in old orchards.
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Pruning Old Orchard Trees.—In dealing with an old
tree that has beeu neglected in the matter of pruning
considerable Judgment 1s required, or more barm than
good may be dune, and the first thing is to remove
all dead wood. The next operation is to carefully
thin the inner branches where they are too crowded, the

F1o. 178, —FIRST PRUNING OF 4 STANDARD TREE.

1, The young standard. 2. Young shoots eut back to sabout one-
third their original length, each cut made just above an
outaide bud. g Result of the prumng: branches increased
and foundation of tree laid.

object being to let air and light into the tree. No hard
and fast rules can be laid down in dealing with a full-
grown tree, but over-pruning should be avoided. Thick
lLimbs should be cut with a saw quite close to the main
stem, and if the rough surface left by the saw is srnoothed
over with a knife or chisel and painted with Btockholm
tar, the young bark will quickly grow over the cot
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surface and make a perfect heal. On the other hand, if
rough snags are left, the latter decay, wet gets in,
and hollows are finally formed in the main limbs of
the tree.

Manuring Orchards.—Generally speaking, it is not
necessary to add manure to the soil when planting young
trees, but if a mulching of decayed manure is after-
wards placed over the roots it helps to conserve mois-
ture and encourages surface root action. In addition
to the benefit obtained from manure dropped by grazing
animals, however, trees in full bearing should have
periodical dressings of dung spread over the roots, and
it is a good thing to empty the contents of liquid
manure tanks under the trees in the winter when the
ground is damp. Concentrated manures supplying phos-
phates and potash are good for orchard .trees, and a
suitable mixture for application in the winter may
consist of 4 cwt. of basic slag and 3 cwt. of kainit to the
acre.

Varisties.—When planting an orchard with a view to
marketing the fruit, it is a great mistake to include too
many varieties, because the result of this is that no
bulk of any one kind of fruit is grown. The selection
of varieties must to some extent be governed by local
circumstances, but care should be taken to plant trees
which, in addition to good bearing qualities, are pos-
sessed of vigorous constitutions. A short list of apples
and pears suitable for orchard planting is given below.

A dozen good cooking apples:—

Early. Succession. Late.
Lord Grosvenor.  Bismarck. Annie Elizabeth.
Ecklinville. Warner's King. Bramley’s Seedling.
Grenadier. Lord Derby. Beauty of Kent.

Pott’s Seedling. ~ Gascoype's Seedling. Newton Wonder.

A dozen good ﬁesaert apples :(—

Early. Sueeession. Late.
Devonshire Allington Pippin. Hormead Pearmain.
Quarrenlen. Cox’s Orange Pippin.  Christmas Pearmain.
Besuty of Bath. King of the Pippins.  Blenheim Orange.
Mr. Gladstone. Fearn's Pippin. Court Penda P!

Yellow Ingestrie,
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Six good pears:—

Doyenne d Bte. Pitroaston Duchess.  Murie Loume

Williams' Boa Lowse Bonne of d'Uecle.
Chreven. Jursey,

Hessle.

STONE FRUITS IN ORCHARDS

Crerries.—The cherry orchards in Kent and else-
where afford evidence of the usefulness of thig fruit in
districts where natural conditions are suitable, but the
trees should always be planted in sufficient guantity to
merit the necessary expenditure in protecting the fruit
from birds.

Planting and Pruning.—Thirty feet apart. as advised
for apples in orchards, is a good distance to allow
between thestrees. and the same method of planting
may be applied. Cherries have a marked dislike to
the knife, and after cutting back newly planted trees,
to encourage the formwation of a good head, little
pruning, other than the removal of any dead branches,
1s required.  Cherries flourish in a soil of a calcareons
nature, and the grass in orchards should be kept down
by close grazing. The following is a selection of gix
good varieties:—

May Duke, Elton Heart. Bigarrean Napoleon,
Kentish Bigarreau, Black Heart. Bluck Tartarian.

Prums.—As a rule, plums are grown more in culti-
vated plantations than grass orchards, but in what are
known as plum districts they succeed well under the
latter conditions. Plums in orchards are better grown
rather close together, 18 feet apart being a fair dis-
tance. They should be planted in the same way as
apples, and when established very little pruning is
required. (For a selection of varieties, sce p. 373.)

Damsoxs.—The "damson is a fruit which seems to
adapt 1itself to certain localities, and under suitable con-
ditions there is no fruit more useful. Damsons. may be
grown on the outskirts of plantations to provide shelter,
also in grass orchards; and in some parts trees planted
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10 hedgerows produce good crops of frmt. The damson
is another fruit which does not trouble the pruner much
after the tree is established. The known varieties are
mostly of Jocal orgin, and the Cheshire prune is one
ofi the best. The Crittenden is a close-growing variety
that bears well, and Bradley’s King is also worth
cultivating.

MIXED TFRUIT PLANTATIONS
(PLATE 1L.)

The system of growing fruit in mixed plantations
under continual cultivation bas increased considerably
in recent years, and is the favoured method of the com-
mercial grower, whose object is to get the best return
from the land in the shortest time.

Position and Preparations for Plantitg —Provided
there is sufficient depth and the quality is of good
average character, most soils suitable for arable crops
will grow fruit, but the situation should be fairly
sievated if possible. to escape spring frosts, and shelter
from prevailing winds should be provided if neces-
sary. The preparation of the land must be thorough
in every respect, draining being the first operation, if
this is necessary, followed by deep ploughings. and sub-
soiling or bastard trenching with the spade to ensure
deep coltivation and the eradication of weeds. No
greater mistake could be made than that of planting fruit
on foul land. The question of manure must be decided
by the condition of the land, but, if it is needed, a
liberal dressing of stable manure should form part of
the preparation.

The Arrangement of Trees and Bushes.—There are
different ways of setting out f{ruit plantations with the
ohject of utilizing the land to the best advantage, and
emall [ruits are included to give a return until the other
trees are in full bearing, and demand the space occupied
by the former The types of trees employed are half-
standard apples, plums, or pears, bush apples and pears,
with goosebernes, currants, raspberries, and straw-
berries, in the way of bottom fruit, though it i some-
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times wore conventent uot to include the last two fruits,
but grow them i fields 1o themselves. A typical method
of arranging a plantation 1s to plant bhali standard trees
24 feet apart. with a bush tree rquidistant between the
stendards 1n the row, and a row of bush trees 12 feet
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Fra. 177.—FPLax oF MIXED FRUIT PLANTATION.
(1) Hslf-standard trees 24 ft. apart; bush apples or pears mid-
way between them; X, gooseberries or currants.
(2) Goaseberries or currants 6 ft. spart, Strawherries or rasp.
berries can he substituted.
(3) Bush apples or pears 12 ft. apart, with gooseberries between.

apart between the rows of standards (fig. 177). This wil
also allow for the temporary planting of rows of straw-
berries, if desirable, and there is room for bottom frait
bushes—i.c., gooseberries and currants—to be planted at
equel distances between the trees.
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Planting and Cultivating. —Favourable weather in the
auturon or winter should be chosen for planting, and
though on land that has been recently cultivated the
process of planting need not be so elaborate as that
recommended for orchard trees, holes large enough to
accommodate the roots should be prepared and deep
planting should be avoided. All bruised parts shouid
be trimmed off the roots, and the soil be pressed firmly
round the latter. In the cultivation of plantations both
horse and hand labour are employed with the desirable
objects of checking weeds and keeping the surface soil
in & crumbling condition.

Pruning Half-standards.—The methods adopted for
orchard trees are applicable to half-standards in plan-
tations, the object being to allow free growth after the
heads of the trees are formed (Prare IL).

Bush and Pyramid Trees (Prate II.).—Young trees
from the nursery may be shortened back, as advised
for standards, either the spring following the plant-
jng or a year later, and for several years it may
be necessary to shorien the leading shoots about
half-way, and reduce the side shoots in order to get
well-balanced and shapely trees (figs. 178 and 179). It
should be remembered, however, that the natural
sequence’ of severe pruning is growth, and when the
trees are well established the use of the knife may be
well confined to the removal of overcrowded branches.

GoosesesriEs.—Young npewly-planted gooseberries
should have their leading shoots shortened back to en-
courage more growth (fig. 184), bul severe pruning should
be avoided with established bushes, and judgment should
be exercised in the pruning, which consists of thinning
out the wood sufficiently to admit air and sunlight, and
facilitate picking operations. Strong shoots of the
previous season’s growth may be shortened back a little,
but as much young wood should be left as is consistent
with the above principles.

Rep Couraxts.—Red currants fruit on spurs on the
old wood, but at the bazs of the young side shoots,
and the most profitable red currant bush is one that
is furnished with seven or eight main branches that
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produce fruit all the way down, with pdequate space
between them. After young bushes are planted the

Fi1G. 178, —FORMING & BUSH APPLE.
(I) Maiden tree, cut back to a.
(2) Two-year old tree, showing the result of cotting; the
shoots are now cut back to b to create growth.
(3) Result of the second pruning: three-year old tree with well-
formed head.

F16. 179.—FoRrMING Ao PYRAMTD TREE.
(1) Maiden tree; a, point to which It is cut back.
(2) Two-year ofd pyramid, showing result of cutting; b, paint
to which shoote are cut.
(8} Three-year old pyramid, with perpendicular stem through
osntre,
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shoots should be shoricned hack (fig. 185), in order to
get more hranches. and when a suflicient complement
is obtained the annual pruning consists of shortening
back the side shoots on the main branches to within
two buds of the lLiase. The leading shoots wust also be
sborlcpcd. but a few inches should be left each year for
extension.

" Brack Currants,—These bushes produce most of their
fruit on wood of the previous season's growth, and newly
planted bushes should be cut hard the first year or two
to encourage strong growth (fig. 186). The subsequent
pruning consists of avoiding overcrowding by thinning
out old branches that have little young wood on them,
but as much young wood should be left as possible.

Raseserries. —Newly-planted raspherry canes, which
can be put out a fodt apart in rows, orsn clumps 6 feet
apart, three canes in a clump. should be cut back to
within a foot of the ground. and the reasonsble result
of this is that the canes produce strong growths for the
next year, which can hardly be expected if the cane is
hampered by fruit-bearing the first season. When an
established raspberry cane has borne its crop of fruit,
however. it has done its work, and may be cut out
at the end of the summer to make room for its successor,
which may be left its full length till the following
spring, when the unripened tip can be cut off

Locax Brrmies.—This useful fruit has become
deservedly popular in recent years, and is suitable for
training on trellises and fences, and other places where
its long bramble-like growthse can ramble. The plant
is very blackberry-like in habit, and pruning consists of
thinning out the old growths each year, to make room
for the young canes. Owing to its vigorous habit, rich
soil 15 not. desirable for logan berries.

Maxtvmine.—It is obvious that there is a big strain
on the resources of the land in a fruit plantation, and
deficiencies of plant-food must be made good by dress-
ings of stable manure and applications of artificials.
Phosphates and potash are the chief requirements of
fruit trees, and these may be supplied by top dressings
of 5 cwt. of superphosphate, or basic slag, according to
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the nature of the soil, and 2 cwi. of sulphate of potash,
to the acre. 1f trees are making good growth, applica-
tions of nirogen are unnecessary, but weakly specimens
are helped by light surface dressings of nuirate of soda
in the spring.

PROFITABLE VARIETIES FOR PLANTATION

CULTURE
12 cooking apples:—
Euriy. Sieession. Late
Early Victoria Cellini Pippin. Laue's Prince Albert,
Lord Groavenor. Waruer's King. Bramlev's seed)ing
Stirling Castle. Bismarck. Anie Ehzabeth.
Ecklinville. » Gascoyne's Seedling.  Newian Waouder.

9 dessert apples:—

Worcester Pearmain. (ox's Orange Pippin. Christmas Pearmain

Beauty of Bath. King of the Iippins. Searlet Nonpareil,
Duchess of Allinglon Pippin, Hormend Pearmain
Oldenburg.
8 good pears:—
William’s Boo Doyenné du Comice [’itmaston [duchess.
Chrétien. Louise Bonne of Glou Morcean
Doyenné d’Eté. Jersey. Winter Nelis
Clapp’s Favourite. £mile d'Heyet.
& good plums:—
Early Prolific. Pershore. Pond's Seedling.
Victona, Czar. Belle de Louvain.
8 good gooseberries :—
May Duke. Crown Bob Lancashire Lad,
Keepsake, Whinham's Industry. Leveller.

Red currants:—
Raby Castle, New Red Duteh.
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Black currants:—

Boskoop Giant. Baldwin's. Lec's Uralific.
Raspberries . —
Superlative. Norwich Wonder, Hornet.

STRAWRBERRIES FOR MARKET

The commercial culture of strawherries is mostly con-
fined to certain areas where natural counditions are
suitable and pickers are available, the latter point being
an important one if a large guantity of fruit is grown.
Under favourable circumstances strawberries are not &
difficult crop to grow, but the land should be clean and
in good heart. Rooted runners are planted in the
autumn or early spring, about 1% inches apart. with
24 feet between the rows, which allows for cultivation,
and about 12,000 plants are required to the acre. The
plants last three or four years, as a rule, and cultural
operations during the period consist of hoeing and
manuring, littering with straw before the fruit ripens,
and grimming off runners and old leaves after the crop
it picked. Market growers do not favour many varieties,
and those most widely grown are Royal Sovereign, Sir
Joseph Paxton, Monarch, and British Queen iu favoured
districts

GENERAL CONSIDERATIONS

Picking. packing. grading, marketing, and storage of
fruit are all items of importance to the market grower,
and each in'its turn must receive due attention in order
that the produce may be disposed of to the best advan-
tage. In short, commercial fruit growing demands the
exercise of practlcai knowledge and judgment, as well
as business ability, and the idea which seems to preva).l
in some quarters that it is a short cut to wealth is an
erroneous one. It has its possibilities, and its prospects
for the future are, on the whole, favourable, but in
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taking up fruit-growing as a business venture due allow-
ance should always be made for thuse circumstances
which are uncontrulled by the grower.

FRUIT IN THE GARDEN
(PLATE 1I1.)

Most of the mstructions already given are applicable
to fruit in the garden, and the following hiots have
bearing on points not already considered.

Utilizing Wall Space.—Nothing is more pleasing or
prefitable in its way than a well-trained wall-tree, and
yet the waste of wall space in the country is deplorable.
Fan-trained trees, espaliers, and cordons can be ob-
tained from a nutsery for a few shillings each, and while
the warmest positions may be accorded to peaches, nee-
tarines, apricols, pears and dessert plums, a wal) facing
the north is a suitable position for Morello cherries. The
planting of wall-trees entails some responsibility, for
unless the work begun by the nurseryman 1s carried on,
and due attention 15 paid to pruning and tramning, the
tree quickly grows wild, and is an eyesore rather than
an ornament,

Espaliers and Cordons (Prate IIL).—Espalier apples
and pears are well adapted for planting alongside garden
walks where it is desirable to utilize space, and cordons,
or single-stemmed trees, are useful for furnishing com-
paratively low walls or filling spaces where there is not
room for spreading trees. Most of the best varieties of
pears succeed admirably as cordons, which is one of the
best methods of growing this fruit.

Strawberries in the Garden.—The quickest method of
establishing a strawberry bed is to place small pots filled
with goil round fruiting plants in the summer and peg
the runners from the latter into the pots. These runners
soon establish themselves in the pots, and if planted ount
in August or September they get established the same
season, and bear a good crop of fruit the next.

Root Pruning.—The pruning of roots is not infre-
quently & necessity in garden fruit culture, and the
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need of it is generally brought about by over-luxuriance
in the growth of young tress, aund the severe branch
pruning to which older specimens are subjected, because
the natural sequence of severe pruning is growth. The
object of root pruning is to check the excessive vigour
of growth and encourage fruit bearing, and the best way
to treat an over-luxuriant young tree is to take it up
10 the antumn, shorten back the tap roots and replantit.
In the case of an older tree a trench should be taken out
some distance from the stem iu the autumn, and by work-
ing underneath in the direction of the tree the tap root
will be found. This should be cleanly cut, and in filling
up the trench the uninjured fibrous roots should be laid
out close to the surface and covered with soil.

Summer Pruning.—Espaliers, cordons, bushes, and
pyramids in the garden may be sumper pruned with
advantage, with the object of removing superfluous
growth and diverting the sap towards the development
of the fruit and the form.ltum of frait buds. Briefly
expressed, summer pruning consists in shortening back
lateral shoots to about five leaves from the base
early in August, and this may be done by breaking
the shoots over the blade of a knife. The shoots
should not he shortened closer than five leaves.
or the ohject of the operation may be defeated by the
basal buds breaking into growth instead of remaining
dormant ; and the leading shoots should be left intact.
The necessary shortening of the latter can be done at
the winter pruning. and the shortened side shoots be
cut a little further in.

PROPAGATION OF FRUIT

Srtocks.—Apples, pears, and the various stone fruits
are propagated by budding or grafting them on some
kind of stock, which has a certain iafluence oo the
growth and hahit of the tree. For nstance, if an apple
tree is worked on the wild crab stock. it is encouraged
to grow a stout stem and is suitable for an orchard
standard. but if worked on the hroad-leaved Paradise
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stock the fibrous root action of the latter prevails, the
tree comes into bearing more quickly, does not grow so
vigorously, and is more adapted for a bush. 1t may be
taken, then, that, with certain exceptions, the Paradise
is the best stock for bush apples, and the more vigorous
crab stock for standards. Standard pears are mostly
worked on the common pear, and pyrannds on the
quince stock. Dwarf cherries are generally budded on
the Mahaleb stock, and standards on wild cherry (gean)
seedlings, while peaches, mnectarines, and plums are
worked on  different

types of plum stocks. 1 ” 5
Damsons and some local )
varieties of plums are
grown on their own
roots. 3
Booving (fig. 180).—
This is the favourite
method of propagation
with nurserymen, and
stocks are budded close
to the ground in July
and August. To prepare
the stock for the bud the . :
operator cuts a T-shaped ¥1c. 180.—BuppING.
incision in the bark, (1) ;"&P?ﬂ"g the stock.

B - B B {2) Bud i osition.
wh_\cl.x o ".'mea shght}y 13; Bud 355 1: OBA. Taking the
on either side to let in bud. ®, Bud ready for in-
the bud. The bud is taken sertion. :
from a shoot of the cur-
rent season’s growth by inserting the knife an inch or so
above a leaf and bringing it out an inch below. The
leaf is cut off, but a portion of the stalk is left to bold
the bud by, and the thin layer of pith underneath is
removed with the thumb and finger, but this must be
done carefully so as not to injure or drag out the inte-
rior of the bud, which is the growing germ. The pre-
pared bud must not be allowed to get dry before it is
slipped into the incision in the bark. and this done it
should be wrapped round with worsted. The swelling
of the bud-is an ind:cation that it bas taken, and when
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growth commences in the spring, the head of the stock
should be cut ofi to within four inches of tlie union,
this part heing left to tie the growth to the first season
lest 1t ~bould be blown off. Fig. 181
| represents o budded pear. in which the
stock 18 nsced as a stake to support the
{ youug planu
| zarring.—This operation serves two
purpeses ;1L may be employed in propa
cation as a substitute for budding,
) though it is not so good. aud also for
the purpose of changing the character of
estahlished trees, which is the more
valuable purpose served.
Taking the Graft.—The craft or scion
s a piece of young growth, about four
inches long, aud furnished with wood
buds. April is the best month for graft-
e, but 1t as an advantage to eut the
scions & month or two beforehand, and
% lay them in the ground in a shady part
of the garden.
Whip or Tongue Grafting (fig. 182).—
F'G'_ 18— This method may be employed in all
BunbED PEAR. F
cases where the stock and scion are
about the same thickness, and it is highly important that
the inner layers of the bark of the two be brought into
direct contact with each other. To prepare the stock,
make an upward sloping cut about two inches long, and
midway in this make a downward cut in the slanting
face. The scion is prepared in a corresponding manner.
the tongne fits into the incision in the stock. and the two
are bound together ready for the wax or clay.
Grafting large Trees.—In cutting back a big tree for
grafting the limbs sbould not be severed too close to the
main stem, but at about the second pair of forks, and
the tops of the branches should be made smooth with a
knife after being cut through with a saw. When grafting
an apple that is past the vigour of youth a strong
growing variety should be selected, and there is none
better for the purpose than Bramley’s seedling.
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Crown Grafting (fig. 153).— The advantages of this
mrethod, suitable for big trees, is that there 1s no spliv
ting of the limbs. Two to four grafts may be put on each
branch, according to the thickuess of the latter, and in
preparaiion for the
scion a sharp down-
ward slit 15 wade in
the bark about three
inches long. The scion

Fra. 182.—Wair GRav¥TING, F1a. 183.—CrowN GRAFTING.
(1) Stock showing upward eut. (1) Scion prepared.
(2) Stock ready for the scion. (2) Stack  with bark alit and
(3) SCIon par&d down, openad o receive scious.

ion showing tongue. (3) Sciona fixed, tied, and covered
5) Scmn ftted on to the stock. with wax or clay to exclude

air.

is prepared as in the case of the whip graft, but without
the tongue cut, and, after raising the bark on either
gide of the slit in the stock, the graft is slipped into its
position and tied round.

Cleft Gratting.—There are some objections to this
method. as the stock must necessarily be split or
sawn, and there is danger of the wet getting in
and causing decay; but. on the other hand, it
bas its advantages, particularly in windy situations,
a8 the grafta are not so liable to blow out.
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Either two or four grafts may be put on a limb,
according to the thickness of the latter, and in prepara-
tion the branch is split across to a depth of about two
inches by means of a mallet and chisel. After making
the cleft, a small wedge of wood should be inserted to
keep it open, and after paring down the bark on either
side of the cleft to get a smooth surface, the grafts
should be pared down in the shape of a triangular wedge
angd slipped into the cleft, taking care that the inner
barks of stock and scion are brought into immediate
contact with each other. When the wedge is withdrawn
the wood will come together, and hold the grafts securely
in position.

@Grafting Clay.—In all the above methods of grafting
it i3 very esseuntial to exclude air from the points of
union. and to effect this purpose somc persons prefer
the primitive clay ball, which is made by kneading damp
pliable clay and.cow-dung together into a paste, and
mixing with it some short hay. If the hands are
wetted and the clay is plastered round the graft in the
form of a cone, it will stick as long as it is required.

Grafting Wax.—This is advised in preference to clay,
as it 13 equally effective and more easily applied. The
following is a good recipe for a grafting wax, to be used
WArm -—

1 pint olive oil. 1 Ib. yellow wax.

1 lb. Burgundy pitch. 2 oz. resin.

The ingredients should be put together in an old
saucepan, melted down slowly, and applied with a brush,
in a warm state, but not so hot as to injure the tissue
of the bark with which it is brought into contact.
Currings.—Gooseherries are rendily propagated from
cuttings taken in the sutumn as scoun as the leaves have
fallen (fig. 184). Young wellripened shoats, 12 to 16
inches long. should hLe selected for the purpose.
and they should he severed just below a bud.
The end of the shoot should be cut back a little,
and all the buds down the stem removed except
four of five at the top. The shoots from these
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are intended to form the first branches of the
young bush, and the remainder are removed in order to
get the bush with a clean stem above the ground.
Cuttings may be inserted four inches deep and about
the same distance apart. It is important to make them
firm in the ground by treading. The cuttings strike root
in the spring, and vigorous young bushes may be trans-
planted the following autumn. The remainder should
have their shoots shortened back, and be left another
year before they are removed from the nursery.

wy S/ LL
7,/ ,4, Cri ik
Doy 200101708

F16. 184.—PROPAGATING GOOSEBERRIES.
(1) Cutting with lower buds removed, and inserted 4 ins. deep.
(8) Year old plant; a, Point to which shoots are cut back.
(8) Two-year old bush, showing the result of pruning.

Red and White Currants (fig. 185).—Cuttings of these
fruits are prepared in the same way as gooseberries, but
owing to the upright nature of the growth it is not neces-
sary to have such long stems above the ground, and short
sturdy shoots, about nine inches long, are suitable for
the purpose.

Black Currants (fig. 186).—Young shoots, eight or nine
inches long, are suitable for cuttings, and the tips should
be removed, but not the lower buds, as it is desirable in
black currants to encourage young growths to spring
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F10. 185.—PROPAGATING RED aND WHITE CUREANTS.
(1) Cutting with lower buds removed and inserted 4 ins. deep.
(2) Year old plant; @, Point wo which shoots are cut back.
{8) Two-yeur old bush, shoving resulis of pruning.

F1G. 186.—PROFAGATING BLuiCK CURRANT.
1) Black currant cutting with none of the lower buds removed
\2) Year old plaut; a, Point to which shoots are cut back.
{3) Two-year old bush, furnished witb young wood.
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up from the base. To facilitate this, the young shoota
on year-old bushes should be cut back to two buds, as
this will encourage themn w send up stroug growths the
season following.

Suckers.— Raspberries: No {rnt 1s more easily pro-
pagated by suckers than the raspberry, and the opera-
tion consists of taking up young avd wedium sized canes
i the autwnu with ubrous roots attached, and planting
them where they are wtended tu grow.

Logan Bernes.~—lhese are veadily propagated by
divisions of the root wn the winter, or 1f youug growths
are pegged down 1 the ground they quickly take root,
and may then be detached from the parent and trana-
planted.

Rouxxers,—Strawberries: 11 struwberries are iutended
to fruit the firsy, year the runners must be rooted in
pots, as already described (p. 373), hut runners that have
rooted in the spil will fruit the first year 1f taken up
and transplanted in the autumn or spring.

CBAPTER XVIIL

FUNGUS PESTS

Frxar belongs w the Tmattorayta. the lowest division
of the vegetable kingdom, in which the plant-body 1s
oot subdivided into root. stem. and leaf. Omne of the
most familiar forms is the mushroom (Agaricus campes-
tris), which grows naturally upon decaying organic
matter in pastures. Examine one, and note the stipes
or stalk, the pileus or cap. and, on the under
surface of the latter, the lamell® or gills, from which
arise the spores that produce fresh mushrooms It is.
in fact, a reproductive structure, and arises from a deli-
cate fibrous mass, the ‘ spawn,’ that lives underground.
Botb tbis and the muehrooms it produces are made up
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of delicate branching threads or hypha, closely com-
pacted together, and collectively known as a mycelium.

Yeast (Saccharomyces Cerevisir) or barm, consisis of
innumerable minute yeast plants (fig. 187), which are
likewise fungl. They consume oxygen and set free
carbon dioxide, the conversion of solutions of sugar into
alcohol, as in the brewer's vat, being an accompaniment
of the process.

Another familiar type of fungus is afforded by the
b or greenish-white moulds, such as grow upon
damp boots, or upon jam, or
upon horse- dung in  warm
weather, or in the substance
of a ripening cheese. Ex-
amined with even an ordinary
magnifying glass, the surface
of such a mould can often
be seen to be covered with
a fine dust, which may be
rubbed off with the finger.
This dust is made up of ex-
ceedingly minute spores, which
can only be studied by means
of the microscope.

Under suitable conditions
8 of warmth and moisture, the

FIG. 187.—THE YEAST fungus spore, which is filled
Funeus, with living substance or proto-
Saccharomyces Cerevisia. plasm, will germinate. In the
4, two bud colonies of act of germination there grows
yeast. 204 from the spore a delicate
Bug;n::lz')‘:‘:’;zéx;f celh} thread-like hypha, and, when a
D, free spores. number of spores germinate
beside each other, the hyphe,
by interlacing; form a felt-like mycelium. This last-
named structure may, however, be the product of a
single spore.

The germination of a fungns spore, it will be noticed,
is a much simpler process than that of a seed. Every
seed contains a dormant embryo, whizh is a sexual pro-
duct, and when the seed germinates, it is the embryo
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that grows. The germination of a spore, on the other
hand, is very similar to that of a pollen grain (p. 164),
which is, in fact, a kind of spore. It is useful, there-
fore, to observe a clear distinction between the spore
of a fungus and the seed of a flowering plant.

Short upright branches grow outward or upward from
the mycelium of the mould, and, at the free ends of
these, fresh spores are produced, all of which are capable
of growing, and thereby of spreading the fungus.

Fungi differ from ordinary green plants m t they
contain no chlorophyll. They are, therefor (]
(p. 143) to build up starch from the elements tha? Cntr

into the composition of carbon dioxide and water. As &
consequence they have to obtain food by stealing it from
other plants, and even from animals, and hence many
of them lead o lLife of parasitism. An oft-seen example
is afforded in the canker of the apple tree, produced by
a fungus, Nectria ditissima, the spores of which lodge
upon any abraded or fractured surface of the tree. A
struggle then ensues between the tree and the fungus.
The tree endeavours to cover up the wound by
lateral growths of the ruptured bark; the fungus, by
using up the protoplasm of the tree-cells in its growth,
keeps the wound open, and even extends it. Canker.
in the younger parts of an apple tree, proves fatal to
them in the first season. This fungus also attacks,
amongst other trees, the ash, elm, beech, and oak.

Certain fungi, like the mushroom and some of the
moulds, live on dead or decaying organic matter, and
are distinguished as saprophytes (Gr. sapros rotten:
phuton, a plant). Others, like the canker just referred
to, get their food from living plants, and in some cases
from living animals, and it is these which are specially
distinguished as parasites.

To the parasitic fungi some of the worst diseases of
crops are due. Gooseberry mildew, the black scab of
potatoes, the rusty blotches upon the straw of cerea!
crops, the dark powder that usurps the plue of the
grain in an ear of barley, the whitish covering that
appears upon the leaves of cabbage and clover plants,
and the blight that converts a crop of potatoes into an

[
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evil-amelling mass of putridity, are some of the familiar
effects of the work of parasitic fungi. The few fungal
diseases of crops it is possible to notice here must be
taken as types of many others.

Rusts.—Black Rust (I'uccinia graminis).—Upon the
leaves and stems of wheat and other cereals, and also

Fia. 188. —RusST AND MILDEW, Puccinia graminis, Pers
4, part of stem of oat plant, attacked by Purcinia graminis, Pern
B, two of the sori (or blotches) from 4, enlarged 20 diameters
¢, Puccinia graminis within the stem. but near the eurface, of
the oat plant. aud bursting the cuticle at p, beneath which
are ssen the teleutaspores,
@, &, spores of Ureda linearis, Pers., which sometimes snrround
the teleutospores of Puccinia graminis.
¥, stoma on the ruptured epidermis.
@, teleutospore germinating snd producing eporidia at #. Theas
sporidia on germinating give rise to Lcidium berberidia, Pern

upon meadow and pasture grasses, brownisk or blackish
blotches (fig. 188), arranged more or less 1n lines, may
frequently be seen. Look for them in the growing
crops, and in the straw drawn from wheat end oat
stacks,
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In June and July close observation of wheat plants
will often reveal the appearance of orange-yellow lines
and spots upon the leaves. They rapidly increase in size
and numbers, and, when the leaf is shaken, a coloured
powder is set free. Under the microscope the powder
is seen to consist of minute fungal cells—in a word, of
spores. They are called uredospores (Lat. uro, to burn),
in allusion to the rusty appearance they impart to the
leaves and stems which are attacked. Their size is
such that about a thousand of them, placed side by
side, would measure one inch.

As the summer advances, the lines and blotches
change colour, gradually becoming almost black. When
rubbed, the leaves no longer yield the bright orange-
coloured spores, but different ones of a much darker
colour. Examined under the microscope, each of these
spores is seen to consist of two thick-walled cells borne
upon a single stalk. Because they appear later than
the uredospores, these darker spores are called
teleutospores (Gr. teleutaios, last). Both the uredospores
and the telentospores are produced by a mycelium which
grows beneath the epidermis of the leaf and robs the
plant of its nutriment, thus affecting the quantity aand
quality of the grain developed.

The minute uredospores are easily carried by the
wind to adjdcent wheat plants. Resting upon the moist
surface of the leaf of such a plant, the uredospore ger-
minates, and its hypha grows lengthwise till its free
end finds its way through one of the numerous stomata
(p. 158) into the inner tissues of the leaf. There, feeding
upon the substance of the green cells, it forms a myce-
lium, the growth of which at length ruptures the
epidermis (p. 386), and, in the brief space of two or three
weeks, a new crop of uredospores is produced. Hence it
appears that uredospores are capable of giving rise,
first to a mycelium, and then to new uredospores.

The baleutosporen behave differently. They usually

d for ths, during which time they
are lodged in decaying corn-stubble and in stacks. Early
in the spring they germinate, and their hyph® speedily
produce minute egg-like structures which are called

o2
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sporidia. Unlike the uredospores, neither the teleuto-
spores nor their sporidia appear to be capable of affect-
ing the wheat-plant, and all attempts to produce rust
by sowing the teleutospores upon the growing wheat-
plant have failed.

If. however, the teleutospores should get carried in
the spring, by the wind or any other agency, to the
leaves of the harberry, which is a native British shrub,
they germinate and produce sporidia. The latter send
delicate tubes into the tissues of the barberry leaf, a
mycelium develops, the leaf at the spot becomes swollen,
and one of the forms of ‘cluster-cup fungus’ (an
Aicidium) appears upon the under surface of the leaf, and
produces numerous yellowish spores called ®cidiospores.
It has heen satisfactorily proved that, when the wcidio-
spores of the barberry are sown upon the leaves of wheat
and other gramineous plants, these spores germinate,
infect the plant, and give rise to uredospores, followed
by teleutospores. It is seen, therefore, that the ecidio-
spores are produced in the spring, the uredospores
in the summer, and the teleutospores in the early
autumn.

Where the scidial ‘ host-plant’ is absent, it is possible
for the teleutospore stage to be suppressed, when com-
pensation is made in the profuse production of the
orange-coloured uredospores. This appears to be the
case in Australia, of which country the barberry is not
a native.

The facts just related were only obtained after many
wvears of investigation. The three forms of fungus had
previously been independently described, under the
vespective names of Uredo, Puccinia (after Puccini, a
Florentine botanist), and Zcidium, and the wonderful
relationship befween them was not even suspected. It
1s obvious that the teleutospores of the Puccinia repre-
sent a resting-stage, by means of which the fungus is
carried through the winter. -

This organism affords an instructive example of a
parasite which not only requires two different host-
plants in order to complete its life-history, but which
assumes a‘totally distinct form upon each host. To this
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phenomenon the name of Heterecism is given (Gr.
heteros, different; oikos, a house). It is also called
Metecism.

It appears, then, that the agent which blotches, and
blurs, and blackens corn crops consists of myriads of
microscopic spores. To support the rapid vegetative
growth whereby the fungus develops these spores much

" wutriment is required, and it is all taken from the host
plant. Hence the plant is unable to devote its full nutri-
tive energy to the ripening of the grain, and so it
happens that in badly infected corn crops the sample of
grain is thin, shrivelled, and of inferior market value. In
severe cases the straw may be so much discoloured as to
be worthless ; such straw should be burnt, and the ashes
returned to the soil.

Corn crops grown on damp, low-lying lands suffer
most from rust, and those of elevated lands come next
in this respect. The mists in the lowlands and the
clouds on the hill-tops are believed to be favourable to
the development of the spores. The pest is also abundant
on enclosed spaces surrounded by bushes and trees, which
impede the currents of air; open wind-swept cornfields
are less liable to attack. Wet, warm weather appears
to greatly favour the fungus, and sometimes in England
a field of grain which has been almost free from injury
up to the beginning of the harvest month will, in the
presence of much rain, suddenly begin to develop the
spores with remarkable rapidity. In England a dry
summer is usually marked by but little mildew. When
cereal crops are free from mildew the straw is said to be
‘clean.’

It is a matter of observation that rust is more likely
to occur after heavy dressings of farmyard manure and
nitrate of soda than after mineral manures alone. White
wheats are more susceptible than are the more robust
red varieties. The fungus is probably largely maintained
by infected straw being used as litter, and afterwards
spread out on the fields as manure ; the uredospores find
a congenial environment on the first young leaves of
a corn crop, and the work of reproduction at once begins.
Black rust also attacks barley, oats. and certain wild
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grasses, but uredospores from one kind of plant are
probably not able to infect other kinds of plant.

Yellow Rust (Puccinia glumarum).—This is the ‘ spring
rust ' that attacks wheat, barley, and rye, and may be
distinguished from the preceding species not only by its
earlier appearance, but by the paler colour of the streaks
caused by the uredo stage. Its life-history is similar,
except that no scidium stage has so far been discovered,
and the teleutospore stage is unnecessary ; for the uredo-
spores can remain dormant through the winter, after
which they are able to infect the spring crop. Professor
Biffen considers this species to be the commonest and
most destructive rust.

Rusts are responsible for very serious losses among
cereals in various localities. For example, in Prussia
alone during 1891 the loss was estimated at £20,000,000,
in round numbers. The breeding of varieties of cereals
immune to rust is now found possible, and may in the
end lead to the stamping out of this deadly kind of
infestation.

Sxor axp Bonr.—A walk through a field of oats in
June or July may often bring to view one or more ears
which are covered with a dark powder. Gather such
an ear, and shake the powder from it upon a piece of
white paper. It will be found that the floral organs and
their chaffy envelopes are quite destroyed, 8o that no
grain can be formed. The powder is seen to possess a
dark chocolate colour. It is made up of innumerable
spores of the fungus (fig. 189) called oat smut, or {'stdago
avene (Lat. ustus, burnt). The presence of much smut
in a field of corn must lead to a considerable falling-off
in the yield. *

So small are the spores that a row of about 4,000
of them would not measure more than an inch, conse-
quently they lie unseen in the irregularities upon the
surface of an oat grain, and it is by the introduction of
spores through the medium of grain used for seed that
a crop of oats becomes infected.

Wheat smut (7. tritici, Jens.) and barley smut
(I'. mida, Jens., and U. tecta, Jens.) do not, if recent
researches are confirmed, cause infection through the
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agency of the grains, but attack the delicate flowers of
fresh victims.

In the ground the spores germinate at about the
Whilst

same time as the oat grain on which they rest

the germinating embryo
of the grain is extremely
soft and tender, a deli-
cate tube emitted by the
spore  penetrates the
voung cells of the for-
mer. Once established
within its host-plant, the
fungus develops its my-
celium, which grows as
the host grows, making
its way from cell to cell
without betraying any
outward sign of its pres-
ence. The parasite mayv
thus thrive for wmonths
within an apparently
healthy plant. Atlengih
a time comes when the
long waiting of the fun
gus is, as iL were,
rewarded. This is pre-
cisely at the period when
the oat plant is pre-
pared to concentrate its
energies upon the matur-
ation of the grain. Then
it is that the parasite
assumes new  Vigour,
develops a dense npet-
work of bypbe within
the young grain, and
makes nse of the nutrient
juices of the host-plant
for the production of
countless spores. Usually
all the ears upon one

535

F1a. 189.—SmrT or OaTts,
T stilago avene, Jena,

4, panicle of oats atiacked from
below npwards.

B, spikelot, with the fungue ia
an early stags of growth.

¢, {ree spores.

D, epore germinating and pro
duaeing yeast-like bods,
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plant, and all the grains in the same ear, are desiroyed
The spores crowd thickly upon the ear, and as they
become detached they settle upon the ripening grain
of healthy plants, and there they may perhaps remain
until such grain is used for seed purposcs, when the
series of changes that have been described are liable to
be repeated. Swutted ears are not seen at harvest time,
for long before then all spores will have been blown
away, and only the bare rachis, or floral axis, will
remain.

The effect of sulphate of copper, or other antiseptic
agents sometimes used, is not to destroy the spores of
the fungus, which, indeed, live through the application :
but when the spores germinate the delicate young hyphee
find themselves in a medium which i{ fatal to them,
and the disease is thus checked. By persistent ' pickling.’
season after seasom, it is possible to reduce very mate-
rially the loss of yield which would otherwise result
through the activity of the smut fungus.

Suitable pickling solutions are (1): 1 lb. of copper sul-
phate to 1 gallon of water for 4 bushels of grain; (2)
| pint of 40 per cent. formalin to 36 gallons of water
for 40 to 50 bushels.

The former liquid is poured over the seed grain
heaped upon the barn-floor, and the grain is turned
several times with a shovel. This is done the day before
sowing, and as the water evaporates a thin coating of
the sulphate is deposited upon the grain. When formalin
is used the grain is put in a bag and steeped for ten
minutes in the solution. It may be added that by im-
mersing seed oats for five minutes in water at a tem-
perature of 127° F. to 133° F. the vitality of the seed 1s
not impaired, but smut is prevented

Pickling wheat and barley, in order to check
the ravages of their particular smuts, is useless, if
the researches already mentioned (pp. 390-1) receive
confirmation.

Closely =allied to the smut fungus is the parasitic
organisin Tilletia Caries, which produces bunt in corn. In
this case, however, the grain is converted into a dark
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greasy mass with a foul fish-like odour. As the injured
grains are harvested with the rest of the crop, there
results a bunted sample of corn, the flour from which
can only be used for inferior purposes. Bmut is easily
seen in the field, but the detection of bunt demands a
more experienced eye. The offensive greasy material
inside the affected grains consists of the spores of the
fungus, and as these escape in the subsequent treatment
of the grain, a few bunted specimens may infect a large
number of grains. The general life-history of bunt
is very similar to that of oat smut. In this case also,
therefore, it is desirable to dress the seed grain before
8OWiIng.

In this country bunt appears to confine its attacks
to wheat and barley, whilst in other lands maize also
suffers. Smut is of more general occurrence, and attacks
not only wheag, barley, oats, and rye, but various
grasses, especially tall oat grass. Smutted ears should
be gathered and burnt. ’

Ercor (Claviceps purpurea).—From early in July
onwards examine the grasses that grow in or alongside
the watercourses. It is probable that some will be found
to have dark-purplish spur-like structures (fig. 190) upon
the panicles. These are specimens of ergot, this name
being the French word for cock-spur.

When ergot has been once seen it is always easy to
recognize it again, and it may be looked for in meadowe
and pastures, and also in cornfields. The ergot of rye
is one of the best known forms, but the structure occurs
also upon other cereals, and upon most of the cultivated
and many of the weed grasses. It is occasionally found
growing upon other than gramineous plants—upon
sedges, for example.

The dark spur-like outgrowth is known as the
sclerotium stage (Gr. skleros, hard) in the life-history of
this fungus. It is really a resting stage, for it is the
form in which the organism is carried over the winter
As the sclerotia ripen they fall to the ground daring the
autumn, and remain unaltered till the early summer.
Then, under the influence of moisture and higher tem-
perature, certain changes—which need not be described
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here, but some of which are indicated in fig. 190—take
place, resulting fin-
ally in the produec-
tion of a very large
number of exceed-
ingly delicate spores,
which, being long
and narrow, are des-
scribed as ncedle
shaped or thread-
like. Theyare formed
in numbers of deli-
cate tuhes (aset), each
producing  slx  to
eight spores, which
are termed ascospores
(Gr. ‘askos, & bag. a
flask).

This happens at
about midsurumer—
just at the time, that
18, when most of the
grasses are in flower.
The light delicate
ascospores are easily
wafted on the breeze,
or transported by
rain or insects. Some
of them fall upon the
flowers of cereals and

ozuzz'lggé;%ﬁ?:%m grasses, and there
4, rye grass ergoted. they at once begin
B, free ergots, or aclerotia, natural size. t0 gerwinate, and as
:. wlaro;it:‘xln er::ir;nungxﬁ . the resunlt the lower
. ona o B nines rom ¢
showing ;er?thecdmgmlbed ol pear g‘"” ol; the flower
the circumference. ecome invaded by a
E. & single perithecium showing itz mycelium. In the
mouth and enclosed asci. course of ten days or
r, a single asoua (rom the perithecium fortnight, the my-
:’:ﬁ;ld'nig :hi:hhl;x'neu BCOBPUTeS, OF elium sends oub c_le-
o, a single ascospore or sporidiom. licate byphem, which
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form a network upon the pistil, and from which
thousands of minute conidia (Gr. konis, dust) are set free.
At the same time there is secroted a thick sweetish
liquid, in which the conidiospores are bathed. This is
known as the ‘honey-dew' stage of the disease.
Insects carry the sticky fluid from one grass flower to
another, and the conidia are thus easily spread. On
a fresh flower the conidia germinate, cause the secre-
tion of more honey-dew, and a new crop of spores is
produced.

Ultimately the formation of honey-dew ceases, and
a dense hard network begins to appear, the remnants
of the destroyed ovary being still discernible at the
free end. This network grows into the sclerotivm ; it is
larger than the grain of the plant which it infests, and
it 's mature atyabout the time the surrounding corn is
ready for harvesting.

The ~honey-dew and the sclerotium were formerly
thought to be distinct kinds of fungus, and received
separate names, in the same way as did the different
stages of rust.

Ergot is regarded as a dangerous pest, because it is
believed to be capable, under certain circumstances, of
causing cows to slip their calves—that is, to give birth
to them prematurely—much loss thereby arising. Ewes
and other animals are similarly affected by it.

Ergoted grasses should be collected and burnt, in
order to destroy the sclerotia. Grass seeds ought always
to be examined for ergot, and, if any should be present,
the sample ought not on any account to be sown.

Auericay GooseBErny MiLpew (Sphaerotheca mors-uvae,
Berk. et Curt, ﬁg 191), which is now & notifiable dxseau,
first appeamd in Europe (Ireland) in 1900, and has since
mread with nlarmmg rapidity. Wken the leaf-buds
open in epring it may be seen upon them as a whitish
‘mildew,” which later on assumes a powdery appear-
ance owing to the formation of innumerable conidia,
and gradually spreads to the young wood and fruit. Al
winter approaches it becomes darker in colour, and is
then found on the ends of the shoots, which look dark
and shrivelled. When examined with & lens numerous
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blackish spots (the ‘winter fruit ') can be seen. These
are hard cepsules, in which are produced the spores by
which the fungus will be spread in the following season.

F10. 191.— AMERICAN GOOSEBEREY
MILDEW,

, gooseberry twig, the upper part at-
tacked and -distorted by the fungus.

B, part of same, enlarged, showing the
fungua. §

. globular bedy (perithecium) with the
mycelium,

D, sae (ascus) with eight spores.

x, conidia of mildew stage.

Though spraying
with  Bordeaux
mixture and
some other pre-
parationsis found
useful for com-
bating the spring
stage, the well-
protected winter
condition is not
amenable to
treatment, and
the wholesale
destruction of
infected bushes
is found to be
necessary.
Potato  Drs-
ease.—The char-
acteristics of the
potato  disease
are well known
in most parts of
the country. Al-
though the total
area under cer-
tain other crops
is greater, the
potato is pro-
bably the most
generally culti-
vated of alleroys.
for it alwaysfinds
a place in ku-
chen gardens and
in allotments.

The blackening and shrivelling of the haulm procleims
to the efe, and a very distinctive odour to the nose, that
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the potato disease fungus is busily at work, and when tie
crop is lifted the tubers may afford evidence of all stages
of decay, from s
slight attack (e
thorough  rotten
ness. lmmensze
sums of money
have been lost, and
great suffering Las
arisen at times, as
in the year 545 in
Ireland, through
the partial or total
tailureof the potato
erop. The fungus
(fig. 192) assocjated
with the disease
i called Phyto-
phthora infestans
(Gr.phuton, s plant ;
phthora, decay,
destruction).
Examime the
under surface of
the leaf of & patato
plant in the early
stage of the dis-
ease. Notice the

F1o. 192.—PotaTo Disease Foxcus,
Phytophthora infratans, De Bary.
A, part of interior of lower surface of
potato lesf, showing mycelium of

brownish spots, potato fungus ramifying amongat the

with & delicate cellular tissue of the leaf.

silky material B, branches of fungus emerging through
. stomata.

round their mar- S gy

gin. The spots aré  p conidium germinating snd producing
destroyed  tissue mycelium.
and the silky . another conidium, ita contents dif-

. : ferentisting into zoosporea.
material  consists ¥, conidium opening, and emitting zan
of the hypha of spores.

the infesting fun- g, free zoospores.

gus. By the aid of

» magnifying glass a whitish powder may be seen
amongst the interlacing byphe. This is made up of
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myrinds of minute spores. The atmosphere becomaes
laden with such spores, some of which cannot {ail
to get deposited upon the leaves of healthy potato
plants.

Suppose a spore to fall thus upon the leaf of a plant
hitherto free from disease. Provided onrly the merest
film of mouisture Le present, the spore bursts at ite
narrower end, and there emerge from it about ten
smaller spores (called zoospores) formed of the proto-
plasm which occupied the interior of the parent spore.
Each zoospore swims about actively hy means of two
delicate whip-like filaments or flagella (Lat. flagellum,
a whip). In less than am hour it comes to rest, loses
its cilla, assumes a epherical shape, and presenuly
develops a delicate hypha. which either bores through
an epidermal cell of the potato leaf or euters at ome
of the stomata (fig. 192). In either case the bypha reachea
the active green cells of the leaf, in and amongst which
it develops a mycelium, with the destructive effects
already described.

The leaf, it will be remembered, is the organ (p. 158)
in which starch is manufactured, but the factory is com-
pletely deranged by the growth of the potato-disease
fungus. This, however, is not all. The tuber is a reser-
voir in which the plant stores up starch. Not content.
as it were, with destroying the starch factory in the
cells of the leaf, the hyphm of the fungus extend along
the tissues inside the stalks of the plant, aud at length
reach the great store of starch in the tuber, The mis-
chief done o the tuber will vary with circumstences.
The sterch may be consumed, and the tuber may be
converted into a rotten mass whilst still in the ground.
Oun the other hand, very little progress may be made
with the destruction of the tubser, within which it is
possible for the mycelium to hibernate. Hence an appa-
rently sound tuber may contain within itself the germs
of disease, and, if such & tuber is used for seed pur-
poses, the fungus will develop, and the yoang plant will
become a new centre of infection. Tubers for seed
should, therefore, never be saved from a crop in which
disease has been detected. In general practice it is
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better to ume for seed those kinds which appear to suffar
least from the disease.

The baulms from a diseased crop should be gathered
together and burnt. and rotten tubers should also be
put in the fire, so as to ensure the destruction of all
spores and bypha. The refuse of the crop uhou‘d never
be thrown upon the manure heap.

Spraying with Bordeaux mixture, which 18 a weak
sofution of sulphate of copper (blue-stone) containing
quicklime, bas proved a very effective mode of treat-
meut. The ordinary mixture consists of 12 lb. of copper
sulphate and 8 lb. of fresh quicklime in 75 ta 100 gallons
of water. From 100 to 150 gallons per acre is generally
employed.

The production of spores by the mycelium of
Phytophthora infestans is dependent upon temperature.
Below 40° F. and above 78° F. no spores are formed.
About 72° F. is the most favourable temperature. The
climate of the British Isles is such that a mean tempera-
ture of 78°, or higher, cannot be looked for, otherwise
potato disease would be less prevalent. But if the
closely allied tomato (p. 214), grown under glass, should
be attacked, as it cometimes is, the maintenance in the
glass-bouse of a temperature not below 75° should check
the progress of the disease.

Moisture is, as has been smwd above, an indie
pensable condition to the spreading of the spores. Rain,
therefore, helps them to travel along the leaf, and to
find their way down the stem. It also washes them inta
the goil till they reach the growing tubers, which,
through their delicate skins, are easily infected. Much
disease originates in the last-named manuer. Potatoes
grown in sandy gcils suffer less, as a rule, from the
disease than those grown in heavy soils. The reason is
that sand is a more effective filter. and tbus waylays
the spores as they trickle down in the rain-water. The
beaving of the scil produced by the expausion of the
tubers in their growth leads to the formation of cracks
and fissures in a clay soil, down which the epores can
roadily travel. A sandy scil, on the other hand, is con-
tinually accommodating itself to the pressure from the
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tubers, and does not form cracks, whilst the trickling of
water serves still further to pack the particles together,
and thereby to obstruct the passage of the spores. In
the system of cultivation known as high moulding, the
crop 1s moulded up a second time, as late before the
appearance of disease as the growth of the haulms will
permit. A depth of not less than four inches of soil
is sufficient to prevent the spores from reaching the
tubers, and it fills up the cavity at the top of the soil
caused by the oscillation of the stems in the wind. If
the moulding is brought to a pronounced ridge, the
spore-laden rain-water will flow down into the hollows,
where the spores can germinate without affecting the
tubers.

Great loss of potatoes is caused by after-sickness.
Tubers that are perfectly healthy when lifted may yet
contract potato disease in the harvest ¢«field. When
freshly dug, the potato has a skin which is tender
enough to be penetrated by the hyphe of the conidio-
spores, and there is usually sufficient moisture to permit
the germination of conidia, if present. The risk of after-
sickness is greatest amongst the sound tubers of a
diseased crop. To prevent it, the crop should not be
dug till all the haulm is dead. Should such delay be
impracticable, the haulms should be pulled up and
removed from the ground before the potatoes are lifted ;
w0 long as they remain in the ground the sound tubers
are safe from the disease, but when they are brought
mto the air, which is laden perhaps with conidiospores,
the tubers can hardly escape infection.

Though largely dependent on season. the potato
disease develops much more readily in tubers grown by
the use of highly nitrogenous manures, and containing
& juice rich in nitrogen, than in those grown under
ordinary conditions.

Waite Rust.—On shepherd’s-purse, one of the com-
monest cruciferous weeds of waste places, there may
often be noticed a whitish streak, such as would be left+
by whitewash. This is the ‘ white rust,’ and it is due
to the presence of a fungus (fig. 193) called Cystopus can-
didus. In kitchen gardens, cabbages and caulifiowers
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are frequently thus affected, whilst turmps and most
other cructferous planis are likewise liable to attack. The
mycelium of this fungus invades all parts of the bost
plant above ground, and, if a crop s attacked in its
seedling stage, 1 may be swept away altogether

Fra. 193 —WRITE RUST, / yatopus candidus, Lev,

&, fruiting stem of shepherd's purse, ewollen and dis
torted by Cystopus candidus,

B, fragment of cabbage leafl with Cyatopus coandidus
growing in & concentric manner,

¢, & short chain of conidia of Cyatopus candidus, the top
one producing zoospores, D.

¥, globular cogonium with antheridium attached (sexual
slage).

F, oospore or resting spore, producing zoospores at G.

(a4 and B ratural size; the others x 400 dismeters.)

The minute spores of Cystopus candidus are readily
<arried by the wind and other agencies, and the infec-
tion may thus be rapidly spread. The fungus is pre
served through the winter by means of resting spores,
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which lurk in decaying fragments of cruciferous plants,
ar in the soil 1tgelf.

The obvious means of dealing with this pest are to
burn the refuse of diseased cruciferous crops, to give
the land two or three years’ change from such crops,
and to suppress cruciferous weads.

Damewve Orr.—What gardepers term the 'damping
off ' of geedlings is tho wark of a fungus—of a species
of Pythium (Gr. putho, to rot, to decay). It is often seen
m mustard and cress. especially when these are sown
too thickly, so that a free circulation of air is prevented
The spores are in the soil, and, wheo they germinate,
their hyphe Lore
into the eeedling
plantsy in  the
region between
rdbt and leaves,
and wesken
them to such an
extent that they
topple over
Each young
plant thns at-
tacked becomes
s centre of in-
fection, from
which the dis-

F1a. 194, —Brack Scam order apres.dg.

Besides eruci-

ferous plants, others, such as white clover, spurrey,
ete.. fall vietims to this pest.

Land upoo which the ‘damping off” of seedlings has
recently occurred, should not be sown with similar seeds
for a considerable period afterwarda.

Brack Scas o Want Disrase (Chrysophlyctis endobio-
tica, fig. 194) is & notifinble disesse which has caused
serious damage to potatoes during the last few yesrs,
aspecially when they are grown continuovusly, as ib
gardena. The disease is first visible in the form of warts
or ridges, situated near the ‘ eyes’ of the tubers, which
incrense in mize and fuse together, ultimately forming
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black spongy outgrowths of characteristic appearance
Examination of thin sections under the microscope shows
that the fungus consists of isolated rounded cells, within
which spores are formed (fig. 195). These are of two
kinds: (a) zovspores (see p. 398), which make their escape
and spread the disease during the cropping season, and
(b) resting spores, which remain dormant through the
winter, or it may be for a longer period (up o four
years).

Diseased tubers should be burnt, and must never
be employed for seed. If the crop has been grown in

F1a. 195.—BLAOK SCaB
Spare-producing cells, magnified.

a rotation it should be replaced by some other crop
when it is next due, while in the case of continuous
growing at least one geason should elapse before pota-
toes are again planted, and the soll dmnfected with
gas-lime or powdered sulphar.

Crus-BooT in turnips, cabbages, caulifiowers, rape,
and other cruciferous crops (p. 179) is the name given
to & malformation of the roots. When pulled, the main
root ig found to be much dwarfed, whilst the side roota
are often swollen into spindle-shaped masses, presenting
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an appearance Lo which the name of finger-and-toe is
appropriately applied. Lumps or nodules may also be
seen upon the root. A crop thus affected ultimately
perishes, owing to the decay of the roots.

Fia. 196.—Crre rooT Foxaus, DNasmodicphora Hrassice, Wor.

4. radicle of young turnip sboormsally awcllen Iro~ sttack of the
fungus.

a, ¢, ground line,

», region of the disesaed root from which the fragment £ was cut.

m, abnormully enlarged cell of root, contsining Z/asmodiophora
in its early stringy condition.

r, similar cell to B, but with Plasmodiophora in its lster or spore
stage.

a, spores.

8, spores garminating and producing amamba-like zoospores.
ususlly with one Aagellum (or whip-like filament).

This disorder i¢ associated with the presence of a
stimny fungus (fig. 198), known as Plasmodiophera Brassicz.
The spores of this organism are exceedingly minute.
and they oot only attack and destroy cruciferous
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crope, but they infest the soil to 5o great an extent that
it is unwise to grow such crops upon the same land again
for several years. A spore, existing in the soil, finds its
way into a cruciferous plant through a root-hair, and
at once makes a demand upon the protoplasm of the
plant.  The spores produce slimy masses called plas-
modia, and these creep from cell to cell of the infested
plant.

The refuse of a diseased crop should not be left in
the field por thrown upon the dung-heap, for in either
case it is capable of serving as a mew source of in-
fection. Dressing the land with lime has the effect of
destroying spores in the soil.

This disorder, by whatever name—club-root, finger-and-
toe, or anbury—it may be called, must not be confused
with a malfogmation of the root, which oceasionally
arises as the result of some peculiarity in soil, seed. or
manure, and is really a case (p. 473) of ‘ reversion ' 1o the
wild type. lIn such instances the growths, though dis-
torted, are nevertheless healthy, but, when tbe fungus
is present, it is only necessary to cut acroas the root
order to see that the latter 1s filed with decayiog
matter.

Nor, again, should the wart-like growths formed upon
the root by the small beetle called the turnip-gall weevil
(n. 620) be mistaken for the work of the fungus. By
cutting across such galls on the roots of turnips and
cabbages the legless maggots of the insect may be found

Bacteria.—The wet rot of potatoes is due to certain
species of bacteria (chiefly (lostridium butyricum), as are
also turnip white-rot (I’seudomonas destructans, Potter)
and cabbage black-rot (. campestris, Smith). Bacteria,
however, produce but very few plant diseases, though
they dre the canse of most infectious or contagious
diseases of animals, such as anthrax, tuberculosis, and
pleuro-pneumonia.

The delicate tube-growths (hyphwx) of the parasitic
fungi which attack flowering plants exhibit, as has been
seen, two marked differences in their mode of develop-
ment, Either their growth is confined to the immediate
neighbourhood of the point of attack, or else it spreads
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widely or unlimitedly from that point over and through
the host-plant. The rust fungi are admirable examples
of the first kind. Each distinct spot upon a grass or
cereal plant inhabited by the fungus is the result of the
growth of one spore, or occasionally of several, which
bave come together by mere accident. Fresh spots are
added one after another on a surface, in proportion as
new spores from any quarter—for instance, from those
first established on the leaf—germinate there and assail
it. Ergot is another good example of the first class; its
attacks are always confined to the ovary of the host
To the second category belongs, for example, the potato-
disease fungus; the delicate tubular growth resulting
from the germination of a siogle spore will find its way
into the tissues of the potato plaut. and may continue
to grow till the whole plant is permepted with the
fungal threads, which here and there bireak through the
epidermis of the leaf and produce spores. The smut
fungus, again, ramifies through the entire plant, though
its external eruption is confined ta the ear of the grass
or cereal which it attacks.

The methods of suppression directed against fungus
pests are based upon a knowledge of the life-history of
each injurious organism. The general rule is to ascer-
tain the cycle of changes through which the organism
passes, and then to attack it at its weakest point. Thus.
in the case of ergot, it is recommended to burn the pest
i the restmg stage represented by the sclerotium. The
suppression of weeds, especially of those which are
allied to cnltivated plants, and which probably harbour
the spores of the same fungi as those to which the culti-
vated plants fall victims, is specially called for.

Independently of such considerations, however, the
practices of “what may be called good farmihg are
opposed to the.thriving of parasitic fungi. The plants
most liable to attack are the weakly and backward ones.
Thorough tillage, libera! manuring, and similar precan
tions, will frequently serve to carry a crop beyond the
risk of attack, inasmuch as a healthy and vigorous
growth imparts to the plant a capacity for reaisting the
nsidious- advances of parasitic fungi.



PART III.-THE ANIMAL

CHAPTER XIX.
STRUCTURE AND FUNCTIONS OF FARM ANIMALS

TuE hive stock of the farm, excluding poultry, comprisea
borses, cattle, sheep, and pigs, all of which are bred
and reared by the farmer, so that it is of practical im-
portance for ®him to learn something about their
structure and functions.

Torses, cattle, sheep, and p:gs belong vo that group
of animals termed the Vertebrata, all of which possess a
backbone. Of Vertebrata there are five classes—mam-
mals, birds, reptiles, amphibians, and fishes. It is i the
first of these, the class Mammalia, ar hat-bluoded, hair-
dad animals wiach  suckle  their young, that horses,
cattle, sheep, and pigs—as also mwen and dogs—are
included.

The study of the structure of animsls iz known as
Anatomy. The study of the uses or functions of the
various organs is termed Physiology.

Horses, cattle, sheep, and pigs. although so easily
distinguished by outward appearance, are yet closely
similar in their general structure and iu their physio-
logical characters. These statements equally apply to
men and dogs, which also, in a sense. belong to the
farm. Hence, it i8 not necessary for us to study each
animal individually and exclusively, but one may he
taxen as the type of all. The horse is here taken as the
type, special relerence being made to the other animals
only when they differ markedly from it.

HRecions or Te Boby.—A broad distinction ma,y be
drawn between bady aund limbs. The former is divided
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into head, neck, trunk, and tail, while the fore and hind
limbs are attached respectively to the front and back
of the trunk. The upper surface of the body is con
veniently termed dorsal, and the under surface ventral,
while anterior and posterior technically replace the
ordinary words front and back.

In the trunk of a wammal there are two regions.
The anterior one is the thorax or chest, and the posterior
one the abdomen or belly—spoken of as the ‘barrel’ in
a horse. The thorax is completely separated from the
abdomen behind by a transverse partition called the
diaphragm, and, though certain tubes—the gullet and
some of the blood-vessels—pierce the diaphragm. their
passage does not establish any communication between
thorax and abdomen.

When the thorax is opened. it is seen to contain the
heart, with the lungs on either side of {t. The heart
18 the organ whereby the circulation of the blood is
effected. The lungs, called ‘lights’ by the butcher, are
concerned in the work of respiration or breathing.

When the abdomen is opened, the chief organs
seen at first are the stomach and intestines. By turning
the latter on one side, it is possible to bring into view
the liver, the kidneys, and certain other organs.

Tue Srewerox.—If « horse were divested of all ite
soft parts, there would be left & bare framework of
bone, gristle, and fibrous tissue, called the skeleton, which
supports or carries all other portiod® ®f the body.

The skefton (fig. 197) is made vp of an axial part
and an appendicular part, the former acluding skull.
backbone, ribs, breast-bone (sternum), while the latter com-
prises the skeleton of the appendages or limbs. The
fore-limbs join, or articulafe, to the axis by means
of a shouldrr-girdle, the hind-limbs by means of & hkip-
girdle.

The backbone is often termed the vertebral columnm,
because it is really a chain of hones, each of which is
called a vertebra. Each veriebra is a ring, of which
the dorsal part is the arch and the thickened ventral
part the body. When the vertebre are placed end to end
they form a tube, which, as it contains the great nervoua
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axis—the spinal cord—is called the neural canal, In the
living animal, the hodies of the vertebrs are not actually
in contact, there being between each pair an elastic pad
or cushion, consisting of gristle or cartilage. Hence.

F1o. 197. —SKELETON OF HORSH.

1, cervical vertebrse.
thoracic vertebree.
lumbar veriebree.
sacral vertehree,
caudal vertebra.
parietal bone.
nasal bone.
maxillary bone.
premaxillary bone.
mandible,

—“Pomamusts

riba.
12, eostal cartilages.
13. sternum.

14, scapala.

15, ilium,

16, ischium.

17, humerus.

18, radius.

19, olecranon process of ulna
20, carpus (knee).

21, cannon bone.

22, splint bone.

23, pastern.

24, coronet.

25, coffin bone.

28, femur.

27, patells (stifle joint).
28, tibia,

29, fibula.

30, tarsus (hock).

31, caleanenm (heel bone).

the backbone as a whole possesses some degree of
pliancy, as is seen when a cat arches its back or a man

stoops to the ground.
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The backbone comprises several regions. In the borse,
as in nearly all mammals, there are seven cervical or
neck vertebrm. These are succeeded by eighteen
thoracic or chest vertebrs, which support the ribs, and
are aubove the chest or thorax. Next come six
lumbar or loin vertebre; then five sacral vertehru
fused together into one piece, the sacrum . and finally
about seventeen caudal or tail vertebre within the
tail.

The neck vertebra of the horse are almost cubical.
Abave them pass the ligaments of the neck, strong fibrous
bands which hold up the head The first neck vertebra,
or atlas, is an oval ring, on the aunterior side of which
are two deep cups that fit on to iwo corresponding
knobs (occipital condyles) on the back of the skull, con
stituting a hinge-join:, that renders nodding movements
possible. The second neck vertebra, or axis, is also ex-
ceptional 1o character. A blunt peg (edontoid pracess) pro-
jects from the front of its body through the cavity of the
atlas, and is attached to the back of the skull. The
head and atlas can be moved from side to side round
this peg, which serves as a pivot. The arrangement is,
in fact, a pivot joini. The chest vertebra possess bony
spines which extend upwards, the longest ones being at
_about the middle, end each such vertebra supports a
pair of ribs. The loin vertebre have large flat lateral
projections, which are well seen in a ‘saddle ' of mutron.
In the adult horse, the five sacral vertebra are fused
together into one bony piece called the sacrum, which
supports the hip-girdles. In the sacral and in the suc-
ceeding caudal vertebre there is no continuation of the
neural canal. The caundal vertebre are, indeed. reduced
to solid bony cylinders.

At itg anterior end, the ceotral bony axia is greatly
modified, and takes the form of the skull. The tube or
canal, which extends along the backbone, here expangds
into & large cavity, surrounded by bone; this isz the
cranial part of the skull, constituting the brain-case or
cranium, which lodges the brain. A still larger portion
is seen -in front and below, and comprises the facial
part of the skull.  The side-walls and roof of the



SKELETON OF HORBE 41

cranium are made up of flat thin bones, chiefly the
parietal bones at the sides, and the frontal bones in
front, extending above and between the eyes. Much of
the Erom part of the face is supported by the nasal
bones, which are long flat triangular bones roofing in
the cavities of the nose. On either side of the nasal
bones are the marulary or upper jaw bones, which carry
the upper grinding teeth (premolars and molars). Ex-
rending forward, and carrying the upper cutting teeth
(incisors) are the two premarillary bones. Two large
tat bones, right and left, make up the powerful lower
Jaw, or mandible, in which the lower teeth are imbedded.
They are fused together in front, and diverge from
each other backward, at length articulating by a convex
projection (cumiyk) each side with the upper part of the
skull.

Of the elghbeen pairs of ribs, the flattest are in front,
and those most arched are behind. Each rib is made up
of a bony part above and of a gristly or cartilaginous
part below, this gristly part being called the costal carti-
lage (Lat. costa, & rib). In the first eight pairs of ribs,
each costal cartilage communicates separately and inde-
pendently with the sternum, or breast-bone, below—
these are called true ribs. In the remaining ten pairs
of ribs the cartilages run together, as it were, and only
in this way become attached to the sternum; these are
called faise ribs.

The sternum, or breast-bone, of the horse is narrow
and keel-like. The sternum of the ox, on the other hand,
is broad and flat, and imparts to that animal the broad-
chested appearance seen above the dewlap.

Each shoulder-girdle of the horse is very simple, con-
sisting merely of a shoulder-blade, or scapula. The fore-leg
of the horse is restricted in its movement, being capable
only of a motion backwards and forwards. It cannot
move sideways, so that there is no necessity for a
clavicle or collar-bone, such as exists in man, but is absent
in the horse. The scapula on each side is slender, and
has at its lower extremity a shallow cup (jlencid cawity),
in. which the head of the upper-arm bone (humerus)
works. A bony ridge extends along the outer face of the
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scapula. The ridge is thickened and turned backward
above the middle, so that it is always easy to determine
whether a separate shoulder-blade belongs to the right
side or to the left.

Each hip-girdle of the horse is less simple and more
complete. It consists of an innominafe bone (os tnnomi
rnatum). made up of three parts, which are distinet
m the young animal, but fuse into oue piece as age
advances. The large triangular bone which extends
forward, and the rough extremity of which projects sc
prominently in a lean animal, is the ilium, pin-bone, or
haunch-bone. The bone extending backward to the side
of the tail is the ischium. The flat Lone beneath, joining
with its fellow in the middle line, is the pubis, the place
of union of the two pubic bones being called the sym
physis pubis, The three elements of the imaominate bone
—ilium, ischium, and pubis—all meet together in a
deep cup, the acetobulum, into which the head of the
thigh-bone (femur) fits. The two ischia do not meet
above, although they incline towards each other, the
sloping surfaces resting one on each side of the sacrum.
Hence, looked at below from the front, the hip-girdles.
with the sacrum, form a complete bony ring or basin
(the pelvis), which is much more capacious in the female
than in the male. The long axes of the hip-girdles, on
which depends the relative size of the ‘ quarters’ in a
horse, form an acute angle with the vertebral column.

The limb-bones of the horse can be best understood
by comparing them with the corresponding bones in
man. Place the hand on the bone which extends from
the shoulder to the elbow ; this is the humerus, or upper-
arm bone. The humerus of the horse can easily be felt.
but it is hiddeu beneath the skin : nevertheless, when the
horse walks, the movements of the humerus are at once
noticeable. .

Lay your left forearm flat on the table, with the palm
of the band facing upwards. Thisis the supine position ;
and the thumb is on the cuter side. Feel the two parallel
bones which extend from the elbow to the wrist—the
one on the thumb side is the radius, the other one is the
wna. These bones are separate throughout their entire
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length. so that the radius, bearing the wrist and hand,
may be made to rotate round the ulna. Without moving
the elbow, turn the left hand completely over. Its palm
will now face downwards, and the thumb, as well as the
lower end of the radius, will have described hall a
circle, so that the radius and ulna, iustead of being
parallel, will now be crossed. This is the prone position,
and the thumb is now on the inner side. At the elbow
joint, the ulna can be felt to project bhackwards, forming
the wlecranon process (the so-called ‘funny bene ') of the
ulna.

The forelimb of the horse contains the same two
bones—ulna and radius—as the forearm of man. But, in

| Fistrors: | ®
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Fia. 198 — DriacraxyaTic VIEW SBOWING THE POSITIONS OF
THE Boxgs Ix THE CakPUS, OR ' ENER," OF THE Hogse.

the horse, the ulna, though it has a prominent cleeranon
process, dies away, and terminates in a button-shaped
end rather more than half-way down the radius. The
two bones are immovably united together, and the fore-
arm is permanently fixed ip the prone position.

In the horse, the region popularly termed ‘the Jmee’
corresponds with the wrist of man. The anatomical
name is the carpus, and it consists of an upper and &
lower row of carpal tones. Suppose the carpus of the
‘off ' fore-leg of a borse (i.e., the right limb) to be viewed
from the front, the names and positions of these bones
are indicated in the diagram (fig. 198).
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There are. as the diagram indicates, three bones in
the upper row and three in the lower row. Apn addi-
tional bone (the pisiform) projects at the back of the
carpus. 1t is an example of the class of sesameid bones,
which are developed within tendons, the strong fibroue
cords by which muscles are fixed to bones. Each bone
has smooth joint surfaces, and is provided with delicate
membranes which &ecrete lubricating ‘joint oil,’ or
synovial fluid. The whole arrangement is such as to
constitute entire security against concussion. At the
same time it permits the animal to use the fore-limbs
freely without risk of fracture, even when drawing
beavy loads, or carrying considerable weight mn the
saddle at great speed.

The ‘foot’ of the horse is merely a remnant of the
foot as it existed in the extinct formn ef the ancestors
of the horse. Its bony framework will be best under-
stood by comparison with the hand of man Lay the
left hand on the table, and notice the five digits—I.,
thumb ; II., forefinger; IIl., middle finger; IV., ring
finger; V., little finger. Feel the back of the palm. and
notice that at the base of each digit there is a long bone
extending between the digit and the carpus or wrist.
These are the metacarpals or palm-bones, and they
may be referred to as metacarpal 1 (from wrist to
thumb), metacarpal 2 (from wrist to forefinger), etc.
The metacarpal bones are collectively termed the
metacarpus.

In the case of the horse (fig. 199, 1), the only one of
these bones which is well developed ie metacarpal 3,
corresponding with the bone extending from the wrist
to the base of the middle finger. It is this bone (meta-
carpal 3) which forms the hard solid cannon bome, or
shank-bone in the fore-foot (or hand) of the horse. This
cannon bone is flanked by two very slender bones, which
can he felt. one on each side. These are the splint bones;
that on the inner side ia metacarpal ¢, asd that on-the
outer side is metacarpal 4. These splint hones do not
extend the whole length of the cannon bone. Metacarpal
1 and metacsrpal 5 have entirely disappeared in the
horse ; the digits, I., I, IV., and V. are likewise absent.
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But, as if to compensate for this suppression of four of
the digits, the remaining digit (IT1.) is enormously deve
loped. The arrangement, in fact, has gradually been
evolved as an adaptation to rapid movement on a firm
surface, where pumerous small bones would be disad-
vantageous. The original stock from which horses
have been derived consisted of small swamp-dwelling
creatures, possessed of five digits to each foot.

wign &
o nu

F1g. 109, — DIAGRAMMATIC
BEPRESENTATION OF THR

FORB-FOOT OF—

4, an odd-toed or perissodac-
tyle animal.

®, an even-toed or srtiodmc-
tyle animsal.

0, carpus or wrist (' knee ).

M, metacarpus.

1-v, digite.

The ehaded parts indicate
the bones that are present
{4} o the borse, (B) in the
ox apd sheep.

200.—S10®  VIEW OY
Boxgs BELow KNEB (CiR
rus) or Hogss.

F1g.

4, cannon bone,

B, B, sesamoids,

¢, paatern.

D, coronet.

z, coffin bone.

@, navicular (a sesamoid
bone).

Double up the middle finger of the left hand, and
notice the three joints—a basal joint next tu meta-
carpal 3, a middle joint, and o terminal joint hearing
the nail. The bones in these three joints are well geen
in the single digit (fig. 200) of the horse. The uppermost
one is called the pastern, the middle oune is the coronet
(so called hecavse the crown of the haof is around it),
and the terminal one (buried in the hoof) ia the coffin
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bone. The hoof corresponds to the nail of a man's
finger, but instead of being developed only on the back
surface, it extends also round the front and sides.
Behind the articulation of the coronet with the coffin
boue, a ‘floating ' bone extends across from side to side.
Veterinarians call this bone the ‘ navicular,” and it is the
region of what is known as navicular disease. This bone
must not, however, be confounded with the true navi-
cular of anatomists, which is one of the bones of the
hock (sce p. 417).

The bones of the human leg have their counterparts
in the hind-leg of the horse. The femur, or thigh-bone,
extending {rom the hip to the knee, is hidden by the
skin, but its movements can easily be seen as the horse
moves, The femur bhas an almost spherical head, which
fits into the acetabulum, thus forming r ball-and-socket
joint. About one-third of the way down, on the outer
side of the femur, is a roughened projection, in the form
of a compressed ridge curving forwards, called the third
trochanter, affording a surface of attachment for some
of the powerful muscles that move the hind limbs. In
cattle, sheep, and pigs, the femur has no third
trochanter.

In the human leg there are two long bones extending
from the knee to the ankle joint. Of these, the tibia, or
shin-bone, is the stout strong bone on the inner side.
and the fibula is the slender bone on the outer side. Both
of these exist in the horse, but the fbula is extremely
slender. In front of the buman knee may be felt a ‘ float-
ing ' or sesamoid bone, the ‘patella, or knee-cap, which
also exists in the horse, at the region termed the stifie
joint. The patella is attached by three strong ligaments
to the tibia.

The bones in the human ankle are represented by the
hock in the horse. The anatomical name for this region
is the tarsus, and the bones composing it are called
tarsal hones. In man, bowever, the tarsal bones, agwell
as the metatarsals and the digits of the foot, are laid
flat on the ground, while in the horse they approach
the perpendicular position. Suppose the ‘near’ hind-leg
of & fiorse to be looked at from the front, then fig. 201



SEELETON OF HBORSE 417

shows the names and positions of the bones that make
up the hock.

On the outside of the hock the bones are seen to be
two deep, the calcaneum, o3 caleis, or heel-bone, projecting
upwards and backwards, and below it being the cubord
On the inner side of the hock the bones are three deep:
the top row is occupied by the astragalus, which has a
beautiful pulley-like surface for articulation with the
lower end of the shin-bone, or tibia; the middle row
is occupied by the true nariculer {called scaphoid,
cuneiform magnum, ete., by veterinarians); and the
lower row comprises the internul cuneiform and the
external cuneiform, most of the last-named bone being
behind.
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Fia. 201.—DiagranMaTio VIEW SHOWING TEB PosiTioNs oF
THE BONES IN THE TARSUS, 0B ' HoCx,” o¥ THE HORSE.

The bones of the horse’s hind-foot are similar in
name and position to those of the fore-foot, and mas
be compared with those of the human foot in the same
way as the horse’s fore-foot was compared with the
human hand. Io man, the instep and toes of the foot
correspond with the palm and fingers of the hand. The
bones of the instep, being beyond the tarsals, are, how-
aver, calied metatarsals, so that the cannon bone of the
horse’s hind-foot corresponds with metatarsal 3, the
inner splint-bone is metatarsal 2, and the outer splint
bone is metatarsal 4. The metatarsal hones are
collectively termed the metatarsus.

»
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It is now possible to show the corraspondence between
the fore limb and hind-limb of the horse :—

Fore Limh Hind Limb
Shoulder girdle, or pectoral arch . Hip-girdle or pelvic atrch
(scapula) (innominate bone).
Humerus . . . . . . Femur
{ludlua ¥ . . . . . Tibia
Ulns ‘ 3 . 2 . Fibulal
Carpals (* knes ' | . : . Taranls ( hock '}
Metacarpals . p . Metatarsals
{cannon bone and lp]m!s) [cannon  bone  spd
splinta)
Digital region (* foot') Digital region (' toot’)

{Pastern, coronet, and coffin bonm) (Pastern, coronet, and

coffin bones)

At the back of the articulation of the cannon bone
with the pastern, there are, in each limb of the borse.
a couple of ‘floating’ sesamoid bonest(fig. 200, B, B).
Externally they are covered with a horny growth, the
ergot, overlaid by a long tuft of hair, the fetlock (i.e..
‘footlock’). Fetlocks are peculiar to the horse, and
vary in length and coarseness with the breed.

Tke Hoof of the Horse.—The coffin bone, the navi
cular, and the lower end of the coronet, form ‘the arti-
culation of the foot’ (fig. 202). Four ligaments bind this
articulation together. In addition, the ertensor tendon
passes down in front, and the fleror fendon behind. Out-
side these structures are two fibro-cartilages, one on each
side, united behind and below hy the plantar cushion.
Cutside, again, and fitting on the foregoing like a sock
cn a foot, is the keratogenous (i.e., horn-producing) mem-
brane, which secretes externally the epidermal material
known as horn, of which the hoof iz composed. The
entire region is richly supplied with blood-vessels and
nerves. The hoof is seen to become contimuous with
the ordinary skin at & circular line extending round the
iddle of the coronet; below, both in front and at the
cides, 1= & sem)cxrcu!ar probubsrance the coronary
cushion. That part of the keratogenous rinmbrane which
is spread over the anterior face of the coffin bone is,
called the laminal or leafy tissue, becanse of the laminm
or parallel leaves seen on its surface; inflammation of
this structure is called lamsnitis.
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The hoof fits closely on the keratogenous membrane,
of which, indeed, it ia the product. Its general shape
is that of a cylinder cut across cbliquely. Prolonged
maceration causes 1t to separate into three paris—the
wall, the sole, and the frog.

The wall, or crust, is that part which remains visible
when the hoof reste upon the ground. The middle

F16. 202.—VERTICAL BECTION THROUGE MIDDLE OF
Horse's Hoor.

4, ekin of coronet. a, section of coffin boue,

8, fihres of coronary frog band. H, eection of navicular (u sess-
¢, fibres of wall. moid bonej.

D, borny lamina. 1, section of flexor tendon.

=, fibres of sole. X, section of coronet bone,

¥, fibres of frog. L. section of fstty frog

anterior part is the toe (oufside and inside); the lateral
regions are the quarters; the angles of inflection at ite
hinder extremities are the heels; from thence, passing
along the inner border of the sole, are the hars, which
form outwardly the external faces of the frog. The 8ol
has & large external curved border, and & much shorte:
internal border taking the form of a deep V-shapec
notch, widest behind. This latter corresponds with the
e
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bars, at the meeting of which the point of the frog ie
Gxed.  The frog is a pyramidal mass of horn lodged
tetween the two re-entering portions of the wall. A
median lacuna divides the inferior face of the frog inte
two divergent branches, the round, flexible, elastic, free
ends of which are the giomes. The ioclination of the
wall of the hoof is from 50° to 56°, not 45°, as is often
supposed. The flexibility of the hoof is promoted by a
fluid secreted by the keratogenous membrane At the
junction of the wall and sole is the whtte line; it is soft
and flexible, and 8o prevents the Lreaking of the sole

Fi1a. 203.—SkELETON OF COW,
(Reference numbers ss in fig. 197.)

from the wall. The growth of the wall may continue in-
definitely, but the sole and frog, after attaining a certain
thickness, begin to peel off, unless otherwise kept down
The wall grows from its superior to its inferior border
like the human nail. The sole and frog grow from their
deep-seated to their external face.

The skeleton of the ox (fig. 203) differs from that of
the horse, in that the ribs are longer, wider, and flatter
(notice a piece of ‘ribs of beef’ in a butcher’s shop)
The steroum is flat, not keel-like. The scapula is much
broader at the top. The premaxillary bones do no
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carry teeth, so that the ox has no incisors in its upper
jaw, their place being taken by a hard pad, against
which the incisors and canines of the lower jaw bite.
In the skull the frontal bone is greatly developed; it is
this bone that is pierced between the eyes by the
pole-axe when a beast is slaughtered. The upper part
of the frontal bone, in the region of the polk is so thick
that it is occupied by sinuses, or cavities, and it forms
laterally the conical bony cores which, in horned cattle,
support the horns,

The horns are made up of a bony core ensheathed
by a strong horny epidermal case, the material com-
posing which is secreted by a deep-lying membrane
similar to the keratogenous membrane of the hoof. The
bony core becomes hollow by the extension into it of
the sinuses oY the frontal bone; hence such horned
ruminants (oxen, sheep, goats, antelopes) are classed as
Cavicornia (hollow-horned). The horny sheath persists
throughout life, growing with the bony core. The horny
covering grows like any other part of the epidermis,
or surface skin, its cells being secreted by that portion
of the skin which is spread over the osseous cores of
the frontal bones, completely enveloping the latter. This
skin is richly supplied with blood-vessels.

The rings on the horn increase with age, the first
appearing at two or three years; as age advances they
get obliterated from various causes. In the bull the
horns are short, thick, and powerful; in the ox, large
long, and strong; in the cow, lgng and slender. In
polled cattle, such as the Red Poll, the Aberdeen-
Angus, and the Galloway, the bony outgrowths of the
frontal bone have disappeared.

In the fore-foot of the ox the cannon bone consists
of metacarpals 3 and 4 equally developed, but joined
together along their inner faces. The digits of these
metacarpals are fully developed, and are not joined to
each other. As each carries its own separate hoof, the
“cloven hoof’ is thus formed, which has been evolved
with reference to walking and climbing on irregular
surfacea. The hind-foot is similarly constructed.
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The skeleton of the sheep resembles that of the ox
wm all essential characters.

The cervical veriehre of the pig (fig 204) are. for 1ix
size, shorter, wider, and stronger than those of other
farm animals. The skull has a prominent occipital ridge
or crest. At the free end of the middie bone of the
nose, a small ‘floating’ bone, called the prenasal
ossicle, or scooping bone, strengthens the snout The
mandible is so articulated to the skull that the jaw
moves freely in all directions  The sternum is flat.
Metacarpals 2, 3, 4, 5 are all distinct, as are meta-
tarsals 2, 3, 4, 5, but the second and fifth do not reach
the ground, and merely form dew claws (fiz, 204, 32). They
prevent the animal from sinking too deeply into soft
ground.

The subjoined table will be readily understood.

Tarie XXVI.—SHOwING THE NUMBER OF VERTEBEXE.

Man !

coceygeal )
House .. 7 18 't 8 6 3 about 17
Ox . m{;‘.r‘l':“_ - 5 5 15 o 20
Swerr .. 7 '3(?,(:1; Dol sert 4 16 10 24
P . .. 74 {: e v garr | 4 2w
[Dig... . _ 7 3'y e - 7 2 16 10 21

CrassiricaTior of Faew Axuwsrs. —The zoologica.l
position of the horse, the ox, the sheep, and the plg
is indicated in the fo!lowmg bnef notes:—

fuobkingdom, VERTEBRATA. Claas, MaMmarra, Order, UnGU-

raTs (Lat. wagula, a hoof)
The Ungulata comprise two divisions: (a) Perissodactyls (i.c.,
3dd-toed) ; () Artiodactyla (i.4, even-tped).
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(a) PERISSODACTYLA.—The limb-axia traverses the third digit
of each foot {fig. 199, a), which is symmetrical ; toes of the hind
foot udd ; sum of the thoracic and lumbar vertebre at least 22
temur with a third trochaater.

Eramples :—Horse (one-toed), rhinoceros (three-toed), tapir
(three-toed hind-foot, fuur-toed fore-foot).

(b) ARTIODACTYLA.—The limb-axis runs between the third and
fourth digite of each foot (fig. 199, B); no digit symmetrical ; toes
of the hind-foot even in pumber; sum of the thoracic and
lumbar vertebrse always less than 22 (seldom exceeding 19); no
third trochanter.

The Artiodactyla comprise (1) Non-ruminantis, (2) Ruminantis

(1) Non-ruminantia have simple stomachs.

Bzamples :—8wine and Hippopotami.

Fro. 204, —SxrLeTON OF PIO.
(Reference numbers as in fig. 197.)
32, dew-claws.

12) Ruminantia have complex stomachs (p. 427); metacarpale
3 and 4 fused into a cannon hone, as also are metatarsals 8 and 4
The Ruminantia include—
Tragulide. Er. Chevrotains.
Camelide (omasnm—p. —absent). Pz Camels, Llamss.
Giraffidee. Fz. Giraffe and Okapi.
Bovide. Zz. Oxen, Sheep, Coats, Antelopes, Deer.

Muscurar System.—The skeleton affords support to
the soft parts of the body. These soft parts consist
very largely of flesh or muscle. A muscle is made up of
fibres, and most of the muscles concerned in the move-
ments of the limbs are spindle-shaped—that is, swollen
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i the middle and tapering at the ends. Such muszcles,
under suitable conditions, ¢ contract,” by which is meant
that they become shorter and thicker, ro that their
two ends are brought nearer to each other. As one of
these ends (the origin) is usually relatively fixed, the
result is that whatever js attached to the other end (the
insertion) is compelled to move. In this way the move-
ments of the lunbs are brought about. The rough sur
faces, or ends, with which some bones are provided
{e.a.. the third trochanter, p. 416), serve to facilitate the
attachment of muscles, or of the fibrous cords or
tendons, in which the latier often terminate.

MeraBoLism.—When dealing with the functions of
plants we saw (p. 140)thatwithin the plant body cheniical
changes, collectively known as metabolism, are coo
stantly going on. It is, indeed, characteristic of living
matter, as contrasted with non-living, that there should
be a constant change of substance, although the out-
ward form remains much the same, apart from modifi
cations due to growth. Ag represented in the diagram
known as (he metabolic staircase, (p. 142) we have, on
the one hand, processes of up-building (anabolism), by
which food is converted into living matter (protoplasm}.
and. on the other hand, processes of down-breaking
(katabolism), by which this living matter is resolved
into simpler and simpler substances, until waste
products are reached.

Much the same sort of thing takes place in an
animal, but while in a green plant the food counsists of
carboa dioxide, water, and simple minera! substances.
an animal requires complex food of organic nature, and
2ll animals, in-the long run, are dependent upon greon
plants for their supply of such food. An animal cannot,
like 8 green plant, use the energy of sunlight to manu-
facture simple non-nitrogenous organic compounds frdm
water and carbon dioxide. It follows that in sketching
2 metabolic staircase for animals the anabolic side must
be represented as shorter than the katabolic side, since
the food is already om a bigher level than the waste
products.

Metabolism is necessary in an animal for the same
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reason as in a plant—i.e, katabolism breaks dowa com
plex compounds into simpler ones with conversion of
potential or stored energy into the kinetic or actual
energy required to Lring about movement, eve., while
anabolism repairs the waste that thus takee place,
and also renders growth possible. Katabolism is essen-
tially a process of oxidation, and the free oxygen neces-
sary to bring this about is taken in during breathing
or respiration, ap essential function iu plante and
animals alike.

Dicestive Onrcaxs.—The digestive organs of the horse
are concerned with taking in the food and digesting
part of it—i.e., converting it into solutions which are
absorbed into the blood and carried to those parts of
the body where repairs and growth are necessary. In
this case the fgod consists of vegetable matrer, together
with the water that is drunk.

The digestive organs consist of a long tube, the
alimentary canal or gut, which traverses the entire
length of the body, and of certain glands connected with
it. The successive regions of the canal are—mouth,
pharynx, gullet, stomach, small intestine, large intes
tine (csmeum, colon, rectum) (fig. 205), and these will
now be separately considered, while at the same time
the course of the food through the hody will be traced

Commeéncing at the mouth, the food is crushed
between the molar teeth, the muscles of the tongue and
cheeks continually guiding it to where it can be
chewed. Meanwhile the salivary glands, that open into
the mouth, pour out a fluid ealled saliva, which moistens
the food, and every now and again a2 bolus is moulded
and passed to the back of the mouth, behind a fleshy
curtain called the s/t palate into a dilatation kmown aa
the pharynx, with which the nasal cavities are alsc
comnected. From the pharynx a distensible tube—the
gullet or @sophagus—extends through the thorax, at
che hinder end of which it pierces the diaphragm sand
enters the abdomen. Here the gut suddenly enlarges to
form the stomach, a large bag, which in some animals
occupies a considerable part of the cavity of the
abdomen. The exit from the stomach is by a narrow
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opening, called the pylorus, into the small intestine,
& narrow, thin-walled tube, many times the length of
the animal to which it belongs. Hence it is doubled up
in an intricate fashion, in order that it may be accom-
modated within the restricted space contained in the
abdominal cavity. Nor is it merely doubled upon itself
many times—it 1s also slung up and kept in position.
Take a pocket-handkerchief and double it length-
wise, keeping the two edges uppermost. Within tka

~

vl
\\ L 5
Eve
F1a6. 205, —DIAGEAMMATIC REPRESENTATION OF THE ALIMEN-
TARY Caxal (the intestinal parts proportionately much
shortened).
1. mouth, 7. small intestine
2, soft palate 8, ileg-caecal valve
3, pharynx. 9. cecum,
4, mwophagus or gullet 10, colon.
5, stomach. 11, rectum.
6, pylorus.
4, trachea, D, region of pancreas
B, position of lungs. E E, position of diaphragm.

c, region of liver.

fold, at the bottom, place a length of indiarubber tubing,
80 that it reposes beltween the two adjoining faces of the
handkerchief. Now gather together, or pucker up, the free
margins of the handkerchief that are in contact above,
and, as & resultl, the indiarubber tubing will be coiled or
doubled on itself. 1t is in a somewhat similar way that
the long intestinal tube is packed and slupg in the abdo-
minal eavity. The place of the handkerchief is taken by &
delicate transparent sheet of rannectire tissue. called the
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mesentery, which 1s doubled on itself, so as to form a
loop in which the intestinal tube reposes, whilst.
hetween the two faces of the mesentery, which adhere
together, delicate tubes or vessels pass to and from the
wtestine. The transparent filmy material—here and
there laden with {at— which is often spread out upon &
dish of pig's fry, gives a good idea of the nature of the
mesentery. It -should be added that the mesentery is
continuous with a moist wemhrane, the peritoneum,
that lines the ahdomimal cavity.

Treced onwards, the small intestine comes to an
abrupt termination by opening suddenly into a much
wider tube, called the large intestine, and consisting of
three regions: firstly, the cecum, or blind gut; next, the
calon ; and, finally, the rectum, which opeus externally by
the vent or squs.

Of the food which a mammal eats, part is digested—
that is. converted inta a soluble form fitted for absorp-
tion into the blood. The remainder, which escapes
digestion, passes through the canal or tube which has
been described, and is finally ejected from the body as
dung. The course taken by such an undigested particle
is, therefore, mouth, pharynx, gullet, stomach, small
intestine, cecurm, colon, rectum.

The Ruminant Stomach.—It is popularly said that
oxen and sheep have ‘ four stomachs.” It i1s more correct
to say that, in these animals, the stomach comprises four
compartments (fig. 206), all communicating with each
other. The names of these compartments, i the order
in which the food traverses them, are:—

1. The rumen or paunch (the ‘tripe’' of butchers ia
chiefly this).

2. The reticulum or honeycomb stomach.

3. The omasum, psalisrium, or manyplies

4. The abomsasum, reed, or rennet stomach.

The capacity of the stomach in cattle is enormoas,”
amounting to from Bfty to sixty gallons, and filling the
greater part of the abdominal cavity. The paunch
alone is nine-tenths of the eutire volume of the stomach,
the remaining three divisions constitoting a mere chain
on the fronmt left side of the psunch. In sheep and
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goats, though absolutely smaller, the paunch is rela-
tively as large as in the ox. The fourth division, or
abomasum, is the only part of the ruminant stomach,
the internal lining membrane of which secretes gastric
juice. Tt is called the rennet stomach, because it is the
fourth compartment of the calf’s stomach, which is
salted and preserved, in the form of ‘vells,” to furnish
natural rennet for use in cheesemaking. The secretion
of the gastric or peptic glands (p. 429) supplies the
rennet.

Ruminants can stow away, in the rumen or paunch,
a huge quantity of vegetable food. This, at a suitable

F16. 206.—RUMINANT STOMACH (sheep).

4, gullet or esophagus. E, ab m or rennet st h
B, rumen or paunch, (the true digestive chamber).
0, reticulum or honeycomb F, small intestine.

D, omasum or liber, o, gutter made by a fold of the

ining membrane of c.

time, is regurgitated into the mouth, where it is mixed
with the juice of the salivary glands, and slowly reduced
to a fine condition between the teeth—this is called
‘chewing the cud,’ or rumination. Passing again down
the gullet, the masticated food is this time directed
along a gutter (fig. 206, ), through the third division,
which acts as_a strainer, and so into the fourth
division of the stomach—the reed, rennet stomach, or
asbomasum. The glands-imbedded in the lining of this
compartment of the stomach pour out abundant gastrit
juice (p. 429) upon the food, which is at the same time
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kept in continual motion by the peristaltic contractions
(p. 430) of the wall of the organ. Through a narrow
aperture, the pylorus, the material leaves the ruminant
stomach, and pursues its course along the intestines,
&s in horses and pigs. The peculiar digestive organs of
ruminants no doubt gradually came into existence a& &
means of protection, in a region where powerful carm-
vorous animals abounded. They ensbled food to be
rapidly swallowed, after which some place of security
was sought, where the processes of chewing and diges
tion could be carried out at leisure. -Existing wild
ruminants—e.g., antelopes—still benefit by this arrange-
ment,

The Digestive Juices.—Counnected with the alimen-
tary canal are certain structures, called glands, which
possess the power of manufacturing, out of the blood
which flows through them, special juices, which they
pour out in the form of secretions. (pening into the
mouth are the salivary glands, already referred to
(p.425), and innumerable minute tubular gastric or peptic
glands are imbedded in the lining of the stomach
(abomasum in ruminants). They secrete the gastric
- juice. In the abdominal cavity are two very important
glands, the liver, which secretes the bile, and the pancreas
(or sweetbread), which secretes the pancreatic juice
Besides this, there are vast numbers of microscopic
tubular intestinal glands in the lining of the swmall
intestine, Their secretion is known as intestinal juice.

The liver is the largest gland in the boly, and is
packed, as it were, between the diaphragm and the
stomach (fig. 205, ¢). By turning back its lobea there
may be exposed an olive-green pear-shaped body, called
the gall-bladder, connected with a tube that runs from
the liver to the beginning of the small intestine, into
which it opens. This tube is the bile duct, and along it
flowse the bile, a golden-coloured liquid, which the liver
prepares from the blood, and which is poured in amongst
the mass of food-material undergoing digestion in the
small intestine. When there is not much food in the
small intestine the process of digestion is less active,
there is a diminished demand for bile, and the fluid is
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then temporarily stored up in the gall-bladder. The
horse is exceptional in that its liver has no gall-bladder.

The panereas, pr sweetbread, is a pale-coloured
gland. which is distributed in a patchy fashion upon
thet portion of the mesentery which adjoins the stomach
and (fig. 205, p) the U-shaped first part (duodenum) of
the siuall intestine. The juice which it secretes is poured
by means of a narrow tube, the pancreatic duet, into the
small intestine, in the same way as the bile duct pours
in bile.

It is now apparent that, in its passage through the
alimentary canal, the food 1s subjected to the action
of the saliva, the gastric juice, the pancreatic juice, the
bile, and the intestinal juice, the joint effect of all of
which 1s—in the case of a healthy animal—to dissolve
such parts of the food as can be used for, repairing waste
end effecting growth. But an important question here
arises. Why does food travel along the alimentary
canal? How, again, can a horse or an ox pass its food
along when, as in grazing, its head is lower than its
stomich |

If a rahhut, or a rat, or any other mammal, is klled.
laid on its back, and its abdomen opened tmmediately
after death, the intestines are seen to be in continual
erithing movement. During life, this wave-like motion
in incessantly in progress throughout the entire length
of the gut from the gullet onwards. A kind of gripping
contr.iction takes place. travels onwards, and is at onece
folloved by another, the result being that the food
is propelled in the desired direction, and. in the stomach,
undergues a motion like that of ehurning. This move-
ment in the gut is called peristaltic contraction, and it
is the work of the muscular fibres which form the middie
coat of the wall of the canl. The motion is involun-
tary—that is, it is not under the control of the will, and
goes on unceasingly.

Classes of Pood-stuffs.—In order to understand what
changes food undergoes in the alimentary capal, it is
necessary to learn something more (ser pp. 137-8) of the
general composition of the food-stuffs spom which
azimels subsist. These foods are iaade up of (1) mitro-
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genous compounds, (2) fats, (3) carbohydrates, and (4)
minerals and water.

The mnitrogenous compounds (proteins or allmminoids,
amides) contain the elements carbon, hydrogen, oxygen,
and nitrogen (and, in some cases, sulphur and phos-
phorus). Examples are afforded by albumin, or white
of egg; gluten, which remains as a sticky raterial
in the mouth when new wheat is chewed; znd the
casein of milk, which is separated in the process of
cheese-making, but is left in the skim-nulk from which
cream bhas been removed. Other compounds of ‘he same
character are myosin, which is the chief constitnent of
muscle (lean meat); fibrin, which occurs in clotted
blood ; chondrin, obiained by boiling cartilage (gristle);
and yelatin, contained in connective tissue and in bones.
The amides. such as osprragin and tyresn, ex’st in im
mature vegetalfle products, as grass and roots (turnip,
mangel). Amides may be regarded as intermediate
between the nitrates which cccur in the sail aud the
completely formed albuminoids which exist in plants.
They are of less food-value than albuminoids o unripe
mangel & part of the non aibuminoid nitrogen actually
exists in the form of nitrates.

Fats are substances rich in carbon, which is united
thh hydrogen and oxygen, the hydrogen heing present
in greater gquantity than would ‘be necessary to form
water with all the oxygen. Hence, when a fat is
oxidized or burnt, not only the carbon, but the surplus
of hydrogen, is available for combining with oxygen
from the outside. Oily seeds are specially rich n fat;
Brazil nuts contain 67 per cent., palm nuts 47 per cent.,
poppy seeds 45, coconuts 36, linseed 34, cotton cred 24,
and sunflower seed 22 per cent.

All vegetable foods, indeed, contain a greater or less
proportion of fat or oil—oatmeal 10 per cent., 1 1ize 4,
peas 2, barley 1'9. and wheat 1'6 per cent.

Carbohydrates, like the fats, are compou ds of
carbon, bydrogen, and oxygen only, but they ¢<ontain
no more hydrogen than is sufficient to form wat r with
the oxygen present. Hence, when a carbohyirate is
burnt, there is only its carbon available for oxidation.
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Btarch, sugar, cellulose, dextrin, gum, and pectin are
examples of carbohydrates, and it 1s such compounds ae
these which form the largest part of vegetable food-
stuffs. Maize, rye, and wheat contain between 65 and
70 per cent. of digestible carbohydrates; barley has
&4 per cent., oats 57 per cent., peas 54 per cent., bran
of wheat b1 per cent., potatoes 15 per cent., and paranips
3 per cent.

The albuminoids, fats, and carbohydrates, which
enter into the food of animals, are capable of being
built up, so far as is known, ouly by Lhe activity of living
bodies, ususlly of plants. This is not the case with the
mineral food-stuffs, of which water and common salt
are the most familiar exawples,

Of the classes of food-stufls that have been
snumerated, the proteins stand apart in the important
characteristic that they alone contain mitrogen. Con-
soquently, it is ooly these compounds that can supply the
nitrogenous requirements such as the building up of flesh.
stc., in the animal body. Hence, the proteins are termed
flesh-formers, though they are also capahle of placing
carbon and hydrogen at the disposal of the animal body
80 far =8 is kmown, the nitrogen in the inferior nitro-
genous compounds—the amides—is not available for the
production of muacle, but their carbon and hydrogen are
utilized in the body.

For purposes of nutrition, fats and carbohydrates
may be considered together. By their oxidation, heat
in produced, and they are also competent to add to the
store of fat in the animal body. They are, of course.
nacessarily incapable of building up nitrogenous tissues.
They play an important part, however, in, as it were,
shielding the nitrogenous matters from waste, because,
in the absence of carbonaceocus compounds, 2 demand
tor carbon and hydrogen would be made upon the
nitrogenous substances.

Digestion.—Having acquired some knowledge of the
general composition of food-stuffs, it is desirable now
to enquire how such materials as hay fed to a bullock,
or turnips and oil-cake fed to & sheep, are converted
into besf or mutton. With auch exceptions as gugar,
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most of the solid constituents of the foods of animale
are practically insoluble. By the process of digestion,
however, these Ingredients are brought into a form
m which they can be absorbed by or taken into the
blood. The chief agents in this process are ferments,
complex proteins, of which minute guantities are con-
tained in the digestive juices, bile excepted. As we have
already seen when dealing with plants (p. 138), ferments
are of great physiological importance, because they are
able to bring about a very large amount of chemical
change without being appreciably used up themselves.

The saliva which is poured into the mouth not only
lubricates the food, thus softening it and rendering it
easy to swallow, but also exerts a chemical action. It
contains & very small quantity of a ferment known as
ptyalin, thei gonverts starch into malt-sugar and grape-
sugar, which are readily soluble, and in tbe dissolved
state can easily diffuse through a moist membrane.
Ferments which aect on starch in this way are said to
be amylolytic—i.e., starch dissolving.

Gastric juice is slightly acid, owing to the presence
of a small amount (-2 per cent.) of free hydrochloric
acid, which apparently acts as a germicide, destroying
deleterious bacteria, etc., that happen to be swallowed
with the food. This secretion contains two fermenta:
(1) rennin, which curdles milk; and (2) pepsin, which
converts the comparatively insoluble proteins into
soluble diffusible proteins called peplones. Rennet owee
its peculiar properties to the presence of rennin (ser
p. 428). Because of 1ts action on proteins pepsin is known
as 8 proteolytic—i.e., protein-dissolving ferment. Gastric
juice has no effect upon starches or fats. But it helpe
to hreak up fatty tissue in that it dissolves the
connective tissne which binds the fat vesicles
together.

The bile, owing to its strongly alkaline character,
plays an important part in emulsifying the fats—that is,
in reducing them to a very fine condition, in which their
particles are capable of being suspended in the body of
a liquid. New milk is a good example of an emulsion,
but, after the cream has been allowed to rige, it.ie hardly
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possible, by any means, to again mix up the fatty par-
ticles with the liquid as thoroughly as before. So, when
oil i1s poured on water in a bottle, it requires violent
shaking to thoroughly mix the two—that 1s, to make an
emulsion. The addition of a little carbonate of soda or
similar alkaline substance renders this easy.

The pancreatic juice carries on the work begun by
other digestive juices—saliva, gastric juice, bile. It is
an alkaline fluid, containing three ferments: (1) amu-
lopsin, which is amylolytic; (2) trypsin, which is pro
teolytic; and (3) steapsin, a fat-splitting ferment.

The amylopsin continues the work begun by the saliva
of converting starch into sugar; the trypsin, like gastric
juice, turns ordinary proteins into peptones; and the
steapsin splits fats into the glycerine and fatty acids
of which they are composed. At the same time the
alkaline constituents of the pancreatic Juice assist the
bile in emulsifying the fats.

It need only be said of the intestinal juice that its
action is somewhat similar to that of pancreatic juice.
only very much feebler.

The net result of the chemical digestion described
is to reduce a large part of the starch, fat, and proteins
of the food into soluble substances that are absurbed
into the blood, as will be subsequently explained (sce
p. 447).

It also appears that a part of the cellulose which
makes up so much of the food of horse, ox, sheep, and
goat, is converted into a soluble form within the alimen-
tary canal. This, however, is not the work of the
digestive juices, but is due to the ferment action of
certain bacteria.

CircvraTorY Orcans.—It is clear that some arrange-
ments are necessary to secure the distribution .of
digested food throughout the body, to carry waste pro-
ducts to the organs by which they are removed from
the system, and also to maintain a uniform tempera-
ture. These duties are discharged by the circulatory
organs, a set of tubes and other spaces containing the
fluids known as blood and lvmph that serve as medra
of exch and are respectively ined in the blood
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system and the lymph system, which are best considered
separately.

Blood System.— A drop of fresh blood, obtained by
pricking a finger-tip (after tightly winding a piece of
string round the base of the end-joint) should be
examined under & high power of
the microscope (fig. 207). It will } A
be seen to consist of a liquid _—y 4
(plasma) and of innumerable very
minute corpuscles. These are of 8
two kinds, red and white, The M| p B
far wore numerous red cor- ] &
puscles are circular hiconcave
bodies, devoid of a nucleus (as
in all mammals), and of a pale
reddish-yellog colour, owing to
the presence of a complex sub F1c. 207.—Broob
stance, hemoglobin, resembiing in CORPUSCLES.
some ways the green pigment Highly magnified.
(chlorophyll) of plants. When 4 fed corpussen, eoen
seen in bulk these corpuscles contres  are darkly
are red, and to them the shuded,
characteristic colour of blood B, ditto, seen edgeways.
is due. They are of great ¢ White corpuscies.

% S ‘ n, nucleus.
importance in connection with

respiration (see p. 443), and may be regarded as oxygen-
carriers.

The white or colourless corpuscles (leucocytes) are
larger and much less numerous than the red ones, and
if treated with very dilute acetic acid are seen to con
tain a nucleus. When kept at the temperature of the
body they exhibit a constant change of shape, and
crawl about from place to place. They are, in fact,
wandering cells, which perform a variety of functions.
One important use of the colourless corpuscles of the
blood (and lymph) is to serve as a kind of territorial
army, engulfing and digesting disease bacteria that have
entered the system.

It is & matter of common knowledge that blood, when
exposed to the air, clots or coagulates, and this is of
great practical importance, as otherwise an animal
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would be liable to bleed to Jdeath as the result of even
a slight cut or abrasion. The stages in coagulation are
easily observed if a swall quantity of freshly-drawn blood
18 placed 1n a beaker. First of all the blood becomes
viseid, then it sets into a jelly, and, lastly, a rather
firm red mass or clot is formed, which floats in a pale
vellowish hquid known as serum. Examunation of a
minute fragment of the clot under the microscope will
show that it is made up of corpuscles held together by
exceedingly delicate interlacing fibres. The latter are
composed of florin, & kind of protein, which dees not
exist as such in uncoagulated blood. What has taken
place can be represented thus:—

URCOAGULATED BLoop
i~

° |
PLASMA CORPUSCLE=
]
|

|
FIBRIN

BERDM Lot

i
CoAGULATED DLOOD

The formation of fibrin is due to the action of a sub-
stance known as fibrin ferment, which is derived from
the white corpuscles.

The blood moves or circulates through the body in
a closed set of tubes, the organs of circulation of the
blood, which comprise (1) the heart, (2) arteries, (3) veins,
and (4) capillaries.

The heart, which may be regarded as & central force-
pump, is & hollow muscle, formed of two independent
halves, right and left. Each half is divided into a thin-
walled anterior compartment, the auriecle, and a thick-
walled posterior compartment, the ventricle. The whole
organ is enveloped in & delicate membrane, the pericar-
dium, forming a kind of double bag, with pericardial flwid
hetween its two layers, and ia lined internally by a
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similar kind of membrane, the endocardium, flaps of
which project inwards to form valves. Buch valves exist
at the orifice between the auricle and ventricle on each
side, and also at the orifice leading out of each ventricle.
The valves are so arranged as to permit the blood to
flow from auricle to ventricle, and from ventricle out-
wards, but to prevent its passing in the opposite direc-
tion. In a state of healthy life, the blood in the left
side of the heart is of a bright scarlet colour (arterial
blood); that in the right side is of a dark purple hue
(venous blood).

The vessels, or tubes, which carry blood from the
heart are called arteries; those which convey blood te
the heart are veins. The arteries spring from the ven-
tricles, the veins discharge intv the auricles. As an
artery is tracgd away from the heart it is found to
branch continually, the branches thewselves breaking
up in a similar way, The subdivision is continued until
extremely narrow thin-walled tubes, the capillaries, at
length result, and these permeate every part of the body,
except the epidermis and its appendages (hair, wool,
horn, etc.), and the cartilages.

Traced onward, the capillaries are found to give
origin to the smaller veins, which become confluent into
larger and larger veins, through which the blood returns
to the heart.

Without entering at any length into the details of the
circulatory organs, the student can acquire a knowledge
of the chief facts by following the course of the blocd
from the heart back to the place of starting. The names
of the chief vessels and tubes through which the blood
flows can be mentioned incidentally.

Starting, then (fig. 208), with a particle in the scarlet
blood of the left ventricle (1), it is driven by the con-
traction (beating) of the heart through the open semilunar
valves into a strong elastic artery (2) called the aoria.
This curves round to the left, and while it sends a
branch (3) towards the head, the main trunk extends
backward (4) beneath the vertebral column, and even-
tually divides into two iliac arteries (beneath the ilia,
p. 412), one of which supplies the right hind-leg, and the
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Fre. 208. —DIAGRAMMATIC
REPRESENTATION (¥ THR
CIRCULATORY SYSTEM IN 4
MaMMaL,

STRUCTURE OF FARM ANIMALS

[The animal is supposed to be
opened along the under or ventral
side, and to be laid upon 1ta back, so
that the /eft of the animal is at the
ohserver's right. The arrows indi-
cate the direction of flow. The

S g which arterial blood

are unshaded (chyle flows
.hrnngh 1; those which convey
venous hlood are represented by the
full black colour. Notice rhat all
the arteries except the ‘mlumnlry
artery (15) carry arterial blood, and
all the veins czeept the pulmonary
veins (16) venons tlood. In other
words, whilat in the syafemic circu-
lation the arteries convey arteriul
blood and the veins venons blood,
in the pulmonary circulation this
state of things is reversed.]

H, heart (17,'18, auricles; 1, 14
ventricles.

1, L, lungs.

T, trachea, or windpipe.

B. B, bronchi,

K. kidney.

1, 1, intestinal canal.

LR, liver,

A, lacteals,

p, thoracic doct.

P, blood-vessels carrying blood, and
absorbed peptones, sugar, etc.. from
small intestine to portal vein (11).
1, left ventricle.

2, aorta.

3, artery supplying head and fore-

limbs.

4, dorsal aorta.
5, hepatic artery supplymg liver.
6, artery supplying intestines.
7, renal artery snpplymg kidney.
B blood upll
'0 posterior vena cavm
10, renal vemn.
11, portal vein.
12, hepatic vein.
18, right auricle.
14, right ventricle.
15, pulmonary arteries.
16, pulmo: veins.
17, left mm
18, blood capillaries.
19, vein from fore part of body
20, antesior vena cava.
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other the left. In due course the particle finds itself in a
capillary (8), either in the pelvic region or in the limb
Hurried along in the current of the blood, it travels
through the smaller veins, and ultimately reaches a
great vein (9), the posterior vena cava, which extends
beneath the vertebral column alongside the aorta. This
vein passes forward. pierces the diaphragm—as does the
aorta in passing backward - and throws the particle into
(13), the right auricle of the
heart. The contraction of the
auricle drives the particle past
the open tricuspid valves into (14)
the right ventricle, the contrac
tion of which propels it through
the right srmilunar valves into
(15) the pulmorary artery,
through the narrowing hranches
of which it reaches at length one
of the blood capillaries in the air-
cells of (1) the lungs (fig. 209).
Thence it travels through the
smalier veins of the lungs, and
uitimately passes into (16) one of
the pulmonary veins, which enter
(17) the left auricle of the heart,

A g « Fic. 209.—Luxas or
whence the particle is driven gpyyp ‘seen from below.

past the open mitral valves int® q right lung.
(1) the left ventricle, and 8o 2 left lung. '
regains the point from which it 3, trachea or windpipe.

started 4, heart.
: . - b d srteries, right
The contraction of the heart is 5 c;::;; M: eries, ngh

rhythmic, or regular. First the g, vens cava posterior.
auricles contract together, next 4

the ventricles, and then there is a pause, after
which the contractions are repeated. It is the
the volume of blood suddenly thrown into the
aorta by the ventricular contraction, and distending
the walls of that elastic \'essel which produces the
pulse. The ber of pulsati corresponds, there-
fore, with the beating of “the heart. Arteries are, as a
rule. deep-seated. but the pulse can be felt at a few
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places where an artery of some size passes along the
surface of a superficial bone; in horses, on the border
of the lower jaw, or inside the elbow; in cattle, under
the tail, or on the middle of the first rib. As the pulse
takes Lime to travel along the arteries, it 1s felt later in,
say, the foot, than at the temple. The normal pulse of
full-grown animals is, in the horse, about 36 per minute ;
in the ox, 55; in the sheep and pig, 75. In young animals
it is more rapid, and when an animal is feverish the
pulse is more frequent.

As the united sectional area of the arteries is much
greater than that of the aorta, which supplies them,
the pulse dwindles, and in the veins it has disappeared
altogether. 1lodeed, so little is the effect of the
ventricular contraction felt in the veins that they
are provided with valves, arranged. in guch &
way as to flap idly against the walls, whie the
blood is flowing, as it should, towards the heart,
but to float across and bar the path should the
blood attempt to How in the reverse direction. By press-
ing the lower end of the jugwar vein, which extends
slong the groove on either side of the neck of a horse,
it 18 possible to ‘ fill the jugular ’; for the moment, the
blood is prevented from flowing on towards the heart.
and the knotted appearances show the positions of the
valves. We can understand from the above why the
blood flows from a cut artery in jets or spurts, and
from a cut vein in a steady but slower fashion. And ir
is worth remembering that bleeding from an arlery can
be arrested by pressure on the side nearer to the heart
while the opposite is true in the case of & vein.

1t is now possible to answer two important questions.
How does the dark (venous) blood in the right side of
the heart differ from the scarlet (arterial) blood in the
left side? What is the cause of this difference?

From what has been already stated, it is ohvious
that the change from dark blood to scarlet blaod takee
plece during the passage from tie right ventricle to the
left auricle—that i3, while the blood is passing through
the capillaries of the lungs—this is called Lhe pulmonary
circulation.. On the other hand, the hlood is changed
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from scarlet to dark purple during its course from the
left ventricle to the right auricle—ihat is, in the capil-
laries of parts of the system other than the lungs—this
18 called the sustemic circulation. The chief difference
between the scarlet blood and the dark blood is that
the former containsmore oxvgenand less carbon dioxide
than the latter. If a vein is opened an the surface of
the hody, blood that is dark purple in colour flows from
tt. But it immediately becoes scarlet because, exposed
to the air, it absorbs oxygen.

The scarlet blood that leaves the left ventricle 1s
purer than the dark blood on the other side of the heart
In its passage through the capillaries of the system,
however, the blood performs certain work. It carries
material where it is required, and in this way it builds
up or repairs®the tissues, which it also supplies with
oxygen. But it does more than this, for in all parts
of the body waste is going on, and the products of such
waste are swept away in the blood. to be carried to
organs by which they arc excreted, or removed from the
gystem.

It is important to realize that the arteries and veins,
especially the former, possess comparatively thick walls,
through which diffusion cannot take place. The size or
calibre of these vessels can be enlarged ar diminished.
owing to decreased or increased contraction of a mus
cular layer in their walls, and the supply of blood toa
particular part can therefore be adjusted. Such adjuat
ment is controlled by the nervous system.

The actual exchange of material between the blood
and the living substance of the body takes place in the
capillaries, by diffusion through the excessively thio
walls of these microscopic vessels. At the same time
the maintenance of an equable and constant tempera-
ture in all parts of the body is rendered possible.

Lymph Syatem.—Everyone must have noticed the
clear fluid that collects underneath a blister on the hand
or foot. This is & local accumulation of lymph, a fluid
that occupies certain large spaces in the body, such as
the abdominal cavity, the pericardial cavity, and the
pleural cavities, and also fills up the munute irregular
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crevices in the various tissues. Microscopic examination
shows that Iympb consists of white or colourless cor-
puscles (ser p. 435) floating in liquid plasma.

Connected with the lymph-spaces are a number of
delicate lymphatic vessels, re<emblmq small veins In
structure, and ultimately opening into a slender tube,
the thoracic duct, lying just below the backbone in the
front part of the abdemen and i the thorax, and com-
municating with the great veins on the left-hand side at
the base of the neck (fig. 208, n). At this point lymph is
constantly flowing into the blood. The lymphatic vessels
of the intestine have received the special name of
lacteals (L. lae, lactis, milk), because after a meal con-
taining fat they are seen to be filled with a milky-
looking fluid. Here and there in the course of lymphatice
rouuded nodule-like bodies may he observed, a well-
known example being the ‘pope's eye' in a leg of
mutton. These are the lymphatic glands, which may be
regarded as manufactaries of colaurless corpuscles.

Brrataise o Dirspizatosy Orcaxs —The windpipe
(trachea) runs from the pharynsx—below the gullet—
along the ventral side of the neck into the thorax, where
it divides into right and left bronchus, goiug to the
corresponding lung.

Each of these organs is invested in a sort of double
bag, the pleura, comparable to the pericardium (p. 436).
The presence of a small quantity of lymph between
the two layers of the pleurm enables the lungs to glide
over the inner surface of the thorax without friction as
the respiratory movements take place. The disease
known as pleurisy results from inflammation of the
pleural membranes, and is associated with more or less
friction and pain.

If we follow a bronchus into its lung we ehall find
that it divides in a branching manner into smaller and
smaller tubes, the smallest and most delicate of these
being called bronchisl tubes, inflammation of which
canses bronchifis. It may be noticed in passing that the
termination ‘itie’ (met with in the names of many
diseases) means 'inflammation,’ a condition associated
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with the local accumulation of colourless corpuscles for
the purpose of attacking disease germs.

A bronchial tube ends in a group of minute air-sacs,
the delicate walls of which are closely surrounded by a
close network of capillary blood-vessels. Inflammation
of the lungs or pneumonia is an inflammatory disease of

_the bronchial tubes and air-sacs, and is not infrequently
associated with pleurisy, in which case the term pleuro-
preumonta is employed. The mischief is caused by the
entry of certain bacteria.

The greater part of the spongy substance of the
lungs is made up of the bronchial tubes, with their ar-
sacs. It is in the latter that the essential part of breath-
ing or respiration takes place. This is the same in
anumals as in plants (p. 143). and cousists of the 1aking
in of pure oxymen, while at the same time the waste
product, carbonic acid gas or carbon dicxide, is ex-
creted or removed from the system. In the animal there
is, so to speak, an exchange of material between the
dark impure blood in the capillaries of the air-sacs and
the air which these contain. Oxygen diffuses from the
air into the blood, and carbon dioxide from the hlood
into the air. The latter also receives a good deal of
water vapour, and & minute quantity of nitrogenous
waste, while at the same time its temperature is raised.
We consequently find that the air breathed out or
exhaled differs considerably from the air breathed in
or inhaled.

The blood going to the lungs is said to be impure
—i.e., it contains relatively little oxygen and a large
amount of carbon dioxide After a great deal of the
latter has been got rid of in the lungs, and a fresh supply
of oxygen taken up, it becomes pure blood, and flows
into the left auricle of the heart. A word is necessary
as to the marked difference in hue between these two
kinds of blood. As already mentioned (p. 435) the red
corpuscies owe their colour to the presence of the com-
plex substance termed h@moglobin. This is capable of

ing up a certain amount of oxygen into loose chemical
combination, and then becomes ozyhmmoglobin, which
is bright scarlet. Hence the colour of pure or arterial
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blood. Hermoglobin of this kind, however, easily parts
with its loosely combined oxygen. and then becomes
reduced hmmoglobin, which 1s dark purple.  The oxy
hemoglobiu of the pure Llood which is pumped by the
left ventricle of the heart to the capillaries of the body
gives up its loosely combined oxvgen to the tissues, and
becomes refuced hremoglobin.  Hence the purple colour
of impure or venous blond. Wae see. therefore, that the
red corpuscles play the part of oxvgen-carriers. They
take up oxygen in the lungs and supply it to the
tissues.

It is clearly necessary for the air in the lungs to be
constantly renewed, and ohservation of a living animal
show that respiratory movements are constanily taking
place. During the breathing in or inhalation of air the
volume of the thorax is increased. the lungs expand.
and air flows into the larger air-tubes. The opposite
takes place during the hreathing out or exhalation of
air. It is important to note that repnewal of air in the
bronchial tubes and air-sacs is effected hy gaseous dif-
fusion. The thorax iz increased in volume from above
dewnwards and from side to side hy movements of the
ribs and breast bone. By the contraction of muscular
fibres (mfercostal museles) running obliquely berween the
ribs, these swing downwards and forwards. The increase
of volume of the thorax from before hackwards is caused
by contraction of the diaphragm. This is really a flat
muscle. with a fleshy marzin (‘skirting steak’ of
butchers) and fibrous or tendinous centre. There are
also important muscular bands. the pillars of the
diaphragm, running obliguely upwards and backwards’
from the dorsal part of this partition and becoming
attached to the backbone. During a state of rest the
margin of the diaphragm is conver fowards the thorax.
When air is hreathed this margin becomes flattened
by contraction of its muscular fihres and the pillars.

Vhen air-is breathed out the thorax is diminished
in volume. largely owing to the return of the ribs and
sternum to their former position. as the result of elas-
ticity, while at the same time the diaphragm ceases to
contract, and once more becomes convex towarde the
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thorax. The mechanical part of respiration or bresthing is
thus carried on, and the behaviour of the thorax may
be likened to that of a pair of bellows working through
the nozzle only,

From what has been said it is clear that animals
constantly vitiate the surrounding nir, and if they are
shut up in low ill-ventilated houses, the consequences
may be serious, and may even lead to suffncation should
the air become too heavily charged with carbon dioxide.

During the passage of the blood from the left
side to the right side of the heart the oxygen is largely
occupied in oxidizing particles of carbonaceous matter
in the blood itself, while oxidation is also constantly
going on in the hving substance of the hody. Bince
oxidation is accompanied by heat, it will be understood
how the heat &f the body is maintained.

The term excretion is applied to the process of
getting rid of the waste products formed by meta-
bolism (p. 142), and organs which do this work are known
as excretory organs. Since the lungs eliminate carbon
dioxide and water from the system they obviously take
part in excretion, and the liver is also an important
excretory organ, for bile is really a waste product,
though it aids the process of digestion before leaving
the body. The remaining excretory organa are the skin
and kidneye.

The skin, as 1s well known, is warm and moist, and
water vapour is continually passing away from it. The
warmth and moisture escape from the blood, the capil-
laries containing which exist just helow the outer skin
or epidermis, as is proved by the fact that even a
shallow cut causes blood to ooze ont. A small amount
of caline matter passes away by the skin also. It is
for the salt upon it that a calf or a cow will lick & man’s
hand with its rough tongne. As horses perspire freely,
it is desirable to keep their skins clean and free from
dust, s0 that the action of the skin may not be impeded.
This object is effected in grooming.

The kidneys are the chief organs of mitragrnous excre-
tion. They are situated in the dorsal part of the abdo-
minal cavity, immediately below the backbone. To
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protect them from violent sbacks, each is imbedded in
a soft semi-fluld cushion of fat, which in the carcase
of an ox or a sheep is called ‘suet.” Each kidney
receives blood by a short renal artery, given off (fig.
208, 7) by the dorsal or abdominal aorta, and returns
its blood by a renal vein into the posterior vena cava.
The kidneys are made up of a great number of micro-
scopic wrinaty tubules, intimately related to a compli-
cated set of capillary vessels, from the blood circulaling
in which they remove the constituents of the urine.
These 1nclude the nitrogenous waste products known as
urea and lippuric acid, a large amount of water, and
certain saline matters. Tt is because of the presence of
nitrogenous waste that urine has a high manurial value,
and that litter is spread in stables and byres to absorb
this liquid, so that it may be used upon the land to
promote the growth of crops.

The blood that leaves the kidney differs from the
blood that enters it, in that it has lost all the ingre-
dients which go to form the urine. and so far as nitro-
genous waste is concerned it is the purest blood in the
body. The excretion of urine by the kidoeys is con-
stantly going on, so that some means of getting rid of
it are necessary. It continually trickles away from each
kidney along a tube called the ureter. The two ureters
open into a thin-walled. elastic, distensible bag, the
urinary bladder, situated in the hinder part of the
abdomen. From the bladder there issues a tube, the
urethra, through which the contents of the bladder are
periodically discharged.

The lungs, liver, skin, kidneys are thus seen to be
sources of loss to the blood. Water ia lost at each of
them, whilst the lungs are specially distinguisbhed by the
loss of carbon dioxide, the skin by the loss of carbon
dioxide and saline matters, and the kidneys by the loas
of saline matters, urea, and hippuric acid.

With such waste always going on. it remains to
inquire how the animal body is sustained, and by what
means it is prevented, not only from wasting away,
but is, on the contrary, caused to increase io size and



ABSORPTION OF

DIGESTED FOOD

447

weight. To answer this inquiry it is necessary to return
to the food in the alimentary canal.
The Absorption of Digested Materials.—It has been

seen (p.
break up all food-stuffs into
three main portions—1) the
dissolved nitrogenous matters
and sugar, (2) the emulsificd
fats, and (3) an indigestible
residue. The last-named
part, consisting largely of
coarse fibre, travels through
the intestinal canal, and,
mixed with some of the in-
testinal secrelions, is passed
away in the §rm of excre-
ment, which, in the case of
horses and pigs and stall-fed
cattle, usually finds its way
to the dung-heap, whence
it is returned to the soil.
The dissolved matters and
the emulsified fats are, on
the other hand, takemw up
by the blood, and can thus
be transported to all parts
of the body. The absorption
of digested materials by the
blood is effected chiefly by
the villi of the small intes-
tine, Each villus is a minute
club-shaped structure, pro-
jecting inwards from the in-
ternal lining membrane of
the intestine. Tt is covered
(fig. 210) by a layer of deli-
cate cells surrounding a fine
network of blood eapillaries,
originating in & minute

434) that the effect of the digestive juices is to

210.—DI1s6rAM  OF 4
VILLUS .OF THE BMarL
INTESTINE,

Fia.

A, body of the yillva,

B, externs! covering of epithe.
lium cells.

©, the small artery entering the
villus, and breaking up into
capillaries, which re-unite to
form—

D, the small yoin which leaves
the villus;
L, the lacteal radicle which
occupies the middle of the

villus (solid black).

artery which enters the villus, and converging upon a
small veinlet which leaves it. Within this network is s
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oranching lacteal radicle, opening into a lacteal rvessel
(p. 442), which passes away from the villus.

Myriads of such villi line the internal surface of the
small intestine. Their blood-vessels derive their blood-
supply from the aorta, whilst all the veinlets whicl
emerge frem the villi become confluent, and pour their
blood ultimately into a vessel called the portal vein,
which passes into the liver (fig. 208, 11). There. unliko
the great majority of veins, the portal vein breaks up,
and the blood it contains is submitied to the action
of the cells of the liver. The liver also receives a
supply of arterial blood through the hepatic artery,
which derives its blood from the asorta (fig. 208, 5).
Without stopping to inquire into the minute structure
and functions of the liver, it may be stated that this
gland 18 drained of its blood by the hepatic veins
(fig. 208, 12), which open into the posterior vena cava,
this latter passing directly into the right auricle of the
heart. Hence the blood that travels through the willi
of the intestine passes, by way of the liver, into the
heart.

The blood that leaves the intestinal villi is, how-
ever, different from that which enters them. Most of
the dissolved products of digestion coze through the
delicate covering of the cells which envelop the villus
much as a thimble covers the end of the finger, and the
solution further diffuses through the extremely thin walls
of the blood capillaries within the villus. Consequently
the blood that flows from the villi of the intestinal walls
carries with it the dissolved peptones and sugar, salts
and soaps, that are derived from the food, together with
most of the water taken in at the mouth.

But what becomes of the minute particles of emul-
gified fat that exist in the small intestine? These par-
ticles are split by ferment action into fatty acids and
glycerine, “which are taken up by the cells (fig. 210, &),
covering the villus, and find their way, not into the
blood capillaries, but into the lacteal radicle which the
blood capillaries surround. Here they are recomhined
into glohules of fat. The lacteal vessels which enferge
from the villi become confluent, and ultimately pour -
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their milky-loocking contents, called ckyle, into the pos-
terior end of the thoracic duct (fig. 208, v), ultimately
reaching the right auricle of the heart (p. 442))

Though the villi of the small intestine are the most
active seats of absorption of digested materials, some
amount of absorption of dissolved matters is begun
through the blood capillaries in the walls of the
stomach. Absorption is also continued, to a greater or
less extent, throughout the intestinal tube. The rapidity
with which n.bsorpti(m is capable of being effected 18
well illustrated in the instant alleviation of thirst which
follows upon the taking of water into the stomach,
whence it promptly passes into the blood capillaries.

It appears. therefore, that, though they travel along
different routes, the dissolved peptones and sugar and
salts, on the one hand, and the emulsified fats, on the
other, find theireway from the intestinal canal to the
right side of the heart. From there, as has been seen,
the blood is driven to the lungs to be oxygenated,
thence to the left side of the heart, and from there to
all parts of the body save the lungs. Not much is known
of the exact processes whereby the blood, out of the
materials it derives from the alimentary canal, enables
the work of reparation or construction in all parts of
the body—for example, the building up of bone in one
place, the formation of muscular fibre in anotber, and
the storage of fat in a third. We know, however, that
repair and growth depend on the constructive activity
of the living substance (protoplasm) of the body, and the
materials for this work are the products of digestion.

But the student should now be in a position to grasp
the fact that all parts of the animal body have at ope
time or another passed through, and formed part of,
the blood, and, further, that the blood is the medium
through which such materials as hay and corp and roots
are manufactured into such prodacts as beef and mutton,
milk and wool.

The reader is ti t g that the
lacteal vessels, whereby the ﬁne]y divided fats are carried
from the intestine into the blood, have any special con-
nection with the secretion of milk at the mammary

- 9
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glands. Both the chyle and the milk are emulsions of
fat, but the former, as has been seen, 13 muixed with
the blood in the right side of the heart, and has no direct
relations with the milk-secreting organs.

Gains and Losses of the Blood.—To sum up with
regard to the blood. It has been seen that the blood
gains material (peptones, carbohydrates, fats, salts,
water) from the food in the a‘lu«enta.ry canal; that it
gains material (oxygen) from the air in the luugs, that
it gains material (the products of activity and waste)
from the tissues generally; and that it gains material
(lymph) from the lymphatics. On the other hand, the
blood loses material (carbon dioxide and water) al the
lungs; it loses material (urea, hippuric acid, water, saline
substances) at the kidneys); it loses material (water,
saline substances) at the skin; and it loses material
(used for constructive purposes) in the tissues generally.
The constitution of the blood is described on p. 435.

Nervovs System.—The various organs of the body
are under the control of nerves, and it is through the
nervous system that the movements of the body are
co-ordinated, so that there shall be no conflict of pur-
pose. The brain, with its posterior continuation—
the spinal cord—constitutes the central part of the
nervous system. The brain and spinal cord make up
what is known as the cerebro-spinal nervous axis, the whole
of which is securely lodged and efficiently protected in
the bony chamber formed by the skull and the
vertebree. Processes or outgrowths, given off in paire
from the axis, form the cerebral and spinal nerves.
Some of the former are nerves of special sense, as the
olfactory nerve (associated with the sense of smell),
the optic nerve (associated with sight), and the auditory
nerve (associated with hearing). A number of pairs of
very important nerves arise from a region called the
medulla oblongata, at the junction of the brain and spinal
cord. Onge of these, the pnewmougastric nerve, or vagus,
distributes its fibres to the heart, the lungs, and the
stomach.

All muscular contraction takes place in obedience to
pirvous influence. This is equally the case with the
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luntary mov ts of the les of the limbs (as
in running or walking), and with the involuntary move-
ments of the intestinal canal (peristaltic contractions)
and of the heart. The quantity of blood which shall
flow to any part of the body is equally determined by
the nervous system, inasmuch as the vaso-motor nerves
control the calibre, or internal diameter, of the small
arteries. Most important resultsarise from this eircum
stance.

The sense organs of touch, taste, smell, hearing, and
sight are the means by which information about sur-
roundinks is obtained. A description of their structure
and modes of action is outside the scope of this book.

Rerrovucrion.—The horse and other kinds of farm
stock, like all but the lowest members of the animal
kingdom, propagate solely Méimtrsne
by means of sexual repro- )
duction, the essentials of
which are the same as else-
where described for flower- A
ing plants (p. 164). It con-
sists in the intimate fusion
of a minute egg-cell or ovum,
produced by the female. l'-‘u:Jeus;ﬁ
with a very much smaller &) /“’gy
sperm or spermatozoon, pro- 5 \
duced by the male (fig. 211).

The sperm resembles a tad- Ta"”\ /Head

pole in shape, and is pro- F1a. 211.—OvUM AXD SPERMS.

vided Ylt‘b, a slender tail by Highly magnified, B more than a.

the whip-like movements OfA ovam ; network of (hromatio

which it is able to move in muclens. B, sperms; the

about in the search for an dark spot in-the bead of eacn
“ oetam, sperm 15 the nucleus.

After the ovum has been fertilized or impregnated
by union with a sperm, it is able to grow into an
embryo. In the case of the horse and all familiar mam-
mals the embryo is known as a foetus, and develops
within the womb or uterus of the mother, to which it is
attached by a complicated after-birth or placentz. This
brings the blood system of the mother into close relation

- 9%
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with that of the feetus, which is thus not only nourished.
but enabled to get rid of its waste products and receive
the oxygen necessary for breathing.

In a bird the ovum (‘yolk' of tbhe egg) is of largs
size, owing to the fact that it is crammed with nutri-
ment to be used in building up the embryo. Before
passing from the body of the mother a further supply
of nutritive material (‘ white ' of the egg) is added,
and external to this a double membrane (shell mem-
brane) and calcarecus shell. Both the latter are per-
vious to air, for the developing embryo needs to breathe.

When hens' eggs are placed in ‘water glags' the
pores in the shell are blocked up and breathing pre-
vented. Such eggs ‘keep’ because the development of
their embryos is thus arrested.

CHAPTER XX.
COMPQSITION OF THE ANIMAL BODY

TeE chemical elements entering into the composition of
the animal body are carbon, hydrogen, oxygen. nitrogen,
sulphur, and phosphorus, together with potassium,
calcium, magnesium, and iron. To these may be added
the elements chlorine and sodium, found in common
salt, and a small percentage of fluorine in the teeth.
The foregoing elements will be recognized aa those
occurring in plants, and, as animals feed on plants, this
is pot surprising.

There is, however, an important distinction in the
details of nutrition of plants and animals. Tt has already
been explained (pp. 142-3) that plants ate capable, out of
such crude materials as carbon dioxide. ammonia, water,
and stmple salts, of building up the complex organic
compounds of which they are formed. Anumals, on the
other hand, are incapable of such work: they feed upon
vegetable products. and ultimately rednce these_ to
water, carbon dioxide, urea, ete., which have been
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shown (p. 445} to be {he waste producis of the animal
body, rejected by the hlood at the lungs, the skin, and
the kidoeys. Tbere is thus a kind of balance main-
tzined between plants and animals—plants build up
bodies of complex composition, anunals reduce these to
simple forms; plants consume carbon dioxide, animals
evolve )i

In cutting up the body of an animal, the substances
that are most obviously seen to enter into its struclure
are bone, flesh, and fat, to which may be added cartilage
(or gristle) and connective tissue. It is desirable to
inquire into the composition of these substances, for
it 1s evident that the chiemical elements they contain
must be supplied to the animal in its food, otherwise the
nutrition of the animal will be imperfect.

Bone.—A simple experiment serves to throw much
light on thes composition of houne. Take a bone, say
the femur, out of a ham or out of a leg of mutfon,
though a much smaller bape from a rabbit will serve,
and place it inside a drain-pipe, of width and length
just suflicient to hold it. Plaster up the ends of the
pipe with clay to prevent air from passing through, and
then put it in the middle of a fire where 1t can be main-
tained at a red heat forsome hours. On examining the
bone whben cool, it will be found to retain its original
shape, but to have Jost weight, and to bave become so
Lrittle as to be easily crushed to a powder. This
powder consists almost entirely of phosphate of lime
(calcium phosphate) and carbonate of lime (calcium car-
bonate), which contain beiween them the elements
calcium, phosphorus, carbon, and oxygen, all of which,
therefore, are necessary in the food.

Put a similar bone in a basin, and pour upon it
dilute hydrochloric acid. Afier several days the boune
will be found to have lost its rigidity, and much of
its weight; it retains its original form, but may easily
be bent. The nature of the soft flexible material which
remains can be demonstrated by boiling it for a long
time io water, when it will yield & large quantity af
gelatin, which 1a a witrogenous compoand.

Thesa ~xperiments prove that bone consists of a
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framework of animal matter, impregnated with ealte of
lime. By burning, the animal matter is removed; by
treating with acid, the mineral matter is dissolved.

Connective tissue, like the animal basis of bone,
vields gelatin as the result of prolonged boiling in water.
As the water cools it forms a jelly. Cartilage, or gristle,
similarly Loiled, yields a material called chondrin, allied
to gelatin. The composition of gelatin and of chondrin
is shown in Table XXVII.

TasLe XXVIL.—7'rrcentage Composition of GELATIN and
CHOXNDRIN.

Gelatin ! Chondrin

| Silphur..

: 100700 [

Flesh owes its red appearance partly to the blood
which 1t contains, and partly to the mtrinsie colour of
the uvltimate muscular fibres of which it is composed.
When lean meat is ‘boiled to rags' the envelopes of
copnective tissue, which surround not only the entire
muscles, but the individual fibres of which they are built
up, are destroyed. The separate fibres can then be
teased out with needles. The chief ingredient of mus-
cular fibre is a nitrogenous substance called myosin,
and this forms the greater part of the compound
(syntonin) which can be obtalned from lean meat by the
action of dilute acids. Muscle also contains small but
variable quantities of other proteins, as well as of
fats, besides certain mineral matters, which include
phosphorus and potash. Minute quantities of other sub-
stances may be obtained from muscle, the most intereat-
ing perbaps being Kreaiin, a nitrogenous crystaliipe
material, which is probably the form in which most of
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the nitrogenous waste of living muscle leaves the tissus
before its conversion into urea (p. 446). Muscle containg
about 75 per cent. of water, so that 4 1b. of lean beef
or lean mutton will include about 3 lb. of water.

Fat.—The material called fat, as it is accumulated
in the animal body, consists of oily or fatty substances
stored up in minute cells, which are bound together by
a framework of connective tissue. Expose a piece of
suet to a gentle heat before the fire, and, as the melted
fat trickles away, the collapsed framework of connective
tissue is left behind. By pulling to pieces a lump of
suet, the connective tissue 1s again brought under
notice. The common fats of the animal body are stearin,
palmitin, and olem. The first named, used in making
candles, is most abundant in hard fats, such as mutton
suet. Palmjf.in also oceurs in quantity in palm oil, and
olein in olivesoil,

CEAPTER XXIL

FOODS AND FEEDING

I~ the selection of food for farm animals several distinct
objects have to be kept in view. For all animals it is
necessary, in the first place, that suflicient food be given
to meet the daily wants of the body; in other words,
to make good the losses that are always taking place
through the lungs, the skin, and the kidneys. This may
be called the maintenance diet. It is evident that such
a diet must supply the animal with the elements enter-
ing into the composition of the materials which are lost
in the way just referred to; though a sufficiency of
oxygen is always obtainable from the air. Hence, even
for the purpose of maintenance only, the food must
include some proteins, because these alone contain
mtrogen Though an animal may have an unlimited
quaatity of carbobydrates or fats at its disposal, it will
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cease to thrive unless it can also get prot,ei.na;
eventually, indeed, it will die of mtrogeu starvation.

The other objects to be kept in view in framing a
diet must depend upon the animal itself, and upon what
it is intended for. A horse, for example. has to do
work ; this leads to much oxidation and the consequent
production of heat within the body, accompanied by
the wearing or wasting of the muscular tissues, A milch
cow parts daily with a large quantity of fluid containing
nitrogenous, carbonaceous, and mineral matters. A stajl
fed ox is neither doing work like the horse, nor is he
yielding milk like the cow, but he is storing up fat in
his system. A calf or a lamb 1s not performing external
work, it is not yielding milk, and it is not storing up
fat; but it is growing, which means that it 1s making
bone and muscle and other tissues, whereby its body is
increased in size and weight.

Not much thought is required to undelst.nd that the
diet which would exactly meet the requirements of any
one of these animals would not be the diet best suited
to the needs of each of the tliree remaining animals.
The working horse, the milking cow, the fatting ox.
and the growing lamb all make special demands which
must, in each case, be specially met. Hence it is to the
interest and the profit of the farmer to learn what
kinds of food are best suited to particular cases, and
then to endeavour to supply these in the cheapest
possible form.

The idea of cheapness involves, however, a considera-
tion not only of the actual cost of the material, il it bas
to be bought, but also of the value of the manure which
an animal yields whilst consuming such material. (See
pp. 468-7).

Flavour is another condition that must not be over-
looked. It cannot be measured by the balance, por can
it be expressed hy numbers, but it is a most important
factor in inducing animals to partake freely of tbeir
food, and the skilful feeder knows the value of making
the diet of animals attractive and appetizing. Con-
dimental foods are useful because of the relish they
mpart.
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The student is already familiar with the fact (p. 430)
that in food-stuffs are found three main classes of avail-
able material: (1) the nitrogenous (proteins or albu-
minoids); (2) the non-nitrogenous or carbonaceous
TaBLE XX VIIL.—Percentage Composition of ORDINARY FooDs.

i et S e

l | Nitrogenous 3.
£ 3
- & AEIEEE
| 3 E-
4 E2)
' 2
‘ Cotton cake (deoorticated) 4392 | 18| 135|208 | 657
” . (undecort.) ... 207 | 18| b | B4R | 200 2
Linseed cake . 269 11 | 114 | 832 o | 87
Rape cake ... o8l | 46| ¢8| 2071|108 717
Farthnut cak 161 19| 881|231 b2 |49
Beans 90 | 28| 16 |4xh | T 82
Peus ... 200 26 16 | b8BT b4 | 18
Wheat 107 | 18| 1¢|600] 1® 18
Rye ... Wwe| 10| 17|696| 19 20
Oats ... 106 | 07| b4 |678 100 80
Barley 10| o4 221|660 | 45|26
Maize aso og | 06] 61700 20 1D
Malt sprouts 166 71| 22|44 | 12D 7h
‘W heat bran 121 20| 87660 | T2 b8
Brewer's grains ... sul o2f 17|07} 6112
% . (dried) 1eg | o8| 70| 428|160 | 47
Rice meal 118 | 1:0 | 12:0 | 478 | &6 @0
Qat straw 85 b 2:0 | 870 | B68 57
Barley straw wo| o8| 16| 891|860 |67
| Wheat straw 83 13 | 804 | 871 | 63
Pea straw .. e 80 16 | 887 | 855 | 66
Bean straw ... #1 11 | 81-0 | 60 | b4
Pasture grass & Tlae7| 29 11| 0910 52|28
Clover (bloom heginning) 81-0 | 26| 08} 07 g0 | 52|16
Clover hay (medium) 160 | 106 | 25| 25| 872 250 | 68
Meadow bay (best) o150 {202 18 23 | aep | 240 | 72
» ,  (medium) .. g0 | 12| 292|420 | 254 62
y o h (poor) e 63| 06| 2041181061
Graes silage (stack) - 8| 15| Vb [182 97| 88
Clover silage (s sal 27] 22| 100|119 |24
Maize silage o 10| o7 esj110]| 60 14
Potatoes ... oy 12| o9l 02}210 07|10
Cabbage . 17| o8| 07] 71 24| 16
Carrots o . o7| 05| 02| 98 18|10
Mangels (large) o4f 08| 01| 77 10|10
w os| 06| 01]102| 08|09
Swedes B 7| o7] 02| 72| 11 08
Turnips . .. o5 | 06| 02| 67 09|07
— - R SN JE
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(carbohydrates and fats); (3) the mineral ingredients.
Many of the common foods in use upon the farm are
distinguished by containing much more of one of these
classes of iogredients than is present in other foods,
and may thus be spoken of as nitrogenous foods, fatty
foods, starchy foods, or watery foods, as the case may be.
The percentage composition of ordinary foods 1is
shown in Table XXVTIL., compiled by IL. Warington.
Note the high position occupied hy oileakes, both as
nitrogenous and as fatty foods. Inasmuch as albu-

Tasre XXIX.—Composition of average samples of DECORTICATED
COTTON-CAKE and UNDECORTICATED COTTON-CARKE and of
average samples of LINERED-CAKE of different gualities.

Decor- | Undecor
vicared | tics

1ed
- ’ Tow l Grod
quality |quality. quality |

PRI e S | ‘

ninds

Mucilage, sngar, diges
tible fibre, &e. ..
Woody fibre ceilulose) |

Mineral matter (ash)
10000 | 10000 10000 | 300:00 |

P . 3 |
"Containing mitrogen, 707 | 871 J 531 ‘ wa | 4

minoids aud fat are the most concentrated of the consti-
tuents of animal food, it is evident that emall quantities
of oilcake may be made valuable adjuncts to less nutri-
tious food. In other words, a little oilcake—particularly
decorticated-cotton-cake and linseed-cake—goes a long
way. .

Complete analyses are set forth in Table XXIX. of the
kinds of oilcake most commonly used for feeding.
Beaides, however, affording a satisfactory result on
analysis, oilcakes—as, indeed, other food-stuffs—should
possesa good condition (that 13, soundness, freedom
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from mould, freshness, and swectness). In the absence
af these qualities, the use of & feeding-stuff may be
productive of ill results, not on account of anything that
can be shown by the figures of an analysis, bul solely
Irom staleness, over-heating, bad keeping. ete.

Impure inferior linseed-cake often containg weed
seeds (vwmg to imperfect screeninyg), also sand, the
sweepings of floors, ete.

The starchy graws of the cereal erops stand firet in
the percentage of carbohydrates, lo the actual analyses
set forth in Table X the carbuliydrates make up
from one-hall to two-thirds of the entire substance.

Tav1® XX X.—Composition of average samplea of WHEZAT,
e BarLEy, QATs, and PEa-MEal,

Barley Lute I'ea

; Wheat.  critiod; (crushed )| weal
i Moisture .. 1750 1260 |
L oon 191 630 |
! A bsminous enu: rounds B A7 1800
| Starch, mp,'um:u Rbre, &1 610 b7
Woudy itire | cellulose) 412 TR |
| Mineral master (sab) ... 270 & 14
I
10000 10U 0U woe oo |
Containing vitrogen .. IR 142 209 87

In mineral or ash ingredienis, rice-meal, made of the
husks of rice, is notably nch, as are also rape-cake and
malt sprouts.

As regards the constituents of the ash, cilecakes and
bran are richest in phosphoric acid; straw and hay are
poorest. Potash is abundant in malt sprouts, oilcakes,
bran, bean straw, and roots, but is deficient in the
cereal grains. Lime is largely contained in the ash of
turnips, aod in the hay and straw of leguminous crops,
but it ocesrs only in small quantity in potatoes and in
the cereal graips, maize and rice amongst Lhe latter
being specially poor in lims.

Bucculent foods, containing high percent&geu of
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water, are necessarily correspondingly poor in the
valuable food ingredients. Note that the potato con-
tains considerably less water than the turmip, mangel,
carrot, ete. Whilst 100 lb. of potatoes would include
25 1b. of solid matter, 100 lb. of turnips would contain
only & to 10 lb. of SOlldS There is more water in
turnips than in milk (xe Table XXVIIL, p. 457).

In Table XXXI below are given complete analyses
of pwede and mangel.

In turnips and swedes the leaf contains a higher
percentage of dry substance than the root, and the
dry substance of the leaf includes & muck higher per-

TabLg XXXI1.—Composition of average samples of SWEDB
and MANGEL, "

BSwede. ‘ Mangel

|

Water .. s780 |
'Albuminous cmn'xounds 12 |
Sugar 641
Btarch, digestible fibre, &c 208 |
Woody fibre (cellulose) . 8
’ Minera! matter (ash) 1 ]
1 100-00 E
i ‘Containing nitrogen 16 ‘18 l

centage of both nitrogen and total mineral matter than
does that of the root. In turnips the proportion of leaf
to root is much higher than in swedes. Moreover, whilst
in turnips a very large amount of the matter grown is
accumulated in the leaf and only serves as manure again,
in swedes a comparatively small proportion of the
produce is useless as food for stock.

Turnips, swedes, and mangels are essentially sugar
crops. The average amount of dry matter may be put
approxlvnately at 8 per cent. in white turnips, 9 per
cent. in yellow turmips, 11 per cent. in swedes, and 195
per cent. in mangel. Of the dry matter of Whn-e and
yellow turnipa nearly one-half, or more, may be sugar;
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of that of swedes more than one-half; and of that of
mangel nearly, or as much as, two-thirds may be sugar.
One reason for keeping mangel is that the sugar in the
root is only properly developed during the process of
storing.

The foods poorest in water——that is, the driest, or
most solid foods—are those rich in fat. For example,
decorticated cotton-cake has only 8 per cent. of water,
and linseed-cake about 12 per cent. Hays and straws,
cereal grains, beans, and peas all coutain between 14
and 16 per cent. of water.

Whilst concentrated foods are mora especially called
for in the case of horses and pigs, which possess com-

Tapre XXXIT.—Adverage composition of the STRAW of WHEAT,
BarLey, and OaTs.

! | Wheat | Bartoy | 0at
Slraw. slraw. BULUW,

Moisture ¥ w ‘ 143 143
Y Albuminous componnds au 40
Starch, sugar, digestible fib; 450 Kl
Woody fibre | cellulose) 40 BO6
Mineral matter (ash) 16 40
1000 ( 2000 | 1000

'Containing nitrogen 48 b6 64

paratively small stomachs, and through whose intestinal
canals the food passes somewhat rapidly, in the case
of cattle and sheep, on the other hand, fodders contain-
ing a considerable amount of indigestible fibre are not
only useful but necessary. They impart bulk and
solidity to the mass undergoing digestion, and they
help to keep the paunch full, this division of the rumi-
nant stomach never being entirely empty, even in the
case of starving animals. A sheep is capable of digest-
ing about twice as much as a horse of the total organic
matter contained in the chaff of wheat straw. Straw,
hay, and undecorticated cotton-cake are particularly
rich in fibre.
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The cereal straws are extensively cut up into chaff
in order to be used as fodder, though they are some-
times fed to stock in the long condition. Their average
composition is shown in Table XXXIL, most of the
soluble carbohydrates in each case being cellulose,

A comparison is afforded, in Table XXXIIL, between
the proportions of the ingredients found in tkree of
the commonest bulky feeding-stuffs.

The figures given in the tables of this chapter are
not to be accepted in too arbitrary o sense. Different
samples of any kind of feeding-swuff, natural or artificial,
may be expected to yield somewhat different results,
when subjected to chemical analysis. The slight varia-

TasLe XXXIIL.—Compusition of avernge samples of GRABS,
Mearow Hax, and CLOVER Hav,

Clover |

Grass
¥

Meadow
by

Moisture 73
'Albiminous compounds
Starch, sugar, digestible § 1

{ Wooedy fibre (cell
Minera! matter (ash)

2T |

J 10000 ‘ 10000 100°00 ‘

| 'Containing nitrogen \ 42 | 1-35 |

tions which may be detected in some of the percentagea
here recorded will serve to ilustrate this fact

The chemical composition of a food is only 2 partial
guide tu its feeding value. It is necessary also to take
into consideration the extent to which each constituent
of the food is digestible. For example, clover hay coa-
taios about 12 per cent. of nitrogenons matter, but not
much more than balf of this is digested in passing
through the system of a bullock or of & sheep. On the
other hand, the small proportion-—about 2 per ceat.—
of fat in barley is practically all digested. The propor-
tion of eachb ingredient digested depends upon the food
itzelf, upon the nature of the other foods with which
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it is accompanied, and also upon the kind of animal,
whether horses, cattle, sheep, or pigs. The term
digestion co-efficient is used to denote the proportion
of each constituent digested for every 100 parts supplied
in the food. Thus, a horse can digest about 60 per
cent., or three-fifths, of the fat in maize, a cereal con-
taining 5 per cent. of this ingredient. The digestive
co-efficient in this case, therefore, is 60.

Young grass is much more digestible than old grass
or hay. This explains the highly nourishing character
of rich pastures in the early summer months, during
which animals are continually grazing upoa fresh young
shoots of the herbage.

Closely associated with the digestion co-efficient is
the idea involged in the term albuminoid ratio. All the
organic ingredients of a food belong to one or other of
two groups—the albuminoid, and the non-albuminoid.
Of each of these a certain percentage is digestible, and
the albuminoid ratio denotes the relation of the
digestible albuminoids to the digestible non-albumi-
noids. Before this relation can be indicated by numerals,
1t 18 necessary to express all the digestible non-albu-
minoids in terms of one of them, and the onc selected
is starch. By multiplying by 23 the percentage of
digestible fat in a food, the eguivalent in digestible
starch is obtained. Of the commoner foods none possess
8o high an albuminoid ratio as decorticated cottan-cake,
im which it is 5 : 7, by which is meant that for every
5 parts by weight of digestible albuminoids there are
7 parts of digestible non-albuminoids. For purposes of
comparison of different foods it is convenient always to
express the digestible albuminoid as 1, in which case
the ratio just given becomes 1 : 1-4. Cakes, pulses, and
bran all have high albuminoid ratios; in the case of
roots the albuminoid ratios are low; and, in the case
of the cereal straws, very low.

For the information of the student, it may he useful
to show how an albuminoid ratio is calculated. Take the
analysis of oats in Table XXX. Here the percentage of
fat is 6'3, which, maltiplied by 23, gives 14'49. Add to
this 57°17 for the carbohydrates, and the sum 1s 71°68.
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Hence, the albuminoid ratio, in the case of oats, ie
13°08 : 7166, or 1 : 5}, Again, take the analysis
(Table XXIX.) of linseed cake, of good auality. Here,
1065 x 23 = 24'2685, and 24°265 + 24'47 = 58735, Hence,
the albuminoid ratio is 28°31 : 55733, or as nearly a»
possible 1:2. The ratios, as thus obtained, are only
approximately correct, for it has been assumed that the
organic constituents which enter into the calculation
are entirely digestible, and that all the nitrogen is in the
albuminoid form.

It is obvious, however, that, as the albuminoid ratio
depends upon the digestion co-efficient, the albuminoid
ratio of a food-stuff must vary according to the kind
of animal to which the food is given. The subject is
too intricate to be further pursued in sn elementary
work. It may be added. however, that-some of those
who have made a study of the principles of stock-feeding
make use of the albuminoid ratio in order to devise
mixtures or combinations of foods which shall yield the
best result in the circumstances given.

For the practical stock-feeder the problem is how v
turn to the best commercial advantage the food-stuffs
be has already got on his farm—the hay, straw, roots,
¢te., which are praduced in the ordinary routine of {arm-
ng. His skill is exercised in purchasing such additional
foods as can be most profitably associated for feeding
purposes with the produce of the farm. In making his
selection, he is bound to take into consideration the
market prices of the various purchasable foods, and also
to allow some weight to the residual mapurial value of
the mixtures he proposes to use.

The most valuable ingredients of manure—nitrogen,
phosphoric acid, and potash—will obviously be more
abundant in the case of fully-grown animals put up for
fattening than in the case of animals still growing, or
of mileh cows. Table XXXIV.shows theaverage percent-
age of dry matter in certain cattle foods, and the quan-
tities of that dry matter which may be classed as
nitrogen and ash respectively. The last two columns
show bow much of the ash ia phorphoric acid and how
much is potash. In other words, the ‘dry matter’ in




COMPOSITION OF FOODS 485

the first column includes the ‘nitrogen’ and ‘ mineral
matter’ in the second and third columns; whilst the

TaBLe XXXIV.—The Average Percentage of certain
CoNSTITUENTS in CATTLE FooDS.

] T
| brs ! Niteo. Minersl| Phon.

| )
or i

| Foold. | matter. | geu. uml::) | p:.;gc { Potash
l ) ! ; !
per cent.[per cent.[per cent.per cent, Iper n-uzl

Linssd oo s 900 BHO 400 | 164 | 137

|

Linseed-cake ; Bnifl 475 140 |

Decorticated ootton-cake | 9000 660 | 000 |

| Palninut cake .. L9100 | 200 | 860 | 0w i

Vndemnu‘xled cotton- ! {
cako BT | 875 | 600 Loeo0
Coco-nut cake o oeow0 | B0 600 | 200
‘ Rape-cake ... ' 8900 . 490 | TH0 | 1560
| Peas e .| 8OO0 | B60 | 260 | o
Beans we aef BB00 | 400 300 to1s0
\ Lentils = . .| 880U | 420 400 | 070
| Vetches (seed) ... .| 8400 | 420 250 | o080

——

Maize 8800 170 ; 037
Wheat i 063
| Malt 050
! Barley 055
Dats - 050
| Bice-meal ... 037
Malt culms 200
Fine pollard 146
Coarse pollard 1°50
Bran 145
Clover hay . 150
Meadow hay 160
Pea straw ... 100
Qat straw ... 100
Wheat straw 080
Barley straw 100
Bean straw 100
Potatoes .. 055
Carrots . 028
Parsnips 035
Bwedes . 022
Mangels ... 040
Yelluv turnips 022
whze turnips 030
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‘mineral matter’ in the third column includes the
‘phosphoric acmd ' 1n the fourth column, and the
‘ potash’ in the fifth.

The food-stuffs used on the farm fall naturally into
three classes. These are (1) the succulent foods grown
on the farm, such as pasture grass, clover, anli root
crops (including mangels, turnips, swedes, cabbage, kale,
rape, koll rabi, ete.); (2) dry foods grown upon the furm,
such as grass and clover hay, straw, and grain of all
kinds; (3) purchased foods, such as oilcakes, brewers’
grains, malt culms, maize, ete. Of course it may happen,
and sometimes does, that a farmer finds it convenient
to purchase foods belonging to either or both of the
first two classes, but this does not alter the fact that
these foods are the direct produce of the farms of this
country. Where live-stock are maintained upon a farm,
part or all of which is under the plough, the usual
practice is to feed the green crops to the stock, as
also in winter and partly in summer the stored roots
and the hay and straw, and to sell off the farm the
grain (cereals and pulses) which has been grown thereon.

Table XXXV, gives the manurial and compensation
values of the chief feeding stuffs.

CHAPTER XXII
TIE PRINCIPLES OF BREEDING

Tee art of breeding plants or animals is regulated by
certain scientific principles, which are grasped without
particular difficulty. A knowledge of principles alone,
however, will not malke a successful breeder, whose work
requires in addition skill of eye and hand, sound judg-
ment, and constant experience. But at vhe same time
it is increasingly recognized that sound scientific know-
ledge will prevent mistakes, save time, and in every
way promote the objects in view.
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BrEcies AxD Vammries.—Animals and plants include
an enormous number of kinds or species, each of which
may be said to ‘ breed true,” and includes a collection
of individuals that are sufliciently alike to justify the
conclusion that they have all descended from a common
stock. Horse, ass, rabbit, hare, barn owl, perch, garden
snail, large cabbage-white butterfly, common tape-
worm, and liver fluke, will serve as common examples
of animal species, while on the plant side we may take
beech, daisy, charlock, dandelion, Scots pine, bracken
fern, and American gooseberry mildew, It will bave
been noticed, in the preceding part of this book, that
a particular kind or species of organism has a double
scientific name—e.q., the horse is termed Eguus caballua
and the daisy Bellis perennis. The second or specific name
(i.e., caballus or"perennis), is that of the species, while the
first name (i.c., Equus or Bellis), is generie, applying to the
genus, which usually includes a number of allied species.
For example, the wild cat, tiger, and lion are different
species of the genus Felis, and are respectively known as
Felis catus, Felis tigris, and Felis leo. BSimilarly among
grasses the genus FPoa includes three common species,
rough-stalked meadow grass (Poea trimalis) smooth-
stalked meadow grass (Poa pratenas), and woud meadow
grass (Poa nemoralis).

It was &t one time generflly believed that every
species was created independently, and this carried with
it the idea of a sharp disunction between different
species. Such well-marked boundaries, however, are by
no means universally present—e.9., it has always been a
difficult task to distinguish between the numerous
species of willows and brambles. In other words,
similar or ‘allied’ species may or may not be clearly
defined.

Even in the days when the distinctness of species
was generally accepted, it was universally acknow-
ledged that certain species included two or more
groups of individuals, each constituting a race or
variety. A notable example is afforded by the
field snail (Heliz hortensis), of which about ninety
warieties have been described, some °self-coloured,’

e o
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and others with a number of dark bands in addition
The dog rose (Rosa canina) is anotlier good instance, for
it includes some twenty-nine recognizable varieties. It
may be added that the term sub-species 1s often used to
designate a subdivision of a species presenting more
clearly marked characters than a variety

A considerable number of varieties of cultivated
plants and domesticated animals have arisen under the
artificial conditions imposed by man, these heing com-
wonly called ‘breeds’ in the case of animals. Berk-
shires, Tamworths, Large Blacks, and so forth, are dis-
tinct pig breeds, all apparenily belonging to the wild
boar species « Soxwaris, while the innumerable varieties
of the potato are all descended {rom the American potato
plant (Solanum tuberosum).

Hybrids and Mongrels.—It will now be realized that
the distinction between species and varieties is oue of
degree rather than of kind. 1n a large number of cases,
bowever, though not in all, we find that different
species will not breed together at all, or if they do the
resulting hybrids are :infertile when paired. Mules, for
instance, are crosses hetween the horse (Equus caballus)
and ass (Eguus asinus), two related species, but there
is no authentic case of mules producing offspring. The
same is true for the zebroids or zebra-mules, obtained
by Professor Cossar Ewart by crossing zebra and horse.

It is also nearly always the case that allied varietiea
or breeds can easily be crossed, while the mongrels thus
produced are almost invariably fertile. The different
races of domesticated pigeous afford a good illustration,
while the new varieties of potato constantly being pro-
duced are obtained by crossing existing varieties.

Evororion axp Ogmiciy or Species.—It is now almost
universally believed that the innumerable existing
species of plants and animals have descended from pre-
existing species by a series of modifications, or, in other
words, have arisen by a process of evolution. We can,
indeed, actually trace the pedigrees of some forms with
more or less accuracy, the best-known example 'being
that of the horse (se¢ p. 415). But while hardly any-
instructed person doubts the fact of evolution our
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knowledge of the actual method of evolution is still incom-
plete, although some existiug theories no doubt include
much of the truth.

Darwinism.—This name is conveniently applied to
the ‘theory of natural selection,’ independently con-
ceived by Charles Darwin and Alfred Russel Wallace,
whose views were simultaneously published on
July 1st, 1858. Darwin’s Origin of Species, which gives a
detailed account of the theory, appeared the following
vear. The general nature of the argument 1s convenienti
set forth in tabular form.

Proved facts. Necesnary conkequenoes

Rapid increass in numbers -
Limited space and supply of fo0d Struggle fur existence.
Total numbers fairly stationary I

i

Struggle for existencs ... .. | 1 Survival of the fittest, or natural
Variation ... .|} selection.
| Natural selection ... «.{{ Modifigations in atructure and
Heredity .. .. .. ../f origiu of new species.

el

All plants and animals naturally tend to increase
with great rapidity, and this has been strikingly shown
by rahbits in Australia, sparrows in North America, and
Bcotch thistles in parts of South America, all three being
introduced forms. The limitations of space and food
supply obviously render indefinite inerease impossible,
and the fact that the numbers of a particular species
in a given area do not fluciuate, on the average,
to a large extent, shows that checks to increase must
exist. It follows that there is a struggle for existence
on the part of the members of any species, partly against
unfavourable weather, and the like, and partly with
competing organisms for food and foothold. The fight
for soil-feod, light, and air between the crowded plants
in a pasture or hedge is sufficiently obvious, and it is
clear that the various insect-eating birds must enter
into a keen competition for prey.
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Admitting the struggle for existence, we have further
to consider the facts of variation. The members of the
same family or the same litter. or the seedlings sprout-
ing from the seeds produced in the same fruit, are by no
means precisely alike. They vary in all sorts of ways,
and such variation is a primary law of life in all its
forms, Some individuals are always fitter to carry on
the struggle for existence than their fellows, and there-
fore have a better chance of living and producing off-
spring. Hence the doctrine of survival of the fittest,
otherwise known as natura) selection. [he latter term
was coined by Darwin to express the picking out or
' selection’ of favourable variations by nature, just as
by ‘artificial selection.’ ihrough the agency of man, varia-
tions which serve his purpose are picked out for breeding
purposes. Darwin, in fact, made a profound study of
cultivated plants and domesticated animals, and every-
one who desires to acquire an intimate knowledge of
the art of breeding should read his great work, Plants
and Animals under Domestication, Some of the most im-
portant facts which support the Darwinian theory are
drawn from the results obtained by cultivators and
breeders, and just as these are alle to produce new
varieties of plants and breeds of animals by artificial
selection, Bo is ‘pature’ (a collective term for
patural agents) supposed to be able to originate
new varieties of plants and animals by natural
selection. Such natural varieties are aptly termed
‘species in the making,” because some of them are dus-
tinct epough to render it probable that they may ulti-
mately become sufficiently fixed in character to deserve
the name of species.

That natural selection actually takes place ean hardly
be doubted, and it is also undoubtedly the fact that the
offspring” of individuals which are thus selected may
inherit the variations which have given an advantage
in the struggle for existence. Hence the possibility of
the formation of new varieties, and ulhimatelx new
species, by the intensification of structural modifications
which have arisen by variation. >

Hereprry.—In the sexual reproduction of plants and
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animals the structural and other characters of a variety
or species are transmitted from one generation to
another by means of the germ-cells, male and female,
the former being called a sperm in animals and lower
plants (part of the contents of the pollen-tube being
equivalent in most seed-plants) and the latter an egg-
cell or ovum (see p. 451). An animal or plant, except in
the very lowest groups, consists of body or soma and the
germ-cells. The latter alone constitute the link between
successive geuerauons, and we may therefore speak of
‘germinal continuity.’ From the point of view of
heredity the most important part of a germ-cell would
appear to be its nucleus, especially that part of it known
as the chromatin, which stains deeply when treated
with dye-stuffs, as may be seen by microscopic examina-
tion (fig. 211, 1). Weismann supposes that a portion of this
chromatin conststs of a special substance, the germ-
plasm, whence his expression ‘continuity of the germ-
plasm.” The actual existence of germ-plasm has not,
however, been demonstrated with certainty, and we
must for the present be content with knowing that germ-
cells do undoubtedly represent the inheritance with
which individuals start their existence.

Reversion, Atavism, or Throw-bagk.— It is important
to remember that the germ-cells embody, as it were,
a number of characters which hiave been handed down
through many generations, and during the development
of an individual there is a sort of competition hetween
the excessively minute particles which are supposed to
transmit these characters, a struggle for existence in
miniature which may end in widely different ways,
according to the influences acting upon the embryo. The
average result is that an organism resembles its parents,
or one of them, more closely than more remote ancestors.
But it sometimes happens that characters which cor-
respond to peculiarities in a grandparent, great-grand-
parent, or can be traced even further back, gain the
upper hand. We then speak of throw-back, atavism, or
reversion, and, r g the inuity of germ-eells
through successive genautmm, this is a perfectly
intelligible phenomenon.
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Prepotency and In-breeding.—It often happens that
special characters possessed by an individual are trans-
mitted with great persistency, though why this should
be so can only be coujectured. Such an individual is
said to be prepotent, and it appears to be the case that
prepotency is favoured by prolonged in breeding—i.e.,
breeding between pear relatives. This i1s so generally
recognized that in-breeding is always resorted to when
a race ewbodying new characters, or a new combination
of characters, 18 sought to be established. The practice,
of course, tends to emplasize undesirable as well as
desirable features, and is commonly stated Lo lead in the
end to reduction in size, liability to disease, and sterility.
In spite of all this, in-breeding is one of the most
powerful agents in the hands of cultivators and breeders.

Transmission of Acquired Characters.—This 1s a sub-
ject over which endless discussion has taken place, and,
like gernunal continuity, it is closely associated with the
name of Professor Weismann. An ‘ acquired’ character
i3 one that makes its appearance in the body or soma of
an individual, as the result of the activity of the indi-
vidual with reference to its surroundings, or due to the
direct influence of the latier. Good examples are
afforded by bodily peculiarities associated with certain
accupations, as the hardening of the hands due to con-
stant use of the spade, or outward curving of the legs
in the case of men who spend a large part of their time
in the saddle. Wejsmann, and most men of science who
have carefully studied the matter, believe that such
characters are no! transmitted to offspring, but many
breeders think otherwise. :

.The question of acquired characters is of great prae-
tical importance, because such a character occurring in,
gay, & bull might very well be desirable from the
breeder's standpoint, but, if Weismann’s views are
correct, it would be waste of time to try and establish
it by artificial selection. The whole subject is one of
extreme difficulty, on which the last word has not yet
been said. The balance of evidence, so far as this is
based on recurate observation. is deecidedly against the
tranamission of acquired charactaras. But it ia one thing.
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to define such characters on paper, and quite another
to recognize them when they are actually present in
given individuals, whether plants or animals.

Vaniariox.—Although it is undoubtedly true that
‘like tends to beget like,” it is equally true that the
likeness is never complete, and that there are always
differences hetween parents and offspring. In other-
words, organisms tend to vary, to a smaller or larger
extent. These differences are believed to be due to
variations that take place in the germi-cells—i.e., to
germinal variation, and they differ from acquired
characters or modifications in that there is no doubt
about their being inheritable.

It is convenient to use the term fluctuations for
variations of small amount, and in constructing his
theory of E\olutmn it was upon the existence of these
that Darwin mainly relied. It is, however, extremely
doubtful whether new varieties of plants and breeds of
animals can be established by artificial selection of
fluctuations, and the origin of species by natural selec-
tion of such small differences also presents a number of
difficulties, of which this is not the place to give a
detailed account.

Contrasting with fluctuations we find that discon-
tinuous va.riahous, mutations, or sports, arise from time
to time, both in plants and animals. Tt is these which
in all probability have furnished the chief material for
natural selection, while their importance in artificial
selection is unquestioned. One notable peculiarity about
such variations is their marked prepotency. The
‘ wonder horse,” Linus I, with an 18 feet mane and a
21 feet tail, was a good example of a sport, while Shirley
poppies and star primroses (Primula stellata) both arose
by the sudden appearance of mutations. Sports in
desirable directions, especially when occurring in males,
obviously afford invaluable material for the exercise of
the art of the breeder.

Mmzr.mt.—Breeding by the selection of favourable
variations is more likely than not to prove unsuccessful,
for the simple reason that most obvious varations are
only fluctuations, and as such unlikely to produce marked
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unprovement. It is ooly when the favourable variations
happen to be prepotest mutations that progress will be
made, and these occur in a very haphazard fashion, and
are diflicult to recognize as such uuless they happen te
be of a kind that appeals to the eye. For example, a
mutation of disease-r g kind wight suddenly make
its appearance, and this, though very real, could not be
actually sren, and its existence would only be discovered
by its prepotency as manifested in breeding It is con-
sequently a long-standing practice to resort {o cross-
breeding with the object of ‘ breaking the type,’ in the
hope that something valuable may turn up.

In the absence of definite laws upon which to proceed,
the results of such cross-breeding used to be very much
a matter of chance, but of late years much light bas
heen thrown upon the subject by the exponents of what
is known as Mendelism. Mende] was Abbot of Briinn
(in Austriz), who published & remarkable paper on
plant-breeding in 1866, though its importance was not
realized at the time, nor, in fact, until its re-discovery
in 1900.

Mendel experimented on the cross-breeding of peas,
and observed that the dilferent varieties of these pos-
sessed certain characters of sharply-contrasting kind—
—e.g., tallness and dwarfness. Such pairs of characters
are now kpnown as Mendelian characters. The results of
crossing & tall with & dwarf pea are represented in the
following tahle:—

VARETIES TaLl. X DWagrrF

CRORSED, !
Ist mongrel All Tall

eneration

B Bred tegetber these gure

|
. 2nd mobgre] - |
;!cnerngx(r\'n 25°, ,'Tall , Tall 26°), Dwarf

?iFn bred) {pure dominants) (xmpure éom.nanu) (pure reoezﬂvel)
) I
i |
8rd mongrel Tall 257, Tall bOOJ,; Tall %Q/Q]Dwm Dwarl
generation (pure dom ) (impure dom.) {pure recess.)
{ '}n bred)
(Fy)- N
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Of the two opposed Mendelian characters present in
the varieties originally crossed—i.e., tallness and dwari-
ness—the former is possessed by all the members of the
first generation of resulting mongrels (F,), and hence
18 said to be dominant, while dwarfnesy is said to be
recessive. When these mongrels are bred together, 25
per cent. of the offspring are said to be pure dominants,
because they are tall, and breed true in this respect,
while for a similar reason another 25 per cent. of the
offspring, which are dwarf, are termed pure recessives.
But the remaining %0 per cent. of the oflspring are called
impure dominants, because, though tall themseives, they
bave evidently not got rid of the dwarf element, for,
when inhred, their offspring, like those of the first mon-
grel generation, may be divided into 25 per cent. pure
dominants, 25 per cent. pure recessives, and 50 per cent.
impure domicants, which, when once more inbred, give
a similar result.

A very interesting case of Mendelian inheritance is
afforded by Blue Andalusian fowle, of which it is im-
possible. as is well known to breeders, to establish a pure
strain. They are ohtained by crossing black and white
Andalusian fowls, with the following results (F,, F,, and
F, bave the same mae.nipg as in the last table):—

Drace x WmTe

T All Blue
I
- e i
Py 9257/, Black 507" Blus 25, White
(pure dominanta) (lmpure dominants) (pure reccss: ves)
1 I
[ !
Fy Black 257/, Black  50°/ Blue 25°, White White

(pure dom.) (pure dom.) (impure doin.) (pure recess ) (pure recear, )

It appears. then, that Blue Andalusians are impure
dominants, but have a distinct colour of their own,
mstead of heing black. They are, so to spesk, permanent
mongrels, the blue colour being transmitted to only half
their offapring.

Purity o! Germ—cells.—Mende! explained the remark-
able resulta of which examples have just been given by



478 THE PRINCIPLES OF BREEDING

supposing that germ-cells. male end female. are ‘ pure '
as regards any pair of Mendelian characters. In the
case of the tall and dwarf peas, for instance, he supposed
that a given germ-cell contained only the tall or the
dwarfl element, not both. Assuming this to be true, all
the germ-cells of the original tall variety would embody
the quality ‘tall’ and all those of the dwarf variety
the quality ‘dwarfl.’ Further, the germ-cells of the
mongrels (F)), obtained by erossing these two varie‘ies,
would embody one or other quality. Bupposing them to
do so i equal proportion, then, if we take the case of--

Female Germecell. Male fTerm-cell.
2 Tall 2 Tall
2 Dwart 2 Dwarf

a ‘tall’ femeale germ-cell has an equal chaace of being
fertilized by a ‘tall’ or a ‘dwar{’ male germ-cell, and
simnilarly in the case of & *dwar{ ' female germ-cell. This
would give—

Female. Male.
Tall x Tall
Tall x Dwart.
Discar? x Tall
Dwar? x Dwarf.

Of the four embryos. subsequently growing into adults,
thus brought into existence. one would result from
union of germ-cells both embodying the dominant
character (tallness), two from the union of unlike germ-
cells, and one from the union of germ-cells embodying
the recessive character (dwarfness). The proportion
would be
12 1

equalling -
By 0y BY

exactly as in the second mongrel generation (F,) in the
two tables elready given.

Practical Resnlts. — By worlang with Mendelian
cbaracters valuable results bave bsen obtained with
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plants, and it may be ultimately possible to attain
similar success with animals, though this matter is at
present only in the experimental stage. It will here be
wnteresting to note a few Mendelian characters in
addition to the two already given.

Dominant, Rocessive
| Bdible paa ... vl Round soeds ... ... Wrinkled seeds.
Sweet pea oo Colonrad lowers W tiowere,
Wheat and barley  { Buardless ears... we. Bearded wars,
<, Non-immunity to rust Immunity o rust,
Fowls ... ...| Rose comp of Wyan- Single comb of Lug
dottes horns,

Cattle ... Absence of horns ... Presence of horam,

A striking instance of Mendelian work 1s afforded by
the new varieties of wheat established by Professor
Biffen. In one of these be bas succeeded in combining
the vigour of English wheat with the immunity from
rust of American Club wheat, while a second unites the
former quality with the power of producing ‘strong’
flour possessed by Canadian Red Fife.

Gexeral Remarxs o¥ Farm Brock.—The advantages
of pure-bred stock are many. In the first place, it costs
practically no more—sometimes less—to rear a pure-bred
animal than one that is not pure bred. In the next place,
in the case of a butcher’s animal, there will be far less
‘offal’ about it, and more substance in the useful parts
of the carcass, if it is pure bred.

It is not to be inferred that any pure-bred animal
will make a desirable parent, simply because it is pure
bred. Besides this, it should be healthy and of sound
constitution—conditiogs that are not always to be relied
upon even in pare-bred auimals. The breeder should,
moreover, aim at the development of gualities that are
useful rather than of thuse that are merely fanciful.
There is plenty of scope for the exercise of the latter
art dogs and pi and rabbits, but it should
be discouraged in the more serious busi of breeding
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catile, sheep. and pigs. amongst which the development
of a fancy powt is ouly of value when it indicates the
simultaneous yossession of some more solid quality.

The term thoroughbred is used in strictness to denote
the purity of lineage of the race horse. In all other
cases, the same 1dea is conveyed by the term pure-bred.
Accordingly, the word * thoroughbred ” is used to denote
a blood-horse, whicl: i spoken of simply as ‘a thorough
bred.” The other term v commonly used as an adjective
—for exawple, a pure-lved Clydesdale, a pure-bred
Devop, a pure-Lred Southdown, a pure-bred Berkshire.
Usually, however. the adjective is dropped. and when it
is said that a man has a Hackney stud. or a herd of
Bhorthorns, or a flock of Shropshires, or a herd of
Berkshire swine, it 1s understood to be pure-bred.

A cross-bred animal is the offspring of parents of twa
distinct breeds. Cross-breeding is an effect>re means of
raising cattie and sheep for butchers' beasts, and fine
specimens of cross-bred animals appear at the winter
fat-stock shows  The cross can be specisfied by linking
the names of the Is of the parents together. putting
that of the sire thus a Shorthorn-Galloway is the
offspring of a Sherthorn hull and a Galloway cow. A
Hampshire-Oxford sheep s the produce of 2 Hampshire
Down ram and an Oxford Down ewe.

A very useful term, more employed in America than
in England. is grade. It is applied to animals, one cnly
of whose parents—usually the sire—is pure bred. A
Bhorthorn grade, for example, is the produce of a Short-
horn bull and of a cow which cannot be referred to any
recognized lLireed. Grade animals are common in the
markets.

Breed Records.—Breeders of different classes of live
stock have found it conducive to their interests, and
favourable to the progress of the breed with which they
are concerned, to combine together in societies or asso-
ciations, and to publish periodically a volume containing
the name, pedigree, breeder, owner, etc., of each pure-
bred animal. Such a volume is called a Stud Book in the
case of horses, a Herd Book in the case of cattle and
pigs, and a Flock Book in the case of sheep. In somq
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cases the volume s published annually, in others [ess fre
quently.  The Shire Horse Stud Book, the Shorthorn
Herd Book. the Uxford Down Flock Hook, and the
Berkstire Herd Book may be eited as examples. These
books, then, are rewisters or records, and breeders of
pure bred stock take speciid care to ger therr annuals
properly entered  lnahe case of obd estublished books, 1t
is possible 1o trace the pedigree of hving anumals back
through numbers of generativns

Gestation.— The time during which a female carries
her young is termed the jnrond of gesiation (Lat, gestotio,
a beanng or carrying). The actual length of the pernod
varies shightly wnoai anomals, but o the case of farm
stock 1s, un the averape, as Tollows: mare, 340 days,
cow, 255 days<: ewe. 143 days, sow, 120 days  Or

roughly, the mare, eleven moniths : the cow nime months

the ewe, five fuoutks; and the sow, four mouths,

CHAPTER XXIOL

HORSES: THEIR BREEDS, FEEDING, AND
MANAGEMENT

Twe native breeds of Horses recognized in this country
are kpown as—

Thoroughbred Cleveland Shire
Hackney Coaching Clydendals
Pony Suflolk

The Thoroughbred. Hackney. Pony. Cleveland, and
Coaching. are breeds of liuht harses. The Shire, Clydes-
dale. and Suffolk are breeds of heary horses.

Troroveraren (Plate IV | 1).—A thoroughbred stallion
should be ahout 16 hands in beight, with oblique
sboulders. fine withers, a long muscular neck joining oo
to deep shoulders, a lean masenline bead (broad
hetween the eves, with the latter well developed). shart

3
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and deep back, barrel well ribbed up, and well
sprung ribs; with muscular quarters and thighs. flat
bone below the knee, fine sinews standing well apart
behind the cannon-bone (which should not be too long
between the knee and pastern). and well-formed big
knees and hacks, The feet should be open at the heels.
not too large. and joining on o pasterns which are not
too long, but sloping.

Most of the thoroughbreds of the present day are
built too much on the lines of a greyhound, and they
have lost much of their constitution and stamina by
being trained too soon and entered as two-year-olds in
s0 many short-cut races of about six furlongs, whereas
if they were allowed to mature before being raced, and
then not less than ten furlongs, it would be less of a
scramble in getting off, which has such g demoralizing
effect on the jockeys as well as the youngsters engaged.
There are not enough cup courses of from two or three
miles for more mature animals, which would bring out
the staying powers and so much improve the breed. It
is said. with some truth. that it costs nowadays so much
for the raw material that owners would not care to
speculate if they had to keep a vearling until he was
three years old before he began to earn anything. so he
has to begin racing at two years old, and the whole
breed suffers in consequence.

Hunters are often thoroughbreds, but many are only
partly of this strain, and preduced by crossing thorough-
bred stallions with mares of various kinds—e.g., Cleve-
land Bays. or by two thoroughbred crosses on small
Clydesdales or Suffolk Punches. A considerable propor-
tion of thoroughbred blood in the dam. however, is
desirable. and gives a larger proportion of offspring
suited to hunting purposes.

A good type of hunter should be thick and strong on
the back'and loin. with long powerful quarters and mus-
cular thighs, and hocks neatly shaped and clean. The
head should be long, lean. and blood-like. and the eye
full. A mahogany-brown colour is in high favour, then
black, bay, or dark chestout. Greys, roans. and nght
chestnuts are less saleable.
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‘ Bize, 1n addition to power, stamina, and action, 18 a
great desideratum in any hunter, for a big horse pos
sesses the charm of making the fences look smaller thau
they really are, aad viee 1ersi, and thercfore a little
horse will not command the price that would be given
for a bigger one, however clever he may look or be.
Every hunter should gallop and be safe and quick at
tus fences. He must possess freedom of the shoulder
and a knack of bending his hocks. above all things.'—
(Professor Wortley Axe.)

Hacrxry (Plate 1V., 2).—The term nag, applied to the
active riding or trotting horse, is derived from the Anglo-
Saxon knegar, to neigh. The Normans brought with
them their own word, kagquende, or hacquenée, the French
derivative from the Latin eguus, a horse, whence the
word Hackney. Both Nag and Hackney continue to be
used as synoAymous terms. Fregquent mention is made of
Hackneys and Trotters in old farm accounts of the
fourteenth century.

The first noteworthy trotting Hackney stallion of the
modern type was a horse foaled about 1755, and variously
known as the Schales Horse, Shields, or Shales, and
most of the recognized Hackneys of to-day trace back
to him. The breeding of Hackneys 1s extensively
pursued in the counties of Norfolk, Cambridge,
Huntingdon, Lincoln, and York.

Of modern Hackneys, some are riding horses and
some are driving horses, but in recent years more atten-
tion has been given to the latter. The breeder’s object
is to produce an animal which is saleable at an early
age, which can be bred and reared at moderate expense,
and which can be broken in without much risk. Excel-
lent results have followed the use of Hackney sires upon
half-bred mares, tbe latter being the offspring of
thoroughbred stallions and trotting mares. The Hackney
is noted throughout the world for his high and bold
action, his courage, great amiability, grand formation,
soundness, and power of transmitting his good qualities
(especially action) with whatever breed of mare he is
crossed.

The movement, or, as it is termed, the ‘action,’ of

® 2
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the Hackney is all-important. He should go light in
hand, and the knee should be so elevated and advanced
during the trot—his natural pace—as to be seen by the
rider projecting beyond the breast, whilst, before the
foot is put down, the leg should be well extended.
Above all, the Hackney should pos good hock action.
as distinguished from mere fetlock action, the propelling
power depending upou the efliciency of the former.

To be classed as a Hackney an animal must be over
14 hands high—that is, exceeding 56 inches. The pony—
next to be considered—must, on the contrary, not
exceed 14 hands. A4 horse's height is measured at the
withers. by the vertical line falling just bebind the

fore-legs.
Poxy (Plate IV., 3).—The native hreeds of pony
include— 5
English New Forest Shetland
Dartwoor Welsh Highland
Exmoor

Poxies range in height from 14 hands down to 84 or
9 hands, many Shetland ponies not exceeding the latter.
Asg lu the case of the Hackney, so with the pony,
thoroughbred blood has been used, and with manifestly
good results. A great object with the pony breeder is to
control size—to compress the most valuable gqualities
into the least compass. He endeavours to breed an
animal possessing a small head, perfect shoulders, true
action, and good manners. A combination of the best
points of the Hunter with the style and finish of the
Hackney produces a class of weight-carrying pony which
is always saleable.

Creveravp Bay (Plate IV.) 4).—There is no breed of
horses in whick arc combined so fully all the most useful
and ornaniental equine qualities—beauty with strength,
courage with docility, stamina and speed, and those im-
pressive powers which 1t inherits, and owes to long and
pure descent. It is to this breed that North and South
America and the Colonies. as well as Continental coun-
tries, have long had recourse, to improve their horses,
end with such marvellous results. Unbappily the foreign
demand has tended always to keep down the numbers of”



BHIRE HORSBES 48

the best representatives of the breed at home. There
18 no superior ° general utility horse ™ to the Cleveland
Bay; and there 1s no better base or foundation for
crossing to obtam hunters, cavalry horses, and harness
horses. It 1s the only breed which can be crossed with
blood and give added boue, strength, stanuna, and
action, without at the same time seriously detracting
from appearauce, quahty, and activity.

Coacuing.—The Yorkshire coach-horse, derived from
the Cleveland Bay over a century ago, 1s extensively
bred 1n the North and East [idings of the county, aml
the thoroughbred has taken a share in its development.
The colour is usually bay or brown, the legs bemg black.
The mane and tail are abundant, but not curly, and
black in colour. A fine head, sloping shoulders, strong
loins, lengthy quarters, high-stepping action, flat legn,
and sound feet are looked for, and there should be an
abundance of bone and muscle. The height varies from
16 hands to 16 hands 2 inches.

Smire (Plate V., 1).—In the closing years of the
eighteenth century, Arthur Young. describing his agn-
cultural tours. made reference to the large black old
English horse, ‘the produce prineipally of the Shue
counties in the heart of England.' Long previous to
this, however, the word Shire, in connection with horses,
was used in the statutes of Henry VII. By the various
names of the War Horse, the Great Horse, the Old
English Black Horse, and the Shire Horse, the breed has
for centuries been cultivated in the rich fen-lands of
Lincolushire and Cambridgeshire, and in many counties
to the west.

The Shire is the largest of draught horses, the
stallion commonly attaining a height of 17 hands or
more, Though the black colour is frequently met with,
bay and brown are now more usually seen. The lighter
colours, such as chestnut, roan, and grey, are not viewed
with much favour. With their immense size and weight
—1.800 Ib. to 2,000 Ib.—the Shires comhine great
strength and they are withal docile and iotelligent.
They stand on big massive legs, 11§ to 124 inches below
the knee. with 1} to 2 inches more below the hock
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There is a plentiful covering of long hair extending down
the back of the limbs from knees and hocks to pasterns.
The head 15 of medium size, and hroad between the
eyes. The neck is fairly long, and well arched on to the
shoulders, which are deep and strong. and moderately
oblique. The chest is wide and full, the back short and
straight, the ribs are round and deep, the hind quarters
long, level, and well let down into the muscular thighs.
The cannon hones should he flat, heavy, and clean, and
the feet wide, tough, and open at the heels; pasterns
with sufficient slope, but not long and consequently
weak. A good type of Shire horse combines sym-
metrical outline, and straight, free, forward action,
with clean, heavy, flat bone, and plentiful hair, not
wiry, but strong and decided, without any tendency to
woolliness. .

Cryprspave (Plate V., 2).—The home of this Scotch
breed of heavy horses is in the valley of the Clyde. The
Clydesdale is somewhat smaller than the Shire, the
average height of the former being about 16 hands
2 inches. The shoulder is more ohlique than is the case
with the Shire. The favourite colour is brown, parti-
cularly if of a dark shade, or dappled. Black is also a
common colour, hut grey is not encouraged. White mark-
ings on one or more of the legs, with a white star or
stripe on the face, are quite usual. The feathering '—
that is, the development of silky hair on the backs of
the legs—is a pomt to which Clydesdale breeders attach
much importance, it being regarded as an indication of
strong, healthy bone. The bones of the legs should be
short, flat, clean, and hard. With symmetry, activity,
strength, and endurance, the Clydesdale associates a
good temper and willing disposition, and is easily broken
to harness.

The breed is in great demand for export. The
following figures of export certificates issued by the
Breed Society are of interest:—

1903 . . 411 1907 . . 1172 1911 . 1617
1904 . . b36 1908 . . 531 1912 . 71348
1005 . . 653 1909 . . 1349 1013 . . 837

1906 . . 1817 1810 . . 1581
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BurroLk (Plate V., 3).—Whilst the Shire and the
Clydesdale present many points in common, the Suffolk
is a horse which is quite distinet from either. In height
it ranges from 16 hands {o an ccecasional i7 hands, and
stands on short legs, free from the ' feather’ which is
80 much admired in the two other heavy breeds. How
long the Suffolks have been associated with the county
after which they are named is unknown, but they are
mentioned as long ago as 1586 in Camden's Britannia.
A striking testimony to the purity of the race is found
in the fact that they always breed true to colour. The
Buffolk Horse is always a chestnut, although the shade
may vary from the light sorrel to the dark mahogany.
Owing to the purity of the breed it has been found of
considerable value for crossing with native mares in the
Colonies and dmerica, and consequently of recent years
an increasing export demand has been established. The
Suffolk is of a hardy constitution and an easy keeper,
when mature weighing up to 2,400 lb. Owing to his
deep well-ribbed-up appearance, he is known as the
Suffolk Punch.

FEEDING AND MANAGEMENT OF HORSES

Treatment of the Foal.—When a mare gives birth to
a young animal she is said fo foal, and the offspring is
called a foal—a colt foal, if a male; a fily foal, if a
female. She suckles the foal for five or six months,
during which time it runs with its dam, occasionally
accompanies her in her work, and learns to graze, and
to partake of such fodder as crushed oats and bran—
nitrogenous foods that help the young creature to build
up its muscle. At the end of the period named. the foal
is separated from the mare and weaned. Its diet then
congists of oats. bruised or whole, and hay, and it should
have two or three meals a day, with a little bran or
boiled linseed added at the evening meal. If skim-milk
from cows is available, it may be given to the foal for
some time after weaning, and, though housed at night,
the foal mav have a run on a pasture during daytime
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A foa] will thrive better in company with other foals
than if kept alone. It should be accustomed to the halter
even hefore it is weaned, and later to harness. Kind
but firm treatment will be found more effectunl than
rough usage, and the young animal should be taught to
obey the voice rather than be driven with the whip.
A good ploughman works his horses almost entirely by
the voice.

Soft. spongy pastures, growing a rank, but good
herbage, are the best kinds of grass land for rearing
young horses during summer. as they favour the growth
end expansion of the hool. In winter the young animals
are usually housed, but have access to large airy yards,
as exercise is absolutely essential to their healthy
development. Some of the most successful breeders,
however. prefer to let the foal run all' the winter on
grass, sheds being available for shelter in bad weather
and for feeding in. Regular feeding with generous faod
wust be continued. Linseed cake, beans and peas, oats
and hay, with a few cut swedes, are suitable fooda.

Breaking-in to Work.—At the age of two to three
vears the young animal should be broken to regular
work on the farm, a start being made in the plough
team belween two steady old horses. A heavy roller
is also usefn! for the same purpose. It is not wise, hiow-
ever, to do much carting with a young horse. or to work
it on the hard roads till it is between four and five years
of age.

The ieeding and management of the mature horse
must be determined strictly in accordance with the
objects for which 1t is kept., Whether used for
riding or driving, or for purposes of draught, in towns,
or on farms, the horse is & working animal. The perform-
ance of work involves, especielly in the case of under-fed
animals, & waste of tissue. and, to make this good,
aitrogenous food is necessary.

But the performance of work equally rexulis in the
svolution of heat, and this is largely due to the oxidation
of carbon. Consequently the horse requires a®liberal
supply of carbonaceous {ood along with the nitrogenons
material. For horses of speed—racers and hunters—
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beans, oats. and hay are found most suitable. For
draught animals a ration containing a somewhat greater
proportion  of carbohydrates will be found more
economical, and a certain amount of straw may be fed
m the form of chaff

The basis of a winter ration for & farm horse may be
taken at about equal weights of oats and hay, say—

“Osts, 12 [bs. per day = 84 lba. (or 2 bushels) per week
Hay, 16 1bs. . = 112 lbs. jor 1 cwt.)

In practice a certain amount of the hay is replaced by
straw, which is usually fed as chaff, and in some of the
northern counties the farna horses are fed on oat straw
and oats alone without addition of hay. In some cases
where there 1s a good market for oats it may be more
economical tosuse & mixture of maize and beans in the
proportion of 2} of the former to 1 of the latler. especially
when maize 1s at a reasonable price. When maize is
used it is advisable 1o give clover hay of good quality
along with it in order to supply a sufficient quaatity
of flesh-formers in the diet.

A horse has not the capacious stomach of an ox or &
shieep. neither has it the power of ruminating its food
For these reasons, it is necessary that horses should have
their food in a more concentrated form and at regular
intervala.

All corn is best given crushed or bruised along with
hay or straw chaff, 50 as to prevent bolting and o ensure
complete mastication. -

The quantity of food given at any season should be
regulated by the amount of work on hand. and every
micrease in work should be met with an wcerease iu the
quantity of food.

Spriog and autumn are two busy periods. and farm
horses, as a rule. should receive a more liberal ration at
these times.

Digestibility ia promoted by well mixing the cheaff
and other ingredients together, and moisteaing the mass
with water the day before it is required for use. A
moderate allowance of ruoLs, or other green foods.as they
come in season, should be given. A lump of rock-sait
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should always be kept either in the manger or in any con
venient plauce where the gnimals may have access to it.
Regularity of feeding should be practised, moderate
meals at fairly short intervals being, on account of the
aature and duties of the horse, preferable to heavier
meals at longer intervals  An abundant supply of pure
water, suft rather than hard, should always be
available.

The stable should be commodious. freely veutilated.
well-drained, and withal warm and comfortable. It is
mast tmportant that stable drains should be on the sur
face, and should empty into traps outside the stable.
A horse 1 a fairly warm stable will require less food
for the maintenance of the heat of the body than if kept
in a cold, draughty building. At the same time, it ia a
serious error (o secure warmtih at the sacrifice of pure
&ir. Horses often incur more risks of ill-health in badly
constructed stables than they do in the field, and when it
is remembered that, in winter time, farm horses often
spend sixteen hours out of the tweniy-four in the atable,
the importance of a healthy dwelling-house i at once
seen to be very great.

COST OF HGRSE LABOUR

As the basis of all charges for tillage operations
depends on the cost of horse labour it will be worth
while here to make an estimate of the actual cost to
the farmer of keeping a working horse for a year. The
question of feeding must first of all be considered. and
it will be found that the razions suggesied below approxi-
mate very closely to those used on well-managed farms
throughout the country:—

. Cost af Feeding.
Winier.—Say, some 32 weeks—Octaber to May.

2 bushels of oats per week ai 2s. 3d.
1 ewt. of hay per week at 3a. .
1 ewt, of straw per week at 9d.
{for chall and mmr)
Linseed and » few roots

c quwas
w ool
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COST OF FEEDING— confinued.

Summer —8ay, some 20 weeks— May to October

o d
1 hushel oate sl 2z 6d v 8
Grazmg ut 26 6d 2 6
Cu fudder sirav, eay 6
[

This, on the averace, would be a little over 75 6d
per week throughout the year.

The other items connected with keeping a farm horse
ey be estimated as follows:-

Cost of Keeping a Farm Horse for a Year.

£ o d
Food 2 0 0
Shoeing wnd ‘share of blacksmith's work con-
nected with tesm. ssy . 200
Depreciation of harness 1 o
Deprecistion on value of horse, 10 per cent.
on £40 4 0 0
Iucidentals, inclmlil.g \xlermnry witendance
and medicine, rent of siable snd extra
lsbour, eay A. 300
£30 10 ¢

According to the class of =oil and the weather, the
total number of horse days in the year will vary, as a
rule, on farms in different parts of the country from 220
to 260 full working days. Taking the average as 240
days, and dividing this into £30 105, we sece that the
actual cost of horse labour per day amounts to & little
over half-a-crown.

If an extra 5¢ to 6d. per day is allowed for loss of
time and upkeep of implements of tillage, such as
ploughs, cultivators and harrows, the total cost per
horse works out at 3s. per day.

Three shillings per horse per day, therefore, seems
a fair charge for a farmer to allow when estimating
the cost of his cultivations.
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The amount allowed for depreciation on the original
value of the borse in the above calculation may in some
cases appear too high. Thus in some cases where 1v is
the practice to breed, rear, and break-in young horses.
working them for a year or two before selling them
for town work, the cost of horse labour to Lhe farmer
19 considerably reduced.

Again, where teams of aged horses are used they
may go on fur a number of years with scarcely any
depreciation in value,

CHAPTER XXIV

CATTLE: THEIR BREEDS. FEEDING, ARD
MANAGEMENT

Tur native breeds of cattle recognized in this country
include :—

Shorthorn Longhorn Jersey

Hereford Red Poll Guerneey

North Devoa Aberdeen-Angue Kerry

Routh Devon (Hams} Galloway Dexter

~useex Highland Lincoln Red Lo 656
Welah Ayrshire British-Holstein [*

With three exceptions (Shorthorn, Longhorn, and
Red Poll) thewe are all distinguished by geographical
names, which indicate what may be called the ‘homes’
of the breeds. and which serve to show where they
reverally omginated. The Shorthorn, Hereford, North
Devon, Bouth Devon, Sussex, Longhorn, and Red Poll
breeds belong to England. The Aberdeen-Angus. Gal-
loway, Highland, and Ayrshire breeds helong to Scot-
land. The Jersey and Guernsey are the Chanoel Islands
breeds, and the Kerry and Dexter are Irish breeds. .

Some breeds of cattle are specially distinguished a#
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beef-makers. These 1nclude the Shorthorn, Hereford,
North Devon, Sussex, Welsh. Absrdeen- Angus,
Galloway, and Highland.

Certain breeds have become famous as milk-producera,
and make excellent dairy cattle. Such are the Short
horn, South Devon, Longhorn, Red Poll, Ayrshire,
Jersey, Guernsey, Kerry, Dexter, and British-Holstein.

Besides the Shorthorn, however, the South Devon, the
Welak, the Red Poll, the Dexter, Kerry. and one or twu
other breeds are claimed, by those whu have hestowed
care and attention upon their iupravement, as useful for
both beef-producing and dairy purposes.

The biggest and Leaviest cattle come from the beef-
making breeds, and at the Christmas fatstock shows
huge oxen may sometimes he seen weighing & tan or
more each, these. however. being often cross bred. Very
large beasts, if pure bred. usually belong to either the
Shorthorn, Hereford Sussex, Welsh., Aberdeen Angus,
South Devon, or Galloway breeds. The North Devon,
Red Poll, and Guernses are medium-sized cattle; the
Ayrshires are smaller  The Jersevs are small graceful
cattle, but the two Jrish breeds furnish the smallest
cattle of the British Isles

As to colour, red characterizes the Lincoln Red,
North Devon, Sussex, and Red [Poll. Black is the
dominating colour of the Welsh, Aberdeen-Angus, Gal-
loway, Highland. Kerry. and Dexter. A yellowish colour
is common In the Guernszey and South Devon breeds.
Various shades of fawn colour are seen in the Jersey
cattle. The Herefords, thouch with red bodies, have
white faces, manes, and dewlaps, whilst white prevails
to a greater or less exteut in the Shorthorn, Longhorn,
and Ayrshire breeds. The Shorthorn breed is exceed-
ingly variable in colour; pure bred specimens may be
either red, or white. or roan, or may be marked with
two or more of these colours, the roan resulting from
a blending of the white and red. Black is not seen in
a pure bred Shorthorn

Snortmorx (Plate VI.. 1 and 2).—This is the most widely
distributed of all the breeds of cattle both at home and
abroad. Although its origin is lost in antiquity, it may
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be said to have been brought into prominence during
the last quarter of the eighteenth century by the exer-
tions of the brothers Charles and Robert Colling, who,
by careful selection and breeding, greatly lmpro»ed the
Shorthorn cattle of the Teeswater district, in the county
of Durbam. It is indisputable that the efforts of the
brothers Collings had a profound influence upon the
fortunes of the breed. which is still termed the ‘ Durham
breeds in most parts of the world save in the land of
its birth. Other shrewd breeders took the Shorthorn is
band and established famous strains, the descendants
of which can be traced down to the present day. Of
such breeders, the best known are Thomas Booth, of
Warlaby and Killerby, in Yorkshire, who originated the
‘Booth ' strains of Shorthorns; Thomas Bates, of Kirk-
levington, in Yorkshire, by whom the ‘Bates’ families
were established ; and, in later years, the brothers Amos
and Anthony Cruickshank, of Sittyton, Aberdeenshire,
the originators of the  Cruickshank® strains of cattle.
Vhen Bhorthorn breeders of to-day talk of 'Booth’
blood, of ' Bates’ blood. or of ‘ Cruickshank' blood,
they refer to animals bred from the respective herds of
these breeders.

Shorthorns vary in colour, ranging from & bright or
rick red to pure white, The most popular colour is s
mixture of the two forming & roan, which msay, bhow-
aver. vary from light roan (nearly white), in different
grades of colour, to dark roan (almost red). .

The breed is distinguished by its symmetrical propor-
tions end by its great bulk on a comparatively smal
frame. The head of the wmale is somewhat short, broad
across the forehead. but gradually tapering to the nose;
it should show strength and wmasculine character. the
nostril fuil and prominent, the nose itself of a rich flesh
colour; eyes bright, prominent, and placid. The bead,
crowned with curved and rather flat horns (unuenally
short in comparison with other British breeds), is well
set into a lengthy, broad, muscular neck : the chest wide,
deep, and progectmg shoulder< fine, oblique, and well
formed into the chine; fore-legs short and wide apart;
with the upper arm la,rge and powerful; barrel round,



PLATE VL.

i SmonTHORS COW

3
e
| -
B
- =
2
=
=
E
3
s
E
7




PLATE VI.—continued.

3 HEREFORD COW AND CALP

4. NORTH DEvOK Cow.
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deep and well ribbed up towards the loins aud hkips,
which should be wide and level; back straight from the
shoulders to the sctting of the tail; the hiud quarters
lengthy, but well filled up; the hair plenuful, soft. and
mossy, with a hide not too thuin, and having a finc and
mellow touch.

The female possesses nearly the same characteristies
es the male, except that the head is finer, longer. and
more tapering, the neck thiuner and altogether lighter,
and the shoulders more inclined to narrow towards the
chine. The udder should be square and full, and the
teats placed wide apart

The popularity of the Shorthorn arises from its
unrivalled range of adaptability. thriving in all coun-
tries and all climates. It is unsurpassed as a heef pro
ducer, being remarkable for its quick-feeding properties
and early maturity, animals of the breed attaining to
very great weights. It 15 not less well known for the
production of milk. In some herds the production of
beef is the chiel object, whilst in others the milking
qualitiea are specially considered, and it is this dual
capacity for the production of beef and milk which bas
led to the Shorthorn being designated ‘the dual pur-
pose animal.” Shorthorn cows have yielded upwards of
six gallons of milk per day, and 2} lb. of butter in
twenty-four hours. Three-fourths of the milking cattle
in Great Britain and Ireland are Shorthorns, a striking
testimony to the utility of this breed for dairy pur-
poses, its value in this respect being enhanced by ita
ability to put on flesh quickly when dry, and become
a good carcase of beef, a guality not possessed by any
other breed in the same degree. One characteristic of
the 8horthorn breed of cattle is its great prepotency—i.e..
the power to stamp its own good qualities on any and
every other breed on which it may be crossed. For
crossing purposes, therefore, the breed is unrivalled,
and there is more of the Shorthorn than of any otber
blood in the majority of cross-bred cattle. Improvement
has followed the use of the Shorthorn in size, form,
quality, rapidity of growth, and aptitude to fatten at
an early age. In this country its importance exceeds
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that of any other breed, whether it be viewed as a
grazier's beast or a daryman’'s cow. and 1o numbers
it probably equals those of all other breeds taken
together. Shorthiorns may be seen at nearly all the
fairs and cattle markets 1n this couulry, a statement
that can be made of no other breed.

Hereroro (Plate V1., 3).—The caitle of this breed are
typical of Herefordsinre and the adjoining counves. The
bull should bave a moderately short head. broad fore-
head, aud horns nearly resembhing the colour of wax,
springing straight out from the side of the forehead and
ehglily droopwg; those with black tips or turning up-
wards are nut regarded with favour; the eye should
be full and prominent, the nose should be broad and
clear (& black nose is objectionable), the body should be
massive and cylindrical on short legs, nthe outline
straight, chest full and deep, shoulder sloping but lymng
well open at the top between the blades, neck thick and
arched from the head to the shoulders, ribs well sprung,
flank deep, buttocks broad and well let down to the
hocks, the tail neatly set and evenly filled beiween the
setting of the tail and the hip bones, which should not
be prominent, the whole carcase should be evenly
covered with firm flesh, the skin should be thick and
mellow to the touch, with soft curly hair of a red
colour, but the face, top of neck, and under-parts of the
body, should be white.

The same descriptiou would apply to the cow, ex-
cepting tbat she should be grown upon more feminine
and refined lines, the head and neck being less massive,
and the eyes should show a quiet disposition. The Here-
ford cow under the system of wanagement usually
pursued in Herefordshire, on the North American ranch,
and on the South American estancia—that is, allowing
each cow to raise her own calf, both running together
in the pastures, does not develop the milking properties,
but there are many instances of Hereford cows brought
up to the pail making excellent dsiry cattle, the milk
being very rich. :

Herefords are practically immune from tuberculosis,.
only two per cent. reacting in a large number tested
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each year. They also stand thedrought in dry countries
better than any other breed.

The Hereford 1s essentially a beef breed, and reaches
maturity at an earlier age and at less cost than any
other breed. The steers readily fatten at two years old
on grass alone, and in the summer months they
command the top price in the London market

Norta Devos (Plate VI, 4).- The cattle of this breed
—the * Rubies of the West," as they are often termed, in
allusion to their colour—are rcared chiefly in Devon
and Somerset. They are of a whole red colour, the
depth and richness of which varies with the individual,
and which in summer becomes mottled with darker
spots. The skin is typically orange-yellow, but orange-
red inside the ears. They stand somewhat low, are neat,
compact, ang plump, possess admirable symmetry, and,
though they do not attain the size of the Shorthorn
or the Hereford, yet, taking their beight into considera-
tion, they perhaps weigh better than either. In the
male animal the thick-set horus project straight out at
right angles to the length of the body; in the female
they are more slender, and often curve neatly upwards.
Being fine-limbed, active animals, they are well adapted
for grazing the poor pastures of their native hills,and they
turn their food to the best account, yielding excellent
beef. They bave not attained much celebrity as milch
kine, for, though their milk is of first-class quality, its
quantity is usually small. Attempts are being made to
improve the milking qualities, and in time they are
likely to become a general utility breed.

Sourr DEvox (or Hams) (Plate VI, 1).—Originating in
the southern portion of Devonshire, the breed has spread
throughout Devon and Cornwall, and since the estab-
lishment of the Herd Book, in 1890, these cattle bhave
been exported in large numbers to South Africa, the
Argentine, and Australia. They are claimed to be the
heaviest cattle known, steers of two years of age commonly
turning the scale at 74 cwt.; their beef is well inter-
leaned, and the cows are heavy milkers, with a high
percentage of butter fat. Colour, from dark red to
orange; face long; horns white and spreading; and
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constitution hardy. They stand the tuberculin test well,
and possess the characteristies of the typical buicher's
and dairyman’s apimal.

Sussex (Plate VIL, 2).—This old-established ULreed,
which takes its name from its native county, ia in great
favour on the wealden clays and the marshlands of
Sussex, Kent, and Surrey. It has many points of resem-
blance to the Devon breed. The Sussex cattle, however,
are bigger, less graceful in outline, and of a deeper
brown-chestnut colour than the Devons.

They are one of the hardiest of breeds, akle to thrive
and do well under the most unfavourable circumstances
as regards food, suil, and climate. and practically free
from disease. They are highly valued 1n their pative
districts, where they have been rapidly improved
during recent years. They are essentiglly a beef-
producing breed, the cows having little reputation as
milkers. Dy stall-feeding they can be ripened off for
the butcher at an early age. The Sussex cattle are said
to ‘die well'—that 1s, to yleld a large proportion of
weat in the best parts of the carcase.

WeLsa cattle (Plate VII., 3) constitute one of the most
ancient breeds, of whick several varieties are recog-
nized in Wales. They are mostly black in colour, though
& chocolate or brown tinted black is favoured in some
districts. There are a few white hairs in the tip of the
tail and near the udder o the cow. The long horos are
of a deep blood-tinted yellow, with dark points. When
fully grown they make big. ponderous beasts, and,
though they do not mature very rapidly, their beef is of
prime guality, being firm and nicely grained. The cows
often acquire considerable reputation as milkers. As
grazier's beasts they are well known in the Midland
counties of England, where, under the name of Welsh
Runts, large berds of bullocks are fattened upon the
pastures, or ‘topped up ' in the yards in winter. Welsh
cattle are extremely hardy, and it is claimed that they
are unusnally free from tuberculosis.

Loxomonrx (Plate VII., 4).—Before the advent of the
Shorthorn this grand old breed was widely spread over |
England and some paris of Ireland, not omly in the
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Midlands of England, but also on the bleak pastures of
Cumberland and Westmorland. They were invaluable
to cheese-makers, as their milk produced so much curd
Bakewell. of Dishley, in his day did much to improve
them, and they soon realized high prices; but for want
of greater care in breeding, and with the newly arrived
fashionable Shorthorn taking hold of popular fancy, the
old breed became greatly reduced.  During the past
twenty vears they bave inuch improved, and are slowly,
but surely, winning their way back into public favour.
They are splendid milkers, weighty beasts, producing
first-rate beef, and possessed of marvellous constitu-
tions. An ox of this breed, when matured. is a majestic
animal, whilst the crosses make the best of steers; first-
cross cows, too, are magnificent milkers. Longhorn
milk, as proved at the Royal Agricultural Society of
England’s Show, 1910, contains no less than 4'72 butter
fat, and was only very slightly exceeded by three Jersey
cows in a total of seventy cows tested, and with o butter
yvield of 2 1b. 23 oz per diem.

The cows have wide-branching horns, and many
have horns incurved. The cattle are preferred to
be of a mulberry, clay, or brindled colour, with o
white line along the spine. The last point is absolutely
essential.

Rep Porw (Plate VITL., 1).——This is the only horuless
breed of English cattle, originating by the skilful mating
for over one hundred years of the old Norfolk and Suffalk
Red Poll. An excellent type of animal has been evolved.
which combines the red colour and beef-producing
quality of the Norfolk with the milk production of the
SBuffolk. The quality of the milk given has always borne
a good reputation. At the London Dairy Show, 1809, the
average percentage of butter fat given by the breed
TaE—

Morning Frening
Cows. . - -85
Heifors . . . 446 RN

one heifer giving over b per cent.
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In the Herd Book of 1909 eleven herds publish records
of 220 cows; of these—

Sg cows mversge over 8, (IO() Ib of milk per snnum.

" o ” n ” "

mn o, " " 10000 "

Two small herds average 8.000 lb. and the largest herd
7.29) lb. per cow.

Early maturity 1s evidenced hy the ages and weights
of winning steers at Smithfield Fat Cattle Show, 1909:—

Yeara. Months Days Cwis Qry Liow
1 10 3 11 3 27
1 ) a 12 — —
2 8 29 16 — 2
2 11 4 15 _ 2

Experience in cross-breeding confirms the expectation
that a Red Poll parent mated with a horned breed will
produce hornless animals.

Asperneex-Axcus (Plate VITI., 2).—This bleck bornless
breed is native to the north-eastern counties of Scotland,
where it ean be traced back as early as the first quarter of
the sixteenth ecentury. At the present time it is found in
almost every Scotch county, and there are also many
herds in England and Ireland. Outstanding names as
improvers of the breed are those of Hugh Watson,
Keiller, Forfarshire (1808-60), and. for Aberdeenshire,
William McCombie, of Tillyfuir, and Sir G. M. Graat,
Bart., of Ballindalloch.

Although Aberdeen-Angus cattle have valuable dairy
qualities, their milk being rich, the rapid rise in popular
esteern of the breed during the last twenty-five years is
mainly due to.its value in beef production. Combined
with early maturing properties and meat of fine quality,
the proportion of dead to live weight is unusually high.
and holds the record with 763 per cent. yield. Aberdeen-
Angus cattle are valuable for crossing purposes, a
prominent characteristic of the breed being its great
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potency in transmitting its properties of beef-production
and early maturity. It may be added that the breed
18 highly esteemed in Canada and the United States.

Garroway (Plate V111, 3).— This hardy and impressive
breed of polled caitle took its name from the province of
Gatloway, which is now confined to the two south-
western counties of Scotland, but which in ancieat times
comprised the six counties which lie to the west of a
line drawn from Glasgow to Carlisle on the English
border. The same race of cattle has been kept from
time immewmorial in Cumberland, the most north-
westerly county of England.

Galloways as a breed cannot lay claim to any special
superiority as milkers. Their milk is rich in quality,
but the quantity they give is not large. It is mainly as
a beef-produsing breed that Galloways have made a
name for themselves. The quality of their beef is ex-
ceptionally good. In respect of proportion >f dead to
live weight, Galloways kill unusually well.

The Galloway is admitted on all hands to be the most
hardy among BEritish breeds of cattle, except the shaggy,
long-horned West Highlander, and the difference
between them and that picturesque breed in this impor-
tant quality is very slight. A large number of Galloways
are wintered in the open air in Scotland and the North
of England, and this fact, along with their exceptionally
vigorous constitutions, are probably the reasons why
tubereulosis is almost unknown in the breed

They not only are now, but have been from time im-
memorial, polled or hornless. Originally their colours
were varied—black, red, brindled, and duns being not
uncommon, but for many years, with trifling exceptions
of a few dun ones, they have been ‘black and all
black.’

The remarkable impressiveness of the Galloways is
a characteristic for which the breed has long been dis-
tingnished where it is known. Alike in respecy of colour,
absence of horns, and general outline and symmetry,
their offspring from cows of other breeds have very
closely resembled the black Galloway Polls. When a
Shorthorn or other spotted bull is put to Galloway cows
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the produce shows a mixture of black and white hairs—
‘ blue-greys,” as they are popularly termed in Britain.
Their impressiveness 1 freeing their produce from horns
is marvellous.

Hicunrasw (Plate VI, 4).—It is thought by many that
this picturesque breed is an ul»oru:ma\ one, but, whether
this be so or pot. it is certain that no cattle in the
United Kingdom have retained in greater uniformity the
same characteristic as a distinet breed than the Hizgh
landers have doue, and this seems Lo point to the con
clusion that there has been litile change in the character
of this class of cattle except that produced by a more
careful system of breeding. The outstanding charac-
teristic of the breed is its hardiness. Highland cattle
seldom suffer from any of the diseases to which other
breeds are liable, and tuberculosis is unimown. The
bardiness of their constitution enables them to stand a
great amount of cold and wet, and during the winter
they can be left outside without shed or other artificial
shelter. Highland catile can also exist on pasture
where other softer kinds would starve, while uo breed
thrives better on good pasture. They are also useful
in clearing up rough and rank grass left by other stock.
The quality of their beef is exceptionally good, and that
of well-finished animals meets with a ready sale, and
fetches the highest price in the market.

The leading pointa are as follows: Head propor-
tionate to the body, broad between the eyes, and short
from the eyes to the point of the muzzle. Forelock
between the eyes wide, long. and bushy. Eyes bright
and full. Horns, in the bull, strong, coming level out of
the bead, slightly inclining forwards, snd slightly rising
towards the points. The horns of the cow should rise
sooner than those of the bull and be somewhat longer,
and should have a rich reddish appearance to the very
tips. Some -prefer that the horns of the cow should.
come more level from the head, with a peculiar back-set
curve and very wide sweep., which gives a graceful
appearance. Neck clear and without dewlap below,
forming, in the cow, a straight line from head to
shoulder. Shoulder t]:uck filling out greatly as it
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descends from the point to the lower extremity of tha
forearm. HBack as straight as possible, fully develuped,
and rounded from behund thie shoulder. Ribs springing
baldly out, well rounded and deep  Breadth across the
hips very great. Thighs well developed, showing great

fulness. Quarters well developed from the hip back
wards, square between hips and tail.  Legs sbort and
strong both before and bLelind, bones strong, broad, and

straight ; legs well feathered with hair, hoofs well sat
in and large. The animal should be set wide between
the fore-legs. Hair very profuse, more particularly on
the parts indicated ; long, without any tendeney to curl
Tail long and well covered with hair at the end. Skin
thick, but pliable. Usual colours: black, brindled, red,
yvellow, and dun.

Avesaire ¢Plate IX.. 1).— This esscutially duiry breed
was already established in the north of its nauve county
by the end of the seventeenth century, and it is now
eadely distributed through Scotland, England (especially
around London), and North lreland. Ayrshires are also
exported iu large numbers w most of the British
Dominions, and to the United States. They are charac
terized by their wedge-shaped formation and ‘flecky,
well-defined markings (varying from deep red to light
mahogany) on a white ground. Of recent years there
has been an increase in white ammals, some being all
white, save for dark markings on the head and neck.
The character of the horns may be gathered from the
illustration.

The following are the chief poiuts to be looked for 1n
the breed: Head short, bread forehead, muczte large.
without coarseness, and eyes full and bright ; neck fine
throughout, of good length, and free from loose skin;
forequarters thin and light; the body set on straight,
short legs, well apart; the back strong and svraight;
ribs, long, broad. wide apart, and well sprung, with
abdomen eapacious, deep, but firmly held up; bind-
quarters wide, level, and long. hocks wide apary, thighs
thin, long, and wide apart; tail long, fine, set on & level
with the back. Great stress is placed on the shape of
the udder, which should be long, wide, and deep, but
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not penduloug nor fleshy, and should be firmly attached
to the body. The vessel should extend well up behind,
and far forward, quarters even, sole nearly level. and
malumary veins large, long, and tortuous, bra 1g and
emering large orifices.  The teats should be evenly
placed, length 24 to 34 inches. hang perpendicular,
slightly teper, and give a free flow of milk on pressure.

Ayrshire cows yield on the average about 540 gallons
of mulk per ernum. but many are capable of giving from
800 to 1.000. The Ayrshire is peculiarly the cow of the
small farmer. Her price is within his reach. She takes
kindly to care and aitention, and no cow will yleld a
greater return for labour hestowed on her.

Jemsey (Plate [X.. 2).—This race of catile is naiive to
the island of Jersey. and has been kepi pure for many
generations Ly means of stringent importZtion regula-
tions. It claims 1o be one of the oldest pure breeds
extant, is noted for its dairy qualities and the richiness
of its milk, the old breeders having turned their atten
tion to these points only. without considering the becf-
producing properties of their cattle. The Jersey does
not elaim to be a dual-purpose cow, and therefore she does
not easily put on flesh. She is a great favourite in
England, where her value as the best butter-producing
cow has beon demoustrated in the public butter lest triala
that have been carried out during the past twenty-four
vears, the averare results from which are as follows—

Yields per day.
Number of Days in — Ratio
cows tested. milk. Milk ter.
2902 ... 106 ... 321b. ldoz. ... llb. 12Joz. .. 1862

Or about 8 qoarts of milk required to make 1 1b. of butter.

The colours of the Jersey are light and dark fawn,
silver-groy and mulberry, mixed occasionally with white
At one time the fashion in England demanded whole or
solid coloured animals, but this has practically died
out.

The following are the points characterisiic of the
breed : Head, small and lean ; {ace dished, eyes full and
placid ; horns neat, well formed, small and convex. well
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tinged with yellow ; ears small, thin, and yollow insids;
neck and throat straight, thin, and cleaa; back level,
and broad at loins; barrel well sprung, deep at flanks;
legs short and small. and generally fine in bone through-
out; tail long and fine; hide thin, mellow, and of a
vellowish tinge; hair sofiy; udder symmetrical- full
forward and behind ; teats squarely placed and not too
short ; milk veins large and long ; eseutcheon large and
full on thigh.

The question of pedigree in Jerseys is peculiarly im
portant to breeders, as the influence of the sire in
carrving on the milking proclivities of the breed is most
marked.

The cows are gentle and docile, but the bulls, despite
their small size, arc often fierce,

Guerxsrte(Plate 1X.. 3).— The islands of Guernsey,
Alderney, Sark, end llerm are the homes of the
Guernsey cattle, which are kept pure there by the aame
kinds of restrictions as are adopied in Jersey for the
protection of the native Lireed of that island, Herda
of pure-bred Guernseys exist in the Isle of Wight and
in various southern counties of England. They have
not the refined and elegant appearance of the Jerseys,
but they exceed the latter in size. They are usually
of a shade of fawn. with or without white markings,
whilst in some cases their colour almost merits the appel
lation of ‘orange and lemon.” The nose is eream-
coloured and free from black markings, whereas in the
Jerseys there is a dark muzzle. encircled by a light
colour, thus giving & ‘mealy-mouthed’ appearance.
Points taken to indicate the colour of the milk (or in
bull that of offspring): Skin yellow in ear. on end of
tail, base of horns. and body generally (also udder and
teats in cow); hoofs amber-coloured. The head sbould
be fine and long; the muzzle expanded. with wide
nostrils ; eyes large and gentle ; forehead broad; horns
vellow at base, curved, and not coarse. The neck shounld
be long (thin in the cow and masculine in the bull), and
the throat clean. The back should be level to root of
tail, broad and level across loine aand hip, running long;
thighs long and thin; tail fne, and reaching to hocks,
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good switch. The ribs should be amply and fully sprung
and wide apart; the barrel large and deep. The hide
should be mellow and flexible to the tauch. well and
closely covered with fine hair. The cows, large-bellied
and narrow in front, are truly wedge-shaped, the greatly
developed milk-bag adding to the expanse of the hinder
part of the body. The udder should not only be large,
but elastic, silky, and not fleshy; teats well apart,
squarely placed. and of good and even size. They yield
an abundance of milk. rich in fat, so that. like the
Jerseys. they are admirable butter-producing cattle.

Kerry (Plate IX., 4).—This is a black breed of cattle.
indigenous to the southern and western districts of
Treland, and no doubt deriving its name from the county
of Kerry. Kerries are now well known all over the world
for their excellent milking properties and®economic up-
keep. They easily adapt themselves to their surround-
ings, are able to subsist on the scantiest of fare. and
thrive where other cattle would starve.

The Kerry is active in habit and graceful in form.
The cow should be long. level. and deep, her head long
and fine, horns fine at base. mottled or white, tipped
with black. upright and cocked: eves soft and pro
minent ; bone fine; coat soft and glossy in summer,
long and thick in winter; udder large, soft. and sym-
metrical, coming well under the belly ; tail long and well
put on, with long. fine, black hair at the end; weight.
about 900 1b.

A small amount of white on the udder and underline
does not disqualify for the herd book.

The bull should be whole black without a white hair;
he should have a long head. wide between the eyes. and
be of masculine character; throat clear cuf: horns
medium length. with black tips turning backward,
withers fine; back straight; weight about 1.000 lb.

Kerries are not only in themselves an estimable
breed. but invaluable as a cross with other hreeds; the
first cross between a Kerry and a Shorthorn givés ex-
cellent results, both for feeding and milking propertiess
The cross with a Red Poll also gives satisfactory resuits
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to the dairy farmer and grazier; and a cross of especin!
advantage for dairy purposes 1s that of the Jersey-Kerry
At the Liverpool Show of the Royal Agriculiural Society
(o 1510 thiree Kerrias tested for milk yielded an average
of 57 lb. 4 oz. 1 twenty-four hours, forty-two days sfter
calving

Dexter (Plats X., 1).—This breed. which 1s an offshoot
of the Kerry, ia said to have derived its name from a
Mr. Dexter, and that it was the result of a cross between
a Kerry bull and a deep-bodied Irish cow, with short
tegs and capacious udder. It bas quite a distinet appear
ance and character to a Kerry, althougl sharing with
that breed excellent dairy properties, heing smaller.
deeper in the body, shorter in the leg, and altogether
more compact. Dexters are invaluable cattle for beef
production and excellent anmumals for the dairy. They
are either black or red. The bull should be whole
coloured, although a little white on the organs of genera
tion is allowable; average weight, about 900 1. The
cow should also be of one colour, but there may be a
little white on the udder, inside the flank, or underside of
the belly, or on the end of the tail. The head of a Dexter
should be short and broad, very wide between the eyes,
and tapering gracefully towards the muzzle, which should
be wide, with extended nostrils; neck short, deep, and
thick, well get into the shoulders; breast coming well
forward ; horns short and moderately thick, springing
out well from the head, with an inward and slightly
upward curve ; body square and thick; ribs well sprung.
The cow should have a straight underline., udder well
shaped, and well under belly ; tail well set on, and level
with back ; weight, about 800 lb.

The propensities, to feed or to milk, of this breed
are valuable for crossing purposes, as in the case of the
Kerry breed. Crossed with the Aberdeen-Angus, the
Dexter produces a most perfect animal for feeding pur-
poses, and evidence of this has been witnessed at the
Smithfield Club shows for many years past.

An unique breed, the ‘Dexter-Shorthorms. was
formed by the use of pedigree Shorthorn bulls on one
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Dexter beifer and her female progeny during thirty-four
years, alterwards followed by the mating of the mals
and fewale progeny.

Dexters are shown not oniy for beef at the Smith-
field Show, but alse in the dairy trials at the Royal
Agricultural Society’s shaws. At lhe miceling
pool, 1910, three Dexters yielded 1 twenty
an average of 35 Ib. 4 oz. of milk. forty-three day e after
calving.

FEEDING AND MANAGEMENT OF CATTLE

There are three methods of rearing calves:

(1) The first, the oldest method—still followed in the
case of valuable pedigree stock—is to let the calf run
with ils dam during the first season, and derive its
pourishwent direct from the udder of the cow.

(2) The method common in the North of England,
where the calf is removed at birth and hand-fed for the
frst week on the mother's milk given warm. For the
pext week or so new milk is continued, not necessarily
the mother's. and then separated milk is gradually intro-
duced until the diet consists of separated milk only made
up to the standard of whole milk with some substitute.

(3) The method usually followed in the Scuth, the
call being allowed to suck the eow for the first weck or
so, and then gradually being pur on to a diet of
separated milk, made up with some substilute as above.

On farms where no separated or skimmed milk is
available. gruel made from calf-meals (either purchased
or compounded at bome) have to be depended upon
entirely for rearing calves. In these cases a limited
quantity of new milk is generally used for the first few
weeks.

Male calves are either destined to be sold off young
to the butcher, to be killed for veal; or, in the case of
bullocks. they are generously fed in the stall, in order
to produce beef at as early an age as possible ; or, 2gain,
the best of them are kept for breeding purposes?

When cows are allowed to suckle their calves, it a8
convenient, if it can be arranged, for the latter to be
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dropped early in the year, and a heifer should give birth
to her first calf in April or May. Each year's calf then
comes a little earlier than the preceding one, so that
when at full profit, at about the third or fifth calf, the
cows are flush of milk at the time 1t fetches most money
—namely, in winter.

Calves born late in the year rarely do so well as those
born earlier. The best calves are those born in January
and February, for these become strong enough to turn
out during summer, Some breeders, however, prefer to
keep calves under cover until they are a year old.

When the calf is taken away from the dam, numerous
methods, as stated above, are resorted to by different
breeders. In some cases the calf is removed at its birth,
in others it is allowed to remain with the cow from a few
days up to a period of some weeks.

The object in view is an ingenious one. It is to still
feed the calf upon cow's milk, but milk from which the
natural butter-fat has been removed, and a cheaper kind
of fat, or some equivalent carbonaceous material; sub-
stituted for it. Although it is cheaper, it does not follow
that the substitute is any the less valuable as a con-
stituent of the food of the calf, yet the farmer secures,
for his own purposes, the butter with its relatively high
commercial value. Skim-milk, whether obtained by the
old system of setting the whole milk, or by the newer
method of passing it through a separator, contains prac-
tically all the valuable nitrogenous, saccharine, and
mineral matters of fresh milk: it has simply lost the fat.
When skim-milk is used for feeding calves, boiled linseed
is an excellent material to mix with it in order to take
the place of the cream that has been removed.

Other substances which have been used of recent
vears as cream equivalents with a fair amount of success
are:—

(1) Cod liver oil; the amount used being 2 oz. per
day, carefully atlrred into the separated milk.

(2) Pure linseed cake; being first finely ground, and
then steeped in hot water from 8 to 10 hours. .

(3) Mixed meal consisting of equal parts by weight of
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oatmeal, maize meal, and pure linseed, steeped in boiling
water and made into gruel.

A young eculf requires at first about three quarts of
pew milk daily, gradoally increasing to six quarts, and
it should get this in equal portions at regular intervals.
It should be kept as quiet and undisturbed as possible,
as this will hasien growth.

Considerable patience and some skill are required in
veaching a young calf to drink. When the little creature
has fasted for some hours, the first and second fingers
of the right hand are extended before the calf, which at
once seizes them and commences sucking. A pail of
lukewarm milk being held in the left hand, the right
hand is gradually lowered till the caif’s lips enter the
wilk, which the young one sucks up. care being taken to
keep its nostrils clear of the liquid. After a few lessons
the pupil becomes proficient, and is stimulated to
persevere by hunger.

As growth progresses and strength increases, small
wisps of hay are offered to the calf; these it first sucks,
then bibbles, and finally eats. Chopped turnips or
carrots, with sweet hay, follow, and when the calf is
able to dispose of these a further advance may be made
1o linseed and crushed oats.

In the calf-feeding trials recently conducted by the
Irish Department of Agriculture at the Cork Exhibition,
the ration fed to calves after 2 month old which gave
the best results was as follows, viz. :—

8 quarts of separated milk.

4 1b. linseed cake.

{1 lb. calf meal (comsisting of equal parts by weight of
oatmeal, maizemeal and pure Linseed).

This ration cost 11 63d. per week, and the average gain
in live weight per calf during the same period was
12% 1b.

Production of Beel.—Calves intended to he ripened
off as beel at about two vears old or less are kept in
a constantly progreasive state, and are never allowed to
lose their ‘calf flesh.” as svch loss would have to be
made good before any further growth could take place.
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At four to six months old the supply of milk is stopped,
linseed cake and oatmeal being correspondingly in-
creased. Animals cake-fed in this way under cover
produce much valuable manure.

Where beef cattle are not intended to go to the
butcher so soon, the yearling calves graze clover ‘seeds,’
or pastures, through the summer, in some cases receiving
at the same time a daily allowance of up to 3 lh. of cake
or meal per head. If, however, they are on good pasture
they do not get cake. which is only given during the
season in which they are fattened off. Early in autumn
they are transferred to yards, and fed upon straw or
hay, with a supply of roots. and 3 1h. or 4 1b. of cake
or meal, this being gradually inereased up to 10 Ib.
or 12 lb. per head per day, the young heasts going to
the butcher at from two years to two and a half years
old.

On many grass-land farms cattle are not bred but
only fattened., They are bought in as store cattle
about April or May, when the pastures begin to grow,
and are sold off fat in the course of the summer and
autumn. Land of first-class quality will fatten one beast
per acre without any additional food. Tt is. however.
becoming more the custom to give artificial food,
especially cake, as both the animal and the pasture are
benefited thereby. Hitherto store cattle have been
usually bought in, and fat cattle sold off, by guesswork.
the contracting parties relying upon the keenness of
their sense of sight and touch. Owing to the unreliable
results of such a system of dealing, the weighing machine
for cattle is coming more into use.

Winter Fattening of Cattle (sr clup. xxvii. p. 543)—
The following may be taken as an average estimate of
the quantity of food consumed. and the return which
may be expected when feeding two or three year old
bullocks in winter during the last four months.

The amount of roots consumed (principally swedes)
will vary from some 60 up to 112 lbhs. per day; the
larger quantity beingz used by North Country feeders
and the smaller in the South.
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The amount of cake and meal used wil generally
average some 8 lb. per day, siarting with 4 w 6 lh,,
and inereasing, say, 2 Ib. per month up to 10 to 12 1b.
More cake is used in the South, as a rule, than in the
North.

The guantity of har and straw used as fodder will
vary according 1o oremmsianpces, bul togetber they
should amount to some 20 lb. per day.

Calculation of Cost of Feeding Bullocks per Week.

Per day. Per week Cowt per cwt Cost prer week

The value of the manure produced 18 considered as a
set-off against the straw consumed (as fodder and litter)
and the labour

The Jive-weight increase of large bullocks. as above,
during the latter stages of fattening. may be taken at
an averaze of 201b. per werk. and allowing the prapor-
tion of dressed carcase to fatted live-weight (during the
final stages) at 70 per cent.. this represents an increase
of some 14 Ib. of dressed beel per week. A gain of
2 to 3 Ib. live-weight per day during a feeding period
of 16 to 20 wecks may be considered as good.
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CHAPTER X

SHEEF: THEIR BREEDS, FEEDING. AND
MANAGEMENT

Tue chief native breeds of sheep recognized 1o this
country include:—

Leicester Suffolk Lonk

Border Leicester Cheviot Dartmoor

Cotsvold Black-face Moun Exmoor

Lincaln tain Welsh Mountain

Keuntish, or Romney Ilerdwick Derbyshire Gritutone
Marsh Ryelund Limestone

Oxfard Down Devon Longwoul  Wenslevdale

Southdown Sonth Devon (or Kerry

Shropshire Hams) Clun Forest

Hampshire Dosn Dorset Horn Roscommun

The DBorder Leicesier, Cheviot, and Black-face
Mountain breeds may be assigned to Scotland, the Welsh
Mountain and Kerry Hill breeds belong to Wales, and
the Roscommon breed to Ireland. All the others are
English.

These breeds may be further grouped as longwool
breeds, shortwool breeds, and mountain breeds.

The longwool breeds are the Leicester, FHorder
Leicester, Cotswold, Lincoln, Kentish, Devon Long:
wool, South Devon, Wensleydale, and Roscommon.

The shortwool breeds are the Oxford Down, South
down, Shropshire, Hampshire Down, Suffolk, Ryeland
Dorset Horn, and Clun Forest.

The mountain breeds include the Cheviot, Black-face
Mountain, Herdwick, Lonk, Exmoor, Welsh Mountain.
and Limestone.

The true mountain breeds are all horned—usually the
males only in the case of the Cheviot, the Herdwick.
and the Welsh breed. The only other horned breed is
the Dorset, in which both sexes are furnished with
horns. All the remaining breeds are polled, or Leivless,
though there is a tendency amongst certain breeds, such
as the Hampshire and the Shropshire, to develop horns,
which are only kept down by means of selection.

»
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As regards colour, the Leicester, Border Leicester,
Lincoln, Kentish, Cheviot, Ryeland, Devon Longwool.
South Devon, Dorset Horn, Dartmoor, Exmoor, aud
ituscommon are white-faced breeds. The Hampshire
aund Suffolk are black-faced breeds, whilst the Black-
face Mountain and the Lonk have more or less distinet
black colour upon the face.

Leicester (Plate X., 2).—This is the breed of sheep that
Robert Bakewell, of Dishley, improved by his judgment
and skill. Leicesters are the oldest pure breed of sheep,
and have been used in the improvement by crossing of
many other breeds. - The Times, in its agricultural
columus, in (909, referred to the Leicester as ‘ that grand
old Dishley breed.” The flocks are established chiefly
in Yorkshire (East and North Ridings), Durham, Cum
berland, Westmorland, Lancashire, and Leicestershire.
The Leicester has been wonderfully iniproved of late
years, and is now produced in regard to scale and bone
almost equal to the Lincoln; and it is noteworthy that
st the Smithfield Club Show in 1907 Leicesters were
awarded the championship for longwools of any breed.
A Bradford specialist has stated that the Leicester-
Merino cross produces the champion erossbred elip of
the world.

The following is the official description of the English
Leicester: Lips and nostrils black; nose slightly
narrow and Roman, but the general form of the
face is wedge-shaped, and it is covered with short white
airs ; forehead covered with wool ; no vestige of horns;
Hiue ears (sometimes white), thin, long, and mobile, a
tiack speck on face and ears not uncommon; a good
aye ; neck short and level with back, thick, and tapering
from skull to bosom ; breast deep, wide, and prominent ;
shoulders somewhat upright and wide over the tops;
great thickness from blade to blade, or through the
heart ; well filled up behind the shoulders, giving a great
girth ; well sprung ribs, wide loins, level hips, straight
and long guarters; tail well set on, good legs of mutton,
great depth of carcase, fine bone, a fine curly lustrous
fleece (the sheep are well-woolled all over) free from
hlack hairs, with firm flesh, springy pelt, and pink“skin.
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The general form of the carcase is square or rectan-
gular ; legs well set on, straight hocks, good pasterns,
and neat feet.

Borper Lreicester (Plate X., 3) —These sheep have
held a prominent place for the purpose of crossing with
slower fattening breeds, such as the Cheviot and Scotch
Mountain Black-face, the produce of which by the Border
Leicester ram gives a cross diflicult to equal for early
maturity and quality of mutton. George and Matthew
(‘ulley, students of Robert Bakewell, of Dishley,
brought his improved Leicesters to Northumberland
(about 1767), from which they spread into other Border
counties. They did not receive the distinctive name of
Border Leicesters until about 1869. The characters of
the breed are as follows: Sharp profile, dark full nostril,
bold eye, headshigh set on a regular tapering neck. A
ram at about 18 months old stands about 32 inches in
height at the shoulder. with wide level back well covered
with firm flesh, wide well-sprung ribs, flat and wide loin,
and light offal. enabling easy and graceful movements.
Border Leicesters mature quickly and fatten early, pro
ducing in under a year a dressed carcase of 80 lb. and a
good-combing fleece of 10 to 15 lb.

Corsworp (Plate X., 4).—This large and handsome
Gloucestershire breed can definitely be traced back to
the early part of the fourteenth century, and it has
played an important part in the history of the English
wool trade. Over a century ago it was much improved
by the introduction of Leicester blood. The points of
the modern breed are as follows: The head should be
wide between the eyes, and the eye itself full, dark,
and prominent, but not coarse about the brow. The face
should be wide in proportion to the space between the
eyes, not too flat ; nostrils well expanded, and the nose
dark in colour. The head should be of moderate length,
with a well-marked tuft of wool on the forebead. The
neck should be large and muscular, with a gentle curve
enabling the head to be carried well up. The shoulders
should lay well back; shoulders and chines well-
fleshed. The ribs should be deep and well sprung;
hips and loin wide, and well-fleshed. The rump

[
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should be level with the back, the leg of mutton
well let down fo the hock and thick outside. The
legs should be straight, of moderate lengih, and well
set apart. The fleece should be thick, Jong, and lustrous.

The Cotswold mutton, though juicy, is somewhat fat.
The breed 1s valuable for crossing, as it imparts size.

Lixcony (Plate X1., 1).—These longwoolled white faced
sheep are descended from the old native breed of Lin-
colushire, improved by the use of Leicester blood. They
are a hardy prolific breed, only rivalled in size by Cots-
wolds and South Devons. For the production of wool
they have no rival among British breeds. The carriage
should be good and the form symmetrical. The body
should be deep and well-proportioned. with good bone
and length ; straight wide back, and deep wide breast;
hind quarters broad ; thighs wide and fulé, and legs well
apart; skin soft and pink-coloured. The head should
be covered with wool to the ears; forehead tufted ; eyes
large, bright, and expressive; ears fairly long, and
spotted or mottled. The neck should bhe of medium
length, well set on, and with good muscle. The legs
should be broad, well-shaped, woolled to the knees, and
white in colour. The fleece should be of even length and
quality, not less than 8 inches long for a year’s growth;
wool long, strong, rather fine, and lustrous, without
tendency to become matted.

Kext or Romvey Mansm (Plate XI., 2).—A typical
description of the breed is as follows: Head wide, level
between ears, with good thick fore-top, no horns nor dark
hair on the poll. which should be covered with wool. Face
in ewes full and in rams broad and masculine in appear-
ance. Nose in all cases broad and black. Neck well set
in at the shoulders, strong and thick. Shoulders wide,
well put in, and level with the back. Chest wide and
deep. Back straight, with wide and flat loin. Rump
wide, fong, and well turned. Tail set almost lerel with
the chine. Thighs well let down and developed. Feet
large and black. The fleece of even texture, uniform,
and of goud decided staple The skin should be of a
clean pink colour. and every effort should be made to

_improve the quality of the breech wool.
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The breed is much appreciated in its native distriet
and equally so in the continually extending area in the
Colonles and abroad, to which this breed is being
exported yearly in increasing numbers. Its hardi
ness enables it to withstand the extremes of
climatic changes with indifference. Bred as it has been
for generations upon the exposed marshes, Nature has
during this period gradually but surely left none but
those with vigorous and sound constitutions. None
others could successfully thrive in the conditions urder
which it is generally kept.

The same testimony is vouched for hy its breeders in
North America, Australasia, Tierra del Fuego, the Falk
land Islands, Punta Arenas, Chili, and the Argentine.

It has great adaptability and thrives upon rich and
poor pasturs. In its native district times of abundance
and times of scarcity are experienced, and the reason
why the breed has been able to acquire the characteristic
referred to is because it has no variation in its food
like many other breeds, heing on grassland the whole
year.

In lambing time there is no need of costly shelter.
They breed lambs in the open, and the dams take care
of their lambs. Natural treatment such as this hreed
generally gets has given it this valuable trait of being
able to take care of and protect its young without
artificial aid. Probably the most desirable characteristic
of the breed from the grazier's point of view, and also
from that of Colonial and foreign export buyers, is that
they do not flock together and taint their land, but feed
and graze singly.

The wool is demi-lustre, and has become very much
more valuable in recent years by reason of the closer
attention given it by those who are interested in the
improvement of its fleece; in fact, the fleeces of the
Romney Marsh sheep at the present time are becoming
much nearer perfection than at any previous period.
Its flesh is excellent, when grazed and fed on marshland
only. It feeds rapidly and produces mutton of high
quality, with great depth of lean flesh and small pro-
portion of fat. Its freedom from fluke and other
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infectious diseases is notable; so high, indeed, is
the reputation of the breed in this respeet ir
Australia and New Zealand that it is termed practically
fuke-proof.

Oxronn Dowws (Plate XI., 3) —This breed has been
gradually built up since 1820 by crossing shoriwool
Hampshire and Southdown ewes with longwool (ot
wold rams. Although the forelock of the latter has been
inherited, Oxford Downs approximate more nearly to
the shortwool type. and are classified as such. Twyman,
of Whitehurch, Hants, was the first to establish the
breed. Claraclers as follows: Bold masculine head, well
set on strong neck; poll well covered with wool. Face
uniform dark colour, black being preferred; ears of
good lengih: slioulder broad; breast broad and well
forward ; back full and level; ribs well-spsung ; barrel
deep. thick, and long, with straight underline ; legs short
and dark-coloured, standing square and well apart.
Entire body covered with wool of close texiure. good
length, fine quality, and without curl. Mutton firm. lean
and of excellent quality.

Oxford Downs are hardy sheep. maturing early, and
noted for their excellent all- round qualities. Fat lambs
three to four months old. often yield dressed carcases
welghing 40 to 50 lb., while many are sold for mutton
when nine months old, and give dressed carcases of
80 lb. They are the heaviest of all the Down breeds, and
second heaviest of ell British breeds. They thrive
equally well on both arable and pasture land and in
every climate. and fatten on a comparatively smaller
quantity of food than any other breed. Unlike some
kinds of sheep. Oxford Downs flourish everywhere, and
they are exported (o nearly avery country in the world
They are great favourites either for keeping as a pure
breed or for crossing with other breeds, which they
invariably improve.

Sootupown (Plete X1..4).~-This short-woolled hornless
breed is kuown to have existed for many ages in its
native home on the Southdown Hills, and was noted
even & century ago for its hardy constitution and the
fine flavour of ita mutton. Characters as follows: Head
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wide, level hetween the ears, with no sign of slug
or dark poll. Face full, not too long from eyes (o nose,
of one even mouse colour, not approaching black or
speckled ; under-jaw light. Eyes large, bright, and pro
minent. Ears of medium size, and covered with short
wool. Neck wide at base, strong and well set on to
shoulders, throat clean. Shoulders well set, the top level
with the back. Chest wide and deep. Back level, with
a wide flat loin. Ribs well sprung, well ribbed up, thick
through the heart, with fore and hind flanks fully de-
veloped. Rump wide, long, and well turned. Tail large, set
on almost level with chine. Legs of mutton (inciuding
thighs, which should be full). well let down, with deep,
wide twist. Wool of fine texture, great density, and
suflicient length of staple, covering the whole body down
to hocks and, knees, and right up to cheeks, with full
foretop, but not round eyes or across bridge of nose.
Skin of a delicate bright pink. Legs short, straight, of
one even mouse colour, and set on outside the body.

The Southdown is the foundation of all other modern
‘Down’ breeds, and is especially noted for its pro-
duetion of mutton. Its chief characteristics are a hardy
constitution, an adaptability to almost any climate, &
habit of thriving on bare pasture, and the generous
return which it gives for good feeding, a cumparative
freedom from lameness, a general aptitude to improve
other breeds by crossing, a fine quality of mutton and
excellence of wool. In wool production Southdowns
compare favourably with other breeds, their fleeces
being of a fine quality, close, thick, and heavy in pro-
portion to the size of the sheep. The wool realizes the
highest price of any native breed of sheep. The Scuth-
down excels as & mutton producer in its quickness of
feeding, early maturity, and prime guality.

As the sheep withstand extremes of heat and cold,
they are suitable for ‘every climate. Southdowns excel
for ‘crossing’ or ‘ grading up ’ purposes, because, being
the oldest pure breed of short-woolled sheep, they
possess in & marked manner ‘ prepotency,’ or the power
of impressing their good characteristics on other breeds.
Southdown rams have been used for crossing on nearly
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every breed of Briuish sheep, and they heve ULeen
exported to all parts of the world.

Half-bred Southdown lamhbs have almost ideally
perfect conformation and attract (he attention of the
experienced buyer more readily than any other cross-
bred lamb.  The body is square and set close to the
ground, the bone is light, and the leg of mutton perfect
Extensive experiments carried out in New South Wales
show that crosses with the Southdown produce the best
shaped, best fleshed, and earliest maturing lambs.

Suropsuire (Plate XII., 1).—Though heavier in flecce
and bulkier in carcase, the Shropshire sheep has much the
appearance of an enlarged Southdown. It was derived
fromn the old native sbeep of Shropshire and Staflord
shire, an infusion of Southdown blood having aided in
is improvement. The progress and development of the
breed have been remarkably rapid, and it 1s extending
in ull directions. [oints: As distinguished from the
Southdown, the Shropshire has a darker face, soft black
as a rule, with very neat ears. whilst its head is more
massive, and is better covered with wool on the top;
legs short and black in colour: back lean and fleshy:
legs of mution deep and full; skin a bright cherry
colour.

Suropshires are very prolific, 150 to 175 lambs per
100 ewes being the usual average. The ewes are excel
lent mothers, and yield a large amount of milk. The
fleece is very heavy and of good staple, fine in texture.
and very dense; there is little loss in scouring. The
breed maturas early. If well cared for, with relatively
moderate consunption of food, the wethers are fit for
the butcher at ten to twelve months old. As fat lambs
they mature very early. as also do Shropshire crosses.
The mutton is rich in Bavour, close-grained, and juicy,
with a large percentage of lean. Great hardiness, sound
constitution, aptitude for making the best of available
food, and great adaptability to various soils and
climates are notable characteristies. Shropshires are
found to thrive well in &ll parts of the world.

Haursuize Dows (Plate XII., 2).—Early in the nine-
tpenth century the old Wiltshire Horned Sheep and the
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Berkshire Koot roamed over the Downs of theiwr native
counties. Both these otd-fashioned (ypes bave long
since disappeared, but their descendants are seen 1 the
modern Hampshire, which originated 1 a cross with
the Southdown. Karly maturity and great size have
been the objects aimed at and attained. Points: Whilst
tieavier than the Shropshire, the Hampshire Down sheep
are less symmetrical. The Hampslnres have dark faces
and legs, big heads, well woolled over the crown and
forehead, with Roman nose, darkish cars set well back.
and a broad level back well filled in with lean meat
The mutton of the Down breeds is of superior quality.
This valuable breed has in recent years made such rapid
strides in its improvement as to stand almast pre
eminent arongst all the English varieties. The won
derful apuityde to develop early maturity with such a
large proportion of lean meat, the fine quality and
ample fleece of wool, and the extreme hardiness of cop
stitution rendering 1t suitable [or any country or
climate, has brought the Hampshire Down into mest
prominent favour, both at home aund abroad, the demnnd
at the time from North America alone being unprece-
dented o the case of any breed. lo this country
there are upwards of 270,000 registered sheep, the
flocks being spread over no less than nineteen English
counties.

SurroLk (Plate X1I., 3).—These short-woaclled, black
faced and hornless sheep, which originated in the
crossing of horned Norfolk ewes with improved South
down rams, have been recognized as a pure breed
sinee 1810,

Points: Hend, and legs below the knee, free from
wool and glossy black. Neck of moderate length and
well set (in rams stronger, with good crest). Shoulders
broad ; cheat deep and wide; back long and level; ribs
iong and well sprung ; legs straight, with fine flat booe.
iore-legs set well apart, hind-legs well filled with mutton.
Skin fine, soft, and of pink colour. Fleece moderately
short, of close fine fibre, without tendency to mat or
felt, and well defined—i.e., white, not shading off into
dark wool or hair.
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Buffolk sheep excel in the production of fine lean
mutton, and hold an unequalled record in the annual
carcase competitions, open to all breeds at the Smith
field Club Show, London. Their proclivity for early
maturity is highly developed. Ram lambs are so large
and well developed that for breeding purposes they ure
largely used in preference to older sheep. As regards
fecundity, 150 lambs reared per 100 ewes is a frequent
average. Suffolks possess a very hardy constitution,
and, as they have not been pampered, they will, if neces
sary, find a living on bare pasture, where many breeds
would starve, and they can be driven long distances
without suffering. Suffolk rams are also much in
demand for crossing purposes, Crossed with the long-
wool breeds, they produce a fine carcase of lean meat,
a heavy fleece of good quality, and icrease the
productive and milking qualities.

Cuevior (Plate X11., 4).—These white-faced sheep are
native to the Cheviot Hills, and though they have spread
over most of Scotland and a good deal of England, still
thrive best on grassy uplands, thus differing from
Black-faces, which do best on coarser, mossier land. For
symmetry they are unequalled, being probably the most
beautiful of all breeds; ewes hornless, rams generally
50, though inclined to develop scurs or short horns, and
sometimes come with horns. The withers are sharp.
The carriage should be lively, with plenty of action,
and the eye bright. The head should be of medium
length, well covered with short, fine, white hair; ears
nicely rounded, erect and not too long ; nose arched and
broad, with full and widely open black nostrils;
neck strong, but not too long; ribs well sprung, and
carried well back towards the hock-bones; tail well
hung and nicely fringed with wool ; legs broad and flat,
covered with short, hard, white hair.

Cheviots come next to Black-faces in their ability to
subsist on the scantiest fare; they can live through the
severest winters without any artificial food, though when
there is any depth of snow a little hay should be given.
The mutton is the best produced, being generally
quoted $d. per lb. higher than any other in the market,
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and Cheviots divide with Suffolks the honour of winning
more carcase competitions at Smithfield than all the
other breeds put together. The wether lambs are mostly
fed off at from 10 to 18 months old, when their carcases
yield 40 to 60 lb. of mutton. The ewes are sold at five
or six years old to Lowland farmers, who breed from
them by the Border Leicester ram the far-famed *half-
bred’ sheep.

The wool is of medium quality and fineness, and the
fleeces average about 43 lb. each. From Cheviot wool
the famous Seotch tweeds are made, and though Colonial
wools are now often employed in its manufacture, cloth
made from the pure Cheviot far outwears all others.

Brack-race Moustais (Plate XITI., 1).—1t is doubtful
where this breed has its origin, but it is certainly now the
most important, so far as numbers go, in the British
Isles. It occupies almost exclusively all the higher
grazings of Scotland (which have not been cleared for
deer), and is found in large numbers in the counties of
Northumberland, Cumberland, Yorkshire, Lancashire,
and in many parts of Ireland. The chief characteristics
of the sheep are their great hardiness and the fine
quality of the mutton they produce.

The face and legs should be black or mottled, free
from dun or brown, smooth, and glossy. Wool should
not appear among the hair. The nose should be strong,
broad, and prominent, with wide black nostrils. The
horns of the ram should be large, not joined at the
base, but springing level from the crown, and its spirals
should hide the short ears. The tail only reaches to
the hocks, and it is therefore not necessary to dock it.

The wool is a unique product, and is now almost
entirely used by the carpet trade, the great bulk going
to America. The fleece weighs, on an average, 34 to
4} 1b. for ewes, and from 5} to 6} lb. for three-year-
old wethers. It is wavy, loose, and strong, but should
be as free as possible from kemp and blue spots. The
rams command high prices at the autumn sales.

Herpwick.— This extremely hardy breed thrives upon
the poor tain land in Cumberiand, Westmorland,
and North Lancashire. The rams sometimes have curved
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horns, but the ewes are hornless. The colour of these
sheep is white, with a few darkish spots here and there ,
the fuce may be ecither white or light grey in adults
The Lead and neck should rise well from the shoulders.
and be carried gaily. The withers are usually sharp.
The walk should be free, and the body square on the
legs during movement. Good coat and good bLone are
the two most essential characters. The wool is strong,
coarse, and open, and inclined to be hairy about the
neck. The forehead has a small top-knot, and the tail
is broad and bushy.

Ryevraxp.—Youatt (1837) speaks of the Ryeland ae
being one of the bardiest and most valuable of our
English breeds. In writing of the sheep bred in Here
fordshire, he says that its distinguishing breed is the
Ryeland, so called from a district in the southern part
of the county, in which a great quantity of rye used to
be grown, and where many of these sheep were bred
He then says that the Ryeland has that form which at
once bespeaks it to be patient of hunger and capable
of thriving on very scanty fare. It scarcely admits of
dispute that the old Ryeland would endure privation
of food better than any other breed. Sir Joseph Banks,
who was well acquainted with their constitution and
habits, used to say that the Ryeland deserved ‘& niche
in the Tewmple of Famine.’

The Ryeland of the present day retains to a great
extent the hardy constitution of its progenitors; at the
same time it is enlarged in size, and its wool-cutting
properties have been much increased. The breed, which
18 generally very symmetrical, has face and legs of a
dull white colour (as distinguished from the china-white
of the Cheviot and the Cardie). The fleece is closely
ast on the skin and is of a deep staple; the wool well
covering the body in every part, coming well up to the
cheeks and ears and covering the top of ihe head.
According to Youatt, Ryeland wool in the early part of
tho last century was much the finest produced by any
British breed, excelling even tbe Southdown in fineness
of fibre ard in the number of its serrations to the inckE
In.vecent years the wool has taken a very leading posi-
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tion in competition with other breeds at the shows of
the Royal Agricultural Scciety.

The mutton is of fine quality, and the weights of
yearling sheep vary (according to management and
feeding) from 15 lb. to 20 lb. per quarter, and their
fleeces from 6 Ib. to 8 b, per head.

The Ryeland ram is much in favour as a sire of fat
lambs, and the sheep generully are noted for thriving
oncold damp soils (producing inferior herbage), where
many other hreeds would starve.

Devos Losewoor,—This is a white-faced breed locally
developed in the valleys of West Somerset, North and
East Devon, and parts of Cornwall. It originated in
a strong infusion of Leicester blood amongst the old
Bampton stock in Devonshire. The long-woolled fleece
is of excellent quality.

Sovrn Devoy (Plate XTTL, 2).—The description
of a typical South Devon sheep is as follows: ‘ The head
i8 broad and rather long, well covered on upper portion
with wool; nostrils open and of dark colonr,
muzzle broad; ears fairly long, of medium thickness.
covered with hair, often spotted; neck strong, of
medium length ; back straight and level from withers to
setting on of tail; shoulders flat and well covered ; ribs
well sprung; loin wide; chest deep and full ; tail thick
and big ; legs straight, squarely placed, well on outside ;
hind quarters deep and square; skin mellow and of
pink colour; fleece dense and even, with great length
of staple, curly, and free from kemp and hair.’

This has been for generations a breed covering Bouth
Devon and practically the whole of Cornwall. The prac-
tice throughout the districts in which we find this breed
is for the owner to be his own shepherd. Except at
rather rare intervals, such as when one of the larger
shows was held in Devon or Cornwall, the outside
breeders, other than those resident in the county had
but rare opportunities to see the breed.

The establishment of the Breed Society seven or eight
vears back (which, by the by, is representative of up-
wards of 200 flocks at the present time), largely altered
this, for since that date exhibits have been found at
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the Royal Agricultural Show as far away as Liverpool,
and the Bath and West of England as far away as
Rochester, in Kent, and specimens have also been ex-
hibited at Smithfield, at which show a pen of wether
lambs gave the highest daily average gain of any breed
et the 1909 show.

This wider exhibition of the breed has resulted in
specimens being shipped to Australia, South Africa.
Argentina, etc.

There are few breeds equal to it for production
of weight and depth of lean flesh, none that excel
it in respeet to early maturity when given the
fullest opportunity for development. It has a heavy
good fleece of wool. full of that curl or ecrinkle
that so many wool users admire and appreciate
Its characteristic appearance is well depwted by the
photograph of the ram that is given as & specimen of
the breed, the evenness of the fleece of the ram is indi-
cative of the superiority, quality, and evenness of fleece
that careful selection can produce. The breed in
its own district is fermed a ‘rent payer,’ and those
who have tested its value in respect to cross-breeding.
particularly upon the Dartmoor and the Down breeds.
have found it a very valuable cross indeed.

Dorser Howx (Plate XIII., 3).—This breed has beeu
naturalized in the county of Dorser from time im-
memorial. It is mentioned in Lisle's * Observations In
Husbandry,” published in 1757, and embodying obser-
vations made from 1693 onwards, as possessing greai
fecundity, & character by which they are still distin-
guished, as they produce [rom 130 to 180 per cent. of
larnbs. The ewes will receive the male as early as April
or May, so that the lambs are boru in September or
October, and ready for the butcher by Christmas.
During the last few deeades they have been greatly im-
proved, and have supplanted Down sheep in many
places. Points of improved breed: Body straight and
deep. ribs well arched, loin broad, neck well set on.
ghoulders full. without coarseness, hind-limb “well set
down towards the shank, forming a good leg of mutton
with small bone. General features pleasing, head atand-
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ing well up, horns thin with a symmetrical curl, eye quick
and lively, face rather long and thin, lips and nose piuk
or flesh-coloured.

Dorset Horns are hardy, and do well on most lands
They are excellent nurses, good folding sheep, are noted
for early waturity, and yield well-flavoured mutton. The
wool commands high prices, and is noted for its white-
ness and fine point. Lambs yield from 2§ to 3 lb., ewes
from  to 7 lb.,, and yearling rams from 10 to 14 lb.
Although the chief home of the breed is South and
West Dorset and the lsle of Purbeck, it also commands
much attention in other counties of the United
Kingdom, as well as in North America, Australia, and
New Zealand.

Lo~k. fTbese sheep are found chiefly in N.E. Lan-
cashire and "S.W. Yorkshire, deriving their name of
Lank or Lonk from the former county. Lonks do admir
ably well in the districts mentivned, for, being hardy
and close-coated, they can withstand the weather.

They are of the horned class. and have been in the
country for several generations. A pure-bred Lonk sheep
should have a black and white or speckled (to use &
local term) face and legs, with a little more black than
white. The rams should have large horns, which project
well out from the face and turn once or twice round,
according to their age, well apart at the roots, not too
high, and set upon a good heavy head; nose (Roman)
well sprung, and jaw deep, giving, on the whole, a bold
appearance ; a long, straight, broad back, wide loins and
shoulders, well-sprung ribs, and strong bushy tail, reach-
ing to the ground. The legs should be well set on,
wide apart, and short jointed.

Considering his size and weight, the Lonk is a neat
sheep and nimble walker. A good ram may weigh as
much as 200 Ib. The fleece should be short and close,
not too soft to the touch, filling the hand well, and not
of the strong hairy kind. It ought to grow very evenly
over the body, with a tuft on the forehead. A good
ram fleece will weigh about 12 Ib. The breeding ewes are
not quite so large as the rams, more compact in body,
and having more slender horns, which are not turned
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as much as those of the ram. They are good breeders.
often rearing two or sometimes three lanibs each season.
The wethers and young ewes which have not had lambs,
are kept for their wool and mutton. They nre good
grazers, living mostly on the moors. Afler the first
season they will weigh from 80 to 100 lb. dead weight.
and are considered the finest ruutlon we have. there
being such a small proportion of fat to the lean.

Danrvoor.—This ancient hornless breed is practically
restricled to the district from which its name 13 taken.
It is the largest kind of native hill sheep, and owes
some of its qualities to an infusion of Leicester blood
Dark markings wn the face and legs are considered
desirable. The head should be large and well formed.
the ears of good size, set on level, and covered both
inside and out with hard hair marked wity black spots.
The wool should be long, strong, very fine, and even in
quality. It estends on to the poll {which possesses a
forelock) and well down on to the legs. Tle skin should
be clear pink. The mutton is of excellent quality.

Exumoor.—The Exmoor Horn or Porlock moorland
sheep are probably direct descendants of the old forest
or mougtawn breeds of England. They have white legs
and faces and black nosirils, and are horned, the horns
curling more closely to the head than in the Dorsets.
The wool is short and the fleece is close and fine. They
are delicately formed about the head and neck, but the
carcase is narrow. They are exceedingly bardy, and
yiold finely flavoured mutton.

Werse Mouvwtarx (Plate XIII., 4).—On the Welsh hills
this bardy, active hreed has probably remained unaltered
for centuries, but its size has been increased in the
lowlands by infusions of Leicester, Lincoln. and Down
blood. The face and legs are yellow ; the rams possess
curled horns, while the ewes are generally hornless. The
body is narrow, descending towards the shoulder; the
tail long, strong, and bushy. The wool 1z white, short.
fine, and thick. The mutton is lean, and of excellent
quality.

Dersysniee GrrrsroNe.—This breed is one of great
antiquity, and there is plenty of existing proof of it
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baving bred without the iutroduction of oulside blaod
for considerably over 150 years. Its origin is lost i
obscurity. Latterly a considerable amount of alien blood
(Look, Limestone, and Scoteh Blackface) has been intro.
duced, but still the Gritstone character in such crosses
always strongly predominates, thus proving that the
sheep must have for inany generations been bred pure.
or otherwise their characteristics would have entirely or
elmost diseppeared in recent times. The ‘ home' of the
breed 1s, as the name implies, on the hills of Norih
Derbyshire, but they or their crosses are to be found on
the borders of Staffordshire, Cheshire, Yorkshire, and on
the Noutinghamshire side of Derbyshire. They are
extremely hardy and stubborn disease resisters. They
produce, under natural couditions, good lean mutton of
medium wedght and prime guality, and quick growing
lembs.  There is no breed of sheep in Great Britain
wmore profitable to the farmer, butcher, and consumer
alike.

The prices actually paid to somo breeders for their
wool afford an absolute proof of its gennine quality.
which is equal to the finest Shropshire, and it is said
by Bradiord experts to be one of the finest hosiery wouls
procurable in Great Britain

Luesroxe.—This bardy, active, horned breed 1s
almost restricted to the limestone fells of Westmore
land, and is probably an offshoot of the Black-face
Mountain. The face, legs, and wool are white in colour
The ewes are very prolific, and, like Dorset Horns, come
into season unusually early.

WexsLevnaLe.—The Wensleydale longwool sheep is a
large, high-standing, long-sided, firm-fleshed Yorkshire-
Leicester breed, with & charscteristic deep-blue colour
in the skin of the face, legs, and ears, which sometimes
extends over the whole body, though the shade is darker
oa the bare or hairy parts. The dark coloar is favoured
because of the extensive use of the rams in crossing with
Beotch Blackfaee ewes, as they throw dark grey-faced
lambs.

The chief characteristic of tha Wensleydale is that
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the head should be of good size (with a strong muzzle,
especially in the ram), and gaily carried on a medium-
long. strong neck, well set up on the shoulders, giving
a wore stylish appearance to this than any other English
Longwool. The wool is of a bright, lustrous, long, and
open character, divided into uniform little knots or
pirls, which cover the whole surface of the body. A fine
tuft grows on the forehead and finely pirled wool on the
back of the head, round the ears, on the back of the
hind legs down to the hoof, and even on the back of the
fore-legs, as well as on the belly and scrotum. Hairy
wool on the thighs is objectionable.

Kerny Hur.—This is the most important of the
numerous breeds of sheep which are found on the
uplands of Wales, and wag originally distipet from all
others in being bred only on the hills within twenty
miles of Kerry, Montgomeryshire—the village from
which the breed derives its name—but since the estah-
lishing of the Flock Book Society, in 1894, the breed has
wmereased largely in popularity, and registered flocks
are now to be found not only in Montgomeryshire and
Radnorshire, but also in Cardiganshire, Breconshire,
Denbighshire, Carmarthenshire. Bhropshire, Cheshire,
Herefordshire, Worcestershire, and elsewhere.

The chief characteristics of the breed are a speckled
face and legs, full length tail, compact body with tight
fleece, combining a first-rate quality of wool and a clean,
pink skin.

These sheep are eagerly sought after by the butcher
owing to their having a large proportion of lean meat,
and as the mutton is of excellent quality a ready market
is easily obtained. When well kept from their birth they
grow iato big welghu but wethers 15 to 18 months,
under ordinary circumstances, do not exceed 16 to 18 lb.
per quarter dead weight, and rams of the same age
for stock purposes 240 to 280 lb. live weight.

The ewes are very prolific and extravrdinary sucklers,
and in addition to rearing or feeding their lambs, grow
and thrive rapidly when taken to better pastures The
drafts are usually bought by farmers in the Midlands
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and western counties for the fat lamb trade, and are
considered one of the very best breeds obtainable for this
purpose.

CrLox Forest.—A local breed in West Shropshire and
the adjacent parts of Wales. It is descended from ibe
small speckle-faced sheep that once occupied the dis
triot, but has been much modified by crossing with the
black-faced Longmynd Mountain rams, which now no
longer exist, and subsequently with Shropshires. Its
wool is rather coarser than that of the Shropshires. The
first cross with the Shropshire is a favourite with
butehers.

Roscommox. —This is the only pative Irish breed of
sheep, and the general consensus of opwion amongst
old flock-owners is that they have heen nnproved hy
judicious blepding of the various predominant qualities
of the sire with the flock—that 1s, by taking advantage
of the valuable points, encouraging their development.
and by degrees rendering them permanent, so that by
such crossing the old type of sheep has heen altered to
meet the advancement of the times and the requirements
of soils and localities.

The Roscommons are famous for the quality and flavour
of their mutton, the proportion of lean and fat. so beau
tifully mixed; and for their fine. white, bright. and
lustrous wool. which is considered by experts the best
reaching Bradford market.

The leading characteristics of the breed are plenty
of size, with a good round rib, broad level back, strong
bone, and fine, long, white, staple wool.

When fed for show purposes they come to great size
and weight, as is well known to visitors at Dublin Bhow

FEEDING AND MANAGEMERT OF SHEEP

Sheep-breeding, especially upon arable farms, affords
interesting and instructive occupation all the year
round. The farmer has to look well ahead, in order to
secure a due succession of appropriate crops, and he
has practically to decide a considerable time beforehand
where each section of his flock is to be located at any
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given period. Even the site of bayricks and corn-stacks
18 often determined with a view to conveniently afford-
ing a supply of hay and straw during winter, and espe-
cially at [ammbing time, with as hittle carting as possible.
The shepherd 1s a very important person on a sheep
breeding farm, and one who thoroughly understands his
duties, and can perform them efficiently, is & well-
qualified man of sound experience.

In this country the arrangements are so made that
the ewes of a breeding fiock shall lamb down during the
winter. lno the Dorser Horn fiocks the lambs are dropped
ws early as October. About Christmas time the Hawmp-
shire Downs begin to lamb; later the Oxfords, South-
downs, and Shropshires; whilst it 1a March, or even
early April, before the lambs begin to appear amongst
the upland flocks of 1he North of England, and of Scot-
land. The tune when the rams are put to the ewes is.
therefore regulated according o the date when the lambs
are required.

In the first place, it is well to consider the case of
s Down flock unpon light arable land, where abundant
crops of roots are grown. On such farms the sheep are
folded ' on the land carrying the roots, clover, or other
crops upon which the animals feed. A portion of the
lend is burdled off, and the outer row of hurdles is
advanced day by day, whereby the sheep are compelled
to eat off the crop with buot little waste, whilst they
tread and manure the ground with uniformiry.

It is a bad plan, especially in winter, to feed sheep
upon turnips exclusively. They are a very walery food,
10 1b. of turnips containing about ¢ lb. of water. To
get enough solid food from turnips alone, the sheep is
compelled to take into its sysiem far more water thap
it requires. As, moreover, this water has to be raised
to the temperature of the body, an enormous waste of
animal heat is thereby incurred. Hence, it is proper
ta supply sheep folded on turnips with hay or some
other dry food, the effect of which is to reduce the
guantity of water consumed more nearly to the proper
ratio, & sheep requiring about two parts of water to ofe
part of dry foed.
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Preparations for Lambing.—Whilst it is a serious
mistake to get ewes into too high a condition—that 1s,
to make them too fat—during the breeding period, yet,
as the lambing time approaches, it is advisable to feed
them rather more generously. Turnips do not contain
much nutritious matter, and are specially poor in nitro-
genous substance. Hence, as the ewe has not only to
maintain herself, but to supply the requirements of the
rapidly growing lamb, to which she will in due course
give hirth, a small quantity of nitrogenous food such
as malt-dust, bran, peas, or cotton-cake, with some hay,
should be given during the last month preceding
lambing.

In some districts it is the custom to run the ewes
on grass-land up te Christmas, bringing them on to
the ‘roots’ when lambing commences. In such cases
if hard weather is expericnced before the end of the
vear, a little hay and a few roots may be given on the
pasture.

Lambing and Care of Lambs.—The iyeaning season—
that is, the lambing period—is the busiest time of the
year with the shepherd, and he generally remains in
or near the lambing pen all night. The pen is usually
made of hurdles, either around or on the warm side of
8 stack of straw, which will afford material for litter.
Around the inside of the pen small coops or compart-
ments are hurdled off, and in these the newly delivered
ewes can be isolated if necessary. Other pens, adjoining
the first, are built with hurdles as occasion requires,
snd into these the ewes and lambs are drafted—perhaps
the ram lambs into one, and the ewe lambs into
another.

In the lambing pen the ewes should receive some
cake and oats, with roots and hay, and, as the lambs
are now calling for milk, the feeding of the ewes should
continue to be of a generous character. As soon as the
lambs are strong enough they are encouraged to run
forward through creeps’ in the hurdles, and to nibble
the young shoots of turnip tops, and eat a little ground
linseed-cake, provided for them in small troughs. The
young creatures are thus fed through the ewes, as well as
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directly. A mixture of cake, oats; and beans, amounting
to about { Ib. per head per day, together with 1 lb. of
Lay. and whatlever green food may be convement, will
suffice to keep thie ewes in a free milk-yielding condition.
I’erhaps there is no food equal to oats for promoting a
rwood fJlow of milk at lambing time. As spring advances
the hay may be discontinued, and the sheep allowed
to run upon ‘seeds.’ or permanent pasture. At the same
time, the cake should gradually be withdrawn from the
ewes, and given direct to the lambs.

When about three or four months old, the lambs are
weaned, and they bleat perseveringly for a day or two
on being separated from their mothers. It 18 well to
cull ont all the ‘serubby.” unthrifty, or unpromising
lambs, and to dispose of them. 1f the flock is & ram-
breeding one, special pains are taken to:bring the ram
lambs forward in attractive stock condition. Wether
lambs—the young males intended for the butcher snd
not for breeding purposes—are fed upon the best the
farin can alford, and fattened off as early as possible
The ewe lambs and stock ewes are not so liberally fed.

The purchased foods which are most in favour are
linseed-cake, beans, and peas, all broken. and bran and
malt. But a constant succession of crops has to be pro
vided—grass in the early spring, then rye and winter
barley, followed by such succulent crops as trifolium.
veiches, rape, clover, cabbage, and early turnips, by
which time the winter feeding on roots will re-com-
mence. Cake and corn, and sometimes hay, may con-
tinue to be given throughout, so that, in this system
of producing lamb or mutton, no opportunity is lost of
tempting the appetite, and furthering the object in
view. 7

In .practice, numerous modifications occur of the
method which Lias been described, but the general prin-
ciple is 'the same in all. A foreing diet is given when
mutton or lamb is the immediate object, and merely a
maintenance diet—save at certein periods—to the
section of the flock kept for breeding purposes.

'here open upland pastures are available, hurdles
are dispensed with, and the sheep are allowed to
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‘spread,’ the shepherd’s dog being then on duty. When
roots are given, it is preferable to put them through
the turnip-cutter, as. although the cost of labour is
incurred, this is probably repaid, for the sheep eal uj
the slices without waste, and with much less fatigue
to themselves. White turnips, however, being specially
soft, are commonly fed off in the ground. Hay is usually
fed in sheep-cribs or racks, and a lump of rock-salt
should always be accessible; the lambs in particular
will show their appreciation of it. If waler is not
otherwise available, it should be supplied in troughs.

CHAPTER XXVL

PIGS: THEIR BREEDS, TEEDING, AND
MANAGEMENT

THE native breeds of Pigs recognized in this country
include :—

Large White. Tamworth,

Middle White, Large Black

Small White. Small Black (Suffolk or Essex).
Berkshire. Linealn Curly-caated,

The classification of the breeds of pigs 1s in a less
satisfactory state than that of either cattle or sheep,
and in many counties of England there are numbers of
swine which could not be fairly grouped under any of
the ahove heads. The Large, Middle, and Small White
breeds are, as their name indicates, white in colour;
they used all to be included in the term ‘Yorkshires.’
Lincoln Curly-coated pigs are also white. The Large
and the Small Black are named from their colour, while
Berkshires are black, with white points. The Tamworth
pigs are red. -

Laree Warre (Plate XIV., 1).—No variety of pigs has
made a greater advance in public favour during the
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last quarter of & century than the Large White breed.
Probably one of the chief reasons for this increased
demand has been the extreme suitability of these pigs
snd crosses between Large White boars and sows of all
other varietics for the purpose of the curer of bacon,
an article which has become onc of the most general
breakfast dishes. The white colour which it also im-
presses so invariably on its produce from sows of any
other colour 13 & valuable asset, as is proved by some
bacon curers actually paying a premium on white pigs,
since bacon from animals of that colour sells more
readily and at a higher price on some of the warkets
than bacon manufactured from pigs of a dark colour.
This, of course, is fancy on tbe part of the cousumer
to & certain extent, but it is also an admitted fact that
the Large White pigs furmsh a largersproportion of
fean to fal meat than almiost any other breed, so that
the consumer who may not be a keen judge of the
merits of bacon in an uncooked state has one easy and
sure test of the probable leanness of the meat by noticing
the colour of its skin. Amongsi{ other advantages pos-
sessed hy pigs of the Large White breed are their
quick growth, their early maturity, and their readiness
for slaughter at an early age where small pork 1s in
faabion, or for the production of those very fat and
hesvy pigs of 300 to 500 lb. dead weight, which are in
demand in some parts of the so-called Black Country.
The sows, like the boars, are of quiet disposition and
very prolific; the sows produce a full flow of mnlk
which is continued uatil the piglings are old enough to
be weaned. These last are hardy and quick growers.
being greatly in demand in those dairying districts
where cheese and bulter are manufactured for the pro-
duction of the greatly esteemed dairy-fed pork.

The Large White pig will grow into s large size
when [ally matured, boars of 10 cwt. and sows of as
much as 9 ewt. live weight baving been known. Ther
should be long in the head, with ears slightlx inclined
forward, jowls light but the forebead wide, the neck
fairly moscular, the shoulders ohliquely placed (so fhat
an appearance of narrowness 18 given to the shonlder)
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the ribs well sprung, the back long, the body deep,
with a well-developed flank, the loin muscular, the hind
quarters long and wide, and the hams extending quite
to the hocks. The legs should be set well outside the
body, the ankles firm, the bone fine and hard, the skin
firm and thin, the hair plentiful, straight, and of &
fine texture.

Mmore Wirre (Plate XIV., 2).—The description given
above of Large White pigs will apply in most of the
particulars to Middle White pigs, save as to extreme
size, length of body, and the shape of the head, which
18 much shorter, with heavier jowls, and smaller and
more erect ears. The Middle White pig is also finer
in the bone, skin, and hair, and altogether neater in
appearance. Although the Middle White boar is pre
ferred for crqssing on to the large and coarse sows
in some districts for the production of pigs suitable for
the manufacture of bacon, and a number of boars of
this breed have been exported to Russia, Australia, and
some other foreign countries for the same purpose, yet
the Middle White is more suitable for the fresh pork
trade, whether in the form of London porkers, weighing
alive about 100 1b., or in the country where pigs of
the weight of 120 to 150 lb. are most in demand. A
very large number of pigs suitable for the fresh pork
trade are also begotten by Middle White boars from
sows of other breeds, particularly those of the Large
White and Berkshire breeds. Pigs of the latter cross
have been shown of late years at the Smithfield Club
shows which nearly approach to perfection in form and
quality of fat pigs. Not only so, but these cross Midd'-
Whites and Berkshires mature early, and furnish car
cases of fine pork by the consumption of a comparatively
small quantity of meal, The cross between Large White
and Middle White is probably the best type of pig for
farmers’ purposes, especially in those distriets where
heavy fat pigs are more in demand than those of a
medinm size.

Smarr Warre.—These were in great favour some forty
vears ago, when pork with a much larger proportion of fat
to lean meat was in more general demand than at the

-
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present time. These pigs were white in colour. They
possessed a Lieavy covering of hair, were very compact
m form, fine in boue, and came early to maturity.

Berksnire (Plate XIV., 3).—These animals are
claimed to have been introduced and developed into a
distinet breed in West Berkshire, and during the past
fifty years most careful attention has been given to their
improvement, with the object of producing the best type
of animal for the butcher.

The colour of the Berkshire is black, with feet white
to about the ankle joint, white tip to tail, and white
on the face.

The general conformation should be long, low, level,
and deep, straight back, tail set high, head moderate
length and dished, wide between the ears, ears fairly
erect (not droopmg over the face), fringed with hair;
ribs well sprung; good length from hip-bone to tail;
legs strong, straight, and set square; hair plentiful u.nd
fine sall over the pig.

They are regular breeders, hardy and most suitable
for export, being especiaily adapted for all climates;
not affected by sunburn. Quiet disposition, good
mothers, easy feeders, and good foragers; active, and
mature very early.

They are now a leading type in all the principal
showyards. where distinct classes are given for them,
in which the best specimens of the breed may generally
be seen to advantage. From a judge’s point of view,
the first considerations for merit are the desired colour,
with fine hair and skin, a shapely head and nicely set
ears, and large hams, combined with length and depth
of body and quality.

Tamworta (Plate XIV., 4).—This breed is most
abundant in the Birmingham district, and is more closely
related to the wild boar than the other kinds of native
pig, as indicated by its hardiness, active habits, long
snout, and comparative leanness of the meat it produces.
The old type, however, has been modified by the
introduction of Yorkshire blood.

Tn.mwnrths shonld conform to the following standard
of : Hair golden-red (free from black), on a
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flesh-coloured skin, abundant. long, straight, and Lue .
head fairly long, snout moderately long and quite
straight, face slightly dished. wide between the cars.
ears rather large, with fine fringe, carried rigid aund
welined slightly forward ; neck fasrly long and musculur
especially in boar; cliest wide and deep; shoulders fine.
slanting, and well sel; legs strong and shapely, with
plenty of bone and well outside body: pasterns strong
and sloping : feet strong. and of fair s sack Jang and
straight, lomn strong and broad @ sail set on lugh aud
well tasselled ; sides long and decp: nibs well sprung
and extending well up to flank ; belly deep, with straight
under-hine ; flank full and well let down: guarters long,
wide. and straight from hip to tail; hams broad awi
full. well let down to hocks: action firm and free.

Tamwarth qrosses are noted for their hardiness

Lance Brack (I'lare XV., 1) —This is one of the oldest
breeds, and there are tvo o ses, one from Devon
and Cornwall, the other fru olk and Essex. The
former are larger and more rchwed, the lavter hardier
and more prolific. The good qualities of both strains
will no doubt ultimately be fully blended. The Large
Blacks can claim to be a utihiy breed, suited 1o the
needs of the modern breeder, feeder, bacon-curer, and
consumer. They were formerly fed 10 enormous weighis,
but weight has now given way to greater quality. and the
breed yields at & very early age the chief desideratum-—
viz., a long, deep-sided carcase of 160 to 190 lb., dead
weight, light in shoulder. jowl, and offal. and showing
a larger proportion of lean meat than any other breed.

Large Blacks are very dacile, and the forward car-
riage of the ears is supposed to conduce Lo quiet field
grazing. The colour is claimed to epable summer pas-
turing or field feeding without risk of sun-scald. The
sows are noted for their fecundity.

Large Blacks should conform to the following
standard: Head of medium length, and wide between
the ears; ears thin, inclined well over the face. and
not extending beyond point of nose; jowl of medium
size; neck fairly long and muscular; chest wide and
deep ; shoulders well-developed. in line with the ribs;
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back long and level, and ribs well sprung; loin broad,
and sides very deep; quarters long, wide, and not
drooping ; hams large, and well filled to hocks; tail set
high and of moderate size; legs short, straight, flat,
and strong ; skin fine and soft, with a moderate quantity
of straight, silky hair.

Smarn Brack.—This name is given to local races
characteristic of Suffolk and Essex, and much resembling
the Small White, except in colour, the possession of
scantier hair, and greater length of body and leg. Small
Blacks have a small well-formed head and symmetrical
figure. They fatten well, yielding a good proportion of
lean meat, and mature early.

Livcouy Curiyv-coatep (Plate XV., 2).—Until the last
few years this ancient breed of large pigs was only
well known in East Lincolnshire. The rbundant white
hair is curly, as the name indicates, and the skin is of
the same colour, though some blue spots are usually
present. The face is shorter than that of the Large
White, and the ears (which should be of moderate length)
fall over it, while the nose is straight. It is claimed
to be unequalled for early maturity and development,
and is undoubtedly hardy and vigorous. It crosses well
with other breeds, particularly Berkshire, Large White.
and Large Black.

FEEDING AND MANAGEMENT OF PIGS

Young pigs usually thrive best when they are born
in February, so that it is desirable to arrange for the
sow to farrow during this month, as the offsp ‘ng then
have the best months of the year before them. August
is the next most favourable month. For the ten weeks
after farrowing no food will suit the sow and her pigs
better than that of which sharps is the basis, about
one-sixth part of broad bran being added.

As soon as the little pigs begin to feed, some skim-
milk, placed beyond reach of the sow, should be allowed
them, and the quantity may be increased for a time
after the piglings are weaned, at six to eight weeks
old.
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From the time of weaning, also, barley-meal should
be added to the sharps, and gradually the latter should
be withheld, till, at five months old, the food consists
almost entirely of meal. If skim-milk is available, it s
always useful, as it produces, in conjunction with barley-
meal, the choicest of meat. An additional two to (hree
months of such liberal feeding should render the pig fit
to kill at a dead weight of some & score (160 1b.), being
then seven to eight months old, and this should be about
75 per cent. of the live weight. Well-bred pigs, properly
fed, will give an increase of 1 1b. of meat for each & lb.
of meal consumed in the food.

In some cases it is the practice to warm pigs’ food
before feeding, and no doubt in cold weather the animals
thrive better with such treatment. It is very doubtful,
however, if ¢he practice is an econcmical one when &
large number of pigs are being fed at the homestead.

Peas, oats, and maize make useful additional foods
for pigs, and during their second month, when young
pigs are gradually weaning themselves, their appetite
should be tempted by frequent small meals of & mixture
of such foods.

In the process of fattening pigs. a too exclusive use
of maize is liable to render the flesh yellow and flabby ;
on the other hand, if beans and peas are too extensively
employed, the pork is likely to be hard and stringy.
The pig is pre-eminently an animal for which a mixed
diet is suwitable. >

The purchased foods, such as sharps, barley-meal,
peas. oats, maize, and brewers' grains, constitute the
expensive items of pigs’ food. Pigs, however, have a
epecial value, in that they will clear up any kind of
refuse from the house or dairy. All kinds of food-seraps
from the house find their way into the ‘wash-tub,’
whilst whey and butter-milk from the dairy can always
be put to good use in the pig-trough.

Tt is not always a commendable practice to allow pigs
to wander over stubbles after harvest, for by their
activity they rapidly reduce any fat they may have
acquired, and at the same time their propensity for
‘rooting ’ is greatly encouraged, unless ringing of the
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snout has been resorted to. In defence of the practice,
however, it may be claimed that the pig is a scavenger,
and that, while on the stubbles. the animal is developing
frame which can afterwards be filled in when the pig
is brought into the yard. The procedure to be followed
must be determined according to the object for which
pigs are kept.

During summer the food may be varied by the addi-
tion of green clover, [ucerne, vetches, or even grass.
whilst in winter the use of swedes, kohl rabi, mangel.
and steamed or boiled potatoes is beneficial. Pigs con
fined in sties should be allowed a shoveiful of mould
occasionally, and also some coal and cinders, whilst a
lump of rock-salt should always be within access.

A variety of materials may be used for bedding pigs
—-coarse dried grass, dead leaves, wood shavings, saw-
dust. moss litter, sea-sand, and all kinds of straw. For
sucking pigs, however, wheat-straw should always be
employed as litter. Fattening pigs need no litter, and
a bare boarded floor will suffice ; they usually keep clean
the place where they lie.

Because the pig is an omnivorous feeder, the idea
has—unforiunately for the pig—become prevalent that
he is naturally a dirty animal, and delights to wallow
in filth. This is made an excuse for allowing the sty to
remain in a condition which is often repulsive. With
very little trouble a pig’s sty may be kept clean and
sweet, besides which it should be roomy and well ven-
tilated, but free from draughts. It should, if possible,
have a southern aspect, for pigs love sunshine. On
account of their comparatively small stomachs, pigs
require their food to be more concentrated than is neces-
sary in the case of cattle or sheep. Frequent feeding,
but with no more food than the animals can clean up
at each meal, is desirable.
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CHAPTER XXVIL
THE FATTENING OF CATILE, SHEEP, AND PIGS

In Table XXXVI., below, is shown the percentage
composition, as delermined in the Rothamsted experi-
ments of the carcase of each animal named, the term
carcase being here employed in the sense in which the
butcher uses it, and the term ‘store’ heing applied
to animals not yet put upon fattening food.

TasLe XXXVI.—Fercenfage COMPOSITION of the CAROASES
of Carrie. SHEEP, and Pras.

Fat Wt
,
- |
45 166 166 | BT Gl
Yo Tk w6 | 460 040
sl 46 f 150 BER bid G
I &6 109 369 |
o 44 } L&) 248 )
fat old sheep | 41 | 149 e
Fat stieep ... | 34 | b 434
Very tavsheoy | 28 | 91 55l
Store pig .. .| 26 | 140 281 "7 Bs
Fut pig 4| 1w0b 495 614 3eh

{ i

Some instructive facts may be learnt from this table.
It shows the large proportion of water which the bodies
of animals contain, and it demonstrates that, as an
animal becomes Iatter, the percentage of water
diminishes. Further, by comparing (1) the half-fat ox
and the fat ox, or (2) the store sheep, the fat sheep,
and the very fat sheep, or (3) the store pig and the fat
pig, it is seen that, during the accumulation of fat,
both the nitrogenous substance and the ash undergo
a relative decrease. Notice also that, excepting in the
case of the calf, there is a very much larger proportion
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of total fat than of total nitrogenous substance. In
the carcases of fat sheep and pigs, the quantity of fat
may be five or six times that of the nitrogenous matter.
Observe, further, that the highest proportions of nitro-
genous matter and ash are found in the beef-producing
animal.

The weights of cerlain constituents in 1,000 lb.
fasted live weight of each of the animals already referred
to are given in Table XXXVII. The constituents named
—nitrogen, phosphorie acid. potash, and lime—are those
the removal of which from the soil necessitates a special

Taple XXXVIL-—Quantitice of NITROGEN and MINERALS in
LOOO b, fasted live weights of CATTLE, SHEEP, and P16s.

|
|
' Nitrogen " Porash
| J
! h
| Far cals ] 206
Hali-fat ox | to2u
‘ l16
‘ Jamh 1 166
heep 174
| it o heps | R
| Fat sheep v |1
| Extra fat sheep .. 108
I
Rtore pig ... ‘ 1066 o6 |
Fat pig {

&4 138 |

return being made in manure. The phosphoric acid,
potash, and lime are. of course, included in the column
headed ‘Total minerels,” the ingredients of which, in
addition to those just named, are iron pevoxide, mag-
nesia, soda, sulphuric acid. carbonic acid, chlorine, and
gilica. Of these, the most important is magnesia, but
the highest weight of this is only 085 Ib. per 1,000 Ib.
fasted live weight (half-fal ox), whilst it falls as Jow as
032 lb. (fat pig).

The table shows that the nitrogen undergoes a ma.rked
decrease in percentage as the animal progresses from



LOSSES TO LAND FROM STOCK b45

the store to the fal condition. By moving the decimal
point one place 1o the left in the numbers given in the
table, it is learut that, of the beef-yielding animals, the
whole body of the half-fat ox contains less than 2§ per
cent. of nitrogen, and that of the fat ox less than 2} per
cent. The fat calf is intermediate in this respect, and
contains nearly 24 per ceat. of nitrogen. The entire body
of the fat lamb yields less than 2 per rent. of nitrogen;
whilst, of the mutton-producing animals, the stors sheep
conteins less than 24 per cent., and the very faL sheep
scarcely exceeds 1§ per cent. In the store pig there
is 2! per cent of milrogen, but in the fat pig only 14
per cent.

An inspection of the figures relating to total minerals
shows that 1,000 lb. live weight of calves or oxen will
carry off much more mineral matter than 1,000 1b. live
weight of lantbs or sheep, whilst these in their turn carry
off more than pigs.

By adding together the * phospharic acid’ and ‘lime
figures for each animal, it will be learnt that whist
1,000 lb. live weight of calves or oxen may carry off from
30 to 40 lb. of phosphate of lime, the same weight of
sheep would carry off only about 26 lb. or less, and an
equal live weight of pigs much less still. With each
description of animal the quantity of phosphate
18 less n a given live weight of the fatter than of the
leaner individuals, and this is particularly the case
with pigs.

It is thus learnt that the production and sale of the
animals of the farm result in carrying off comparatively
immaterial quantities of mineral conatituents, but that
a given weight of oxen carries off more minerals than
the same weight of sheep, and the latter more than
the same weight of pigs. Four-fifths of the whole, or
even more, will be phosphate of lime. whilst the quantity
of potash will be very small. On the other hand. tha
{oss to the land, or to the manure frar purchased food,
will be considerably more in the case of growing animals
than in that of merely fattening animals,

The weight of mineral constituents lost to the farm
by mere fallening increase is. indeed, slmost insignificant

T
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In Table XXXVIJ. is recorded the estimated ecomposi-
tion of the increase during the final four or six monthe of
the fattening period of oxen, sheep, and pigs:—

Tasrs XXXVIII.— Calculated COMPORITION of 100 Parts
INORE 6¥ whilet Fattening.

Ozen  Sheep.  Pige

Mineral matter
\llrug-‘nmm matter
Fai

Total dry matter . Tk
Water ... . - 248

.1 1060 1060 1060

Bere, the top line of figures shows that the material
which oxen and sheep accumulate during the fattening
process does not contain more thaen from 14 to 2 per
cent. of mineral matler, whilst in the case of pigs it is
much joss.

Comparing fat animals with other products of the
farm, and speaking in general terms, it may be stated
that of phosphoric acid an acre of land would lose more
in milk, and four or five times as much in wheat or
bariey grain, or in hay, as in the fattening increase of
oxen or sheep. Of lime the land would lose about twice
&5 cuch in the animal increase aa in milk, or as in wheat
and barley grain, but perhaps not more than one-tenth
as much as in hay. Of potash an acre would yield only
a fraction of a pound in animal increase, six or eight
times &s much in milk, perhaps twenty or thirty times
as much.in wheat or barley grain, and more than one
hundred times as much in hay.

The loss of minerals to the land in animal increase
has been seen to consist chiefty of phosphate of lime,
and the guantity ranges from 5 to 10 1b. per acre. “In
milk the loss is greater in phosphorie acid, less in iime,
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and more in potash. In wheat and barley grain the loss
of phosphoric acid Is several times as great, and it is
chiefly 2» phosphate of potash; whilst in hay the loss
of phosphoric acid i1s much the same as in wheat and
barley grain, but that of both lime and poiash (espec:
ally of the former) 15 very much greater than in any of
the ather preducts.

Another view of the exportation of mineral matter
from the farm through the agency cof animals may be
obtained by the consideration of individual cases. Thus,
a calf weighing 160 [b. carries offl less then 10 Ib. of
minerals, including hetween 8 and 9 lb. of phosphats of
lime and about # lb. of potash. An or weighing from
1,200 to 1,400 lb. carries off from 55 to 60 1b. of minerals,
including less then 50 lb. of phosphate of lime, and about
24 lb. of potash. A f«t lamb carries off about 24 lb. of
minerals, influding about 2 Ib, of phosphate of lime, and
from 2} to 8 oz. of potash. A store shecp carries off less than
3 Ib. of minerals, wcluding over 2} lb. of phosphate of
Iime, and from 2} to 3 oz. of potash A faf sheep takes
awey from 3} to 34 1b. of minerals, including 24 to 3 lb.
of phosphate of lime, and from 2} to 3 oz. of potash. A
very fat sheep, of 240 1b. live weight, carries away more
than 7 1b. of minerals.

It must not be supposed that a 'lean’ animal con-
tains no fat. Oa the contrary, it has been proved by
anslysis (see Table XX XVI) that such animals as a half-
fat bullock, a lean young sheep, and a store piz, may
contain, in their entire bodies, more dry fat than dry
nitrogenous substances. Of animals ‘ripe ' for the butcher,
a bullock was found to contain rather more than 1wice as
much dry fat as nitrogenous substance ; a moderately fat
sheep nearly three times as much; and s very fat one
more than four times as much. A moderately fat pig
contained in its entire body about four times as much
dry fat as dry nitrogenous matter. A fat calf yielded
rather less fat than nitrogenous matter, a circumatance
quite in accordance with the recognized character of
veal, the leannens of which is the reason that fat bacon
is eaten with it: the pig supplying fat in which the calf
is deficient.

T2
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CHAPTER XXVIIL

DAIRYING

Ter increased demand for milk., butter, and cheese—
especially for the first-named product—has led to the
rapid development of the important branch of the agn-
cultural industry known as Dairy Farming. Many hold-
ings are worked exclusively as dairy farms : others, again
are mixed farms upon which dairying is only one of two
or three leading features, such as sheep breeding and
corn-growing. Independently. however, of such farms as
these, it 1s & common custom, on other kinds of farms,
to keep a few cows for the sake of the milk and butter
which they yield. .

MILEK

Milk, like gastric juice, bile, pancreatic juice. saliva.
and urine, is a secretion. It is prepared from the bload
hy the activity of the cells that make up the mammary
glands (fig. 212), which are contained in the cow’s udder,
or milk-bag. Thia latter is provided with four delivery
tubes, or teats, each of which, with its gland, is termed
a ‘quarter.’” When & cow is said to have ‘lost a quarter,’
it means that one of the teats has ceased to yield milk.
Besides the external covering which binds together the
whole of the vdder. each ~innd has its own special fibroua
envelope, and is distinet from, and independent of, the
other glands; hence. though the funciion of one gland,
or ‘quarter.' may be impaired, the others may continue
to act in the usual way. The orifice at the free end of
the teat is a narrow tube, which is ordinarily closed. In
the body of the teat this tube is much wider, but
becomes constricted again at the region where the teat
merges into the udder. Above the constriction is a
large space (the ‘milk cistern’ or reservoir),. which
becomes distended with milk as the seeretion accumu-
lates. Into each of the four milk cisterns innumerable
tubes opea Apy one of these may be traced back into
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roinute tubes or ducts, which end blindly in several amall
sacs or bags called alveoli (Lat. alveolus, a little hollow).
The delicate walls of the ducts and the alveuly wnre
lined by a single layer of minute living cells, and
1t is these which are the secretory part of the mammary
gland. The whole gland is richly supplied with blood
by means of thin-walled blood capillaries, & dense net-

F16. 212 —Cow’'s UDDER STRIFPED OF ITS SKIX

One of the snterior glands cut upen in order to expose—

£, the milk cistern or reservoir, into which a tube is seen tu be
passed through the teat. and around which are smaller
reservoirs, H.

U, mammary veins,

EE, oriﬁin of the superficial abdominel vein, or * milk vein.'

On the left side of the figure is seen the outer surface of the
posterior glands, which have a lobulated sppearance, pro
duced by bundles of milk ducts collected togelher,

work of which surrovnds every alveolus. Qut of the
blood thus placed at their disposal the secreting celis
manufacture milk, which flows along the duocts, and
accumulates in the milk cistern at the top of each teat
The general plan, here described, upon which the mam-
wary glands are constructed, is similar to that of the
salivary glands of the month.
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The details of the metbod whereby the secreling cells
of the mammary gland prepare milk from the blaod which
is submitted to their action sre too lntricate to be dis-
cussed here. But, inasmuch as milk is prepared from
the blood, it is useful to notica the resemblances and
differences between blood and milk.

Blood consiste of a liquid plasmae. or roedium, in
‘which are suspended emormous numbers of microscopic
solid bodies called corpuscles, and the red colour of tbe
great majority of these umparts the characteristic tint
to blood (see p. 435). Physically, milk resembles hlood.
in that it also consists of & watery fluid in which are
suspended immense numbers of minute solid bodies, the
fa-t yluhule. which impart to whole milk its very faint
yellow appearance.’ The opacity of separated milk,
from which most af the fat globules have heen removed.
is possibly due to the condition of some of the casew.
for this ingredient is not all in a state of true solution.
Blood 1s slightly heavier than milk, the specific gravity
of the former being 1055, and of the [atter 1'032. Blood
placed in contact with non-living matter, as in & basin,
speedily coagulates (se¢ p. 433); milk in similar circum
stances does not. Coagulated blood consists of a soft clot
(corpuscies bound together by fibrin) and liguid serum.
In round numbers the percentage composition of the
seruwn ix-—of water, 90; cf nitrogenous subsiances, from
8 to 9; of fat. extrectives, and saline matters, from
2to 1.

Of the blood corpuscles there are two kinds, the red
and the colourless (se¢ p. 435). The former are nearly
& thousand times as numerous as the latter, and contain
566 per cent. of water, and 43'6 per cent. of solids, the
latter being almost entirely nitrogenous organic matter.
The fibrin is also made up of nitrogenous organic matter.
When the corpuscles, on the one hand, and the seram,
on the other, are dried and ignited, and their ashes
analyzed. the leading mineral constituents of the cor-

‘The fat globules vary in size from ,gm to ,,K}n,.alof an u:(ch
in dismeter. They sre largest in the milk e Channe!
Lzlrnde breeds.
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puscles are found to be the chioride and phosphate of
potagsium, and of the plasma soda and chloride of
sodium. The extractives of the blood, though not
abundant iz guantity, are numerous wnd variable, the
ehief ones beiug urea, kreatin, sugar, and lactic acid.
These details serve Lo show whatl a very complex fluid
the blood is, and what is the nature of the materials
from which the mammary gland has to elaborate the
milk.

The Blood Supply of the Mammary Gland.— The
course taken by the blood on its way to and from the
mammary gland should be understood. The arterial
blood is pumped from the left side of the heart into
the aorta, passing along which the blood reaches the
external iliac artery (p. 437). and this is continued on
nto the femogal artery, extending more or less paralle)
to the femur, or thigh-bone. The femoral gives off a
branch, the prepubic, which in turn gives off & branch.
the external pudic. and this, after passing through the
wguinel ring, divides into two branches, the anterior,
or subcutaneous abdominal artery, and the posterior
abdominal, or mammary artery. It is from these that
the blood suppiy of the capillaries of the mammary
gland is immediately derived ; of the two, the mammary
artery is the larger.

The blood, after passing through the capiliaries of
the mammary gland, is collected into the abdominal
subcutaneous vein, commonly known as the ‘milk vein.’
[n cows, this vessel ia particulariy large; it extends
along the under surface of the abdomen to near the
end of the sternum, or breast-bone. where it torns
inwards to join the internal thoracic, or internal mam-
mary vein, the openings in the abdominal wall through
which these vessels pass being known as the ‘milk
fountains’ or doors, The internal mammary conveys
its blood to the vein of the fore-limb, and this joins
the anterior vena cava, which empties into the right
auricle. By this route, then, the blood which has been
suhmitted to the action of the mammary gland is
returned to the heart.

The average percentage composition of cow’s milk
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is shown m the first column of figures in Tahle XX XIX..
and. for the purpose of subsequent reference, thai of
skim-milk and that of whey are placed alongside.

The albuminoids, or nitrogenous compounds, are
casein and albuwin, the latter in ordinary cow’s milk
constituting not more than one-ninth of the total albu-
minoids. The ash consists of lime, potash, soda, mag-
pesia, and iron, with phosphoric acid and chlocine. The
figures relating to skim muk show that most of the fat
is removed In the cream. It is further apparent that
the liquid part of the milk, after separation of the
fat globules, still retains all the milk-sugar and most
of the albuminoids. It is worthy of note. ioo, that
skim milk contains the same proportion of water (90
per cent.) as tbe serum of blood.

.
Tawre SXXIX — Percentage COMPOSITION of WHOLE BILK,
BErM MILE, and WHEY.

Water ..

Albuminoids (mm albumin )
Milk-sugar (hclose) =
Fat (butter)

!
“ Ash
Henee the mammary gland, by the activity of ita
necreting cells, appears to be capable of preparing, from
the blood, typical representatives of the three greal
classes of food-stuffs—(1) proteins, albuminoids, or nitro-
genous organic compounds, represented by the casein
and albimin ; (2) carbohydrates. represented by the milk-
sugar; (3) fats, represented in the fat or oil globules.
1t is because it eontains these three classss of bodies
in suitable proportions, together with an appropriate

addition of mineral matter, that milk furnishes what is
called a ‘perfect food’ for the young animal. The
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student will again specislly note that milk is obtained
from the blood, and bhe has already learnt (Chapter
XIX.) that blood is dependent for its nourishment uporn
the food. In accordance with this it is posaible, within
certain limits, to so modify the food of the cow as to
regulate the quantity and quality of the milk which she
yields.

The composition of cow's milk varies—{a) in different
breeds, (k) in different animals of the same breed, (c)
in the same cow at different periods, snd even (d) in
the earlier and later portions of the same milking. This
last variation is due to some separation of the far
globules, or cream, taking place whilat the milk is still
in the udder, in consequence of which the milk is richer
in fat the later it1s drawn in the same milking, whilm
the milk lase drawn of all—the ‘strippings’—is often
very rich in fat.

The amount of solid matter contained in different
samples of milk may fall as low as 10 per cent. and rise
as high as 16 per cent., corresponding respectively to
90 per cent. and 84 per cent. of water. But it 1s note
worthy that such poor milk as contains as much as
80 per cent. of water vet includes more solid matter
than turnips, which (p. 457) possess on an average abou!
92 per cent. of water.

The milk yielded Ly the cow directly after calving
is called colostrum, and it differs from the ordinary mik
in its high proportion—20 per cent. or more—of albu
minoids, whilst the water does not much exceed 70 per
cent., and the sugar about 3 per cent. Colostrum is
specially suited to the needs of the new-horn calf, and
iz exclusively used for that purpose. A cow is usually
o full milk—that is, the flow is more copious—from the
second to the seventh week after calving. The yield
then begins to diminish in quantity, till eventually the
2ow ‘goes dry.’ By a plentiful supply of well-selected
iood, however, it is possible to materially prolong the
period of most copious flow.

It is evident, from the amount of albuminoids in
wilk, that Qairy cows require a nitrogenous diet, and
_that they =honld nat be fed on the same kind of food
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as will serve in the case of a fatting bullock. Younng
grass and growing clover afford the kind of food which
16 necessary. On the other hand, where, from circum.
stances of aituation or season, hay, straw, sad chopped
roots have to be largely employed, these must be sup-
plemented by such vitrogenous foods as cake, or peas,
or beans. Bruised oats and wheat-bran are good foods
for cows in milk., whilat green fodder of all kinds and
brewers' grains, will increase the yield It is thus
possible to improve the guality of cows’ milk by adding
to the diet cake, beaus. etc.. and to increase the
quariity by the use of succulent foods

If a cow has to rely chiefly upon a large quantity
of poor herbage. or other watery food, the milk will
correspondingly become poorer in solids, the butter-fat
being the constituent most likely to fall*in quantity.
When cows are kept for the sake of butter, aueh addi
tional foods as oats, wheat-bran, malt-dust, and cotton-
cake give excellent results, whilst palm-nui meal i
also useful. Peas, on tbe other band, are likely to
produce a hard butter, and linseed-cake, if given (oo
freely. a soft oily butter. Where roots are fed to milch
cows, the mangel is far preferable to swedes and white
turnips, on account of the undesirable flavour the latter
are liable to impart. Cabbages are superior to either
of these. Kohl-rabi, carrots, and parsuips are also useful
suceulent foods, but in all cases decayed leaves should
be removed. Brewers’ grains (wet) should not be given
Lo cows at the time of calving.

Estimats of Cost for Keeping & Dairy Cow for One Year.

Winter,—86 weeks. Coat per head,

per week.

Onily ration — £ s d £ s d
“Roots, $2 1b. . - .. 608

Cake, 8 1b. 1

Menl, 3 1b. 1 B w02
tHay, 18 1b. . . .. .. 020

. — 05 8

Laboor ... 0 1 8

Total cost per week ¢ 70
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Summer.—26 weeks.

£ o d £ 1 4«

Pesture, say - . . 0 2 0

Undec. cotton cake, 3 b per day 010
_— - U3«
Labour 098
Total cost per week U $ 6
£ s d k£ a d

26 weeka ot 7s. &JET week .. E .8 20

26 weeks at 3s. 6d. per week . o411 0

Yer depreciation and risk for year 220
—— 1515 0

Returns from an average Dairy Cow.

.
Malk Selling.

£ a2 a.
600 gallons of milk nt 7d. per gallon . 17 10 @
Calf . . 110 0
£19 0 0

The production and sale of milk are much more
exhaustive of the food resources of a farm than are
the fattening and sale of cattle (p. 546), and the manure
from dairy cows is much less valuable than that from
stall-fed oxen (p. 464). Where cheese is made. and the
whey is fed on the fdrm, the loss is less; and it is
less still where butier only is sold, and the skim milk is
used on the farm. Butter is essentially a carbonaceous
product, and the farmer gets carbon {rom the air for
nothing. The student who has read thus far ought to
be able to give the reasous for the facts stated in this
paragraph.

Milk Records.—Although the practice of keeping
careful records increases year by vear, the number of
recorded herds is still exiremely small. The quantity

* Roots valoed at Bs. per ton as the cousuming value.
+ Hay valued at £2 per ton a8 ccnsuming valos,
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and quality of milk yielded by difierenl cows -“artes
considerably, so in order to get the best returns it 1
imperative to weed out unprofiteble ammals, keeping
and breeding from the best. Hence the necessity of
exact milk records, for these alone can give the neces
sary information. A difference of one gint at each
milking would, during an average muking period of
300 days, amount to mo less than 75 gallons, which, if
sold at, say, 84. per gallon, would realize 30s. A well-
kept record not only makes it possibls Lo determinme
the value of individual cows, but alsc showa the influ-
ence of a change of pasture or food, the effect of
different climatic conditions, and ro forth. In facti, the
useful knowledge obtained far more than counter-
balances the trouble and expense incurred in keeping
the record. ‘

A milk recorder, or balance (fig. 213), 18 used for
determining the weight of milk produced. This should
bo entered oo a weekly Milk Return, drawn up in the
following form :—

HBEX ENDING SATURDAY 14

Name of | Sox. | Mox.| Tu. | Wen.| T, | Fri. | SaT.
w

Total
B Mo mfw efvw EfM E[x = Efx E|l
R ‘
[ i |
| |
B 0 I AR I ‘ I N
Total ... | f
R _..L__._. | NN (S
To calves .. —T i \
To dairy : i
(

¥ = woreing's milk. E = evening's mdh

At the end of each month the weekly resultq are
collected into a Monthly Milk Register, and these again
are embodied in an Annual Milk Register at the end
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of the year, the following headinga being used in hoth
cases:—

| k ’ - ‘; | | & J- -

2 13 P n__;

{ | (£ (= E(g:les

Nawx or K] P | FE 4%
Cow. Breed | Age g e ‘ z ”E S5 Revusnn

e (27 x| ES 55‘

22 | 2|2 |27

EAERERERLE

The weigit of the milk is teken in preference Lo tle
volume, bhecause it cun be determined with greater
accuracy. A gallon of milk of average quality weighs
about 1032 lb. An approximale milk
record can be obtained by weighing
each cow’s milk on one day—prefer-
ably the middle day of each week -
and entering the weight given as the
daily average for the week. At the
end of the year thess assumed
weekly averages are added together
and multiplied by seven, the total
thus obtained approximating closely
to the actual weight yielded for the
year.

Determination of the Percentage
of Cream.—For this purpose the in- prg o1y —Mux
strument generally used is the RRCORDER.
creamometer, which is simply a
glass tube marked with a graduated scale, divided
wte one hundred equal parts. The tube is filled
with milk, and when the cream has risen its percentage
volume can easily be read on the scale. The
Leat is only a rough one, for cream is not a substance of
constant composition, and iLa amount varies with dif-
ferent circumstances—e.g., if milk has been much shaken.
&s by & long railway journey, the volume of cream
obtained is reduced. In spite of these objections the
creamometer is very useful when the milk of cows in
the same herd is to be compared, though to give a
reliable result the different samples must be treated in
precisely the same way.
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Determination of the Percentage of Butter-fat.—
The best end guickest results in testing for butter-fat
are obtained by the Gerber Milk Tester (fig. 214), a
centrifugal machine, 11 which specially shaped test-
bottles are revolved for about five minutes at a fair
speed. The parrow graduated parts of the test-bottles
are directed to the centre of the machine, so that the
lighter fat remalns in tbem after centrifuging, and its
amount can be read off on the graduated scale. Befors
treatment each test-bottle is filled with 11 c.c. of milk,
10 c.¢. of dilute sulphuric acid, and 1 c.c. of amyl alechol,

Fro. 214.—GueRER MILE TESTER.
One tobe is shown separately bto left.

the objeet of these additions being to dissolve the casein,
etc., thus liberating the fat in an oily form, this being
further aided by keeping the mechine at a fairly high
temperature. Exact details are supplied with each
machine.

The importance of accurate milk records to the dairy
farmer and breeder can hardly be over-estimated. They
not ooly enable ‘ wasters’ to be weeded out, but-also
supply the information necessary for establishing pro-
fitable milking herde. It must not be forgotton in this~
oconnection that only bulls from & good milking strain
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should be used in breeding dairy cattle, for the here-
ditary characters derived from the male parent are fully
as important as those derived from the female, perhaps
even more 80. Careful attention must also, of course,
be giveu to the general character and points of the
unimals selected for building up sad improving & berd.
Jersey caitle afford an excellent illustration of the
establishmen!t of a butter breed by breeding con-
tinuously on the lines indicated.

Miwerne.—Thers 18 no farm operation which requires
more skill, when effectively carried out, than that of
milking. We must bear in mind that dairy cows are
sensitive creatures; therefure to ensure the beat results
they should be treated quietly and kindly. There should
be no talkiog or noise permitted in the sheds, and the
operation afould be quickly and thoroughly carried out,
for the more expeditious and complete the milking the
better the result. A special method, known as the
‘ Hegelund syatem’ (named after Professor Hegelund,
who Introduced it), is much practised in Denmark; but
it requires too much time to suit most English farmers.
It consists of a method of manipulation of the udder,
in the belief that more milk is obtained.

The milker should always speak to the cow when
approaching, taking the atool in the left -hand and the
mik-pail in the right, and bringing the stool into posi-
tion as he eits down. Commence the front quarters first,
by taking the nearer teat in the left hand and reaching
across to the other with the right hand. The fingers
ehowld pass partly round the teais, and then the points
of the fingers turned in, 5o aa to press the teats against
the palm of the hand. There should be no pulling or
ierking. The motion should come from the wrists, and
not from the elbow. Thers is a bad practice amongst
some milkers of drawing the thumb and first finger down
the teat, and this should be condemned, for it has a
tendency to produce sore teats and results in a shrinkage
in the milk aupply. To keep the udder shapely and en-
courage milk in the fore-quarters, these should not only
be milked first, but siripped again after the hind-quarters
have been dealt with.
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Cleanliness.—As milk is commonly recommended for
infants and 1invalids, and 1s pecuharly Lable to con-
tamination, the greatest care should be taken to secure
cleanliness. The sheds should be kept as clean as it is
possible to keep them, when necessary the cows should
be well groomed, especially the hind quarters, to remove
any dirt, and the udder washed or wiped well with &
damp cloth before milking commences. If stalls are
properly constructed, grooming will be reduced to &
minimum, and the washing of udders saved almmost com-
pletely.  Such washing should be ave:ded as wuch as
possilile, or udder trouble may result.

‘ The mistaky in cowsheds is that ton often the mangers are
placed at the same height se f for a horse, and the standiugs
are made too wide snd too Jovg. Mangers for cows should be
on the Hoor level. The length from the wull or back of the
manger to the back of the stall, or standiug, should be just
suficient for the cow to stand up or lie down in, her head in
both %Jnmt,iuna beiug over the munger. The width of the stall
should he enough to let her stand nnd lie down straight, without
being sble to turn round and lie across it. The gutters bebind
the stalls should be eight inches deep and of sufficient width to
allow shovels and brooms to be used freely for clesuing out
the manure.

*The cows should be fastened by the neck with s chain or
strap suteched to & ring on a short length of chain, with a
swivel, working up and down & bar of iron swo feet long, which
should be fastened vertically to the side of the stall sbout two
inches in front of the manger. The chain or strap shonld be
tied to the ring with cord, so that in the event of anything goin
wrong with the cow, the cord can be cut at once and the anim
set {ree.

‘1 give below the mensurements of cow stalla, each to hold
two ¢ows, 1 bave found by experience that in stalls of these
dimensicns the cattle will he comparatively clean. Two sets
of fignres have been given to suit the larger and smaller breeds
of cattle: —

Shorthorn. Jersey.
Total length of stall from outside wall  ft. in.  ft. in,
of manger to back of the standing .
Width of stall to take two cows .
Width of manger from front to back
Depth of manger from front to back .
Depth of gatter hehind cows .
Width of gutter . . B . .
Heigbt of bay rack from bottom of
manger to bottom of bay rack
. Hoight of hay rack . .

R WOOmm
oo omwSow

PO o
oo arxolocwo

(X3S
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* The floor of the stalls should be level, and both the stalls
and the gutter should be well littered with straw.

‘In such standings cattle should keep clean, while with
more room they will be found to get dirty. . . . The great
secret in building cow stalls is fo make the cows lie down
exactly in the same spot where they stand to feed, and this

esn only be attained by building the mangers on the floor .eva!
and of such s height that the cows can rest their heads over
the manger when lying down.' (Ernest Mathews, Journs!

R.A.S.E., vol. 67, 1906, pp. 119-20.)
Milking through gauze, as is douve in Jersey, csn be recom
mended.

The milkers should wash their hands well before
commencing to milk, and also rinse them after complet
ing each cow, as this will obviate teat trouble. A clean
overall or apron should be worn, which must be kopt
for milking omly, and replaced with a clean one as soon
as it becomes soiled. The intervals between the times
of milking should be as nearly equal as possible, for
the longer the interval between the times of milking
the poorer will be the milk, and vice versd. A strict look-
out must be kept for any udder troubles, great care
being taken not to use milk from a cow suffering
from garget, or cold in the udder, as the milk from one
cow so affected will spoil
the whole lot if mixed
with it.

Trearmest or Ming.—As
soon as the milk has been
drawn from the cow it
should be taken away from
the sheds or byre, for milk
quickly absorbs odours, and
is thus liable to become
tainted if left in the sheds
for any length of time. The
milk should then be strained.
The best kinds of strainers F1o. 215.—MILK BTRAINER.
(fig. 215) are those containing
a pad or medium of prepared cotton wool, which removes
the very finest particles of dust or dirt that would paes
through the ordinary gauze strainer.
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Cooling.—Where the milk is sold in bulk, and has
to be sent any distance by rail, it iy necessary to reduce
its temperature, to prevent it from becoming sour.
Thia 15 done by passing the milk
over a refrigerator (fig. 2I6),
through which a constant stream
of cold water 13 running. If the
milk can be reduced to a tempera-
ture of 50° F., it will travel along
distance without becoming sour,
providing the vessel in which it is
placed be clean and sweet.' The
most convenient method of convey-
ing the milk is in large cans,
commonly called ‘milk churns.’
These so-called milk churns are

F1o. 216.— made of tinned steel, and hold 17

BEFRIGBRATOR. imperial gellons or 8 barn gallons

(1 barn gallon equals 17 pints).

‘When the milk is kept at home for cheese-making,
st should be removed to the dairy as soon as it is drawn,
and passed through a sieve into the vat or milk-tub,
where it should be allowed to stand over-night. The
pext morning the cream is skimmed off, added to the
worning's milk and returned to the vat (see p. 573). If
the weather iz very hot and thundery, or if thers is a
considerable quantity of milk, it is a good plan to run
a little cold water into the jacket which surrounds the
wilk, stirring cccasionally to reduce the teroperature and
prevent the milk from becoming over ripe.

Milk intended for butter-making may be passed
through a separator or set in pans. In either came this
must be dope whilst the milk is fresh and warm from
the cow to get the best results. 1f it is to be set in pans,
they should be covered with mualin, and placed in &
gool, light, airy room, free from objectionable amells
or odours. The pans should never be placed in a living
room or larder where meat or any sirorg smelling foods

LIt is important ;lwnya to use a correci thermometer when
femperstures have to be determined.
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are kept. To get the best results from setting, the
room sbould be about 50° lower than the tewmperature
of the muk, aud the pans should be lsft undisturbed for
24 to 36 hours before skimming. The time will vary
according to the season of the year and the keeping
properties of the milk, but in any case the cream must
be skimmed off before the milk turns sour, or a very
unplessant flavoured butter will be produced. (For the
after treatment or ripening of the cream, see p. 567.)

Serararors (fig. 217).—These important applisnces, of
which the first continuous working form was invented by
De Laval, are put on the market by many manufacturers,
and are made of various sizes, capable of dealing with
from 9 to 880 gallons of milk per hour. The principle
is the same in all, the milk and cream being * separated
by means of eentrifugal force. The milk 13 allowed to
run into a bowl, which generally contzins a number of
discs arranged so that the liquid is centrifuged in thin
layers, which largely increases the separating capacity
of the machine and greatly reduces the necessary speed.
A great saving of labour is thus effected, and wear and
tear of the running parts of the machine reduced to a
minimum. During separation the butter-fat, which
is the lighter part of the milk, passes to the
centre, togetber with a little casein, water, ete., which
with it forp: the cream, and this goes through a emall
opening called the cream-screw, and is delivered through
an outlet tube into a vessel placed to receive it. The
separated milk passes to the outside of the discs, and
flows out through a separate tube. When all the milk
has passed through the separator it is a good practice
to run a little separated milk or warm water through,
as thiz will remové the cream that remains in the bowl.
and which would otherwise be lost.

The conditlons necessary for successful separation are
as follows:—

1. The raachine must be in proper working order and ssi
oo a firm {oundation =0 as to be perfectly free from vibration
when rupain

2. It most be well labricated with a svitable al

3. The epesd of the bowl must he up to and kept at the
wated rate before turning oo the Row of milk.
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Fra. 217.—' Avra Laval’ BeLT POWEB SEPARATOR.

A, mik fancet.

B, outlet for ik
fagcet.

0, fost.

D, cresm acrew.

E, toholar shaft

E, bowl ring. .

1, bowl  cylinder,
with spindle

1, Axture for ecver

arm
K, cover arm with
hook.

L, wing scraw for
oDver grm.

M, lock merew for
bowl.

K. vil catcher with

T, connection-sleeve
for pulley.

Q, poliey with
fixtare.

B, noion oput lor
pultey.

, wasteoil tabe.

T, wanteoil cop.

@

@, regulsting cover
with spoot snd
nozzle.

b, regulating tube

o, regulating nowale,

4, cream cover.

e, siam wllk oover,

t, Alfa top disc.

8 Adlh intermediate

iacs.

h, Alfa hﬂihm disc.
1, sight-feed lmbric

cator.
1, lubricator Axture,
k. spring bcusing.
1, top-besring plate.
m, top - besring
brass.

D, Wing scTew K

guard,
o, tront guard.
P, bowl = spindie

rd.

q, B indicstor

r, spindle-oup.

s, upper bushing

t, lower  spindi
‘with steal point

w, lower bushing.

v, steel point.

x, tread - wheele
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4. The milk must be ay n surtable tompernture, 1.e 83" b
Lo 100° F.

5. The milk must be well strained before sepmrating to
remove hairs, ete., which are the cauee of much trouble if left
1 the milk.

Braurers.—DBefore milk 18 ewployed for making
butter or cheese it is allowed to stand for a Gime in order
to ‘ripen,” or develop a certain amount of acidity, a
process brought about by the actien of lactic acid bac
terie.  These are mtroduced by means of what s
technically known as o starter. The starters uscd at the
present day may he divided ioto two classes:-

(1) The homc-made nr natural starters
(2) The commercial or culture starters.

The start8rs in the frst class generally consisi of sour
milk, butter-milk, or whey, and in each case the process
of ripening has taken place under ordinary conditiona
in the dairy, end so we may have present in the starter
any number of difierent kinds of bacteria. I, however
the cows are properly fed and tended, and the dairy
work good, and carried out with scrupulous regard to
cleanliness, the risk of undesirable bacteria is minmmized.
and some authorities are of opinion that natural
starters are preferable under such conditions.

The starters in the second class—viz., the culture
starters—are prepared by bacteriologists, and may con
tain one or more kinds of bacteria, which have been
apecially selected on account of their ability to produce
desirable ripening. Hansen’s lactic ferment powder is
a culture widely used in (his country. This culture is
said to comsist of two sorts of lactic ncid producing
oTganism.

This form of starter requires ‘building up’ before
use, and this is done by adding the ferment powder
to a gallon of fresh separated milk which has been pre-
viously heated up to 180° F., and cooled to about
70° F. It is then left in & cool, well-ventilated room
at about 80° F., covered over with & piece of butter
wuslin. or, better still, a disc of cotton-wool. and left
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for 24 hours. At the end of this time the top layer is
skinumed off and discarded, and the remaining portion
is stirred well, & half-pint is taken and added to a gallon
of fresh separated milk, ireated as before, and again
allowed to stend for 24 hours. This is repeated for
2 or 3 days, when the milk will be softly coagulated, and
will be ready for use. Milk starters can be obtained
from the leading dairy schools and dairy firms. They
have been built up from commercial starters. and are
more conventent to dairymen and farmers—

(1) Because they are ready for immediaie use.

(2) Because the cosu is very small. Healf a pint of
such a starter can be purchased for ls.,, and this is
suflicient to propagate one gallon of milk.

Io propagating a starter the greatest tare must be
taken to prevent it from becoming too ripe, as this tends
to weaken the desirable bacteria, with the result that
the starter undergoes fermentation by undesirable
germs, which produce objectionable flavours 1o cheese
and butter.

The guantities of such a starter to use for cheese-
making will vary from 1 to 2 per cent., according to
the sonson of the year. Care must be taken to pass
the starter through a sieve, and to stir the milk well
for & few minutes, so as to effect thorough and even
wixture. The milk is then allowed to stand for about
15 minutes before adding the rennet.

For butter-making from a quarter to half a pint +f
starter is added per gallon of cream to the first butch
of cream placed in the ripening vat or tin. This should
be well stirred in ecd added to the cream after it has
been cooled to between 60° and 70° F., the sooner
after separating the betier. As each lot of fresh cream
is added to the bulk it muast be thoroughly stirred. care
being taken to see that the cream has cooled below
70° F. before adding to the bulk. Cream sa treated will
be ready for churning in from 3 to 4 days; in any cage
it is always better to churn twice a week than to allow
cream to collect for a whole week before doing so.
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BUTTER

The first object of the butter-maker should be ta get
the cream properly and thoroughly ripened, for no
matier how skilful a person may be, he or she cannot
produce good butter from a badly-ripened or poor-
flavoured cream.

Pasteurization.—For the purpose of producing good
even-flavoured cream pasteurizing is often recommended.
This simply consists in raising the temperature of the
cream as soon as it is skimmed or separated to about
150° F., and then cooling to 60° F. A quantity of starter
should then be added, as mentioned previously, and the
creata stirreds well twice each day to get praper aeration
and uniform ripening. The cream should be added from
the subsequent meals, after pasteurizing and cooling, and
well stirred.

The heat to which milk is exposed during pasteuriza
tion kills many of the bacteria which are present,
especially those which are the agents of certain infec
tious diseases, and the addition of artificial cultures ta
pasteurized milk introduces bacteria of which the action
is known. The dairy authorities who object to the use
of commercial starters also objeci to pasteurization,
which they consider unnecessary when milk is properly
handled from the first, likely to conduce to carelessness
and detrimental to the guality of the butter.

Never mix fresh cream to that which is already
ripened the same morning of churning, for such &
practice results in a loss, as ripe cream churns more
guickly than sweet cream, and so the sweet cream or
the greater bulk of it would pass off with the butter-
il and be lost to the dairy. At least twelve hours
must elapse from the addition of the last lot of eream
to the time of churning.

Cream may be regarded as e highly concentrated
wilk, exceedingly rich in fat. The object in butter-
making is to isolate this fat—that s, to separate it from
everything else that is associated with it in milk. Each
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little mass of fat, as it occurs in milk, exists as a minute
independent globuie.
In order to get the
elobules of fat 10 run
together, churning is
resorted to. Many
kinds of churns (fig.
218) are in use, hut
in all of them the
object is the sanie,
no matter how it
may be effected. A
zood churn  shaould
be simple in con-
struction, and there-
fore eafy to clean.
The residual liguid,
after the butter has
separated from the
cream that is put
into the churn, is
called butfer-milk.
The following in
- structions have been
Fig. 218.—Cpavpiox CHODRN. published as a leaf-
let by the Royal
Agricultural Soclety of England :—

Simpie Rufes for Butier-making.—Prepare cburn, butter
wyrker, wooden hauds avd sieve as follows:—

(1) Rinse with eold water.

{2) Scald with boiling water.

{3) Rub thoroughly with salt,

(4) Rinse with cold water.

Always use a correct thermometer.

The cream, when put into the chure, and tha churn shoold
both be at & temperature of 52° to 57° in summer, and 569 ta 60°
in winter. The temperature of the atu;=phere should decide
at which of these ﬁpgnree churning should take place. The
warmer the day the lower should be the temperature of the
cream and the churn, and wice versa. Tha churn should never
be more than half full Churn at number of revolutions suf-
gested by maker of ehuro. If none are given churn ot 40 to 45
revolutions per minute. Always churn slowly at first.
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Ventilate the churn freely and frequently during churning,
until no air rushes vat when the vent is opened.

If the cream * goes to sleep ' after it has beeu churned for
25 to 80 minutes, stop churning and wash down the lid and sides
of the churn with a small quantity of water at a temperature of
from 75° to B0° Fahr. The butter will usually come with u few
more revolutions of the churn.

Stop churning immediately the butter comes. This can be
ascertained by the sound, or by inepection,

Directly the butter comes, the temperature of the butter
and butter-milk in the churn should be tuken, in order that the
cold water and brine mentioned in the three following para
graphe muy be lower in temperature than the butter and butter-
milk, otherwire in the washing and brineing processes the butter
will not be kept in good grain, but m:i; get into u lump. Butter,
when churning is properly done, should be like grains of
mustard seed.

Pour 1 a small quantity of cold water (one pint water to
two quarts cream) to harden the grains, and give a few more
turns to the cpurn gently.

Draw off the butter-milk, giving Elemy of time for draning.
Use a straining cloth placed over s hair sieve, so as to prevent
any loss, and wash the butter in the churn with plenty of cold
water; then draw off the water and repest the process 3 or 4
times, until the water comes off quite clear.

To brine butter, make a strong brine, 1 to 3 1b. of salt to
1 gallon of water. Place straining cloth over mouth of churn,
pour in brine, put lid on churn, turn sharply three or four
times, and then drain off the brine,

When a Delaiteuse or centrifugal drying machine is used,
the butter should be taken out of the churn and put in the bag
provided for the purpose, and dried in the machine.

Where the water is worked out of the butter on the butter
worker only, the butter should be lifted out of the churn into a
sieve, turned out on the worker, and allowed to drain for half-
an-hour (that is, if the dairy is cool) before being worked.

In both eases, working out the superfluous moisture and not
working water into the butter is the object to be attained.

To drysalt butter, place hutter on worker, let it drain 10 to
15 minutes, then work gently till all the butter comes together.
Place it on the scales and weigh; then weigh ealt, for slight
salting % oz., medium } o0z., heavy salting § oz. to the Ib. of
butter. Roll butter ont on worker and carefully sprinkle salt
over the surface, a little at a time: roll up and repeat till all
the salt is nsed.

N.B.—Never touch the butter with your hands.

The centritugal drying machine, or Délaitense, men
tioned above, essentially consists of a perforated metal
cylinder, worked by a horizontal spindle and surrounded
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by an outer case. About 16 lb. of the granular butter
is put 1o a csnvas bag and placed in the cylinder, which
is revolved for about four minutes at the rate of 700
or 800 turns per winute. The moisture is driven out by
centrifugal force into the outer case, from whieh it is
drained off by & pipe.

Working the Butter.—The buiter is laid on the bed
of the butter-worker (fig 219) and spread out to drain,
covered over with a
piece of muslin. If the
local market demands
rather a salt butter, a
little dry salt may now
be dredged on to the
butter before 1t is
worked. « Draw the
butter to the centre
of the worker &nd
commence the working
slowly and carefully,
continwing the opera
tion untd all the sur-
g’ plus waler 1s removed.

F10. 219.—BUTTER-WORKER. Making wup the

Botter. — When  suffi-
ciently worked the butter is weighed np into pounds or
half-pounds, according to market requirements, and
made up into neat hrick-shaped pats with a pair of
Scotch hands. A neat pattern put on the hutter greatly
adds to its appearance and makes it more atiractive.

Characters of Good Butter.—Well-roade butter should
be firm and not greasy ; it should possess a characteristic
texturs, In virtue of which it cuts clean with a knife
and breaks with e granular fracture. Theoretically, it
should consist solely of the fat of milk, bat in practice
this degree of perfection is never attained. The legal
standard for butter is that it should contain not more
than 18 per cent. of water. =

The amount of milk required to produce a pound of
butter obviously depends on the percentage of butter-
fat contained in the former. If this is 3'9, as in the
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average already given (p. 552), about 28 ib. wiil hs
reauired. Details are given in Table XL :-

TaBLE XL.— MILR reguired to make 1 1b. of BUTTRE.
(Ernest Mathews.)

Vi

Ratio Gallons

DBred

Red Pole !
Welsh ; J
Shorthorn 7o B
Lincoln Red bhorthurn .. - é 2700 23
!
'

Ayrahire
Souty Doevon -
Kerry ... ...
Dexter ...
Longhorn
Guernaey N
Jersey ... JERI]

S
»:

—tt4
SR

=

Cleaning the Churn, etc.—\Vhen the butter-making
is finished, the churn and other utensils should be cleaned
as follows. First wash with warm water (at temperature
about 110° F.) to remove grease, and then scald with
wmder over 150° F., wipe with a cloth, and Jeave exposed
to ory.

CHEESE

In butter-making the object is to collect the {at only
but in cheese-making the aim is to collect the casein,
with all or as much of the fat as possible, evenly dis-
tributed throughbout the whole mass. This part of the
milk is known as curd; the remaining or liquid portion
is ealled whey.

Rennet js used to separate the curd, as it possesses
the power of coagulating the casein present in milk.
In olden times the rennet was prepared at home by
placing the * vells,” as they are termed—which consist of
the fourth stomach of a calf (se p. 425), prelerably a
very young calf and one which has been fed solely ou
milk—in & strong brine, with & little preservative added,
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end leaving to stand for a time, the liguid portion heing
afterwards strained and used for coagulating the milk.
Concentrated preparafions are now chiefly used, as they
possess the advantage of constant and uniform
strength, so that the quantity of rennet to be used ran
be accurately mensured.

For the making of good cheese il is most essential
to have good clean milk. and everything connected with
the dairy must be kept absolutely clean.

Harp Cueese Makive.—The appliances consist of a
jacketed cheese-vat or tub, curd-knives for cutiing the
curd. curd-rake for stirring the curd while cocking, curd-

F1g. 24.—CHEESE VAT,

cooler for exposing the curd siler removing the whey,
curd-mill for grinding the curd, and moulds for shaping
the cheese when under the press. Ifone cheese each day
is made, one single and one doubls press are sufficient
for cheddar-making, but for Cheshire cheese-making an
extra press is required.

Cloths are required for lining the moulds or vate
and for wrapping up the curd while cheddaring, and
also for bandaging.

Cheddar Cheese.—The evening’s milk is stramed into
the cheese vat (fig. 220). If there ig & large qua.nmty,
or should the weather be close and hot, it is
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advisable to effect cooling by putting cold water
mnto the jacket and stirring the milk well. Leave
till morning, when any cream should be skimmed
off, warmed up to about 95° F., returned to
the vat with the morning’s milk and well stirred, to
get it thoroughly distributed again. The mixed milk
is then raised to the proper temperature for adding the
rennet (generally from 84° to 86° F.), and from one to
two per cent. of starter, strained through a sieve, is
added (see p. 565). The milk is now thoroughly stirred
and left for 10 to 15 minutes, when the colouring matter,
or annatto, should be added, if the cheese is to he
coloured. Annatto is added at the rate of 1 oz. to 100
gallons of milk for a slightly coloured cheese, 2 o0z. to
100 gallons of milk for a highly coloured one. It must
be well stirredqin at least five minutes before the rennet
1s added, or discolouration will be the result.

The milk should now be ready for adding the rennet,
and ought to contain about ‘2 per cent. of acid.' The
usual amount of rennet to use is 1 drachm of extraet
to 2 gallons of milk. The rennet, diluted with two or

“The degree of acidity in milk is determined by meaus of
an acidimeter, essentially consisting of a long gradusted tube or
burette for holdingan alkaline solution
(generally one-tenth normal caustic
soda) which can be run off helow, and
which is connected with a glase reser-
voir, from which it can be refilled
(fig. 221). A second solution of 0-5
per cent. of phenolphthalein is em-
ployed to indicate the neutralization
of the acid in the milk tested. 10 c.c.
of milk sre put in a small porcelain
dish and a few drope of the indicator
added. The alkaline solution is then
gradually run into the sample, which
s stirred continuously until a faint
pink colour is sssumed. The amount
of solution used is then read on the
scale in ‘degrees,” which indicate FIG. 221. —ACIDIMETER.
the number of c.c. of solution neces-
sary to neutralize 100 c.c. of the milk sample. The percentage
:l étagc acid present is obtained by multiplying this figure
'y 0009,
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three timea its bulk of water, is added to the milk,
which 1 at firet stirred rather vigorously for
3 ty 5 minules, and then slowly unlil it begins to
coagulate, which will generally be in from 10 to 12
minutes. The milk is now covered over, and left to
stend until the curd is ready for cutting. If it makes
& cleen break over the finger when ineserted under and
along its surface. it is firm enough to cut. Cutting
iv eflected by a pair of curd-knives
(fig. 229), ope with vertical blades
and the other with horizontal ones.
The former is used firat lengthwise,
and is removed at the end of each
cut. The curd should then be left to
contract for 3 to 5 minutes, cut cross-
wise with the same kpife, left again
for mbout 5 minutes, and then cut
with the horizontal knife both length-
wise and crosswise. The curd is now
wiped from the sides of the vat, and
stirred with the hand to bring it up
from Lhe bottom of the vat. If the curd
is too coarse, it 1s cut again with the
vertical knife. After leaving to stand
Fie. ?‘Z?.—CURD- for about 10 to 15 minutes, the mass
ENIVRS. is slowly stirred until the corners of

the cubes show signs of rounding off.

The heating up is commenced by pouring hot water into
the jacket, or by turning oo the steam, if so fitted, end
stirring continued unti] the temperature is raised to
about 100° F. This process should take about 45 minutes.
The mass should be maintained at this temperature until
properly cooked, which will be in from 10 to 15 minutes,
when stirring ia discontinued, and the curd is allowed
to settle or pitch. The curd is sufficiently cooked when
it is sbotty, hard, sinks quickly, has an acid smell, and
answers to the hot iron test. The length of time the
curd is allowed to pitch depends upon the amonnt of
acid developed; if sweet, it may be allowed to pitch
for § or 3 of an hour; if it is acid, only for & short
time. The whey is usunlly run off when the acid test

«\\\\\\\\\\\\l\\\l\\“\\“\[\l|lﬂlll|ﬂl i
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shows '18 to ‘2 per cent.. or when the curd gives fine
threads } inch long, when a small piece 18 removed
from the vat, pressed in the hand., dred m a cloth,
placed against a bar of iron heated 1o a black heat,
and then gently drawn away. The whey is now run off.
and the curd cut up the centre and rolled to one end
of the vat. A rack is put on and weighted to expel the
excess of whey. In about 10 minutes it is cut up into
cubes some 4 to 6 inches square, placed in a cooler
covered with dry cloths, and weights placed on it. The
curd is opened and turned every 20 minutes or hsalf an
hour, its outside being {urned to the centre, and the
weights increased until it is ready to grind. This 1=
when it is distinctly acid to taste and smell, solid iu
cutting, will tear in thin layers, and attenuates from
1} to 1} inchgs on the hot iron. It is then passed
through the curd-mill (fig.
223), to reduce it to such »
be thoroughly distributer

Fia. Z‘MAlpmx
Mouwrp.

F16. 223 —CURD-MILL.

After grinding, the curd is weighed, and if cool enough
in ready for salting, for which the best temperature is
from 74° to 76° F. 8Salt is added at the rate of I oz.
to 3 1b. of curd. The salt is well stirred into the curd,
80 a8 to ensure thorough incorporation. ~This usually
takes about 10 minntes, and then, when the temperatore
is 720 to 74° F., it. iz mounided, or filled into a mculd (fig.
224) lined with a cloth, being pressed tightly in with the
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closed hand. The cheese is then ready for putting under

the press (fig. 225). The pressure must be applied

gradually, or fat will be expelled with the whey, until

al the end of 2

hours wo have IU

é cwi. on the cheess,

under which pres

sure 1t should be

allowed to remain
over night.

The object of
pressing is to con-
solidate {he curd,
and to expel the
excess of whey or
moisture, The day
aftet making, the
cheese 1z taken
from the press, the
cloth removed, and
a clean one suhsti-
tuted, after which
it 1s returned o
the press, with iz
cwt. pressure. At
this stage some
makers bathe the
cheese in water at
120° F. for one
minute, which
said to improve
, the coat or rind,
P 3 rendering it
. tougher and Iess
e lisble to crack

- S The folowing dar

Fi1a. 225.—CAxxss PRESS. the cheese iz
again taken [rom

the preas, a coat of grease or lard put on, and its ends
capped with butter mustin, It is now covered with s
thin cloth, put back in the mould, and placed once more
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in the press, this time being suljected to a pressure of
one ton.

The next day the final bandage either a laced or a
winding one—is put on. and the cheese 18 removed
to the ripening or curing room. the most sutable tem-
perature for which is from 60° 1o 65% F. The cheeses
should be turned cach day until ripe. the process usuully
taking aboul Tour months.  The length of time required
for ripening can be regzulated by the amount of acid
allowed to develop in the curd previous 10 salting and
vatting. The results of Mr. F. J. Lloyd's investigations
into the manufacture of Cheddar cheese show that an
average acidity of "85 per cent. in the hiquid oozing from
the press gives slow ripening, while for quick ripening
an acidity of 1°00 per cent. is required, and for very
quick ripenmk ahout 1'15 per cenl.

Soft-pressed Cheeses.— Among 1hese the most noted
is Stilton, of which the characiers are as follow- (1) A
drab-coloured, rough or wrinkled coat. (2) a rich and
mellow, but not soapy texture (the old Sulion makers'
maxim is ‘ Beware of chalk and beware of soap,' which
means avoid hardness on the one hand, and soapiness on
the other), (3) a marbling throughout the biody of the
cleese, due to the growth of a hlue mould (Lenicidlium
glaucum), commonly called painters’ brush.

At least three rooms are required for the manufacture
of BLilton—i.e., (1) setting and draining room, (2) drying
and coating room. (3) storing and curing room.

The cne-curd system of Stilton manufacture: The
milk should be perfectly fresh; that which bas not lost
its animal heat is most suitable. For a medium-sized
chkeese. take 12 gallons of milk, regulate to a tempera-
ture of £2° F.. add 4 fluid oz. of starter, stir thoroughly
for & few minutes Then add 3 drachms of rennet
extract diluted 1o about four times its bulk with water,
stir well for 5 to 7 minules. snd slowly for about
3 minutes, in order to prevent the eream from rising.
Cover the vessel with a cloth, and alluw to remain for
from 1§ to 14 hours, when the milk will be firmly
coagulated and ready to ladle out. Ladie the curd nut
of the vat into straining cloths placed in a curd-sink,

o
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or drainer. These cloths are about a yard square,
bolding about 3 gallons of curd each. In ladling the
curd is cut into thin slices, so that the drainage of the
whey is facilitated. Let the curd stand for one hour
in its own whey, with the ends of the cloth just folded
over. The cloths are then grasped by the four corners
and lifted up, one corner being taken and wrapped round
the other three, thus acting as a binder, the whole
being made up into bag form. In from 30 to 45 minutes
the whey is run off, the bundles or bags are tightened,
and then allowed to remain in the sink for an hour
longer. The whey which drains off collects and remains
in the drainer with the bundles of curd. At the end
of the hour the second lot of whey is run off, the
bundles tied tighter, and turned over with the knot
downwards, so as to hasten the drainage of the whey.
The turning and tightening of the bundles are repeated
every half hour, until the whey which comes from the
curds shows "18 to 2 per cent. of acidity. At this stage
the curd is turned out of the cloths into the bottom of
the drainer or sink, and allowed to drain slowly until
25 per cent. of acid is registered in
the whey. Each bundle of curd should
now be cut up into cubes about
4 inches square, piled up at one
end of the sink to drain, and turned
occasionally to facilitate the drainage
of the whey. When the whey which
is coming from the curd registers "45
to -5 per cent. of acidity, and the
curd is still moist and mellow, it is
ready for salting. It should be
- broken up by hand, and salt added at
F1o. 226.—Stirox  the rate of 1 oz. to 4 Ib. of curd. After
MouLp. mixing in the salt, the curd is put into

the hoop or mould (fg. 226), which

should be placed on a board covered over with a piece
of calico. Great care should be taken when moulding the
curd to keep the centre open, and this may be done
by putting the finer particles of curd at the bottom and
round the sides of the mould, while the larger or coarser
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pieces are placed 1a the loosely filled centre In filling,
the curd should he firmly pressed at the bLottom and
lightly at the sides. but the centre must be left open
or loose. The temperature of the curd at this stage
should be about 65° . When the vatting is complete,
the clieese should be turned on to a [resh hoard and
cloth and placed in the draining shell, turned again
at the end of two hours, and then left until next morn-
ing, when it is again turned. Tlus process of turning
is repeated daily unti the cheese in ready for scraping.
This generally takes place abont the ninth or tenth day
after hooping. The cheese is ready for scraping when—

(ty 1t leaves the sides of the hoop.

(2) It is creamy outside.

(3, It bas a smell similar to that of a ripe pear.

The scraping is effected with an ordinary table knife,
the object being to produce a smooth coat or surface,
by filling up all holes, so thet when the coat dries we
get the even wrinkling which is so much desired. A
bandage is now put on, and this is pinned tightly round
the cheese. The hoop should be well washed, and after-
wards replaced. Next day the hoop and bandage are
removed, and if any holes appear 1o the coat of the
cheese they should be filled up by scraping again. A
fresh dry bandage is now applied, but the hoop is not
replaced. About the eleventh day the coat begins to
form, the external surface shows signs of white mould,
and dry patches appear on the bandage. The cheese
should now be removed to the drying and coating room,
which is kept a few degrees lower in temperature than
the draining room. and should if possible pe arranged
&0 as to have a current of eool moist air passing through
it. This will prevent the cracking of the coat, and
minimizes the loss of moisture. If the room is too dry
it is a good plan to place a damp cloth over the cheese
occasionally. Turn each day until the coat is firmly
frxed, which genmerally takes about a fortnight. The
cheese is then taken to the curing room, the most suit-
able temperature for this being from 559 to.60° F., and
turned daily. It will take from 4 to 6 months to ripen.
During the ripening stages the cheeses should be
o2
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brushed frequently (o keep them free from the cheese
nive (Dyeoglyphous soa), an o arachimd  which 18 very
destructive, especially to  Stilions. A well-ripened
cheese showing mnumerable blue veins, tasting rich and
woist, free from acidity aml excess of the Havour of
mould, finds a ready sale and commands a good price.
Twelve pallons of mulk wil produce about 104 lb. of
ripe Stilion.

Suvit (nevses.—For the production of these amall
cheeses the utensils are not expensive. therefore no great
amount of eapital 1s required. As we hve in the daya
when small holdings are becoming more numerous, there
is no reason why we should pol see an increase in the
manufacture of these hitle clieexes, which are very
easily made. and leave a fair margin of profit when
sold. Though the demand for them at the present
time is oot very great, there is no doubt that the con-
sumption would be greatly increased if they were made
more widely known. For the purposes of this work
it 18 intended to give a short description of a few of the
following leading English and French varieties of soft
cheeses: Cream, double cream. Cambridge or York. and
sour milk cheese, of the English varieties; and Pont-
I'Evéque. Nenfchaiel, Coulommier, and Gervais, of the
Frencb varisties.

Single Cream Cheese (R..1.8.E. recipe).—This cheese
is suld 10 England as * Bondoa.” To | gallon of new milk
add half-a-pint of butter-milk, set at 60° (o 63° F., add
two drops of renaet to each
quart, and stir for a few
minutes. Io from 24 to 38
hours the mixture will be
ready to be ladled into a
. well - scalded huckaback

Flo. 227.—CreAy cloth. Scrape down the sides

CBexss Mouips. of the cloth at intervals to
assist drainage. Ino S to 10 bours turn the curd into
another cloth and press between two hoards under a
weight of about 14 Ib. Add 1 te !} teaspoonfuls of salf
to curd when firm. The curd will then be ready to mould.
The moulds are 2in. in diameter and 2} in. deep (fg. 227).
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Line with grease proofl paper. One gallon of milk should
make from six to eight cheeses.

Double-Cream Cheese (/.. recipe). — Thick, swoet
cream, without rennet. Sel at Hang up in a Goe
wel linen cloth, in & coul dlnngln) ]lau or place aver
a rack. Scrape down the sides of the cloth at intervals,
to assist drainage, until the cream is firm enough to
mould. The moulds are made in two forms 4 . long,
14 in. wide, and 14 in. deep, or 3 in. in diameter and
1} in. deep. Line with grease-proof paper or mushn
These cheeses are usually made without salt. One pint
of thick cream will usually make three cheeses of } lh.
weight. Generally eaten fresh, being too rich to ripen.

F1e. 228, —CaMBRIDGE . X
OR YORE MouLD. STaaw Mat.

Cambridge or York Cheese (X.d.35.E. reetjr). - To each
gallon of milk add 17 drops of rennet, and set at 85° to
98° F., and cover up for about an hour; theo ladle out
the curd into box-shaped moulds as carefully as pos-
sible, taking off first the thin smooth piece of curd from
the surface, to be replaced on the top of the cheess
when the mould is full. The woulds are of wood, 74 in.
long, 4 in. wide, and 6 in. deep (fig. 228). Tuey are placed
an straw mats (fig. 229) on stands, all of which should be
thoroughly scalded before using. The cheese must then
be left to drain. These cheeses do not require salt, and
will be ready for use in 4% houra.

Svur Milk Cheese (R.A.8.%. recipe).—To 4 gallons of
sour milk add 1 drachm of rennet, and set at a tem-
perature of 84° F. Leave the milk until a little whey



539 DAIRYING

appears on the surface of the curd, then ladle out into
moulds placed on siraw mats. (oagulation generally
takes place in 43 hours. The moulds are the same as
those used for Coulommier cheeses. On the following
day the upper part of the mould should be removed,
the cheese turned on to a [resh mat, and the surface
sprinkled with salt, while later in the same day the
cheese should be turned again, and the other side
spriokled with salt. The cheese should he turned every
day. and rubbed with salt twice or more until it is ripe.
Pont I'Evéque Cheese. — Tn make four cheeses
take 3 gallons of fresh whole milk, and raise (o a tem-
perature of 957 F. Add 1 drachm of remnet, stir for
3 minutes, and leave covered over with a cloth for
50 minutes to 1 hour to coagulate. As soon as the curd
will break clearly over the finger dividée it into 2 in.
ecross squares, and cut these across diagonally. In
about 5 minutes ladle the curd into & coarse straining
cloth and place over a curd-rack, so that the whey may
escape. Tie up the cloth as described for Stilton (p. 578).
Gradually tighten cloth every 20 minutes for about 23
hours, to drain and consolidate the curd. If drainage is
too slow, the curd should be cut when in the cloth, but
great care should be taken not to have curd too dry,
as in this case it will not mould properly. Break up
curd with fingers, and fill into the moulds

} ) (fig. 230), which are usually placed ona
- N— i board covered with a straw mat (fig. 229).
. i} Place firmer curd in the centre, using
the softer curd for the outside. By doing

so the drainage of the whey is assisted.

|
[ !

Pog-}-o'n?é?{_qcs and the finished cheese will present &
" MovLp. smooth surface. When moulds are filled

place a straw mat and & board on
the top, and then turn over. In about 10 minutes turn
once more, and do this ahout once an bhour for 3 or
4 hours. Next day rub all over with dry salt, using
about % oz. to each cheese. Turn twice daily, and
remove moulds when the cheeses leave their sdes,
which is generally about the fifth day. In a few days’
° time the cheeses should be dry enough to be placed in
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the ripening room on racks covered with straw. They
will be ready for use in about 3 weeks. A good Pont-
PEvéque, when ripe, should he soft to the touch. A
tough, leathery cheese is the result of too rapid drainage
of the curd. When ripe, each cheese weighs about 14 oz.

Neufchatel Cheese (R.4.5.2. recipe). —To | quart of
cream add 1 guart of new milk, mix well and set at
58° to 60° F., and add 1-10th drop of rennet. This
is got by mixing 1 drop of rennet with 9 drops of water,
and using 1 drop of the mixture In 24 hours the cream
will be ready to be ladled out into a cloth, when it should
be placed in a light wooden square frame, and left to
drain for 12 hours. At the end of that time it should
be gently stirred two or three times, when the cloth
should be changed and the curd pressed between two
boards under a weight. When the whey has been pressed
out, the curd is worked smooth in the cloth with a flat
trowel, and put into moulds lined with grease proof
paper. The same moulds can be used as for Double-
Cream Cheese. Generally eaten fresh, being too rich
to ripen.

Coulommier Cheese (R.4.S.E, recipe).—The quality of
this cheese depends largely on the milk used for making
it. To 3 gallons of milk add @ drops of rennet, and set
at 84° to 87° F. Btir for 3 minutes, and then accumna.lly
for the first 2 hours, to prevent the
cream rising. In 6 to 8 hours the
curd will be ready to be ladled out in
thin slices into moulds which are
placed on scalded straw mats to
assist drainage. The moulds are
5 in. in diameter and 5} in. deep
(fig. 231). On the following day the
upper part of the mould should be

e

removed, the cheese turned on to CFoﬁoﬁ;n
a fresh mat, and the surface Mour.

sprinkled with salt, while later in the

same day the cheese should be turned again, and the
other side sprinkled with salt. The cheese must be
turned every day and rubbed with salt twice or more
hmuunf.ihtunpo, or it may be eaten fresh.

L
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Gervais Cheese (R.4 .S E. recipe)—Add 1 quart of
cream to 2 quarts of new milk; mix well; set at 65° F.,
and add 2 drops of rennet 1o each quart. Stir ocea
sionally to prevent the cream from rising, until the
mixture thickens. In 7 or & hours the curd will be ready
to ladle out into well-scalded cloths. (If a sofier curd 1s
desired. 1 drop only of renne! shosld be added 10 each
quart, in which case the coagulation will be longer.)
Hang the cord up o drain until it is dry enough for
moulding. Serape down the sides of the cloth at mier
vals 10 assist drainage. Jn bot weallier it is necessury
to change the cloths occasionally. Salt may be added

1o taste ; but 1 ieaspoonful of

salt to 3 quarts of 1the
mixture is aboui the right
proportion.  * When  firm
= throughout the curd js ready
‘H'—‘;_:.—:.__’J——'z‘g o mould. The moulds

X - ) are 1] in. in diameier and
K10 R~ CRRYAIaMEULDS: 2} in. deep (fig. 232). Line

the moulds with prepared or white bloiting paper. and
place them on scalded straw mais (fig. Then fill
them with the curd, which should be well pressed down
with & spoon, and left to settle in the moulds for an
hour. Three quarts of the mixture will usnally make
one dozen cheeses.

CHAPTER XXIX.
POULTRY AND POULTRY KEEPING
FOWLS
The Origin of the Domestic Fowl.—The various
breeds of fowls are believed to have originated from

one wild species. the red jungle fowl (Gallus
“bankiva), whicbh ranges from North India, through
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2 3
South-east Asia, to the Philippines. Darwin found,in his
experiments, that the domestic fowl had a tendency to
revert to the wild form when crossed. He says: " From
the extremely close resemblance in colour, general
structure, and especially in voice between Gallus bankiva
and the game fowl; from their fertility, as [ar as this
has been ascertained, when crossed; from the possi-
bility of the wild species being tawed; and from its
varying in the wild state, we may confidently look at
it as the parent of the most typical of all the domestic
breeds namely, the game fowl' (dnmimuls and Plants
under Dumestication, second edition, 1882; p. 248). In
colour the red jungle fowl closely resembles the Old
English black-breasted red Game. but is somewhat
smaller.

Classificatipn of Breeds.— The various breeds are
generally classified, according to their special qualities,
as layers, table birds, and general purpose or utility.
The general shape and carriage of the different breeds
give us a fairly good guide as to the class to which
they belong. Look at a fowl from the side, and sup-
pose an imaginary line drawn from the front of the
neck to the thigh. 1f the greater bulk of the body lies
behind this imaginary line, laying qualities are indi-
cated, and the fowl is classed as a layer, but if the
bulk of the body lies in front of the line then it is
classed as a table variety. When the body is evenly
balanced on each side of the line, the bird does not
excel as a layer or as & table fowl. but the two qualities
are equally developed, and such a fowl is classed as a
general purpose or utility fowl. The following is a list
of breeds, classified according to their qualities:—

Crass I.—Laying or non-sitting varieties:—

Aagcona. Hamburg. Migorea.
Andalusian. Houdan. Redcap.
Campine. Leghorn.

Crass I1.—General purpose or utility varieties:—
Faverolle. Orpington. Sussex.
La Bresse. Plymouth Rock. Wyandotte.

Langshan. Rhode Island Red.
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Crass JII.—Table varisties.

Coucou de Malines. Game Inding Game
Dorking.

Crass 1V.—Fancy or ornamental varieties i—
Baptam Silky. Yokohama.

Short Description of the Common Bresds.—The
leading. points of the breeds—in alphabetical order—
bere follow :—

Ancona.—Small-tbodied birds, closely resembling the
Leghorns; excellent layers, non-sitters; plumage,
mottled black and white; very hardy. Twa varieties:
the single and the rose-combed.

Andalusian.— Small bodied birds; excellent leyers,
aon-sitters; pluwage, silver blue ground colour, laced
with black; very hardy; single comb.

Campine.—Very small birds, but great layers;
single combs. Two varieties: gold and silver.

Coucou de Malines.—A great table variety, having a
large frame. The young birds are very hardy, grow and
mature quickly, and fatten well. Plumage, barred,
slightly feuthered on legs. Single comb.

Dorking.—Large-bodied birds, with clean white legs.
sarrying a fifth toe. Most useful for erossiug with Game
for table purposes. Five varieties: dark, silver-grey, and
red, with single combs; white and cuckoo, with rose-
comba.

Faverolle.—Large-bodied birds, shaped like Dork-
inzs; legs slightly feathered, and carry a fifth toe. They
have a characteristic muff or beard; single comb. The
~oung chicks are hardy and quick growing. Varieties:
salmon, white, and buff.

Game (Old English).—Medium-sized bodies, with
hard. close feathers; single comb ; broad in breast, and
carrying a fair amount of flesh of fine quality. Excel
lent for crossing to produce table hirds. The hens are
good sitters end make good mothers, but are poor layers.

Hamburg.—Very small-bodied birds, but excellent
layers, though all the varieties—wich the excepticn of

. the black—lay too small an egg to be of any great market
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value; rogse-comb. Seven varieties: silver spangled.
golden spangled, siver pencilled. golden pencilled,
black, whute, and buff.

Houdan.—Large-bodied birds, with clean legs, car-
rying a fifth toe; buuerflv-shaped comb; plumage,
mottled black -and white ; erested head ; good layers.

Indian Game (Plate XVIL, 1).—Large Lroad-bressted
single-combed birds, carryiug a Jarge amount of flesh,
and heavily-boned  Useful for crussing to produce table
birds, but very poor layers.

La Bresse. — Medium-sized ; single combed; good
layers of large tinted eggs, non-sitters; mature quickly,
good table birds; very hardy. Varieties: black and
white,

Langshan.— Large fowls. on ratbher long, shghtly
feathered legs; single comb. Fair layers of good-sized
brown eggs. Two types: modern and Croad. Varieiies:
black, blue, and white

Leghorn (Plate XVJ . )) - Rather small, very active
tirds, with vellow legs and single comb.  Splendid
layers. non-sitiers. cht yarieties: brown, white,
cuckoo, black pile. duck-wing. bufi, and blue

Minorca. — Medivm-sized bodies; great layers of
large, white eggs. non-sitters; rose and single combs.
Varieties: black and white.

Orpington. — Large framed birds; good layers of
brown or tinted eggs and good table birds; make excel-
lent sitters and good mothers; clean white legs. Single
or rose comb. Seven varieties: black., buff, white,
jubilee, spangled, hlue, ard cuckoo.

Plymouth Rock.-—Large birds, with clean yellow
legs, and beavily boned Single comb. Fair layers of
dark brown eggs, and good sitiers Four varieties:
barred, buff, black, and white.

Redeap.—Small, very hardy birds. Good layers,
non-sitters. Heavy rose comb; plumage red and black.

Rhode Island Red.—-Of recent origin. Bodies fair
size, clean yellow legs; good layers of rich brown eggs;
rose or single combs ; plumage cherry-red, with dark tail.

Susgex.—Medium-sized bodies, with swnall bone;
clean white legs; single comb; good layers of tinted
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eggs and gool sitters; excellent for crossing with Game
for table. Three varieties: red, light, and speckled.
Wyandotte (Plate XVI., 2).—One of the most popular
varieties. Clean yellow legs, medium-sized bodies, rose
comb. Excellent winter layers of tinted eggs. good
sitters. Thirteen varieties: silver-laced, golden-laced.
white, bufl, buff-laced. partridge, silver-pencilled, black.
black-laced, blue, blue laced, colummbian, and cuckoo.

DUCKS

The various breeds of domesticated ducks are
generally believed to have sprung from the mallard or
wild duck (dnas boschas), which is to be found all over
the Continent and in America, as well as in the northern
parts of Africa.

The common breeds kept in this country are:—
Aylesbury. Cayuga Khiaki Camphell
Pekin. Muscavy Buff Qrpington.
Ronen. ! Blue Orpingion
Indian Runuer.

Aylesbury (Plate XVLI., 3).—Large white ducks, wuh
flesh-coloured hill and a deep keel. The ducklings are
very bardy and easy to rear. and quick growers. If
properly fed, will attain a good size when 9 to 10 weeke
old. Not very good layers.

Pekin.—Medium-sized white ducks with orange bill.
A good all-round breed. The young do not make such
good weights as the Aylesbury, bul become nice and
plump. Very hardy and good layers.

Rouen.— Both sexes resemble the mallard in eolour,
tbut greatly surpass it in size and symmeiry. Not a0
suitable for the early markets as the Aylesbury, because
they do not fatten so well ; but they are excellent layers,
and make great weights in the autumn.

Indian Runner.—A pon-sitting breed. Excellent
layers ; very hardy, and great foragers. They will run
over a large extent of ground. if allowed, and find the
greater part of their food. Too small to be of any
great value for table purposes.
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Muscovy or Musk Duck.—These are not kept to any
great extent, no doubt on account of their snvage dis-
posiion, especaially during the breeding senson. They
are good Joragers and attamn great weights,

Cayuga.— A pood all round varety: good foragers,
very hardy. and quick growing. ['heir dark skin s the
only objection.

The Coaley Fawn, Khaki Campbell, Buff and Blus
Orpingions are of recent origin, and are all well
spuken of.

GEESE

Our domesticated geese have prohably all originated
from Lhe Wild goose or gray-lag (lwuser ferus) which is
to be found in Europe. Africa. and Asia. They generally
visit this country in the winter. though some have heen
known to nest in the Fen districts.

Common Breeds:--

Embden. Toulouse Chinege.

Embden (Plate XVII.. 2).—An extremely hardy white
breed. quick growers. and easy to rear. They are excel-
lent for (he early markels as green geese. for the goslings
carry a faic amount of flesh. Mature ganders weigh up
to 30 lb.. and geese up to 22 lb.

Toulonse.—A  stee) grey breed with deep  Leel
which becomes more prominent in the second year. and
gives them the appearance of being much heavier than
they really are  Muature ganders weigh ap 1o 28 1h . gnd
grese up to 20 lb. The goslings are hardy and grow
well. but when growing do not carry so much flesh as
the Emhdens, and are therefore not so suitable for the
early marketa.

Chinese.—A small variety; two calours. steel-grey
and white; good layers; will oftes commence to lay in
December.  When mature, the gander weighs up to
12 lb. ; goose, up to 10 lb.
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TURKEYS

The various breeds of the domestic turkey have
probably originated from the wild turkey (Meleagris
gallopava) of Nuorth America, and, curious to say, the
domestic turk unlike the other members of the
poultry-yard, is smaller than its wild progenitor.

The common breeds most popular in this country
are:—

The American Mammoth The Norfolk Black.
Bronze. The White Austrian.
The Cumbridge Bronze. The White Holland.

There are two more varieties, a buff and a blue. though
neither are very largely kept.

Americar Mammoth Bronze (Plate XVIIL).—This is
the largest of all the domesticated varieties. Tt is hardy,
and with care can be easily reared. The adult cocks make
up to 34 lb., and adult hens 20 lb.

Cambridge Bronze. —This is much like the American
ia colour, but may be & little smaller It has been so
much crossed with the American that it is now diflicult
to distinguish the one from the other.

Norfolk Black.— This is often called the biack turkey.
It is smaller than the Cambridge. and is the hardiest
and the easiest to rear.

FOWL-HOUSES

Some farmers do not pay sufficient attention to the
housing of their fowls, leaving them to roost in the
trees during the summer months. When frost and snow
come the fowls are driven to seek shelter in the build-
ngs, and there they become a nuisance. The cost of
& suitable house is not very great, for the only essentials
are dryness, good ventilation, and freedom frow
draughts. The number of fowls proposed to be kept
must first be decided, and houses selected accordingly.
For a man who has only a limited amount of land at
his disposal, a lean-to house, with scraiching-shed
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attached, will be found most suitable (fig. 233). The
scratching-shed should be filled to a depth of about six
inches with straw chaff, dried leaves, or tlie like, and
the corn rvhrown amongst it.  This will canse 1he fowls

PG, 284 —PORTARLE POULTREY-HOUSE.

to scratch mnd work for their food. and give them
sufficient ¢:orcise to keep them in a healihy, profitable
condition. For the farmer there is nothing to beat
portable poultry-house (fig. 234), as this can be moved
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to the stubble after harvest, and the fowls will be able to
find their own food for some time, besides doing the
fields a great deal of good. In eitber case it 15 well
to bear i mind that fowls will pot thrive and do so
well when kept together in large numbers, about twenty
to twenty five being suflictent for one house. If the
livuses are kept a reasvuable distance apart, the fowls
will gencrally keep to Ltheir own batch.

The perches should bLe removable, suspended from
the rool, and ptaced about 18 inches from the ground,
ailowing wboul 8 nches of space on the perch for each
bird  There should be a suthcient number of mests to
prevent Lhe hens fighting for them, for when this occurs
a numwber of eggy are certain Lo get damaged. About
one nest to every three hens will be found the right
vroportien.  There should be nd draughts, but a good
cirecutation of fresh air, and this is besy cblaned by
having an open wire froat, with shding shutter to use
when required.

SELECTION, MATING, AND BREEDING

For breeding purposes it is essential to select the
healthiest atock. Choose birds which have been reared
hardy. and which have never had a check in chickenhood.,
and these way be expected to produce fertide eggs. from
which strong. bealthy chickens niay be batched.

Stronger chickens are produced from hens in their
second yeur than from puliets—.e., first-year hens—and
for a high perceniage of fertile eggs mate hens i their
second year Lo a vigorous early-hatched cockerel—i.e.,
first-vear cock. When very early chickeas are required
the usual rule i3 to mate a vigorous two-year-old cock
to early-hatched pulleta. as the pullets come on to lay
ratber earher Ltban the hens. lo the early part of the
vear si1x heos may be allowed to one cockerel in &
confined run. bui as the season advances ten to twelve
heus 1o one cockerel way be allowed. When mating
ducks the best results are obtawsed from two-year-old
ducks maled to an early-hatched young drake, allowing
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about five ducks to each drake. For geese, select twa or
three-yrar-old greese avd mate Lo a mainre gander ; three
or four geese Lo cach gander.

When watig turkeys 11 1s very essential (o select good
healthy stock birds, preferably two or three-year-old
bens maled Lo & sirong one year old cockerel, or, better
still, to & two-year-old cock, ullowing six or eight bens
to each cuck.

HATCHING AND REARING

Artificial.- With the use of an inculaior it is possible
to haich the whole year round. and for hatching early
table Lirds oo wcabator 1s alwost a necessity. Thers
are two duffegent types of 1ucubators -

1. Hot waler or tapk incubators.
il. Non-mowsture or hot sir wncubsalors.

Under suitable conditions and proper management, both
types may be expected 1o yield satisfaciory results.
Makers aluays send oul & book of wsituetions witk each
maclime, and this should be well swudied before
attewpling to start the mcubalor.

The Best Place to Work an Incubator.- Always select
a ruom with an even tewperature, with a northern
aspect if possible. The floor should be firm, so that
there will be litle or no vibration. There should be
good ventilation, but no direct draught, For a tank
machine a platform 18 required, which wust be firm
and dead level, and about 2 feet high. Never place an
incubator against a wall, but allow a space of 8 1o 10
inches ay the hack to promote a good circulation of air.

How to Start a Tapk Incubator (fig. 235).—See
that the capsule 19 in position, and that the ueedle works
freely in sts Lube, with its lower end 1n the centre of the
capsule and its upper end under the milled screw, BSee
that the lever is porL damaged or bent, but allows the
damper to completely cover the chiwney. Shde the lead-
weoight ax far as it will go to the left—i.c., towards the
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milled screw. Turn this screw till the damper rests
lightly but firmly on the chimney. See that the incubator
is exaclly level, then place the water tray in position

Fro. 235, —TaNE INCUBATOR.

& A, water tank.

8 B, movable egg tray.

c @, water tray with perforated galvanized cover and piece of
canvas to allow absorptiou of moisture

np D, holes for {resh air

% B, ventilating hales.

¥, damper.

0. lever.

4, lead weight, movable.

K K, slips of wood placed under egg tray. These slipa are removed
when dnck eggs are being incubated.

L LL, lamp chimney and flue pipe which passes throngh the
tank.

xnl:a, noun-coudacting material. used for peeking to preserve

ant.

N, lank thermometer,

o, needle for communicating the expansion of capsute 8 to the
lever G.

p, milied-head screw.

&, filting tohe.

8, thermostatic oapaule.

T, lamp. =

chimney for diacharge of surplus heat when damper r is
raised. ©
w, chimney for disrcharge of heat sftar passing throogh tank.
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and cover with canvas, but do not put any water in it
Next place the egg-drawer in posiiion and cover with
canvas.

Fill the water-tank with soft water at a Lemperature
of about 120° F. Trim and fill the lamp, taking care
not to turn the wick high enough to cause it to smoke.
The machine may now he left till the heal increases and
the damper rises. 1f the machine has been properly set,
it will do so when the temperature in the drawer reaches
about 98° F.

Then slide the lead weight along the lever towards
the chimney about an inch, and leave for a few hours
for the hest to lncrease; repeat at intervals of about
two hours, till the temperature in the egg-drawer is
103° F., with the damper just rising ofl the chimney.
If the incubater remains steady at this temperature for
24 hours, it is ready for the eggs. Select eggs of average
size, and never use misshapen, rough, thick-shell, or very
thin-shell eggs for incubating.

Mark all the eggs with & X on one side, and the
breed and number of pen on the other (EF) for use
when turning the eggs. Put the eggs in the drawer and
place it in position. The temperature of the egg-drawer
should be raken twice daily just before the eggs are
turned. The eggs require turning twice daily, and
should be nired for about five minutes each day the
first week, ten minutes each day the second, and fifteen
minutes each day the last week. The eggs should be
tested for fertility on the seventh day, and all clear or
addled eggs removed.

The eggs do not require turning after the nineteenth

. day, and need not be aired on the twentieth. If the eggs
were fresh when puf in, and the maehine has been well
regulated. the chicks will begin to chip the shell on the
twentietll day, and should leave the egg unassisted on
the twenty-first day. When the chickens are hatched
they should be removed to the drying-box, and the empty
shells taken ost. Do not be constantly opening the
drawer when hatching, as it reduces the temparature
too much. Leave the chickens in the drying-box for
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twenty-four hours. after which they are removed to the
foster-mother or rearer (fiz. 236). which has heen pre-
pared 1o receive them. The inner chamber of 1his should
be gbout 90° F. for the first two or three days. Feed on
dry chick food and gmive pleuty of fresh clesn water and
small sharp crit at first,

Chicks require feeding very often at first—say, every
two or three hours- the golden rule being., * Good food,
little and often.’ In a wet cold season the dry-feed

F16 236.—TaXE FOSTER-MOTHER.

system is a great boon. as it bhelpe to tone the system,
but if the chickens are required for the early markets
soft food must be given, though care must be taken not
to leave any food about to get sour, as this is the
common cause of bowel troubles and a large percentage
of deaths in young chickens. B

The temperature of the rearer should be grad\mlly
decreased as the chickens grow. until at the end of a
month they should be able to do without any artificial
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heat- except in very cold weather, when 1t is advisabls
to give a little heat ut night.

PERIODS OF INCUBATION.

Fawl} 21 days. Goose 30 days
Pheasant o, Swan . . 43
Guines Fawi 28 |, Emu 42
Duck 28 ., Qstrich 42
Turkey 28

Fra. 237.—S1Trine nox aNp Rox comamnen.

Natural Method.—Select a sujtable braody hen—one
of good size and docile—the short-legged varieties, auch
as the Wyandottes, Orpingtons, Rocks, and Old English
Game being the best. The nest should be roomy—=about
15 inches square., and high enough for the hen to walk
off «ad oo the nest comfortably (fig. 237). Place some
mould in the hotiom, and shape it out, slightly hollow in
the centre. Cover with some soft straw or hay. and presy
into shape. Place a dummy egg in the nest, and put on
the hen. When she has settied down the eggs may be
placed under her. A hen will comfortably cover thirteen
eggs, and this is the nsual number. It is & good plan
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to sit two or three hens together. and test the eggs
at the eud of the first week, when perhaps two of the

F16. 238 —Hex Coor.

F1e. 239. —FaTTENING COOP. -

hens would take all the fertile eggs and the third could”
e started with a freshbatch.
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They should be let off to feed each day, and should
have only grain, wheat, or maize, and plenty of fresh
water and grit: a dust-bath should always be supplied
when possible. Do not meddle too often with hens
when hatehing. for they are apt to get peevish, and
will erush the chickens as they are just hatching. Before
removing to a coop (fig. 238) the hen should have a good
feed of corn, and when the chickens are fed she will call
them to the feed jusicad of taking it herself

Feeding Table.— First Weeko Dry chick-feed every
three hours, and a good supply of water and fine grit.

Second and Third Weeks — Scalded biscuit meal mixed
dry with Sussex ground oats for the first meal and at
midday, and dry chick-food the second and last meals

Fourth to Tenth Week.—
Sussex groynd oats mixed
to a crumbly state with
skimmed milk (two feeds
each day), and grain (wo
feeds). 5
After Ten Weeks. — | :
Three feeds each day will
be sufficient (two feeds of
soft food, with grain at
night). As chickens need
a high albuminoid ratio,
a little flesh food or green
bone may be added with
advantage. After four A .
months old feed as stock Fra. 240.—Crasauxe MACHINE
birds for pullets. The 4, food reservoir.
cockerels, unless in- B, pump cylinder.
tended for stock, should © epring for bringing foot pedal

’ #nd piston back.
be fattened. E. piston rod.

Fattening.—When 12 g, nozzle or food tube.
to 14 weeks old the . screw for regulstgdg qunnm
cockerels should be sepa- of i”df‘:;h“:’w
rated from the pullets , 0700 1 PEtOn:
and placed in fattening
pens (fig. 239), where they are fed on soft food.
The food which gives the finest quality of flesh is Bussex
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ground oats mixed with skim or separated milk; if the
milk is sour so much hetter. The food should be given
rather moist, as no water is supphied whilst faitening
When very prime hirds are required theyx should be
crammed (fig. 240). The same kind of food 1s used. with
sometimes & little additional fat, and the burds are
cramied twice each day at equal miervals of tine, just
giving them as much as they can digest. Ten ur fourteen
days' cramming is as much as they ean stnd, and they
should be killed off at the end of this 1ime, or they will
lose weight.

Ducklings.—These only require a little heat for the
first ten days or two weeks in cold weather. The food
should consist of barley meal. pollards, and waize meal,
wixed to a crumbly paste with milk for the first six
weeks; the remaining four weeks they sheuld be fed
on rice cooked in milk and muxed dry with pollards
and oatmeal. Suflicient water should be supplied
for drinking purposes only, and some _rit should
be placed in the bottom of the drinking vessel
They sbould bave plenty of green food and boiled vege-
tables, as this {ends (o keep them healthy and 1s cooling
to the blood. They should be ready to kill at ten weeks
old—that is, belore they begin to moult. It is a good
practice to allow them to swim in a pond about two
days before they are killed, so that they may clean
their feathers.

Gaese.—Young goslings require very little artificial
food, as they consume a considerable quantity of grass.
A little boiled wheat mixed dry with barley meal is a
good food to give them a start. They should be placed
in a large roomy coop with a run in front for & few days.
The coop should be hottomless and placed io the shade,
for the yeung goslings do not thrive so well when ex-
posed to the direct rays of the sun. They should not
be allowed te swim for the first two or three weeks,
unless the weather is very warm.

If required for the Michaelmas trade, they should
be kept in good condition, and should have & morning-
meal of barley and maize meal, and oats at night; but
when required for the Christmas trade, one feed of corn
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wm the evening ik all they require to keep them in good
growing condition. They should never be allowed nto
a stream, as fighting aganst the current when going
up-siream tends to harden the muscles and makes them
very tough.

Turkeys.— For the successful rearing of young turkeys
it is essential to have good. clean, well dramed land,
with short grass, large, well-ventilated houses, and good
sound food.

The first feed should he given when they are twelve
hours old, and should consist of hard-boiled eggs,
chopped fine and mixed with breaderumbs. This should
be dropped right in front of the young Inrds. so as to
attract their attention.  Skim milk should be given to
drink and plenty of chopped green food. such as onjons
and dandelysns. After the first week discontinue the
egg food, and gradually change the food 1o ground oais
and pollards mixed to a crumbly slate with sweet skim
wilk. and plenty of green food  They require very
close attenijon during the first twe wonths, and must be
protected from wind and rain till they have *shot the
red,” which is the appearance of the red growihs op
wne head. After this they hecome much hardier, and
their appetites increase enormously. They must be kept
growing, and given a good range. for they are splendid
toragers. Ahout a month or five weeks hefore Christmas
they should be placed in a dry shed and fatiened, the
food to consist of barley meal, ground oats. and pollards.
mixed to a paste with skim milk for morning feed, and
oats and barley and wheat in the evening. They should
always have a good supply of sharp grit and fresh clean
wadtar.

KILLING AND DRESSING

KRilling.—There are many ways of killing a fowl. bat
the wosi huriane one, as well as the quickest and
cleanest. i3 to dizlocate its meck. a& mo blood is seen.
The bird thould be taken by the legs in the Jeft hand.
which can grasp the ends of the wings also; take the
head in the right hand. Place the legs against the
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left hip and the head over the right thigh. Draw the
fowl to its full length, and at the same time turning the
head suddenly backwards, the neck becomes dislocated
just below the junction with the head. There will be a
certain amount of muscular contraction and some flut-
tering, but if the operation is properly carried out there
ts no pain. Plucking should commence as soon as the
bird is killed, for a bird is much easier to pluck while
warm. When this operation
is completed, the birds are
placed on a shaping-board
(fig. 241) breast downwards,
with a board and a weight
placed on their backs, and
left till cold. This greatly im-
proves theirappearance, mak-
ing them look much plumper
than they did before,

Dressing and Trussing.—
All that is required is a good
knife, a tirussing - needle
(about 10 inches long), and
some fine strong string.

= The birds should be singed
F16. 24].—SEAPING Boarp. to get rid of the hair, using
straw or grease-proof paper,
so that there will be no smoke to discolour the skin.
They are then wiped over with a dry cloth.

Lay the chicken on its breast, take the skin where the
neck joins the body in the thumb and first finger of the left
hand, and make a transverse cut, exposing the neck. Cut
off the neck just where it Joms the body, leaving about
two or three inches of skin in front: now turn the bird
breast upwards, and take out the crop. Insert finger in
A-shaped opening, and, loosening all the internal organs
which can be reached. turn the bird on to its breast,
stern upwards, and make a cut between the tail and
the vent and an angular cut on eack side of tdil (this
prevents the skin splitting when the bird is being
drawn). Insert the finger and find trail. pass the knife
under loop, and cut off the vent.
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Loosen the fat from the gizzard, and then, by taking
hold of this and drawing gently, the whole of the intes
vines, with the liver, heart, and lungs, will come away
in one mass. tul off the extreme tips of wings and
feet, and nick the skin in front of and an inch above
the hocks. DPlace the needle through the leg and body
and out through the leg on the other side. and back
through the wing over the back, and through the wing
on opposite side; pull tight and tie. Pass the needle
through body at end of back near the rail over the
leg, through the skin under the breastbone, and over
the other leg, and tie tightly. Smooth the fowl over,
and the operation is complete.

Ducks are generally killed by breaking the neck. as
described for the fowl, plucked, singed, and wiped over
with a cloth.

Cut off the neck where it joins the body, leaving about
two inches of skin to fold over stump. Then place the
bird in & basin and pour boiling water over the breast
and feet (this tightens the skin and makes the bird Jook
a great deal plumper). Lift the bird out of the water
end wipe dry, then strip the hard cuter skin off the legs
and feet and remove the nails. Place the bird on its
back, and with the second finger of the right hand
loosen all the internal organs (as in the case of tbe
fowl). Turn the bird round, make a transverse cut below
the tail, insert finger and find trail, which is cut off.

Loosen the fat from the gizzard, and then, by taking
hold of the gizzard and pulling gently, the whole of the
intestines, with the liver, heart, etc., will come away
in one mass.

Cut off the wings at the first joint, stitch the neck
skin over stump and tie the wings across the back
with tape. Press the feet inwards and downwards, so as
to bring (hem under the thighs, and hold them in posi-
tion. Then place the giblets—i.e., the neck, heart, liver,
gizzard, and wings—into the body of the bird. Pass the
tail through the hole where the vent is, cut out and
tie the legs across the back with tape. Lay any fat
which is taken out of the bird over the breast, and
place on & slate slab to cool for a few hours, when it
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will be ready for market. Never pack ducklings whilst
they are warm, because they discolour so quickly. They
should always be allowed Lo geL cool and firm before
packing,

Geess.—The best method of killing a goose is to give
it & sharp blow on the head with a stick Lo render it
unconscious, and then cut across the base of the skull
with a sbarp knife.

(Geese are dressed in the same manner as described
for ducks,

Turkeys.—The best method of killing a turkey is to
fasten its legs wilth a strong cord, and by this cord
guspend it to a beam head downwards alL a convenient
height for the operator to pass hus left arm round the
bird's body. Take its head n the right bhand, extend its
neck to full length, and give a strong jerk downwards,
at the same tiwe turning the head upwards. The neck
is dislocated just below the juncuon with the head, and
death wiul be instantaneous. There will be some
muscular conlraction, but no further pain.

Turkeys ure dressed in the sawe way as fowls, though
it 1s usual 1o rewove the werrythought, so as to allow
of a better cut of breast and forcemeat when carving.

MAREKETING OF EGGS

The National Poultry Organisation Society was
formed in 1808 for the purpose of encouraging the poultry
industry in this country, and of establishing a system
on sirict business lines by which farmers and others may
market their pouliry and eggs in accordance with modern
requirements. Depbts are formed, and the members
are supplied with a stamp with which all eggs are
marked, and any bad or stale eggs can thus be traced.
The eggs are collected or delivered at the depdt at least
three times a week, so that freshness may be guaranteed.
At the depst every egg is tested for freshness and quality,
and every egg passing tbe test i3 branded with the trade-*
mark of the Society, graded, packed, and despatched
without loss of time to the great centres of population.
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The results of the adoption of thiy system has been 1o
unprove the quality of produce due 10 wore rapnd mar
keung, and to greatly enbance the returns obtamed by
the producers.

PRESERVATION OF EGGS

Eggs for preservation shonld be rreated as soon as
possible afier bey are luid, or as svon as they have
cooled. lotertile egps are hikely 10 keep better than
fertile ones.

The best months for preserving eggs are March, April,
May, and June. and these are the months when the eggs
are miost plentiful

The biest resylis are oblained when the eggs are stored
in a cool place.

The following are the common wethods of preserviog
eggs i —

I Water glass (silicate of sods).
II. Lime water,
I Salu
IV. Fat or Butter.

Water-glass is now one of the most popular methods
of preserving eggs. A concentrated solution may be pur-
chased at all chemists and stores. and 1L is very easy to
prepare. A 10 per cenl. solution is generally employed,
though experiments have proved that a 3 per cent. solu-
tion gives very good results. It will mix beiter with hot
water, but the solution must be quite cold hefore putting
w the eggs. Take care to see that all the eggs are
sound when putting in. If any are cracked. they may
spoll the whole batch. See that the solution covers the
eggs to a depth of about 2 wches.

Lime Water,—This is one of the oldest methads of
preserving eggs. and it has the advaniage of being very
cheap. Oue gallon of lime (slaked) is mixed with a
guart of salt and added to five gallons of water, and
thoroughly mixed and sllowed to stand for a few days.
The clear liquid is drawn off. and this is poured over
the eggs so as to completely cover them. A cloth is



806 POULTRY AND POULTRY EKEEPING

placed over the top, just touching the waler. aad into
this cloilr some fresh slaked liwe 18 put, so that if the
lime in the solution loses its ellect, more can be taken up

When the eggs are taken out of the suvlution they
require very careful handling, as the shells are very
Lrittle ; and they are also very rough

Salt.—Eggs can Le preserved in salt by placing about
two inches of salt 1n a jar or cese and laywng the eggs
m the salt wili the broad end down. Cover with a
2-inch layer of salt, and another layer of eggs, and so
on, till the case is full. The one objection to this method
is tle increase in the air space, which gives the eggs
the appearance of being stale,

Greased Eggs.—This method consists of coating the
eggs with a thin layer of fat or butter. Take a small
piece of butter in the palm of the left hapd, and with
the right hand turn the egg round several times, so
that it gets a thin coat of butter all over the shell.
vhus closing the pores and preventing evaporation of
moisture. The eggs are then stored, with the broad end
downwards, on shelves. Care must be taken that the
butter is of good Bavour, or the contents of the egg
will become tainted.

DISEASES

It is impossible in this work to describe fully the
symptoms and treatment of all the diseases to which
poultry are subjeci, therefore only & few of the more
common ones are dealt with. Disease may be easily
checked if taken in its early stages, and it should be the
duty of the sttendant to keep a look-out for anmy bird
which may appear out of condition. Any such bird
should he taken in hand and treated at once.

Catarrh.—One of the commanest diseases in pouliry
is catarrh, or cold in the head Symptoms are sneezing
and a thin watery discharge from the nostrils. The
causes are damp or exposure, sudden changes of wegther,
overcrowding in badly-ventilated houses. Treatment.—

-~ Warmth is the rost essential thing. Place the bird in



DISEASES OF POULTRY 807

a dry place, feed on soft nourishing food, to which a
little powdered ginger may be added, and put a little
sulphate of copper in the drinking water, using glass
or earthenware vessels.

Roup.—If colds are neglected they may develop into
roup. The discharge from the nostrils becomes thicker,
with an offensive odour, the face hecomes swollen, and
one eye may be completely closed. There is loss of
appetite, and the bird mopes about. Treatment.—The
same as for cold—warmth, and sulphate of copper in the
drinking water. The mouth and face should also be
washed with permanganate of potash.

Crop-bound.—(Caused by careless fesding. Pea-shells
or pods, cabbage-leaves, etc., are common causes. The
crop becomes packed with food which cannot pass, and
it hangs down like a bag. If the trouble is discovered
early the cure is easy. Treatment.—Pour a little warm
water down the throat and gently work the crop with
the hands. This will cause the food and fluid to mix,
and when the mass is broken up the chances are that
it will pass away. If the kneading process is not
effective an operation becomes necessary.

Gapes.—Mostly affects young chickens from one fo
three months old, and is caused by a parasitic worm,
which affects the windpipe and makes the chicken
gasp for breath. Symptoms: repeated gaping, shaking
the head and coughing. At the same time the chicken
runs backwards and droops its wings. Treatment.—
Remove chickens to fresh ground, and give a good
dressing of lime. A small feather stripped of all except
the tip, dipped in turpentine or eucalyptus oil, and
pushed down the windpipe, will sometimes effect a cure.
Any chickens which die should be burnt, to destroy the
worms and prevent further spreading.

Liver Disease.—This is one of the most dreaded
diseases, and is contagions. SBymptoms: The birds mope
about and become thin and poor. The comb becomes
shrivelled and turns a purplish colour. The excreta are
of a light yellow colour. Treatment.—Remove to fresh
runs. Any bad cases should be killed and burnt. All
the houses should be thoroughly disinfected. Give
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doses of Epsom salt, and feed very sparingly. Put a
fair amount of letinee or dandelions in soft food.
Administer a hiver pill occasionally.

Scaly Leg.- Symiptoms: Rough scales on shanks.
Causes: Keeping the fowls ou a very dry run, such as
dry ashes. or over heating food. This ailows the entry
of a parasnic nnte (v o 61%) Treatment.—Wash the
bird’s legs with warm water and soap and dress with
paraflin or sulphur ointment.  Wash and disinfect the
perches.

Egg-bound.— When hens make frequent and prolonged
visits 1o the nest wilivur any resslt and appear dis
tressed through prolonged straning, it is generally a
case of egp hound. whieh may be caused from over-
fatness or from an abnormally large egg in the oviduet.
Treatment. - Take the hen and Lold her with the vent
over a vessel containing hot waler for a few minutes,
and afterwards pour a little oil inlo 1the vent. Place in
a quiet place for a few hours. when she will probably get
rid of the egg. Avoid all far forming foods, and give a
little Epsom salt in drinking water.

CHAPTER XXX.

HARMFUL AND BENEFICIAL ANIMALS

Tue practice of agriculture upsets the halance of Nature
by cultivating plants and domesticating animals intended
for the maintenance of mankiud. but also adding locally
to the supply of food upon which wid forms, including
parasites, can draw. Many of these forms are conse-
quently reckoned as ‘pesis.’ or harmful apimala, the
patural enemies of which may be considered ‘ beneficial’
from the agricultural standpoint. Iu is clearly nécessary
that the farmer should know his friends from his foes,
and the object of Lthe present chapter is to enabls him
to do so.
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Groups of Animals.—We have already considered
domesticated members of two of the classes of Back-
‘boned Animals—i.e., Mammals and Birds—which also
include wild forms of importance. The other backboned
classes are Reptiles, Amphibians, and Fishes. DBritish
Reptiles, including several lizards and three kinds of
snake, are of no particular importance. Amphibians
are creatures with soft slimy sking, and begin life as
aquatic tadpoles. They comyprise frogs, toads, and
newts, all of which devour inscets and other small
creatures, and are decidedly beneficial. Toads, in parti-
cular, destroy large numbers of snails and slugs in
gardens. Fishes are of no agricultural importance,
except as a source of manure or artificial feeding stufi.

The great group or subkingdom of MoLLuscs or Suert-
risH includeg animals of which the bodies are not divided
into rings or segments, nor are they provided with limbs.
A protective shell is uvsually present. The classes in-
cluding cuttle-fishes and bivalve molluses (cockle,
oyster, mussel) require no especial mention, although it
may be noted thut some limestones are partly eomposed
of their shells, but the class of Gastropods includes land
snails and land slugs, among which are notorious pests.
The damage done by them to various cultivated planta
18 effected by means of a rasping organ situated in the
cavity of the mouth. Probably the grey field slug (Zimaz
agrestis) is the most objectionable, and this is usnally
destroyed by dressings of slaked or unslaked lime, or a
mixture of salt and soot. One application is not suffi-
cient, as the body of the pest is able to exude a large
amount of protective slime. Fortunately, snails and
slugs have many natural enemies among the small wild
mammals, birds, and amphlbmna

A few slugs (sp of Testacella) are b ficial,
because they live underground and destroy various pestn
such as other slugs, snails, and insect larvee. They may
be recognized by the presence of a minute conical shell
on the tail end.

The vast group of JOINTED-LIMBED ANIMALS OF
Arrarorons includes a great variety of forms, in which

‘the body is divided into rings or segments, and possesses
x
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s varying number of jointed limbs, eome of which are
modified into jaws. One class—that of Crustacea —
chiefly comprises aquatic forms, such as lobsters, crabs,
prawns, and shrimps, and therefore is of no particular
agricultural importance. The woodlice, however, are
land erustaceans, which damage fruit and mushrooms.
They are easily trapped by means of hollowed-out
potatoes or apples.

The remaining classes of Arthropods—(1) Iusects, (2)
Arachnids (scorpions, spiders and mites), and (3) Myria-
pods (centipedes and millipedes)—are all of importance,
and require detailed treatment.

BeewenTEp Worms or AxneLmns include esrthworms
and leeches. The beneficial action of the former has
already been described (p. 9).

There are two important groups of unsegmented
worms, in which the body is not divided into segments
—i.e., Rouxp Wornns (Nesatoeimia) and Frat Worus
(PLn'rnEuu), the latter comprising Flukes (Trematoda)
and Tapeworms (Cestoda). These groups include dan-
gerous and undesirable parasites, and more will be said
about them in the sequel.

The lowest group or subkingdom of animals ia that
of ANrmarcuLES or Prorozos, unicellular forms of minute
or microscopic dimensions, which live almost every-
where. Some of the parasitic species will be mentioned
st the end of the chapter.

The wore impartant of the above groups of snimale
will now be treated in greater detail

MAMMALS

The wild species of most agricultural importance are
included in four orders—(1) Flesh- -eating Mammals (Car-
nivora). (2) Gnawing Mammals (Rodentia), (3) Insect-
eating Mammals {In-~ectivora), (4) Bats (Chiropters).

Fresu-raTing Maxmars (Carvivona).—The fog (Canis
wulprs), though destructive to gome-birds and poultry,
destroys various pests, such as hares, rabbits, fidld
voles, and insect larve. -
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The badger, stoat, weasel, and polecat all belong to
the same family (Mustelide), The badger (Meles tarus)
is a rather clumsily-built animal, which hves in a burrow
and is of nocturnal habits. Its average lengih is heiween
2 and 3 feet. The food is of mixed nature, including a
great variely of vegetable substances and small animals.
A certain amount of damage 18 done to game, but the
badger is predominatingly beneficial, desiroying great
numbers of voles and other rodeuts, and also many
msoct pests, wasp-grubs being especially relished.

The stoat (I'ufories erminea) is aboul 16 iuches long
(including the 4-inch tail), snd is distinguisbed by its
narrow body and short legs, enabling it to furage among
andergrowth and in other confined spaces. The summer
coat 18 brownish above and white below, with a bLlack
tip to the tail. lu winter it turns more or less white
(especiglly in the north), buat the end of the fail retains
its colour, This winter coat is the source of the valuable
fur known as ‘ ermine.’ Stoats are rapacious nocfurpal
enimals, which effect wuch destruction &mong game and
poultry, thougk this is largely compensated by the
killing of large pumbers of vermin.

The weasel (I’. rulgaris) 18 a good deal smaller (10
inches long, including the 2-inch tail) and slenderer than
the stoat, and does not undergo the same marked colour
change in winter, being always reddish-brown above
and white below. Its habits are much the same as those
of the stoat, but it is far more bloodthirsty, which
ephances both the good end harm done.

The Polecat (P. fwtidus) is s rare animal of much
larger size than either of the two preceding farms, aud
of gimilar habits. It is dark hrown in colour, with an
intormixtare of yellow woolly hairs. The ferret is s
domesticated variety of this species.

Grawmie Mamwars (Ropextia).—The mammals of vhis
order found in Britain are generally small or very small.
They mostly feed entirely cn vegetable substances,
though rats and mice are omnivorous. The most striking
characteristic of animals belonging to this order is the
peculiar nature of the front teeth (incisors), which are
adapred for effective gnawing. Of these teeth t.h:re

x
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are two ahove and two below, their edges being sharp
and chisel-shaped. They are maintained in this condi
tion by a process of unequal wear, their front surfaces
being coated with a very hard substance (enamel) which
resists attrition to a much greater extent than the softer
ivory (dentine) behind it. When an ineisor is pulled from
the jaw, it is found to be of great length and not to
taper ioto a fang. These teeth, in fact, grow continuously
throughout life, and constant gnawing is necessary to
prevent them from becowing too long. The joint between
the lower jaw and the skull is of such a nature as to
perniit a certain amonnt of forward and backward move-
ment, thus enabling the incisors to be used as chisels
or gouges. Three families are of importance, as the
animals they include are all more or less injurious to
agriculture.

Hares and Rabbits (Leporide).—These ‘are larger
than the ruembers of the other two families, and are
distinguished by the presence of o second very small pair
of upper incisofs behind the large ones. They are, in
tact. teeth which are undergoing degeneration.

The bare (Lepus europeus) and rabbit (L. cuniculus),
though much alike in structure, differ a good deal! in
their habits. The former is solitary and does not burrow,
and the young are born with their eyes open, being
able to shift for themselves very early. The rabbit, on
the other band, is gregarious, lives in burrows, and
gives birth to blind, helpless young. Its mode of life
makes it more difficult to keep down than the hare,
and it is also much more prolific. Both species are very
destructive to young crops and garden plants. They
also kill young trees by gnawing the bark. The methods
of hunting down these rodents are familiar towall, and
they can be kept out by the use of wire. Under natural
conditions their nombers are preveated from undoe
increase by such natural enemies as stoats, wearels, and
birds of prey, hence if these checks to incremse are
nnmercifully persecuted the result can easily be foreseen.

Rats and Mice (Murida).—These animals are distin-
guished by a pointed snout, prominent ears, and long
s_ca;ly tail. The old black rat (Mus ratfus) is now a scarce
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animal, except locally, having been supplanted by the
larger and fiercer brown rat (3. decumanus), which is
said to have been introduced into this country in the
eighteenth century. Rats eat almost everything, and
cause serious loss to the farmer. They are extremely
prolific, producing several litters a year, with as many
as eight young to a litter. The serious disease trichinosis
(p. 648) iy widely disseminated by them, and the fleas
with which they are infested are responsible for the
distribution of the germs of Oriental plague.

In spite of the wholesale means adopted to keep down
the number of rats, involving the use of ferrets, traps,
poisons, and several kinds of bacterial preparations
known as ‘virus,” only very partial success has mo far
been attained. Nothing bul concerted action in all parts
of the country is likely to give substantial results. The
wanton and indiscriminate slaughter of birds of prey,
and the war waged against stoats and weasels, are
largely responsible for the enormous increase in the
number of rats, and this is also true as regards mice and
voles.

Mice include the house mouse (M wus musculus), which
is the cause of much damage out of doors, as well as in
buildings, the long-tailed fleld mouse (M. sylraticus),
which devours grain, and the little harvest mouse (31,
messorius), which also destroys a certain amount of grain.
The two last species, however, destroy a gnod many
injurious insects and their larve. The numbers of mice
are kept down by trapping, poison, and virus.

Voles (Arvicolide).—These animals are often mis-
taken for rats and mice, but can easly be distinguished
by their rounded snouts, small cars, and short, often
hairy tails. They are purely Lerbivorous. The most
troublesome species is the short-tailed field-vole (Mierotus
agrestis), which sometimes multiplies so rapidly as to
become a serious pest (fig. 242). It is a burrowing
form, and destroys all sorts of cultivated plants, includ-
ing young trees, by gnawing through their roots. Poison
and virus are used for the destruction of voles, and in
some cases large numbers have been trapped in trenches
about 2 feet long, constructed on the pitfall principle,
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narrow above (about nine inches across) and sufficiently
deep (I8 inoches), with unclirobable sloping sides
diverging downwards, so as to make the floor of the
trench about double the breadth of its opening above
Successive trenches shonld he dng 30 yards apart.
Insect-eating Mammals (Insectivora).—These include
small or diminutive animals, which feed pot only on
insects, but many other small creatures, such as slugs
and worms. Not only are the front teeth pointed, but

Fio. 242.—S80RT-T41LED FieLD-vOLE (Microtus agrestis).

the grinders are studded with sharp points, an obvious
adaptation to the nature of the food. The snout is long
and narrow. They include the hedgehog, the mole, and
the shrews.

The hedgehog (Erinacrus europeus) ia the largest of our
native species, and more omuivorous in its diet, whijch
includes fallen fruit as well as insects, slugs, snails, frogs,
amall reptiles, aod mammals. It does some harm by
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devouring the eggs of poultry and game birds, with av
occasional chicken or duckling, but is predominatingly
beneficial.

The mols (T'alpa curopea) is well adapted for an under-
ground life and devours enormous numbers of
worms and insect larve. Althoughitsmolehills disfigure
lawns and pastures, this animal does far more good
than harm.

Shrews or shrew-mice are very small mammals which
destroy large numbers of worms, insects, and slugs, so
that they are decidedly beneficial. They include the
common shrew (Serex wvulgaris), the lesser shrew (S.
minutus), which is the smallest of British mammals
(sbout 2 inches in length), and the water shrew
(Crossopus fodiens).

Bats (Chiroptera).—Bats are closely related to the
members of the last family, differing chiefly in the pos-
session of flying organs, consisting of a fold of skin
supported by the four greatly elongated fingers. The
thumb is short and hooked. There are over a dozen
native British species, all of which are entirely insecti-
vorous, catching their prey on the wing, and materially
assisting in keeping down the numbers of many noxious
forms. They are therefore purely beneficial, and it i
a great mistake to molest them.

BIRDS

Birds have undoubtedly descended from reptilian
ancesiors, but in the course of many ages have become
specialized on lines of their own, so that they now
form a well-defined class. The oldest known extinct bird
possessed a long tail and numerocus conical teeth, bat in
existing forms the tail has been greatly abbreviated for
the support of quill feathers, and the teeth have entirely
disappesred, their place being taken by horny sheaths,
which cover the jaws. The organs of circulation in birds
are extremely efficient, one consequence being a very
high body temperature (varying from 100° {o 110° F.
in different cases), which is iated with 1
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energy. The structure of & bird embodies, as might be
expected, a large number of adaptations (o dight, and

«n birds that are now unable wo fly (ostrich, penguin,
) have descended from ancestors which possessed
that power.

The wings are quite unlike e flying organs of bate,
for the d:gits are reduced to three, and there is a good
deal of fusion among the bones of the hand and forearm,
mn order to give a firm support to the quili-feathers
(remiyes) they bear, and which are used as organs of
propulsion. The tail-quills (rectrices) serve for sieering.

The characteristic feathers have mno doubt been
derived from reptilian scales by inercase in size and
modification in structure, Those which clothe the body
entangle a large awount of air, and prevent the escape
of heat. :

The absence of teeth in birds is compensated, espe-
cially in those which devour Lard substances, by modi-
fications of the digestive tube. The gullet usually
expands into a pouch or crop, which serves as a tem-
porary receptacle for food, and the stomach is divided
into a chemical stomach (proventriculus), by which
gastric juice is secreted, and a powerful muscular
gizzard with tough lining. The gizzard, aided by small
stones, etc., which are swallowed, acts as a sort of mill.
The beaks and feet of birds present a large number of
modifications in different cases, which have refereuce
to the mode of life and nature of the food.

It is a familiar fact that birds (like reptiles) lay eggs,
and hatch them out by incubation. The young at
hatching are either able to run at once from the nest
{fowl, plover) or are helpless nestlings, which require
tending for some time by the parents. Harmful birds
Lelongihg to the second category are obviously more
easy to deal with than would otherwise be the case.

Relation of Birds to Agriculture.—\Whether a parti-
«eular bird is barmful or beneficial to agriculture will
obviousty depend on the nature of its food, for"if this
consists entirely or mainly of such things es grain the
Bird is manifestly harmful, while the reverse is true
when the food is entirely or chiefly composed of injurious
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insects or the like. Difficulties arise, however, when
the diet is of mixed kind, as is frequently the case,
though fortunately it can be said that the large majority
of birds are useful and should not be molested. In many
cases extended and accurate investigations are required,
the only sound method being the expert examination
of the contents of the crop.

It is necessary to bear in mind that the habits of &
particular bird vary at different seasons and in different
localities, so that hasty conclusions should be avoided,
and it is desirable to give a supposed culprit the benefiv
of the doubt, should such exist. It must also be remem-
bered that the habits of some birds appear to be altering,
at least locally. At one time, for example, it was pro-
bably correct to consider the starling as purely beneficial,
but in some counties it has of recent years undoubtedly
acquired te bad habit of attacking various kinds of fruit.

The limitations of space prevent full consideration of
British birds, and it must suffice to classify the common
species according to their bearing on agriculture.

Birds Entirely or Mainly Beneficial.—Here may be
included the game birds (pheasant, partridge, etc.), the
gulls, the rails (cornerake), and the plovers. With the pos-
rible exception of the sparrowhawk, which is undoubtedly
destructive to game and young poultry, all the birds
of prey do good service to agriculture by destroying
small rodents. Owls should on no account be molested,
for they carry on the good work of diurnal birds of
prey when the dusk falls, and they may be excused a
little poaching. Goatsuckers and swifts, as well as
woodpeckers, are purely insectivorous, and therefore
undoubtedly beneficial. The cuckoo destroys many hairy
caterpillars, which other birds do not touch.

Among the great host of perching birds, including
most of the smaller species, the following may be
classed as useful: jackdaw, jay (probably), starling
(except to fruit-grower), yellow hammer and corn bunt-
ing, larks (although the skylark is taking to the bad
habit of attacking the seedlings of wheat, etc.), wagtails
and pipits, tree-creeper, nuthatch, tits (but may do some
damage to buds and fruit, or destroy bees), thrushes
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and blackbird (harmful to fruit-grower), chats, fieldfare,
robin, wren, Hycatchiers, swallows and murtius.

Birds Undoubtedly Harmful.—Pigeons and doves
(excessively destructive to seeds and grain), and the
following perching birds: hooded ecrow, bullfinch
(destroys many buds), greenfinch, hawfinch, house
sparrow (an umnitigated pest), blackcap and warblers
(destructive to fruit).

Birds of Doubiful Character.—Two perching birds
require mention here. Little is known abeut the magpie,
although it is not sufficiently common to be of much
importance. The abundant and prolific rook presents a
difficult case. The most recent and extended observa-
tions are those by Mr. W. E. Collinge, who examined
820 birds, ohitained from various counties at different
times of the year. His results ¢ . . . showed that 675 of
their food consisted of grain, 3'5 per cent. of seeds.
fruit, roots, and miscellaneous vegetable matter, 15 per
ceat. of wirewornis and other insects, 105 per cent. of
miscellaneous food (eggs, young game, field mice, etc.).’
This seems a sufiiciently black record, and is quite sufli-
cient to justify considerable reduction in uumbers
(especially by destroying a certain percentage of the
young—say, two squabs per nest), but the matter cannot
be considered as finally settled. Such unexpected results
often follow human interference with the balance of
nature, that it is doubtful policy to wage a war of exter-
mination, even against the notorious sparrow, for a
species may be uscful when present in moderate numbers
but become a pest when it increases inordinately.

INSECTS

The natural orders of insects which possess the
greatest interest for farmers are: Coleoptera, Hymenop-
tera, Lepidoptera, Bomoptera, and Diptera. The
termination of these words is derived from the-Greek,
pteron, & wing. The prefix refers to some peculiarity of
the wings, these organs affording & convenient means of
classification.
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]
F1a. 243 — WiREWORMS axD CLicK BeeTLES,
. (Coleoptera).

2, dgriotes lineatus, magnified ; 1, nafural size.

3. A. obscurus, magnified ; 4, natural length,

5, 4. sputator, natural eize ; 8, magnified,

7, \arva of 4. sputator (1).

8, larva of 4. lineatus, netural size; 9, magnified.

10, pupa of wireworm, maguified; 1!, natural size.

Elateride

F16. 244.—CockcHareR, Meolontha vulgaris (Colsopters),
with {a) larva and (B) pupa.

aig
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The student is strongly recommended to examine,
with the aid of a magnifying glass, any easily obtain-
able apecimnens of the orders which are briefly described
below, end to verify as far as he can the characters
which are here detailed. He should miss no opportunity
of observing insects out of doors, but should look for
them, in their various stages of existence, in the fields
and hedgerows, in kitchen gardens and amongst farm
crops, and by such means endeavour to learn their
kabits. It may be useful to read pages 634-7 before
studying the characters of {he natural orders.

Coreoyrera (i.¢., sheath-winged) is the name of the
order to which beetles belong. The {ront wings of
beetles consist of a hard pair of wing covers (wing-
sheaths or elytra), which overlap and proteet the mem-
branous folded hind wings. Beetles have hiting jaws.
Al) insects of this order pass Lhrnugh a complete series
of changes—egg. larva, pupa, imago (p. 633). The larve
are usually fleshy grubs the mouth being furnisbed with
jaws; they are mostly six-legged, and often have a fleshy
foot (pro-leg) at each end of the tail. Weevils gere &
group of hard beetles provided with snouts; their larve
are legless grubs.

Ladybirds are very useful beetles, for their larve
feed upon aphides (p. 628). Ladybirds, therefore, should
uot be destroyed, but rather encouraged.

In the following table are named some of the com-
monest Coleoptera that infest cultivated crops. Wire-
worms (fig. 243) and cockchafer grubs (fig. 244) live in
the soil for years, and attack the roots of wrauses,
cereals, and various other crops. The favourite food-
zrops of the other pests mentioned below are indicared
1w their popular names:—

Cockehafer (fig. 244) ‘ M elolontha 1ulgaris,
Wireworms, larves of click beetles

(fig. -248) Elateride.
Turnip fls, or’ Lurnip ‘floa-Deetla

(Gg. 245) . . . . . Dhyllotreta nemorum.
Mustard beetle . . . . Thadon betuls. -
Turnip-blossom beatls . . . Meligethes aneva.
Bean-seed beetla . . . Bruchus rufimanug, =

Turnip-gall weesil . . . . Cewtorhynchus
‘ sulcicolli.
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Fple -blossom weerld | . . Anthonomus pomorum.
aver weevil | . . . Apan assimile.

Nut weeri] (ﬁg 240) . . . Halaminua nucum,
Pioe bectle - . . Uylurgus piniperds

F1o. 245.—Towpswe Fuy. Dhyllotreta (Haltica) nemorum
(Coleoptera).
1, mature beetle, magnified ; 2. 3. natursl size.
4. 5. eggs fmd on under surfuce of rough Jeaf.
8, 7, burrows 1o Jeal, made by larvm or maggols.
&, larva, ustursl size; 9, magmfied.
10, pups, ostural Lze, 11, megnified.

Fia. 246.—Nvur WexvIL, Balaninus nucum {Coleoplars).
Weeril magrified (naturs) length, 1 to § inch).
Pupa, natoral size,

Maggot, natural size and magnified.
Damaged filbert.
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Hywmrxorrera (ie., membrane-winged} are iusects
wrually with four membranous wings, which possess bui
few veins, and are apparently naked, though sometimes
bearing scattered bristles. The abdomen of the female
is often furnished with a eonspicuous ovipositor (or egg-
laying apparatus), which is also used as a borer, or is
developed as & sting. The mouth has biting jaws, and
also n proboscis. The hymenoptera pass through a
compleie series of changes.

Two kinds of larvee are met with. In some epecies.
the larve is wormlike and legless (a ‘ maggot * or * grub,’

F1a. 247.—TORNIP SawFLY, Athalia spinarum (Hymenopters).
1. fomale sawfly, and lines showing natural size.

2, 3, eggs. 7. aval silvery cocoon.
4, cast skin of a larva, 8, pupa.
5, 6, larvee.

such as the wasp-grub), and lives in nests stored with
dead insects or polien. In other species (the sawflies,
fizs. 247, 248, and 251) the larva has up to ten or eleven
paira of legs, and {eeds on leaves, or stems, or in galls; it
i8 these which are specially destructive to vegetation.
This is the order of the true stinging insecis (bees,
fig. 249—wasps, hornets), and of most of the parasitic
insects (ichneumon flies, chaleis flies or brasslets,
gall flies, fiz. 230). Ichneumon flies are extremely
beneficial forms. as the ferales lay their eggs in the
sggs or larve of many noxious insects, within which the
ickneumon larve live as parasites, ultimately destroying
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their hosts. Bees are of great importance in the pollina-
tion of many flowers, which otherwise would not set
seed, or do s0 to a small extent only. The honey bes
(Apis mellifica) has been domesticated by mankind from
time immemorial. Ants also belong to this order.

Of the following common examwjples of Hymenoptera,
the giani sirex bores channels in the wood of pine trees,

£l
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B T ~radvelao

o

Fia. 248.—CorN BawrLy, Cephus pygmaus (Hymenopters).
1, female fly ; 2, natural size.
8, corn-stem, containing maggot.
4, larva or maggot, natural size ; 5, magnified.
6, parasitic ichnenmon fly, Packymerus calcitrator, magni-
ed ; 7, natural size, .

and the marble-gall fly (fig. 250) makes the galls (‘oak
apples’) so often seen upon oak trees.

Turnip sawfly (ﬂgéfs-ﬂ) . . Athalia spinarum.

Corn sawfly (fig. ) < . Cephus pygmevs.
Gooseberry nn%i currant sawfly . Nematus ribesice.
Pear and cherry sawfly . EBriocampa limaring.
Pine sawfly (6g. 21) . 5 . Lophyrus pini.

Giant sirex, or wood wasp . . Nirez gi .
Marbie-gall fly {ig. 250) . . Cynips kollari.
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LrerivorTERA (i.e., scaly-winged) are the butterflies and
moths, of which the latter are by far the more numercus.
Lepidopterous insecls possess four wings, which are
usually covered with delicate scales of various colours.

Fra, 249. —Huumsre Bees, Bombus spp. (Hymenopiera .

1, wood bes, Bombus [ucorum.

2, 8, punctures in calyx of besn flower, through which nestaz
is withdrawa

4, earth bea, Hombud lerrcatria,

Fla. 250.—Marsie-GilL FLY, Cynips Editari (Hymedopterah
Larva, pups, aod mature insect, magnified. =
Galls (* oak apples ') of cak tree.
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The organs of the mouth are adapted (o sucking, the
upper lip and jaws being small or rudupentary, and the
lower jaws formed into a long tube (a proboscis) which.
when not in use, is coiled up like a watch spring, aud
concealed beneath the head.

These insects pass through a complete series of
changes  The larva is worm-hike, with usually five to
eight pairs of legs (occasionally noney; it is furnushed
with biting jaws. Such a larva is termed a caterpillar
Most caterpillars are naked ; a few are hairy. The inter
mediate inactive stage, or pupsa, takes the form of &
chrysalis.

\

Pro 251.—PixE SAWFLY, Lophyrus pini (Uymenaptera}
Larva, pupa, and mature insect, magnified.
Pine leaves injured Ly sawfly.

With scarcely an exception. all the insecta of thia
order are injurious. Beautiful es are many of the
Lepidoptera, their larval forms are very destructive to
vegetation.

Buatterflies have their antenne, or ‘horns,’ terminating
in knobs, like drumsticks. The antennm of moths are
uot knobbed. Butterflies, when at rest, raise the winga
50 that they meet back to back, and show their dingy
under sides, at the same time exposing their bodies.
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Moths, when at rest, keep the wings spread out so as
to cover their bodies. Butterflies usually iy by day;
moths at twilight or at night.

Of the following familiar examples of Lepidoptera.
the surface caterpillars (fig. 232)) attack the roots of
turnips, eabbages, mangel, und other craps. The cater-
pillars of the silver Y-moth (fig, 253) feed on Lotk maugel

Flo. 232.—YeLLow Uxperwina Mote, Tryphana 7ronuba
{Lepidoptera).

1. surfsca caterpillar. 2, chrysalis. 3, moth.

Fia. 253.—8ruvee Y-Mo7TH, Plusia gamma (Lepidopicra).
1. ePgl.
2, “looper ' caterpillar. N
8. chrysalis ipaide cocoon.
4, moth ; observe the y {ike mark on each wing. eimilar
to the Greek letter gamma (y).
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and beet. The magpie moth attacks currant and goose-
berry bushes, the wood leopard moth pear trees, and the
goat moth oak and many other trees. The caterpillars
of the bufl-tip moth (fig. 254) injure the foliage of the
lime, oak, and elm. The last five moths in the list are
pests of orchard fruit trees.

White cabbage butterflics . . Dieris spp.
Turnip  dismond-back moth

(fig. 205) . Plutella cruciferarum
Yeliow uudermng moth (eu (rface

caterpillars, fig. 252) . Tryphans pronuba.

Dart moth, or turnip moth (sur
fuce caterpillars) .

Bilver \ -moth, or nighit- futtarer
(Rg. 258) . . Plusia gamma.

Carrut blossom moth Depressaria daucella

Agrotia segetum.

Fia. 254 —Burr-Trr MoTH, Pygera bucephala (Lepidopters)
with caterpillar and pups.

Magpie moth . Ahbrazas grossulariata.
Wood leopard moth . Zeuzera waruli.
Goat moth Cossus ligniperda,

Buff-tip moth (ﬁg %4)
Winter moth

Codlin moth .

Lackey moth

Mottied umber moth
Small ermine moth

Pugeera buce phala.
Cheimatobia brumata.
Carpocapsa pomonella.
Clisiocampa neustria.
Hyhernia defolidria.
Hyponomeuts padella.
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Hosortera (i.e., similar-winged) have wings of the
same texture throughout, either wholly lealhery or
wholly membranous. The wings, when at rest, are held
slantingly over the back, like a steep roof. Though four
wings are usually present, there are only two in some
species, and none in others. The mouth is fitted for
suction, and is commonly called the ' beak ;' it arises
from the back part of the under side of the nead. The
auntenna are generally short.

The larva is much like the mature inscct, and thera
1s no quiescent pupa stage.

The Howoptera are terrestrial insects, and are all
injurious to vegetation. With the Herrnorrrea (i.e.,

Fia. 285, —TurNip DiaMoxD-gack MoTE, NMutella cruciferarum
(Lepidoptera).
1, lerve. . 2, eggs.
8, moth, natural size; 4, §, magoified,

dissimilar-winged)—an order including the plant buge
and certain water insects—they make up the divisicn
called Hemiptera (i.c., hali-winged).

The Homoptera are well illustrated by the aphides or
plant-lice (also called ‘smother-fliesa’), which include
some of the most destructive insects known. In certain
seasons the crops in bean fields (fg. 256) ard hop plan-
tations (Bg. 257) are entirely ruined by the attacks of
aphides, which are the most prolific of all insects. Foreign
vineyards bave been devastated year after year by
Phyllogera vastairir, which belongs to the same group
_ as the aphides.
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F1G6. 256.—DraN Avrnis. A phis rumicis ar Aphia faba

- (Homopters),
1, bean-shoot, infested witl aphides.
2, winged male aphis, maguified; 3, patural size.
4, wingless female wphis, maguilied.

Fia 257.—Hor Apmis, Aphis ([horodon) humuli (Homopters).
Winged and wingless viviparous femsles, magrified,

The following are the names of common homopterous
peets i —

Cabbage aphis, or green fiy .
Turnip greeu fly . . , .
Bean aphus, black By, or collier

(fig. 256) . s
Potato frog iy . . R
Hop aphis (fg. 257} . x

Aphis brassice,
Aphiz rape.

A phis rumicis.
Eupteryz sulani.
Dhorodon humuli,
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Hop cuckoo-fly . . -+ Euacanthus
interruptus,

Corn aphis, or dolphin . . Siphonophnra
granaria.

Plum aphis . . . . . Aphis pruni.

A pl\ls sucker . . . Psylla mali,

Apple mussel scale Mytilaspis pomorum

American blight, or woolly nph)s Nehizoneura luniger a.

Woolly currant-scale . Pulvinara ribesue,

Larch uplis | R . - o Chermes larivis.

Lice (nat bird-lice, for which see p. 634) are probably
degenerate mewmbers of the Hemiptera.

Dirtira (ie., two-winged) are cliaracterized by pos-
sessing only one pair of wings, which have but few veins
aud are naked. In
the place of the
hind wings ere a
pair of structures,
variously  termed
halteres, balancers,
or poisers. The
wouth is furnished
with a proboscis,
adapted for pierc-
ing or lapping. The
female 1s stingless,
and is but rarely
furnished with a
conspicuous  ovi-
positor. The Dip-
tera pass through
Fia. 258.—Dappy LoxcLees, Tipula :Lasx:sgrxﬁg )Brli,\;%:

oleracea {Diptera), with eggs, grub ) ©
(leather jacket), and pupa. usually a worm-like

legless maggot,

with & soft retractile head, of no definite shaps, though
sometimes there is a hard bead, furnished with jawa,
as is the case with the grub of the deddy longlege
(fig. 258).

This is the order of the true fiies, many so-called
‘flies ' (as turnip Ay, sawfy, green By) really belonging
_to other orders.
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The house fly and the blow fly are familiar examples
of the Diptera. The most destructive crop pest of the
order is the leather jacket, which is the larva of the
daddy longlegs or crane-fly (fig. 258). It lives in the
soil, and like the wireworm (the larva of the click beetle
--Coleoptera) it dues great damage to the roots of plants.

The ox warble fly (fig. 259), horse bot fly, gad flies,
forest flies, sheep's nostril fly, the sheep ‘tick’ or ked, and
mosquitoes are dipterous insects that cause much annoy-
ance, and frequently serious injury, o animals. Some of
the Diptera convey the germs of serious or fatal discases
into the blood of human beings or animals, which they
bite. Some of the mosquitoes, for example, disseminate
the germs of malaria and yellow fever. The tseise fiy

EERR

S

Fra. 259.-—0x WaRBLE FLy, [ ypoderma bovis (Dipters).
1, mature f8y.
2, maggot, which develops beneath the hidea of cattle.
8, pupa,

(@lossina morsitans) infects horses with nagana or fly
disease, and human beings fall victims to sleeping sick-
ness when bitten by an allied species.

The fleas are a wingless group allied to this order.
One of the rat fleas (Ceratophyllus fasciatus) appears to be
responsible for the spread of Oriental plague.

Of the following common dipterous pests, the fever
fly infests hops, and the Hessian fly, gout fly, and frit
fly are cornfield pests.

Dsdd&.long}egu, crane fly, or

ley jacket (fig. 258 Tipula oleracea.
Cab r& e % ) Aa?homyia brassicor.

y . PR .
Celery and parsnip £ .. ZTephritis onopordiris.
Carrot fly, or ‘ Rust 7 . Pnf;: roscE.
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Mange!l iy 5 - . Degomyia befee.
Fever fly ., a e % « Dilophus culgaria.
Onion fly . . Anthomyia crparum.
Whent midge, or © red’ 'nugbnt . Cecidomyua (Ttici.
Hessian fly . Cecidomyia destructor.
Wheat buib fiy (ﬁg "GO) Hylemya coarctata.
Gout  fly, or ribbon- footed Chlorops teniopus,
corn fly .
Frit fiy P . Oscinis frit,
Ox warblefly (fig. 2a9; .. Hypoderma bovia.
lores bot-fiy E < (rastrophilus equi
Sheep's nostril ﬂy . . . (Matrus ovia.

N
Fro. 260.—WoEsT-3ULB FLy, Hylemyia coarctals (Diptera).

1, mouth apparstus. la, maggot. 2, extremity of tail.

3, pupa 4, mature fly. 5, infested whent plant

la, 3, and 4, natural size snd 1 end 2, magnified.
magnoified,

There are, fortunalely, some beneficial Diptera. The
larves of hover-flies (Syrphide) destroy large numbers of
aphides, while the larve of the robber-fies (Tackinide)
are parasitic in caterpillars.

Two other orders of 1msects, Orthoptera and
Neuroptera, may be briefly noticed, although they do not
1 this eountry furnish many injurious insects.

OrTomoPTERA (i.e., straight-winged) have four wings,
the anterior pair being leathery rather than (as in
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Coleoptera) horny, and slightly overlapping; the hind
legs are often forried for leaping. The jaws are adapted
for biting. The larve live on the land, not in water (as
1s the case with Neuroptera), and there is no resting
pupa stage.

Cockroaches, crickets, and grasshoppers belong to this
order. In other countries locusts—very similar 1o grass-
hoppers—do immense mischief to vegetation. The
carious exotie walking-stick and leaf insects are orthop-
terous. The earwigs which infest garden plants, and the
thrips—a dark coloured fringe-winged little creature
(fig. 261) often seen in the groove af the ripening wheat
grain—may be placed here, though not actually included
in the order Orthoptera.

Fi1a. 261. Turirs (near Orthoptera).
1, 4, corn thrips, T'hrips cerealium or Thrips physopus, femnlea
magnified (1, walking; 4, flying); 2, 3, natural size.
8, 8, potato thrips, Thrips minutissima, magnified (6, the larva);
7, natural size,

Nevrorrera (i.e., nerve-winged, or netrw'mg(gd) have
four wings, generally with numerous hollow veins, and
either naked or hairy. The female seldom has a con-
spicuous ovipositor, and is never armed with a sting.
The worm-like larve have six legs and are provz_ided with
jaws; they are mostly aqguatic, and (with some
exceptions) pass through a quiescent pupa stage.
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Dragon flies, May flies (day flies, brown and green
drakes), stone-flies, aud termitas (white ‘ants’) are
examples of the Neuroptera, whilst the hairy-winged
caddis flies are nearly related. Bird-lice (Mallophaga)
probably belong to the same order.

Dragon-flies are decidedly beneficial, as they hawk
for insects in the air, and many of those they destroy
are noxious. The fragile lace-wing flies (Hemerabiida),
with slender green bodies, gauzy wings, and golden eyes,
lay stalked eggs. from which emerge rapacious larve,
that are known as ‘aphis lions,” because they destroy
sast numbers of aphides.

Blouths of Insects.—Insects feed either by biting or
sucking. The arrangement of the wouth of a Liting insect

A
T “
N ¥
< <
\\_/
B
Fra. 262.—Prax or sy INsecr's Mourm,
4, Upper lip. or lubrum, B, Lower lip, or labium,
N N, Mandibles. x X, Firat maxillme.

(of a beetle, for example), as seen from the front, is
shown in the diagram (fg. 262). There are three pairs
of jaws (a) mandibles, (b) first maxille, () second
maxille. The last are united into a lower lip (labium)
between which and the upper lip (labrum), the man-
dibles and the first maxile work to and from the
widdle line, not up and down. In other words, instead
of moying vertically, they move horizontally. The man-
dihies are biting jaws, and the first maxillu are chewing
jaws. -

In a sucking inseet, such es a butterfly, the first maxille
are modified into two long slender half tubes,.thus { ).
When these are in contact they form a canal, through
which liquid csn be sucked. This canal, being long, is
ooiled up when not in use. It is called the probescis. In
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some sucking insects (aphides, female mosqn\\un) the
mandibles and first maxille are iu the form of piercing
stylets.

There are gradations beiween the (wo types of mouths
that have been described, but it is convenrent to group
wsecls as either Mapdibulata (with gnawing moarhs) or
Haustellata (with sucking mouths):—

MANIIRULATA HAUSTELLATA,
Coleopters. Lepdoptera,
Hymenoplers. Hanmipiera.
Orthupters, Heteruptera,
Neuroplera Diprera.

The life-history of many insects may bie illustrated
by that of a butterfly. The female butterfly lnys eggs,
from which, sooner or latcr, caterpillars (or larve)
cmerge. These feed actively and grow rapidly. When
full-grown, they choose some jplace of security, or in
many cases spin a cocgon (fig. 2a3), in which 1o change
1o the chrysalis (or pupa) state. There they moult their
caterpillar skin, and lie with the undeveloped limbs
pressed close to the body, gradually advancing to
maturity under the protection of a strong outer film.
In due tume the outer coat cracks, and from within it
comes the mature winged insect (or imago). The change
from the grub-like larva to the beautiful tmago hes taken
place during the resting stage, or quiescent period,
represented by the pupa. Aller pairing, the female lays
eggs and dies. Then the whole eycle is repeated :—

Tmago
\

/

Egg . Pups

\ /
Larva

This is termed a complete metamorphosis, and it
includes, as has been soern, & quiescent pupa stage. It
tekes place with insects of the jollowing orders:—

Coleoptera. Lepidoptera.
Hymenopiera. Diptera.
Neuroptera.
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Certain groups of insects, on the other hand. have
no intermediate quiescent stage after they leave the
egg. The larva is then (fig, 261) much like the adult
form, which is arrived at after several moultings. This
is the case with—

Homoptera, Heterapters. Orthoplers.

Structure of Insects.—The body of an insect is made
up ol rings, or segments, which can be betier seen in the
larva than in the perfect insect. In the mature form,
from four to six segments go to make up the head,
with its mouth-parts, the eves. and the antenn® (horns,
or feelers). thaugh it is only by studying the develop-
ment of insects ihat this fact can be proved. Next
come three segments forming the thorax, each segmenc
bearing a pair of legs—six legs in all. No perfect insect
has more than six legs. Wings, when present, are
borne by the second and third thoracic segments, never
by the first or anterior thoracic segmeni. Succeeding
the thorax is the abdomen (or ‘ tail ). made up of eight
or mare segments, and nof furnished with limbs. In
dragon-flies. the abdomen is ofien long and slender;
in, for example. hees. it is much shorter. Some insects
have a marked constriction, or ‘waist,” at the junction
of thorax and abdomen, as is the case in Hymenoptera.
The head may fit loosely to the thorax, as in house flies;
or be quite soldered to it, as in aphides. The hard
parts of an insect’s hody are exiernal. and form what
is called the exo-skeleton. It is made up nf a horny
substance termed chitin,

An insect breathes by means of numercus air-tubes
(traclex), which open at the surface of ite body. By
clogging up these pores with powders or ather materials,
an insect can be suffocated. Many methods of destroying
insect pests are based upon tbis fact.

Identification of Larve.—When a mature idsect is
captured. it is not, as a rule, difficult to state the natural
order to which it belongs. Beetles. moths, and.dipterons
insects, for example, are all aufficiently distinet. But, as
many insects are specially destructive in the ldrval
.stage, it becomes of practical importance—especially
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with a view of adopting remedial measures—to he able
to determine of what order a larva is a member.

A legless fleshy grub, with a soft-pointed, retractile
head (a ‘maggot '), is usually one of the Diplera. But
see Weevils (p. 620).

An active six-legged grub, with horay head and strong
jaws, is usually that of a beetle (Coleoptera).

The so-called caterpillars, long. soft (sometimes
hairy), with prominent head and jaws, and furnished
with sixteen legs, belong to the Lepidoptera. When
several of the intermediate pairs of legs are absent, &
‘looper’ caterpillar (as in the magpie, umber, and
silver ¥-moths—fig., 253) results.

Active, leaf-eating larvee, with from 18 to 22 feet,
usually belong to sawflies (Hymenoptera), and are
termed false *caterpillars.

The application of the foregoing facts will frequently
render it easy to determine the natural order of any
plant-eating larva belonging to an insect which under-
goes complete metamorphosis.

Insect Attacks.—Iu order to cope successfully with
the attacks of insects upon farm and garden crops it is
useful, first of ail, to appreciate certain entomological
facts. It is, for example, a fact that certain insects are
injurious at one stage of their life, and others at another.
In most cases it is the larval stage that is specially
destructive, as is the case with wireworms, leather
jackets, and surface caterpillars. But this is no reason
why the mature forms of click beetles, crane flies, and
turnip or dart moths should not be constantly destroyed,
for they are the parents of the depredators. Ants,
wasps, and mosquitoes are examples of insects, the
mischievous work of which is more especially associated
with the mature forms. Cockchafers, aphides, and
turnip-flies are actively aggressive in both the larval
and the perfect condition.

There is no essential relationship between the dura-
tion of life of the larva and that of the imago. It does
not follow, for example, that if the larval life 'in.uhort.
the life of the imago will be long, or that if an insect
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passes & long period in the larval stage it will enjoy
but a brief perfect existence.

The length of life of a larva is determined by the
facility with which 1t can obiain its food, and by the
nutritive character of that food. The larval life of a
bee occuples less than a week, for the grub, from the
moment it is hatched, finds around 1t a profuse store
of the richest food, consisting of bouey and pollen. The
blow fly, hatched out in meat, passes but eight or ten
Javs as a larva.  But the leaf-eating caterpillars of
Lepidoptera have to work hLarder for their food, an!
this is of a less nutritious character, so that such larvie
often oceupy six or’eight weeks between egg and pupa.
Wireworms and cockchafer grubs, which live i the
soil and feed on roots, have a larval life extending over
from one 1o five years.

Scarcely any part of a pu-mt is free from insect attack.
Such pests as weevils and bean beetles desiroy seeds.
The turpnip ftly pounces upon young cruciferons crops
directly their cotyledons (p. 127) appear above ground
Leaves are v susceptible—sawfly larve give
ieaves a scorched appearance, leaf-miners make tunnels
in their tissues, gall insects cover ithem with swellings.
the larve of leaf-roller moths coil them up to provida
a shelter for their chrysalids, the caterpillars of cabbage
butterflies riddle leaves with holes, and cockchafers
devour leaves wholesale. Blossoms are destroyed by
heetles end aphides. Siems, and even woody trunks,
succumb to the attack of bark beetles, goat moth cater-
pillars, sirices, and other borers. The wirewarm is the
chief enemy of the roots of crops, but it has many
belpers.

Some insects confine their attacks to special groups
of plants, as the turnip fly to eruciferous crops. Others
are general feeders, as wireworms end leather jackets.
In dealing with the former class of pests, some know-
ledge of the relationships of plants, such as is set forth
in chapter xii.. is of considerable use.

If it be asked why crops are so freqnently ravaged
by insects, the answer is that, in growing vast nutubers
of the same kind of plant to the exclusion of other plants,
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the eultivator has upset the natural balance of vegeta-
tion. If a eropped area were left to itself for a number
of years, it would gradually develop a vegetation dif-
ferent from that which has been arbitrarily placed upon
it. When extensive tracts of land, that would be other
wise naturally but diversely clothed, are covered by
millions of wheat plants, or of turnip planis, or of bean
plants, for example, the pests—be they insect or fungus—
~which prey upon such plants will naturally tend to in
crease in like proportion. In other words, side by side
with the excessive, or exclusive, cultivation of one kind
of plant, the pests—whether insects or fungi—which prey
upon that plant may be expected to become more abun-
dant, for they find their victims literally crowded
together, and therefore extremely accessible. In wild
pature a certain balance has becume established between
plants and their enemies, so that the former are kept
in healthy check, but are not exterminated. Man's agri-
cultural operations have artificially disturbed this
balance, and he is often compelled artificially to redress
the abnormal increase in insect pests which result from
them. It is one object of the cultivator's skill, whilst he
is extending the area under any given crop, to prevent
or check a corresponding increase in the pests which
infest that crop.

Natural Enemies of Insects.—Nature is at hand to
help the cultivator. Some of the worst foes of crop-
destroying insects are other insects, and these latfer "
should be encouraged. Ladybirds, for example, devour
all kinds of plant-lice (aphides); therefore, never kill a
ladybird. Bimilarly for the other beneficial insects which
have been mentioned under their respective orders.
Insectivorous mammals, birds, etc., have been described
in the earlier part of the chapter.

Not only should hbeneficial insects, birds, and
mammals be preserved and encouraged, but they may
sometimes be designedly enlisted in the service of man.
It is often useful to introduce pigs, poultry, or ducks toan
insect-infested crop, and there are cases on record where
& pest which has been imported from a foreign country
has been exterminated by bringing over and establishing
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on the crop attacked the insect which was most
instrumental in keeping the pest in check in the couatry
of its origin, bLut these measurcs are often inadequate,

and artificial interference is necessary.

There are two means of checking the ravages of
insect pests—prevention and rewmedy. By preventive
methods the appearance of the pest 1s foresiailed, and
either the surroundings are made Loo uniaviting to
induce it to stay, or the crop is maintained in so vigorous
a condition that (he insects are unable to effect any per-
manent injury upon it. Thus, a crop of young turnips
just peeping through the ground may be lightly sprayed
with paraflin, the odour of which will serve to keep tle
turnip fly at a distance until the plant 1s well established
in the * rough leaf,’ for it is the smooth seed-leaves that
the turnip fly is specially fond of. Again, bands smeared
with grease and fastened round the trunks of orchard
fruit trees will prevent the almost wingless female of
the winier moth from erawling up the tree to lay her
cgge upon the young buds. Kouwation of crops (p. 308
affords another means of anticipating and obviating
insect attack.

Remedial measures usually involve the application to
the infested crop of substances which will either kill
the insects (insecticides) or drive themn away (insectifuges).

Now the primary consideration in treating injurious
insects is that of expense. If it costs more to exterminate
a pest than to suller its ravages, it is abvicusly better to
leave it alone. Especially is this true with regard to
prevention. It is, of course, always a sound policy in
treating an insect attack to deal with it so that as few
individuals as possible shall survive to do future harm ;
and another preventive measure is always worth under-
taking~—namely, the destruction of weeds which are
likely to encourage the pest. But expensive purely pre-
vontive measuras are only advisable in two cases—eijther
where the pest is an annual visitor, and may be counted
on with tolerable certainty, or where the circymstances
are such that we know from past experience that a pest
will inevitably occur unless such measures are under-
taken. If an orchard habitually suffers from winter moth
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it may pay to spend money on banding the trees in
sutumn. 1f grass land is to be ploughed up it is certainly
advisable to dress it with gaslune, if this is readily
obtainable, because an oat crop on newly-ploughed grass
land is almost ceriain otherwise 1o be destroyed by wire-
worm. But in a case of sporadic insect attack, which
in all probability would not recur to a serious extent
for many years, it would be foolish to incur much expense
in attempting to prevent its appearance the following
BOAROD.

Inseclicides.—The same consideration afiects our
choice of insecticides. To be of practical use on the
large scale they must be as cheap as possible, and this
is why recourse is so often had to hy-products of certain
manufactures—such as gas lime and ammoniecal fluids—
&nd to such comparatively pleutiful substances as quick-
lime. salt, st, paraflin, and sulphur. Other substances,
such as arsenic compounds, though somewhat expensive,
ere eflicacious in such small quantities that they are
capable of extensive use.

The selection of a suitable insecticide will, in the
next place, depend on the nature and habits of the
particular pest. When these are accurately known, it
is generally found that the insect is most vulnerable
&t & particular stage in its life-history, and remedies
can be used to the best advantage. Moreover, the
danger is avoided of wasting money in futile operations,
such as killing the insects after they hLave laid their
eggs, or adopting measures—as in the case of the gen-
tleman who used trap lamps for winter moth—calculated
only to kill the malex. It cannot be too strongly insisted
on that the first thing to do in meeting with an insect
attack is to find out exactly what the pest is and how
it lives.

In dealing with the different orders of insects it was
stated that some were haustellate (possessing sucking
mouth parts), while others were mandibulate (with jaws
adapted for biting). In the case of sucking insects, such
as green fly, only those insecticides are of use which
will destroy the pests by actual contact, but in the
ease of biting insects, which include the whole tribe

b 4
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.
of caterpillars, it is oflen possible to proceed in & dif-
forent way. by sproying the leaves ou which they feed
with an arsenical poisun, at an early stage of the attack
the insects may be indirectly desiroyed while still very
young, and before they have had time to do much harm.
This method of treatment 1s of the highest value in the
case of fruit-tree pests, though it is clearly inappropriate
at or near the time when tke fruit is ripe if, as 1s
generally the case, the poison used is one which 1s
wnjurious to man. We are here concerned only with tle
general principles of the use of insecticides, and any
account of the treatment of special insect attacks would
be out of place. It may be useful, however, briefly to
review the various substances most commonly employed,
and to indicate the nature ol the cases in which their
use is appropriate.

Gas-lime is chiefly used to cleanse land infested by
root-feeding pesfs. It possesses at first poisonous and
caustic properties, winch pass off after exposure to the
air for a time, and it is therefore necessary to leave it
spread over the surface for some wecks before ploughing
it 1n.

Soot, a3 well as possessing considerable manurial
value, is & useful insectifuge, and renders leaves more
or less unpalatable to biting insects. 1t is often
distribuied mixed with lime.

Parafin oil, or peiroleumn, ecan also bLe used., much
diluted, as an insectifuge. as in the case of turnip-fly,
already alluded to, but it is also & useful direct insecti-
cide. Emulsified with soft soap and water it is constantly
employed against such pests as green fly, but much harm
may bo done by using oil of an inferior quality or of too
great a strength.

Carbon bisulphide is a most useful and powerful
insecficide, but it is so poiscnous and iuflammahle as
to be safe only in the hands of an expert. With the
proper precautions it afords the best means of destroy-
ing thie insects which infest gmnanes or other buildinga,
and it is also highly useful in combating rodt-feeding
pests 1 Fhe soil, and implements have been devised for
infecting 1t smong the roots of infested plants.
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Various arsenical preparations (DParis greepn, lead
arsenate, ete.) are used, as indirect 1nsecticides. to poison
the leaves on which jnsects are fveding, and therchy

destroy the insects. llere
the substance must be
delivered as a fine spray,
for the object is not to
sirike  and destroy the
insect directly, but to
deposit a fine uniform
layer of the poison on
the leaves.

Tobacco, hellebore,
and pyrethrum are ideul
insecticides, in that they
are highly destructive
of insect life, but per-
fectly innocuous to
plants and the higher
anlmals, but unfortu-
nately they are too costly
for extensive use. They
mey be used as washes,
but tobaceco and pyre-
thrum are also effective
as fumigants in enclosed
spaces.

Hydrocyanic gas is a
deadly poison, and one
to be carefully avoided
by any but an expert;
but it is invaluable as
a fumigant, and is espe-
cially used to clear
young nursery . atock
from any pests they may
harbour hefore planting
them.

-Exarsack Brmavive
Macuing,

¢, eapper vessel conlelning solu
tion to be sprayed,

T, top or lid, wherein is a strainer
to preveul entraunce of course

¥

pBral e
imade of steel] TR
pump actuated by the work-
man through the hsndle 1.

L L, lance into which the solution
passes by means of s flexible
tube.

N, nozzle, from which the solu-
tion emerges in s fine spray.

8 8, straps which pase aver work-
man's sboulders,

Various implements have been piaced on the market
for distributing insecticides in the form of powders,
washes, or sprays, and an illustration is here given of

13
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an apparatus which is useful for operations on a small
scale (fig. 262).

What i1s known as good larming—that is, thorough
ltivation and liberal manuring—will prove highly ser-
able in combating insect injury. The eflective work-
ing of the land is most unfavourabile to the persistence
sect life in the soil, as it turns out not only larves
bt pupss as well, all of which are Lizhle to bo destroyed
by the weather or to Le eaten by birds. At the same
time, everything that tends to promote plant growth will
help to carry a crop speedily over those periods of its
life when it is more than usually susceptible to insect
attack.

ARACHNIDS

These Arihropods includes scorpions, 'spidors, and
mites, of which the first-named require no mention here.
The body is not divided into three distinct regions as
in insects, for either the head and thorax are fused
together (spiders), the abidomen remaining distinct, or
all three regions form a continuous mass (mites), although
the abdomen is usually marked off Ly a groove or
suture. There are no antennm, and four pairs of legs (not
three, as in insects) are present. The life-history does
nat exhibit the complete metamorphosis characteristic
of many insecta.

Spiders are highly carnivorous forms, which destroy
larze numbers of noxious insects, and are theraforo to be
regurded aa beneficial.

Some of the mites infest animals, while others attack
plaels. They are mostly very small or minute creatures,
with which it is often difficult to deal.

Armong mites infesting animals are included & number
of species causing mange, scab, and itch. Some live
on the surface of the skin, while others burrow In 1t
and give rise to smerious disturbance. Ordinary shesp
scab is due to the presence of a particular species
(Psoroptes communts). which burrows in the epidermis and
leads to the formation of scabs (fig. 263). The so-célled
haad scab is caused by another form (Sarcoptes scabiei).
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Treatment consists in the use of various sheep-dips—
ey., lme and suiphbur; carbolic acid and soft soap; or
tobaceo and sulphur.

Poultry as well as mammals are liakle to the atiacks
of mites related to the last-named form, two of (hess
parasites (Sarcoptes laris
and 8. wmutans) Dbeing
responsible, respectively,
for feather-eating and
“sealy leg)

The obnoxious har-
vest bug (Lepdus
autumnalis) 1s the six-
legged larva of a mite
(possibly Trombidium —
fholosericruy). (

The red hen-mite (Der-
Tanyssus acium) attacks
fowls and cage-birds at
night, retiring to cre-
vices in the poultry-
house or bird-cage dur-
ing the day, and greatly
encouraged if these are allowed to get and remamn
dirty.

The large blood-sucking mites known as ticks torment
various domesticated animals, and the true Bh}ep tick
{Irodcs ricinus) may be cited as an example. It is knp\\'n
that some of these parasites introduce disease-germs into
their victims. This has been definitely proved for Texas
fever in cattle, and appears to be also the case for
louping-ill in sheep. .

Mites which Infest Plants.—The group of spinnirg
mites (Letranychina), popularly known es red spiders,
includes & number of species which are injurious to bush
fruits and hops. The gall-mites (Eriophyide [ Phyloptide] )
attack fruit trees, the best known being the black-currant
gall-mite (Erigphyes [I’hytoptus] ribis), a very minute
creature which lives in the leaf-buds of black currant
(also white and red currants) and causes ﬂz.e diseasse
known as ‘big pud.’ The related pear-ieaf blister mite

Fio. 263. —SHEEP-8CAB MiTR
(£'s0ropres communia). Eulsrged.
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{Ervophyes [ Phytoptus) pyre) attacks the foliage leaves and
young fruit of pear and apple. All the members of this
family have elongated wrinkled bodies, and the two last
pairs of lezs are reduced to bristles

The bulb-mite ([hizoglyphus echinopus) attacks the
swollen underground parts of tulip, lily, hyacinth, onion,
and putato, as well as vine-roots. It is related to the
cheese-mites (I'yroylyplius siro and 1. elatior).

Flant-infesting mites are destroyed by powders,
washes, and sprays, in the same way as injurious iusects
(pp. 641-4) and sulphur is reputed to be especially
efficacious.

MYRIAPODS

This group of Arthropods includes Centipedes and
Millipedes, in which the elongated segmented lLiody 1s
provided with numerous short legs. The head bears
antennms.

Centipedes are flatiened from above downwards,
each segment Lears one pair of legs, a pair of poison
elaws is present in the neighbourhood of the mouth, and
the antennm are fairly long. These creatures are ex-
tremely active and purely carnivorons. As they feed on
slugs, snails, imsect larve, and worms, they may be
regarded as purely beneficial.

Millipedes (fig. 261) have rounded bodies, each seg-
ment bears two pairs of feeble legs set on close together,
there are no poison claws, and the antenum are short
(never more than seven joiuts). Millipedes, often known

*false wireworms,’ are sluggish vegetarians thal do
uonmdemh)e damage to the underground parts of crop-
plants. They aro dustroyed by lime, or trapped In
scooped-out mangels.

ROUND WORMS (NEMATHELMIA)

The very numerous round worms and thread worms
ineluded in this group are mostly internal parasites,
some attacking animals and some plants, The cylindrical
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body is unsegmented—i.r., not divided into rings or
segments—tapering at the front or at both ends, and
unprovided with limbs.

Round Worms Infesting Animals.—One of the most
familiar species is the large horse worm (fscaris mega-
locephala), often found in great numbers in the intestine
of the horse and its allies. Far more injurious than
this are the palisade worms or strongyles, of wlich the
following are examples: giant strongyle (Fustrongylus
giyas), in kidneys of horse, ox, and dog; armed strongyle

Fia. 264.—MiLuirepes—' Farse WikeworMs ' yrispods).

1, London enske-millipede, Julus Londincnsis, of dsrk lesd
colour.

2, epotted snake-millipede, Blanjulus guttu’atus (Julus pul-
chellus), of pale ochreous colour with crimson spots,
natural size ; 3, magnified.

4. earth snake-millipede, Julus ferrearris (pitch-coloured), msg-
nified.

5, its antenna, magnified. .

6, flattened millipede, Polydesmus complanatus, colour lilac to
whitish, natural size; 7, magnified.

(Strongylus armatus), which in the young state is swal-
lowed by horses in drinking water, bores into the blood
vessels and afterwards returns to the intestine, w.h.nn
1t becomes adult; sheep stronmgyle (3. contorfus), living
in the fourth stomach of lambs, and causing serious
disturbance; lung worm (Filaria), infesting the
breathing passages of lambs and sheep: and the
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gape worm (Symgamus (rachealis), parasitic in the
air-passages of {owls, and causing the disease known
a8 ‘gopes.’

One of the most dangerous pests is trichina (Trichina
spiralis—fig. 265), & minute Jorm, the adult sexual stage
of which :s found in the stomach of human beings, pigs,
rats, and other flesh-eatiig
animals. After pairing, the females
produce innumerable Living youneg.
which bore into the blood-vessels,
and are carried to the muscles,
where they pass into a gquescent
or encysted conditicn. The dan-
gerous or fatal disease termed
trichinosis is due to their presence,
and is spread by the eating
of uncooked or unperfectly cooked
trichinous meat. Iats are lurgely
responsible for the dissemination
of this parasite.

Round Worms Infesting Plants.
—The minute forms known a3
eelworms (d nguillulida) cause
several serious crop diseases. They
include the following four species,
among others. The stem eelworm
(I'ylenchus  devastatric — fig. 266)
attacks the stems and leaves of

F16. 265.—TRICHINA rye, oats, buckwheat, clover, and
(7.spiralis). Enlarged. potato, stunting the growth, and
a, female. b, male. producing abnormal Jocal thicken-
¢, dormant stage en- jng  ¢Tylip root’ of oats (fig. 267)

cysted in muscle, )

may serve as an example.

The wheat eslworm (I'ylenchus scandens) infests
the developing grains of wheat, which become dark
gella, variously known as ear cockles, peppercorns.
and purples. The beet eelworm (Heterodera Schacktit)
spends part of its life in the lateral_ roots of
beet, which swell up into little galls; and this pest
is responsible for what is known as ‘heet sickmtss’
-of the soil. The closely related root-koot eelworm
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(H. radicicola) lives in the roots of a large number of
cultivated plants and weeds, and is especially harmful to
clover, lucerne, cucumber, and tomato.

F16. 266.—ST1EM Eriwors (T'ylenchus devestatriz). Eunlarged.

Front end of & worm (further enlarged), to right, showing boring
spive. Embryo coiled vp in egg, below.

As in so many other cases, good
farming and a rational system of
rotation afford the best means of
combating these pests. 1i seed
wheat contains ear cockles, it
should be pickled for twenty-four
hours in weak sulphuric acid (one
pint strong acid to thirty-three
gallons of water).

FLAT WORMS (PLATYHELMIA)

This group includes a large
number of internal parasites that  po a7 < Tuure
infest animals. They are unseg- ROOT' IN OaTs.
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mented and their bodies are flattened. Two subdivi-
sions are of economic importance—(1) Flukes (Tre-
matoda) and (2) Tapeworms (Uestoda).

Flukes (Trematoda).—The best-known epecies is the
liver Buke (Fasciola /epatica) that infests the liver and
bile passages of the sheep, and
causes ‘liver rot’ (fig. 268). The
adult is of complicated structure,
aud is hermaphrodite—i.c., possesses
wale and female reproduc

¥1o. 268 —LIveErR FLUKE {(Fasciola hepatica).
a and b, suckers; ¢ ¢ ¢, branches of intestine.

a, Adult fluke. E, redia.
B, oiliated embryo boring inlo spail. F, cercarfa.
C, water snail (Limnua truncatula). G, cysta On graaq.

D, mporocyst. . . o
& x € B, and p—r. highly magnified. Size of ¢ indicated by
. line. o, slightly enlarged.
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tive organs. The life-history may be summarized
aa follows:—

1. Aduit fluke in liver of sheep (the final hosr) produces egge
that pass down bile-duct into intestine snd to exterior in dung.
Bhould they fall into water or on w a damp sput each hatches
out into a—

2. Ciliated embryo, that ewims actively about in sesrch ot
the small water enail Limnea truncatula, fuiling to find which
in about eight hours it dies. If successful in its quest it bores
into the lung of the snail (the intermediate fost] and becomes—

3. A shapeless bag ur sporocyst, wiitlin which is produced
by internal budding—

4. The redia, that makes its way to the liver of the snail,
and unses this as food. Several generations of daughter redim
wre produced by internal budding during the summer, but alti-
mately these are replaced by
the next etage or—

5. Cercaria, resembling a
tadpole in shape. This makes
ite way out’of the snsil, swims
to & grass plant, loses its tail,
and becomes encysted, its body
being covered with s firm
limy coat.

6. 1f a sheep swallows one
of the cysts the limy covering
18 dissolved in its stomach and
the young fluke passes up the
bile-duet 1nto the liver.

It is clear from what has
been said that the disease
cannot be directly communi-
cated from one sheep to
another, and that the most
efficacious means of preven-
tion are to be found in
keeping sheep away from
damp, badly-drained land,
where the snail is likely to
oceur, while the source of

Fia. 269.—CosmyoN TAPEWORM
(T'@nia eolium).

A, sdult worm.

the drinking water is &
matter for special care.
Tapeworms (Cestoda).—
We may take as an example
the common tapeworm
(Tenia  solium — fig. 269),

B, head, enlarged.

¢, six-hooked embryo, much
enlarged.

p, encysted  bladder - worm,
enlarged. .

E, bladder-worm with head
protruded, enlarged.
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TaBsLe XLI.—TAPEWORMS.

Twnin  mediocanel-
luta  (raginata)
No hooks. Very
Tnumerous Joints

T serrata. B8 to 48
hooks of two sizes.
Numerous  joints
with prominent
posterior angles

T marginata, Num-
erous joints, twice
as long as broad

Bothriocephalus latus.
Flat head, without
hooks, but with 2
adbesive grooves,
Very  numerous
broad joints

L

\ Tenia canurus. 24 to
32 small  hooks.
Numerous joints

INTERMEDIATE HosT
(sheltering bladder-
worm).

wortu ).

FiNaL Hosr
(sheltering adult
Cysticercus bovis. Ox | Mun (smail intestine).
C. pisiformis. Rabbit| Dog (small intestine) ‘
(liver and mesen- ‘
tery)
’ I
|
C fenicaltis. Toofed | Dog (small intestine). |
mammals  (mesen-
tery)

Embryo ciliated:
passes Lo first
intermediate  host |

Man (small intestine) |
(probably an in-| i
|

Rarely cat or dog.

vertebrate) and then l
into pike or burbot
(second  intermedi- r
ate host)! l
| g

Canurus  cerelralis.
Large bladder, pro-
ducing severul’ tape- |
worm heads. Sheep
(brain, causing
‘staggers,’or ‘gid’)

She p - dog
intestine),

{emall

T echinococcus.
Minute. Numerous
very small hooks.

Only 8 or 4 joints

Echinococcus  veterin-
orum, Very large
compound hladder,‘
producing many
tapeworm heads.

Man and domestic | -
hoofed  mammals

(liver and other -
orgaus)

Dog (small intestine)
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which in its adult condition lives in the mnall intestine of
human beings, and when immature in the wuscles of the
pig. where it causes the condition kuown as ‘measly.’ The
adult consists of & minute Lead (scoler), provided with
hooks and suckers for clinging to the lining of the
intestine, and a long serics of flattened joints (' pro
glottiden ’), each of which cuntains a complete set of male
and female reproductive organs. These joints are not
comparable to the rings or segments of an earthworu,
centipede, or insect, but may be regarded as a series
of buds, the youngest of whicbk are next the head. There
are no digestive orgenn, for the food consiats of the
digested eubstances present in the intestine of the Lost,
and whicli are absorbed Ly the genera] surface of the
body.

The ripe proglomdas (furthest from the head) con-
tain a lerge’ nuwber of embryos which hase developed
within the firm coverings of the eggs. They pass out
to the exterior in the excremont. The stages in the
life-history are as follows:—

1. If a pig (the intermediate hont) swallows & ripe tapewnrm
joint, the embryo, Ly the action of the guetric juice in liberated
from its investments, and by means of the six hooks it posscases
bars into the blood vessels of the stomach, aud is uarru-d to one
of the mnacles, where it—

2. Pumes into the encysted or bladder-worm éetage.
known as C'ysticerus celiulose in this particular csse. It i &
bollow sphere an ingrowth into which becomes a tapeworm
he:

s. Devalupm?nl can proceed no further unlesa the vladder-
¥orm or ‘messle’ is swallowed by s hurman being, shen the
{apeworm head i protruded. aitachey itee!f to the lining of the
small ivtestine and buds off a series of joinws, thus becoming
an adult,

Details regarding a [ew other tapsworms are giren
in Table XLI., p. 852.
ANIMALCULES (PROTOZOA)

This subkingdom includes a vast number of minute ar
microscopic animals, varying greatly in structure, and



654 HARMFUL AND BENEFICIAL ANIMALS

divided into numerous groups. The body of a Protozoon
consists of a single cell, and is thercfore said tu be
unicellular,

Protozoa swarm in the soil, and some of them devour
the beneficial bacteria concerned with nitrification.
Bterilization of soil or its treatment with various chemical
substances destroys these Protozoa, as
well as the bacteria. The spores of
the latter, however, survive and give
rise to fresh crops of bacteria, which,
being freed from their enemies, are
able to mulliply to an abnormal
extent, bringing about unusual fer-
tility,

. Protozoa of Disease.—Of late years . ", =
it has been discovered that a number MANOSOMES.
of diseases are due to blood infesting Highly magnified.
Protozoa, many of which pass through A, single individual
& characteristic tIypanosome stage g’ individual divid-
(fig. 270). A dipterous insect or a  ing into two.
tick (see pp. 631, 645) is the means

of conveying the disease. A few such diseases are
summarized in the following table:—

TaBLE XLII.—TRYPANOSOME DISEASES.

| Name of parasite s e e .
1 and difeaa;, | Where occurring. | Animal affected. Infecting Agent
| |

( Trypanosoma | Tropical Africa Horse and ox... Teetse fly

brucei. | (G lussina
Nagana or fly ‘ morsitans).
disease | |
1 T. gombiense. | Tropical Africa Man ... Tsetse fly
Rlesping Sick- (. palpalis).
ness |
{ |

T. evansii, India .. .. Ruminants ... ‘ Probably a Gad-

Surra ‘ fiy.
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TansLx XLIL—TkiraRosoMK 1IsEASES continued.

Name 0 PAMNAC (e pecuering, i afind T g dgr
T equirerdum.  Algeria and florme aml ofp
Dourine Fug el -
T eqrinwm South Americs Hose L
Ml e -
Cadera
T theiferi Transvaus! e Unttle o .
Biie-s-ckness
i I [
Pirephesma, ® | Nurth Awervn Catde o . Ak
Texas fever (livayhilus
armwatus

| i
Pivapasm Greut Dritain ... =herp

Louping-i1 !
recinug

Malanal diseases are due to other 130 41, blood parseites (epecien
of Hamamoda) introduced by the bites “pple wagrd wosguitios

(epecies of drapheles).
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Lrvconsmire Rep SmortEorx.—This ia a epecial
strain of Shorthorns, distinguished by a deep cherry
red colour, supposed to have been originated by Thomzs
Turoell, of Wragby, towards the close of the 18th
century, and much fess in-bred than the ordinary type.
A distinct Association and Herd-book date from 1895,
and the strain differs so little from the parent stock
that a red bull registered in Coates’s Herd-book is
cansidered surtable for use, so that its progeny could
be entered in the Lincoln Red Herd-book.

The breed ie officially described as possessing length
of frame, good constitution, great hardiness, marked
powers of milk-yielding, and heavy carcase. It has
taken a leading position of late years in Milk and Butter
Competitions at importaut Shows, and is increasing in
popularity, not only at home but also abroal, especially
wm hat countries, to which its coloar appears t¢ be well
adapted.

jeimisa-HowsteiN.—This is & naturalized Duten
breed, taking origin from the black-and-white Friesian
cattle (with some infusion {rom other Netherland races)
formerly imported 1o large numbers into the eastern
part of Great Britain from Aberdeenshire southwards.
A special Breed Society was formed in 1909. The
milking qualities cf the breed are highly developed,
but the quality of the milk will bear improvement,
although the unusually minute fat-globules render it
particularly snitable for cheese-making.

The fullowing points are to be locked for:—Frame
large, and of dairy type, but less specialized than in
Channel Islands breeds. Colours: black-and-white (in
sharply defined patches) preduminating and most
favoured ; dun, dun-and-white, and black also recognized.
Dead unusually leng, fine. Well-bent borns, forwardly
inclined, with oo upward turn. Neck slender and
rather long. Coupling long; belly low and unusually
capacious. For a dairy breed the chest is deep through
heart, with relatively thick withers and shouldera”
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STEAM ENGINE AND TRACTOR CULTIVATION.

Nearly all operations in connection with the cultiva
tion of the land may with advantage be effected either
by steam cultivation or by motor tractor, thuugh the
lighter operations may be done by a horse.

The main advantage in either system, consists in
the fact that a greater amount of work may be done in
a given time than with horses, thus enabling the farmer
to avail himself to a greater extent ot favourable con-
ditions, to get not only a maximum amount of work
done, but to get it better done, the condition of the
soil being more [riable.

Several systems of steam cultivation Lave been
brought out, but the most successful has been the double
engine system, the plough being hauled across the ficld
and back by an engine with winding-drum at cither end
of the field.

Such a plant obviously represents the expenditure of
considerable capital. This may be fully justified on a
large area of tillage, but would be excessive for a small
holding. 1n the latter case the work may be done at an
agreed price per acre, by owners of tackle, who make a
business of doing the work.

Direct Traction.—Several attempts in past years were
made to drag the plough direct by means of the
ordinary steam traction engine. These were abandoned
owing to the excessive weight on the engine wheels
undaly compressing the land, as well as on account of
the power taken to propel a heavy engine over the soft
ground.

The introduction of the motor tractor with its
reduced weight has brought ** dircet tracfion’ aganin
to the front and the experience gained during the last
few years has established its efficiency under suitable
conditions. i

There are numerous forms of tractors, the relative
merits of which cannot be discussed here. It may, how-
ever, be pointed out that one fruitful source of failure
arises from over estimating the work which may be
done by a tractor of a given power. The slight addi-
tional cost—of say an extra 5 B.H.P.—may make the
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whole difference between success and failure, and prove
a very prudent expenditure of cap:tal,

Generally the power should be such as to easily pull
& three-furrow plough, at a suitable speed and depth.
in the land to Le ploughed.

If sufficient power for ploughing is provided it will
be found that other operations will be amply provided
for.

From the farmer's point of view a good general
purpose tractor i1s what he requires.

The conditions of traction for ploughing, and on a
road, are so very d:fferent, that a perfect combination
15 Dol so easy to produce as might appear.

Due consideration must therefore be given to the
purposes for which the tractor is to be used.

It should also be capable of conveniently driving a
thrashing machine, circular saw, or other estate
machinery.

THE BREAKING UP OF PERMANENT GRASS

The process ol couverting permanent pasture into
arable land is new to the experience of many present-
day agriculturists, and it presents many problems
which call for somewhat special knowledge to deal with
successfully.  Recent expérience has shown that old
grass land broken up in a particular mannper, and at a
particular time has yielded excellent crops — while
similar land treated differently has given very disap
pointing results.  Experience also shows that tle
results vary according to the character of the soil, and
that to ensure success the method of cultivation must
be adapted to the type of land with which Lhe farmer
has to deal.

Grass land varies much in quality and in its
capacity for production in the way of meat or mitk.
In general, land under arable cultivation is capable
of a greater total production of food than land wunder
grass, but some pastures are more likely to yield,
satisfactory results when ploughed than others. The
suitability of any particular pasturc field for arable
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cultivation is determined by such a consideration as
whether the Jand 18 of a character generally as to make
1t reasonably probable that it will, wiln proper cultiva-
tion, yield remunerative crops.  Wet, undraned land,
very heavy adhesive clays, excessively dry sundy soils
and land at a lugh elevauon arve not in general likely
w prove profituble under arable cultivation.  Ou the
other hand, a very large area of land in this country
that is now in pasture could with great advantage, both
to the farmer and to the nation, be converted into
arable land. The better pastures contain stores of
fertifity, which, when once opened up by proper
cultivation, become available for successive crops, while
inuch land that now only carries an wnferior sward could
be so improved by arable cultivation that its yield could
be very lgrgely iucreased. Nevertheless, in view of the
variable character of the land under grase in this
country, the selection of pasture land for conversiou
into arable, calls for the exercise of julgment.

BREAKING UP.

Heavy Soils.—On both heavy loams and clays there
is much grass land that has been ploughed up within
the last two seasons. It happens that in certain districts
of the country, notably in the Midlands and South of
England, a very large proportion of the pasture on these
iwo types of soil is of an inferior character, and a
considerable area is derelict. It is generally necessary
that old pastures on the heavier classes of land should
have a sumimer fallow. If possible, the land should be
broken up in May, and at the latest as soon as the hay
harvest is over. For this purpose, and especially on
large areas, steam tackle has great advantages. The
tarf in the case of inferior grass land is often largely
comwposed of weeds, and it is neccessary for proper
cultivation and cleaning that the turf ghould be killed
on the surface and not buried in the soii.  On good
grass land, on the other hand, where the turf is of good
quality, and the soil is deep, the turf ghould be buried
to rot in the ground. It is an advantage, where the
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land is broken up early i ihe season, that is in May
or the beginniug of June, to leave the land in a rough
stute.  The sun and the rain will so act upon the clouds
that they can laicr be easily brokea up, and will thus
do for the farmer largely what be must huuself do by
weans of the cultivator and the harrow, with hule aid
from sun and raiu, when the grass is pot broken up till
August or later.  \With land that is uot broken up before
August, 1t ig particularly desirable that i1t should pot
be ploughed deeply in the first instance. A shallow
and somewhat flat furrow is 1o itself more effcetive in
killing the turf, apd it also makes it esmer for subse-
quent cross ploughing. 1{ the object 1w view is to
secure a sufficiently fine tilth for the sowing of wheat
in the autumn the early breaking up of the land with
steam tackle so that it may receive the full k“uueﬁt of
the sun during e summer {allow, is, on the types of soul
under consmderation, and especially with an infernor
wurl, the method best calculated to secure this, especially
1 the drier parts of the country.

The treatment of a summer fallow after the first
lireaking up will depend to soine cxtent on the state of
the land and on the weather. In some recent cases,
oue ploughing io July followed by thorough disc-
harrowing several times and then cross-ploughing with
subsequent disc-harrowing as before has been found
sufficient to Lreak up the turf tc such an extent that a
satisfactory seed-bed for wheat was obtained by the
end of September. The aim being to kill the sod, and
break up the clods, the coadition of the fallow will
largely determine the course to be followed in any
particnlar case with a view to securing this end. The
use of certain modern implements, particularly the dise-
harrow, has in many cases materially simplified the
process 6f making a seed-bed from old turf, and rendered
less necessary the repeated ploughing and dragging
which were at ope time considered essential.

When the pasture has pot been broken up ontd after
barvest, it is only occasionally that it can be broughg
into a fit state to be put under a winter crop, nnd, except
under special circumstances, it will be better in any
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case not to sow till the spring, after the land has had
fuil benefiv of the winter irost.

If a poor pasture or heavy lund cannot be broken up
before the autumn or winter, the method of plougtiug
should then be modified. lustead of a shallow, flat
furrow, a deep and inverted furrow should be aimed at.

Light and Medinm Soils.—The lighter classes of
land are more easily brought under cultivation than the
Leavy loams and clays dealt with above, but even on
these there is frequently found a thick matted turf,
which if not thoroughly broken up and rotted may
wterfere materially with the crop.  Pastures on light
land are aot generally broken up to be sown with a
winter crop like wheat or beans, Lut for some spring
crop. While fallowing may not be necessary on these
soils, they should as a rule be ploughed carly in order
that the turf may have ume to rot before the crop is
sown, especially when the sod is thick and matted. An
effort should be made to plough betwceen Christmas and
the latier end of January, and geuerally a flat furrow
will probably be best.  Where the turf is of better
quality, or is thin, the ploughing may be deferred until
later, but the late ploughing oi grass land is not as &
rule to be recommended, although recent experience
would seem to show that in some southern districts corn
sown on land ploughed as late as March is likely to
suffer less wireworm attacks than that on land ploughed
early.

A flat furrow is usually to be recommended, but
where the corn, which will generally be oats, is to be
sown broadcast, as is the case in bill districts, the furrow
may have more of a * crest’’ on it than when the drill
is to be used. In ploughing grass land in spring, and
especially if late, a skim-coulter should always be used.

Where the land is of good quality, and the pasture
rich, it will be more suitable for potatoes than for corn,
as the latter would probably lodge and lose much of its
value. If the turf is very thick, an effort should be
made to break it up so as to avoid the difficulty that
wonld otherwise be experienced in moulding up the
potatoes. To do this effectually, the land should be
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ploughed up with a shallow furrow early in winter.
Later on tue sod should be broken up witn a cultiveior
or drag barrow, and the land plouglhed deep, so as to
cover the broken sod. 1f a disc harrow 1s available
tus should be used tor breaking up the sod. Much
labour and time may be saved in this way. lo any case
it 1s not necessary tor potatoes that the turt sbould be
broken up very fine, and experience shows that the
crop grows well in land which has in it a considerable
quantity of sod, provided the latter is sufficiently broken
up so as pot to interfere materially with the after
cultivation of the crop.

Good pasture on deep rich loam or silt may be
prepared for potatoes by ploughing to a depth of
10 to 12 inches, and having the sod buried at the
bottom. For this two ploughs are employed. The first
vakes off the surface layer of about 2 or 8 inches, and the
second, which follows the first in the same furrow,
ploughs to a further depth of 6 to 9 inches, :md
turns the furrow over on the top of the sod. In this
manner a deep bed of pure soil is obtained for the
potatoes, while the sod rots underrfeath and is brought
to a condition by the following season in which it will
readily mix with the soil and add to its richness.

Procedure after Breaking Up.—In breaking up old
grass land on nearly all classes of soil, somewhat special
methods of treatment have to be adopted in order to
secure the necessary tilth, and especially the breaking
up and rotting of the turf. It is, however, ou the clays
and heavy loams that the process is most difficult and
lengthy, and where it calls for most intelligence and skill.
Assuming that a pasture on land of this character is
broken up by steam tackle in early summer in the
manner already described, and that by subsequent
ploughing or disc-harrewing, or both, the sods and clods
have been thoroughly broken up, a final ploughing and
harrowing is all that is needed before the seed is sown.
The treatment of the land after the crop is soswn does
not differ in any material sense from that of ordiary
arable land.

In the case of light Jand which has been broken up

-
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from grass, and which is sown with spring corn, it 1«
speaialy 1mportant that the methods of culuvaton
adopted should be such as to ensure that the laud 1s
in the end thoroughly consolidated. 1t 15 Lor this reason
thay a flat furrow is so much to be desived.  As a further
means of attaiuing this end thorough rollug or pressing
18 to be ins.sted upon, especially w a dry district aud
i cases where the land has been ploughed late, where
the ploughing has been badly done, or where the turf
is very thick. The experience of the past two seasons
has shown that the proper consolidation of the land
under these circumstances is often a deterwining factor
i the successful growing of spring corn aiter old grass.
In addition to its other effects, rolling 1s a uscful means,
as has long been recognised, of checking the ravages of
wire-worms and leather jackets, which arve often a source
of trouble on newly broken up grass land.

To obtain proper tilth, where, owing to late
ploughing or some other cause, the surface is not in a
condition to make a satisfactory sced-bed, disc-har-
rowing is of great value, and many of those who have
recently broken up old pasture attribute their success
to this operation. The dise drill would appear also to
have substantial advantage over the ordinary dril
especially on land where there is a tough sod.

Cropping.—On heavy land that has been summer
fallowed winter wheat is the crop that should generaily
be sown. Beans may be sown in particular cases. Where
land of this type has been broken up too late to allow
of an autumn sown crop to be taken, spring wheat or
oats may be sown. It should be stated, however, that
spring oats are more likely to succeed to the North and
West than in the South of England. Excellent crops of
mangels have been grown in some cases on land of this
kind. Peas have also been grown successfully, and may
be recommended in many cases for late sowing, though
they are not equal to beans generally, if the latter can
be sown before the end of February.

The crops that may be taken after old grass on light
land and loams are more varied. On the best soils, as
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has been indicated, potatoes may be grown very success-
fully, and are in mauny cases the best crop to take.
Spring wheat will do well as also will barley and peas
cases where the land :s good and where pruper tilth
has been secured.  Oats, however, are gencrally the
best crop to sow on this type of land as they also are on
heavier lands which have not been ploughed early,
especially 1n the North and West. Ou very poor light
suils, rye will often give good results if sown early.
Manuring.—Where good grass land has been broken
up, good and even remarkable crops may be grown
without any manure being applied. Old pasture broken
up, however, 1s often very pour, especially 1n phosplates,
aud under these conditions a dressing of from 2 to 4 cwts.
of superphosphate or basic slag is necessary in order to
secure a satisfactory corn crop. The addition of half to
one cwt. of sulphate of ammonia is advisable in cases
where the crop appears backward in the spring, or where
it is seen to suffer from insect attacks. On old grass
land with a thick matted turf, lime often gives excellent
results, both when applied on a summer fallow and on
land Lroken up in the winter or early spring. Where
there 1s much old tough sod to be broken up, whether
on heavy or on light land, lime is a most useful agent
to employ, while on stiff sour clays, and heavy loams,
it has a special value for its * sweetening ' effects apart
from the aid which it gives in disintegrating the turf.
Quantities varying from one to three tons per acre
(according to the character of the soil) have recently
been applied to newly broken up land with much success.
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Bulb,

- nuu llflxl:np/yphun echino
pus), 6

Bullfinch, 618

Bunt (7lletia rariex, Tul |, 299

Burdock (Arctivm Loppa, L.j,
213

Durnet (Sanguivorh officinalia,
L.), 202

Burs, 213

Bush fruit, 368, 370

— trees, 870

Rutter, 567

Luttercups  (FRanunruluz
135, 150, 162, 264

Tlutter-fat, 508

Buttertlies, 624, 625

Butter-making, 568

Butter-milk, 568

Jutter ratio, 571

Dutter-worker, H70

Butyric acid, 806

spp.),

CABBAGE (Brassica oleracea, L. ),
132, 160, 183

— aphis (4pl:. Yrazeica),

— butterfly (/'ierin spp. ),

— club-raot fr"r Club-roet)

— crop, 184,

— fly Mnl/;nmum braxsica), 631

— as food, 4

— rust (see “ hite rust)

— black rot (Pseudomonas cam-
pestris, Smith), 405

Caddis flies, 634

Ceecum,

Calcanenm, 417

Calcareous soil, 15
Calciam, 12

— cyanamide, 118

— mnitrate, 119

Calf-flesh, 543, 544, 547
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CAL
Calf-rearing, 508
Caltha palustris,
Marigold)
Calyx, 162
Cambium, 149
Cambridge cheese, 581
— roller, 64
Campions (Lychnis spp.), 187
Canary grass (Phalaris canari-
ensis, L )y

L. (see Marsh

— seed,

\.sndytuft (Iberis amara, L.),
179

Cane sugar, 148

Canis vulpes (see Fex)

Canker of apple (Nectria ditis-
stma, Tul.), 385

Cannon bone, 414

Capillaries, 437

C&plllanty, 25

Capitate, 210

Capitulum, 210

‘ Caps,’ 850

Capseila Burse-pestoris DC. (see
Shepherd’s purse)

Capsule, 176

Caraway (Carum Carvi, 1.), 206

Carbohydrates, 137,

Carbolic acid, 274

Carbon, 7, 35. 36

— assimilation, 158

— bisulphide, 642

— dioxide, 7, 34,130

Carbonate of lime, 7, 12

Carbonic acid (see Carbon di-
oxide)

Carcases, composition, 543

Cardamine pratensis, L.
Cuckoo flower)

Carduus spp. {see Thistle)

Carex spp. (see Sedges)

Carina, 1

Carlina spp. (see Thistle)

C;mnt;:)n {Dianthus caryophyl-
fus, L.), 1

— clover (aee Crimson clover)

Camwo{l 5

Carpal bones,

Carpel. 182

(see

|
|
|
|

INDEX

CEN

Carpocapsa pomonella (see Cod-
ling moth)

Carpus, 413

Carrot (Daucus Carata, L.), 135,
145, 147, 160, 205

— h]ussnm moth
daucella), 627

~— crap, 340

— fly (Psila rose), 631

— as food, 205

Cartilage, 409, 431, 454

Carts,

Cart-wheels, 79

Carum Carri, L. (sece Carawayv ;
C. Petrasehinum, Benth. (see
Parsley and Sheep's Parsley)

Caryophyllacew, 187

Caryopsis, 175

Casein, 431 ¥,

Castor oil seeds, 185

Catch crops, 181, 195

Catchflies (Silene spp.), 187

Catchwork system, 282

Caterpillar, 625

Cattle, breeds of, 492

— feeding and management of,
508

(Depressaria

Caudal vertebrs, 410
Cauliflower, 183

— club-root (see Club-root)
— rost (see White rust)
Caustic lime, 13
Cavicornia, 421

Caving iurk 93

Cavings, 81
Cecidomyia destructor (see Hes
sian fly); tritici  (see

Wbezt-nudge)
Celery (Apium graveolens, L.),
X 208

— fly (T;phﬁli! onopordinis),
631
Cells, 183, 134, 384, 654

Cellulose, 432

Centaurea Cyanus, L. (see Corn-
flower); C. mgh. L. (see
Knapweed) %

Centipedes, 646

Centrifugal drying machine, 569



INDEX Ly
CEP L cLm
("é‘hua pygmeeus (see Corn saw- | v (Cwhorsum Intyliue,
) .3, 21
Cerastium  spp.  (see  Sand-  Chiropters (see Bata)
worty) ;€. triviale, Link. Chit, 133
(see Mouse-ear chickweed) Chitin, 636
Ceratophylius fasciatus (see Rat  Chlorides, 34
flea) Chlorine, 7, 85
ereals, 135 Chlorophyll, 116, 142, 157, 435

‘erebro-spinal axis, 450

rrvical vertebrm, 410

estoda, 651

sutorhynchus  suleicollis

Turnip gall weevil)

‘haff, 227

- cutter, 89

hain drills, 69

- harrows, 63

Lalias flies, 622

halk, 4, 7, 42

‘hannel Islands cattle, 504

‘harlock (Brassica Sinapistrum,
Buiss.), 186

- spraying, 274

Cheddar cheese, 5§72

heese, 571

-~ press, 576

Cheese-making, 572

Cheese-nutes (7'ymglyphua 2o
and 7. elatior), 648

Cheimatobia brumata
Winter moth)

Cheiranthus  Cheiri, L.
Wallfiower)

Chenopodiace, 216

Chenopodium spp.
foot)

Chermes
aphis)

Cherry (Prunus Cerasus, L.),
135, 161, 170, 367, 877

- e&wﬂy (Eriocampa limacina),

(hest, 408

(see

(zee

(see

(see Goose-

laricis  {see Larch

522

— granules, 157

Chlorops tuniopus (see Ribben
foated corn-fly)

Cholis. B3

Chondrin, 431, 454

(hromatin, 473

Chrysalis, 625

Chrysenthemum Leuranthemum

(see Ox-eye Marguerite;

efum, L. [see Corn

[

i j

Clryeophiyetis endobiotica (eee
Black scaby)

Churn, HU8

( hurning, 568

Chyle,

worium  Intyhus, L. (nee
Chicory) ; (. Endivia, L. (see
Endive)

“Truta virosa, l.

()

(see Cowbane)

Cinquefoil (Fotentilla reptans,
L.), 203
Cireulation of the hinod, 487
Circulatory organs, 4

Clamp, 344

Classification of animals, 422,
609

— of plants, 178

— of soils, 14

(larviceps purpurea, Tul. (sea
Ergot)

Clavicle, 411

Clay, 2. 8, 11, 15, 19, 42, 108

Clean condition,

Cleaning fand, 101, 284
Cleanlizess (in dairy), 560
Cleavers (see Goosegrass)
Cleft-grafting, 379
Cleistogamous, 174
Cleveland bay, 484
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CL1

Click beetles, 620
Climbing stems, 150

Clisior ampu neustria (see Lackey |

moth)
Clod crushers, 64
Clostridium butyricum (see Wet
rot)
Clot, 436
Clotting (of blood), 435
Cloven hoof, 421
Ulover (l'n/ulnun spp.), 132, 159
— as food, 457, 462,
— crop, 849
— hay, 300
— sickness, 194, 850
— weevil (dpion ageimile), 621
Club-root  fungus (Plasmodio-
phora brassice, Wor.), 403
Clun Forest sheep, 531
Cluster-cup fungus, 888
Clydesdale, 486
Coach-horse, 485
Coagulation of blood, 435
Cochlearia Armoracia, L. (see
Horse-radish)

Cockchafer  (Melolontha  vul-
garis), 620

Cocking fun( 93

Cockroach, 633

Cocksfoot grass (Dactylu glo-
merata, L.), 230

Coco-nut, 137

— cake, 465

Cocoon, 63:’;l "

Codlin mot! arpocapsa pomo-
nella), 627 oottt

Coffin bone, 415

Cole or Coleseed (see Rape)

Coleoptera,

Collar-bone, 411

Collateral, 148

Collections of seeds, 277

Collier, 629

Colling, brothers, 404

Colon,

Colostrum, 553

Colourless corrwles,

Colour of catt.

— of flowers, 185 172

CcoR
Colour of scils, 4, 18, 29
Colt, 487
Coltsfoot (Tussilago  Farfara

-
Cu!umbine (Aquilegia vulgaria,
L), 1

Comfrz) cnmm'm
officinale, L.), 2

— prickly (S
Donn.), 161, 215

Compact form of animals, 140,
142

Composite, 155, 209

Composition of animal body, 459

— of soils, 1

Compound, leaf, 158

Compressors, hay, 70

Concentrated foc 401

10, 252

112, 280

Vympl.y!um

uqt rimum

Condiment, 186,
¢ Condition ’ in
Condyle, 411
Conidiospore, 395

Conidiom, 395, 401

Conium 1nuv‘u1¢xlum, L. (s
Hemlock)

Connective tissne, 428, 454

Conopodium  denudutum, Kocl
(see Earth-nut)

Constructive metabolism, 141

Convalvulacem,

Convolrulus arvensis, L. (s
Bindweed, lesser); (. sepium
L. (see Bindweed, larger)

Copper sulphate, 302, 399

Coprolites, 115

Cordon, 875

Core of apple, 177

Coriander (Ceriandrum sativum
L.}, 207

Corm, 152

Corn aphis (Siphorophora gran
aria), 630

— bunting, 617

~— crops, 315

~— gromwell (Lithospermum a1
venze, L.), 218

— milis, 91

~— sawfly (Cephus pygmaus)
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con

Corn-cockle (Githage regetum,

Dest.),
Corn-crake, 817
Corn-marigold

segetum, L.),
Corolls, 162
Coronet, 415
Corpuscles, blood, 435, 550
Corylus Avellana, L. (see Hozel)
Cossar Ewart, 470
Cossua  Lgniperda

maoth)
Costal cartilage, 411
Cost of crops, 857
Cotoneaster, 203
Cotswold sheep, 0I5
Cotton-cake, 457,
Cotton-, -grass
Cotlon s»uge‘x ?}

(Chrysanthemum
21

(see  Goat

Cotton-sedges)
Ericphorun spp-)

Calyledona, 127, 183

Couch-grass (7 riticuwia
L), 42, 182, 207

Coulommier cheese, 533

Coulter, 52

Covered yards, 109

Cowbape (Cicuta riroag, L.}, 20

Cow_grass (Trnjnlmm pratens:
perenne, L.), 1

Cawpursm}i (Urmclwﬂ\ Sphon
dylium,

Cowshed, 560

Cowslip (Primwua veris, L.}, 3,

repena,

Cow-wheat (Melampyrum pra-
tenae, L.), 268

Crab stock, 376

Cramming 'machine, 599

Crapefly (Tipula alzmrea) a1

Cranesbill, cut - leaved (Gera.
Bium duudum L.), 285

— dove’s-foot (G "molle, L.), %b

— meadow (. pratense, L.), 286

— smoll-flowered (G. pusillum,

Crapinm, 410

Crategus  Oxyacantha, L.
Hawthorn)

Cream, 557. AR7

{see

|

Cream cheese, 530-1

Creamometer, 557

Creeps, lanb, 533

Cremocarp, 205

Cress (Lepdium sativum, L},
132

Crickets, 633

Crimson clover (7rifolivm wncar.
natum, L.}, 1

— crop, $47

Crocus (( yarus spp.), 162
Crop residue, 87

Crops, farm, 807
Cross-bred, 480
Crass-tireeding, 478
Crosses, 450

Cross fertilization, 165, 17}

Crossing, 470, 476

Croxsapus  fodiens (see
water)

Crusg-pollination, 1G5, 171

Crow, hooded (Coreus corone),
18

turew,

— garlic (see Onion, wild}

Crowfocl (see Buttercops)

Crown grafting, 379

Craciferm, 135, 179

Cruciferous, 168

Crude sap, 147

Cruickshank, brothers, 494

Crushed bones, 113

Crust (of hoof), 419

Crustacea, 610

Culinid bone, 417

Cuckoo (('urulus canoruay, €17

— fower (Cardamine pratcnaw,
L.j, 179

Cucumber (Cucumis  satives),
135, 204

Cucurbitaces, 204

Cururbita mazima (ees Pump-
kin)
m.n/‘era (see Vegetable mar-

Cultivating, 98
Cultivators, 62
Cuneiform bones, 413, 417
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cur . D18
Cap-drills, 68 : Deaducttle, red (Lamn.nn pur-
Curd, 671 purenm, L), 21
= kpives, 574 | —ictite (L. wtbum, L), 216
— mill, 575 | Délaiteuse, 569
150, 161, IieniLriﬁcaLicn. 40

Currant (liibes 8spp.).
203

— sawfly (Nematur ribesiz),
6Ll

Cuscuta  Trifolis, Bab., (sce
Dadder)

Cuttings, 380

Cyclamen (Cyclamen spp.), 152

Cynara Scolymus, L. (sec Arti-
<hoke)

Cynips kollari (see Marble gall
iy}

Cynosurus  cristatus, L. (see
Dogstail grass)

Cyperaces, 227, 271

ystopue  candidus, Lev. (see
Rust, white)

Cytizux  geoparivs, Link (e
Broom)

DACTYLI® GLOMERATA, L. (ser

Cocksfont grass)

Daddy-longlegs, 431

Dairy cattle, 403

— farming, 548

Dairying, 548

Daisv (Bellis perranis, L.1, 156,
218

— rake, 04

Damping off, 402

Damson, 367, 377

Dandelion (7'arazarum offtesnale,
Wigg.), 146, 156, 212

Darnel (Lolium  temulentum,

L),
Dart moth (A4grotis segetum),
ez -

Partmoor sheep, 528

Darwin, Charles, 471

Darwinism, 471

Datura Stramonium, L.
Thorn-apple)

Davcus Carota, L. (see Carrot)

(see

o

Density of soils, 22

Dlenudation, 6

Depressaria dauce’la (see Carrot-
blossom moth)

Depth of sowing, 278

Derbyshire gritstone sheep, 628

llermanyscus quium (see Hen-
mite)

Destructive metabolism, 141

Detritus, 6

Devon cattle, 487

— longwool sheep, 525

Dew, 36 |

Dewherry (Rubus caaus, L),
203

Dew-claws, 422

Dexter cattle, 507

Dexter-shorthorn cattle,

Dextrin, 432

Diamond back  moth
cruciferarum), 627

Dianthus (aryophylius, L.

Carnation)

Diaphragm, 408, 444

— pillars of, 444

Diastase, 137

Dibble, 853

Dichogamous, 169

Dicotyledons, 158,

Digestion, 432

— coefficient, 483

Digestive juices, 425, 429

— organs, 425

Digging ploughs, 57

Digitale purpurea, L. (see Fox-
lova)

Dilophus
fly)

507
(Plutelia

(sea

170

vulgaris  (see Fevar
Du:zcwus Aowers, R
Diptera, 630

Disc drills, 68

— plough, 58
Discontinuons variation, 475
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DI

Diseases of crops, Chaps
and zxx.

- of poultry, 606

Dishley, 499, 614

Ihisintegration, 4

Disk, 210

Inspersal of seeds, 177

Dissolved bone-componnd, 117

xciii.

Dock (Rumex spp.), 135

Docking, 218

Dodder (Cuscuta app ), 150, 267

* Doddies,' 500

Dog-rose (Rosa canina, 1..). 202

Dagstail grass (Cynosurus crie
tatus, L.), 28]

Dolphin, 630 »

Dominant characters, 477

Dormant plant food, 19

Dorsal, 408

Dorset horn sheep, 528

Double-breasted plough, 61

Dauble-cut clover, 194

Double-furrow ploughs, 59

Loves, 618

Dragon flies, 634

Drags, 63

Drainage waler, 24, 30

Drain gauges, 31

Draining, 48

Drains, 44

Draught chain, 48

Dressin, pnullrv 603"

Dried %ond 120

Drilling, 285

Drills, 86

Dnvmg borses, 483, 483

Drought, 283

Dmpe lx& 208

Ducrm s, 600

Ducks, gse

Dung, 107

Durham cattis, 494

Dust, 85

Dusﬁmg Rawers, 173

Dutch clover {see White Clover)

ERE
Ear, 223
cackles, 648
Earthmut  (Conopodium  demw-
datum, Kochj, 151, 207
Earthworm, 9
Farwigs, 633
Eokium vulgare, Lo (see Viper's
bugloss}
(HHeterodera

Ll - worm,  beet

04
(i1 radicicaln), 648

— stem  [Tylenchus  devasta
trix), 648
— wheat (7. srandens), 648
164 1

. 215

Eggs, 452

— marketing of, 604
— preservation of, 605

‘Eggs-and butier ' (see Tomd-
flax)
Elaborated sap, 159
Flateridw, 620
Flevator, 77, 299
Sm.}

Elm (Ulmus campestris,
154

Embryo, 183, 451

Embryo-sac, 164

Emulsification, 433

Emulsion, 433

Endive ((tchorivm Endivia, LY,
2N

Endocardium, 437
Endopleura, 124
Endosmosis, 147
Endosperm, 134
Energy, 141

— of germination. 275
English cattie, 492 ,
— sheep, 518

Ensilage, 2034
Entemophilous, 165
Enzymes (see Ferments)
Epicalyx. 203
Epidermis, 157
Epigynous, 208

Erect stems, 150
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ERG
Erg:; (Claviceps purpurea, Tul.),

— (in horse), 418

Ersnacevs ewrcpeus (see Hedge-
hog)

Eriocam limarina (see Pear

and Charry aswfly)

Em horum wpp. {see Cotton-

sedges)

Ermine (see Stoat)

Erratic soils, 6, 8

Espalier, 875

Essential organs, 163

Essex pigs, 540

Eugranthus interruptus (see Hop
cuckoo-fly)

EBupkrasia  officinalis, L. (see
Eyebright)

Eupieryz solani {see Potato frog

v
Evaporation, 25, 28, 30
Evolution, 470
Exalbuminous seeds, 194, 12
Excretion, 441,

Exhnlanun, 444

Exhausted soil, 19

Exoskeleton, (630

Exosmosis, 147

Exports of the farm, 545, 549

Exstipulate. 156

Extractives of blood, 530

Esebright (Euphrasia officinalis,
L.). 268

Eye‘c’f gooseberry, &c., 203
— of potato, I51

Faba oulgaris, L.
bean

Faggmg -hook, 71, 96

n/lnuua, L. (sce Beech)

Fall of the leaf, 161

Fallow, 32, 101

— bastard, 813

— crop, 310

False caterpillars, 837

— wireworms,

Parm crops, 307

— peeds, 275, 342-3

(sce Broad

rig

Farmyard manure, 107

Farrowing, 540

Fat, 137, 431,

— globules,

— hen (see Gac

Fattening of cattle, 511

— of fowls, 599

— of pigs,

TFatty foods, 458

* Feathering,” 486

Feeding, 142, 455

— value, 462

Felspar, 7, 11

Femur, 412, 416

Fennel  (Fouiculum
Gaertn.), 200

Fenugreek (7'riyonelln ornitho.
padivides, DC.) 202

Fermentation, 109, 137 301, 303,
306, 384, 433, 50

Ferments. 187, 433

Ferret, 611

Fertility of soils, 113

Fertilization, 184, 451

Fescue, fine - leaved (Festuca
tennifolia, Sibth.), 236

— hard (#. duriuscula, L.), 235

— meadow (F. pratensis, Huds.),
232

vulgare,

— red (F. rubra, L.}, .85

— sheep's (F. orira, L.},

— spiked (F. lalxacm, Hudn b
o

elatior, L.}, 238
hetero-

233
— tall (F.
— varions-leaved (F.
phylly, Lam.), 236
Fetlock, 418
Fever fly (Dilophus rulgaris},
€32

Fibre, 461
Fibrin, 431, 436
— ferment, 436

Fibro-cartilages of heof, 418
Fihrous roots, 145

Fibola, 418

Fieldfare, 618 =
Field slug (Zimazx ag-estis), G09
— vole (Micratus agrestis), 613
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FIG
Figwort (Scrophularia nodosa,

Fine earth, 9, 17, 83, 88

Finger-and-toe, 808, 405

Finger-beam, 7

Fiorin (see Bent grass, creeping)

Fir, 8

Fishes, 609

Fish guano, 113

Flag (see Iris)

Flagellum, 398, 404

Flat system, 336

— worms, 649

Flavour, 456

Flnaxs(Linum usitatissimum, L.),
1

Fieas, 631 *
Flesh, 454
Flesh-eating mammals, 610
Flesthrmeru, 432
Fhes.
‘ Floating ' bone, 416
Flock book, 420
Floral dxagrnm. 163
— receptacle, 162
Floret, 210
Flour, 134
Flower, 162
— leaf, 155, 162
— stalk, 162
Fluctuation, 475
Flukes (Trematoda), 650
Flycatchers, 618
Fly disease, 831
Foal, 487
Foniculum vulgare, Gaertn. (see
Fennel)

Feetos, 451

Foliage-leaf, 155

Follicle, 176

Food-preparing machines, 89
Foods, 142, 455

— composition of, 457

— preparation of, 89

— mixtures of, 510, 512, 554
Foodstuffs, 430

677

Gar

Fool's pnrsleg»s(.ﬂtlnum Cyna-

pium, L,

Forage crops, cruciferous, 844

— — leguminous,

Force feed drills, 69

Forest flies, 631

Forget-me-not (A{yawru pnlw»
tris, With.), 170, 216

Fork, 92

Fossils, 7

Foster-mother, 506

Fowl houses, 590

Yowls, 584

Fox (Canis vulpes), 610

Foxglave (Ingitalse  purpurea,

Foxtail, floating
grnlrulutul, L.;,

— meadow (4. prarnml, L.),
238

( Alopecurus

— slender (4. agreatie, L.}, 248

Fragaria vesca, L. (see Diraw-
berry)

Frame, 49

Fraxinus excelsior, L. (see Ash)

Frit fly (Qscinue frit), 832

420

Frontal bone, 411

Frost, b

Fruit, 125, 182, 165, 174

— plmuuon, 368

— trees, 361, 367, 868

— varieties, "868, 867 873
Fumariaces, 265

Fumitory, (Fumaria spp.). 265
Fungi of soil, 40

Tungus pests, 883

Fnnicle, 163
¢ Funny-bone,” 413
Furrows, forms of, 58
Furze (see Gorse)
Fusiform, 186

Cap FLIES, 631

Gains and losses of the blood,
450 )

— — — of the s0il, 2
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GAL

Galeopsia  Tetralat, L.
Hemp nettle)
Galium Aparine,

(ace

L. (sce Goose

grass); G. verum, L. (see
llad‘:lrsw yellow)

Gall-bladder, 429

Gall fiies, 1'23 624

— mites, 645

Galloway caitle, 501

Gealls, 620, 623

Gailus  bankiva (see Jungle
Fowl)

Game birds, 617

Gapes, 607

Gape-worm  (Syngamus trache-
alia,

Garden fruit, 375

— soil, 41

Gas-lime, 642

Gastric gland, 428, 429

— juice, 429

Gastrophdua  equi (sce  Harse
bot-fly) .

Gastropods, 609

Gelatin, 431, 454

Genus, 469

Geologlca[ mapa,

G—onlogy,

Geraniacese, 265

Geranium spp. (s¢¢ Craneshill) ;

G. dissectum, L. (see Crnuea-
bill, cut-leav pd), G. molle, L
[ace Cranesbill, dove’s-foot);

. Tlvbzrtumum L. (see Herb
Robert); 6. puullmn L. (see
Cranesbill, small - flowered) ;
(. pratenze, L. (see Cranes-
bill, meadow)

Gerber milk-tester, 558

Germ, 128

Germ-cells, 473, 477

Germinal continuity, 473

Germinating capacity, 274

Germination, 127

Germ-plaam, 4738

Gervais cheese, 584

Gestation, 481

Gherkin, 204

Giant sirex (Sirez gigas), 623

INDEX

GRA
Gid, 652
Gills (of mushroom), 383
Githago asegetum, Dest. (sze
Corn-cockle)
Glacier, 5
Glonds, 425, 429
Glenoid cavity, 411
Globules, milk, 559
Glomes, 420
Glumes, 223
Gluten, 431
Glycenia  aquatica, S {see

G frus

{see Sweel. graas,

Sweet grass, reed)
tans, Br.
floating)
Gnawing mammals (Rodentia),
611
Gont moth (Cossus ligniperda),
627

Goatsucker, 617

Good farming, 272, 644, 649

Gooseberry (Ribes grozsularia,
L.) 150, 161, 203, 270, 330

— and carrant sawfly |A\ ematu
ribesie), 628

— mildew, American, 8985

Goosefoot (Chenopodivm app.),
21

Goosegrass  (Galium  Aparne,
L.), 266

Gorse (Ule.t curopeus, L),
161, 169, 202

Goslmgs. 500

Gourd, 204

Gont fiy, 632

Grade,

Grafting, 378

— clay, 380

Grain, 224 226

— crops, 178
Graminese, 221
{Gramineoas plants, 221

Granite, 7

Grant. Sir G. M, of Ballim-
dalloch, 500

Grass as food, 462 o

— land, 279, 307

* ~— orchards, 861



INDEX

GBA
Jrass seed, 226

Grasses, 135, 145, 150, 1581, 156,
161
Grasshoppers, 633
Gravel, 17
(dnser ferus),

Gray- la.g goose
580

Grazing, 200

Green fly, 629

— manuring, 14, 48, 218
— soiling, 198, 215, 263
Greenfinch, 618

Gripping plvughs, 81
Grips,
Gristle, 409

Groonsing, 445
Groundsel (Senecio vulgarnie, L),

]
Grub, 620, 622, 630
Grubbers, 62
Gueno, 112

Guard cells, 158
Guernsey cattle, 505
Gullet, 425

Gulls, 417

Gum, 432

Gat, 425

Gypsum, 123

HACENEY, 483
Heemoglobin, 435, 443
— reduced,
Hair grass, tuﬂ.cd (Aira caspi-

tosa, L.), 258
— wavy (4. flezuosa, L), 258
Hake and chain, 48
Half-standard trees, S638
Halteres, 630
' Hams,” 497
Hampshire Down sheep, 520
Hand tools, 92
Hardy fruit cultere, 360
Hare {Lepue europrus), 612
Harmfuo) animals, 608
Hariff {see Goosegrass)
Harrowing, 98

ws, 63

‘ u.
' H(d”&nv h-r]

are

»

Harve

nalis)

(Leptus  autume

i, T

Leantodon spp.}, 918
(iliczacium  app.),

Hawkweed
213

Hawthirn
tha, L.

Hay

[ ratgus

), o

Oxyacan-

as food, 462
pasition of,
— kicker, 76
— loader 0¥
— odour of,
Hayfield, 280
Hn\mul«n‘. 266
ymaking machine, 78
[h\ ok, 29y
(Corylus
170

462,

457,

301

Arcliana,

L),

17.
Hazelled land,

335

Hear1, 408, 336
Heat of the body,
— of the soil, 29
Heather, 3
Heavy horses,
— suils, 109
Hederu Helix, L.
}ub (&rinac

445

481

(

zee Tvy)
eurcpaus),

Sisymbrivm AL

larie, Scop.
— pacsley (7 urx’u nodosa, L.,
and . authriscus, Huds ),

Hedqe slasher, 87

Heel-bone, 417

Heels (cf hoof}, 418

Hegelund systers, 559

Height of harse, 484

Helianthus annuur, L. (see Sum-
flowar); /. tubernsus, Lo (ses
Jerusalem artichoke)

| Hellebore, 643



830
HEM
Hemerolnida (are  Lnce - wing
flies)
Hemiptera, 643
Hemlock (Consum maculatum,
L.), 208

Hemp nﬂ.tle (Galeapau Tetra-
kit, L.), 2
Henbane (Uymryamu niger,
L.), 214

Hen-mile (Dermanyssus avium),
5]

Hepatic vessels, 448

Heracleum &phondylium, L. (see
Cow-parsnip)

Herbage of grass lands, 291

Herb Robert ((Meranizm Robertia
num, L.}, 265

Herd book, 480

Herdwick sheep, 523

Heredity, 472

Hereford cattle, 498

Hesperis  matronalie, L. (see
Sweet Raocket)
Hessian fly (Cecidomyia de

structor), 632
Heterascism, 389
Heleroptera, 628
Hibernating mycelium, 398
Hicracivm spp. (sce Hawkweed)
Highland cattle, 502
High moulding of potatces, 400
Hilum, 127
Hip-girdle, 412
Hippuric acid, 448
Hoar frost, 36

Hock, 418

Hee, 94

Hoed crops. 273
Hoeing, 99, 104

Hog-weed (see Cow-parsnip)
Holcus lanatus, L. {(see York-

shire fog); H. mollia, L. (sce

Soft grass, creepieg)
Holstein, British-, cattle, 656
Haqmoptera, 628
Honesty (Lunaria spp.), 179
Honey bee (4piz mellifica),
Hopeycomb stomach, 427
Honey-dew, 395

INDEX

EBEUM

Hooded crow, 818
Hoof of horse, 416, 418

Hoofs and horns, 120

Hooks, 967

dop (lHumulue Lupulus, L.},
130, 219

— aphis (Phorodon humuls), 690

— crop, 125, 219

— cuckoo fly (Kuacanthus muv-
Tuplus), 630

— trefoil  (Trifolium  precum-
bens, L.), 196

‘ Hop ' (aee Trefoil)

Hordeum murinum, L. (se€
Barley, wall); I. pratense,
Huds. (see Barley grass, mes-
dow): 4. vulgare, L. (see
Barley)

Horehound (M arrubium vuigare,
L.). 215

Hernblende, 11

Horuets, 622

Horns, 421

Horse, 407

— bot fly (Gastrophilus egqus),
ot B ( 2 gut)

— cEeslnut (L sculus Hippocas-

tanum, L.). 135, 149, 156, 161
— labour, 490
— worm {Ascaris megale-
cephala), 647

Horse-hoeing, 104

Horse-hoes, 62

Horse-radish (Cochlearia Armeo-
racia, L.), 152, 187

Horse-rake, 76, 298

Horses, breeds of, 481

— feeding and mansgement of,
487

Florse-tail, 43

Host 267

House fly (Musca domeatical,
631

— sparrow, 618

Haven, 192 .

Hover {lies, 632

Humble bees, 624 3

Huomerus, 411, 413

Bumulus Lupulus, L. (see Hop)



INDEX

HUM

Humus, 10, 18, 15, 19, 87

Hunter, 482

Hyacinth, wild (or bluebell,
Scilla nutans, Sm.), 152

Hybernia defoliaria (see Mottled
umber moth)

Hybrid, 470

Hydrated, 12

Hydrocyanic acid, 643

Hydrogen, 18, 431

Hygroscopic awns, 252

Hylemyia coarctata (see Wheat-
ulb fly)

U{!urgux piniperda (ses Pine
eetle)

Hymenoptera, 622

Hﬁnuyamua niger, L. (sce Hen
ane)

Hypha, 384, 405

Ilgépnderma bovis (see Warble

o
Hypogynous, 166
I yponomeuta padella (see Small
ermine moth)

IBERIS AMARA, L. (sec Candy-

taft)
Tce, 5, 6
Ichneumon flies, 622
Identity to species, 276
Igneous rocks, 7
Tliac artery, 437
Ilium, 412

o, 635

Iﬁ;gegnation, 164, 451
Improvement of soils, 41
Impure blood, 443
lmgurities of seed, 276
In-breeding, 474
Incomplete, 170
Tncubator, 593
Indian corn (see Maize)
Indigenous soil, 8
Indigestible fibre, 461
Inferior, 166
Inflammation, 442
Infiorescence, 173
Inhalation, 444
Innominate bone, 412

681

JUN
Insect, 1685
— puliinnllun, 171
Insect-eating mammals (Inaects
vora), 614
Insecticides, 640
Tnsecrifuges, 640
Insects, 618
Insertion (of muscle), 424
Instep, 417
Integument, 163
Intercostal mascles, 444
Internode, 149
Intertillage, 104
Intestival glands, 429
— juice, 420, 434
Tntestine, 352, 408, 426, 427
1ris (Irie Pscudacorus, L.), 188
1rish cattle, 492

— sheep, 513
Iron, 12, 17
— pan, 27

— sulphate, 274

Trregular flower, 168

Irrigated land,

Isatis tinctoria, L. (ser Woad)

Ischium, 412

Italian cluver
clover)

Itch, 644

Ivy (Hedera Heliz, L.), 150

Izodes ricinus (see Sheep tick)

(see  Crimson

Jackpaw, 617

Jaws (of insects), 634

Jay, 617

Jersey cattle, 504

Jerusalem artichoke (Helianthus
tuberoxus, 1.}, 151, 212

Jointed-limbed animals, 608

Joint in grasses, 222

— oil, 414

Juglans regia, L. (see Walnut)

Jugular vein,

Juncacees, 227, 271

Juncus communis, Meyer), (see
Raush, common), - .

Jungle fowl (Gallus bankiva),
584



BAT
Karxir, 121
Katabolism, 141
Keel, 168
Kentish sheep, 516
Keratogenous membrane, 419
Kerry cattle, 508
Kerry Hill sheep, 530
Kicker, hay, 76
Kidney, 408, 445, 446
— vekh (Anthy”u Vulnerana,

L.),
Killing puulLry 801
Kingcup (eee Buttercups)
Kitchen garden, 98
Knapsack sprayer, 843
Knapweed (Cenfaurea
L.}, 218

Kneecap, 416
Knee of horse, 413
Knot-grass (Polygonum Avicu-

nigra,

lare, L.|, 219
Kohl-rabi, 1
— crop, 185, 345

Kreatin, 454

LaBrarx, 215
Loca-wing flies (Hemerobiider),

Lackey moth (Clisiocampa neus-
tria), 627

Lacteal radicle, 449

Lacteals, 442

Lactic acid,

Lactose, 552

Lactuca sativa,

Ladies’ fingers
veteh)

Ladybirds, 620

Lady's mantle (dichemila vul-
garig, L.),

Lamhing pen, 533

—- season, 533

Lamelle (of muahroom), 383

Lamina (of leaf), 155

— (of hoof}, 415

Lawmiunitis, 418

L. (see Lettuce)
(sec  Kidney

' Lamium album, L.

INDEX

Lup

(see Dead-
nettle, white); L. purpureum,
L. (au Ueadueule. red)

Land -cap, &0

Larch, 3

— aphis (Chermes lariciz), 630

Large black pigs, 638

— mtestme, 427

— white pigs, 535

Larks, 617

Larkspur
Reich.),

Larva, i:d.)

]/aHJyrln pratensis, L. (see Mes-
dow \echlmg)

Lava, 7
Ln\ender
DC.),

Lnyermg, 150

Laying down to grass, 233

Leader,

Leaf, 165

Leaf-axil, 149

Leaf-buds, 181

Leal-green (sce Chloraphyll)
aflet, 158.

Leaf-miners, 638

Leaf-mould, 13

Leaf-roller moths, 838

Leaf-sheath, 156, 223

Leaf-stalk, 155

Lean, 547

Lenbher»;scket, 631

I)elpln'nium A jucia,

(Lavandula  vera,

Leek (Allium Porrum, L.}, %1

Legume, 176

Leguminoswe, 135, 156, 190

Leguminous crops, 89, 43, 125,
312

Leicester sheep, 514

Lentils as food, 465

Leontodon spp. (see Hawkbit)

Lepidium  sativum, L. (sea
Cress)

Lepidoptera, 624

Leporidee, 612 =

Eqr/w qutumnalis (zee Hnr\sat

szua cuniculus (see Rabbit) ;
L. europeus (2ec Hare)
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LES

Lesser yellow trefoil (see Yellow | Logan

suckling clover)
Loé.illue (Lactuca sativa, L.), 160,

Leucocyte, 435

Lever-neck, bl

Leys, 279, 989

Lice, 630

Light horses, 481

— soils, 104

Lights, 403

Ligulate florets, 210

Ligule, 136, Z‘ZB

Llﬁu-em, 170,

Lily (Lilium spp. ), 145, 165, 170

Limaz ugrutm (ac¢ Field slug)

Limb bones, 4

Lime, 12, 13, ,19, 42

— pan, 27

Limestone, 7

— sheep, 529

Linacew, 189

Linaria  vulgaris,
Toad-flax)

Lincoln curly-coated pigs, 540

— Red Shorthorn cattle, 608

— sheep, 516

Linseed, 189

Linseed-cake, 189

Linum catharticum, L. (see
Purging flax); L. usitatissi-
mum, L. (see Flax)

Lithospermum arvense,
Carn gromwell)

Litter, 107

Liver, 429, 445

— rot, 649

ng;;—ﬂnko (Fasciola hepatica)

Mill.  (see

L. (see

Living substance (sce Proto

|
|

MAG

berry [cross hetween
B.«npm-rry and  Blackberry),
, 383

Lmu \rrwbrm 410

Lolinm italicum, A, Br. (see Rye-
grass, Italian); L. perenne, L.
(see Rye-grass, perennial); L.
temulentum, L. (sce Darnel)

Long dung, 110

Longhorn cattle, 498

Longwool sheep, 513

Lonk sheep, 527

Looper cuterpillar, 637

Lophyrus pml (see Pine sawfly)

Losses of soils,

Lotus u:rmru[ullul, L. (see Birds-
foot trefoil); L. ma(of Scop.

(aee Birdsinot trefoil, greater)

Louping-ill, 645

Lousewort  (/’edicularis  sylva-
tica, L.),

Lucerne (Jlfdlmglr sativa, L.),
132, 161, 197, 347

— Crop, 24

Lumbar vertebree, 410
Lunar bone, 413

Lunaria spp. (see Honeltg)
Lungs, 408, 442,
Lung-worm (I'nlarux), 647

| Lupine {Lupinus spp.), 208

Luzula campestria, Willd, (ses
Wood-rush, field)

Lychnis spp. (sce Campions]
L. Flos-cuculi, L. (see Ragged
Rﬂbm)“l

Lymph,

—y s)};tem 441

Lymphatic hnd-

— vessels,

442

MADDER, field (Sherardia ar.
wvensis, L.),

Maggot, 622, 630

Magnesia, 17

Magnesium, 12

Magnum bone, 418

Magpie, 618

- oén’ozhubrw wouulamk}



MAH

Mahaleb stock, 377

Maintenance diet, 455

Maize (Zea Mays,
158, 263

— as food, 457, 465

Malaria, 631, 634

Mallard (dnas boschas), 588

Mallophaga, 634

Malt-culms, 465

— sugar, 137

Malting, 136

Mammalia, 407, 422 610

Mammary glands, 548

Mandible, 411

Mandibulata, 635

Mange, 644

Mlngel (lietu vulgans, L.y,
152, 160, 217

— crop, 125 217, 836

— fly (Peg wnyia betw), 632

— as ioodl

Manna grass, ﬂmmng (see Sweet
grass, floating)

Manual delivery reaper, 71

Manures, 105, 291, 463

— for special crops, 123
200, 837, 836, 366, 372

Manurial value of food, 466

Manuring, 105

Manyplies, 427

L.),

286,

180, |

3%

Maple (dcer campestre, L.), I85 |

Marble, 7
— gall fly (Cgmp.y kollari), 623
Mnrjcrnm riganum  onites,

Marl 4. 15 42

Marrubium vulgare,
Horehound)

Marsh marigold ([‘altha palus-
tris, L.), 169,

Marling, -42

Martins, 618

Mating of ‘poultry, 592

Matricanna  inodora,
Scentless may-weed)

Matthiola spp. (see Stock)

Maxillary boue, 411

Maximum temperature, 120

May flies, 634

L. (see

L.

(see

INDEX

MIC
MeCombie, Wi, of Tillyfuir, 500
Meadow, 279
— foxtail (sce Timothy grass)
— weu.hhng (Lal[l_/nlé praten-

2ix, L.), 20

Meadow grsss‘ annual (Poa
annua, L.) 241

— ruug.; :lall\ed (P. trivi-
alis, L.), 223, 242

— — smooth-stalked (P. pra-
tenais, L) 223, 242

— — woo (l‘ ncmamlia, L.),
223, 243

Medduw sweet (Spirea Ulmana,
L.)

2 I\lealy mou'hed cattle, 505

Measly pork, 6

Medicago lupulma L. (see Tre-
foily; M. sative, L. (see
Lucerne)

Medulla cblongata, 450

Melampyrum protense, L. (see
Cow-wheat)

Meles taxus (#ee Padger)

Meligethes @neus (see Turnip
blossom beetle)

Melilot, white (Velilotus alba,
Lank.),

— yellow (U/. o officinalis, L.), 201

Melissa officin u L. (see Bﬂm]

Mellow soil,

Melalontha uulgaua (see Cock
chafer)

Melon, 204

Mendel, 478

Mendelism, 475

Mentha viridie, L. (sce Mint)

Mericarp, 205
Mesen Ler 427
Mesophyll, 157

Metal ohc lmrcase, 142
Metabolism, 140, 424
Metacarpal bones, 414
Metacarpus, 414
Metamorphosis, 635 .
Metatarsal bones, 417
Metatarsus, 417
Meteecism,

Mics, 7, 11
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MI0

Micaceous sand, 11

Micropyle, 163

Microtus agrestis
vole)

Middle white pigs, 537

Mildew, 293

Milk, 548

— cistern, 548

composition, 552

fountains, 551

record, 555

recorder, 556

register, 553

strainer, 581

sugar, 5dL

— vein, 001

Milking, 559

Millipedes, 64

Mills, corn, @

Mimulus moschatus, Dongl. (see
Musk)

Mineral manures, 114

~— matter, 10, 19

— phosphates, 114

Minimum temperature, 129

M:i!nt (Mentha viridie, L.), 153,
15

Field

(xee

Mites, 644

Moisture, 23, 129

Mole (7Talpa europaa), 615

Molluses, 609

Mongrel, 470

Monocotyledons, 156, 170

Monacious flowers, 171

Moorland pan, 27

Mosquitoes, 631

Moths, 624, 625 )

Mottled umber moth (Hybernia
defoliaria),

Mould-board, 50

Moulds, 384

Mountain sheep, 513 .

Mgu;e, field (Mus sylvaticus),
1.

— harvest (M. messorius), 613
— house (3. musculus), 613
Mouse-ear chickweed (Cerar-

tium triviale, Link), 187
Mowing, 296

685
NAV
| Mowing machines, 74
‘ Muich, 26, 99
Mulching, 29, 866
Mule, 470
Mullein  (Verbascum  Thupsus,
L), 268

Muitiple plough, 60

Murinte of potash, 121
Muride, 612

M usca domestica (see House fly)
Muscle, 423

Muscular contraction, 424
Muscular system, 423

Mus  decumanus  (see  Rat,
brown); M. messorius (see
Mouse, harvest); M. mus-

culus (see Monse, house); M.
rattug (see Rat, black): M.
sylvatirus {sce Mouse, field)

| Mushroom (Agaricus campes-
| tria), 883
| Musk (Mimulus  moschatus,
Deugl.), 2
Mustard, 132; black (Sinapia

nigra, L.), white (S. olba, L.)
— beetle (Phadon hetule), 620
— cror, 14, 186 348
Mustelide, 611
Mautation, 475
Mutton, 534
Mycelium, 384
Myosin, 431, 454
Myosotis  spp.  (see  Scorpion

grass); M. palustria, With.

(see Forget-me-not)
Myriapods, 646
Mytilaspis pomorum [see Apple

musse! scale)

Nag, 483

Nagana, 631

Napiform, 188

Nasturtivm offiicinale, L. (see
Watercress)

Native plant growth, 3

Natara] selection, 472

cular bone,

i avicular * bone, 418

| — disease, 416
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KEC
Neck, 408
— vertebree, 410
Nectar, 165
Nectar-cover, 1G5
Nectar-gland (kee Nectaryl, 165
Nectar-guide, 170
Nectarine, 877
Nectria  ditissima, Tu! see
Canker of apple)
Nemathelmia, 646
Nematus  ribesic  (see (0
berry and Currant sawl(ly)
Nerves, 450
Nervous system, 430
Neuichatel cheese, 983
Neural canal, 408
Neuroptera, 633
Newts, 608
Nicotiana
Tobacco)
Night-flutterer, 627
Nightshade, dmndh
Hal[a/lunna, L.),
— woody (Sulanum /h//.'umnm,
L.), 214
Nitragin, 40
Nitrate of lime, 38
— of soda, 118
Nitrates, 13, 20, 31, 35, 39
Nitric acid, 86, 37, 48
Nitrification, 38
Nitrites, 83, 39
Nitrobacter, 39
Nitrococcus, 39
Nitrogen, 7, 19, 84
— starvation, 456
Nitrogenous excretion, 445
— foods,
— manuyres, 118-21
— waste, 446
Nitrosomonas, 39
Nitrous acid, 89
“Nade, 149
Nodules, 89, 200
Non-ruminantia, 423
Nonsuch (see Trefoil)
Noriulk roia(,xon, 309

Northegevan cattle, 497

<se

Tabacwm, 1. (xee

{.trepe

OxX1
Nucellus, 163
Nuthatch, 617
Nutlets, 215
ts, 175

Nut weevil (Balaninua rucum),
0

sercus 8pp.), 8, 159
vples, 623
Oat (_4«»-:,;1 «atira, L
— crop, 24, 124, 311,
— Aas {r»(d
Oat-grass, ‘Aowr, 1y
cens, L.), 246
— false or tall (4. elatior, L.,
or  drrhenantherum  arena
ceum, . 240
— narrow-leaved (4. pratensis.
L.), 247
llow or m Iden (4. fime
ne, L.), 24
— wild (4. !ulua. L.), 247
Qat-husk, 262
Oatnieal, 262
Oeceipital condyles, 410
Odontoid process, 410
Odour of fluwers, 165
— of hay, 301
@Tnanthe  fiztulosa, L. (see
Water dropwort)
@

Avena pules

- cakes, 189, 458
— engme, 85
— in food, 458. 459
Olecranon “process, 413
Olein, 455
Omasum, 427
One-way ploughs, 59
Onion (Allium Cepa, L.y, 135,
145, 101, 162, 170 220
— couch {see Oat- grnsu tall)
— fly (Anthomyia ceparum), B32
— wild (dUiwm vineale, L.), 221
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OKNO

Onobrychis aativa, L. (sce Ssin-
foin)

Ononis spinosa, L. (see Rest-
harrow)

Onopordon Acanthium, L. (see
Thistle)

Oogonium, 401

(Gospore, 401

Opposite, 158

Optimum temperatures, 28, 129

— water content of soil, 24

Orchard grass (see Cocksfoot
grass)

Organic manures, 106, 120, 121

~— matter, 9, 13, 19, 35

-— mnitrogen, 82, 38

Origanum onites, L. (see Mar-
joram)

Origin (of mulcle), 424

Ornithopus sativus, Brot. (see
Serradella)

Orobanche spp. (see Broom-
r

ape)

Orobanchaces, 260

Orthoptera, 632

Oscims frit (see Frit fly)

Os innominatum, 412

Osmosis, 147

Ovary, 168

Ovipogitor, 622, 630

Ovule, 163

Ovum, 451

Owls, 617

Ox, skeleton of, 420

— warble fly (Hypoderma
bovis), 632

Ox-eye Marguerite (Chrysantlic

mum Leucanthemum, 1.), 213

Oxford Down sheep, 518

Oxidation, 143

Oxide of iron, 17, 18, 108, 544
ides, 11, 17

Oxygen, 7, 84, 130

Oxyhmmoglobin, 443

Pare, 224
Palisade cells, 157
— wWorms, 847

PEA

Palmate, 156

Palm-bones, 414

Palmitin, 455

Palm-not cake, 485

Pancreas, 430

Pancreatic duct, 430

— Juice, 434

Panicle, 228

Pans, 27

Pansy (Viola tricolor, L.}, 170

Papaveracem, 265

Papaver Rhwas, L. (vee Poppy);
P. somniferum, L. (see Poppy
opium)

Papilionaceous, 168

Pappus, 177, 212

Paradise stock, 876

Paraftin, 642

Parasite, 385

Turietal bone, 411

Paring and burning, 42

Paris green, 643

Tarsley (Carum  Petroaelsnum,
Benth.), 2068

Parsnip (Pastinara sativa,
Benth.), 185, 143, 147, 160,
206

— crop, 340

— fly (Tephritia onoperdiniz),
oal

— as food, 208

Pastern, 416

Pasteurisation of milk, 467

Pustinaca  sativa, Benth
Parsnip)

Pasture, 279, 289

T'atella, 416

Paunch, 427

Pea (Pisum sativum, L.},
130, 150, 159

faea

| — crop, 190

, 330

_ as food, 457, 459, 165
— hook, 71, 97
— seed, 1
Peagh, 377 .
Pear (Pyrus rommunis, L.y,

861, 366, 373, 875, 877
— grass orchard, 361

161



PEA

Pear leaf blister-mite (Eriophyes
pyri), 645
— sawlly (Eriorampz
623
Pearl barlcv 202
Peat, 14, 22
— moss litter, 109
Peaty pan, 27
Pectin, 432
Pedigree, 480 1
Peduncle, 162
Pegomyna belie [see Mangel fiy)
Pelargonium, 170
Pelvis, 412
Peppercorns,
Pepsin, 433
Peptic glands, 428
Peptoves, 433
Perennial, 16!
Perianth, 163
Pericardial fnid, 438
Pericardium, 436
Perigynons, 170
Perissodactyla, 423
Peristaltic contraction,
Peritheciam, 304, 396
Peritoneum, 427
Permanent grass, 125, 278, 293,
Peruvian guano, 112 {638
Pests, animal, 608
Petal, 162
Petiole, 156
Fetrol engines, 88
Petroleum, 642
Pheedon  betulxe
beetle}
Phalaris  canariensis,
(xee Canary grass)
Pharynx, 425
Pheasant’s-eve (Adonis quium-
nalis; L), 264
Hop

limacina),

648

430

@3

(see  Mustard

Moench.

Phkorodon  Rumuli
aphis) ©

Phleum pratense (sce Timothy
grass)

Phosphates,

Phosphoric acid,
bl

{see

#
13, 80, 113, 123
12,17, 19, 0,

INDEX

PLS

Lhyllotreta nemurum [see Turnip
flea beetle)

Phyllozera vastatriz, 623

Physiology, 407

Phgtophthora  infestans,
Bary (see Potato disease)

T’u).lmg seed 316, Juz

Yiercing insects, 635

Pierls spp. (see White cabbage
butterflies)

Pig, breeds of, 635

— feeding and mas
540

— skeletan of, 422

Tigeous, €18

Pig-nut isee Earth-nut)

Pileus, 383

Pimpernel, scarlat
arvensie, L.), 27

Pin-Lone, 412

Pine heezle
perda), 821

— sawfly (Lophkyrus pini),

Pinnate, 156

Pipits. 617

Pirls, 530

Pisiform bope, 413

Pistil, 1

Pistitlate flowers. 171

Pisum satirum, L. (see Pea)

Pitchfork, 93

Placenta, 451

Placentation, free central, 270

Plantaginew, 270

Plam.am (I’lantago spp.), 135,
148,

— commaen (P. Zum eolata,L.), 270

— greater {P. major, L.), 270

— haary (P. media, L.}, 271

Plantar cushion, 418

Plant bugs, 628

— lice, 623

Plant-food, 1820, 131

Planting fruit-trees, Sﬂﬁ. a7

— mizad frait, 36‘.3,

Plantiet, 184

Plasma, 435

Plasmodium, 405

De

gement of,

(Anagallis

2 lurgus pini

623
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Plasmodiophora Brassice, Wor.,
403

latyhelmia, 648

Pleura, 442

Pleurisy, 442

Pleuropneumonia, 448

Ploughing, 52-7, 98

Plough-pan, 27

Ploughs, 47-61

Ploughshares, 49

Plough wheels, 51

Plovers, 48, 617

Plum (Prunus domestica,
161, 867, 378, 377

— aphis (Aphis pruni), 630

Plumule, 128

Plusia gamma
mot!

Plutella +ru®ijerarum (see Tur
nip diamond-back moth)

Prneumogastric nerve, 450

Pneumonia, 443

Poa annua, L. (see Meadow
grass, annual]; 7. nemoralis,
L. (see Meadow grass, wood);
P. pratensis, L. [sce Meadow
grass, smooth-stalked); 7.
trivialis, L. (see  Meadow
grass rough-stalked)

Poached and, 323

Pod, 174

Poisonous plants, 208, 272

Polecat (Putorius fetidus), 611

Pollard, 465

Polled, 421

Pollen, 163

— grain, 168, 164

— tube, 164

Pollination, 164

Polygonacere, 218

Polygonum Aviculare, L. (see
Knot-grass) ; P. (,'om:olrulus.
L. (see Bistort, climbing); P-
Fagopyrum, L. (see Buck-
wheat)

Pome, 203

Pont I’Evéque cheese, 582

Pan,y, 484
Pooking fork. 99

Lo,

(see Silver Y

PRO
Poor man's weather glass (see
Pimperuel, scarlet)
Paor soils, 41
uppy (Papaver Rheas, 1..), 135,

i (77, somniferum, L.),

265
Pare space, 22

Parlock sheep
Portal vein,
Posteriar, 408

- vena cava, 430, 446, 448
Patash, 12, 17, 19, 30,
— manures, 121
Potato (Selanum tuberosum. L Y,
185, 151, 15, 162, 214

H28
35

ase (Phytophthora infea
tans, De Bary), 8

— frog fly (Kupteryx solani),
629

— planters, 69
— raising plough, 61
- wet rot, 405
Potentilla Anserina, L. (see Sil-
verweed) ; /. reptans, L. (see
Cinguefoil}
Poultry, 584
— keeping, 584
Precocicus plants, 212
Premaxillary bone, 411
Prenasal ossicle, 422
Prepotency, 474
Pressers, 64
Presses, 79
Prickles, 177
Primrose  (Primula
Huds.), 122, 270
Primulacer, 270
Proboscis, 622, 625, 630, 634
Prone, 413
Propagation of fruit, 376
Protandrous, 169
Proteins  (proteids
winoids), 138, 431
Proteolytic, 138, 453
Prof ous, 169
Protoplasm, 140

vulgaris,

or albu-
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PRO REC
Protozoa, 40, 653 QUAKING GRASS (Briza media,
Proud wheat, 263 L.), 259

Prunella vulgaris, L. (see Self

heal)
Pruning, 364, 367, 370, 3756
Prunus Cerasus, L. (see Cherry) ;
P. spinosa, L. (see Blackthorn)
Psalterium, 427
Pseudomonas campestris, Smith,

— destructans, Povter, 405

— radicicola,

Psila rosee (see Carrot fly)

Psoroptes communis (ree Scab,
sheep)

Psylla mali (see Apple sucker)

Ptyalin, 433

Pubis, 412

Puccinia  graminis, Pers. (see
Raust, black); 2. glumarum,
Eriks. et Henn. (sec Rust,
vellow)

Pulmonary circulation, 439

Pulpers, 91

Pulse, 439

— crops, 327

Pulses, 190

Pulvinaria ribesie (see Woolly
currant scale)

Pumice, 7

Pumpkin
180, 204

Punch, Suffolk, 487

Pupa, 625. 635

Pure bload, 443

TPure-bred, 479

(Cucurbita mazima),

Purging flax (Linum catharti-
cum, L.), 190

Purples, 648

Putorius erminea (see Stoat);

P. fetidus (see Polecat); P.
vulgaris (see Weasel)

Pygera bucephala (see Buli-tip ‘

moth)
Pylorus, 426
Pyramid trees, 870 .
Pyrethrum, 643
Pyrus Malus, L. (see Appie)
Pythium, 402

Quadrant head, 49
Quality of hay, 301

— of oilcakes, 458
Quarters, of hoof, 419
— of horse, 412

— of udder, 548
Quartz, 7

Quercus spp. (see Oak)
Quicklime, 13, 42

RABBIT (Lepus cuniculuz), 612

Race, 469

Raceme, 196

Rachis, 800

Radial, 145

— symmetry, 166«

Radicle, 128

Radish (Raphonus sativus, L.),
182, 145, 147, 1

Radius, 412

Ragged Robin (Lychnis
cuculi, L.), 187

Rain, 9, 8

Rake, 93

Ranunculacese, 264

Ranunculus  spp.
cups)

Rape (Brassica rapa, L.), 182

— club-root {see Club-ront)

— crop, 14, 182, 344

Rape-cake, 457, 465

Rephanus  sativus,
Radish)

Raspberry (Rubus Idrus, L.),
154, 161, 372, 374, 383

Rat, black (Mus rattus), 612

— brown (M. derumanus), 618

— flea (Ceratophyilus  fascie
tus), 631

Ray, 210

Real value of seeds, 277

Reapers, 71

Reaping, 96

Flos

(see Butter-

L.

(aee

. —- hook, 96

Rearing of poultry, 598
Recessive characters, 477
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Rectum, 427
Red clov;r (Trifolivm pratense, |

— corpuacle, 485

— currant (Ribes rubrum, L.),
208, 370, 381

— maggot, 632

— poll cattle, 499

— shank [see Knot-grass)

— spider, 645

Reed, 427

Refrigerator, milk, 562 |

Regions of body, 407

Register, wmiik, 553

Regular flower, 166

Renal artery, 446

— vein, 446

Rennet, 428, 433, 571

— stomach, 427, 428

Rennin, 4¢

Replum, 176

Reproduction, 451

Reproductive organs, 451

Reptiles, 609

Respiration, 143, 158, 425,

Respiratory organs, 442

— moverients, 444

Rest harrow  (Ononis

L.), 202

143

apinosa,

Resting spore, 403
Retentive power of soils, 80
Reticulum, 427
Reversion, 473
Rheum hybridum,
Rhubarb)
Rhinanthus Crista-galls, L. (see
Yellow rattle)
Rhizome, 152
Rhubarb  (#heum
Murr.), 218
Ribbon-fuoted corn-fiy (Chlorope
treniopus), 632 |
Ribes (Grossularia, L. (see Goose-

Murr. (see

Rybridum,

berry) |
— nigrum, L. (see Black cur-

rant) 1

— rubrum, L. (see Red cor- |

Tant) '

|

Ribesiacese, 203
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. Rib-grass, or Ribwort (see Plan.

tain, common)
Ribs, 411
Rice-meal, 457, 465
Ridge system, 336
Ridge and furrow system,
Ridging plough, 61
Riding horse, 483
Ripened cream, 565
Robber flies, 632
Robin, 618

281

o & 7
— crystal, 7

Rock-salt, 7

Rollers, 64

Rolling, 98

Romney Marsh sheep, 518
Rook, 618

Root, 88, 128, 130, 189, 144
— crops, 124, 160, 178 202
— mnodules, 39
— parasites, 268, 270

— pruning, 875
Root-cap, i4d
Root-hairs, 131, 145
‘ Rooting,” of swine,
Rootstock, 152
Rosa canina, L.
Rosacese, 202
Roscommon sheep, 531

541

{ser Dog-rose)

Rose (losa spp.), 154, 156,
170

Rosemary  (Rosmarinus  offici-
nalis, L.),

Rosette plants, 156

Rotary scresn, 88, 201, 543

Rotation grasses, 125, and see
¢ Seeds’

— of crops, 808

Rothamsted experiments, 31
Round worms, 646

Roup, 607

Rubiaces. 266

Bubus cosius, L. [aee Dew
berry); K. fruticosus, L. (see
Blackberry)

— ldwus, L. (see Raspberry)

Rumen, 427
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Kumex spp. (see  Dock
Sorrelys £, Acelosa, L. (see
Sorre), common); X Aceto-
sella, L. (sec Sorrel, sheep's)

Ruminantia, 423

Rumination, 428

Ranner, 141

Running roats, 152

— water, 6

Rumnts, 493

Rush, common (Juncus com-
munis, Meyer), 227

Rushes, 3, 43

Rust, black (Muccinia graminis,
Pers.j, 886

— vellow (/'. gfumarum, Eriks.
ot Henn.), 390

— white (("ystopus  randidus,
Lev.), 40

Rye (Secale cereale, L), 139, 262

— crop, 326

— ergat  ((larviceps
Tul.), 393

— as food, 457

Rye grass, talian (Zolium itali-

pRTRATeR,

cum, A. Br.), 250
— {Wl‘?nn)d] (L. perenne, L.,
247
Ryeland sheep, 524
SACCHAROMYCES CELEVISLE

(see Yeast)
Bacral vertebree, 410
Bacrum, 410
Saffron, meadow

(C'o[chl't:um
autumnale, L.), 221

and

Bage IQn]:m officinalie, L.), 215 |

Sainfoin (Onnbryr'hn satira, L),
132, 161,

— crop, 4 348

Salad plants, 187, 204, 217, 212,
14, 217, 220

Saliva, 425, 433

Salivary glands, 423, 429
Saliz spp. (see Willow)
Balt, 85, 121, 274

Balts, 18

INDZX

8CR

Salvia nﬁr.nahw {see Sage)
sand, 8, 10, 19
Sandstone, 7
Sandworts {("érastium spp. ]
Sanguisorba offirinalis, L.
Burnet)
Saprophyte, 885
Sarcophaga carnaria (see blov\
fly)
Sarcoptes leri;
— mutans, 64
— scabiei (see §
Savanry Iu or

V187
(see

645

ab, head)
. 215

Sawilies,
Seab, head (Sarcoptes scabieij,
644
— sheep (Psoroptes communis),
Scale nnsmis 630 .
leaf,
4 rou!s 152

andiz Pecten Ueneris, L. (see
Shepherd's needle)
Scaphoid bone, 418
Scapula, 411
Seariocu
Scarlet  clover (see  Crimson
over)

tless nm}.-weer] (Matricaria
inodora, L),
Selizoneura Iru/xj("lll (see Woolly
aphis)
Scientific names, 469
Scilla nutans, Sm.
cinth )
Scion, 378
\,'rlerotlu.m, 393
Scooping bone, 422
‘%corpxon gmss (Myosotes spp.).

Scotch cattle, 492
— hands, 570

— sheep, 513
Scratehing-shed, 591

(see Hya.

Screenings, 272 =
Screens, 88 N
Scrophularia  nodosa, L. (see

Figwort)
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Scrophularinere, 268
Scufflers, 62
Seutellum, 183
Scythe, 71, 94
Seaweed, 121
Secale cereale,
Secretions, 429
Sedentary soil,

L. (see Rye)
8

Sedges (Carex spp.), 8, 43, 135,
154, 228

Seed, 123, 174

Seed- b:mow, 285

Seed-bed, 284

Seeding, 128

Seed-leaves, 127, 162

Seedling, 12

Seed-mixtures, 238

 Seeds,” hay, 295, 802

— crop, 349

Selection of poultry, 592

— of seeds, 274

Belf-delivery reaper, 72

Self-fertilization, 165, 174

Self-heal (Prunella vuigars,
L.), 215

Self-pollination, 165, 174

Semilunar valves, 437, 439

Senecio vulgarie, L. (see Ground-
sel)

Sense organs, 451

Sepal, 162

Separators, cream, 563

Serradella (Ormzhopw sativus,
Brot.), 292

Serum, 436

Sesammd bones, 414

Sessile, 156

Setaceons, 222

Sets (of potato), 151, 214

Setting milk, 562

Bewage, 247

Sexual reproduction, 165, 451

Bhallot  (Alium
L.), 221

Bhaping board, 602

Sheep, breeds of, 513

— farming, 531

- Bglsedmg and management of,

BIM
Sheep, skeleton of, 422
— tick (Lzodres ricinus), 645
Sheep's nostril fly (Katrus ovis),

632

\h\qys parsley ((‘arum Petro-
elinun, Benth., var.), 206
| shellfish, 609
Shepherd, 532

Shepherd's needlo (Scondiz Pec-
ten-Veneris, L.), 207

Shepherd’s  purse  (Cupsella
Bursa-pastoris, DC.), 145, 400

— weather-glass (see Pimpernel,
scarlet)

Shin bone (see Tibia)

Shire horse, 485

Shock, 318

Shoddy, 120

Shoot, 128, 180, 138

Short dung, 110

Shorthorn cattle, 488

Shortwool sheep, 518

Shaoulder-blade, 411

Shoulder-girdle, 411

Shavel, 92
Shrew, common (Sorex vul-
garis), 615
— lesser (8. minutug), 615
! —ﬁwatar (Crossopus  fodiens),
1 15

nsca.lomcum, I

Shrew-mouse (see Shrew)
Shropshire sheep, 520
Sickle, 71, 96

Side-cap, 50
Side-delivery rake, 207
Sieves, 88
Silage, 303
Silene npp
Silica, 7, 11
Silicate of alumina, 12

Silicula, 176

Siliqua, 176

Silo, 803

Silt, 17

Silverweed (Potentilla Anserina,

(see Catchflies)

L.),
Silver Y-moth (Plusia gamma),

626
Simple leaf, 156
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Sinapis alba, L. (sec Mustard,
white)

Si_ngla—cut clover, 194
' Singling," 341

Siphonophora granaria (see Corn
aphis)

Sirex gigax (see Giant sirex)

Sisymbrivmn Ailiania, Scap. (see
Hedge mustard)

Sgum spp. (see Water parsnip)

Skeleton, 408

Skim conlter, 52

— milk, 552

Skin, 443

Skirting steak. 444

Bkull, 410

Skylark, 617

Slade, 49

Blaked lime, 13

Slasher, 97

Slate, 4

Sleep of plants, 192

Sliding head,

Sloe (see Blackthern)

Slugs, 609

Small hlack pigs, 540

— ermine moth (/yponomeuta
padella), 627

— intestine, 426

— white pigs, 587

i

Smother-flies, 628
Smut, barley (Ustilago nuda.
Jens., and U. tecta, Jens.).

— oats (U. avene, Jens.), 390

— wheat (7. triti-i, Jens.). 3950

Snails, 609

Snaith, 94

Snakes, 609

Snakeweed (see Bistort)

Snapdragon (dntirrhinum ma-
jus, L4), 2

Soda,

Sod,\um arsenite, 274

Soft, cheese, 50

~— grass, creeping (Holcus mnllis,

). 260

— palate, 425
Soil,

8PL

Solanacee, 213

Solanum  Dulcamara. L. tsee
Nightshade, woody); S. escu
tentum, Dun. (see Egg-plant);
8. Lycopersicum, L. (see
mato) ; 8. tuberosum, L.
Patata)

Sole (of hoof), 419

Solution, 6

Soma, 478

Sonchus spp. (see Sow-thistle)

Scot, 120, 642

Sorex mmuhn (see  Shrew,
lesser); S, wvulgaris  (ser
Shrew, common)

Sorghum  (Sorghum
¢um, Meench.j, 263

Sorrel (Rumez spp.), 135

— common (R. Aceto. L.). 218

— sheep's (R, Acetosella, L.).
218

Sour milk cheene, 581

Sonr soiis, 42

Souring of milk, 565

South Devon (Hams) cattle, 497

— — sheep, 525

Southdown sheep, 518

Sowing grass seeds, 285

Sow-thistle {Sonchus spp.), 213

Spade, 92

Sparrow hawk, 617

Spawn (of mushroom}, 383

Spearwort (see Buttercups)

Species, 469

— origin of, 471

Speedwell ("eronica spp.), 268

Spergula arvensis, L. (sec Spur-
rey)

Sperm (spermatozoan), 451

Spheeratheca mors-urwe, Berk. et
Curt. (see American goose-
berry mildew)

Spiders, 644

Spikelets, 223

Spinach (Spinacia oleracen, L.),
216

Spirea Ulmaria, Y.
dow-sweet)

Splint-bones, 414, 417

sacchara

{see Mea-
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Spongy tissue. 157

Spore, 384

Sporidium, 355

Spraying apparatus, 643

Spring cultivation, 100

Sparious fraits, 177

Spurrey (Spergula arvensis, L),
185, 188

— crop, 189

Stables, 490

Stacker, 77, 209

Stacks, 319

Staggers, 852

Stamen, 162

Staminate flowers,

Standard, 168

— trees, 861

Starch, 138, 432

Starling, 43,6617

Starters, 565

Steam cultivation, €9

— cultivator, 70

— drag-harrow, 70

— engine, 85

Steamed bone, 113

Steapsin, 434

Stearin, 455

Stellaria spp. (see Stitchworts);
8. media, L. (sce Chickweed]

Stem, 148

Sternum, 411

Stifle joint, 418

Stigma, 163

Stijton cheese, 577

Stilts, 48

Stinging insects, 622

Stinking chamomll( (Anthemis
Cotula, 1.}, 2

Stipule, 156

Stitchworts (Stellaria spp.), 187

Stoat (Putorius erminea) 611

Stock (Matthiola spp.),

Stock (fruit), 876

— (of seed}, 278

Stolon, 150, 222

Stoloniferous, 151

Stomach, 408, 425, 437

Stomata, 158

Stone flies, %4

171

G4y
BUM
Stape fruit, 176, 208, 367
mitl, 91
Stones, 17, 29, 33, 38
l-m)l\ 318
are,' 543
— cattle, 511
Straw, 109, 302, 39
— as food, 461
— crops, 178
Strawberry (Fragaria vesca. L.),
151, 161, 374, 383

‘ Strippings,” 553

Strongyle, armed (Strongylus ar-
matus), 647

— giant (Kustrongylus gigas), 647

— sheep (Strongylus contortus),

Structure of soil, 22

— and functions of farm ani-
m'xls. 407

Struggle for existence, 471

Stud %.s 480

Style, 163

subsou, 1,8 27

— plough, 61

Sub-species, 470

Subterranean stems, 151

Succory (see Chicory)

Succulent foods, 459

Sucker, 154, 383

\uckum roots, 269

455
.‘uﬂolk horses, 487
— pigs, 540

| — sheep, 521

Sugar, 148, 432

~— beet (Beta vulgaria, L.), 147

— cam (,\‘an‘hurum officinarum,
L.), 2

— crops 378 460

Sulphste of ammonia, 119, 274

— of copper, 274, 392, 399

— iron, 274

— aof lime, 122

—of potash, 131

Sulphatas, 13, 84

Sulphur, 646

Sulphuric wcid, 18

Summer cultivation, 101
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Summer pruning, 876

— rnick, 289

Sundew (freera spp.). 3

Sunflower (i elianthu
135, 159

annuus,

Superior. 166
bupm;»ln sphate, 114
Supine, 412

Surface caterpillars, 626
— er, 146
— tension, 24
— weeds, 278

Survival of l]u fittest, 472
Suspension. 6,
Sussex cattle, 498

Swallows, G618

Swathe, 296

— turper, 76, 296

Swede (Urassica napobrassica.
Mill.), 160, 180

— crop, 124, 151, 388

— ag food, 460

Sweep-rake, 299

Sweetbread (see Pancreas)

Sweet-grass, flosting (Glyceria
fuitans, Br.), 250

— reed (. aguatica, Sm.), 250

Sweet rocket (/esperis matro
nalig, 1.), 179

Swifts, 617

Swine, breeds of, 535

Swing ploughs, 59

Switch-bill, 97

Sycamore [Acc7 Pscudoplatanus,

-,

Symbiasis, 41

Symphysis pubis, 412

Symphx/tum asperrimum, Donn.
(see Comfrey, prickly); S. off-
cinale, L. (see Comirey, com-
mon)

Synearpous, 167

Synovial fluid, 414

Syrphide, 632

Systemic circulation, 441

TacumrRinx. 632
Tadpoles, 609

I
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Tail vertebree, 410
Talpa ewropea
Tannworth pig
Tapeworms [(es
Tap-root, 145
Tarazacum officinale, Wigg. (see

Dandelion)

are (sec Vetch)
Tarsal bones, 416
Tarsus, 416
Teat, 548

ee Muole)

oda), 651

Tedder, 76
Terldim;. 207

— of germ

— of the sail,

Temporary grass land, 27

Tendon, 424

Tendril, 130

Tephritis onopordinis (see Celery
fy)

Termites, 634

Testa, 128

Testarella, 609

s lever, 645

Texture of soils, &

Thallophyta, 883

Thermometer, 363

Third trochanter, 416

Thistle (Carduus, Cnr[ina‘ and
Onopordon spp.),

Thomas phosphate, ll:

Thoracic duct, 442, 449

— vertebrre, 10

Thorax, 408

Thorn-apple
nium, L.),

Thomuuhbled 48(1 481

Thousand-headed kale,

— crop, 183, 845

Threshing, 320

— machine, 80

Thrips, 633

Throw -hack, 473

Thrushes, 618

Thyme (Thymus vulgaris,.L.),
216

1 l)arum Stranto-

183

Tibia, 416
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Tillage, 46, 97
Tillering, 249

Tilletia Caries, Tul. (see Bunt)
Tilth, 25, 98, 101, 103, 284, 323
Timothy grass (Phlewm  pra

tense, L.), 254

Tipula olerm ¢a (see Cranefly)

Tits, 617

(Linaria  vulgaris,

Toads, 609

Tobacco (Nicotiana Tabocum,
L.), 214, 643

Toe (of hoof), 419

Tomato (Selanum Lycopersicum,
L.), 214

Tongue-grafigng, 378

Tooth and brush pinirm drills, 68

Top-dressing, 119,

Toriiis spp. (see Hedge parsley)

Torus, 162

Trachea, 442

Traches, 636

Traction engine, 85

Tractors, 667

Transpiration, 25, 80, 158

Transplanting, 845

Transported soil, 6, &

Trapezoid bone, 443

Tree-creeper, 617

Tree-guard, 364

Trefoil, or Yellow c!over (I edi
cago lupulina, 1.), 1

— crop. 349

Trench ploughing, 61

Trichina (7. epiralis), 648

Trichinosis, 648

Tricuspid valves, 439

“Trifolium’ (see Crimson clover)

— crop, 195

Trifolivm hybndum L. (see Al-
sike clover); 7. incarnatum,
L., and var. album (see Crim-
son clover); 7. medium, L.
(see Zigzag trefoil); T'. minus,
8m. (see Yellow suckling
clover); 7. pratense, L. (see

|
i;
\

1

|
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TUR

Red clover); 7. pratense
perenne, L. (see Cow grass);
T, procumbens, L. (see Hop
trefoil); 7. repens, L. (see
White clover)

Trigonella ornithopodioides, DC.
(cee Fenugreek)

Tripe, 427

Triticum  caninum, Huds.
Wheat-grass, hearded);
repens, L. (see Conch grass):
7. vulgare, L. (see Wheat)

Trochanter, third, 416

Trotting horse, 483

Truss, 302

Trussing pooltry, 602

Trypanosomes, 654

Tryphaenn pronuba (see Yellow
underwing moth)

Trypsin, 434

Tspw fiy (Glossina morsitans),

(se6

Tuber 151
Tubular florets, 143, 210

Tulip (T'Wlipa spp.), 155, 170

Turkeys. 590, 601

Turnip (Brassica Napus,
13‘.{. 147, 152, 160, 181

— blossom beetle, 620

— club-root, 403

— crop, 24, 181, 339

— cutter, 9

— diamond b ack moth (Plu-
tella l:rurilerurun.), 627

— flea beetle, or " (Phylle-
treta nemorwm), 6'70

— as food, 437, 463

— gall weevil (Ceutorhynchus
sulcicollis), 620

— green fly (dphis rape), 628

E)

— smoth (Agrotis  segetum),
27

- pulper, 91

— rust

—uawﬂy (Atlmluz spinarum),

— white rot, 405
Turn-wrest plough, 59
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Tos
Tussock grass (sce Fair grass,

tufted)
Tyrosin, 431

Uppre, 548
Ulex eurnpeus, L.
Ulmus  campestris,

{see Gorne)
Sm. (aee
Elm)
Ulna, 412
Umbel, 204
Umbellifers, 165, 204
Unciform bone, 413
Underground stemas, 151
Ungulata, 422
Unicellular, 854
Unisexual Howers,
Urea, 110, 448
Uredospore, 887
Uretor, 440
Urethra, 448
Urinary bladder,
— tubules, 446
Urine, 448
Grticacess, 218
Uatilage avene, Jens. (see Smut,
oat); U. nuda, Jens., and U.

171

446

tecta, Jens. (see Smut, bar-
Yoy): U. tritici, Jens. (see
Smut, wheat)

VaccinioyM MYBTILLUS, L. (see
Whortleberry)
Vagus narve, 430

Vsalue, manure, of foods, 466
Valves (of heart), 487
Variation, 472, 495

Variety, 469

— froit, 366, 367, 873
Vascular bundles, 148, 156, 157
— cylinder, 144

Vaso-motor nerves, 451

Vat, cheess, 572

Veal, 347

Vegetable marrow (Cucurbita

ovifera), 135, 204
Vegetalive organs, 160
— reproduction, 155

INDEX

WAR

Vewn, 437
— of leaf, 156
Vells, 428, 501
Venous blood, 437
Vent, 427
Ventilation,
Ventral, 408
— suture, 168
Ventricle, 436
Venus' comb
needle)
Verbascum
Mullein)
Vernal grass, Puel's (4nthox-
anthum Puelis, Lecog et La-
motte), 253
- sweel‘scemmd {A odoratum,
a1

(gee

Shepherd's

Thapsus, L. (aze

L.),
Vertebra, 408, 422 ,

Vertebral column jsee Back:
bone)

Vertebrata, 407, 422

Veteh or tare (Ficia sative,
L.), 132, 159, 199

— crop, 246

— as food, 465

Vexillum, 168

Vicia spp. (see Vetch)

Villus, 447

Vine (F'itis vinifera, L.), 150

Viala tricolor, L. (see Pansy)
Violet (iola spp.). 185

Viper's hu"’|05! (Echium  vul-
gare, L. ], 21

Virgina \reeper 150

Viras (for rats, &c.), 613

Volcanoes, 7

Voles, 613

Waps, 331

Waggons, 79

Wagtails 817

Wall (of hoof), 419

Wallace, Alfred Russel, 471

Wnllﬂawar {Cheiranthu¥ (‘heiri,
L)1

Walout (Juglam regia, L.},

Warhle fly,
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WAR

Warblers, 818

Warping, 42

Wart disease (see Black scab)

Wasps,

Waste product, H4l:
23, 84

Water, 5

— culture, 148

— dropwort ((Knanthe fistulosa,
L.}, 209

— glass, 452, 605

A1

of the s¢

— meadows,

— parsaip (Nium angustifalivm,
L., and S. latifolium, L.).
209

— table, 25, 44

Watercress [‘\astunuuu officin
ate, L.),

Watson, HU@ of Keiller, 500

Way bent (see Barley, wall)

Weasel (Putorius vulgarisi, 611

Weathering, 8

Webbed seeds, 243

Weeds, 42, 43, 264

Weevils, 620

Weighbridge, 511

Weismann, 478

Welsh cattle, 408

— mountain sheep, 528

— runts, 498

Wensleydale sheep, 529

Wet rot of potatoes ((lostridium
butyricum), 405

— seasons, 32, 188

Wheat (7riticum rulgare, L.},
130, 132-4, 145, 159

— bulb fly {Hylemyia
tata), 632

— bunt, 393
crop, 32,
as food, 457,
grain, 132-4
harvesting, 317
manures for, 123
midge (Cecrdamyra

832

coars

= 123, 310, 815
— 459, 485
— trituen),

~— rust, 386
— straw a5 food, 457, 461, 485

oop

WO

Wheat grass, bearded (7Triticum
camnum, Huds.), 258

Wheel ploughs, 59

Wheels of « er:,, 79

Whin (xee Gorse)
Whip-grafting, 378
Whippletrees. 49

White bryony (Sryonia dicies,

L.y, 20

White cabbage butterflies
{Pieris 8pp.),

— clover  (7rifolium repena,
L.), 161, 192

— corpuscle, 435

— rot, turnip  (Pzeudomonas

destructans, Patter), 405

— vust  (Cystopus candidia,
Lev.},

White currani, 381

White-faced sheep, 514

Whorl, 167

Whortleberry
tillus, L), 3

Wild duck, 588

— goose 589

— turkey (M eleayris gallopavoe).

(Varcinum Myr.

Willow, 161

Wiitshire horned sheep. 520

Wind-flower  (aer Anemons,
wood)

Windpipe, 442

Wind pollination, 171

Wind-row, 2

Wind-screens, 29

Wing, 168

Winnowing machines, 87

Winter harley crop, 100

— cap, 315

— cultivation, 100

— moth (Cheimatobia bruvmata).
27

— oats crop, 100
— plonghing, 100
Wireworms, €20
— false, :
Woad (lsatis tinctoria, L.), 179
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woo
Wood, 144, 156
— leopard moth {(Zeuzera

wsculi), 627
— wasp (see Giant sirex)

Woodlice, 610

Woud rush, field {Luzula ram-
pestris. Willd,), 298
Wool, 513

— waste, 120

Woally aphis (Schizoneura {ani
geraj, 630

— currant scale (Pulrinaria o
bexice), 630

Work, 456, 488

Working ammals, 430, 488

Wren. 618

Wrist, 418

YARDS, covered, 109
Yarrow (Achillea
L.). 185, 161, 210

wmillefolium

200
Yeaning, 533
Yeast  (Saccharomyces
rixier), 384
Yellow clover [sre Treloil).
— rettle  (Mianenthes  {rista
qulli, 26
suckling
minus |

Cere-

e

clover
106

(7 rijolsum

Yellow underwing moth (7'ry
phuena pronubu), 627
Yew,

Yorkshire fog (Holeus lanatus,
L.), 259

— pigs. 535

(xee Muize)

Zga Mays. L.
Zebroid, 470
Zeuzera wseudi (see Wood leo-
pard moth)
Zigzag trefoil
diwem, L.}, 196
Zoospore, 398, 403, 404

(Trifalium  me
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