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INTRODUCTION. 

I COMPLY yel'y willingly with the request of Professor 
Wrightson and Mr. Newsham, that I should write a few lines 
of introduction to their textbook on Agriculture, Theoretical 
and Practical. 

It may. be said, and with some force, that there is no 
lack of manuals and other excellent works on the subject 
already in existence, but, while it is easy to obtain exhaustive 
information on some one phase of farming practice, and on 
the sciences affecting it, there are few, if allY, up-to-date 
textbooks holding precisely the position this book is int~mded 

to fill. 
A technical manual on the theory or practice of agriculture, 

designed with a definite aim, may fill two very useful and 
necessary functions; namely, those connected with the in
struetioll of. pupils at Agriculture Colleges, Farm Schools, or 
similar institutions, and those attached to a book of reference 
which the farmer or small-holder may consult, when, from 
time to' time, he is in need of advire based on practical 
exp<>rience and scientific knowledge. The school purpose and 
the farm purpose, though allied, are quite distinct, and it 
is th·) aim of the authors to provide a book that will 
serve both. 

Thero is another reason for hoping that such a book 
will find a place both in the classroom, and the houses of 
small as well as the large farmers. 

"Te are just at the be"oinning 'of a great moyement in 
agricultural matters. Small-holdings may be expected to 
increaso in number in suitable districts, and Farm Institutes, 
under tho encouragement of the Board of Agriculture and 
financial support from the Development Fund, will no doubt 
spread over the country. 
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These Institutes will find an important place in our 
educational. system, and become the training-ground of the 
young farmer, and may be expected in the future to cater 
for a large and increasing number of the sons of smaller 
farmers, that is those farming from 50 to 200 acres of land. 

Undoubtedly the coming years must see more and more 
of an organized system of education and grea~r attention 
paid to the thoughtful treatment of the land if it is to provide 
a living to those engaged in its cultivation, and this can 
only be secured by the application of exact knowledge': 
sound practice and reliable theory. 

This book is also eminently suggestive ·as to the best 
methods of applying science to practice. It lays stress upon 
many problems which are destined to produce far-reaching 
consequences on fertility, land cultivation, and rur&) economy. 
The subjects treated are very numerous, and include, not only 
cultivation, but such important matters as farm-buildings, book
keeping, and the relative merits of grass and arable land. 
To give in .a textbook shch 'as this, which is necessarily 
restricted in size, an idea of farming matters in general, and 
to provide precise and reliable information on the cultivation 
and treatment of land, labour, machinery, live stock, dairying, 
and the many subjects connected with the industry of 
agriculture, is not an easy undertaking. 

The authors may claim to have exceptional qualifications 
for the task. Professor Wrightson, who was for so long 
a period associated with Downton Agricultural College, has 
established for himself a wide reputation as a sound and 
practical farmer, ,while Mr. J. C. Newsham most SUC0068-

fully filled the post of head master of the Hampshire Farm 
School. and County Lecturer on Agriculture for many years. 
Both authors may therefore be considered to possess not only 
the necessary scientific and practical knowledge, but to have 
had long experience in the needs of agricultural students and 
small farmers, and in imparting information in a form that 
is clear, concise, and attractive. 

Although I have for many years taken an interest in the 
subject of farming, I lay no claim to the position of an 
.expert, and I must leave this book to speak for itself, feeling 
confident that it will prove successful in meeting the needs of 
those for whom it has been written. NORTHBROOK. 



PREFACE. 
THE title of this book may appear ambitious, but has 

been well considered by the authors. Their object has been 
to present a concise view of the Practice of Agriculture, both 
hom an extensive and an intensive point of view. 

Much has been written of late years upon the comparative 
merits of large and small farming, and the suitability of the 
land of this country for the cultivation of vegetables, fruit, 
and flowers, rather than of corn or grass. Market-gardening 
has encroached upon ordinary farming, but it is also true 
that various forms of perishable produce have attracted the 
attention of extensive farmers-so that fruits and vegetables are 
now found side by side with corn and roots, live stock and 
uairying. 

There are, however, well-defined limits as to soil and 
situation; for, as a rule, the cultivation of the more or less 
perishable crops is confined to good land, in close proximity 
to markets; while that of corn is largely pursued upon 
thinner and poorer soils, in more remote districts. There is 
room for both, and they must not be considered as antagonistic. 
Dairying occupies a middle position, for it may take the form 
of retail milk selling, wholesale dispatch of milk to a distance, 
or cheese- and butter-making, according· to locality. 

It will be found that each of these aspects is considered 
in the following chapters, and that the entire work is divided 
into sections dealing successively with the Soil, Agricultural 
Crops, Manures, Live Stock, Dairying, Horticulture, Market
gardening, Poultry, Rabbits, and Bees. 

As to what is usually called theory or science, this volume 
does not pretend to be a manual of· chemistry, nor yet of 
biology; neither does it profess to treat of everything. It 
was felt by the authors that there are abundant sources of 
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information, of an expert character on all branches of 
agricultural knowledge, and that they would be placing 
themselves in a false position if they attempted to deal, as 
experts, with certain topics of undoubted interest. They 
therefore confined themselves to things of which they had 
practical knowledge, and upon which they could write with 
confidence, if not with authority. The boundaries between 
theory and practice are, however, by no means clear, and, 
in certain cases, they have consulted first-hand authorities 
upon such matters as bacterial 'life, nitrification, heredity, 
and Mendelism, in order to show the bearings of these subject8 
upon the practices of agriculture and stock-breeding-not to 
say of cbeese- and butter-making. Sections will also be 
found on diseases, and plant-life, in which the treatment is 
meant to be practical, or to bear upon_the necessary conditions 
for success. 

Viewed as a textbook for examinations, this book will be 
found suggestive rather than exhaustive, and will, it is hoped, 
open the mind of students to many problems involved in 
practice, and sometimes obscured by technicalities. There has 
of 'late years been a marked approach on the part of 
agricultural scientists to the' teachings of practice, i.e. in such 
things as the importance of water and mechanical procesaes 
(tillages) as affecting the entire economy of plant-life. The 
chemical composition of soils, which was at one time thought 
to be the secret of fertility, is pow relegated to its proper 
position, as only one among many of the necessary conditions. 
So is it with the composition of plants and foods, for they 
also are found,. to vary with the 'circumstances under which 
they are produced, rather than the species to lI'hich they 
belong. 

Farmers, as a body, have recognized the incongruity between 
the teaching"3 of science and the results of practice, and 
consequently have sometimes regarded theorists somewhat 
coldly. All this is, however, changing, or has already changed, 
now that the leading, chemists look upon rainfall and tillage 
as of primary importance, even from & theoretical standpoint. 
Perhaps this change is more apparent than real ; but it cannot 
be denied that in recent writing"3 of & scientific kind greater 
attention is bestowed upon what the farmer has always felt to be 
the essentials of his art. . 
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Take, for example, the relations of block geology to 
agriculture. That they are important no one will deny, 
but closer inspection has shown that surface geology is the 
principal point, and that surface-maps are infinitely more 
useful than predictions as to the character of a soil based 
upon the main formation of the d5.strict. So, also, may be 

,regarded the increasing attention to rainfall; to means of 
eradicating weeds; to root action on the subsoil; to the 
effects of tillage upon soil exhaustion; to dry farming; and 
many other topics occupying the following pages. 

It is felt by the authors that great chang-es and great 
improvements are imminent, such 'as the cheapening of nitrates, 
the combating of plant diseases, the introduction of sugar
beet, and possibly of tobacco; intensiV'El cultivation, the 
production of new varieties, applhations of electricity, the 
making of artificial soits, etc. New vistas are opening out, 
and it is necessary that farmers should be alive to them. 
One great hindrance to the progr.ess of scientific agriculture 
is the enormous area of infe;rior grass, and the time-honoured 
custom of leaving land down in sainfoin, or old, and temporary 
pastures, instead of actively cultivating it. It is, after all, 
an economical question; but the system is being steadily 
encroached upon, and is, no doubt, destined ,to disappear. The 
question which cannot be avoided in all such cases is, "Will it 
pay?" and there is too much disposition IOn the part of social 
writers to look upon food-production as a "duty". It is 
not a duty, but a means of livelihood; and can only be 
stimulated (apart from increased knowledge) by a sense that 
it is profitable to the cultivator himself. No one can be 
expected to produoe food for the nation on philanthropic 
grounds; and this is the underlying reason why we see 
extensive tracts lying waste, subjected to a ,low type of 
cultivation. It is the object of this .book to show in what 
directions improvement can be effected and extended. 

Lastly, it will be observed that the student is constantly urged 
to make use of his own powers of observation instead of relying 
too much upon books and lectures. He is advised to watch the 
processes of germination of seeds for himself; to take apart and 
re-assemble the parts of implements; to frequent markets and 
notice the prices offered for different classes of live stock; to 
visit agricultural and poultry shows, and, if possible, to spend 
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some time with poultry farmers, fruit growers, and those who 
devote themselves to the cultivation of flowers or of fruit for 
market. Attention is also directed to the most approved methods 
of packing fruits and flowers for market. The work is illustrated 
with a special view to enabling the student or beginner to practise 
his art, and he is continually reminded of the' importance of 
seeing how things are done and doing them, as well as of 
reading ab(Jut them. 

The authors desire to acknowledge the kindness of Meearl. 
Cooper and Nephews, of Berkhampstead, in supplying 
illustration'! of live stock; their thanks are also due to Messl'll. 
Sutton & Sons, Rea.d.iDg, for illustrations of grasses and clovers; 
and to Messrs. Garton, Warington, for photographs of plant 
breeding. They would also thank the many manufacturers, 
illustrations of whose machinery and implements are reproduced 
in thi!! book. 

JOHN WRIGHTSON. 

J. C. NEWSHAM. 

2-7{'77 
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PART 1. 

SOILS, .MANURES, AND CROPS. 

CHAPTER 1. 

ORIGIN, CO:UPOSITION, AND DISTRIBUTION OF SOILS. 

Origin.-The student who attempts to trace the origin of soils 
to their source will find that he has undertaken an impossible task, 
involving questions of the evolution of the earth from a gaseous and 
molten state, sustained for long ages at a temperature of high fusion. 
He must necessarily narrow his horizon, and accept the present 
condition of the planet as a starting-point, and, even then, the ages 
occupied in the formation of soils probably extended over millions 
of years. In order to realize this view a knowledge of geology is 
necessary, and some idea of astronomy, especially in relation to the 
solar or planetary system. With such matters agriculture has little 
to do, anci the study of soils must be confined within practical limits 
from which speculative views are eXl}luded. Still, even regarding 
soils as already existent, they are of incalculable antiquity, a~ is 
amply proved by their composition. 

We know little of the interior of the earth, although it is certain 
that it retains much cosmic heat, but whether its core is in a liquid, 
plastie, or solid state is unknown. The" crust ", so far as it can be 
studied, is composed of igneous, metamorphic, and sedimentary rocks, 
covered for the most part by water, but in nearly all cases with a loose 
sandy, calcareous, argillaceous, or mixed material which may be 
called soil. 

The materials which now constitute the sedimentary (and probably 
all) rock-l bear evidences of having been repeatedly reduced, and again 
hurdened into compact strata. The immediate cause of existing 
soils may be summed up as, degradation of previously existing rocb 
through the action of running water, gradual solution effected by 
moisture and carbonic acid gas, glacial action, c.hanges of temperature, 
wind, vegetation, and, finally, cultivation. These forces, acting through 
ages of incalculable length, and still acting, are responsible for 
all soils. 
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Formation of Soils.-The above disintegrating and wearing forcea 
were (and are) supplemented by transporting and mixing agenciee 
in which they also took part. Thus, running water not only carvel 
channels and canyons through masses of compact rock, but carries 
with it mineral fragments of all sizes, and is rendered turbid. by 
finer particles which are deposited. as mud at lower levels. A 
sorting of materials is effected, the heavier matter being left behind 
in the onward rush, while the finer parts are carried. forward until 
they subside in sluggish streaDll!, or are laid down 88 lacustrine 
deposits. Thus it will be found that where a river debouches upon 
a plain the upper portions of the valley are composed of loose Bandy 
or gravelly soils, while further down they are of .finer and morlt 
tenacious texture. 

The rough and tumble passage of the Great Northern drift, 
whether effected by water, ice, or both, is answerable for V88t 
areas of soils of mixed character, interspersed with boulder. of 
various sizes, water-worn pebbles, sand, and clay. Deposits of 
china clay may occur in one place, and of pure sand or gravel in 
anotaer, but in all these cases we see the effects 01 moisture, first 

A 

~-- ............ - -'. 

FIG. t.-Bection of curved str .. lA. showing where the apper p .. rts Undlcated b, 
dotted line.' h .... e been .wept .. w .. , to lonn .. basin or hollow. .d,.d • .d. preaen' 
land surface: B. synclinal part of strata (basin or bollow); C. an'iclinal curve 
(ridge); D. an irruption of igneous rook. 

88 a decaying, and then 88 a transporting agency. In others the soil 
appears 88 a mere cast-off film of the underlying rock. Here is 
no evidence of transportation, but rather of long and silent decay, 
produced by exposure to the elements, assisted by the root action of 
plants. Chalk downs, fells, and heaths abollDd in BOils of this 
description. in which the colour, texture, and mineral fragments all 
indicate the close relationship of the soil with the rock beneath it. 

lt is, however, noticeable in many cases that such soils are nOit. 
derived en~rely from the underlying strata, but contain material;. 
which formed parts of strata that at one time covered the present 
surface (Fig. 1). Such is the explanation of the hills capped with clay 
so often seen in districts of the Upper Chalk, which are in fact 
remnants of the London Clay, that at a remote period covered. 
the Chalk. 
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Denudation has been a potent instrument in the formation of 
soils, and during the process it is only natural that fragments of the 
upper strata should have remained in and on the exposed surface. 
'I'his mixing of materials from above and below accounts for many 
anomalies between the appearance of the loose soil and the com
position of the underlying rock. The expressions" transported" and 
"in situ" convey the above two ideas, namely, that soils have either 
been deposited at a distance from their origin, in which case they 
are always of mixed and often of fertile character, or that they 
are composed of materials derived from strata immediately below 
and above them. This principal division of soils teaches the great 
importanco of surface as distinct from block geology, for the latter 
is often inconsistent with the character of the soil. Before any 
close relationship between geology and agriculture can be established, 
surface maps must be constructed showing the presence of accidental 
accumulations of sand or clay and other materials which "mask" 
the main geological features of the particular district. 

Hitherto we have viewed soils as derived from rocks or trans
ported mineral matter, but before a just idea can be formed as to 
their actual composition, vegetation must be taken into account. 
The irrepressible and universal invasion of vegetation is a remarkable 
fact. No sooner is a surface, even of compact rock or masonry, 
exposed to the air than it becomes covered with a growth, first of 
lichen, then of mosses, and finally of grass and shrubs. It is owing 
to lichens and mosses that new buildings lose their bizarre appearance 
in a few years, and blend and harmonize with the surrounding 
landscape. It is this which gives their picturesque appearance to 
ruins and cottages, and to which rocks owe their rich and varied 
colour and softness of outline. Vegetation penetrates, and derives 
nourishment from the most unpromising materials, for even glass 
becomes coated with green, and newly tiled roofs lose their startling 
red or slate colour. As the earlier generations of plants are succeeded 
by others, a soil is gradually formed, partly composed of organic 
and partly of inorganic matter, until a higher class of vegetation 
becomes possible. Vegetation is aided by atmospheric prOCeSStld, until 
finally the continuity of the rock gives way, and a thin soil is the 
result. 

In order to understand these processes almost unlimited time must 
be allowed, as well as for the action of frost and thaw, which 
gradually eat into the hardest rocks, and cause them to crumble. 
What is called "weathering" erodes the surfaces of quarries and 
public buildings, tombs, and soil. Soil is a result of the decay of 
previously existing rocks (Fig. 2), but is also in many cases the 
material from which future rocks may be formed, and thus soils 
form a link in the endless chain which in long ages makes and 
remakes continents, changes the levels of oceans, and keeps the 
earth young and fruitful. 

Composition of Soil.-The origin and formation of soils lead to 
the consideration of their composition. They must necessarily be 
largely composed of minerals, but cannot be regarded as merely 
ground-up or pounded rock. On the contrary, they are ripened and 
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pr(\pare~ for plant life by infinitely prolonged processes of digestion. 
Their unctuous or grellBy character is due to the presence of impalpable 
powder, ano also of organic matter which gives a brown colour to all 
fertile soils and confers properties upon Ulem affecting their powen 
of absorbing water and gases, and, as wiII ,later be aeen, fitting 
them for the nurture of billions of micro-organisms which further 
decompose and prepare plant food. 

The soil, apart from analysis, is a truly marvellous product. It
texture and solidity make it a suitable home for and protection to 
vegetation. Its porosity enables it to retain moisture and gasea, as 
well as fertilizing matter. Its complex composition 8uppliel food 
to the roots, and rain brings down water for dissolving it. Soil is 
also ill a perpetual state of flux and renewal, 80 that ultimate 
exhaustion seems wellnigh impossible. It is at once a maga&in" of 
future plant food, a storehous" for the present, and a vehicle for 
transmitting its riches to growing plant3. It ia a chemical laboratory 
in which beneficent changes are always taking p~ace. and a phy,io
logical laboratory in which lower forms of life are operatin~ upon' 
organic and inorganic matter for the future benefit of manklDd. 

FIG. S.-Formalion of Soil. 1. Ibin layer of mould; t. layer of .b"llered rocll. par", 
derived from nnderlying rook; 8. 'he onderlyinl' compact rock on cl.,. bed: t. pockpu, 
often seen in chalk, showing wbere 'reel baye Btood and caueecl borin ... lhroqb lOBI
continued root action; 6. lravel bed relling on 6anu of • elope. 

Th" composition of ,oil, may be viewed physically or chemically, 
and of late years, biologically, if the myriads of protozoa (Fig. 3) 
and microbes it contains may be viewed as forming an integral part 
of it. So far as its general or proximate composition is concerned, 
it mostly consists of sand, clay, calcareous matter, and humull, to 
which may be added mineral fragments of all sizes, and vegetable 
matter, not yet decomposed. None of these bulky materials are in 
themselves fertile, and even when mixed together they lICBrccly 
represent a true soil. Fertility depends upon the association of 
plant food with these cruder constituents, in the form of soluble I<alt.8 
of phosphoric, sulphuric, nitric, carbonic, and other acids, which 
occur in all native clays, sandstones, and limestonell; and in the 
vegetable matter found in all soil. 

.. Clay" is an extremely indefinite term, used to describe the 
more unctuOUi portions of the soil, and is not of definite composition 
or represented by any formula. It is-- composed of very minute 
particles, and is therefore extremely porons, and capable of retaining 
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fertilizing matter, of condensing gases, and holding moisture. It 
is, in a word, "retentive," and is generally l'egarded as a sign of 
fertility. Th~x:e are p"or cla.ys and rich clays, the former being pale 
yellow or whihsh, whereas nch clays are red or hazel brown, owina 
to the presence of iron peroxide and organic matter. Sand als~ 
seldom existg in soils in the purely quartzose form, but as calcareous, 
micaceous, and siliceeus sands, of a loose texture, which mitigate 
the, tenacity of the clay. Oalcareou8 matter may be derived from 
shells, chalk, limestones, or marl which is merely calcareous clay. 
Lime is in itself a plant food, which cannot be said of either clay, 
or sand,. and is an essential ingredient of all fertile soils. Stones 
occur in all soils, and are survivals of pre-existing rocks-sometimes 
angular, and sometimes rounded and water-worn. They also occur 
as flints, gravel, or as "land-fast" boulders. Sand is of different 
sizes, from fine silt, which will pass through the sieves used in 
preparing soils for analysis, to larger fragments which are rejected 

FIG. S.-Drop of Hay Infusion under the 
microscope showing Protozoa (A A A). 

by the analyst as scarcely belonging to the soil as a productive 
agent. 

The intractable parts of a soil are no doubt in process of 
reduction through the agency' of the same forces which caused the 
decay of the original rocks, but the transition is extremely slow. 
It is most rapid in the case of the more minute (microscopic) matter, 
and les~ so in that of the larger fragments, but in process of time 
even the stones which occur in land will weather and yield up 
plant food. They may therefore be regarded as a magazine for 
futuro use, and a safeguard against ultimate exhaustion. Tillage 
operations accelerate this gradual breaking-up of stony fragments, 
and in some cases an exfoliation may be noticed after severe frosts. 
Few stoneR are entirely inaccessible to moisture, and what is seen 
to take place on the faces of quarries, on masonry, and crumbling 
ruins must occur in the soil, and increase the amount of impalpable 
matter within it. 
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Remains of roots, stubble, grass, leaves, twigs, branches of trees. 
etc., aro always to be found both on and below the lurface of loila. 
They are at first fibrous and of no fertilizing value; but as they 
decay, and turn into vegetable matter, or .. humus ", they confer 
important properties upon soils. Humus improves the texture of 
soils and increases their absorptive properties. It regulates their 
temperature, and mitigates their tenacity. It binds together light 
sandy soils, and gives a rich colour to garden mould. It is alway" 
a sign of fertility, and was for long regarded as its principal ('ause. 
It is a source of nitrogen, and is acted upon by processes of oxidation 
(slow combustion), and by putrefaction, fermentation, and the action 
of miClo-organisms which finally produce nitrio acid and nitrate •. 
It is also a source of carbonic acid gas, which, when dissolved in 
water, facilitates the solution of mineral matter in the loil. The 
most recent additions of vegetable matter are of the greatest impor
tance. They are in a state of rapid decomposition, but a. decay 
progresses it becomes slower. The residue be('omes more carbonaceoul 
and correspondingly moist. The effect of new vegetable matter i. 
always beneficial, as it is a means of introducing material in a state 
of active decay, from which are evolved the mineral salta which all 
vegetable tissues contain, as well as ammonia, nitrates, and mucb 
carbon dioxide. 

A fertilo soil is therefore seen to be an extremely complex and 
inimitable material. It is, indeed, a cause of regret to up-to-datE
agricultural chemists that the synthesis or artificial production of 
soils ha~ made so little progress. Until soil. can be produced 
synthetically, we are told that we cannot have full control over the 
changes and variations which occur in nature, and must accept the 
condition,; as they exist in natural soils. Soils, it is true, may be 
blended and mixed, but this is scarcely synthesis, as such mixtures 
are mere "composts ", produced by adding together various pro
portions of sand, clay, lime, and vegetable matter, all of which are 
impure from a chemist's point of view. 

To sum up : soil is a product of decay-decay of rocks, of animal 
and vegetable matter; of decomposition, and of death. It is 
a cemetery of defunct matter, but at the same time, the source of all 
life; for without soil neither vegetable nor animal life could exist. 
It is the indirect source of mind as well as of body, for starvation 
equally paralyses both, and without the soil starvation would be 
inevitable, and reproduction impossible. 

Ultimate Composition of Soils. - Hitherto the soil has been 
regarded as a whole, and it now remains to consider its analytical 
composition. The subject is full of difficulties; first on account 
of innumerable variations, not only over small areas, but in the 
vertical section. These variations are mechanical as well as chemical, 
and may also be due to cultivation and cropping. 

In the early days of agricultural chemistry much reliance was 
placed upon soil analysis, until it was discovered that mere tabulated 
statements of composition were not a true index to fertility. Thfl 
difference between soluble and insoluble, available and unavailable 
plant food was fully recognized, but not the powerful eft'ect of roots . 
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in a~tacking materials .insoluble in rain-water. The porosity of clay, 
and Its property of fixmg plant food was discovered by Way in 1852, 
and he demonstrated the power of soils to absorb fertilizing matter. 
T~is appeared to be due to the "clay" in a special degree, but in 
hIS famous researches he prepared a number of double silicates of 
lime and ammonia which acted in a similar manner and, like clay, 
lost this power when ignited. This was the foundation of the" double 
silicate" theory, but Way failed in establishing the existence in 
soils of such double silicates, although their action so closely resembled 
that of the reacting constituents in the soil "that he considered 
himself justified in assuming their presence". The action appears 
to be chemical so far as mixed salts are concerned, for Dr. A. Voelcker 
showed that when ammonium sulphate is added to the soil an insoluble 
nitrogen compound is formed which remains in the soil, while the 
calcium sulphate appears in the drainage water. This i.s chemical 
action, but does not apply to the power of soils to remove organic 
matter; for in this case nothing is given up by the soil in exchangE' 
for the organic matter withheld from, say, sewage . 

.. Clay" is too comprehensive a word, as all native clays are 
composed of various mineral substances, often associated with organic 
matter, and have no definite composition, nor can they be identified by 
any formula. That they contain silicates of alumina in varying pro
portions, resembling kaolin or china clay, is certain, but they are not 
dofinito chemical compounds. Clay behaves precisely like a "solid 
solution ", and is regarded by Bemmelin as an "absorptive compound 
in which the constituents are not chemically united, but are held by 
the feebler forces manifested by colloids in their attractions one 
for the other". Thus true clay (aluminium silicate) is regarded 
as a plastic colloid, and is described by Dr. E. J. Russell as "an 
electro-negative colloid" which only exhibits the properties under 
consideration when moist. It is highly plastic, and can be readily 
moulded into shapes. It becomes rigid and brittle when heated, a~ 
is seen in pottery, and loses its colloid properties. This colloid 
substanco is answerable for the tenacity of clay soils as well as for 
their absorbent properties, but only forms a fraction of the material 
which is commonly called clay. The bulk of a native clay is composed 
of gritty or sandy particles, of mineral fragments, nodules of lime, 
organill remains, salts of iron, of potash, phosphoric acid, and all the 
other ingredients of a fertile soil, associated with a fractional part 
of the colloid substance which especially confers upon it the plastic 
character. Clay is of great importance, and in a great measure 
controls th(\ nature of the soil. Without it the soil may degenerate 
into a blowing sand, and when it occurs in excess it may be too 
tenacious for tillage. 

Sand mitigates the plastic character of clays, facilitates drainage, 
and promotes warmth. 

Lime may act similarly to sand, many sands being of calcareous 
character. It is a true plant food, as is also magnesia, which is 
another alkaline earth. Carbonate of lime is often spoken of as the 
base which acts upon the organic and inorganic materials of the soil; 
cambining with nitric acid as it is liberated, to form nitrate of lime. 
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Vegetable matter occurs in all fertile soils, and is at once a product 
and a cause of fertility. It has to a great edent been derived from 
the atmosphere, but inasmuch as it yields an ash it has also been 
derived from the soil. It is largely carbonaceous, but is also 
nitrogenous, especially when recently formed. 1 There is a con
siderable difference between fresh vegetable matter, such as yard 
manure, stubble, roots, leaves, etc., and the inert brown matter known 
as humuB. The former are in a state of decomposition, evolving 
carbonic acid and ammonia, and even a certain degree of heat, thl' 
latter has passed through its initial putrefactions and fermentations, 
and has lost much of its hydrogen and nitrogen, although it still 
retains a good deal, as well as other useful properties. It is retentivo 
of moisture, but parts with heat rapidly. It assista in keeping clay 
soils open, and, as shown by Koenig, possosses a marked power of 
absorbing ammonia from ammonium sulphate. Humus ie stable or 
permanent compared with recent additions of organic maUer, and 
occurs largely in peat. 

Mineral fragments such as gravel, flints, etc., exercise a powerful 
influence upon soils. They, like sand, open up clay soils, and to 
some extent may be regarded as a magazine of future plant food. 
Thus fragments of' sandstone, limestone, or of chalk or clay alate 
no doubt slowly disintegrate and ultimately become reduced into 
small particles which would pass through the fine meshes uaed in 
soil analysis. The main effect of pebbles and stones is, however, that 
of preventing clay soils from becoming too close in texture, and this 
property is well shown in districts where the presence of innumerable 
flint stones so alters .the character of the clay as to render it luitable 
for winter folding, and for producing crops more usually grown on 
light land. Stones are the remains of stratified and unstratified 
rockl!, which have been intermixed with the looser material of the 
soil; Flints occur in the Upper Chalk formation, sometime. in 
horizontal, and sometimes in perpendicular lines, and do not grow 
as is still thought by many farmers. Their continued appearance 
on the surface after repeated picking is due to their being ploughed 
up; and as the surface is lowered by the removal of hundreds of 
cartloadd per acre, the plough sole will also be lowered, and fresb 
relays of flints brought to the top. Nothing can show more ignorance 
of the nature of flints than to assert, as many do, that they grow. 

The varied character of clay, the peculiar function! of lime and 
sand, and the fluctuating nature of organic matter all indicate a highly 
complex material. The general result is that the upper 9 inches of 
soil comprise the most important part of agricultural land. Below 
this depth the amount of nitrogenous matter diminishes, and the 
cultivatable section begins to change into subsoil. The absorptive 
power of the surface is so great that it in a great measure preventll 
the downward passage of fertilizing matter. It does not completely 
retain nitrogen, and little perceptible difference in nitrogen content 
was found at Rothamsted between subsoils at, 18 and 27 inches deep, 

1 The percentage of nitrogen in bumus may be campara.iyel,. higher thaa in ne .. 
vege'able matter on acconnt of 'he great 1088 of carbon. bot thia does Dot .fleet &he fact 
.h .... he original amonD. of muogeD iD fresh vegeu.ble matter is &110 redaced. 
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whether un manured for fifty years, or receiving 200 lb. of nitro"'en 
in farm-yard manure, annually, for the same lengthened period. The 
accumulation of nitrogen in the surface 9 inches was, however 2! 
times aR great in the case of the manured as contrasted with'the 
unmanured land, which shows that the nitrogen chiefly circulated 
within a 9 in. section of the upper soil. The roots of growing 
plants take up and fix the soil nitrogen, and thus assist the superficial 
dre$sing~ of dung; while any nitrates washed through the soil find 
their way into the drainage water, or become denitrified for want 
of air. So far as nitrogen is concerned, the first 9 inches of soil 
therefore strongly tend to retain it. 

7'he subsoil must not, however, be dismissed as unimportant, even 
as regards the fertility of the upper soil. The roots of plants penetrllte 
it, and pump up nitrates and mineral matter from its recesses. These 
are elaborated in the tissues of growing crops, and find their way 
back to the surface soil, either directly or indirectly. The subsoil 
is therefore a source of plant food, but it exercises still more 
important effects, as it is through the subsoil that drainage can be 
effected, and capillary moisture and warmth can rise to the surface. 

In most cases there is no fixed line of demarcatil)n between soil 
an:i. subsoil, and they may even be of equal richness, in which case 
the cultivated section may be deepened with advantage. Sandy or 
gravelly subsoils act as drains, while clay subsoils are a safeguard 
against drought and excessive heat. In the first case soils will burn 
in hot summers, and in the other they will remain fresh and verdant. 
Other cases might be cited, but the above remarks clearly show that 
a good. subsoil is of enormous importance. 

The ultimate composition of soils can only be ascertained through 
a complete chemical analysis, as well as by an examination of physical 
properties. The one is as important as the other, but when both 
have been made, no opinion can be formed as to productiveness until 
several other points have been cleared up. A soil may, for example, 
be excellent qualitatively, but deficient quantitatively. It may be 
thin, and the substratum may be defective. The rainfall and the 
climate may be unsatisfactory, and before these matters are taken 
into account no estimate can be given as to its fertility. Neither is 
the value of a soil to be measured entirely by its fertility, for position 
overrides even that important consideration, and a poor soil, well 
placed for markets, may easily be of greater value tllan a rich soil 
l'emote from means of transit. A full report is therefore necessary, 
and this involves much expense, and requires an extensive knowledge 
both of chemistry and agriculture. 

As to the matter immediately before us-the ultimate composition 
of a soil-plant food naturally occupies an important place. At 
present it is enough to state that plant food consists of certain 
salts,l the most important of which are of potassium, sodium, calcium, 
magnesium, iron, phosphorus, sulphur, chlorine, silicon, nitrogen, and 
carbon. Oxygen occurs in all of tl1ese, as it is the cruef agency by 
which chemical elements are converted into bases and acids. All 

I Salta are combinations of a base with an acid. such as ammonium Bulphate, calcium 
-carbona.te, or sodium nitrate. 
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plant foods are presented in the form of soluble salte, and it i. 
therdore important that the amount of each substance soluble in 
a dilute acid of standard strength should be ascertained. A mere 
watery extract is not sufficient; for vegetation possesses dissolving 
powers, equivalent to that of certain weak solutions of various acids, 
among which a 1 per cent solution of citric acid in water has been 
adopted in Great Britain. Standardized hydrochloric, acetic, and 
carbonic acids are used in other countries, with varying comparative 
results. So far as the small amounts dissolved out of the mass of 
the soil are concerned, there is a similarity in the effects of all 
these acid solutions; but within those limits there are considerable 
differences, sometimes amounting to multiples of 3, 4, or 6. The 
ext.ractive powers of plants, however, differ from each other, so that 
the main point is to know which agent is employed, and a 1 per cent 
solutioll of citric acid as proposed by Dr. Bernard Dyer is found to 
be satisfactory for supplying an index as to the amount of availabl .. 
plant food. 

The -extremely small proportion of soluble and available plant 
food compared with the total weight of Boil is in itself an interesting 
fact. An acre of arable loam, 9 inches in depth, will weigh when 
perfectly dry about 3,000,000 lb. A pasture soil will be lighter, and 
when the roots are removed, and the moisture is driven off by heat, 
will weigh about 2,600,000 lb. "Supposing, therefore, a dry loil to 
contain 0'10 per cent of nitrogen, phosphoric acid, or potash, the 
quantity in 9 inches of soil will be from 2,250 to 3,000 lb. per acre" 
(Warington). This is total contents, but the amount of immediately 
available food is much less, and has been found to amount to from 
0-0111 pel' cent of potash to 0'0684; and from 0'0011 to 0'0477 per 
cent of phosphoric acid, according to the condition of the land, previous 
manuring and the reagent employed. It is impossible to give averag .. 
figures, but if the continuously uumanured plot examined at 
Rothamsted is taken, where the citric acid test was employed, the 
amount of available potash in the soil amounted to 0-00t3 and'tb 
amount of available phosphoric acid to 0-008 per cent of the total 
weight. Strong hydrochloric acid, when used on the same soils, 
dissolved out respectively 0-38 per cent of potash and 0-114 per 
cent of phosphoric acid, but much was left behind, and was only 
rendered soluble by deflagration with hydrofluoric acid. Thu8 

'Warington's hypothetical figure of 0'1 per cent of any constituent 
is much too low as an index of the total contente of potash or 
phosphoric acid, even in the exhausted unmanured wheat field at 
Rothamsted; for, as he says, "an acre of land may contain many 
thousandR of pounds of phosphoric acid and yet be in poor condition." 

The available or soluble amount is the true index of fertility, and 
it will at once be seen that this may be expressed in the second anc;J 
third place of decimals. We need not here go farther, for it it 
evident that by placing .the decimal point in accordance with these 
results, 3,000,000 lb. of soil might. contain from 300 to 3,000 lb. of 
any soluble plant food existing in the proportion of 0'001 Qr 0'01 
per cent of the entire weight, and might be mUltiplied to standards 
of 0-002 or 0'02 per cent according to a~alysis. Now as an ordinary 
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crop of wheat of 30 bushels per acre removes 14lb. of phosphoric 
acid, we have a measure of the rate of exhaustion of available plant 
food. A crop of 44 tons per acre of mangel-wurzel removes in the 
roots 73 lb. of phosphoric acid, and would therefore much sooner 
exhaust a soil of its available supply than wheat. Fourteen tons 
of swedes remove in roots 17 lb. of phosphoric acid and 70 lb. of 
nitrogell; and other cases might be given. 

The question of soil exhaustion is not, however, settled by such 
calculations, as there is a gradual passing over of mineral matter 
from a condition insoluble in even strong acids, to an available state 
which however slow must tend to keep up fertility. The restoration of 
nitrogen sometimes takes place rapidly, especially on grass land, even 
when mown annually. ThuB in a case at Rothamsted supplied by 
Dr. E. J. Russell the percentage of nitrogen increased from '205 in 
1879 to '338 in 1912. This increase is attributed partly to thf' 
leguminous herbage, but· also to the accumulation of organic matter 
generally, for all organic remains contain nitrogen. Ultimate cxhaus
tion is also prevented by the application of fertilizers, and the u~e of 
purchased food, all of which are rich in ash constituents, as well as in 
carbonaceous and nitrogenous matter. Cultivation also assists in pro
moting tho reduction of mineral fragments to smaller size, by 
trituratio~ and exposure to atmospheric forces; and one of the 
functions of organic matter is to evolve carbon dioxide and form 
a solution with rain-water, which dissolves mineral matter from 
intract.able substances. The very presence of soluble materials in 
soils show~ that they have been produced; and the beneficial effects of 
bare-fallowing prove that the process need not require centuries or 
even decades, but may be made to occur during a single season. 

Soil Analysis.-Every textbook gives analyses of soils, and it seems 
unnl'cessary to take up space by tabular statements, which, after 
all, have but little to do with fertility. There can be no doubt that 
a soil may be rich according to analysis, and unproductive in practice, 
and tho reverse is equally true. Analyses are more likely to show 
why a soil is barren than why it is productive, and may also account 
for extraordinary richness. It may reveal the presence of proto-salts 
of iron, of acidity, of an excess of soda, or of injurious materials. 
Fertility depends upon such a large number of circumstances, above, 
below, around, and in the soil, that a mere chemical analysis is 
insufficient. It is, in fact, only one out of a hundred conditions of 
fertility, and in order to be of much use should be carried beyond 
a mere statement of contents. We therefore refer our readers to 
books and encyclopoodias, readily accessible, and pass on to the con
sideration of the constitution of the soil. 

The Constitution of the Soil.-But little is at present known of 
the constitution of the soil. It is the very earth we tread on ; and 
yet the cause of its fertility and its relations towards growing plants 
are very imperfectly understood. It is of indefinite depth, and 
therefore of volume, and its construction is affected by the prevalence 
of clay, sand, lime, mineral fragments, and organic matter, each of 
which may stamp it with a special character. The clayey character 
may become obscured under the influence of organic matter, or 
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by the co-mingling of coarser mineral matter with the colloidal 
substance which is the actual clay. The sand graduates into fine silt. 
which may be described as mud, and the lime may exist in many 
forms besides that of carbonate. 

The organic matter is even more complicated, for it it found in 
the rock:! from which the bulk o~ the soil was derived, and in this 
respect may--be said to be as old as the soils themselves. It al.o 
exists as .. humus" or brown peaty or turf-like matter, often of acid 
reaction, in a more or less decaying condition, but on the whole fairly 
stable in its condition. Organic matter is constantly being recruited 
from growing vegetation, and is therefore present in all soils, aa 
root fibres, leaves, and straw, all of which are pas8in~ into mould. 
These remains of previous life are the theatre of bactenal action, and 
it i~ fron' them that nitric acid is evolved for practically unlimited 
periods of time. Farm-yard manure is only another form of organi(' 
matter, and as long as it or its equivalents are supplied in sufficient 
quantity, and crop residues continue to be left, the supply can 
never fail. 

Organic matter, however, accumulates most rapidly in unbroken-up 
land, ami disappears under cultivation. On this point much streslI 
is laicl by Dr. Russell in his recent work on soil conditions and plant 
growth. At p. 81 he writes: .. There is no reason to suppose that 
the amount of nitrogen in a prairie soil alters perceptibly from year 
to year so long as the land is untouched. But directly ploughing 
and cultivating operations begin, great losses of nitrogen set in. • . . 
The exhaustion of the Boil is therefore not due to the rem01lal of th, 
crop, but to cultivation." This loss of nitrogen is aimultaneoua 
with a di1llinution of organic matter, for arable land is alwaya poorer 
in organic matter than pastures, and the loss of nitrogen leems to· 
be due to the escape of free nitrogen. The conditions neceMsary for 
this evolution of nitrogen gas appear to be the free admission of air 
and the presence of.large quantities of easily decomposable organic 
matter. According to this view the loss of nitrogen is not by an, 
means all due to the removal of crops, but largely to the exhalation 
of free nitrogen under the influence of cultivation, and application. 
of farm-yard manure. Neither does it appear to be the same a~ 
denitrification, but rather an exhalation of free nitrogen which haa 
not reached thc nitrate stage. The action takes place under tillage, 
and in contact with freshly added masses of organic matter, whereas 
denitrification seems to occur in waterlogged soils from which air 
is excluded. The nitrogenous matter. in Boils may therefore lose its 
vital constituent through cultivation and manuring, and also by the 
denitrification of nitrates in waterlogged soils. 

The Colloids in Clay.-The constitution of a soil ia controlled by 
the presence of .. compound particles" produced by the soil colloids 
and tha calcium carbonate j and of these compound particles little 
is known. If the mineral particles such as clay, fine silt, sand, etc., 
are regarded as ultimate particles, they are largely bound together as 
compound particles, and how far these are modified by this union we 
cannot say. " How the colloids are arranged in the soil is not known, 
but the simplest view, and one in accordance with aU the facts, is that 
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the mineral particles, especially the fine silicate particles, are coated 
with a colloidal complex, containing silica, alumina, ferric oxide, 
alkaline bases, and phosphoric acid derived from the weathering of 
the rock material, and the so-called humus. These various compounds 
arc not in true chemical combination, but in a state of absorption or 
solid solution" (Russell). They appear to be decomposable by changes 
in t('mperature, and to interact with various solutions such as dye 
stuffs, sewage, and manures ; either by absorbing them as a whole, 
or simply giving up to the solution an amount of base, equivalent to 
what has been absorbed. This is at least one of tho most modern 
views, although it is not the only one. It is in advance of the older 
theory or double-silicates, weich is too cut and dry to fit in with 
the results of modern research. The existence of these compound 
particles also" puts out of question any complete quantitative inter
pr&tatior. of a mechanical analysis". 

The constitution of the soil is therefore an extremely complicated 
problem very difficult to solve, and when we take into account the 
endles~ variety and condition of soils it is almost hopeless. The 
subject is by no means easy to follow, but an attempt has been madE" 
in the above remarks to present to readers the main points of the 
question. 

Life within the Soil.-When we consider the extreme antiquity, 
the complex character, the perpetual renovation, the constant evolution 
of gaseous matter, and the additions of vegetable matter from growing 
plants which are all illustrated in every fertile soil, no one can fail 
to be struck with wonder and admiration. The soil is a graveyard in 
the widest sense, and yet it is the very mainspring of new life. 
1f any object can demonstrate the possibility of resurrection, it 
is the soil upon which we walk. Equally wonderful is it that 
it is not an inert mass, but the scene of endless prilparations and 
changes, not only brought about by chemical action but by living 
organisms. We are familiar with the fact that certain animals live 
in the soil, of which the mole is perhaps the best example. The mole 
is a tillel of the ground, but in this respect he is excelled by the 
earthworm, which is responsible for the presence of vegetable mould 
in pastures. 

It was, however, reserved for the present generation to discover 
tho teeming populations of minute organisms in the soil, beyond the 
range of the most powerful lenses. The vista extends to limits 

. which defy even imagination, until biologists speculate as to whether 
more slime is not composed of living atoms, too minute to be brought 
within the field of microscopic observatioB. Be this as it may, every 
fertile soil is inhabited by organisms, which far exCeed the human 
or animal populations of the entire globe. Thousands of millions are 
as nothing, for a single ounce of soil is estimate:! to contain from 10(\ 
to 300 millions of bacteria alone, and in order to arrive at their 
number in an acre of land, those enormous numbers would require 
first to bE' multiplied by 16, and then by the number of pounds per 
acre of soil 9 inches in depth, which we have seen is from 2! to. 3 
million pounds. But bacteria are only one order of the army of 
micro-organisms. . There are protozoa, of which over two dozen sorts 
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.have already been under investigation. Many of these protozoa, 
although minute to us, are a thousand times the 8ize of the bacteria 
upon which they prey. There are possibly larger, but ltill minute, 
-organism~; and the inquiry reveals II 8tate of war within the Boil ; 
and rivalries which disturb the balance of power in that domain, &8 

much as do rival nations in the world above. There are useful 
bacteria, engaged in the work of nitrification, and protozoa which prey 
upon them, or invest particles of organic matter and keep them 
·off. Thero may be even more formidable protozoic enemies, of lucb 
-comparative size as a mouse with a cat, or a cat witb a tiger. So 
minute are these forms of life that many of them cannot be examined 
.microscopically, but just as physicists.find methoda for measuring 
the dimensions and speeds of atoms or corpuscle8 of matter, 80 

:biologists are able to estimate life in the 80il. When an anti8eptie 
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. sterilizes a s~il, and thereby arrests certain processes and changes, 

.such as the change of organic matter into ammonia, or ammonia into 
nitrates, it is now assumed that these changes are due to micro
·org9.nisms. Antiseptics are used as the test, but they are also used 
for the destruction of injurious organisms and the encouragement 
·of beneficial ones. 

Bacteria (Fig. 4), moulds (Fig. Ii), fungi, and algoo are all 
. vegetable, and are spoken of as "flora ':, while protozoa are low 
forms of animal life and are described as .. fauna". .. It would bP 
.a mistake, however, to suppose that they are all there for the purpose 
of making food for our benefit. On the contrary, they are living 
-their own lives, just as are the animals in an uninhabited country. 
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Some of them, it is true, are useful to us, others are not. Some 
actually destroy the plant food that has already been made, while 
otherd are injurious to the useful food-making organisms. Indeed, 
the top 6 inches of soil might almost be called a separate world, so 
vast is the number and variety of its inhabitants, and if a man could 
introduce himself into it and see what was going on, he would have 
such a talc to tell as would put to shame our most imaginative 
writers of romance." 

Tills remarkable passage brings prominently before us a phase in 
the constitution of soils of which the early agricultural chemists never 
dreamt. Taken in connexion with the complex structure and fund ions 

SPERGILLUS 

FlO. G.-Forms 01 Moulds. 

of tho soil, previously explained, it opens up a new realm of investiga
tion. These microscopic creatures require air (oxygen), water, 
warmth, and. food, and when deprived of these necessaries they either 
ceasu to exist or become paralysed. They, however, ex:st as spores 
(Fig. 6) as well as in a mature state, and although the latter may 
be killed in myriads no process has succeeded in killing the former. 
There are certain substances and conditions which destroy micro
organisms, among which may be mentioned carbon disulphide, toluole, 
chloroform, and certain volatile antiseptics, or a temperature 
of over 212' F. It was, however, observed by Hillner and 
Stiirme:o that the effect of carbon disulphide was, first to decrease, 
and then to increase the number of bacteria in soils, and that in 
a remarkablo dogree. The first decrease in fertility was no doubt 

c 
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due to sterilization, which means the death of useful bacteria. The 
destruction was not, however, complete, for many Bporea were 
uninjured. In the sterilized soil all the protozoa, with the exception 
of one small species, were killed, cysts and all. As already explained. 
the protozoa belong to the animal kingdom, and are detrimental to 
the useful bacteria. The effect of their more or le88 complew 
destruction was to leave the bacteria (through their spores) in 
pos&ession of the field, and this was followed by a rapid increase in 
th.Jir numbers. and an increased degree of fertility in the soil. 

Th~se remarkable results throw much light upon the wonderful 
nature oj' the soil, but they have also important practical bearings. 
Especially do they give a new meaning to the action of heat, whether 
from the sun, or applied to the soil in the operation of clay burning, 
paring and burning, or stifle-burning. They also explain the benefit 
which follows the burning of furze. grass, and other herbage, which 
is not entirely due to the sprinkling of ashes over the BUrface, but to 
the destruction of protozoa and the subsequent increase of useful 
bacteria. Tropical sunshine has a similar effect to applied heat, 
and it is no~ improbable. but extremely likely, that a hot Bummer. 
such as occurred in 1911, may be highly beneficial to land even in 
our latitude. The degree of heat concentrated upon a equare yard 
of fallo¥ during a long summer day is almost unbearable, and the 
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FlCl. 6.-.d. chain of bacilli with .pore In each cell: B; cell. of renna CIootr/djum 
w~th apores; C. germination of lporee. 

effect upon the protozoa in the first 6 inches of 1I0il may be Sf 
detriu:ental to them as the action of antiseptie&-for the complex 
rays of sunlight are antiseptic, although leaB powerful than 
ROntgen rays. 

Physical Properties of Soils.-Schiibler laid the foundation of 
this section of agronomy in 1888, by an exhaustive investigation 
into the physical properties of sand, clay, lime, and vegetable matter. 
He compared typical examples of each of these proximate constituents 
with regard to their capability of holding moisture and retaining heat, 
their absorptive powers, especially as to water; rate of cooling, 
expansion, and contraction. These reae&l"ches have been followed 
up by much more elaborate inquiries, some of which have been 
touched upon in the preceding pages. 

The .. complex compound particles If, which ate an aggregation 
of varioUl! substances rather than of definite chemical substance
coated with organic matter, and containing the principal salts, partly 
in a liquid and partly in a state of loose combination_ppear to have 
taken the place of the definite double silicate of the older writers &8 

a source of fertility. The soil water, or extract, is a different matter, 
and the writer presumes that the action of dilute citric and other 
acid3 is to detach plant food from the complex particles in the same 
manner in which the roots disengage them. The soil water may have 
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done so to a limited extent, but also holds the soluble part of manures 
and re('ont dressings. In natural soils there is but little difference 
between them as to the nature of the watery filtrates obtained; and 
we seem driven back upon the complex particles which permanently 
hold fertilizing matter, for ascertaining the measure of fertility. 
Unfortunately as yet little is known about them, although treatment 
witll acids and alkalies break them up. On this point Dr. Russell 
writes: "The properties of a soil are not the sum of the properties 
of the separatd fractions-clay, fine silt, etc." He adds: "It is 
unfortunate that so little is known about the compound particles, 
be!'ause they play a great part in determining the relations between 
soil and plant growth. They can be disintegrated by various methods 
of cultivation, such as ploughing the soil when wet, or by allowing 
the stock of calcium carbonate (lime) to fall too low, and when this 
happeno the 'clay' properties become emphasized, so that tho soil 
loses its crumbly state, and is very apt to become sticky when wet, 
and to dry into a hard cake through which young plants can only 
force their way with difficulty." This, however, is what every farmer 
knows, and he gains little by the study of complex particles which 
to some degree are assumed to exist, but about which we know little, 
even as t) their size. 

The result of the discussion and investigation so far appears to 
be that the soil compound particles play a highly important part in 
determining fertility, a conclusion which is self-evident, even before 
the investigation is begun. Besides, it may be observed tIlat as 
ordinary processes of tillage are stated to break-up or assist in the 
formatior of such compound particles, the best method of treating 
a soil will not be based on such investigations, but upon practice 
as already carried out. The extreme refinement of the methods of 
investigation followed seem unlikely to lead to immediate practical 
results; but in the meantime the methods employed by good 
farmers are freely cited by investigators, partly in explanatiou, and 
also in commendation, as illustrations of how the soil ought to be 
treated. 

The physical properties of soil have always been the basis of 
classification to agriculturists. It is in accordance with these physical 
propertieH that they are ranged as stiff, light, cold, warm, gravelly, 
sandy, 01' peaty. The absorption and retention of water are physical 
properties, and most agricultural operations are based on the improve
ment of the physical condition. They are always looked upon as 
of equal importance with the chemical or analytical aspe~t; and 
efficient drainage has most properly been regarded as of prime 
importance. It is only of late years that agricultural chemists 
havo realized tile importance of the water economy of soils, but now 
they seen~ inclined to attribute almost every tiling to it. The old 
chemical analyses of soils are discarded, thereby justifying farmers 
for their small interest in them in times past ; and more stress is now 
laid on "complex particles" which can neither be measured nor 
valued, except by crop results. 

We hav,," progressed in knowledge without coming to any positive 
conclusions. except that bad cultivation is a bad thing, but tile reasonll 
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are couched in almost unintelligible language. .. Clay is an electro
negative colloid, its reaction probably being conditioned by a trlloce 
of potash liberated by hydrolysis. It shows the general propertiell of 
electro-negative colloids, as elucidated by Schulze and lIardy; thus 
it is flocculated only by a solution containing ions or particles of 
opposite electric sign, and the extent of flocculation increases rapidly 
with the valency and concentration of the ion." This i. somewhat 
strong meat for agriculturists, and bears out the impression that 
"the subject is now in rather a confused state" and a little outside 
the interests of agriculturists. . 

Distribution of Soils.-So far a9 distribution is concernell soils 
are found in every part of the world, except where bare rocks form 
the surface; that is, if sea-sand or sandy deserts can be callell BOils. 
To this there seems no objection, as even Sahara is fertile when water 
is present, and the barrenness of many soils is as much due to 
climate as to composition. BarrenneBS may, in fact, be regarded as 
the extreme left of a series, in which great fertility constitutes the 
extreme right. There are, however, many other factors than barren
ness and fertility, and these are closely related with geology. The 
rocks which compose the crust of the earth are chiefly calcareous, 
argillaceous, and arenaceous ; existing as chalks, limestones, marbles, 
clays, marls, sandstones; slates, conglomerates, granites, green 
stone, etc., all of which yield soils of more or leBB distinct character. 
A geological classification was therefore early attempted, and there can 
be no doubt that the character of the rocks are reflected in the soil. 
derived from them. Soils, as already remarkell, are by no mean. 
always in situ with regard to the block geology of the country, and 
surface maps are much more complicated than the main geological 
features. They are, in fact, extremely puzzling, BO that anost farmers 
are content to describe soils in their own language; while at the same 
time such distinct varieties as the Upper Chalk, the London, 
Kimmeridge, Oxford, or Lias Clays, are recognized. 

It is not thought necessary to follow all the series of rocks which 
successively crop out to the surface from the South-East to the 
North:"West of England. They are extremely interesting, and in 
many cases very distinct. They are markell by well-defined features. 
from the cliffs of Dover and the downs of Kent and SUBSelIt, to the 
mountains of Wales and Westmorland. From London the traveller 
passes through the rampart of chalk hills which surrounds the capital, 
over the extensive deposits of the Upper. Middle, and Lower Oolites, 
the. Lias Clays, the New Red Sandstone, the Coal-measures. the 
Mountain Limestone, to the Wenlock and \Velsh Mountains. and the 
cliffs which overhang St. George's Channel. Plains and escarpments 
mark tho boundaries of successive formations, ,and alterations in 
cultivatiol! and live stock accompany these changes. The "ubject ill 
indeed fascinating, and the only reason it is not fully described in 
these pages iii want of space. 

It must, however, be confessed that all attempts to claS8ify BOils 
upon a geological basis have failed. The writer once undertook to 
construct mixtures of graBS seeds on a geological principle. but the 
exceptions were too numerous, and the changes in BOil too great 
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(owing to surface interruptions) to render the scheme practical. Soils 
are often formed of. drifted matter from a distance; of eruptions of 
lava .at a remote per!od ; of peat, ~nd of alluvial deposits by the sides 
of rivers, or followmg old coastlInes. In all such cases the main 
geological features are masked, and surface maps become necessary. 
Mr. A. D. Hall of the Development Commission has done excellent 
work in this direction, and its extension over the whole of Eu"'land 
would be a proper object for expenditure of public money. "Such 
maps should carry figures showing elevation above the sea, local 
r!linfall, average size of farms and rents, population per square mile, 
hve stock per 1,000 acres, average yields of wheat, barley, and oats, 
and other data for measuring fertility. 

Slight Sketch of the Principal Formations.-Notwithstaniling 
constant interruptions, the principal formations present well-marked 
characters where they actually constitute the surface. The student 
is, however, often inclined to expect too much, and to generaLize 
from the name of a particular formation. Further study shows that 
the Weald Clay is interspersed with beds of Hastings Sand, which 
falsify first impressions; and the London Clay, which is properly 
described as of tenacious character and bluish-grey colour, is often 
covered with Bagshot and Thanet Sands, which occupy extensive 
tracts in Surrey and the New Forest in Hampshire. Many similar 

FIG. 7.-Geological Section from Hertford to Bridgwa.ter. 

cases might be given, showing that a minute knowledge of all the 
strata is necessary before judgment-can be formed as to the geological 
relations of a locality (e.g. Hertford to Bridgwater, Fig. 7). 

As the "geological staircase" commences with the most recent 
formations and descends to the most ancient, we naturally find what 
are termed "recent" formations placed first. The term .. recent" in 
a geological sense may be remote from historical times, but may al~o 
include soils of modern origin, or even now in course of formation. 
Recent soils are not confined to any particular part of the ceuutry, 
but their greatest d~velopment occurs in the. Eastern Counties, wh.ere 
they form the allUVial tract of Holderness m South-East Yorkshire, 
North Lincolnshire (Grimsby), and the fens and marshes of Cam
brid ... eshire South Lincolnshire, Huntingdon, and several other 
coun"ties. Similar tracts occur in Somerset and Lancashire, anu in 
a less de ... ree follow the course of all rivers and. estuaries. 

The London and Plastic Clays are closely contiguous, and occupy 
two important areas in which London and Southampton are the 
most important centres. From London this clay extends almost to 
Marlborough in Wiltshire, which may be taken as the apex of a vast 
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triangle, extending northward to the Suffolk coast and Bouthward to 
Thanet in Kent. North of Southampton another development extends 
to Salisbury. which is the apex of a triangle in which the base i, the 
coastline from Bognor to Weymouth, including the New Forest. 

The Chalk formation finds its most northern limit at Flamborough 
Head on the Yorkshire coast, and extends inland as the Yorkshire 
Wolds. It then crosses under the bed of the Humber and appears 
as the Wolds of Lincolnshire. It rises again on the louth of the 
Wash as the Chalk downs of Norfolk, Suffolk, and Essex, and once 
more south of the Thames estuary as the downs of Kent, Sussex, 
and Surrey. It enters Hampshire and Wiltshire as high-lying downA, 
and finds its western limit in Dorsetshire. Salisbury Plain is the 
central plateau of the Chalk, and thence it sends out arms to the 
south, east. and north, covering a portion of no fewer than sixteen 
counties. 

There is a great similarity in the soils of the Chalk wherever met 
with, as well as in the character of the farming. The Upper Chalk 
abounds in flint stones, is undulating, and traversed by numerous 
valleys of denudation, often devoted to irrigation. The farm. are 
large, and the land is light, grateful, and well adapted for sheep
folding. Every Chalk county at one time boasted its own breed 
of Down sheep, so that Essex, Kentish, Sussex, Hampshire, Wiltshire, 
Dorset, Oxford, Berkshire, and Suffolk Downs were familiar names 
to every sheep-farmer. The number of these breeds has diminished, 
but only because they have become merged in three or four loading 
races. 

The Lower Chalk occupies the northern and western flanks of the 
downs, but on account of the sinuous course of the formation may 
occur in opposite directions. The soils are stiffer and richer than 
those of the Upper Chalk, and are free from flints. They form fine 
fertile tracta around Ludgershall and Warminster and at Didcot. 
They ara bounded along most of their margins by the Upper Green
sand, which may be seen marked green on all geological maps, 
following its outcrop from under the Chalk. It forms Boils of 
exceptional fertility in combination with the Chalk marls. It produces 
hops at Farnham and in Kent, and is the basis of market gardens at 
numerous points. It offers a striking contrast to the Lower Green
sand, which develops into wide and barren heaths in Kent, Surrey, 
Sussex, and Devon. 

Separating the Upper and Lower Greensands is the Gault Clay, of 
blue impervious character. It is found at Sevenoakit in Kent, and 
in Cambridgeshire and Huntingdonshire, etc. 

The most characteristic formation in the Lower Cretaceous system 
is the Weald of Surrey, Sussex, and Kent. It lies between the North 
and the South Downs, and forms a beautifully wooded tract, 
diversified by pastures and arable land. The sands of Folkestone, 
Sandgate, Hythe, and Hastings, above and below the true Weald Clay, 
produce light soils; while the clay itself is fine-grained and difficnlt 
to manage. This is the native county of the Sussex breed of cattle, 
and offera a good example of the influence of main geological features 
upon agriculture. 
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The Ooli~ is an enormous system composed of limestone rocks 
alternated Wlth deep beds of clay. It cannot be described as a whole 
and is best indicated by a schedule showing its main division. It 
finds ita northern limits on the Yorkshire coast, north of }'lamborough 
Head, and south of Saltburn, where the New Red Sandstone takes 
i~ place &:t Huncliff. ~t e;ctends through Yorkshire (Cleveland Hills), 
~lDc?lnsh!J."c (heath distrlct a.nd clays), Northamptonshire (grazing 
dlstrlCts), Bucks, Oxfordshlre (Oxford Clay), Gloucestershire 
(Cotswold Hills), North Wilts, Somerset, and Dorset, where it reaches 
the coast. The character of the soils corresponds with the nature of 
the various rocks, as the following- list of the principal parts of the 
system indicates ;-

{

PUl'beCk Beds (Isle of Purbeck in Dorset; light 
soils). _ 

UPPER OOLITE Portland Stone (famous for quarries; light soils). 
Kimmeridge Clay (forming excellent pasture; heavy 

land). 

MIDDLE OOLITE Oxford Clay (much poor clay pasture). 
{

Coral Rag (light land). 

Kelloway Rocks (light land). 
Cornbrash (yielding a free-working and fertile soil). 
Forest Marble (heavier soils of moderate fertility). 
Great· Oolite (limestone soils of moderate fertility). 
Stonesfield Slate (supplying characteristic but beavy 

LOWER OOLITE roofing). 
Fuller's Earth Clay (a fine-grained clay and impor

tant water bed). 
Inferior Oolite (Cleveland Hills and higher portions 

of the Cotswold Hills; unproductive). 

The Kimmeridge and Oxford Clays form tracts of variable fertility, 
in which the Kimmeridge Clay is the more productive, and it will be 
seen that the entire Oolite formation is divided between clays of 
great depth, and thick bands of limestone, which yield soils of lighter 
character. This is well seen in the alternation between Portland Stone 
anrl Kimmeridge Clay; Oxford Clay, lying between the Coral Rag 
and tha Kelloway Rocks; Forest Marble, between Cornbrash and Great 
Oolite; and Fuller's Earth, between Great and Inferior Oolites. 

The Lias formation rises to the surface upon the north and west 
of the Oolites, and has sometimes been included in that system. In 
many cases the deep valleys of the Inferior Oolite cut down into the 
Lias, and in this way highly picturesque scenery is produced in 
Warwickshire and the neighbouring counties. The Lias is also divided 
into Upper, Middle, and Lower, but the main agricultural feature is 
its clayey character. It has been said to be the last extensive and 
continuous clay, but this is of course inaccurate, although it may be 
accepted in a qualified sense. The Lias Clay traverses England from 
north-east to south-west. It forms the clay lands of Cleveland in 
Yorkshire, passes Thirsk, Notts, Burton, and Newark; forms the 
Leicestershire grazing districts, passes Rugby, and forms part of South 
Warwickshire and most of W orcestershire; the rich district around 
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Ev~sham and Tewkesbury to the Severn; and reappears as rich land 
in Somersetahire. The Vales of Gloucester, Evesham, and Berkeley 
rest upon it, and it forms dairy districts in all these counties. As in 
all formations, the soils of the Lias vary so that it is ulldafe to 
predict the nature of the land on geological grounds. 

The New Red Sandstone or Trias succeeds the Lias in a northern 
and westerly direction, appearing first, as already mentioned, at 
Huncliff (Redcar), Saltburn, and underlying good land in North York
shire. Another development occurs around Carlisle, although separated 
from the main formation. The River Tees flows over its red rocks, and 
on the Yorkshire side has produced a fertile district. The Vale of 
York is a continuation, but is of varied character, sometimes clayey 
and sometimes blowing sand, as at Heckington. It is marked with 
peaty and alluvial deposits at Howden and around Selby; yields 
light loams in West Notts, and forms the garden of Derbyshire Bouth 
of the Peak District. It yields soils of high fertility in West Leicester
shire and Warwickshire, and excellent land in Worcestershire, Salop, 
Cheshire, and West Lancashire. It is either the site of or abuts upon 
the coal-fields of Durham, Yorkshire, Lancashire, and the Midlands, 
and is interrupted in its agricultural character by the Potteries of 
Staffordshire and the .. black countries" devoted to coal-mining and 
manufacture. .:rhe soils of the New Red Sandstone are red in 
character, and vary from light soils to marls. 

Th~ Permian or Magnesian Limestone occupies the coast between 
Sunderland and Shields, and forms a traot of low hills in the county 
of Durham, notably around Aycliffe and Ferryhill, where there are 
many lime-kilns. It forms low hills at Pontefract and Wetherby, 
and the formation then narrows and passes southwards through York
shire, ending at Nottingham. It occurs nowhere else in Britain, and 
is our ollly example of dolomite or pale-yellow magnesian limestone. 
It is considered too hot in its nature for application to land, but ill 
in high esteem for smelting iron and for plastering. It is also UBed 
in the manufacture of steel and appears in basic cinder. 

The Coal-measures come next in order, and consist of alternate 
beds of indurated bluish-black clay (coal shale) and siliceoll8 sand
stone (Millstone Grit and Post), and the soils are often of inferior 
agricultural quality. The Coal-measures abound in large towns such 
as Newcastle, Durham, Sheffield, Birmingham, Wolverhampton, 
Bristol, Manchester, Liverpool, and many others. 

The Millstone Grit fills up the space between the Yorkshire and 
Lancashire coal-fields, and covers a considerable tract in Yorkshire, 
Durham, and Lancashire. It forms another tract in Central and 
North-West Derbyshire, funs into Cheshire, and touches the North 
Staffordshire coal-fields. It also occurs in Cornwall and Devon. It 
often forms uncultivated tracts of high-lying and rolling country 
(fells), much of which is under,larch and Scotch fir. When cultivated, 
theRe soils yield free-working land, of somewhat coarse sandy texture, 
with fragments of felspar interspersed throughout the mass. 

The Mountain or Blue Limestone rises from below the Coal
measures to the west and north, and forms the greater part of 
Northumberland, a considerable portion of West Durham, Yorkshire, 
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and Derbyshire. It extends towards Allenheads and forms an 
enormou~ tract of sheepwalk extending from Northumberland, through 
the moors of Durham, Yorkshire, and Lancashire, into Derbyshire 
Peak District. Much of the land is unfenced, and it used to be said 
that a black-faced sheep might travel right through these moors from 
Northumberland to Derbyshire. 

Below the Mountain Limestone is the Old Red Sandstone, which 
appears in the Lowlands of Scotland, notably as the rich red potato 
soils ot East Lothian. It is essentially a northern and western 
formation, occurring as far north as Inverness, where wheat may yet 
be grown. It occurs in various parts of Scotland, and reappears in 
England as fruitful land in Hereford, where hop-yards are found. 
It is also found in Devon, Cornwall, and Monmouth. The soil is 
considered to be particularly rich, but this is only true of the middle 
strata, containing cornstones, maris, and limestones. The upper and 
lower portions are composed of red and yellow sandstones, con
glomerates, slates, and tilestones, and the lower series are mostly of 
flagstones, tilestones, limestones, and conglomerates. These are not 
fertile, and often rise to high elevations, as at May Hill in Hereford
shire. They also compose much barren and unreclaimed land in the 
Nortll ox Scotland. The soils of the Middle Devonian are, however, 
often extremely rich, and sometimes command rents of £5 per acre. 

'l'he remaining formations lie outside agricultural England and 
Scotland. They are the Silurian, Cambrian, and Laurentian Systems, 
which form the mountains 'of Wales, the Lake District of England, 
and tha Highlands of Scotland. 

The above is a very slight description, but is meant to be suggestive 
rather than exhaustive. It will be seen that some formations produce 
rich, and others poor soils; some heavy clays, and others light arable 
land, adapted for wint~r folding with sheep. If a line be drawn from 
Berwick-on-Tweed to the Isle of Wight, most of the arable land of 
the country will be found on its eastern side, while west of it will 
be found the principal manufacturing· centres and coal-mines. The 
west country is also more devoted to grazing than to corn-growing, 
and becomes mountainous and rugged. The east coast is low, flat, 
and rounded in outline, while the west coast is precipitous and rugged. 
In the North of England, where the cliffs of the Mountain Limestone 
abut UPOll the North Sea, the scenery is similar to that of the west 
coast. 

The relations between the block geology of the country and 
a<>riculture. as already stated, are not always reliable. The" Great 
Northern Drift" covers many districts which might otherwise have 
been composed of rich New Red Sandstone soils. This is w:ell seen on 
the north side of the Tees in the county of Durham. Rivers often 
form alluvial tracts on either side of their course, and there are also 
extensive tracts of alluvial soil which have been reclaimed from the 
sea on both the east and west side of the country. 

Peat also is liable to interfere with main geological features, and, 
as previously insisted upon, there is a Ilreat .need of s~rface maps .. 

Classification of Soils. - The clasSlficahon of solis necessarlly 
depends upon the predominance of clay, sand, lime, an.d vegetable 
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matter, which either stamp them as belonging to one or other of these 
four divisions or as being of mixed character partaking of the nature 
of all. Thu latter are loams, which are again divided into eandy, clay, 
calcareous. or vegetable loams. 

Schubler followed the system adopted by naturalists in dividing 
soils into classes, species, and varieties; but there is an evident 
want of that close similarity which exists among plants and animall or 
even minerals of the same kind. Any cllL~8ification of loila mUit 
therefore be held loosely. The individual character of each 80il almost 
makes it a species in itself, and everyone who has managed land 
knows that soils vary every few yards. A classification upon an 
allegorical principle finds currency among farmers, and it is curious 
to notice how certain classes of soils fit in with human characteristic •. 
Thus soils are often correctly described as grateful, free, tenacious. 
sour, stiff, kind, tempery, weak, strong, hungry, fat, thin, exhausted. 
rich, and poor. It is doubtful if any better description could' be 
given than by a selection or combination of some of these expressions. 
Thus any farmer would understand what is meant by a poor, weak, 
hungry soil, and appreciate the difference between it and a strong. 
rich, and fat soil. These allegorical descriptions are all based upon 
the varying proportions of the materials which compose soils. and in 
order to be precise a brief outline may be given of Schubler', 
classification. . 

(1) The argillaceous or clay group always contains above 60 per 
cent of "clay 1f.1 This Schubler divided into clays without 
lime, and clays with from '6 to 6 per cent of lime. and the8e 
again into poor, intermediate, and rich. Hence there are 
at least six sorts of argillaceous soils. 

(2) Loamy soils containing from 30 to 60 per cent of clay, and these 
again are divided into loams containing from '6 to 6 per cent 
of lime, which were again classed as poor, intermediate, and 
rich. 

(3) Sandy soils containing from 20 to 30 per cent of clay, and, 
again, with from '5 to 6 per cent of lime. These also were 
divided into poor, intermediate, and rich. 

(4) Loamy sands, containing 10 to 20 per cent of clay. 
(5) Sandy soils, containing under 10 per cent of clay. 
(6) Marly soils, comprising all soils containing above 6 but under 

20 per cent of lime. Marls are described either as argil
laceous, loamy, or vegetable, according to the proportions of 
clay, sand, or vegetable matter they contain. . 

(7) Calcareous soils containing over 20 per cent of lime. 
(8) Vegetable soils, or those containing over 5 per cent of vegetable 

matter. 
These are the eight notes of Schubler's gamut, evidently capable 

of producing any number of variations. It must, however, be pro
nounced impracticable, although useful as an indication of the 
principal groups into which soils may be divided. Schubler's criterion 
as to tho three degrees of fertility was, that a poor soil contained 

1 The word .. clay" is unfortunate. as ic represents a crude na'ive material con&ainiq 
silt and line ... nd ratber tban tbe colloid Bobatance wbicb binda tbem together. 



ORIGIN, COMPOSITION, AND DISTRIBUTION OF SOILS. 27 

from 0 to '5 per cent of vegetable matter, an intermediate soil from 
'5 to 1'5, and a rich soil from 1'5 to 5 per cent of the same. Any 
excess of humus over 5 per cent transferred a soil into the class of 
vegetable soils. 

The Subsoil.-N 0 classification of soils is of use unless it takes the 
subsoil into account, for it is evident that a clay resting on sand o.r 
gravel, or a sand resting on clay, are very different from a clay resting 
on clay, or a ~and of open character resting on a subsoil of similar 
open character. The water economy is also of such vast importance 
that no soil can be described as poor, intermediate, or rich, until·its 
relations to water are fully known. Hence the classification of soils 
is a highly complicated subject from which little light can be gained, 
except as regards the particular soil under examination. 

Any system must be on broad lines, and the main divisions of 
Argillaceous, Arenaceous, Calcareous, and Vegetable will remain as 
the basis upon which any useful classification must rest. 



CHAPTER II. 

AIR AND WATER. 

THE dependence of vegetable life upon the atmosphere i. liable 
to be overlooked by farmers in their close attention to the soil. 
Every farmer, however, thoroughly appreciates the importance of 
the weather, or of meteorological conditions; and this alone causes
him to look upwards as well as downwards. The atmosphere extendll 
to an unknown distance from the earth. It is 8ubject to the law 
of gravity. and exerts a pressure of Hi lb. on every &quare inch 
of th~ earth's surface, diminishing with the altitude, until it 
either disappears entirely, or may be sufficient to preserve a Burface 
and thu~ make an aerial ocean. 

The air is a mechanical mixture of oxygen and nitrogen in the 
proportion of 20"65 to 77"11, the remainder being made up by carbon 
dioxide "03, argon '79, watery vapour, variable, and traces of hydrogen, 
ammonia, nitric acid, and several less-known and recently discovered 
gases, all moving freely within its wide limits. Whether any 
part of our atmosphere escapes into space is a matter of speculation, 
but the moon has lost hers, and it is probable that there may 
be some lOSt! of ours during long ages of time. The air perfonnll 
many functions besides supplying breath to animals and food to 
plants. Actually, the whole of the tissues and structures of planta 
are derived from it, except the small residue known as ash. This 
may not be quite true of the whole of the nitrogen and carbon, for 
nitrogen is supplied by the soil, and carbon is absorbed by roots in 
the form of carbonates and carbon dioxide. This nitrogen is, however, 
derived from organic matter, and was probably originally derived 
from the air. Nitrogen occurs in sea-water, in beds of sodium and 
potassium nitrates, in drainage and soil-water, but generally seems 
to have had an organic origin; and, if 80, we may hold that originally 
it came from the air, and it certainly returns to it in the processes of 
combustion. The ash then alone represents materials derived from 
the earth, but this view does not detract from the importance of 
adding nitrogenous manures to the soil. 

Before dealing with air as a source of plant food, it may be well 
to briefly consider its uses in other capacities. First, it is the air 
which makes rain possible, but gaseous water, or vapour, is as 
necessary as actual rain. Evaporation proceeds most "rapidly in hot. 
air, and, conversely, moisture is deposited as dew from cooling air. 
The amount of moisture in the air depends upon its temperature: 
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thus, at 32° F. the air holds nll" of its weight of water, at 59' F. it 
holds n, and at 86° F. n of its weight. Conversely, as the tem
perature falls the watery vapour condenses, and is deposited on any 
cool surface. On a cold night, after a warm day, the patter of (lrops 
may be heard in woods, distilling from twigs and leaves. Rain is 
caused by condensation aided by electrical action. The watery vapour 
in the air is invisible, and incapable of damping or wetting any 
material, but when once the temperature falls it is converted into 
water. In the higher reaches of the air it forms cloud, and at the 
surface of the earth mists and fogs. 

Aqueous vapour checks radiation of heat from the earth at night, 
and moderates the heat of the sun during the day. Thus, on the 
Karroo in South Africa, where the air is dry, there is a great 
difference between the day and night temperature; whereas in 
Teneriffll, where the air is more humid, and where a blanket of cloud 
gathers round the peak in the evening, there is only a slight drop of 
temperature. 

There ii another function of watery vapour which is perhaps less 
generally known, namely, the enormous amount of sensible heat given 
out as it changes its physical state and becomes liquid. It is the 
precise converse to the amount of heat absorbed and rendered latent 
when it is vaporized. According to Dr. Huggard, every pound of 
water that is condensed from vapour liberates heat enough to raise 
the temperature of more than 58 lb. of lead to its melting-point; and 
the Rev. Dr. S. Haughton calculated that 1 gallon of rain-water 
give~ out during its condensation sufficient heat to melt 75 lb. of ice 
(Popular Science). The enormous scale on which condensation takes 
place (one inch of ra:n per acre represents 224,000 gallons or 100 tons 
of water) shows the immense amount of sens:ble heat which must 
be developed in the atmosphere during the condensation of aqueous 
vapour into rain. 

Not 'only does watery vapour regulate temperature in the ways 
already mentioned, but clouds act as screens to the earth, warding 
off the torrid heat of the sun, and also reflecting back the heat lost 
from the earth by radiation. Cloudy nights are warmer than clear 
nights for this reason. 

That the entire atmosphere fulfils a wonderful part in moderating 
the heat of the sun's rays is well known, and is indicated by the 
coolnes8 of the evenings in summer, which is simply due to the greater 
depth of atmosphere through which the heat rays must pass when 
the sun slopes to the west. Vertical rays at midday only pass through 
the actual depth of the air, but towards sunset they must travel 
obliquely through a much thicker layer. 

Carbon Dioxide (carbonic acid gas) exists in the atmosphere on an 
av£-rage in the proportion of ·04 per cent by ,"olume, or ruh-o-. 
Small as this proportion is it represents immeasurable quantities, 
sufficient for all growing trees and plants. It is the function of leaves 
to abstract carbonjc acid from the air as it p!HSeS over their broad 
surfaces, and to exhale oxygen while they retain the carbon. Apart 
from any small amounts derived from soil-water, and the interstitial 
atmosphere of soils, the carbon dioxide of the atmosphere is the only 
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source"of the carbonaceous matter in plants, as represented by starch, 
sugar, cellulose, timber, straw, etc. It is probable that at a remote 
geological period there was more carbon dioxide in the air than there 
is now, for untold billions of tons of coal and oil, mostly composed 
of carbon, lie stored up, all of which were abstracted from the air in 
the Carboniferous epoch. 

Summary.-The relations of the atmosphere to plant life are 
therefor" by no means simple. They are in some respects analogous 
to breathing in animals, but there is this important difference-that 
while breathing is an oxidizing process, in which carbon is converted 
into carbon dioxide, in plant life (at least under the inHuence of light) 
the reverse takes place. It has been shown, however, that the atmo
sphere is more than food, and is also in a sense clothing. It clothes 
the earth with a garment, protecting it from the glare of the lun at 
one time, and moderating the amount of radiation into space at. 
another. It also is the vehicle for evaporation; is the great regulator 
of climate, cooling the overheated air by converting water from tho 
liquid into the gaseous condition, and warming the cold air by the 
liberation of latent heat during the process of condensation. It! 
clouds act directly as moderators of extreme temperature, and rain 
itself must be regarded as part and parcel of atmospheric action. 

It id only through the atmosphere that rivera maintain their 
perennial How, that springs continue to bubble up, and that wella are 
supplied; and yet we can as yet exercise little control over these 
phenomena. On this ground these pages upon the atmosphere may 
seem unnecessary to the farmer, but on the other hand they have 
practical bearings, because climate does not depend only on latitude, 
but is aho controlled by a number of local factors, which are con
trollable. The air is as important as the soil, and climate varie. even 
upon the same farm, and is affected by many things which are capable 
of modification. Something might have been added npon the 
importance of mountains as the great condensers of atmospheric 
moisture, the sources of rivers, and regulators of climate, but we can 
at least say that without them the conditions of agriculture throughout 
the world would be very ditrerent from what they are now. 

Climate.-Climate is the result of a number of circumstances, 
among which the most general is latitude. The Equator is the only 
part of the earth's surface which does not alter in its inclination 
towards the sun. There the SUD rises and sets vertically, and appeara 
daily at the zenith. As we recede from the Equator either to the 
north or south, the obliquity becomes more and more apparent. The 
Polar axis may be compared to a bar passing through from the north 
to the south pole at right angles to the plain of the Equator. The 
earth being inclined, it is evident that at both Poles the inclination 
is at it.! greatest, and the consequence is that the rays of light and 
heat from the sun must pass through a deeper layer of atmosphere. 
In other words, the sun never reaches the actual zenith except at the 
Equator. In extreme latitudes at certain seasons the sun never sets, 
and at other times it never rises, giving the long Polar days and 
nightll and the phenomenon of the midnight sun. So far as climate 
is concerned tho sun is the paramount factor in regulating climate, 
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and becomes less powerful at every degree of latitude from the 
Equator towards the Poles. 

Neither must longitude be omitted, although it would not affect 
an !"bsolutely unifo~m globe. In our own case longitude is almost 
as Important as latItude, on account of our peculiar position and 
contour. The West of England and Scotland are warmer and moister 
than tho East coast, and Ireland boasts a still milder and moister 
climate. The flowers and early vegetables from Cornwall, the early 
potatoes from Lancashire and Ayrshire, the relaxing air of Somerset 
and Devon are all connected with longitude. Similarly, the barley 
and corn cultivation, and bracing climate of the Eastern Counties, 
their lower rainfall, and the prevalence of arable cultivation are all 
to be attributed to their longitudinal position. The climate of Bute 
and Arran is milder than that of Margate on the Kent coast, although 
these islands and the west coast of Scotland are many degrees further 
north. 

Climate is affected by altit'ude as well as latitude and longitude, 
on account of the diminishing depth of the atmosphere, its greater 
rarefaction as we ascend, and its comparative freedom from watery 
vapour. Thus mountains are always cooler than plains, and a point 
is soon reached, even in tropical regions, known as the line of 
perpetual snow. Moisture also plays an important part in influencing 
climate, for moisture arrests much of the solar heat. It however 
checks evaporation, simply because the air is already saturated with 
moisture, and hence the heat may be more distressing because it is 
damp, although actually less intense. A climate is salubrious when 
the air is sufficiently moist to shield the earth from the full glare or 
the sun, and dry enough to carry off the exhalations from the skin of 
animals or the leaves of plants. 

Climate is affected by proximity to great masses of water, and 
islands generally enjoy a milder climate than the interior of 
continents. The sea retains a more constant temperature than the 
land, because of its uniform degree of warmth in summer and winter, 
and ocean currents, such as the Gulf Stream, exert a strong influence 
upon the climate of the coasts on which they impinge. Thus we 
onjoy a much warmer climate than we are entitled to in our latitude, 
which is practically the same as that of Labrador and Newfoundland. 

Weather and Climate.-A distinction must always be made between 
weather and climate. Weather is influenced by a variety of circum
stances which cannot be said to affect the general climate. All 
countrie~' are subject to fits of bad weather-sometimes in the form 
of protracted droughts, and sometimes of long continued rains, '.)1' it 
may be of hurricanes and other disturbances. Britain is favoured 
with a wonderfully temperate and salu?rious climate, .b~t its .weath~r 
is proverbially fickle and often atrocIous. The BrItish. chmate. IS 
ospocially favourable for the highest development of all kinds of live 
stock, partly on account of its uniform tempe~ature, but also be?allRe 
it is adapted for the production of food sUltable for t,he anImals 
maintained. The climate reacts upon the soil, so that a hIgh average 
yield is maintained both as regards grain and fodder crops. The 
quality of the food produced is also exceptionally good, although our 
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insular pride may rate it too highly. Be that as it may, it is commonly 
thought that no potatoes are so good as those of English growth j no 
vegetables so well flavoured, no barley, oats, or beans BO satisfactory. 
The British climate is one of the things of which we may ,be proud 
and thankful for, but the weather is a very different matter. 

Reasons for our Uncertain Weatber.-So uncertain is our weather 
that it may truly be said that we never know what to wear, and what
ever we wear we are almost certain to he wrong. This uncertainty is 
due partly to our being an island, but also to the position of that 
island on the borders of the vast Atlantic Ocean and its wonderful 
Gulf Stream. The disturbances which are constantly sweeping over us 
are caused by winds charged with moisture, which, as they encounter 
the mountains of the west, precipitate rain through condenaatiol1 
of vapour. 

The consequence is that all the western counties are wet and warm, 
and all the eastern counties comparatively dry and cold. We are 
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liable to floods and wet seasons; but when anticyclonic conditions 
set in, to prolonged droughts an.d tropical he~t. On the whole our 
dimate is temperate, but there 18 often too little Bummer, and our 
winters are in some cases almost as warm. 

Aspect.-Climate may be considere~ locally as well as generally, 
and iJ much influenced by aspect (FIg. 8). A slope towards the 
south and a 'rampart of hills on the north may. com.pl~tely alter the 
dimate of a district. A northern exposure, the proXl~ty of ma~sh~s 
or sluggish rivers, or of mountains, produce an OppOSIte effect WIthin 
a very few miles j and hence the importance of a favourable aspect. 
The nature of the soil is also important, for clays are naturally cold 
.and damp, while sands and gravels are as naturally warm and dry ; 
and these characteristics influence the climate both for men and 
.animals. Much more might be written upon Aspect in ita relations 
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to farming, but there will be opportunities for enlarging upon its 
importance in discussing particular crops and special breeds of stock. 
We thereforo pass on to consider certain points in which an artificial 
aspect may be ,created, and this takes us to Shelter. 

Shelter.-This is sometimes provided naturally, in which case it is 
a matter of aspect. It is, however, quite possible to improve upon 
nature in this particular. Trees may be planted, which, as Pope 
wrote, .. Teach the ambitious hill to climb," and thus further increase 
its sheltering influence. Bogs may be drained, and fences erected to 
break the force of sweeping winds. These are matters more likely to 
engag.) the attention of extensive proprietors than of farmers, but in 
a smalle!' way much may be done on farms. Homesteads are generally 
built in sheltered positions, but their comfort may be increased by 
planting trees on the north side. Everyone knows the great 
difference between the north and the south side of a garden wall, 
and a coping of thatch or slate greatly improves a wall for fruit
growing, Not only is wall fruit dependent upon its exposure to the 
sun, but the protected beds under the lee of a wall are earlier and 
more prolific. Walls having a southern aspect are, of course, more 
for gardens than for fields; but something analogous is successfully 
attempted in districts in which delicate crops are cultivated. 

Shelter is often the cause of tropical heat in cultivated fields where 
the sun pours down its rays upon vegetation protected from all wind. 
Any tall growth serves the purpose of protecting delicate plants which 
might at first sight appear scarcely fitted for English growth, and 
among the best extemporized fences are artichokes, hemp, and rye. 
A triple row of rye does not occupy more than 24 inches in breadth, 
and on good land will attain a height of 6 feet. If it is drilled 
from east to west it cuts off the north wind, but the best direction is 
from south-east to north-west, as this ensures the full effect of the 
afternoon and evening sun. By this system land may be divided into 
panes of any required width, but 8 to 10 feet is wide enough for 
securing the maximum amount of shelter from cold winds, and the 
minimum amount of shadow. Shelter is as important for live stock 
as for crops, and many expedients may be used for securing a sunny 
and sheltered aspect for poultry, calves, or fattening bullocks (see 
Farm Buildings). 

Aspect and shelter should also be noted in choosing a farm or in 
fixing upon any particular breed of stock. Fields with a southern' 
slope generally produce better barley than those facing north, and 
harvest also may be earlier. The slope of land towards the south 
shortens shadows, while on northern and eastern slopes the trees 
towards evening stretch their shadows over many acres. The length of 
a shadow is the measure of the distribution of heat as well as light, 
and to double the length of a shadow is to halve the amount of both. 

D 



CHAPTER III. 

TILLAGE, AND PHYSICAL IlIPROVElIENT. 

WHEN land is first reclaimed from its natural condition it is rich 
in stored-ull plant food. but unfit for ordinary cultivation. If it 
has been covered with trees and brushwood these must be cleared, 
stubbed, and burnt; if in prairie, there may be Burface obstructions 
and land-fast stones: If reclaimed from the sea, lalt is to be 
reckoned with, and time must be allowed for it to be washell out; 
and if from lakes or bogs, the soil is often sour from semi-decomposed 
organio matter, want of the oxidizing power of the air, and the 
presence of protoxides and sulphides. 

The legend of virgin soil of enormous fertility is founded upon 
actual cases, but at the same time newly broken-up land is not always 
fertile. It is well known to practical men that derelict land is often 
poor, notwithstanding a long period of rest; and that it requires IIOme 
years of cultivation before it regains its fertility. All these cases 
show the importance of tillage, which may be defined as pulverization 
and exposuro to atmospheric agencies. The organic matter must 
be changed from a turfy and fibrous character into mould, and the 
land must be consolidated, and rendered les9 hollow and puffy. 

That soil improves under cultivation is quite as true as that virgin 
soils are rich, and we know that the soils of England are much richer 
now than they were in the fifteenth century, when the average yield 
of wheat was 8 bushels per acre, and land 1\'as rented at from 
2d. to 4d. per acre, 

Tillage is a wide term, and may embrace a good deal beyonll mere 
ploughing and harrowing. It may, for example, include drainage, 
subsoiling, clay-burning, and applications of lime and manure, each 
of which may be necessary before ordinary tillage operations can bo 
carried on with success. It is known as a matter of practice that 
waterlogged land cannot be effectively tilled, and hence drainage 
becomes an initial necessity. This operation alone would require 
a treatise in order to do it justice, and for the present we can only 
emphasizfl its importance. It may, however, be stated that the object 
of drainage is not to deprive soil of moisture, but to establi~h a free 
circulation of water from the surface to the outlet. Water-meadows 
demonstrate the value of water, and irrigation at first sight appears 
to be the precise opposite of thorough drainage (Fig. 9). 

The fact is, however, that both aim at the same result, namely 
"the movement of water through the BOil. bringing its vivifying 
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properties to bear upon roots. Stagnant water soon loses the oxygen 
which is dissolved in rain, and becomes charged with the products of 
decay. 1t renders the land sour, and prevents rain from soaking 
through the soil and taking its place. The expression" waterlogged" 
conveys the idea of permanent wetness, unrelieved by change. When, 
however, movement is introduced by the opening of underground 
channels in a system of drains, the pent up aud effete waler iii 
libE'rated, and rain readily soaks through the soil. Fresh accessions 
of rain actually squeeze out the previous falls, and thus the land is 
constantly refreshed by new stores of revivifying water. Water
logged land is also impervious to air, for the pore3 of the soil are 

(i 

FIO.9.-Irrigation of a WAter Meadow. ..4. main water ('onne: B. dam; C. slni('~s: 
D conductors' E feeders: ~~. dl'Sit!S: G. conductors to other fields; H, back drams 
to' cut off springs; . I. wl\ste~water drain; K. carry bridge. 

alrtlady blocked. The effect of drainage is to allow air to enter, 
which it must do of necessity, on account of the' pre3sure of 14 to 
15 lb. pel' square iuch exerted by tho atmosphere at the earth's 
surface. If air did not enter the soil the drains would refuse to 
run, but the scientific view is thl1t the pressure of the air pushes the 
water through the soil, and into the drains. The air also is 
mechanically pressed into and through the soil, ami the conclusion 
is irresistible that whHever water sinks through soil or subsoil air 
must follow, unless there is a vacuum. The idea that it is of 

'importancl' that soils should be thoroughly aerated is no doubt true, 
but the close relationship between dminago and al'mtion is liable 
to be forgotten. In most soils drainage is provided for by pervious 
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subsoils and a natural outfall, either into subterranean water-bearing 
strata or into brooks and rivers. Such Boils require DO artificial 
drainage. and probably DO artificial aeration. It ia only waterlogg~ 
soils which require the drainer's help. 

Th'3 effect of drainage on temperature is important. It even 
affects climate, when carried out upon an extensive Icale, as in the 
Fens of Lincolnshire, where it has been followed by the disappearance 
of ague and other diseases. The removal of large areas of stagnant 
water, either above or immediately below the ground, must dimini .. h 
fogs and dampness; but equally important is the checking of evapora
tion, which removes heat and causes chilline~s, not only of the Boil 
but of all bodies exposed to it. Evaporation takes place from the 
surfacl', and a dry top soil arrests its action to a considerable degree. 
The temperature of drained soils has been a,certained by thermo
metrical tests to be 10'" F. above that of undrained. Boil at 7 inches 
below the surface. As this rise is the Bame as the difference betwe"n 
the mean temperatures of January and May the importance of 
drainage as a means of increasing the underground temperature can 
scarcely be overrated. It also has important boarings upun the 
cultivation of the less hardy crops, the date of harvest, the health of 
live stock, and the prevalence of blights on growing crop', 

Drainage is the foundation of 8ucce3sful tillage, whether effected 
naturally by porous subsoils or pipes (Fig. 10). The material 
employei matters not as long as it is effective, and is not impeded at 
the outfall (Fig. 11). It may be a deep layer of gravel, of fissured 
rock, of porous soil, whereby the water finds its way to feed springa, 
supply wells, or flood lower levels. The percolating water must DOt, 
however. accumulate over an impervious clay-bed Dear the 8urfac~, or 
it will rise as a .. table" to, or near, the surface. In such c_a a vent 
must be opened, and the water given free outlet. This ia the principle 
of irregular drainage of which Elkington was the exponent. In 
this system a single drain has been known to lay dry a considerable 
area of wet land. . . 

Clay Boils of great depth are waterlogged chiefly through their 
retentive nature, which presents an obstacle to the free paddage . of 
either water or air. These Boils require a regular system of drams 
(Figs. 12 and 13), as originally recommended by Smith of Deanston 
in Perthshire, who advocated thorough and furrow drainage. Roth 
these systeIll3 are almost classical as regards the literature of the 
subject, but they embody the two leading principles which guide 
drainers of agricultural land. 
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There is another aspect of drainage which is not quite so important 
agriculturally as thorough drainage, but even more so nationally, and 
that id trunk drainage or the regulation of the outfalls of streams and 
rivers, and, in a word, facilitating the passage of water towards the 
ocean. With this we have little to do at present, except as it concerns 
flooded lands, which suffer from the artificial drainage of higher tracts, 
and require to be freed from water by improving the carrying power 
of the natural outlets. 

Sub80il ploughing is another tillage 
operation which is required in certain 
circumstances. It becomes necessary 
wheu an impervious pan prevents the 
downwar·i passage of water, roots, and 
ail'. These pans may be of ferruginou3 
character. as when iron salts from 
decaying heather roots bind mineral 
matter together in the form of a con
crete. They form a " band" of one or 
more inche~ in thickness which require 
to be broken by a powerful tine or 
tooth, known as subsoiling. It may 
also be effected by a knife or coulter 
attached to the frame of a steam FIG. H.-Drainage outlet. 
plough, and in this case it is 
simultaneously effected with ploughing. Subsoiling does not aim 
at bringing the subsoil to the surface, but in rendering it permeable 
to water, and from this point of view it may be regarded as supplemental 
to draining. It must not be confounded with trench ploughing, 
which brings up the subsoil and mixes it with the surface soil. It 
was the intention of the early advocates of subsoil ploughing to 
deepeu the staple, but not in so 
drastic a manner as by trench 
ploughing. Both operations 
have been known to do harm 
as well as good, and both are 
expensive. They should not 
be undertaken except on suit
able landE-subsoiling where 
there is a definite obstruction 
to water, air, and roots; and 
trench ploughing where the 
soil iR naturally deep and 
only requires to be weathere:! 
in ordel' to be equally fertile FIG. 12. 

with the surface soil. 
Mixiny Soils has often been undertaken with success. It may 

take the forms of claying or of marling, both operations being 
beneficial to sandy soils. It may be effected by carting 40 or 50 cubic 
yards of clay or marl per acre as a first application, and repeating the 
operation after an interval of years. Claying is sometimes accom
plished by opening trenches a few yards apart, down to an underlying 
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bed of clay, and spreading it over the panes between. This method 
has been largely practised on the fen lands of South Lincolnshire 
where the peat rests upon the Oxford Clay, and has resulted in th~ 
formation of highly fertile soils around Boston. It is worthy of 
notice that a comparatively small amount of clay produces a con-
8Olid.ati~g eilect upon light-topped soils. On the other hand, copious 
applicabona of sand are swallowed up by clays without producing 
much eilect. This is due to the colloid principle in clay previously 
explained by which a small proportion of silicate of alumina i. able 
to segregate large quantities of silt and sand into a mass of clunch 
or native clay. ' 

A "'" LAr£RlIl AI-DRIIINS 

B J _I , B 
AlliIN PIPE 

A ~ 
I-

A 

FIG. 13.-Arrangemen& of L .. &erals td. A. AI and Main Drain (B. BI. 

BUrning causes the plastic character of clay to disappear, k' i~ 
seen in bricks, in clay for road-making, and also in the 8uburblf 
of London when ballast is being prepared for road foundations, 
and in pottery. If intended for agricultural purposes, the clay 
shoul:! no:; be ignited, but kept at a low red heat in large heaps, or 
clamps, in a state of smouldering combustion, assisted by coal or wood. 
Great benefit has often followe:l clay burning, but it tends to diminish 
soluble mineral matter, and, naturally, dissipates the nitrogen. It 
hail of recent years been demonstrated to ailect thE! baeterial life in 
the soil in a way which is eventl11illy beneficial. The larger organisms 
are destroyed, and although the Boil is partially sterilized, it is not 



TILLAGE, AND PHYSICAL DIPROVEMEXT. 39 

cOffipletely so. The spores an~ remaining bacteria are able to develop 
to a greater degree than preVlously, and hence after healin... soil is 
found to increase in fertility. The ashes of organic matter c~~sumed 
during burning are also more available for plant food than as root 
fibres, a~d hence clay burning, and paring and burning, are good 
preparahon~ for roots, rape, and other green crops. . 

Clay-burning consists in burning the entire staple of the soil, and 
follows deep ploughing in dry weather. Paring and burnillg is 
a surface operation, and is effected by means of a paring plough. 
The weedy or grassy sod is allowed to weather until it is tender, 
and it is then well shaken up by harrowing and rolling, and the weeds 
are placed in heaps, fired, and covered with loose soil. This is 
.. stifle burning n, and differs from ordinary open burning in which 
the weeds only are reduced to ashes. 

Paring and burning is used as a means of cleaning land which has 
laid for some years under sainfoin, or as a first step in breaking up 
downs. It destroys wireworms and the larvrn and eggs of insects and 
the seeds of weeds, but, like clay-burning, dissipates organic matter 
and nitrogen. It is a good preparation for roots, and the organic 
matter and nitrogen lost in the process are speedily restored by the 
growing crops, and also by the artificial foods supplied to sheep when 
consuming them. A further benefit is now known to follow in the 
partial sterilization of the soil, and the subsequent increase of the 
bacterial flora engaged in the work of nitrification. 

Land drains often become blocked, as instanced by water remaining 
in pools on the surface; these temporary derangements require 
immediate attention. During winter all ditches should be scoured, 
and outlets opened as shown in Fig. 11. 

Ordinary Tillage Operations. - We now come to what are more 
generally recognized as tillages, namely, ordinary ploughing, 
harrowing, and rolling. The object of all these operations is to 
prepare a seed-bed. It must be of such a character as to encourage 
germination and the subsequent development of the crop .. It must 
also free the soil from weeds and injurious insects, and preserve the 
requisite moisture for the use of the young plant. The conditions for 
successful growth may be thus summarized for all seed-beds :-

(1) They must be of sufficient depth and fineness. 
(2) They must be moist and permeable to the air. 
(3) Free from injurious salts. 
(4) Enriched, either directly by manuring, or from previous good 

management. 
(5) Clean, or free trom weeds. 
It is not easy to secure all these essentials to success, and some 

of thelll are antagonistic to others. Thus, in cleaning land, moisture 
may bo sacrificed, and in obtaining fineness at the surface, depth of 
tilth may be lost. 

The plough is the most thorough of an tilrage implements, because 
it completely inverts the whole of the cultivated section. The first-
9 inches of the soil is the principal theatre of bacterial action, and 
contains the largest amounts of nitrogen and available plant food. 
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It has received manure and the residues of crops for generations, and 
p08sesseH the power of retaining them. Its lltore of fertility il 
constantly re.cruited from the subsoil by the tap-roots of plants which 
penetrata it, and bring up both nitrogen and fertilizing salts and 
raise them above the surface. These are restored to the Boil, and 
hence the tendency is to enrich it. It is in this section that the plough 
works, and, by repeatedly turning it over, exposes all its parts to 
the ail'. It thus stimulates nitrification, which cannot take place 
without oxygen, and produces the requisite depth of tilth. Imple
ments such as scarifiers or grubbers move the Boil but do not invert 
it,· and on stiff soils are liable to produce a shallow tilth and a fine 
surface, so that in practice the plough is first used to secure a sufficient 
depth, and the other implements are employed to break the furrow 
and render the surface smooth and level. 

FIG. 14.-DI'J' cracked ooll-unmulcbed. 

The deptnof ploughing depends upon the character of the !!Oil 
and thll crol' about to be sown. So far as the land is concerned the 
depth of the.fqrrow must depend upon that of the staple. In lOme 
cases the soil is entirely different in texture and appearance to the 
subsoil. If a handful is taken from the top section and kneaded 
together, it will form a ball of rich brown colour, due to organio 
matter, and of .1008& texture. If taken below the plough sole it will 
be of lighter colour, and will bind together into a compact mass. 
It is in fact· unweathered, and inferior in mechanical condition to the 
surface soil. To plough up this raw material and mix it with the 
richer surface soil dilutes the entire mass, and in many CII.-'!e8 deluges 
it with weeds whose seeds have gravitated downwards. The inundation 
of weeds which so often follows deep ploughing has given rise to 
speculation:; as to the vitality of seeds; but it by no means follows 
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that they have existed for many years in their present position. 
The annual contraction of the soil in the summer causes cracks, 
especially on clay soils, which extend to a depth of 3 or 4 feet 
(Figs. 14 and 15). It is, in fact, difficult to say how deep; but seeds 
of charlock and other annual weeds no doubt run down them, and lie 
perdu until they are brought up by deep ploughing within the 
influence of air and light. The subsoil is favourable to deoxidization 
especially when wet and deprived of air. Sour matter is thus 
developed, which is not likely if brought up to the surface to improve 
the top soil, and indiscriminate advice to plough deeply-as if that 
were tho end and aim of good cultivation-is radically mischievous. 

Positive evidence is forthcoming upon the disastrous effects of 
indiscriminate deep ploughing. In one case 3,000 acres were 
practically ruined or rendered infertile by this mistake. In another 
recorded case the land was rendered unproductive by sour material 

FIG. IS.-Same soil showing effect of mulching. 

brought up from below. This is why gradual deepening is recom
mended, or such an examination of the subsoil as may warrant the' 
employment of deep or trench ploughing. 

Fortunately good farmers have always turned' a deaf ear to such 
teaching, knowing that the depth o~ th~ fu~row must b~ r~gulated by 
circuIT, stances. That deep cultivatIOn IS nght as a prIDClple no one 
denies, but experienced cultivators. reg';llate the depth of the furro~ 
as above explained. Deep ploughing, I.e. over 9 IDches or more, IS 
advisable for certain objects. It may be recommended for potatoes, 
mangel-wurzel, and other root crops; but corn cr~ps,. as a rule, 
and especially .oats, do better after a shallower cultivatIon and on 
a firm bottom. .. . th 

Perhaps no crop has been more discussed III thiS connexlOn an 
wheat, and yet a furrow of from' 4 to 5 inches deep, or even shallower, 
has been found'to yield satisfactory returns. On the other hand, there 
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have been cases in which single wheat plants have yielded extra
ordinary quantities of grain after deep cultivation. One syetem 
consists in forming a trench for the reception of the seed and 
mulching the deeply placed young plants with successive layers of 
soil as they grow upward, until the surface is reached. Such 8y~tel1l. 
are not, however, adapted for extensive wheat-growing, and ca~e8 
might be cited in opposition in which heavy crops have been produced 
after" breast ploughing ", i.e. with a system of hand ploughing little 
deeper than hoeing. The truth is that wheat, barley, and oats are 
usually sown after comparatively shallow ploughing, although they 
really receive benefit from previous deep cultivation. In the courMe 
of a rotation of crops root and corn follow each other in Qrderly 
succession, and the deeper cultivation given for the roots react. 
upon th~ succeeding corn crops. 

Cereal crops appear to prefer a firm or solid substratum underlying 
a finely worked and loose top. The ground is well trodden with horses 
and the passage of implements; the "land-presser" is a mOllt 
valuabl9 implement for this purpose, and even sheep are driven over 
the field in order to secure consolidation. Loose land is never 
favourable for corn, and hence while deep ploughing is beneficial 
for. root crops, and indirectly so for corn, it is not .desirable 
immediately before cereal crops. 

Gradual deepening of the soil is also in most cases better than 
a sudden increase in depth, and this is consistent with the practice 
of bringing up a little fresh soil to the surface every time. a field 
comes round for roots, and giving the deeper ploughing in the autumn, 
so as to obtain the benefits of frost upon the newly brought-up soil. 

. The width of ploughing, although less important than the depth, 
is well worth attention. A wide furrow means a larger amount of 
work done in the day, but the pulverizing effect is diminished. 
The standard width is 9 inches, and this practically agrees witb 
a depth of 6 inches. The limits as to width lie between 8 inches 
and 12 inches. There must be a due proportion between width and 
depth ill order to lay the furrows at the proper angle (45°), especially 
in the case of lea ploughing. If the ploughing is too deep the furrow 
is left too upright and does not .. pack" with the preceding or 
succeeding ones. If it is too shallow the work is flat, and will not 
catch the teeth of the harrows. In loose land ploughing takes the 
form of "stirring ", rather than inverting the soil. The land ill 
pushed rather than turned, and in such cases a 12 in. furrow ia not 
too wide, and Ii acres can easily be ploughed in the day. A narrow 
slice ill more suitable for seed-beds, and a stud or short knife ill 
fixed on the mound board to still further pulverize the furrow. 
Forms of furrow slices are shown in Fig. 16. 

Double-furrow ploughs are a great improvement upon the old, and 
still commonly used single ploughs, as they carry very short land-sides 
and slades, and for this reason· exert much leBII friction upon the 
bottOIa of the furrow. They are, however, sometimes troublesome to 
use when the land is frozen on the surface or covered with haulm. 

Ploughing is both an initial and final operation, and is generally 
the first act of husbandry in breaking up a stubble or a prairie. 
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Harrowing with a view to causing charlock and other weeds to strike 
may precede it, but, 80 far as effective tillage is concerned, the 
plough holds its place. Steam cultivation may, and does often, 
8upersed.3 ploughing. It is so powerful that it rips up and smashes 
a stubble as effectively as any plough, perhaps more so; but this is 
not always realizable, as a great deal of land is too thin for steam 
cultivation. The tines penetrate too deeply, and bring up raw material 
as well as the seeds of weeds. Secondly, the inversion of the soil 

1. Rectangular rurrow slice
unbroken. 

2. RectA.ngular rurrow slice
broken. 

3. Trapezoidal or crested rurrow 
slice-unbroken. 

4. Inverted rurrow slice-broken. 

5. Wide. bl'Oken furrow slice. 

FIG. 16.-Types of Furrow slices. 

is not so effectively performed by cultivators as by ploughs, an~ this 
is an important point. It is desirable that every part of ~he cul~vated 
land should be exposed to the air and frost, and beSides thi.S the 
ploughshare severs all tap-rooted weeds, such: as docks, thistl.es, 
scabiouf;, knapweed, an.d coltsfoot. Hor~e cultivators are defective 
in thia respect, as their tines are apt to shp past these t~ugh roots. 

The widthf; of ploughshares vary, and a b~oad-sh~~e lUCr?,ases the 
draught. A broad-share converts a plough lUto a parer. better 
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adapted for skimming the surface than for deep work; but, in all 
cases th,~ wing should be wide enough to sever the slice completely and 
cut all roots. A share should be flat, and fixed horizontally, 80 liB to 
ensure a flat horse-walk and a rectangular furrow slice, or the 
ploughing will not be sound. Tilted shares turn crested furrows, 
i.e. furrowl:' in which the exposed angle is slightly acute. This give. 
a fine and sharp appearance to the work and may secure a prize in 
a ploughing match. It is also said to catch the teeth of the harrows 
better, and to provide a deeper seam for broad-casted corn. It, 
however. leaves an uneven horse-walk, and a portion of soil is left. 
below which ought to have been brought to the surface. 

As soon as the share and coulter have severed the furrow, the slice 
passes up the mould-board or .. turn-furrow II until it arrives at. 
a point (that of greatest draught), when it begins to fall over until 
finally it rests against the previous slice. There should be no 
squeezing, and in the most perfect mould-boards a lea-furrow is 
turned without a break or flaw. This of course is admirable, reflecting 
credit both on the plough and the ploughman. It is, however, open 
to objection where pulverization is the principal object, and hence 
the introduction of digging-breasts and short mould-boards which 
break the furrows and leave them exposed on both sides. On strong 
land, pulverization is often achieved by raising it into narrow ridge. 
after it ha~ been ploughed and dressed. These ridges exactly 
resembla those used in potato planting, and are about 27 inches from 
crest 1;.:) crest. They become weathered and tender during the winter, 
and are harrowed and formed up again with a double-mould board 
plough, ready for sowing or planting in due course. 

The plough and the horse cultivator were long rivals, but appear 
to have settled at length into an arrangement in which the plough is 
senior partner. The plough leads, and the cultivator follows; the 
plough breaks fast ground, and the cultivator tills loose land. The 
plough is a radical, inverting or subverting the established order of 
the soil; but the cultivator is a conservative, keeping the fine8t 
and richest soil on the surface, and preserving moi8ture in the interior. 
There ar~ opportunities for both, but the plough opens the way 
before and during winter. The result is a mellow surface which 
it is tho province of the cultivator to retain. Spring ploughing 
diss~pates moisture, and brings too much raw material to the top, and 
undoes what the winter has effected. To repeatedly plough in spring 
is therefor9 injurious. The" cultivator" effectually destroys surface 
wel.'ds, and draws out the long strings of couch-grass without breaking 
them into short lengths. It buries nothing, but leaves the dried 
rack on th'.! surface ready for picking off. 

The harrow and roller are subsidiary, and more superficial. 'l'hey 
act entirely on the surface soil, reducing clods, and detaching the soil 
from the roots of weeds. Thus the four tillage implements co-operate 
in producing a deep, clean, and moist seed-bed, which is the goal of 
all successful tillage; and although their outward forms have altered. 
they still remain substantially as they were in Anglo-Saxon ti~e8. 

The Future of Tillage.-Many efforts have been made to di6place 
the old tillage implements, among which a more extended use of the 
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spade ha1 been advocated. The spade boasts a still higher antiquity 
than thQ plough, and is, if anything, more effective; and it early 
occurred to inventors to substitute digging for ploughing. The object 
was to accomplish by one operation all that was done by the combined 
action of ploughs, cultivators, harrows, and rollers. The idea was 
excellent, and still lives in the minds of many inventors. In some 
cases h may prove successful, but one important point appears to have 

A. Trenching showing the soil removed at the commencement rendy to occupy the space 
remaining at the end of the plot. 

B. Soil lett rough after double·digging to' II weather" throughout the winter. 

C 
FIG. 17.-C. Same soil in the spring showing the effects of weathering. 

been forgotten, namel~, that t~e co-operation of the weather is 
necessary in the formation of a hlth. . . . 

All successful cultivators endeavour to hme th81r operah0t.ts so ~ 
to secure this co-operation, and failure is often due to neglecting this 
condition. Land must be allowed time to "mak?" or mellow down. 
Rain must fall and winds blow, the sun must shin?, and frosts must 
assist, before a perfect tilth can be produced (Flg. 17), and these 
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unpatented tillage implements are neglected by those who hope to 
make a fino tilth in a moment. 

Particles of clay are liable to run together again, and to once more 
form a plastic mass when they are too rapidly reduced to a fine "tate 
of division. This is a difficulty well known to farmers and take. 
th) form of a scrap or layer of dry puddled lOil after heavy rain haa 
fallen upon a newly-made seed-bed. When, however, clods have 
been reduced by natural forces the particles show no such tendency, 
but appear to be repellent rath.er than attractive to each other. lIenee 
winter ploughing and exposure is properly followed by spring 
cultivation, harrowing and rolling. 

Thero are other still more novel ideaa on the tapis, among which 
is the uso of explosives by which pulverization is to be effected by 
detonation. This new development may be of practical use in certain 
circumstance:; which may lead to further extension. It may, for 
example, be found possible. to develop disruptive forces within the 
soil of less violence than explosives, by which gaaes are evolved which 
both destroy noxious insects, and separate or heave up the Boil. We 
already know that organic matter puffs up the Boil during it!! deeay, 
and this action might be increased and intensified. We must IIOt 
there foro shut our eyes to further possibilities in tillage. . 

Another direction in which further development may take plo.ce is 
greater attention to root action. Whatever may be laid upon the 
possibilitieJ of explosives or detonating action on refro.ctory /Subsoils, 
there is no doubt that a similar but more gradual effect i8 produced 
by th~ roots of plants. In discussing the origin of 80ils it waa sh()wn 
that root action has always been a force, and recent investigations 
made under the auspices of the Royal Agricultural Society have 
demonstrated its importance, notably as a mean8 of ridding land of 
wild garlic. One of the side effects of nitrate of 80da is to encourage 
root action; and for many years cylinders of Boil enclosed in glasa 
were to be seen in the Laboratory at Rothamsted, 8howing the action 
of root~ in deepening the subsoil and effecting its pulverization. 
Such methods as these are more. within the powers of agriculturists 
than the use of detonators. They, however, require time aa well as 
study, but, as regards the deepening of the staple, they are well worth 
consideration. Deep-searching plants, such as lucerne, penetrate the 
subsoil many inches below the plough sole, and the continuou8 growth 
of such cropR cannot fail to be beneficial. It is of great importance 
that the means used should be cheap as well aa effective, and a system 
of improving land by growing crops suitable for this object would be 
truly economical, especially if the crops were profitable in themselves 
as well a3 beneficial to the soil. Mr. Elliott of Clifton Park, Kelso, 
make~ use of deep-rooted plants for the formation of temporary 
pastures, and has found that the strong and deep-searching roots of 
chicory and burnet have broken up the hard .. pan" existing in 
some of the soils, and" helped in the tillage of the land ". 

Roots are acknowledged to be important enrichers of the soil, and 
what are called root crops are especially so. Every farmer recognizes 
the valuo of the clover root as a preparation for wheat, and th6 
acculLulation of organic matter in pasture lands is accounted far by 

• 
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the ?evelopment of ro?ts belo.w the surface. In looking at the various 
possible methods for lmprovmg land, none seem more hopeful tban 
that of using vegetation itself as a tillage agency. 

Dry Farming.-'l1his system has been recommended and practioed 
of late years on the Dry Belt of America and elsewhere, and is suitable 
for countries of deficient rainfall. It includes other features besides 
that of special cultivation of the soil, as seeds and seeding, and the 
use. of desiccated or dried. seed, and a selection of suitable crops. 
It IS used for wheat cultivation, and for sorghum, millet, spelt, 
wheat, rye, barley, oats, Kaffir corn, lucerne, and, in some cases, 
sugar beet. The resulting crops are not heavy, and in the case of 
wheat the average return is estimated at 15 bushels per acre. This 
is, however, thought satisfactory under the special conditions of 
climate which prevail. It is also maintain('d that wheat (and some 
other crops) can be grown consecutively upon the same land, under 
this system of cultivation. 

Undisced stubble ploughed. Disced stubble ploughed. 

FIG. 18. 

As to the peculiarities of the system, it in several respec.ts 
resembles good cultivat:on as carried out by enlightened farmers 1Il 

Great Britain. It aims at pulverization, and the conservation of 
Illoisture, and in a special degree at the promotion of capillary action 
from the subsoil. Ploughing is not done deeply, and 8 inches is 
named as sufficient. Deeper work is advocated in many cases, and 
e;pecially for deep soils. On such soils th~re is no rea~on. why the 
ploughing should not be 1 foot deep, and an Important pomt IS that of 
(,Illploying the finely pulverized. surface soil as a n~ulch,. on the same 
principII; as repeated horse hoemgs are advocated m thiS country as 
the best prot('ction against drought. 

Viewec1 in this way dry farming is not a new discovery, but rather 
an adaptation of the best methods of cultivation to a climate in which 
the rainfall is deficient and uncertain. As an example of the methods 
pursued, the land is disc-harrowed before it is ploughed (Figs. 18 ~nd 
19), and the ploughing is performed in the autumn, before the ramy 
season sets in. Double discing after the removal of the crop and before 

• 
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ploughing, produces a state of soil favourable for the retention 01 
moisture. After ploughing, the land is pressed with a packer or fluted 
roller, which consolidates the lower section of the furrow. and leavee 
the top loose; much in the same way as a land-preseer acts upon 
a furrow previous to wheat-sowing. The harrow follow. the packer, 
and all three operations should, if possible, be carried out 011' the 
Bame day. The mulch of fine surface soil thus obtained IIhould be 
preserved by repeated harrowings, especially after rain, i.e. as IIOOn 
as the surface is dry enough to work kindly, without puddling, or 
forming clods. Thus any disposition to form a scrap or skin of baked 
Boil is avoided, and. the land is kept in the best possible ,condition 
for retaining moisture. 

Seeding may be done in autumn or in spring, and it il recom
mended to deposit the seed at least 1 inch into the moist bed, which 
may entail a total depth of 3 or 4 inches from the surface. Rolling 
and harrowing are again done after the braiding of the young plants, 
and these surface cultivations are repeated at intervals, 80 as to' 

Stubble fleld ploughed and Dloeed 81ubble fleld disced 
harrowed with peg·tooth and harrowed alter 
harrows. plougbing_ 

FIG. 19. 

keep the ~p soil loose, and upon this the succe88 of the system largely 
depends. The quantity of seed sown is comparatively small, and 
half a bushel per acre is considered sufficient for wheat. It is even 
.aHegei that the dryer the climate the le88 seed is required, but this 
.is a point upon which experience must be the best guide. The 
principles which underlie the practice of dry farming are therefore 
clear and rational. It is adapted for extensive cultivation where land 
is cheap, and the soil is deep and retentive. The principles are in 
themselves excellent, and might be put in practice on a small scale. 
They guide the gardener in the preparation of his seed-bed and in the 
.after-cultivation of his crops; and in subsequent remarks upon root 
cultivatioh it will be found that stre88 is laid upon securing a mulch 
·of fine soil, and keeping it loose and friable by constant surface 
tillages. . 

Fallowing.-The original idea which underlies fallowing was that 
:land, like men and animals, requires rest. Land is certainly capable 
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of being exhausted or worn out, but replenishment is a better word. 
That a cistern may be exhausted is true enough, but that it is in 
any sense tired is rank nonsense. Exhausted land bears more 
resemblancE; to an empty barrel or an empty purse than to a fatigued 
animal or man, and hence we throw aside the idea of rest. Restoration 
is effected by manuring, and as long as land is liberally treated it 
will continue to produce crops. 

It was held by the older chemists that certain plants exuded 
InJurious excrementitious matter which poisoned the land for other 
plants, and upon this idea the benefit of rotations was supposed to 
be based. This, if it were true, would strangely support the idea of 
fatigue, for we are now assured that muscular fatigue is due to the 
accuILulatior. of toxic principles in the blood, which clog the system 
and produce a sense of incapacity and weariness that can only be 
dissipated by rest. It does not, however, appear that such toxic or 
poisonou9 principles accumulate in the soil, and the idea of plant 
excrements is now abandoned, chiefly because no traces of them can 
be found. The soil is, however, so complex in its nature that there 
may bo parallels, or analogous conditions induced by constant cropping 
comparablo to fatigue in animals. If fatigue is to be accounted 
for 011 physical grounds, such as accumulation of eliete matter in 
the blood; if infection is due to want of proportion between attacking 
germs and fighting phagocysts, it is not inconceivable that soil 
exhaustion may be produced by something else than want of plant 
food. The wonderful facts recently established with regard to anta
gonistic bacteria, protozoa, phagocysts, amreba, algoo, moulds, etc., all 
indicate the presence of a subterraneous flora and fauna which produce 
all kinds of intermediate compounds within the soil, and aliect its 
.. complex particle". Viewed from the hew point of view, who can 
say what may be the cause of barrenness and unproductiveness in 
certain cases? The bare statement that soils are exhausted merely 
because they have not been sufficiently manured may be inadequate in 
the face of such a crowd of new facts. 

It is also being more and more recognized that plant diseases 
are due in certaill cases to a want- of some material which has been 
rogarded as unimportant, or as only occurring in quantities so small 
as to bo neglected in analysis. Plants are, however, known to contain 
traces 'of a number of rare metals and non-metals, not included in 
ordinary analyses, and no one knows how far their presence or absence 
may be the cause of barrenness or even of exhaustion. These 
questions aro all awaiting the student of soils, and he is bold who in 
the present condition of our knowledge will dare to say why it is that 
one squaro foot of soil produces a vigor.ous plant, and the next square 
foot. a puny one which will never arrive at maturity. 

Why Root Crops renovate Land.-Experience shows that land 
require~ to be fallowed periodically, but not necessarily rested. It 
is a curious fact that the crops specially selected as an alternative to 
bare-fallowing are of the most exhaust:ve nature. Land which is 
now carrying an unconsumed crop of swedes is at its lowest point of 
fertility. It has gone through its prescribed rotation, and yielded 
crops or barley, hay, and wheat. It then comes into swedes, which, if 

E 
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successful.. make greater demands upon it than any of the preceding 
crops. Why. then, is this last crop considered to be a substitute for 
the old-fashioned resting period, known as bare-fallowing P 

The answer is not difficult, nor unexpected. Root land i. 
necessarily tilled and exposed to the influence of the almOMphere for 
months previous to the sowing of the seed. It is liberally manured, 
and superphosphate is drilled with the seed. The crop is also destined 
to be consumed on the field or the holding, so there is no final removal 
of fertilizing matter as in the case of wheat, barley, and oats. The 
consequence is that the field is renovated and ready to go through 
another ceurse of exhausted crepping; but, at the &ame time, it 
never iii more exhausted than during the time it is producing this 
particula.r crop of swedes, except of course for the manure it receives. 
Sir John Lawes himself remarked that no system of cultivation more 
quickly exhausts a field than growing and removing 8uccessive crops 
of swedes or other root crops. 

The reasons why an exhausting crop of roots, following other 
exhausting crops, restores the fertility of land may be briefly stated 
as follows: - -

(I) Cultivation promotes the pulverization of the land. 
(2) Root crops are sown late, and therefore facilitate cleaning. 
(3) They are, or should be, liberally treated. 
(4) They are subjected to hoeing and interculture. 
(5) They are consumed on the holding. 
(6) They are eaten with fodder and concentrated foods, which are 

also fertilizers. 

The amount of cake or com eaten on an acre of good swedes 
is very large, and may be expreSded approximately at lIb. per sheep 
per day, for one week for, say, 350 head, i.e. 2,450 lb. or upwards 
of 1 ton per acre, costing from £7 to £10. To this must be added 
the manurial residues of the roots, hay, straw, and other fodder 
consumed. the farm-yard manure applied to the land, and the super
phosphate drilled with the seed, and the above question is satisfactorily 
an8wered. . 

Root crops take the place of bare-fallows on most classes of land, 
because they fulfil many of the same objects. They enable the land 
to be thoroughly tilled up to the period of BOwing, and, in fact, 
throughout their growth. They encourage liberal manuring, because 
they cannot be successfully cultivated without it; they restore all 
they receive to the land, and leave it in a good mechanical condition. 

Fertilizers: Exhaustion of the Soil-Reference to the ultimate 
oompositio~ of the soil shows that, even when it is fertile, the 
percentage of available plant food may be expressed in the third 
place of decimals, i.e. in hundredths of thousandths. Thus 1 per cent 
equal.i m !lnd '1 per cent equals~, and .()().i or '008 per cent is 
equal to~. These figures, when applied to the total amounts 
of available phosphoric acid or of potash in the BOil, are seen to be 
very small, and have already been shown to represent from 120 to 
240 lb. severally in each case, out of a total of 3,000,000 lb. A rough 
calculation was also made as to the amounts of mineral matter and 



TILLAGE. AND PHYSICAL IMPROVEMENT. 51 

nitrogen removed by certain commonly grown plants. from which it 
appears that a few crops sold off the land would soon reduce it to 
poverty. 

It is need\ess. and might be misleading. to calculate how many 
crops of wheat would exhaust a soil of all its available phosphoric 
acid. 01' how many crops of mangel-wurzel would be required to use 
up all thl' available nitrogen. and that for the following reasons. 
First. as the quantity of these important constituents is reduced. the 
crops themselveR would diminish. and this alone would prolong the 
period in which poor crops might be produced. Secondly. there must 
be a gradual passing over of materials soluble in strong acid to 
a condition soluble in weak acids. or in water impregnated with carbon 
diox:de, so that the soil would slowly replenish itself as time went on. 
Thirdly. there is a reservoir of refractory mineral matter which in 
COUl'S" of time may be reduced to a soluble condition. There are 

Pot I. \Vheat grown in calcined sand. 

Pot II. The same manured with ten ash iDgre· 
dients of the wheat only. 

Pot III. The same manured with nitrogenous 
manure only. 

Pot IF'. The same manured with tbe ien ash 
ingredients and nitrogen. 

FlG. 20.-Vine's Experiments. 

therefore differences in degrees of exhaustion. which may be expressed 
a3 immediate, protracted. and ultimate. 

'Vhen a field is too poor to produce more than a couple of 
corn crops in succession. it may still be regarded as in a fairly 
normal condition. The stock of available plant food is not 
exhausted. but the root system of the plant finds it difficult 
to secure a sufficient quantity for vigorous growth. and the soil 
is thereforo said to be worn out. This view also shows the 
importance of comparatively small dressings of soluble salts. which 
bear a very low ratio to the amounts contained in the soil, and accounts 
for the marked effect produced by small quantities. such as 11 cwt. 
of nitrato of soda or 3 cwt. of superphosphates. While such dressings 
bear a very small proportion to the soil contents of the same fertilizing 
substances, they represent a large and probably a full necessary 
amount for the requirements of a single crop .. 



52 SOILS, MANURES, AND CROPS. 

In good farming these materials are applied at regular intervals 
and in- recognized quantities, suitable for each crop without need of 
elaborate calculations; and these quantities are increased or reduced, 
not so much on chemical grounds, as by observing the results obtained. 
In the economy of a farm these substances first act on the crop. to 
which they are applied, and then react upon the 8ucceeding crop 
through the intervention of live stock, which consume the produce, and 
leave behind them manurial residues of great value. 

The result is that fertilizing matter first exists in, or ill added to, 
the soil. The crop lifts it above the surface, and after consumption 
by live stock it is again buried by the plough, 80 that the fertilizing 
lliement-d arc alternately raised above and sent below ground, and 
a circulation is established which keeps up fertility. Even this 
tends to exhaustion, on account of a constant drain from the 8ale of 
grain, straw, milk, wool, and live stock. There is, however, a powerful 

FIG. 21.-Eflect or nitrogenous mannre on pea... O. DO mannre; 
K.P. potash Bod phosphoric .. cid; K.P.N. potash. phosphoric 
acid, and nitrogen. 

compensating effect when foods are purchased and fed with the natural 
produce 0.1 the land; and so effective is this ~ystem of manurin~, an.d 
of consuming foods purchased, that all anxiety as to exhaustl.on 18 

obviated. Not only so, but a farm so managed v-ill increase in fertilit.y, 
and improve in value. Thus the question appears to be solved by 
the practice of good farmers, and to a great extent it is so. 

Complications.-There are, however, many considerations which 
show the importance of a knowledge of fertilizers. There is, for 
example, the great differences in soils, which at once 80ggedts different 
systems of both manuring and cropping. Retentive soils are able to 
retain fertilizing matter for several years, while light soils run down 
in a single season. There is also the question of washing through 
into inaccessible substrata, which indicates a hungry soil requiring 
its fertilizers, just as a delicate indhidual requires his food, little 
at a time and often. It is also found that there is a point at which 
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supplie, of fertilizing matter become excessive and therefore 
wasteful; and a further point, in which heavy dressings of farm-yard 
manure aro actually injurious by the denitrifying of nitrogenous 
matter, and by promoting the disengagement of free nitrogen gas. 

Again, different crops require different kinds of plant food 
(Figs. 20-2), and it is important that a farmer should know what 
manurc to apply in each case-a matter in which much ignorance is 
of tell showlJ even by good practical men. 

Too much Reliance on Yard Manure. - It has been urged 
that "plenty of muck" solves the entire question of manuring, 
but recent investigations have fully proved that this is a mistake, 
or at least a half-truth. The denitrifying effects of organ.ic 
matter in excessive quantities now rests on high authority, and is as 
exhausting as cropping itself, if not more so ; and on this point 
reference to Dr. Russell's valuable work on soil conditions and plant 
growth may assist the reader to detect a weak point even in farm-yard 
manure. The first fact which bears directly on the loss of organic 
nitrogen is the rapid reduction of nitrogen in broken-up prairies 

FIG. 22.-Effect of nitrogenouB manure on oats. O. DO manure j 
K.P. potash and phosphoric aoid i K.P.N. potash,phosphorio 
aoid. and nitrogen. 

recorded by F. T. Shult in the Journal of Agricultural Science, 1910. 
The effect of cultivation during a period of twenty-two years was a loss 
of 2,190 lb. of nitrogen per acre, of which only 700 lb. was accounted 
for by the requirements of the crops, leaving a dead loss of nitrogen 
of 1,490 lb., or 68 lb. per annum! The conclusion arrived at is that 
" the exhaustion of the soil is therefore not due to the removal of the 
crop, but to the cultivation". 

That there is a remarkable loss of nitrogen from arable land (for 
it does not take place in unbroken pastures) is clearly shown by the 
following figures: "One of the Broadbalk (Rothamsted) wheat .p~ots 
receives annually 14 tons of farm-yard manure per acre, contammg 
200 lb. of nitrogen. Only little loss from drainage can be detected, 
and there is no reason to suppose that any considerable leakage of 
nitrates occurs; but the loss of nitrogen is enormous, amounting to 
nearly 70 per cent of the added quantity. Alongside is a plot 
reccivin .. no farm-yard manure, from which also the loss from 
drainag; is very small." 
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Comparing these two plots with each other some exceedingly 
striking figures are obtained, based on the original amount of nitrogen 
in the soil in 1865 (4,340 lb.) plu3 the nitrogen annually added in the 
manure (200 lb. per acre); rain (5Ib.) and seed (2Ib.). These 
amounts of nitrogen added together amount from 1865 to 1912 to 
9,730 lb. per acre, which has to be accounted for a! far a, possible. 
The total amount of nitrogen originally in the soil, and the added 
nitrogen, was during the entire period 14,070 lb., and the question 
is how much of this remained as nitrates and other forms of combined 
nitrogen in 1912 P The first point of importance is that there was an 
actual and considerable gain of nitrogen during the entire period 
represented by a rise from '175 per cent in 1865 to '245 per cent 
in 1912. This increase is, however, very far short of the expected 
gain. The nitrogen removed by crops during this period was 
estimated at 2,550 lb., but the actual disappearance of mtrogen waa 
8,340 lb., showing an annual dead lou of 123 lb. of nitrogen. The 
explanatio[1. is best given in Dr. Russell's own words: .. Experiments 
of that kind have led to the conclusion that some gaseous produ~t 
is formed in· addition to nitrates, and, as no sufficient amount of 
ammonia can be detected, it is supposed that gaseous nitrogen ill 
given oli. The conditions for this decomposition appear to be copious 
aeration, such as is produced by cultivation, and the presence of 
large quantities of easily decomposed organic matter. Now these 
are precisely the conditions of intense farming in old countries and 
of pioneer farming in new countries, and the conclusion is that the 
reserves of soil and manurial nitrogen are everywhere being depleted 
at an appalling rate. Fortunately there are recuperative influences, 
but one of the most pressing problems at the present time is to learn 
how to suppress this gaseous decomposition, and to direct the proce88 
wholly into the nitrate channel." 

It may be pointed out that both prairie lands and the plots in 
Broadbalk field differ materially from ordinary cultivated land. In 
the first case the cultivation is exhaustive and often unchecked by 
systematic rotations and periodic manuring. In the other it illu~trate~ 
a system of continuous wheat-growing and exceptional amounts of 
organic matter added to the soil. In both cases a 1038 of gaseous 
nitrogen is evidently favoured by special circumstances. 

Everyonc now recognizes the importance of leguminous crops in 
arresting this loss by the formation of combined nitrogen through 
bacterial action, now so generally appreciated. 

The four-course rotation is a wonderful arrangement for pre
serving nitrogen in the soil. It is not confined to taking clover, 
or any other crop, once in four years, but extends to beans, peas. 
vetches, lupins, and all the other leguminous crops. It probably will 
be found not to be entirely confined even to them, as cruciferous 
plants, such as mustard and turnips or swedes, undoubtedly con
tain albuminoid matter, which directly or indirectly must be 
derived from the atmosphere. Thus, "'hile there is a disengagement 
of combined nitrogen, there are combinations of free nitrogen, 
which bear upon the question of the exhaustion of thi~ vital 
constituen~. 
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There is, however, an evident danger in heavy and frequent doses 
of farm-yarel manure which have been, and are, applied to land, 
especially in market gardens. A rational system of manuring seems 
to consist in more moderate dressings of farm-yard manure, applied 
to the crops which most immediately benefit from their use. 
Encouragement is also given by this view to the use of nitrates, free 
from masses of organic matter in a state of active decay; and also 
of phosphates, potash, and lime salts, which promote the growth of 
clover and other leguminous crops. 



DIAGRAM OF NITROGEN CIRCULATION. 

An illustration 01 the law 01 the lodeatructibility of Matter. 

FIG. 23. 
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CHAPTER IV. 

GENERAL MANURES. 

FARM-YARD manure may be described as the remains of vegetable 
matter, whether it is composed of litter or of food residues. It is 
usually a mixture of animal excrements with straw, in varying 
proportions. It is also often enriched by the consumption of 
purchased foods, but in any case it contains nitrogen, and all the 
mineral salts found in the ashes of plants. 
. It is t.herefore a complete or general manure, containing every 
mgredient which plants remove from the soil in similar proportions 
to that ill which they were selected by roots. The excrementitious 
part is, moreover, in an extremely fine state of division, and 
therefortl when liberated by decomposition is soonest appropriated 
by growing plants. It is in a sense a sort of protoplasm. It is difficult 
to mention any other manure which so completely restores everything 
taken out of the soil by plants, although rich composts may be looked 
upon as strong rivals. 

The dead bodies of animals, or blood, certainly yield analogous 
analyses; and guano approaches it in composition. None of these 
substances are, however, equal to it either in general distribution or 
ava.ilability, and none of them contain the constituents of plant food in 
such well-balanced proportions. Well-made and enriched farm-yard 
manure stands alone as the typical restorer of fertilizing matter to 
the soil, and may be compared to milk, which is the unrivalled food 
of animals. The parallel between milk and farm-yard manure is in 
fact very striking, for both contain what is wanted, and both are 
derived from previously existing animal or vegetable tissues. 

Em'iched manure, i.e. fortified by cereal and oleaginous seeds 
(meal and cake), contains the constituents of straw and corn, roots 
and leaves, and is therefore perfect for its purpose. If it fails, 
it i'l through the abstraction of materials which are removed a.s 
saleable products; but this can be counterbalanced by increasing 
the amount. It has been argued that farm-yard manure used alone 
must exhaust the soil in the end, because of the above constant 
abstraction; but this only applies when there is no enrichment by 
means of purchased foods, and although it is a valid argument in 
the abstract, it is not so when applied to the case of farms managed 
on a liberal principle. . . . . 

'''here farm-yard manure does actually fwl IS III quanhty, for no 
farm can produce more of it than to dress a small proportion of its 
total extent. Various estimates have been made as to the quantity 
of yard manuro which can be produced on a well-managed farm, and 
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the basis usually employed is the average weight of straw, multiplied 
by the amount of water and other additions nece88ary for converting 
it into manure. If dry straw be. multiplied by 4 we get a tolerably 
accurate measure of the total welght of fresh manure produced, but 
this does not provide for the diminution of weight due to partial 
decomposition. As, however, it is now the practice to apply freshly 
made manure in preference to rotted dung, this does not count for 
much, and there are other minor sources of refuse which ought to be 
added to the straw, such as haulm, hay residues, parings, IICrapings, 
etc., which find their way into the manure heap. 

In the case of 400 acres of arable land producing 200 acres of 
st.raw, the maximum production of farm-yard manure cannot be much 
more than 800 tons per annum, which means 2 tons per acre over the 
entire farm, a quantity which is evidently insufficient. It also mean~ 
a dressing of 8 tons per acre every four years, which _'ould scarcely 
satisfy a good farmer's ideas as to liberal management. 

The consequence is that yard manure is bestowed upon certain 
crops, and especially upon root crops and wheat. Actually there is 
not more produced than will allow of a dressing of 16 ton8 per acre 
to half the root land on the four-course system; or, if half of it is 
devoted to the wheat land, only 8 tons per acre would be left for 
half the root land. It is this which compels farmer. to UIj8 

.. arlificials ", quite irrespective of their opinion as to their com
parative merits. 

That the yard manure ought to be spread over a wide area is 
therefore clear, and as regards denitrification, in practice, and with 
the limited amount available, there seeIll8 little danger of the 
accumulation of such quantities of decomposing organic m"tter in soil. 
as, for example, in the Broadb"lk field at Rothamsted. Farming 
practice at its best, often throws as much light upon agricultural 
chemistry as chemistry does upon practice, and we can scarcely 

. believe that farmers are wrong in their high estimation of the valul.' 
of farm-yard manure. 

They have not enough of it to err on the side of excess, although 
in some cases market gardeners may do so. The application of big 
dressing.~ of ao and 40 loads to the acre is doubtful policy, and might 
be better distributed. Few farmers, however, exceed 20 one-horse 
load! to tho acre, and there is an increasing dispoilition towards 
dressingR of 12 loads, or tons, per acre, at intervals of two to four 
years. • 

The Weakest Constituent in Farm-yard Manure.-The weakest 
element in farm-yard manure is phosphoric acid, but this is com
pensated for by the extended use of superphosphates. There is an 
excess ot potash,. a large amount of nitrogen, and a great deal of 
carbonaceou9· matter and water. 

Among other valuable properties of farm-yard manure is its 
durability, due to its organic nature. It is composed of organic 
matter in three conditions--

1. Watery solution. 
2. Finely divided excrementitious matter. 
a. Fibre, or the constituents of litter. 
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Its immediate action is due to the liquid manure contained in 
the wet mass. Later effects are due to the finely divided matter 
which has passed through the alimentary canal of cattle; and the 
long-continued action, extending over extremely long periods, and 
in fact practically without limit, is the result of the slow decay 
of the litter. 

The gradual liberation of nitrogen, as nitrates, is an especial 
attribute of farm-yard manure. Nitrates are easily washed through 
the soil, and this is one of the weak points of nitrate of soda. The 
decay of the litter in farm-yard manure proceeds slowly in winter, 
and more rapidly in warm and moist weather, when growth is 
most luxuriant; and the consequence is a liberation 'of nitrogen, 
and the formation of nitrates when they are most required. The 
same climatic conditions stimulate the nitrifying bacteria, so that 
the' arrangement is well balanced, and almost suggests a sel£
regulating power. 

Analytical Composition of Farm-yard Manure.-Enough has been 
said to indicate the general composition of farm-yard manure, and 
if any reader wishes for more precise information on the subject 
there aN complete 'analyses in most textbooks and cycloprodias of 
agriculture. There seems, however, little object in reproducing them 
here, as tho composition is, qualitatively, simply a repetition of the 
constituents of the tissues and ashes of plants, and a reflection of 
the contents of a fertile soil. The composition is also exceedingly 
varied a9 to percentages, as there is much difference between enriched 
manure, produced under cover, and strawy stuff made in exposed 
situations. Well-rotted manure yields a better analytical result than 
un rotted manure, but while this is true there is much actual waste 
in the process of decay. The percentage of nitrogen may be higher, 
as also of phosplioric acid, and all fixed material; but this is due to 
the enormous loss of carbonaceous matter, unfortunately accompanied 
by a loss of nitrogen. The organic matter is dispersed as carbon 
dioxide and watery vapour (products of combustion), while the organic 
nitrogen in the food residues and vegetable tissues is converted, 
first into ammonia, next into nitrites, and then into nitrates. Unfor
tunately the change does not stop here, for in the presence of an 
excess of carbonaceous matter the nitrates are further acted upon by 
denitrifying bacteria and escape as free nitrogen gas. 

Although well-decomposed manure is weight for weight superior 
to freshly made manure, the total original weight is diminished in 
many cases by one-half, and the analytical improvement cannot com
pensate for this loss. While therefore a ton of well-rotted manure 
is worth more to purchase than a ton of freshly made stable or town 
manure, it by no means fol~ows that it. pays a farmer. to rot the manure 
producei! on his own holdmg. If the total manur181 content of the 
straw, roots, hay, purchased foods, etc., are not to ?e allowed to 
escape into the air, the manure should be carted stralght from the 
yard on to the land, and ploughed in. . .. . . 

Bulk is in reality a valuable quahty, as It IS decomposed u;'thm 
the Boil instead of being exhaled into the air,. and !1c~ phYSically 
upon the soil particles. On clay lands, espeCially, It hghtens the 
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texture ancl facilitates drainage, as is well known to farmers. Well
rotted manure is undoubtedly beneficial for light soils which need 
cOOl80lidating, and for certain crops which require to be lupplied 
with immediate nourishment; and this suggests its purchase whenever 
possible, especially as, at a moderate price per ton, well-rotted dung 
is always cheaper than fresh stable litter. 

Leaving Farm-yard Manure on the Surface. - The custom of 
leaving manure spread over the surface of land for many weekI before 
ploughing it in is defended on the ground that only carbon and 
moisturo are lost, and that they are no manurial value. How far 
nitrogen escapes is not known, but some of the ammonia undoubtedly 
does. The escape of ammonia in manure heaps is probably arrested 
by the formation of salts of ulmic, crenic, and other humic acids, 
in which ammonium forms the base; but all such questions are as 
yet Bub judice, as they now appear more complicated than in the 
early days of Agricultural Chemistry. 

Manuring Young Clover.-The practice of manuring young clover 
in th3 spring, instead of reserving the dressing until autumn, is 
quite common. Here we have not only to consider the indirect action 
of the manure on wheat but also its direct action on the clover. By 
increasing the crop of clover the farm-yard manure stimulates the pro
duction of clover root, and with it the nodules or warty excrescences 
which contain bacteria capable of fixing the free nitrogen of the 
air. This symbiosis is a matter which has assumed vast importance 
during the last twenty years. It may account for the benefit of 
applying farm-yard manure to young seeds quite apart from the 
question of ~oss of nitrogen in the exposed manure. It may in 
fact justify practice, as so often is the case, but it certainly introduces 
a new factor into the problem. 

Apportionment of Farm-yard Manure.-The limited amount of 
yard manure renders its distribution very important. As a rule 
most of the manure finds its way on to the arable land. Grase lands 
are generally starved in this respect, but it by no means follows that. 
they are neglected. They receive a good deal of the food residues 
voided by cows and grazing cattle, and the 1088 of phosphates is made 
up by dressings of basic cinder and superphosphate. The question 
of apportionment of yard manure chieHy affects arable land, and a few 
remarks will assist the reader in seeing clearly to what sectionll it 
should be applied. 

In the first place there are years in which manure does not appear 
necessary, as for example after a root crop fed upon the land by 
sheep, or after green crops similarly disposed of, or, possibly, after 
beans or clover which leave the land rich in nitrogen. Again, some 
crops are more independent than others, and thrive on comparatively 
poor land. Thus oats, although greedy feeders, are 1_ exactinr 
than wheat, and barley, although developing heavier yields of com 
and straw when manured, sometimes suffers in quality from over
manuring. If the four-course rotation is taken as a type, it is evident. 
that the land is in the greatest state of depletion after the removal 
of the wheat :which ends it; and a large share of the farm-yard 
manure is properly devote:! to the roots, which are best viewed as 
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beginning a new rotation. The second crop (barley or oats) needs 
no farm-yard manure, if the roots have been eaten on the land; anll 
clover may follow the spring corn, without it. The consequence is 
that the bulk of the yard manure is divided between the roots and 
the wheat, with the result that there is not enough for" both. It is 
therefore necessary to subdivide, and the most practical course is to 
use the farm-yard manure for the root crops which are to be removed 
from the land, among which potatoes must rank, and ih~ portion of 
wheat land which seems most to require help. 

Mangel-wurzel stands out prominently as a deserving object for 
liberal manuring. It is capable of producing a heavy tonnage per 
acre, and is almost always carted off the field, and is therefore an 
exhausting crop. The same is true of swedes stored in heaps for 
fattening cattle, but not of swedes and turnips consumed on the land. 
These latter may be grown with the help of superphosphates and other 
artificial manures; and the droppings of the sheep may be considered 
to be an equivalent for farm-yard manure. It will also be found that 
many root crops are grown near the homestead in order to ~ave 
haulage, and this affects the carting out of manure as much as the 
carting home of roots. On the other hand, the root crops on distant 
fields arc more economically fed on the land, so that labour is saved 
in both cases, and the fertility of the land is maintained as efficiently 
by the one system as the other. 

Other General Manures.-General manures are, as a rule, waste 
products, as distinguished from manufactured articles. 'fheir 
impuritieJ are often recommendations, and decomposition is essential 
to their success. Farm-yard manure is the typical gen!)ral manure. 
but rich soil almost ranks with it. " Dirt" of all kinds is promising 
as a fertilizing agent, and most refuses possess a value for the land. 
Farm-yard manure is itself a refuse or waste material, and it is no 
matter of wonder that other refuses should also possess fertilizing 
properties. They also are composed of used-up animul and vegetable 
tissues, and contain all the ingredients removed by plants or appro
priated by animals. Thus the list is very extensive, und includes 
animal, vegetable, and mineral wastes, as well as mixtures of all 
three. 

Oompose, may be described as rubbish-heaps. They are formed of 
refuse of all kinds, but are classed as animal composts and vegetable 
composts. They often consist of weeds r.ake~ off the arabl~ In:nd ; 
of rapo roots and cabbage stumps, hedge trimmlllgs and box Chpplllgs, 
garden refuse, potato haulm, road scrapings and pond cleanings, 
dead animals, and filth of all kinds. 

They ropresent an extraordinary collec~ion of debris, min~led v:ith 
earth to keep the mass from being offensIve. At a convement h.me 
lime is added, and the whole mass is then turned, each spadeful bemg 
sprinkled with lime, and the result is a compost heap. 

Theso heaps might be used to point a moral~ for they are 
a remarkablo instance of the value of waste materIal, and a good 
examplo of thrift. The amount of materia~ available. on a la\'g~ fl1r!u 
is almost limitless. Road parings and dltc~ scour.mgs a:e :Ich 10 

organio matter, which ouly Doeds to be nuxed WIth qUickhme to 
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decompose it. Such heaps are sometimes many yards in length, 
containing hundreds of cubic yards of loose mould, which is of great 
value for grass land, or for deepening soil on bare brows of arable 
fields. 

The treatment consists in placing lime beside the heaps and 
mixing it, when slaked, with the rubbish, and equaring up the 
heap. It is. then left for months, and turned, screened, and formed 
up once more. All seeds and roots are then dead, and the resulting 
mould i.~ really extremely rich, and might be used for garden bed. 
or for potting. 

Compostd may also be made of refuse from slaughterhouses, 
fisheries, or glue-works, and even of the remains of horses IIlaughtered 
for their hides and oil. These composts are not mixed with lime 
but with earth, and yield a very rich mould. The well-known proceB8 
of extracting nitrate of potash from nitre beds, discovered a century 
ago, is an illustration of the changes which take place in • compost 
heap. It is known as nitrification, and may be the explanation of the 
formation of nitrate of soda from seaweed or guano in past ages. 
Composting is destined to play an important part in intensive cultiva
tion, for by it soils may be blended as well as enriched. They might 
form a basis for artificial soils, adapted for the requirements of exotic 
plants, and could be easily provided with an artificial 8ubsoil to 
facili ta.te drainage. 

Composting is almost the reverse of burning ; for in that proceBB 
the organic matter is destroyed, and the ashes are .lone prese"ed. 
Ashes may be regarded as a general mineral manure, but are wanting 
in nitrogen and organic matter. The practice of making composts is 
probably less general than it was fifty years ago, when portable 
artificial manures were comparatively unknown and more expensive 
than they are now. Good farmers prefer ashes to composts because 
they arc less expensive and more rapidly prepared, but composting 
should not be forgotten, and in connexion with intensive cultivation 
it hall a future before it. 

Seaweed as Manure.-There is • similarity between farm-yard 
manuro and seaweed, as both are of vegetable origin and contain all 
the ingredients of plant tissues. The sea is the receptacle of all 
the mud which is carried to it by the river systems of the world, and 
hold3 in solution all the salts required by plants, a! well as that most 
characteristic constituent, common salt. Seaweed is also rooted on 
rocks, and. to some degree extracts mineral matter from them. It 
is torn from its position during storms, and accumulates in vast 
quantitied on the beach, whence it is carted to adjoining lands. 
\Vhere this occurs the supply is perennial and exhaustl088, and land 
which abuts upon the beach commands a higher rent in consequence. 
On the west coast of Ireland and the east coast of England it is much 
estE'emed on account of its fertilizing effects, especially for young 
wheat. Owing to its cellular structure (in contradistinction to the 
fibrous character of straw) it decays very rapidly, and easily washes 
into the ground. 

It id rich in nitrogen, as it contains about 13 per cent of 
albuminoids ; and in mineral matter, the greater part of which is 
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chlorido of sodium. It, however, contains considerable amounts of 
potasb, lime, magnesia, phosphoric acid, and sulphuric acid, and its 
min~ral residue a~ter burning is known as "kelp". The principal 
marme plant.;; whICh are thus thrown upon the coast are various 
specie~ of FUCU8, one of which, F. 8accharinu8, contains as much as 
12 per cent of mannite in its dry substance, and is used as food in 
the Shetland Islands and Hebrides, under the name of dulce. l There 
are also several other species, among which may be mentioned 
Laminaria latifolia, Chondru8 crispu8, lridrea edulu8, Delesseria san
guinea, etc. Seaweed or sea-wrack is considered to be equal or 
superior to farm-yard manure. 

Waste Products.-All organic matter; every combustible material 
which leaves an ash; everything which decomposes-possesses 
fertilizing value. The soil promotes decay, and is the proper receptacl(' 
for all dead and effete matter. It abounds in micro-organisms which 
greatly intens:fy the action of "worms ", the classic word used to 
express the devouring element in soils. The more highly organized the 
substance, the more rapidly does it decay, and the more valuable is it. 
as a fertilizer; thus blood, which contains everything. necessary to 
nourish the body, is a valuable manure. When dried it contains all 
the constituents of the ash of plants-from lime, which is required 
for thc building up of bone, to iron which gives to it its characteristic 
colour. Animal tissues are as potent as animal excrements, IVIld 
hence slaughte~house refuse is a rich manure. Similarly, anything 
which makes blood, i.e. anything which nourishes the animal body, is 
a manure, and this :ncludes not only green fodder, roots, and hay, 
but cake~, which indeed are richer in fertilizing matter than the 
seeds from which they were derived. 

In treating of waste products the first thing which must strike 
the inquirer is their enormous variety, and their complex character. 
They are, however, of very different values, first on account of the 
comparative speed at wh:ch they decay, and secondly because they 
differ in composition. Paper and linen rags, for example, have 
some value, because they yield an ash; but are extremely slow in 
rotting away. and do not contain nitrogen. Bark from the tan-pits is 
another slowly decaying material which has a certain manurial value, 
but is undoubtedly slow in its action. 

It is impossible to construct a list of waste products because of 
their great and increasing number, but it would includ.e refuses 
from fisheries, glue-works, gasworks, woollen factones, .. s~w
mills, flour-mills, breweries, streets, etc. Th>3 waste of fertlhzmg 
matter in sewage alone is appalling, and yet each of the~e products 
must be worth carriaO'e which is the test of their commerClal value . 

. Carriage is a most i~portant consideration, and is the great bar to 
using many waste materials which are of undoubted value. Sewage 
is on9 of tho most striking examples of enormous aggregate value, 
coupled with insurmountable costs in application. "When we 
reflect," write!! Professor A. M. Aikman, ,; that a ton of sewage, such 

1 A Scottish divine. in explaining the paSBAge~ in ~he Book of Daniel relating to the 
pulse diet given to the selected children of Israel. 18 SAid to have brought tbe matter bome 
to his congregation by BRying. H Brethren. their pulse was our dulce" I 
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as is produced in many ,European cities, contains only 2 or 31h. of 
dry matter, and that the total amount of nitrogen in this is only an 
ounce or two, while the phosphoric acid is considerably less, and that 
it is on these· two ingredients that its value depends, we see very 
strikingly how poor a manurial substance sewage is." And yet when 
used for irrigation, sewage produces the most wonderful results
much greater than ordinary water, for example; but the lesson is, 
that it can only be profitably employed when gravitation assists 
distribution. The disposal of sewage is, however, a matter of health, 
and the problem is not solely an agricultural one. It almost 
necessarily involves a pecuniary loss, which comes on the rates, and 
the agricultural produce of a sewage farm is looked upon as a mere 
set-off against charges. 

Interest in Waste Products.-Agriculturists naturally feel a great 
interest in waste products; and manufacturers and municipalitiel are 
often strenuous in advocating the manurial value of their accumula
tions. All these wastes possess a certain fertilizing value, although 
many of them contain excessive quantities of carbon, sand, and 
foreign matter, which render it impossible to carry them any ditltance 
without incurring greater expense than they are worth. The stronger 
they smell, and the more repulsive their appearance, the more 
attractive do they appear, but these are not safe guides. All of them 
must be subjected to the arbitrament of analysis and the opinion of 
a competent agricultural chemist, and this frequently .. pricks the 
bubble ". 

The authors of this small book disclaim all idea of writing 
a cyclopredia of Agriculture; and, to avoid disappointment, refer 
their readers to works where every manurial product capable of 
classification is discussed. Crosby Lockwood's Complete Grazier, 
15th edition, Blackie's Standard Cyclopredia 01 Modern Agri
culture, and Green and Sons' Encyclopredia 01 Agriculture are 
both modern and accessible to most students. Aikman'lI Principles 
01 Manuring. (William Blackwood and Sons, 1894) is a mOllt useful 
work, and every textbook on agriculture contains this c18811 of in
formation. It has not therefore been thought advisable to fill these 
pages (limited as to number) with tables of analyses of innumerable 
waste products. A few may, however, be mentioned which are of 
general interest, and among them Boot, because of its general dis
tribution and double value, first as containing 3 per cent of nitrogen, 
and secondly as a protection against slugs and snails. 

A ring of soot around seed in a garden is an impregnable .fence, 
and a dressing of 40 or 50 bushels per acre is an economical dreS8ing 
for corn or grass, if it can be bought at a reasonable rate. Sulphate 
of ammonia of 97 per cent purity may be worth £13 15 •. per ton, 
and it is for the purchaser of soot on a large scale to compare tAle 
amount of this fert:lizer with what he is buying, at say 6d. per bushel 
Soot i~ a light material, and some calculation is necessary before 
a comparison can be made between 3 per cent by weight; and 25 per 
. cent of ammonia, in a 97 per cent sample of sulphate of ammonia. 
The sulphate of ammonia, it will be noticed, only contains 25 per cent 
of actual ammonia, the remainder being sulphuric acid, so that 



GENERAL MANURES. 65 

a 97 per cent puri~y means ot;tly 24 per cent of pure ammonia or 
19·7 per cent of mtrogen. Nltrate of soda of 95 per cent purity 
containd 15·5 per cent of nitrogen. 

Gas-lime is another popular application to land. Like soot it is 
offensive to slugs and insects, and this is its chief recommendation. 
It contains about ·25 per cent of calcium cyanide, which is poisonous 
to plants, but when thoroughly oxidized becomes a useful manure. It 
only contains traces of ammonia, but in some cases as much as ·25 per 
cent. It is found to be beneficial to pastures affected with moss, 
and in other respects it is about equal to lime. It is an error to 
look upon gas-lime as a powerful manure. 

Green-crop Manuring.-There is but little difference in com
position between turnips and the resultant excrementitious matter 
after their consumption by live stock. What difference there is, is in 
favour oi the uneaten crop, for the animal system makes demands upon 
the food as it passes through the intestines. The conclusion must 
therefore be that a root crop ploughed in is a richer fertilizer than 
the same crop passed through the bodies of sheep or cattle. 

The question is complicated when these crops are supplemented 
by other foods, some of high residual value; and hence a crop of 
turnip~ fed on the land is more beneficial than the same crop 
ploughed in. The object of producing the crop is an expected 
profit, through the animals consuming it; and on light soils there is 
the consolidation of the land, which renders it more fit for corn 
growing. The crop is also returned to the land after mastication 
and passing through the alimentary canal, while the ut:ine or liquid 
manure is a more powerful fertilizer than water as it exists in 
turnips or green fodder. 

Most farmers would therefore declare in favour of consuming the 
crop on the ground, and securing the "feeding value" as well as 
the manurial value of the crop, and the mechanical advantages of 
treading by sheep. In this conclusion they are right, but it does not 
affect tho general question of green manuring, the benefits of which 
rest on a firm basis. When there are mouths to eat a growing 
fodder crop it would be a sacrifice of valuable keep to plough it in, 
but there are seasons in which it is impossible to pass sheep over the 
land, in which farmers plough in roots in order to clear their land for 
spring corn. There is also clay land which is betier for being 
lightened up rather than consolidated, and in such soils a mass of 
vegetable matter assists this object, as well as enriches the s?il. 
Green-crop manurin'" may therefore take the form of an extenslOn 
of the area devoted" to fodder or manuring crops, rather than as 
indicating any preference for ploughing in growing green crops. 

It cannot be too fully realized that all the nitrogen and mineral 
matter removed from the soil is returned plus a large quantity of 
organic matter which moderates the tenacity of clay soils and 
increases the absorptive powers of light and sandy soils. T~ere .is 
also a fixation of nitrogen from the atmosphere, fully recogill~ed III 

the case of leguminous crops, and probably possessed by CruClferre, 
although not so apparent. It came as a surprise to the managers 
of the Experimental Farm at Woburn that better wheat crops were 

F 
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produced after mustard than after certain leguminous crops, and 
recent experiments have still further strengthened this view. Tbe 
fact is, that mustard leaves the soil in a better mechanical con
dition thau tares or vetches, and the rate of the decomposition of 
roots and herbage within the soil may have much to do with the 
result. 

Neither must the root action be lost sight of (as Bee Tillage) nor 
the relative depths of roots, and their varying powers of pumping 
up nitrogen from the subsoil. 

Growing crops are great conservers of nitrogen, for there is 
little waste through drainage as long as the Boil is occupied by 
a network of active root fibres. This is the secret of the high nitrogen 
content of pasture-land, and equally applies to the cultivation of 
green crops. The effect of deep-searching roots is beneficial to the 
subsoil, and, as recently shown by Dr. J. A. Voelcker, destructive of 
garlic. A growing crop focuses the nitrogen obtained from the soil, 
subsoil, and atmosphere, and restores them to the land when it is 
ploughed in. 

Thero are many keen advocates of green-crop manuring, among 
whom is Dr. C. Harlan, who published a volume on the subject (Friends 
Printing House, Philadelphia), which in 1888 had reached its fourth 
edition. Professor Voorhees, Director of the New Jersey Agricultural 
Experiment Stations and of Rutgers College, deals with the subject. 
as .. nitrogen gatherers" in his excellent work on .. Fertilizer.". 
There are also numerous papers on green-crop manuring scattered 
through the back numbers of the Royal Agricultural Bociety'. Journal, 
all of which clearly show the advantages of the system. Neither must. 
the cleaning effects of a smothering crop be omitted aa of high 
importance. 

In vol. iv (ser. II, R.A.S.J.) are papers by Mr. Peter Love, 
Mr. G. Murray, and Mr. W. B. Wright well worthy of attention. 
especially the first. Mr. Love used white mustard on his otherwise 
bare fallows, and grew three crops in succession, the first being sown 
in May. This crop was ploughed in about midsummer, and the 
groun1 was immediately resown with a second crop, which was 
ploughed in about harvest-time. A third crop was then sown in time 
for ploughing in in autumn, and so luxuriant was the growth that. 
special meam; had to be taken to roll it down and bury it under the 
furrow. The result was great· fertility, and absolute freedom from 
couch, as the roots of that pernicious weed were absolutely 
exterminated. There is no seeding of weeds, and the land is brought. 
into perfectly clean condition. 

When we reflect upon the small cost of mustard seed. its rapid 
germination and growth, and contrast this enlightened system v.-ith the 
tedious tillages of an ordinary bare fallow, we cannot but wonder 
that these valuable lessons seem to have been forgotten. Seldom or 
ever do we see them put in practice, and yet .three crops of mustard 
represent a very full dressing of yard manure, thoroughly distributed. 
and obtained without any cost of carting, or conversion of valuallile 
straw into .. dung". Truly we may wonder at the blindness of many 
farmer.! to their own interests. 
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T.he crop~usually grown for green manuring are, late-sown white 
turmps after vetches fed on the land, white mustard buckwheat 
clover, Hungarian millet, rye; and, among the legumindus crops red 
and crimson clovers and lupins. Vetches are also used but ar~ not 
a good preparation for wheat. ' 
. Turnips and swedes are often ploughed in in spring, when there 
IS a plethora of keep and surplus roots must be got rid of. They 
are crushed down with h~avy crosskill rollers, and ploughed under ; 
but they are too substantial for neat work, and slow in decomposing. 
They are also liable to develop seed stems and disfigure a cornfield, and 
are thereforo not so well adapted for the purpose of green manuring 
as plantd of herbaceous growth with fibrous roots. 

Another development of this system, which might be carried out 
on a much wider scale, is the sowing of catch crops upon stubbles. 
This is practised extensively in Wilts, Rants, and other south-country 
chalk counties for providing sheep keep in the spring, and the land 
is then broken up and drilled with roots. The action of growing 
crops in preventing the waste of nitrogen suggests a more extended 
use of this system, even if the crops are ploughed in. 

Guanos.-Guanos occupy a middle position between excre
mentitious and artificial, or special, manures. They are natural, in 
so far as they are composed of the excreta of birds or bats, but 
in many cases have been modified by the action of salt water and 
become rocky in character. They are therefore divided into 
nitrogenous and phosphatic, according to the predominance of either 
ingredient. There are a large number of them, which are named 
after tho locality where they are found. 

The original source was Peru, and the native name was Ruana, 
which simply means dung. The first cargo arrived in England in 
1840 and made a great and lasting impression. The original deposits 
of Peruvian guano have long been practically exhausted, but during 
the thirty years in which they lasted, guano produced a wonderful, 
change in the disposition of farmers towards small dressings of 
Ii portable substance, which was found to be as efficacious as farm-yard 
manure. Peruvian guano therefore paved the way for artificial 
manures, and for the application of hundredweights instead of tons 
per acre. This, it is true, had already to some extent been effected 
by the use of crushed bones, but the combination of nitrogen and 
phosphates in guano produced more striking effects, and the intro
duction of guano constituted an era in agricultural progress. The best 
Chincas guano contained 14 to 16 per cent of nitrogen, and 12 to 
14 per cent of phosphoric acid, so that it actually represent~ a" 
mixture of nitrate of soda and superphosphate. It only con tamed 
2 per cent of potash, and in this respect was inferior to farm-yard 
manurll· but a combination of it and the ordinary product of the 
farm-ya;d seemed to give everything necessary for keeping up the 
fertility of soils. 

Owing to the varied and often inferior quality of more recen~ly 
discovered guanos, importations have decreased to .0. mere fr~ction 
of what they were originally were. The word guano IS now appbed to 
0. great variety of manures, some of which may be worthy of the name, 
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or may be the result of various mixtures of refuse· animal and 
vegetabl6 matter collected from miscellaneous sources and presented 
as guanos. 

Phosphatic guanos have been imported from a large number of 
places (Aikman enumerates twenty), but present Bources seem to be 
confineu to about seven. They contain from 28 to 39 per cent of 
phosphoric acid (equal to from 52 to 85 per cent of tricalcic phos
phate), and are used in the manufacture of superphosphate, after 
they hava been reduced to a fine powder. 



CHAPTER V. 

SPECIAL MANURES. 

ALL th'J manures mentioned in the previous chapter, except soot 
and gas-lime, may fairly be considered as complete or general. They 
are derivell from vegetable and animal tissues, and therefore contain 
nitrogen and mineral matter in approximately the best proportions 
for plant nutrition. They fail in effect in the following cases: first, 
when applied to crops which have special requirements, and, secondly, 
when. used on land which is notably deficient in some particular 
constituent. They are also in a sense wasteful, as they tend to 
accumulate certain constituents in unnecessary quantities, but are 
Do safeguard against the exhaustion of the same elements. 

Efficacy of Pure Salts.-The rotten and offensive character of 
manure, its strong smell, clammy nature, and dark colour, are 
associated in the minds of many farmers with fertilizing properties. 
~'h9.t such materials when incorporated with the soil should enrich 
it is accepted as beyond question, and the explanation is that they 
contain plant food. Further investigation and experiment have, 
however, conclusively shown that this, although substantially true, 
is not quite accurate, and that before rotten vegetable and animal 
matter can be used by plants it must be completely resolved into pure 
salts. Farm-yard manure is a source of nitrogen which is finally 
presented in the same state as it exists in nitrates of soda, potash, 
or lime; the potash and phosphoric acid in organic combination in 
farm-yard manure must be liberated before they can be absorbed 
by the spongioles of the root fibres, and hence the essential difference 
between natural and mineral or artificial manures breaks down at 
the first touch of inquiry. 

We may even go a step further, for it has been shown that ~he 
fastidious roots of flowering pl~nts turn away from sour and offensive 
matter, and only absorb the products of complete decay, which are, 
like the products of combustion, composed of such simple materials 

. as nitrates of lime, or of alkalies, phosphates of lime, or: of potash, 
ferric oxide, sulphates, silicates of soda, or carbonates. Thus natural 
and artificial manures find a common basis, and the line of demarca
tion is obliterated. This is very elementary agricultural science, 
but requires to be enforced, as there are still many farmers who 
entertain a lurkin'" suspicion that artificial manures exhaust the 
land or aro the cau~e of diseases in crops. These fears are unfounded 
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so far as manurial action is concerned, and any evils which arise 
from the injudicious use of artificial manures must be accounted for 
on other grounds. 

Alleged Exhaustion of the Land by Artificial Manures.-In order 
to understand soil exhaustion, it is necessary to appreciate the fact 
that a large number of constituents are required to build up a crop, 
and that if one of them is absent full development is impossible. 
Farm-yaru manure, as"already explained, contains all the constituents 
of plants, and is therefore competent to keep up fertility. Artificial 
manures only contain special ingredients, and if a favourite fertilizer, 
such as nitrate of soda, is too often used, it may lead to the exhaustion 
of phosphoric acid or potash, in which case the nitrate of soda may 
be said to have exhausted the soil. The real fact is that the farmer 
has himself exhausted it by injudiciously working one particular 
fertilizer to the exclusion of others. It is quite pOSdible to construet 
a complete or general manure by combining a very few artificial 
fertilizers, or by applying them at different periods of a rotation. 
It is many years since the late Professor Baldwin of Dublin advocatt'd 
in his lectures a rotation of manures as well as a rotation of crops; 
and Liebig, in his Laws of Husbandry, explained the "law of 
minimum ", which simply means that the fertility of land is destroyed 
if any ono important constituent is allowed to become exhausted. 
The plea that artificial manures exhaust soils is a mere unfounded 
allegation, supported by cases in which the blame does not attach to 
the manure, but to the way in which it was employed. 

Artificial Manures increase the amount of Farm-yard Manure.-To 
those who pin their faith on yard-made manures, it may be 1\"ell to show 
that the stock of manure on a farm is easily increased by the use of 
artificial manures; and this can be demonstrated in a very few 
words. No one doubts the effect of nitrate of soda in increasing the 
yield 01 straw, or of superphosphate in increasing the weight of 
a turnip crop; and by bringing these results together the mass of 
farm-yard manure must be increased. Similarly, nitrate of soda 
increases the yield of clover, vetches, grass, cabbages, and almost all 
fodder crops, so that the head of live stock, and the amount of manure 
made, is much increased, and in this way the decried nitrate of soda 
is converted into the much extolled farm-yard manure. 

Classification of Special Manures.-Special manure3 are clasaified 
as nitrogenous and mineral, although there is no scientific reason why 
nitrogen, hydrogen, or carbon should be considered as non-minerals; 
for hydrogen has been regarded as a volatilized metal, and nitrogen is 
the predominating constituent of the air. 

The distinction means, that, in the first class of manures, combined 
nitrogen is the principal ingredient, while in the latter it is either 
entirely absent, or exists in a subordinate position. Nitrogenous 
manure~ are of organic origin; for even nitrate of soda, which might 
be described as a mineral, was probably derived from seaweed or 
guano. Mineral manures contain the ingredients of plant ash, and 
are employed to replace the mineral matter removed from the soil 
by crops. Nitrogen is essentially an ingredient of the combustible 
or volatile parts of plants, which points to an atmospheric origin. 
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The importance of nitrates as an ingredient of fertile soils places it 
in tho firs~ rank. It is the only plant food which is generated in the 
soil. It readily volatilizes into the air, and washes with special ease 
into drainag'3 water. It is also required in large quantities for the 
formation of proteins or albuminoids, and without a full supply o£ 
it plants cannot appropriate mineral matter from the soil. The case of 
plants and animals in this respect is similar; for an animal deprived 
of nitrogenous food starves to death, through continuous waste of its 
tissues. This is nitrogen starvation, and may occur either to a plant 
or an animal. In the animal it is caused by excretion, and in the 
plant through actual deprivation. 

A supply of nitrogen to a growing plant is as necessary as a supply 
of moisture, for if deprived of either it cannot avail itself of other 
descriptionli of food. In this respect nitrogen does not differ from 
any other essential ingredient of the soil, except in degree. A soil 
destitute of phosphoric acid, potash, or lime is equally unable to 
support high-class vegetation; but complete absence of the mineral 
food of plants is comparatively rare, while a deficiency of nitrogen is 
so common that it becomes the weakest link in the chain of plant 
nutrition, and additions of it may be relied upon to increase the yield. 
What is called its "stimulating" effect is an inaccurate expression, 
for it exert~ no stimulating action like that of alcohol or ammonia on 
animals. It is simply a food, and becomes a part of the tissues of the 
plant, which stimulants never do. If nitrate of soda exhausts land, 
it is only because it increases the crop. In this sense any ~anUll'e 
is a stimulant, and so also is tillage. 'When a soil is deficient in lime 
it cannot support a fully-developed plant, aud when tb.is is the case 
a dressing of lime may produce a very striking effect. Lime has 
been said to exhaust land, but the true explanation is that other 
constituenta of plant food should be added, so as to level up the 
supplies of available plant food. It is merely an application of the 
law of minimum as enunciated by Liebig, and it is a misuse of words 
to call it stimulating. 

Tho effect of nitrates is immediate, because nitrogen is generally 
wanted; and transient, because of their solubility. If used exclusively 
for years in succession nitrates exhaust the soil, by a simple 
arithmetical process, and not by stimulation; and all that is necessary 
is to keep up tho balance of foods in the sail, as is well shown in 
the continuouG wheat-growing experiments at Rothamsted. 

Further differences between Nitrates and Organic Nitrogen.-The 
gradual evolution of nitrates from £arm-.ya~ manure ~as alrea~y 
been mentioned, but deserves further notice III contrasting orgamc 
remains, containing nitrogen, with salts of nitric acid. Organic matter 
is a conserver of nitrogen, giving it out as nitrates, in presence of 
earthy or alkaline bases. . . 

The process may be extremely slow, for the effe~ts of hb?raJ. 
dressings of farm-yard manure have been recorded for fifty or Slxty 
years after they have been discontinued. The late ~ir John J,awes 
believed that the effect might last 100 years, and this dllrabllity of 
farm-yard manure is one of its most valuable features. On the 
other hand, nitrate of soda is eminently a one year, or one crop, 
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manure, and leaves little residual fertility behind it, chiefly on account 
of its solubility. The difference of behaviour of the two materials 
is not, however, all in favour of farm-yard manure, for it is incon
sistent with the idea of quick returns. To recover capital expenditure 
as soon as possible is an accepted commercial principle, and the 
advantage of stocking land with potential fertility for many years 
to come may be compared to paying money in advance. If therefore 
a well-balanced system of manuring is followe:l, it is no disadvantage 
that nitrate of soda should exert an influence on one crop only, and, 
as already explained, it may and does react upon the amount of 
yard manure produced on the farm, and becomes permanent in its 
effects. 

Where Nitrate of Soda should be used.-Nitrate of I!Oda, which is 
really the most characteristic salt of nitric acid, exerts Ii beneficial 
effect on all kinds of vegetation, but especially upon gramineou/l 
herbage, which includes corn and grass crops. Its effect on wheat and 
oats ia well known, as also upon Italian rye grass. It ia a good 
dressing fot barley grown after a corn crop, but is not necessary 
after roots fed on the land by sheep. It is not usually applied to 
cruciferou3 root crops, but even on swedes and turnips a top dressing 
of nitrate or soda is often beneficial. Its action on rape and cabbages 
(both cruciferous plants) is very pronounced, and this is in accordance 
with the observation that it acts especially upon the leaves and 
stems. It is accused of encouraging the growth of straw rather than 
of grain, but there is no doubt as to its increasing both, under normal 
conditions. 

The first effect of nitrate of soda is to produce a darker green in 
the young plants, accompanied with a broader blade in cereals, and 
rapid growth, both of which features appear a very few days after 
application. This darkening of the green is a healthy sigu, but if 
nitrogen exists in excess, the crop is liable to assume a gross or 
blackish-green colour, which may lead to fungoid attacks, such as 
mildew and rust. Especially is this the case in wet seasons, and 
indicate" an excess of available nitrogen. On the other hand, Ii pale
green colour shows a want of nitrogen and an excess of mineral lood, 
and the object of the farmer is to preserve the balance between these 
two classel! of plant food. 

The application of nitrate of soda is in some respects Ii speculation, 
as success depends in a measure upon the seal!On. In cold and wet 
seasons a farmer may regret having use:! it, but this result is of 
course impossible to foretell. The previouc8 management is often 
a guide in thitl matter, as nitrate of soda need not be applieJ after 
close folding with sheep, or when it ill known that the land is 
sufficiently rich to produce a good crop. It is always acceptable 
to a second corn crop; to clover, mixed aftermaths, and to mangel
wurzel. The natural order to which a crop belongs has always been 
considered to have bearings on the fertilizers used, but ill not in all 
cases to be relied upon. Leguminous plants, for example,' are 
supposed to be naturally equipped for obtaining nitrogen from the 
air, but notwithstanding this, young vetches and clover benefit from 
its application. It also produces an excellent effect on potatoes, 
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although heavy nitrogenous dressings predispose them to disease. 
Growers, however, accept this risk. 

Time, Quantity, and Methods of Application. -Nitrate of soda 
is bes~ applied from March to May to corn and grass crops, and 
IJ cwL per acre is a sufficient dressing. As it is difficult to distribute 
such a sm~ll quantity equally, it should be mixed with an equal, or 
double we1ght of common salt, sand, or earth; and in such cases the 
mixed dres$ing may be divided into two pa-rts, and sown at twice. 
4 dressing. of 2 to 3 cwt. may be given to mangel-wurzel at the 
time of sowmg, or partly when sown, and partly as a later top dressing, 
when the plants have been singled out, and again after the first horse
hoeing. The quickest and cheapest method of application is broad
castin~ by .ha.nd, and if done by two men following each other the 
distribution will be satisfactory. Manure distributors may also be 
used. Before sowing, the nitrate and salt should be reduced to a fine 
powder, screened, mixed carefully, and applied if possible on the 
same day. 

Ammonium Sulphate, or sulphate of ammonia, is a product of gas 
manufacture, and is also obta:ned from shale, bones, horn, leather, 
and other animal substances rich in nitrogen. It may be regarded 
as a rival of nitrate of soda, and: is almost as extensively used. 
SUlphate of ammonia is to be preferred to nitrate of soda for malting 
barley, and for potatoes, while nitrate of soda is beiter for mangel
wurzel and grass land. Sulphate of ammonia is richer in nitrogen 
than nitrate of soda, but is not quite so quick in its action. The 
ammonia requires to be changed first into nitrites and then into 
nitrates by certain species of bacteria, and this oxidizing process is 
more rapid in warm than in cold weather. Sulphate of ammonia is 
less liable to wash through the soil than nitrate of soda, and may 
thereforo be applied earlier. It has even been used in the autumn 
on young wheat. . . 

Nitrate of Lime, Calcium Cyanamide, etc.-Hitherto agriculturists 
have been dependent for their supply of nitrate of soda upon the 
" Caliche" beds of Chile, which contain from 40 to 50 per cent of the 
pure salt. These beds are estimated to be sufficient for the world's 
markets for about 100 years to come, and it is possible that other 
heds may be discovered. -

The price, and the possibility of exhaustion, have stimulated the 
inventive faculty, and already various artificiall! produced. lime 
nitrates are on the market. Among these are calclUm cyananude, or 
nit.rogen lime, advertised recently as "nitrolim", and stated to be 
richer in nitrogen and lower in price than nitrate of soda. It would 
occupy too much ~pace to trace the progress .of ~his inventioI?- or to 
describo tho processes employed, but the comblllahon o.f free mtrogen 
with oxygen is effected in two ways-one by the umon of the two 
gases under the action of the el~ctric sp~rk, and the other by t~e 
passaao of nitrogen gas over calclUm carb1de, the substance used III 

the ~anufacture of acetylene gas, at a high temperature. _ 
The effect of electricity in producing nitric acid during thunder

storms ha.i Ion'" been recognized, and the fertilizing effects of thunder 
rains has bee:: attributed to this reaction. The rapid progress of 
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electrical engineering, and the recognition of the enormous forces 
latent in Niagara and all waterfalls, has during recent yearM 
resulted in the utilization of this power to a marvelloutl extent 
for many purposes, so that electric stations now abound both in 
America and Europe. It is therefore no matter of wonder that the 
production of nitric acid and its compounds (especially nitrate of lime) 
should now rank among the accomplished facts of applied science. 

Tho firs~ attempt to attain this object was made by Bradley and 
Lovejoy at Majara, but failed commeroially through deficient 
electrical energy. Professor Berkeland and Mr. Eyde, by constructing 
electric furnaces of sufficient power, and supplying the most euitable 
electrical conditions, are now turning out many thousand, of tons 
of nitrato of lime per annum. In 1909 the factory worked upon 
the Berkeland-Eyde principle at Notodden (Germany) W&ll utilizing 
40,000 horse-power and 26 furnaces; but extensions were in contem
plation for obtaining 220,000 horse-power from the River Rjukan 
in Telemarken. The enterprise at Notodden is pronounced to be in 
every way a perfect success, and may be looked upon as having solved 
the momentous question of the future supply of combined nitrogen 
for the production of human food. 

Nitrate of lime, ,as now supplied, is readily soluble in water, and 
when exposed to the air it absorbs an eXOO88 of moisture and 
deliquesces. This is a disadvantage which no doubt will be corrected 
in time. but, so far &II its fertilizing effects are concerned, the 
artificial product is said to be equal to nitrate of soda, and will 
probably be cheaper. 

Phosphoric Acid and Phosphates.-Nitric and phosphoric acida are 
the two most important constituents of a fertile soil. It might easily 
be shown thaI. other constituents are of equal intrinsic importance, 
just as it might be shown that air is &II ilI!portant &II food. 1'he point 
is the relative abundance of the prime necessaries of plant life, and 
in this respect both nitrates and phosphates are at a premium-the one 
because of its solubility, and its liability to resolve itself into free 
nitl'ogen; and the other because of its continuous depletion during 
many centuries of ignorance, and possibly its originally Bmall quantity 
in many soils. ' 

It iJ impossible to say which of these two plant foods is the more 
important, but it may be broadly stated that in most soiltl they are 
the controlling factors, and that applications of nitrates and 
phosphates are all that is necessary in order to maintain fertility. 
In making this statement it is not intended to disparage the 
importance of other ingredients of plant foo~ and this will be made 
clear in tho section devoted to calcareous, potassic, and other manures. 
As to the remaining ash constituents of plants, it is always possible 
that they may exist in insufficient quantity in a soil, as, for example, 
magnesium, chlorine, and some rarer substances such &II lIuorine, 
and certain rare metals which do not appear in ordinary analyses. 
Still, our knowledge of Boils shows that there is DO want of silica, 
that iron is always present, that Boda is widely distributed, and 
that carbon is easily derived from the air. These less important 
constituents also exist in most fertilizers, &IIsociated with phosphates, 
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activity equal to 61 per cent of monobasic phosphate, and the ~o. 2 
fineness, of 58 per cent. On the whole, in consideration of the price, 
the No.2 quality is generally recommended. 

Basic slag is now very largely used both upon arable and pasture 
land, and has in many cases proved itself equal to 8uperphosphate 
when applied directly to swedes, turnips, and rape. 

Superphosphates made their first appearance as dissolved bones, 
but the supply was inadequate to the growing demand, and .. bone
superphosphate" is now a myth. It is unnecessary here to enter 
at length on the chemistry of superphosphates, and that for two 
reasons. First, this is not a work on agricultural chemistry, and 
secondly the manufacture of superphosphate is explained in many 
books accessible to students. The process is itself simple, but com
plicated by many difficulties, such as the presence of carbonates 01 
lime, or of compounds of iron and alumina, which absorb much acid, 
and often require an excessive quantity much to the detriment of the 
resulting superphosphate. The amount of sulphate of lime 18 always 
large, and Professor Hendrick writes on this point: .. The principal 
constituent of superphosphate is not phosphate but gypsum, of which 
11 large proportion is necessarily produced by the reactions which 
take place in the manufacture." 

High-clasg superphosphates are made from Florida and North 
African sources, and may contain 34 to 40 per cent" soluble", while 
ordinary superphosphates only contain 25 to 26 per cent. Most 
farmers seem to prefer these lower percentages, as they are in great-'st 
demand. They are, however, charged for at a higher rate per unit 
than the richer superphosphates, and naturally cost more in carriage 
and distribution. True economy suggests the higher grades. 

There is a lamentable want of accuracy in the usc of the word 
" soluble", which we are always told does not mean soluble but 
something else. This inaccurate expression is further encouraged 
by the Fertilizers and Feeding Stuffs Act, which enjoins that all 
percentages of phosphates are to be stated in terms of tribasic 
phosphate of lime. Twenty-six per cent 80luble does not mean that 
26 per cent of soluble phosphate is present, but that the soluble 
phosphate, when calculated into terms of insoluble tribasic, would be 
26 per cent. As a matt!)r of fact there is actually only 19'5 per cent 
of solublo monobasic phosphate; and in a high-grade superphosphate, 
warranted to contain 40 per cent" soluble", there is only 30 per 
cent really soluble phosphate. The degree of solubility of a phosphate 
depends upon the replacement of the water coinbined with the 
phosphoric acid by lime. The more lime with which it is combined 
the less soluble is the phosphate (Fig. 24). 

Reprecipitation in ,the Soil. -As soon as a 8uperph03phate is applied 
to the land the acid soluble phosphate is neutralized and precipitated 
in a fine state of division, whereby it is prevented from washing 
through the soil. It is, however, assimilable by plants, and this is 
why finely ground coprolitic flour has been found as effective as 
superphosphate. This neutralization of soluble monobasic phosphate 
in the soil ought to be sufficient answer to those who blame the 
.. acidity II of superphosphates as the cause of finger and toe and 
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oth~r ailmonts in root crops. All fertile soils are alkaline in reaction. 
An acid fertilo soil is scarcely imaginable, although certain soils are 
wanting in alkalinity, or in basic properties. A soil which turns 
blue litmus paper red evidently requires to be copiously limed, and 
thoroughly drained and aerated, beforo it can be successfully 
cultivated. It therefore seems improbable that a dressing of super
pho~phato which is instantly rendered alkaline, and converted into 
dibasic phosphate, can exert any corroding or injurious effect on 
a growing crop. 

Basic Superphosphate is produced by mixing finely ground lime 
with ordinary superphosphate. The effect is to convert monobasic 
into dibasb phosphate, and the object is to produce a superphosphate 
suitablo for soils which are thought to be either acid or insufficiently 
alkaline. It is claimed for this class of fertilizers, that they are 
suitable for land on which swedes develop finger and toe. Also 
that they are in some respects superior to basic cinder. 

Potash. - The name potash indicates the original method of 
obtaining it by lixiviation and evaporation to dryness. It is an impor

·tant and characteristic constituent of all vegetable ashes, and, as these 
are acknowledged fertilizers, the importance of potash as a manurial 
agent is fully supported. Potash exists in the soil in quantities 
of ton represented by 1 to 1'5 per cent, but in other cases by '75 per 
cent. Its presence in the soil is accounted for by the wide distribu
tion 01 felspar and mica, derived from volcanic and crystalline rocks, 
but also from their derivatives, the plutonic and metamorphic rocks 
-granite, syenite, gneiss, and mica slate. Native clays are known 
to havo been produced by the decay of granitic rocks, and are all 
rich in potash, so that it is found in all argillaceous soils. Felspar also 
occurs in many sandstones in the form of angular fragments. Potash 
is present in limestones, and may bo said to be both abundant 
and widely distributed. Micaceous and shell sands also contain it, 
and thus even light sandy soils may hold sufficient for all practical 
purposes. 

Another feature affecting the manurial value of potash is that 
it is in a great measure restored to the soil in straw and haulm. 
Thus, although a wheat crop of 30 bushels per acre actually takes 
up 28 lb. of potash, 20 lb. of it are returned in the straw. The 
manurial value of potash is therefore restricted either to soils in 
which it is deficient, or to crops which take it up in large quantities. 
A 20 ton crop of turnips, for example, removes 176 lb. of potash, which, 
if the crop is fed on the land, is mostly restored. A crop of 30 bushels 
of beans with its straw takes up 67 lb. of potash, and red clov~r and 
all leguminous crops are greedy of it. 

All these crops require this constituent during their growth, eveD 
if it is returned to the soil, and therefore may benefit by its use. 
Mangels use potash at the rate of 13'6 lb. per ton, so that a crop of 
40 ton~ per acre will take up 544 lb. And yet experiments conducted 
at Rothamsted for many years failed to show any distinct increase 
in this crop from its use. It, however, influences the amoun~ of 
sugar, which is a matter of importance in all root crops. SodlUm 
salts, particularly, replace potassium, and this may account for the 
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beneficial action of dressings of common salt upon mangel-wurzel, as 
well as upon wheat. Its effects are, however, greatly dependent upon 
the season, and it is instructive that it is less beneficial to clay soils, 
which are naturally rich in potash, than to light lands. 

Potash is found in great abundance in the young shoots of all 
shrubs, trees, and grasses, and disappears to a considerable extent 
from old herbage. Etiolated or blanched straw, and dead leaves, 
contain much less potash than green leaves, it being replaced by lime. 
Hay crops, when cut early, therefore remove a great deal of potash, 
as do also green crops of all kinds sold off the premises. Meadow 
hay contains 34 lb. to the ton, potatoes contain 12-8 lb. per ton, all 
of which is removed from the land-always an important considera
tion_ The sales of roots, cabbages, hay, straw, and potatoea must 
therefore entail a heavy drain upon the available potash in a soil, 
and show where it may be most .successfully applied. 

Potassic manures are less appreciated by farmers than /lither 
nitrates or phosphates, although nitrate of potash has alway. been 
esteemed as a fertilizer. The nitrogen in nitrates of potash, lOda, 
or limo is, however, so potent as in a great measure to ·mask the 
effects of the alkalies or alkaline earths with which it is combined. 

The best-known potassic fertilizer is kainit, which contain. about. 
12-13 per cent of potash, associated with common salt and sulphates 
or chloride~ of magnesium. Its introduction is comparatively modem 
(1862), and was due to the discovery of thick deposits of crude potadh 
salts overlying immense masses of rock-salt at Stassfurt and Leopolds
hall. In these vast saline deposits 1he lowermost layers are composed 
of pure rock-salt, overlaid by 100 feet in thickness of polyhallite, 
rich in potassium sulphate. Above this is a 00 ft. thickne88 of 
kieserite or magnesium sulphate, mixed with potassium and 
magnesium chlorides. Lastly there is a 90 ft. bed of carnellite, which 
is the chief source of kainit. These salts are now purified and BOld 
as muriate8 and sulphates of potash, or as kainit, which is an impure 
form of the sulphate, and therefore less costly. 

The sulphate is preferred to the chloride, a9 its decomposition 
in the soil is less likely to result in injurious compounds. Chloride 
of potassium gives rise to chloride of lime by double decomposition 
-a substance which is injurious to plants. This cannot occur in 
the case of sulphate of potash, as the sulphate of lime which may 
be formed is itself a recognized manure. Most of the commercial 
sulphates of potash contain the chloride, and it is urged on behalf 
of the chloride of lime that it is richer in alkali, and that it diffuses 
more readily through the BOil than the sulphate. Both of these 
manure~ arc largely used, without any bad effect, for clover, corn, 
grass, and root crops. 

Potash is held in the soil with great tenacity, for, although it is 
extremely soluble in water, it is retained by the compound BOil 

'particles. These manures may therefore be applied in the autumn, 
and on the light soils of Norfolk autumnal application is found to be 
superior in its effects to applications in spring. 

Soda.-Soda is so generally distributed throughout nature sa to 
seriously obscure the results of spectrum analysis. A loop of platinum 
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will, if touched by the fingers, show the yellow glow of sodium in 
the blow-pipe flame. It exists in all animal and vegetable tissues, 
and traces of it occur in every mineral. It is the chief ingredient 
in common salt, and occurs in such vast quantities in sea-water as 
to be incalculable. 

A substance so generally distributed is not likely to be wanting 
in soils, and its sources are similar to those of potash. There are soda 
felspars (albite) as well as potash felspars (orthoclase). Soda is 
found in all felspars, and in hornblendes and from these and other 
sources it finds its way into the soil. It may also be detected in 
rain by the silver nitrate test, especially when sea-fret has been 
carried over the Atlantic by boisterous winds. Soda has generally 
been regarded as a negligible constituent in soils, and it may even 
be used as an adulterant, to increase the proportion of " alkalies". 

Silicate of soda has been used at Rothamsted as an ingredient of 
complete mineral manures, but in scanning the results, with and 
without it, no very distinct variation can be traced. Its presence 
in nitrate of soda is unimportant from a fertilizing point of view, 
but recent inyestigations have shown that soda can replace potash 
to a certain extent. Thus lIellriegel showed that an appreciably 
larger quantity of dry matter is produced in barley when sodium 
salts are added to potash salts, and this has been supported by 
Breazeale. The conclusion arrived at by Dr. E. J. Russell is, that 
"Sodium can partially, but not completely, replace potassium as 
a plant nutrient; it thus delays potash starvation, but will 'not keep 
it off altogether". . 

Soda is so universally present in soils that it commands no unit 
value in fertilizers. Co=on salt is composed of sodium and chlorine, 
and has long been employed for the land. Its manurial properties 
are mentioned in the Bible in a well-known passage, and it is highly 
esteemed by many agriculturists as a top dressing for wheat. It 
is also beneficial for mangel-wurzel. and, being cheap, it is frequently 
used for other crops. 

Common Salt deserves more extended notice than might be 
accorded to it as a mere source of sodium. It possesses antiseptJic 
properties. It is also an insecticide. for no worm. slug, frog, toad, 
or ask can resist it. It is repulsive to wire-worms. and therefore 
possesses qualities beyond its fertilizing value. It is also a solvent, 
and may exercise an important function in liberating mineral silicates 
and phosphates. Some of these are more or le~s speCUlative attribuu;s! 
but Liebig accounted for the potency of mtrate of soda. or Chili 
saltpetre, by assuming that it dissolved the mineral matter o~t of the 
soil; and a solution of common salt no doubt reacts upon lUsoluble 
minernl matter in the soil. 

This function of common,salt is thus explained by Dr. Aikman: 
"Experiments with a weak solution of salt on a soil by Peters ~nd 
Eichorn. to test its solvent power. showed that the sal~ sol~tion 
dissolved more than twice as much potash and nearly thirty tImes 
as much ammonia as did an equal quantity of pure water. When 
applied to the soil it seems chiefly to liberate lime and magnesia . '.' 
to convert them into chlorides." The effect of co=on salt in 



80 SOILS, MAI\lJRES, AND CROPS. 

retaining moisture is attributed to this formlltion of calcium amI 
magnesium chlorides, as both are deliquescent. 

They are .. however, injurious in other respects, and re'luire to be 
associated with ordinary lime, if their toxic properties are to be 
neutralized. 

Salt is considered to stiffen the stems of cereals, and to correct 
undue straw development after dressings of nitrate of soda. It is 
a cheap and convenient dilutent when mixed with the more potent 
fertilizers, and assists in their more thorough distribution. Fidhery 
salt may often be purchased at £1 per ton, and is improved for 
manurial purposes by the impurities it has taken up in the curing 
process. 

The Action of Common Salt on Crops.-The action of salt on the 
wheat crop has already been noticed. Its effect on mangel-wurzel is 
well-known and has often been tested by experiments. In field 
trials instituted by Dr. Augustus Voelcker many years ago it was 
found that the maximum benefit was obtained from dressings of 
5 to 7 cwt. per acre upon light soils in dry seasons, and this was 
accounted for by its absorptive powers towards moisture. The benefit 
from applications of salt to mangels is, however, no doubt due to 
the plant being an original inhabitant of the coast, from which it 
derives its botanical name of Beta maritima. The ash of mangel 
contains much soda, and according to Warington a crop of 22 tone 
remove~ IHllb. from an acre of land. 

Salt is frequently applied for the double object of manuring and 
of destroying, or driving away, wire-worms and slugs from growing 
crops, and may be classed with soot for this purpose. It is thought 
by many farmers to act as a check upon over-luxuriance in the straw, 
and to direct the action of nitrate of soda to the formation of grain. 
That it is a deterrent in several ways is certain, for it is an antiseptic, 
and probably checks the too rapid decay of organic matter. It is 
a recognizeu weed-killer when used in quantity upon gravel walks, 
but later it seems to stimulate a further weedy growth. Its action 
is not fully understood; moderate dressings are generally beneficial; 
but under no circumstances should it be applied to heavy retentive 
clays, as it renders them more difficult to work. 

Gypsum.--Gypsum, also known as plaster of Parie, may be classed 
as a minor manure, but few fertilizers have been more strenuously 
advocated. To refer to the numerous pamphlets treating of'its uses 
would occupy much space, but one or two facts regarding it may be 
of assistance to readers. In the first place it exists as sulphate of 
lime in all superphosphates, It is therefore held that, when 8uper
phosphates are regularly used, it is unnecessary to apply gypsum. 
It has, however, been found effective for clover, beans, and other 
leguminous plants, and is generally used as an absorbent of ammonia 
fumes in stables and manure heaps. Sulphate of lime is a common 
ingredient of all BOils, but in spite of its many advocate8 is not 
classed among the principal fertilizers. 

Lime.-Lime has already been referred to as an integral part of 
every fertil~ Boil. Total absence of lime, as of any other constituent 
of plant ash, is fatal to the fertility of Ii soil. Not even vegetable 
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soils are entirely free from lime, but it occurs in large quantities in 
all calcareous Boils. These are BO vast in area as to cover most of 
this country. They include the Upper and Lower Chalk the entire 
series of the limestones of the Upper, Middle, and Lo~er Oolites, 
the marls of the New and Old Red Sandstones, the Mountain Lime
stone, the marbles, and other metamorphic rocks. 

Lime exists as an impurity in all clays, and calcareous sands are 
aa common as those of siliceous character, so that lime is one of the 
most widely distributed and abundant of minerals. 

Scarcity of Lime in some Soils.-It seems therefore remarkable 
to find soils which are deficient in lime, but this is not at all un
common. Deficiency is due to the following causes: (1) normal 
constitution as in the case of siliceous sands, peats, and certain clays; 
(2) to the disposition of lime to dissolve as bicarbonate in the presence 
of organic matter, and to reprecipitate, as insoluble carbonate, at 
a lower level; (3) the exhaustion of a limited amount of lime by the 
removal of crops which contain it in large quantities. 

From one or other of these causes liming becomes necessary, but, 
owing to its general distribution, few soils are far removed from 
available sources of lime. There are exceptions, as for example in 
parts of Wales, but as a rule, it is obtainable at small cost. 

Carbonate of Lime.-When lime is spoken of by farmers, carbonate 
of lime i~ always meant. Soils contain phosphates, sulphates, humates, 
ulmates, nitrates, and other salts of lime, but when they require 
liming none are used except the carbonate. 

It is really a hydrated carbonate, and, when burnt, the carbon 
dioxide aml water are driven off, and hot or caustic lime is the result 
-a material which exhibits a great avidity for re-absorbing both of 
these ingredients. Calcined or burnt lime is often spoken of as 
"lime shells ", on account of its lightness and open texture, and ill 
immediately begins to slake, or "fall ", when water is added, with 
considerable evolution of heat, owing to the water being changed from 
a liquid to a solid condition. The slaked lime continues to be dry 
and powdery, but it has nevertheless absorbed water, and if exposure 
is continued it takes up carbonic acid, and once more becomes hydrated 
carbonato of lime. When sand or gravel is added, silicate of lime is 
formed, and mortar, concrete, or cements are the result. Similar 
changes occur within the soil when lime is added as a dressing. 

Why Liming is necessary.-When a soil, from any of the above
named causes, is found to be deficient in carbonate .of lime, the remedy 
is simple. So common is the want of lime that the recommenda~ion 
to apply it is the most obvious remedy which occurs to any practical 
agriculturist or agricultural chemist. 

If a soil is " sour"; if it is newly broken up from pasture or waste; 
if it hM been reclaimed from a boggy condition; if it is worn out 
by exhaustivo cropping; if pastures or meadow land exhibit coarse
ness of herbage; if land is addi~ted to "finger and toe"; if P?tatoes 
are rough-skinned or scabby, or 1£ a field produces stunted or diseased 
herbage, the first suggestion offered is to lime it. 

The Functions of Lime.-Lime is unquestionably a plant food, 
but the effects of dressings of quick or caustic lime, or of ground 

G 
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lime, go far beyond the mere nutrient value of lime per .e. It is 
the salifiable base which unites with nascent nitrio acid to form 
nitrat~ of lime, the chief form in which nitrogen enters the roots 
of plants. It neutralizes vegetable acids, and forms insoluble lime 
salts, which cease to give an acid reaction and to render loil. lour. 
It exerts a marked effect on decomposing vegetable matter, con
verting it into plant food. It combines with the mineral conHtituents 
of soilij to form silicates and zeolites. It neutralizes the toxic effect. 
of magnesium salts, and of potassium cyanides. It seems to check 
other toxic effects, when mixed with substances which, if used alone, 
affect vegetatioI' injuriously. It also alters the mechanical or textural 
characte~ of soils, mitigating the tenacity of clays, and binding 
together particles of siliceous sand. 

Its effect on vegetable matter in composts has already been 
mentioned, and it no doubt produces similar effects on soils rich in 
the same materials. Lime, as usually met with, is not a pure carbonate, 
for all limestones contain salts of magnesia and iron, and many of 
them considerable amounts of phosphates, sulphates, and other 
mineral salts. 

Different Forms of Lime.-Lime is applied in various conditions, 
such as hot, slaked, and ground ; and as chalk, marl, and basic cinder. 
Dressings sometimes take the form of applications of many tons to the 
acre, and sometimes of only a few hundredweight.. Sometimes it is 
applied at long intervals of time, and sometimes to each crop. All these 
methods of liming are practised, but of late years small quantities of 
ground lime have come into favour, and the extremely heavy dressings 
of forty years ago have been largely discontinued. A generation since 
it was so ordinary to lime land once in fifteen years or '80, that 
neighbours guessed that a new lease had been granted if they saw 
the farmer carting lime. 

Of the two commonest kinds of limestone, the blue mountain is 
preferred to dolomite or magnesian, but oolitic limestone and chalk 
are also largely used in the calcined condition. Slaked burnt 
lime is not only caustic and "quick" in its Bction, but is 
also in an extremely fine state of d:vision. It is for this reBson 
troublesome to apply, as it rises in dense clouds which irritate the 
eyes and skins of the workers, penetrate the coats of the horses, and 
injure the harness. 

The work is therefore performed early in the morning, belore 
the air is hot, and the men bring home their teams at 9 o'clock, and 
do nothing else the remainder of the day. According to this system, 
9 tons per acre is thought a heavy dressing, 6 tons a moderate one, 
and 3 tons a light one, which is in striking contrast to S or 10 owt. 
per acre of ground lime. When lime is applied upon the older 
principle it is carted from the kiln and deposited in large heaps or 
clamps, on vacant land, and covered with a coat of soil. After three 
or four weeks the "shells" will be found to be replaced by a mass 
of slaked lime, and a stick may then be pushed through the heap 
to the bottom, without meeting with any obstruction, and the lime 
is then ready for application. It is usually used upon hare fallows, 
or upon land about to be broken up from old sward. It is a mistake 
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to apply both lime and dung at the same time as the caustic lime 
liberates ammonia. ' 

G;ound Lime.-The employment of ground lime, either after 
burmng, or as finely ground limestone, has received much attention 
from agriculturists and chemists during the last decade. It is note
worthy that there is no reference to or mention of it in Dr. -Aikman's 
book on manures published in 1894. Since that time, and especially 
since 1900, few innovations have made greater progress than that 
of the application of from 5 to 10 or more cwt. per acre of this 
material. 

As to whether burning or calcining is necessary, the question is 
somewhat complicated. On the one hand it is said that the chemical 
composition of finely-ground limestone is similar to that of slake,l 
lime, and experiments have indicated that the results are not inferior. 
Further experiments are, however, needed. On the other hand the 
chemical condition is not quite the same, for burnt lime remains in 
a caustilJ condition for a long time after it has been slaked with 
moisture. It absorbs water first, and falls to powder, but still 
continued to take up carbon dioxide from the air, until it reverts to 
the condition of the hydrated carbonate. 

It is also difficult to reduce limestone to the extremely fine con
dition of slaked lime by disintegrators, and the expense is greater 
than by simple exposure to the air. As to basic cinder which has 
been compared with ground limestone, the two cases are not parallel, 
for basic cinder has been burnt, and is drawn from the furnace in 
a mora friable condition than native limestone from the quarry. The 
fineness of the powder, and the caustic condition of newly slaked lime, 
are both very important, and so much so that the system of slaking 
in large heaps and applying in the caustic condition is allowed to be 
better than slaking in small heaps. The reasons for this are that in 
large heaps the lime still retains its caustic properties, while in 
small heaps it is less perfectly reduced to powder, is in fact liable 
to be rendered pasty through excessive wet, and also 'to absorb 
carbonic acid and become too mild. The benefits of the finest possible 
state of division and the preservation of caustic properties are on the 
side of burnt lime; and the action of ground limestone upon vegetable 
mattei' is less rapid, if exerted at all. Neither does it seem likely 
that ground limestone will exercise the same influence in coagulating 
the clay, and inducing the colloidal condition already described in 
connexion with the constitution of soils. 

The expression" ground lime" is too often used without explana
tiOll as to whether it means ground shells of burnt lime, or simply 
groun,l limestone. 

The effects of small and frequent dressings of lime on hay and 
root crops is certainly very marked, as may be seen in the photographic 
representation exhibited at the Royal Agricultural Society's Side 
Show., and other places. Lime is so thoroughly appreciated by every 
farmer ami gardener, and so immediately suggested for every failing 
of lan,l or diseased condition of crops, that it is remarkable to notice 
the renewed interest recently taken in it as a fertilizer. It is a many
sided material. It solved the question of removing phosphorus from 
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iron, and it has been found to soften hard water, although the very 
hardness is due to lime in solution. It is always cropping up in new 
ways to such a degree that it might be suggested as a remedy on. 
a priori grounds, even before direct experiments have been instituted. 

The Evils of Over-1iming.-That land may be over-limed i8 simply 
due to an infringement of the law of minimum. The exhausting 
effects of repeated liming is one of the oldest axioms in practical 
farming, embodied in both rhyme and prose. Few have not heard that 
.. The Uije of lime without manure will make both land and farmer 
poor". Or that lime "enriches the father, but impoverishee the 
son". The same is true of nitrate of soda, and might be of 8uper
phosphate of lime. 

The balance of fertilizing matter must be maintained by the use 
of all the constituents of plants, and. it is this principle which lie. 
at the foundation of the high esteem in which farm-yard and other 
general manures are held. The blame should not be laid at the door 
of the fertilizer but of the farmer, who pins his faith to one particular 
kind of manure. 

UNIT VALUES OF MANURES. 

Manures are valued commercially by the amounts of nitrogen. 
phosphates, and potash they contain; not because these are the only 
valuable ingredients, but because the remaining constituents are 
abundant in the soil, or may be replaced by natural manures. 

The above three substances exist in many forms. Thus nitrogen 
may be in organic combination as in farm-yard manure, or a' nitric 
acid, or as ammonia. Phosphates may be soluble or insoluble, and 
ammonia may be in combination with various acids, either in a fixed 
or a volatile form. 

The percentage in which each of these ingredients exists in 
a manure is the basis of valuation by unit, but the value of each 
depends upon its availability or solubility. 

Unit Value of Nitrogen.-Nitrogen itself is an inert gas of no 
manurial value, but in combination it becomes one of the m08t 
charaQteristic elements in foods and in fertilizers, and, it might be 
added, in explosives. It is only in combination that it exhibit .• 
these properties, and for this reason is always valued in terms of 
ammonia. 

This is convenient, because in ammonia the nitrogen is combined 
with one element only, namely hydrogen, and the proportion of 
nitrogen to ammonia is as 3'5 : 4.'2. Thus, if the nitrogen in any 
compounc'.. is increased in this proportion, the ammonia it represents 
is arrived at. 

This method of valuation is unsatisfactory as regards nitrogen, 
because the nitrogen in a given material may be in a condition in 
which it is evolved very slowly, as for example in bone meal. To 
calculat~ the nitrogen in bone meal into terms of ammonia is mis
leading, because it does not exist in that form, but in organic 
combination,· which may resist change for a lengthened period. 
Nitrate of soda stands on a different footing altogether, for it contains 
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15·5 per cent of nitrogen in a highly available form, which when 
calculated as ammonia, is represented by 18'6 per cent. Th~ value 
of a unit of ammonia therefore depends upon its state of combination 
in ~ny given material, and this is especially misleading in the case 
of mixei fertilizers in which nitrogen exists in various forms. 

Cases in point.-Sulphate of ammonia of guaranteed purity of 
97 per cent contains 24 per cent of ammonia, and if the price is 
£11108. pel' ton the ammonia is bought at 98. 7d. per unit, i.e:tl~: .. -= 
98. 7d. Or, if nitrate of soda of 95 per cent purity containing 15-5 of 
nitrogen or 19 per cent of ammonia is bought at £10 58. per ton, the 
ammonia is bought at lOs. 9!d. per unit. If, however, horn dust or 
dried blood is bought at £8 58. a ton and contains 15 per cent of 
ammonia, it is bought at the rate of 118. per unit, and, considering its 
slower action, it is dearly bought in comparison with either sulphate 
of ammonia or nitrate of soda. 

Unit Value of Phosphates.-The system of representing soluble 
phosphate at 26 per cent, when it is in reality only 19'5, has been 
already explained. It may, however, be well to remind readers that 
the declared percentage of soluble or monocalcic phosphate is arrived 
at by calculation, and really means the amount of tribasic phosphate 
which tho actual monobasic phosphate present would make. It is 
an unfortunate method, for most farmers probably rush at once 
to the conclusion that the manure contains the amount of soluble 
phosphate printed on the bag. If bought at £2 lOs. per ton, 20 per 
rent of actual soluble phosphate evidently means 28. 6d. a unit if 
valued solely in the soluble; but if 26 per cent is taken it is bought 
at Is. lId. per unit. 

The usual figures employed for undissolved phosphates are certainly 
inapplicable, for neither 20 nor 26 per cent accurately fits the case. 
Both dissolvecl and undissolved phosphates are capable of being valued 
by unit, and the following case may be used in illustration. It 'is 
that of a mineral superphosphate of the following composition :-

Water . . . . . 
Organic matter and water _of constitution 1 

Monocalcic phosphate 2 

Tricalcic phosphate 
Calcium sulphate 
Silica 
Alkalies, iron, etc. 

Per cent. 
12-58 
15-35 
19'47 

7'59 
37-47 
4·07 
3'47 

100'00 

In this analysis both aspects are shown. There is absolutely 19'47 
of monobasic or soluble phosphate represented by 25'79 per cent of 
tribasic phosphate. It is ther~fore easy to ap~ly figures, an~ ,,:e 
tentatively value the' monobaSIC at 3s. per umt and the trIbaSIC 
phosphat/) at current prices, which are taken as about Is. lId. 

1 Contllining traces only of nitrogen. 
I Equal to 25'79 of bone earth rendered soluble. 
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Applying these figures the commercial value of this particular super
phosphate is arrived at as follows:-

19'5 units of monocalcic phosphate at 3 •. 
7'0 units of tribasic pho3phate at lB. lId. 

Total value of phosphates . 

£ •. d. 
2 18 6 

14 6 

£313 0 

All superphosphates contain a percentage of tribasic and of 
dibasic phosphates, so that the calculation as to their value should 
include them as well as the soluble phosphates. The prices per unit 
for undissolved phosphates depend upon their 80urce, and vary from 
lB. 3d. in the case of bone meal, to h. lId. in 8uperphOl'phate. In 
dissolved phosphates it is valued at from 2,. to 2 •. 6d. per unit. 

The phosphates in basic slag are in a tetrabasic condition, and are 
valuea at about lB. 2d. per unit. If the cinder contains 30 per cent 
of phosphate at h. 2d. per unit the price should be about £1 13 •. 
per ton, and if 40 per cent, £2 4,. per ton. 

Unit Value of Potash.-Sulphate of potash of 50 per cent purity 
guaranteed to contain 27 per cent of potash at 3,. 10d. per unit 
costs £5 5,. per ton. Muriate of potash of 80 per cent pur:ty, con
taining 50 per cent potash valued at 3 •. 6d. per unit, would ,be 
sold at £8 15,. per ton. Kainit, if containing 12 per cent of potash 
valued at 38. 44. per unit, would be sold for £2 per ton. 

Mixed Ferti1izers.-When a fertilizer contains appreciable amounts 
of two or more valuable constituents, the sum of the values must be 
ascertained by taking them out separately and adding them together. 
Thus nitrate of potash containing equivalent to H per cent of ammonia 
and 40 per cent of potash would be valued as follows :-

14 per cent of ammonia at 10,. . 
40 per cent of potash at 3,. 9d. 

Total value . 

£ •. 
7 0 
7 10 

£14 10 

In valuing manures considerable caution is necessary on account 
of the varied condition in which the fertilizing matter may occur, 
and a farmer would find it pay him well to 8ubmit any sample to 
a competent analyst before purchasing it in quantity. Fertilizers of 
a mixed nature are particularly deceptive, for although they may 
contain a high percentage of nitrogen and phosphorio acid it is 
important to know in what condition, or combination, they exist. 

Food Residues.-The valuation of food residues presents greater 
difficulties than that of artificial manures, because their fertilizing 
matter is in organic combination, and requires time for its release. 
This aspect of food residues has often been stated to be a recom
mendation, because they last for many years; but, on the other hand, 
it renders their action slow. In most artificial manures the fertilizing 
element.! are soluble, immediately diffusible, and readily assimilable, 
whereas food residues are for the most part insoluble and therefore 
less diffusible and assimilable. They, however, partly exist l1li 

urine, in which case they are soluble, and as masticated rC!idues, 

• 
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which are at least in a finely divided state. Lastly, there is the 
preponderating bulk of litter, which is much slower in its action and 
to which is in a great measure to be attributed the lasting natu~e of 
farm-yard manure. 

That "dung" exerts an immediate action upon growing crops no 
one doubts, but this is due to the following causes :_ 

(1) 

(2) 

(3) 

The liquid portion is quickly converted into ammonia and 
nitrates. 

The solid excrementitious matter rapidly decomposes and yielrls 
up both its mineral and nitrogenous matter. 

That even straw begins to decay as soon as it is mingled with 
the soil, or even sooner if it is placed in heaps and partially 
rotted. 

Hence well-rotted manure is quicker in its action than fresh strawy 
stuff taken direct from the yards, and so rapid is it in its effects 
that it may equal those of artificial manures. 

The durability, or what may even be called the permanence, of 
farm-yard manure is one of its main attributes; and if purchased 
cheaply, or if it can be regarded merely as a' by-product of profitable 
feeding, it is quite possible that its cost may be almost nominal. The 
actual cost of its production is impossible to arrive at even 
approximately, for it is in inverse ratio with the profit on the animals 
which yiela it. Ordinary stock or ordinarily produced beef and 
mutton may run up a bill for food purchased which cannot be balanced 
without a credit for manure left on the holding. In high-class 
stock the cost of the food and the value of the manure sink into 
comparativQ insignificance, compared with the prices obtainable for 
the animals themselves. Hence it is safe to say that the cost of 
the manure depends upon the commercial value of the stock which 
produce.~ it, and it may easily be produced for nothing. 

Purchasing Farm-yard Manure.-There is no better investment 
than cheap farm-yard manure, provided the cost of carriage is not 
exc(·ssive. Manure is in some cases regarded as a nuisance, and is 
given to anyone who will remove it; but this is not equivalent to 
obtaining it for nothing, as the cost of haulage may even then exceed· 
its value. Such purchases are most commonly made from towns and 
villages. Town-made manure may sometimes be brought back in 
empty cart!: and wagons, and in other cases a regular traffic is kept up 
of carting produce to a town and bringing manure back to the farm. 
It is an excellent system, because of the general character of the 
manure. It is a feature of suburban farming, and falls in with the plan 
of selling everything that is marketable, and keeping up the fertility 
of the land. by constant importations of town-made manure. It is 
also consistent with milk production, and the sale of roots and 
ve"ctables. 

"There are many points in connexion with farm-yard manure which 
have already been discussed, but its residual value to an incoming 
tenant requires further remark. In the first place the sale of crops 
off the holding is in itself a bar to compensation for purchased 
iertilizers, for such sales could not be permitted. without a qllid pro quo 
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in the form of manure. A system of selling all produce would there
fore appear to bar any claim for unexhausted fertility, unlea the 
imports could be shown to be far in excess of the exports. 

Compensation for Foods purchased.-The simplest mode of 
reimbursing a farmer for money spent upon purchased food is by 
adopting a scale of compensation based upon scientifie inquiry. In 
this case thc home-made yard manure is not valued nor paid for, 
except as regards the labour spent upon it. Such manure is assumed 
to belong to the farm as much as the soil itself, and could not be BOld. 
Its enrichment from extraneous sources is the only matter for con
siderat:on, and this is arrived at by the amount· of the expenditure 
upon purchased food during the last two or three years of tenancy. 

The foods are classified as nitrogenous and non-nitrogenous, the 
former including o:eaginous cakes, and other albuminoid or leguminoull 
foods; the latter including cereal grains, rice-meal, maize, and all 
farinaceoua foods. Nitrogenous foods are paid for at the rate of 
half the ascertained and calculated manurial valuos for the first year, 
and one quarter and one eighth respectively for the previous two 
years, whil{' the non-nitrogenous food is assessed according to the 
merit~ of such food on the above bases as to time. It must alwaYI be 
remembered that any want of accuracy in the method of valuation 
practically corrects itself in the end, as long as the tenant quits on 
thl;l samJ scale of compensation as he entered. 

Why Market' Price of Foods is not taken as a Basis.-'1'he original 
idea was to base the valuation of manurial residues upon the market 
price of the foods, and as nitrogen content in a great measure 
regulates market price there was something to be said in favour of 
the system. Oil, however, is a controlling factor, and especially oils 
derived from certain sources such as linseed. Sugars, oils, fata, and 
starch have no manurial value, although they possess high fatten:ng 
qualities, and the price of a food depends upon a favourable balance 
between proteins and farinaceous or oleaginous contents. The 
majority of the Chambers of Agriculture and valuers' associations 
have adopted the figures originally worked out by Lawes and Gilbert, 
and later modified by Hall and Voelcker; and these are based upon 
the three essentials of fertility-nitrogen, phosphoric acid, and potash. 

There are, however, certain assumptions which can scarcely be 
held to bo either scientific or accurate. In the first place the actual 
value of the manurial residues is divided by two, in order to meet the 
inevitable wastes due to the escape of fertilizing matter, washing 
by rain, waste in the field, and unfavourable seasonal conditions. 
Secondly, the effect is limited to four years, and the Central Chamber 
of Agriculture further restricted it to three. Both of these conditions 
are arbitrary, especially when it is acknowledged by all authorities that 

'dressings of dung continue to show their effect on future crops for 
sixty or more years. Attempts have also been made by BOrne 
Associations of Valuers to discriminate between badly, mediumly, 
and well farmed lands, but the difficulty is to make a valuation for 
each possible case; such, for example, a,s between breeding and 
fattening stock, as well as for other controlling circumstances 
presently to be mentioned. 
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The Actual Scale.-It now only remains to give the scale adopted 
by the Central Chamber of Agriculture in order to bring Lawes' 
and Gilbert's figures up-to-date. ' 

Last yea.r of L9.st year Last year 
tenancy. but One. but two. 

£ 8. d. £ 8. d. £ 8. d. 
Decorticated cotton cake 2 16 0 1 8 0 o 14 0 
Rape cake 2 0 0 1 0 0 o 10 0 
Linseed cake 1 18 0 o 19 0 0 9 6 
Malt culms . 1 16 0 o 18 0 0 9 0 
U ndecorticated c~tton' cake: 114 0 017 0 0 8 6 
Coconut cake 

1 Linseed 
Beans. I 

Peas )- 1 10 0 o 15 0 0 7 6 
Brau 

I 

I 
Pollard~ J 
Dried grains 1 4 0 o 12 0 0 6 0 
Palm-nut cake 1 0 0 o 10 0 0 5 0 
MaH 

1 Wheat. 
Barley. I 

Oats • l- 014 0 0 7 0 0 3 6 
I 

Maize. 
J Rice-meal 

Locust beans . . . o 12 0 0 6 0 0 3 0 
Mangels, swedes, and turnips 0 2 6 0 1 6 
Pure clover or sainfoin hay 1 0 0 o 10 0 
Hay • . . . . o 15 0 0 7 6 
Straw. 0 7 0 0 4 0 

Faults of the System.-Valuers must deal with food residues on 
broad lines, and can scarcely be expected to produce new scales for 
payment for every case. It is, however, hard upon an incoming 
tenant to have to pay on cake and corn consumed by milkiug cows, 
when tho milk is sold off the premises. Or to pay for cake and corn 
consumed by a breeding :Dock, where the lambs are sold and carry 
away much nitrogenous matter in their :Desh, and phosphates in their 
bones. This is shown best by contrast, for on a contiguous farm steers 
may be bought and fattened, and lambs purchased and sold as mutton. 
There is an evident difference in the amount of fertilizing matter left 
on the land in these two representative cases. 

Another hardship is seen when the major part of the cake is fed 
upon land intended for spring corn, which, so far as residual fertility 
is concerned, "creams the bowl." If this is contrasted with the 
same amount of cake and corn spent in yards and boxes on fattening 
cattle, by which system the manure is left intact upon the holding for 
the succeeding year's wheat or other crops, the incoming tenant 
might well pay the bill with cheerfulness. 

Compensation for Unexhausted Manures.-This section might 
include lime, marl, chalk, town manure, and waste product, all of 



90 SOILS, MANURES, AND CROPS. 

which are very durable. Sca~es of compensation have been adopted iD 
many counties, but the subject is too complicated for treatment here. 

Compensation is ordinarily given for phosphatic and other approved 
manures, applied to root or green crops consumed on the land, on the 
basis of actual cost. They are, in fact, included in the schedule of 
tillages with seed, hoeing, etc. 

H an ameliorating cultivation is pursued for two years, both 
expenditure., ought to be added together, and a deduction made on 
the first year. This is called half-tillages, which means that when 
II root or green crop has been consumed on the land only half the 
amount of the scheduled tillages is allowed for. 

A corn .crop bars all further compensation for ordinary dressings 
of manure, as does also a potato crop, or root and green crops sold 
off the holding. Nitrate of soda, SUlphate of ammonia, and other. 
soluble nitrogenous manures are considered to be exhausted in one -
year, but if applied to root crops left on the farm for the benefit 
of the landlord or incoming tenant, the expenditure should be included 
in the cost of production. 

As to the duration of mineral manures (with the exception of lime, 
marl, and similar bulky materials). our knowledge. is insufficient for 
constructing a scale for arable land crops. If, however, grazing land 
haa been liberally dressed with basic cinder or superphosphate, com
pensation should be allowed on a three or four years' principle. 



CHAPTER VI. 

ROTATIONS OF CROPS. 

~'HE tendency during recent years has been against a fixed rotation 
of crops. Legislation has relieved farmers from penalties against 
~ro~s-cropping, and the ~ale of produce during the tenancy, excepting 
m its final years. Durmg the last two he may be required to show 
that he has replaced the fertilizing matter removed by the sale of 
straw, hay, and roots, and that he leaves his farm in course for 
customary cropping by his successor. 

This change in practice has been gradually brought about by 
better knowledge as to the conditions of fertility, and also by the 
large number of artificial manures now available. It has been 
demonstratecl that corn crops need not exhaust the land, if it is well 
kept UI) in condition by the liberal use of fertilizing matter, whether 
in the form of manures or feeding stuffs. Good farmers would have 
no difficulty in showing that this condition has been more than 
fulfilled, but at the same time any claim for unexhausted fertility 
would probably be met by a counter claim for "waste" if produce 
~ould be shown to have been sold off the land. A sufficient head of 
live stock maintained during the tenancy is in itself a guarantee that 
fertility has been maintained, and vouchers for food purchased ought 
to be preserved for the inspection of valuers. 

The Theory of Rotations.- The idea that plants leave excre
mentitious matter in the soil, which exerts an injurious effect upon 
a succeeding crop of the same nature, or in other words poisons the 
land, appears to have little foundation. There is no evidence in favour 
of tho" excretory theory", but while this view may be sound it is 
also true that certain crops cannot be grown consecutively without 
deterioration. Among the best illustrations of this is red clover, 
and this alone suggests modifications in cropping. Sainfoin cannot 
be grown successfully, except after long intervals of time; turnips 
become liable to finger and toe (anbury) ; potatoes are apt to become 
rough or scabby; oats are found to deteriorate, if g:own too fre
quently; certain garden crops need a change of soIl, and other 
instances might be cited to show that a variety in cropping is 
advantageous. It is not necessary to assume excretions, but it does 
not follow that plant residues may not be injurious to a succeeding 
generation of the same plant. 

There are, however, other considerations and observations which 
affect tho question of rotations. If, for example, onions are grown for 



92 SOILS, MANURES, AND CROPS. 

many years in succession upon the same soil they become 8ubject 
to maggot and mildew. This may not occur for many years, but 
disappointment from the above cause eventually lIuggests a change. 
A particula,· plant may encourage the propagation of germs of disease, 
ready to invade a succeeding crop of the same sort, luch 811 potato 
disease spores for example. Or it may be, some form of rust or 
eel-worm which is best avoided by a change in cropping. ThUll, 
although the excretory theory has been abandoned, there may be 
other circumstances which equally show the necessity of a rotation 
of crops. 

A second point is the dillerent ways and proportions in which 
plants seek for or require their food. Root distribution i. an 
important consideration, for while some crops, such 811 barley, are 
shallow-rooted, others like wheat, lucerne, clover, beans, and ellinfoin 
are deep-rooted. They take their food from a dillerent section of 
the soil, and it is possible that when a field is exhausted for one 
species of plant it may be productive for another. Rapidity of 
development, and the time required for maturation, also allsct the 
question of rotations, for barley requires its food near the surface 
and ready to hand, as it passes through all its stages in about four 
months. Wheat sown in October occupies the land for some ten 
months, and being deeper-rooted is less dependent upon an immediate 
supply of plant food. Hence farm-yard manure or decomposing clover 
roots are excellent for wheat, but too slow for barley. 

Equally important is the varying proportion in which plants take 
up fertilizing matter. Cereal crops require phosphates for their 
grain and potash for their straw, and are largely dependent upon 
nitrates. Leguminous crops are storers of nitrogen, while com crops 
have been spoken of as nitrogen wasters; mangel-wurzel is rich in 
potash and sodium chloride, and potatoes are great consumers of 
potash. Some crops are customarily grown for sale, while others 
are fed upon the holding; some crops are horse- and hand-hoed 
during their growth, and others tend to make land wild or foul. 
Rotations generally assume the form of alternations between crops for 
sale and crops for home use ; c1eailing crops, and those which do not. 
allow of hoeing; exhausting and renovating crops-food for man 
and food for live stock. Rotations are thus built up gradually and 
unconsciously, for the established courses of cropping do not appear 
to have been so much invented as evolved. 

Different Lengths of Rotation.-The length of a rotation may be 
less or more than four years, but what is known as the four-course 
is very widely used, and is capable of many modifications. In a sense 
it is a two-course system, in which grain crops alternate with fodder 
crops, for roots, barley, clover, and wheat may be thus described. 
Before entering npon its merits and capabilities it may be well to 
make a few remarks upon shorter systems. 

Continuous Cropping.-The best example of continuous cropping 
is grass land, for here there is no rotation, except what is brought 
about by natural causes, or the ellects upon the herbage of manuring 
or grazing. Continuous Wheat-growing is not to be recommended, 
for the simple reason that to grow one crop in endless succession 
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subjects the soil to a scourging system, and precludes the cultivation 
of other crops, whose roots might revel in different sections of 
untouched food. A new crop which has never been previously grown 
is generally successful, provided it suits the soil and climate. The 
same objection may be raised against any system of continuous 
cultivation of a single crop. 

Two-course Systems.-The best example of this method of culti
vation is seen in this country when wheat and beans are grown 
alternately for many years in succession. This is less practised now 
than formerly, but it suits certain classes of clay soils. Beans may be 
grown at wide intervals, allowing of botll hand and horse hoeing. 
Tiley are leguminous, and therefore accumulators of nitrogen, and 
tllis suits a following crop of wheat . 

. Beans are also a valuable food for live stock, and tlleir haulm is 
an excellent fodder. It may be doubtful wllether root crops grown 
on very tenacious soils yield as much dry nutrient matter as beans. 
Tile two crops are also in harmony as to the time of sowing ; ;for 
wlleat may be followed. by beans, and beans by autumn sown wlleat, 
with great convenience. 

Three-field Systems.-The oldest rotation in tllis country, and 
wllich at one time was universal, is the three-field course of fallow, 
wheat, beans or oats, also described as fallow, winter corn, and 
summer corn. Tllis division of crops was much used until the intro
duction of clover, which was the principal means of converting it 
into a four- or six-course. The advent of root cultivation towards 
the close of the seventeenth century further modified it, by the sub
stitution of turnips for bare fallow on all light lands. 

Four-year Systems.-Clover displaced beans, and turnips super
seded bare-fallows, and tile result was a four-course system, which in 
its original form was expressed as roots, barley, clover, and wheat. 
Tllis version of the Norfolk rotation, as it was called, is suitable for 
ligllt soils, but can be readily altered to suit stronger land. Thus the 
bare-fallow may be partially retained; wlleat may follow roots, and 
oats may be taken after clover. There is no change in principle 
between the Norfolk rotation as above set forth and fallow, wheat, 
clover, oat~ or wheat. Neither is it materially altered by varying 
tile root crop in any required manner, or even by introducing potatoes . 

. Clover also may give place to beans or peas, without altering the 
framework of tile rotation, so that the four-course is not likely to be 
displaced, altllough in its stereotyped form it is said to be out-of-date. 

In any of the above forms, the four-course rotation is wonderfully 
scientific, for a fallow is a fitting introduction to any definite course 
of cropping, and is an excellent preparation for wlleat. Wheat, 
barley, or oats are suitable for sowing with grass seeds and clover, 
and tllest! are in all respects a good preparation for wh~at or oats. . 

Five-year Systems.-The simplest plan fOr convertmg a four- mto 
a five-course system is to leave the clover and grass seeds down for 
a second year. Another method is to take an additional corn cr?p 
after wheat, at the close of the rotation. This is often done wltll 
success when the land is in good condition; and the course then 
assumes the form of roots, barley, clover, wheat, oats or barley. It 
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is by n? means easy to frame any other system of five-year cropping 
without causing the land to become foul or poor. 

Six-course and longer Rotations.-The three-course system is 
easily converted into one of six years by dividing the fourth year 
between roots and bare or summer fallow, and the third betwecn 
clover and beans. The result is as follows: bare-fallow, wheat, clover, 
roots, oats or wheat, beans. 

In this arrangement clover is chosen, before roots, because the land 
breaks up easier than it does after beans. Beans are taken after oats 
or wheat. as the last crop of the rotation, because bare-fallowing i. 
to follow, and this secures the cleaning of the land for a new 
departure. 

Longer Rotations.-There is practically no limit to the length of 
a rotation, if different root, corn, or green crops are regarded as not. 
really causing a departure from the original plan. If the kind of 
corn is considered to be immaterial, the kind of root immaterial, or 
the kind of fodder, the rotation becomes merely an alternation between 
these classes of crops, and may still be considered as a four-coune or 
alternate system of corn and fodder crops. If however, &~ ia more 
generally thought, each crop is looked upon as a factor, then the length 
of the rotation will appear to be indefinitely prolonged. A few 
examples o.f long rotations will best illustrate the point. 

First. Clover and grass seeds may be kept down for several yeara, • 
and this system is much used in Cornwall and other western counties. 
It is, however, unsuitable for East Anglia, where the four-course i. 
found to be better adapted for the climate. 

Second. Sainfoin often comes in as & prolongation, and in many 
chalk districts one field is put down in it, every year. The plant 
under favourable circumstances will last seven years, thereby 
increasing the length of the rotation. The necessity of placing a long 
interval between sowings of sainfoin has already been mentioned, but 
it will be seen that if one field is sown each year, it will be 10Dtr 
before the seeding is repeated on any particular field. In the mean
time sainfoin, of different ages, greatly modifiea the management, for 
it reduced the total area under tillage, and alao the number of horses 
required, amI the C03t of labour. 

Third. If variety is introduced in cropping, the four-course 
system may easily be made to represent a long seriea of crops 
extending over many years; and, dividing the year's time into cycles 
of four, such a system of cropping might appear as follow8: turnips, 
barley, clover, wheat; swedes, oats, beans, wheat; mangel-wurzel, 
wheat, potatoes, wheat; rape or cabbage, wheat, sainfoin for seven 
years, etc. 

In all these years, or at least until the land is seeded with 
sainfoin, the general framing of the four-course rotation is prese"ed. 

As a working rotation the original four-course system ia too 
short. Clover occurs too often, and turnips alao; but by varying 
the cropping within certain limitations, it remains a valuable principle 
to keep in mind. 

The Wiltshire Eight-course System.-This is a modification of 
the four-course, suitable for the light chalk soils in Wiltshire and 
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Hampshire, where a system of catch-cropping is generally practised. 
It begin~ with the Norfolk rotation, and proceeds during the remaining 
four year~ by taking two root crops in succession, followed by two 
COl'll crops in succession. Given in bare terms of the main crops, it 
rUlls as follows: roots, barley, clover, wheat; roots, roots, wheat, 
barley. Catch crops are introduced before the root crops in each 
case, and arc so arranged as to be cleared for early or late sown roots. 
Thu~ the roots, which begin the rotation, follow rye, winter barley, 
or trifolium consumed by sheep upon the land in time for swedes, 
which may be entirely folded or partly carted off. The next three 
crops follow as a matter of course. The second root crop (fifth year) 
is preceded by winter vetches which, after folding, are succeeded by 
what are called backward or late turnips, which stand the winter, and 
after folding in spring are broken up for forward or early turnips, 
which arc agaill consumed on the land, and followed, first by wheat, 
and then by barley. Late-sown vetches may be cut for soiling, or 
converted into hay, in time for preparing the land for wheat. 

By ihis system the clover crops are separated by an interval of 
eight years. The light soils of the downs are brought into high 
condition for wheat, and produce 40 to 50 bushels per acre, and a good 
quality of barley is grown after the wheat. The land is then cleaned 
and brought into condition for fodder crops and swedes. It will be 
noticed that in this system of cropping the land carries four corn 
crops in eight years, and three root crops. It is under crop the 
whole time, unless winter fallowing is resorted to for pieces which 
requiro special cleaning. 

This is the best example of catch-cropping to be found in this 
country, and obtains extensively in the sheep-breeding counties of 
the southern counties, mostly on the soils of the Upper Chalk. It 
enables the farmers to maintain large flocks in summer, and is 
associated with the Hampshire breed of sheep. It entails a liberal 
use or artificial foods, and favours the production of high-priced 
lambs. It has not, however, extended beyond the easy working sheep 
lands of the south. 

Catch-cropping aims at the production of two crops in one year. 
It possesses the merit of keeping the land continuously under crop. 
and thus prevents the nitrates from washing through the soil. Its 
weak poin~ is the short period it allows for couching and cleaning, but 
this difficulty is easily surmounted by discarding a catch crop, and 
substituting autumn or winter fallowing in its place. 



CHAPTER VII. 

CEREAL CROPS. 

WE have been asked to say something as to the origin of our corn 
crops. as well as upon their principal variations. which are. however. 
innumerable, and always true to sort. The cereals are fertilized 
(Figs. 25. 26. 27) within closed walle, and are not naturally 8ubject to 
cross fertilization. The process requires to be done artificially. and 
is being performed at Cambridge and other experimental centres 
.with very promising results. It is not. however. to crOM fertilization 
that we owe the vast array of varieties. but to the wonderful pre
potency of the grain in propagating its peculiarities and transmitting 
them to its descendants. In a word the cereals breed true. and the 
grower may always rely upon his crop being true to the seed from 
which it was produced. . 

It is also noticeable that there are minute variations in individual 
grains. and that no two are precisely alike, any more than are any two 
blades of grass. There are also sudden and inexplainable departures 
from the usual type. which attract attention. These might escape the 
notice of an ordinary observer. but are discerned by the trained eye, 
so that new varieties have often been obtained by collecting eare of 
remarkable size. or peculiar character. out of a standing crop; and 
the curious thing is that these exceptional ears transmit their 
peculiarities to their descendants. Such was the origin of the potato 
oat. the chevalier barley. sheriff's bearded wheat. hunter's wheat, and 
many others long before the idea of cross-breeding was entertained. 

Species and Varieties.-The boundary between species and varieties 
is very difficult to define. and may be imaginary. The gradation fronl 
species to species is so imperceptible when specimens are placed 
in a series as to disappear. and so it is with cereals. .There are, 
however. wider or more pronounced variations. and these are capable 
of being propagated. They are often the result of climate. as in the 
hard wheats of Manitoba, or they may be the result of habit of 
growth. as in the case of winter and spring wheats. but they exist, 
and remain fairly permanent. There are also species of all the 
cereals as well as. varieties. such as Triticum 8ativum (ordinary wheat), 
T. durum (hard wheat). T. turgidum (cone wheat), T. Polonicum 
(Polish wheat). T. a1Tll!Jleum (starchy wheat). T •• pelta (spelt), and 
T. monococdum or one-chested wheat. Barley POSSel!8e8 three species. 
two-rowed. four-rowed, and six-rowed, all specifically named. and 
oats are principally classified by the shape of the panicle. 
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It is not necessary to treat of these species exhaustively, but their 
origin is shrouded in obscurity. The cereals have been known and 
cultivated for thousands of years; and the most probable theory is 
that they originally existed as grasses, possessing certain properties 
which induced our remote ancestors to gather them, and later to 
cultivate them. Their very removal from a wild condition into 
cultivated ground would tend to produce varieties, and selection would 
in time cause increase in size, weight, and nutrient qualities. The 
history of the cereals has probably been one of assisted evolution, 
but the presence of wheat and barley in the lake dwellings of Switzer
land is enough to show their great antiquity in their present state of 
development. 

The direction in which all or any of the cereals may be induced 
to · vary are very numerous, and give a good idea as to the differences 
between most of the varieties in cultivation. Thus, from the root to 
the awn which rises from the top of the chaff scales there may be 

departure 3 from the type sown, and, as already remarked, these 
differences are sufficient to become the foundation of a new sorl. The 
following synopsis will enable the reader to see how different kinds of 
wheat may have originated. 

Synopsis of Varieties of Wheat and other Cereals. 

The root~ may be more or less deep and strong. 
The ability to stand severe cold may be developed by habit. 
The young plant may be erect as in Talavera, or creep over the 

surfaco as in "Creeping red". 
The straw may be long or short. 
The foliage may be wide or narrow. 
The ear may be compressed as in "thick-~t", or provided with 

wide internodes as in Talavera. 
The chaff scales may be smooth, rough. red, brown, or white. 
The grain may be red, white, brown, small, large, long, short, 

humped, soft, or hard. 
Oats may carry a one-sided, or a round panicle. 

H 
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Barley may be long-strawed, short-strawed, long, and narrow
eared, broad- and short-eared, or varied in other ways. 

The above differences are often expressed by the name, IUch aa 
rough chaffed red, or rough chaffed white; bearded red or bearded 
white. stiff-straw, golden drop, Lincoln red, pearl wheat, etc. 

Wheat, barley, oats, and rye represent the group known aa cereals, 
so called in honour of Ceres the goddess of corn. They have much 
in co=on both as to their nature, and the methods used in their 
cultivation. They are exchangeable in rotation, as it is a matter of 
indifference as regards the general course of cropping whether wheat, 
barley, 01' oats follow roots or clover. There are determining con
siderations, it is true, but a corn or "white-straw" crop is looked 
upon as exhausting in its nature whatever its description, and also 
as tending to the encouragement of weeds. Hence corn crop. are 
considered to be depleting aDd fouling, and require to be separated 
from each other by renovating alld cleaning crop3: hence rotations. 

FIG. 26.-Magnilled Stigma of Wbeat. FIG. 27.-Feniliz.tlon 01 Wheat. ahowln .. 
pollen llraina Adherinll to .tigma. 

The reasons why cereal crops are detrimental to the" condition .. 
of land are well known, but require to be clearly stated. In the 
first place they make a considerable demand upon the available 
nitrogen and mineral food in the soil, but they·are also accused 'Of 
being nitrogen wasters as well as nitrogen consumers. They accom
plish their growth practically in the spring. i.e. they attain fullest 
development before or about midsu=er. They in fact call for their 
nitrogen during the spring, when the nitrifying bacteria have scarcely 
rcgained activity, and after a large amount of nitrates have been 
washed through the soil by the winter's rainfall. Arable land is never 
weaker in nitrates than in spring, and nitrification proceeds most 
rapidly at the time when cereal crops are ripening. The maximum 
nitrogen content of a cereal crop is achieved during its period of 
inflorescence ·or blooming, as is the case with all flowering plants ; 
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and the subsequent changes which take place are carried on within 
the body of the plant. In this part:cular, cereal crops are not 
excE'ptional, but in our latitude they operate early in the season; 
and the main production of nitrates in the soil occurs after the 
cereal crops have ceased to need them. The practice of early cutting 
is baseJ upon the migration of ni\rogenous and phosphatic matter 
from the leaves and stems to the head and seeds, and etiolation or 
blanchinE; of the straw is the necessary consequence. 

It is an error to suppose that the exhaustion of a soil is due to the 
ripening of the crop. The fact is that any crop when in full flower 
('ontains the maximum of nutrient matter derived from the soil and 
the air; and corn crops, if cut and removed in full flower, would carry 
away as much nutrient matter, scattered throughout their stems and 
foliage, as if allowed to mature and ripen. It is the same with hay and 
dov.er. That severance at too early a stage affects the size of the grain 

FlO. 28.-A.. wheat grain. B. el\rly stage of gel'minl\tion. C. later stage of 
germination; C, shrivelled seed. D. fully developed plRut. showing tillering of 
roots: (I. shrivdled seed. 

is no argument against this view, for severance separates the rest of 
the plant from the roots and stubble, and affects the movements of the 
sap. It cause" the tissues to dry up, and thus interrupts the migration, 
but does not affect the total amount of nutrient matter collected in 
the C01'pU~ of the plant. According to the best scientific authoritiee 
cereal orops, especially, draw upon the soil-nitrogen when it is at its 
minimum, and cease to need it after midsummer and in autumn, when 
it is at its maximum. There is a striking difference in this respect 
between corn and root crops. It shows why top-dressings of nitrate 
of soda produce such striking effects when applied to young corn in 
the spring. and why they often are ineffective when applied to roots 
Inter in the year. It also explains why folding by sheep, consuming 
nitrogenoud food in the winter, previous to the sowing of spring 
corn, i~ beneficial to all cereals. 
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So far as waste of nitrates is concerned, the mere fact that corn 
crop~ aro removed when. the process of nitrification is at its height 
shows that the bacterial action is to a great extent too late for these 
crops. A bare stubble, especially if left unsown through the winter, 
loses much of its nitrates through rainfall, and hence the accusation 
that corn crops are nitrogen waaiere. 

An exception may, however, be made in favour of autumn-sown 
corn, for the seeds of these crops germinate at a time when the land 
is well stocked with nitrates. The plants tiller out freely aa shown 
in Fig. 28, and the ramification of root fibres through the eoil 
checks the loss of nitrogen whenever the temperature ia sufficiently 
high to allow of growth. The same reasoning applies to autumn
sown fodder or catch crops, as they, like young wheat, are nitrogen 
collectors, and this is one of the best reasons for providing a carpet 
of greell as soon after harvest as possible upon all arable fields. The 
waste or nitrogen, inseparable from the exclusive cultivation of corn 
crops, is therefore established upon scientific grounds, but, as just 
Bhown, it does not follow 'that in practice this waste constitutes an 
objection to corn cultivation, if carried out upon enlightenoo 
princ:ples. 

Another reason why corn crops are exhausting is, that the grain 
is sold off the farm. This is met by the restoration of the los' 
materiala by the importation of feeding stuffs and extraneous manures, 
and is mentioned in order to show the importance of liberal manage
ment, a~ a set-off against the sale of fertilizing constituents from 
the soil. 

Corn Crops tend to make land Coul.-'rhat land which is made to 
carry corn crops in uninterrupted succession becomes both poor and 
foul is well known and unavoidable, unless special precautions are 
taken. • 

It become~ poor on account of the removal of plant food and the 
waste of soluble nitrates. It becomes foul, because of the difficulty 
of hoeing corn crops, and also because couch grass and other 
stoloniierous weeds are undisturbed during the growth of the crop. 
There is also a good deal of seeding of charlock, red poppy, and a vast 
number of annual weeds, docks, convolvulus or lily root, and thistles, 
so that successive corn cultivation is almost certain to produce 
foulnes~ in land. 

Continuous Corn-growing.-In spite of the above difficulties there 
have been many attempts to grow wheat continuously with a view to 
profit. This has been done with success so far as keeping up fertility 
and cleanliness are concerned; but it is doubtful if the system can be 
made profitable. The following objections are extremely cogent, and 
are not nullified by any results as yet obtained. In the first place 
the tendency -of continuous wheat (or corn) growing is to eliminate 
live stock, and this is a very serious matter. It is quite conceivable 
that this objection might be overruled in certain cases, but not in 
general, and live stock must cont:nue to be fully as important all 
corn for generations to come. 

Another objection to continuous corn-growing is it! unreason
-ableness, for corn crops show a preference for certain kinde of plant 
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food, the stock of which they exhaust. Their root system also obliges 
them to seek for their food in certain zones, or sections of soil and 
in a particular manner; whereas other species of plants Beek their 
food in a different manner, at different depths, and at different seasons 
of the year. Land may become exhausted for corn, while still fertile 
~or other crops, !lnd hence a change would suggest itself as necessary, 
In order to realize the accumulated wealth in the soil. 

The advantages of a change in cropping is demonstrated in all 
rotations, but also by the luxuriance of mixed crops. A first crop 
of potatoes is often far superior to any subsequent crop, and after 
land has been under wheat for several years a crop of potatoes, of 
mangel-wurzel, of clover, or of some other crop would probably be 
found to be particularly successful. Hence continuous wheat-growing 
would break down, and some form of rotation would take its place. 

Health of Crops repeatedly taken on the same land. -Cereal crops 
do not appear to suffer from repeated growth to anything like the 
sama extent as turnips, clover, sainfoin, and somo others. Wheat is 
particularly exempt, and the Rothamsted experiments show that all 
the cereals may be grown for many years in succession without 
detoriorating in constitution. Oats are, however, alleged to suffer 
from too frequent growth, and it is always possible that frit-Hy, eel
worm, wheat midge, ear cockle, and other pests or germs might 
increase under constant cultivation of the crops which they infest. 
It is wonderful to notice how cereal crops can be cultivated year after 
year on the same land, and still preserve their health. So much is 
this the case that it has been asserted that all that is necessary is to 
feed tho crops and cultivate the land, in order to secure an endless 
succession of cereal crops. The possibility need not be disputed, 
but the advisability is a different matter, and even when the possibility 
is granted there still remains the evident advantage of a variety 
of crops. 

Wheat is undoubtedly the leading cereal, and may be taken as 
typical of the group, all of which are true grasses. How they 
originated or from what wild prototype they are descended no one 
knows; but they are products of cultivation as surely as they arE' 
still capable of improvement. 

The peculiarity of wheat is it3 exotic ch'lraotE¥", it baing le3s 
adapted for our climate than either oats or barley. English wheat 
is less perfect in its development than that grown in Italy, the 
Danubian Provinces, Southern Russia, or Canada. It is softer and 
less glutinous than the fine wheats ·of Hungary, and has long been 
chieHy used by millers for mixing with foreign corn. This is not tbe 
case with English barley, and as for oats the best qualities are produced 
in Scotland. The chief English wheat area occurs in the south
eastern counties, where the climate is dry, and there is a maximum 
amount of bright sunshine. Wheat thrives best in hot and dry 
summers, such as 1868, 1898, and 1911, which seldom visit us, and 
Ulere is au observable correspondence between our bumper wheat 
crops and the vintage years of Europe. After the blooming period 
has passed, wheat neels no rain, and rarely suffers from heat
hence tho old saying that drought never brought dearth to England. 
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Wheat also requires higher-conditioned land than either oata or barley, 
and its cultivation is reserved for fields rich enough for the purpose. 
It also needs more time for full development, and does best when 
sown in the autumn. It is on these grounds that wheat has been 
spoken of as an exotic. 

Wheat occupies a larger number of positions in rotations than any 
other crop. It is also planted over a greater number of mont,ha. 
With respect to the first point'it is taken after bare-fallow! almost 
nniversally; also after roots, potatoes, clover, beans, mustard, rape, 
and cabbage. It has been known to be sown in August, and the 
first week in September is a favourite date with clay-land farmen. 
It is sown both before and after Michaelmas, during October, 
November, and December, in January, and, as spring wheat, in 
February, March, and April. It has even been sown with succe88 
in May, so that only two months are entirely barred against ita 
seeding. 

As to the best time for sowing, it is variously fixed;as in September 
after bare-fallowing, and in October and November after root crop. 
or clover-lairs. Spring-sown wheat is less commonly grown, chieHy 
because better results are obtainable from oats and barley, but when 
prices are high a larger breadth may be sown in spring. 

The Cultivation of Wheat is as a rule simple. Thus, after roota, 
the land is ploughed about 4 inches deep, well dressed with the 
harrows, drilled, and once harrowed. It must, however, be 
remembered that the land has undergone a thorough course of tillage 
and cleaning for the root crop, which precedes the wheat. The 
intricate and expensive cultivation of bare-fallows in these respects 
resembles that for roots, so that although the immediate sowing of 
the crop' is simple, the preparation of the ground is complicated and 
often involves deep cultivation. When taken after clover, a single 
ploughing is usually all that is given, although in Bome cases the lair 
is broken up early, and worked as a half-fallow. 

Wheat requires a firm substratum, and in the case of clover or 
mixed seeds this is best obtained by early ploughing, closely followed 
by a Croskill or heavy Cambridge rolling. The two- or three-wheeled 
presser is also largely used in many localities to follow the plough 
before broadcasting. In some instances the land after ploughing is 
allowed to settle and lie for several weeks, after which it is harrowed 

, eight or nine times in order to secure a well-pulverized bed, and the 
seed is then drilled and once harrowed. Time is necessary to secure 
the death and decay of the clover root, and a second ploughing, unle88 
followe.I by a long series of tillage operations, would bring the roots 
to the surface and possibly entail carting them off. Wheat is rarely 
taken after" seeds" in the North of England or Scotland, oats being 
preferred. It is chiefly a matter of climate and convenience, and there 
are many reasons (as, for example, the lateness of harvest) which 
interfer~ with early Wheat-sowing in the north. 

Wheat after beans is usually preceded by dnnging the land, and, 
as already explained, wheat and beans succeed each other extremely 
well. Peas are not 80 well adapted a9 beans as a preparation lor 
wheat, neither are vetches, as they both leave the land too hollow. 
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.As to the quantity of seed, it varies with the land, the time of 
year, and the variety sown, and the smallest amounts are employed 
on good land in high condition, early in the season. In such 
circumstances Ii bushels per acre is ample, but in October and 
November 2! to 3 bushels is usually necessary. Spring wheat may 
require 4 bushels, as tillering should not be encouraged late in the 
season. 

'Wheat is better for being well manured. Bare-fallows always 
receive a dressing of farm-yard manure, and so also in many cases does 
clover land, and, as to wheat after any description of root crop. 
it also is assisted by previous dressings of dung and artificial 
fertilizers, and has also often received the residues of purchased food 
consumed during folding. A top dressing of It cwt. of nitrate of 
soda ill March or April is always beneficial, unless the land is in high 
condition, and the crop is sufficiently strong without it. A dressing 
of 3 to 4 cwt. of superphosphate per acre applied to a lea-land will be 
found morp. convenient, and in some cases more effective, than dung. 
The superphosphate is well harrowed in at the time of sowing, and thi~ 
courS9 ii highly recommended. 

The after-cultivation of wheat mostly consists in spring harrowing 
and rolling. both of which are important. They freshen the surface, 
destroy multitudes of annual weeds, and press down the soil around 
the roots after the upheaving effects of repeated frosts. Hoeing is 
also recommended, but is less generally practised than formerly on 
account of the higher cost of labour, and the low price of wheat for 
many yeard past. 

Harvesting Cereals.-To avoid repetition, the main differences in the 
han-esting of wheat, barley, and oats may be considered here. In 
the first place the fact that, after flowering, plants are practically 
independent of the soil, and ·feed on their own resources, bears on all 
the cereals alike. Still, it is unreasonable to hold that severance from 
the root does not affect the circulation or ascent of the sap to the ear. 
That circulation continues after blooming is indicated by the general 
belief of farmers that a timely rain during ripening helps to fill the 
heads. There is also an increase of lime in the ash and probably of 
silica. and an accession of moisture cannot but facilitate internal 
mlvements. 

The functions of the roots do not stop suddenly, but cutting must 
'cause an instantaneous stoppage of all communication with the soil. 
Henca it is possible to cut wheat too soon, in spite of what is some
times alleged by good farmers and urged by millers to the contrary. 
That movement continues to take place within the plant after cutting 
is cl'rtain, and this accounts for corn" feeding from the straw". It 
is even contended that the process is continued in the rick. The 
offect of cutting wheat raw or " green" is to produce a thin skin, which 
is in a degreo translucent, and gives a horny appearance to the grain, 
which millers call "strength n. It seems to be associated with a high 
percentage of gluten, but this is in a measure due to a lower starch 
content, and does not necessarily mean a larger total quantity of 
gluten. The bushel weighs heavier, and yields a larger proportion 
of flour and less bran. 
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The verdict has long been given in favour of early cutting, and 
the best stage to sever the crop is when the straw is still tinged with 
green, and the grain is of cheesy consistency, but not fluid. 

Barley is required for brewing, and, in order to obtain uniform 
germination and the maximum amount of starch, it is allowed to ripen 
more completely than wheat. If, however, it is intended for grinding 
it may be cut sooner, but the object of the grower is if possible to 
obtain a malting sample, and the consequence is that barley harvest 
is delayeu. until the straw is dead ripe, the ears bend down, and the 
grain hard and wrinkled owing to drying in, or contraction . 

.An ideal sample of barley ought to be slightly wrinkled rather than 
smooth-skinned, short and round rather than long, bright and of pale 
yellow or straw colour, free from purple stains at the Itraw end, 
show no signs of weathering, either by being of dark colour or 
bleached, without broken or sprouted grains, .weet to the nose and 
palate. n should handle without conveying any idea of dampness or 
want of condition, and should weigh 56 lb. per bushel. 

Oats may be treated on the same principle as wheat. Oat etraw ie 
an excellent fodder, and all straw is better for feeding purposes if cut 
rather green. The reason for this is that more nutrient matter i, 
retained in prematurely cut than in fully ripe straw, and thi, alone 
shows that cutting too early must entail a sacrifice of grain for the aake 
of straw. The superiority of early cut straw is also due to ita 
containing a larger proportion of soluble cellulose, which changes to 
woody fibre during the final stages of ripening. Oata are largely 
consumed upon the farm, and if this is the intention there is much. 
to be said in favour of converting the crop into oat hay by cutting it 
after it has bloomed, and stacking it for fodder. Theoretically there i. 
no loss,as the sum of the nutrient matter is di88eminated through 
th<l stems and leaves, as in a hay crop in its prime. Financially the 
method may be less advantageous, as conversion into fodder, aud 

- feeding to live stock may mean profit deferred for too long a time, 
and a sacrifice of good prices for a fine sample of oats. 

Comparison of the three Cereals for Profit.-The three cereals are 
wonderfully equal as regards value per acre. Wheat is more reliable 
in price, and more easily quotable than either of the others. Barley is 
very dependent upon quality, and oats vary as to yield more than 
either. In some districts oats are considered to yield 2 to 1 by measure 
in comparison with wheat, but this is a rough and ready statement 
more truo) locally than generally. 

On light soils under good cultivation 8 quarters of oats may be 
produced for 8 sacks of wheat, and when this is the case oat cultivation 
must be highly profitable. 

The prices of the two grains may be approximately taken as 4,. 
per bushel for wheat and 28. 61l. for oats, and on this assumption it 
would require 48 bushels of oats to balance 30 of wheat, which would 
be on the whole favourable to oats, as they would probably yield above 
this estimate. . 

Barley depends so much upon quality that its cultivation is attended 
with considerable risk. Its price usually varies from 42,. down to 
248. per quarter, and the crop is liable to injury from the time of 
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Bowing to ita delivery after it is sold. Of late years many farmers 
have shown a preference for oats on account of the uncertainty of 
barley; and, as regards yield, wheat and barley are fairly equal, ranging 
from 30 to 60 bushels per acre. As to the comparative expenses of the 
three cereals, they are highest for wheat, as is indicated by the practice 
of taking a crop of barley or of oats after wheat, when the land is 
partly depleted. 

Wheat demands high condition in land, as is shown by its being 
always chosen to follow a bare fallow. Land may readily be made 
., too good" for barley, and when this is the case the sample suffers 
in quality. Oata are greedy feeders, and when liberally treated are 
('apable of yielding far in excess of the 8 quarters above mentioned. 
They have been known to produce 15 quarters per acre under ordinary 
good farming, or with the same treatment as would be bestowed upon 
wheat. It therefore appears that there is no particular inducement 
at present for British farmers to cultivate wheat to the exclusion 
of either oata or barley, and that the choice must depend upon the 
character and condition of the land, rather than upon philanthropic 
ideas of feeding the nation. 

Barley Cultivation.-Barley follows roots, according to the four
course rotation, on all the lighter classes of land. It harmonizes well 
with sheep farming and turnip cultivation, and hence farmers speak 
of sheep and barley, or turnip and barley, soils. It succeeds best on 
land in moderate condition, which suggests stripping good crops of 
turnips so as to leave about ten drills of roots, alternated with bared 
soil. This shortens the period of folding, lessens the amount of cake 
and corn fed on the land, and saves the crop from "lodging" before 
cutting, and thus secures a plumper and better-coloured sample. When 
land is too rich for barley it is better to sow it with oats. The culti
vation of barley consists in ploughing the sheep-folds about 4 in. deep; 
finely working down the soil, and dJ.·illing the seed in rows 8 in. 
apart,at the rate of from 2 to 4 bushels per acre, according to the date 
of sowing and the nature of the land. There are, however, many 
precautiom and variations, according to circumstances, each of which 
deserves notice. 

1. As to ploughing, onc furrow is sufficient in a large number 
of cases, followed by dressing and drilling, with as little delay as 
possible. Land should be ploughed up closely behind the sheep to 
prevent washing by rain, which may cause the furrows to settle, and 
necessitate a second ploughing at a later date. A second ploughing 
should be given in the same direction as the first, to avoid cross-cutting, 
and bringing clods to the surface. This is called" running back ", and 
leaves a more level surface than cross-ploughing. 

2. Thd season for sowing includes January, and in favoured 
situation~ may extend back to December. March is the typical barley
sowing month, and the crop may be sown throughout April and even' 
into May. On the other hand, it can be sown earlier as already 
mentioned, the precise period depending upon the character of the 
season and the land. On the whole early sowing is to be preferred, 
as spring droughts are thus avoided, which interfere with the 
productior. of a fine tilth, and cause irregular germination. 
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3. A uniform and fine tilth is an important factor, and in order 
to obtailJ it the land selected should be naturally friable and suitable 
for the crop. The following points are al80 important :-

I._-

~.Y. 

I i' 

FIG. 29.-Spikelets of Bllrley. showing improvement. 
effected by breeding. 

(1) Avoid" poaching" the land, in wet weather, by removing the 
sheep on to a dryer layer for a short time. -

(2) Plough up close behind the sheep 80 as to secure the mellowing 
effects of frost and changes of temperature. 
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(3) Move the hurdles and troughs regularly in order to secure 
uniformity both in treading and manuring. 

(4) In dry weather roll the ground immed;ately after it is 
ploughed. 

(S) On no account allow the clods to dry before rolling, and 
well harrowing the ground. The chain harrow is a valuable 
implement for this purpose. 

4. Thl\ seed ought to be sound, good of its kind, pure, and suitable 
for the situation. 

S. A single stroke of the harrow followed by rolling is all that 
is necessary after drilling. 

6. Barley should be allowed to become thoroughly ripe before 
it is cut. 

7. It is on the whole better tied up in sheaves than car led loose. 
8. A luxuriant undergrowth of clover is sometimes found 

a difficulty. especially when the crop is bound into sheaves. 
9. Great care is required in harvesting barley to prevent its heating 

in the rick; and to avoid staining from bad weather, and waste. 
10. The grains must not be bruised or broken in threshing or be 

ovel'-hummelled, and must be carefully winnowed, screened, turned, 
and weI! looked after on the barn floor. 

Neglec~ of anyone of these points may be fatal to success, but 
whatever pains are taken, the season is, after all, the principal factor. 
Night frosts sometimes cause barley to go off in appearance on the 
eve of cutting, and a wet harvest frustrates every effort of the grower. 

Barley after Wheat.-Reference to this method of cropping will 
be founrl elsewhere. The conditions conduce to the production of 
good quality, as the land is not too high in condition, and the system 
favours a fine tilth and early sowing. Wheat stubbles are easily 
cleaned in early autumn, and the land can be ploughed in time to 
benefit from the winter frosts. It also evidently lies ready for 
drilling on the first seasonable opportunity, so that some of the most 
important rules for successful cultivation are easily observed. Sucb 
crops will benefit from a top-dressing of Ii cwt. of nitrate of soda 
mixed with Ii to 3 cwt. of common salt, or 3 cwt. of superphosphate. 

Oat Cultivation.-Oat cultivation is less critical than that of barley, 
as the plant thrives in seasons which are too cold and wet for either 
wheat or barley. It is particularly suitable for northern districts 
and Scotland, which has produced some of the best-known varieties. 

The Northumberland rotation is especially arranged for oats, and 
is a five-field course in which the position of oats and wheat 
is reversed. It runs as follows: roots, wheat, clover and grass 
seeds, second year seeds, oats. This arrangement is probably, or 
partially, due to the greater difficulty of forwarding the decay of 
clover root in the colder climate of the north. 

Oats are also taken after roots fed upon the land where the soil 
is not suitable for barley. They are also made to follow wheat 
instead of barley in similar circumstances. The cultivation of oats, 
like that of all cereals, is simple in itself, and there are fewer pitfalls 
awaiting the grower than in. the case of barley. They are, however, 
subject to certain attacks, several of which may be avoided with care. 
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They should not, for example, be grown too frequently upon the 
same land, and once in four years is frequent enough. A change ot 
seed is al80 found necessary, and the kind of oat should be judiciously 
chosen. Tartarians (black or white) are most suitable for poor 
land and high-lying fields, and short oats such as the .. Potato" and 
its derivative~ can only be successfully grown on good land. 

7'ulip root or ,edging is a common ailment of oats difficult to 
a('.count for or remedy. It is due to an eel-worm (T1I1eflc/au.) (l<'ig. 30) 
which infests the ground and enters the root with the sap. It. 

a,"· ~~".~ . ,. 
~ , . "' ... " \ : 

E F 
FIG. 8O.-Eel.worms. ..4. oat plan' infested with eel·worm •. caualol 

distorted growth known as .. tulip roo&"; B. spikelet of wb.' 
with galla tear cockles': Cf ,,,111 detached from apikelf'&. one In 
section abowing wormlete: D, atem eel-wann UemaleJ, Tvktteohv. 
devcutatri:r i E. worm let jue' eReapin ... rom "If I ; F. worm I., 
in egg; G. female eel-worm (Tillenchu. 'ritici' caulin, .. ear 
cockles". 

produces a bulbous and distorted root, and causes the fol!age to assume 
the stunted sedge-like appearance, from which the disease derives its 
name. It affects the finer classes of oats, and may therefore be 
attributed to growing the wrong sort. Land which ShOWB a disposition 

. to develop tulip root is better sown with Bome other crop. 
Frit-fly has been prevalent of late years, and seems to attack 

late sown oats more virulently than early sown ones. The best 
precilution is undoubtedly early sowing. 
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. Gout-fly is another enemy of both oats and barley. Its maggots 
distort and convolute the root, and arrest the upward axis in its 
development. lUly of these attacks may be partially recovered from 
in favourable seasons, but ,tlley always leave traces behind in patchy 
crops, uneven straw, and diminislling yield. It is much to be regretted 
tllat up to the present time entomologists have been more successful 
in tracing tile life history of our insect pests and nematode worms 
than in prescribing practical remedies. The farmer relies more upon 
judicious clloice of varieties, upon good cultivation, and" luck" as to 
seasons, than upon drastic and often expensive methods of coping with 
tllese enemies. The recommendations of entomologists are too often 
inconsistent witll the routine of the farm, and the attacks are too 
spasmodill as to time and season to warrant extensive preparations 
for what may not occur, 

Oat cultivation is most characteristic when the crop follows grass or 
" seeds". Lea-land is tile theatre of all ploughing matches. The 
furrows can be faultlessly turned by means of a perfectly graduated 
mould-board. Tiley are laid at the angle of perfection, 45', and are 
so packed or laid, as to form uniform seams for tile reception of the 
S'Oed. They are often slightly crested by tilting the wing of the sllarc 
slightly upwards, and the work must be perfectly level, and free from 
openingq between tile furrows. The slices must also be free from 
cracks and resemble deal boards laid at tile proper angle, and the 
amount of soil exposed on eitller side of tile crest of the furrow should 
be exactly equal on both sides. Such is prize ploughing, once described 
by an old plougllman as "like Bible leaves ". This class of work 
is best performed in winter, and tile land is left untouched till March, 
when it broadcasted with: 3 or 4 bushels of seed per acre, and harrowed 
eight 01' nine times-lengthways, across, and diagonally. 

When oats follow roots fed on the ground by sheep the land is 
simply ploughed, dressed and drilled, as in the case of barley, bUl 
a fin') tilth is less important, as oats are more strongly rooted than 
barley, and uniform quality in the grain is not so much insisted upon. 

The quantity of seed varies more in oats than in any other corn 
crop, and sometimes exceeds moderation. Pedigree oats may be sown 
thinly, on account of their vitality, and 2 bushels may suffice on 
good land, early in tile season. Ordinary seed is sown at the rate 
of 3 to 4 busllels per acre, and, on very poor land 5 bushels may be 
sown. Instances of even larger amounts of seed Ilave been recorded, 
but seem unreasonable. 

Wintm' oats will be again noticed under tile head of fodder crops, 
but they are also grown for seed and consumption in stables. They 
are sown in October, and are ready for Ilarvesting in July. They are 
therefore among the earliest grain crops to ripen. They are of dun 
or black colour, and bloom on a spreading bell or panicle. They yield 
less abundantly tllan Tartars, and 60 bushels per acre is a good crop. 
The straw of winter oats is wiry and inferior for fodder, and, is of 
small value except as litter. Tile crop is, however, popular on account. 
of its earliness and its consequent high price as horse-corn. 

Rye is mostly grown for green fodder, but is also harvested for 
seed. Tile cultivation is similar to tllat of winter oats, and .the plant 
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does well on light sandy soils. It is occasionally mixed with wheat, 
producing what is known in the north of England B8 .. maslin ". 
. Importance of Condition.-To secure corn crops in good condition 

is a main object of the grower. All of them should be harvested dry; 
but wheat, on account of its open and smooth straw, may be carted 
during showers which would stop barley carting. Oats being largely 
used for home consumption are often thought less important than 
wheat. Beans are proverbially credited with powers of resisting wet 
weather. Barley is undoubtedly the most difficult corn crop to harvest, 
as it is easily discoloured or stained. Being cut when quite ripe 
it may often be taken up immediately after cutting. In this case 
a reaper, or even mowing by hand. may be preferable to the un of 
the binder. Few things in farming call for the exercise of a BOunder 
judgment than the conduct of harvest operations. They should be' 
carried out with promptitude, but without panic, and it should never 
be forgotten that com may spoil in the rick B8 well as in the field. 
In difficult harvest weather com is better left standing than cut when 
wet, and of all things tying up sheaves in a wet state is to be avoided. 
A standing corn crop will dry in half an hour, but a wet aheaf will 
never dry, unless it is -opened and laid in broad-band. 



CHAPTER YIn. 

ROOT Cnors. 

REFERENCE to the section on rotations will show that root crop" 
are here looked upon as the beginning of each course of cropping. 
They aro properly considered as "fallowing crops", and may be 
relinquished in ('ertain cases in favour of a naked or summer fallow. 
They are a great improvement upon the bare fallow, excepting when 
the land is too stubborn to work down into the requisite fine tiltll 
necessary for the successful germination of turnip seed. Root cultiva
tion is associated with barley husbandry, while bare fallows suggest. 
autumn-sown wheat. Roots are definitely an obstacle to early 
wheat-sowing, while bare-fallowing favours it. Besides this, land 
which may require, bare-fallowing is eminently suitable for wheat, 
and henct' the two are associated, just as are roots and barley on 
lighter soils. 

Clay lands are not adapted for winter folding, nor yet for carting 
off heavy crops, and it is quite possible tlmt one result of root 
cultivation on stiff clays may be a lessened grain crop. It is worthy 
of remark that bare-fallowing continues to survive in England, in spite 
of much that has been written against it. There are, in fact, no less 
than soml.! 340,000 acres of land devoted to it in England, but only 
about 6,000 in Scotland; and this is to be partly accounted for by the 
largcr area of wheat produced in Englaud. and the strong nature 
of the land lying upon the great clay beds of the Weald, Oolite, and 
Lias formations. The extended cultivation of summer fodder crops, 
such as rape. cabbage, and kale, to a great extent relieves the ne('essity 
of summer fallowing., but there is a thoroughness in the bare fallow 
which commends it to many good farmers. It is also excellent as 
a means of cleaning land whiC'h cannot be sll('('essfully worked in 
spring. 

It ii scarcely to be expeded that in a work of this nature the 
practice of summer fallowing should be advocated. Its complete 
abandonment would seem more in a('('ordance with the reformation of 
our somowhat sluggish systems of cultivation, but there are (,a5€6 in 
\\'hich, owing to unfavourable seasons or foulness of the land, there is 
no alternative. There is, however, room for the extension of fodder 
,-rops for consumption during the dry months of the year, among 
which, besides those already mentioned, are vetches. These do not 
interfere with early wheat-sowing, and might be more generally 
grown. 
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There is another aspect of summer fallowing which no doubt 
.allects practice, namely, the smaller capital involved per acre. Thus. 
when a three-field course, or a modification of it, is adopted, one-third 
·of the arable land is in bare fallow, and this entails less capital than 
root cultivation, and the consequent maintenance of a large head of 
.live stock. This appeals' to poor farmers rather than to rich men. 
and can only be looked upon as a lame argument. 

Why Root Crops take the place of Bare-fallows.-l. Root crops 
.are for the most part sown in summer. It is true that mangel-wurzel 
is drilled in April, but it is the earliest of the group. Even early rapl! 
.and turnips are seldom sown till May, and the main crop of .wede" 
and turnipa in the south are not put in till May, June, or July. 
The interval for cleaning and preparing the land for root cropJ 
therefore extends from harvest of one year to the following summer, 
.and this affords ample opportunities for fallowing. 

2. Root crops are drilled in rows of from 18 to 30 inches 
.apart, which allows of both horse and hand hoeing for many weeks 
.after planting. 

3. They require liberal manuring, and are consumed upon the 
holding, and therefore leave the land in good condition for a 8uccession 

.of crops. 
4. They are supplemented with hay, fodder, and purchaeed foods, 

.either supplied to sheep on the land or to cattle in yards, and hencl' 
they greatly increase the fertility of the land. 

5. They constitute an important set-oil against the expenses of 
.fallowing; for, although they may be grown at an immediate 1088, 

-the net result is a cheap preparation for future crops. 
Thesa advantages are most apparent upon light classes of land . 

. and become less evident on str~mger clays, until they cease to count 
on SOUl" and ;wet soils, which are better worked during the Bummer as 
·.bare-fallows. 

Potatoes.-The position of potatoes is somewhat different from 
that of root crops. It is not necessary to lay Btress upon the fact 
that potatoes are not roots but underground branches furnished with 
buds (Fig. 31). The same objection might be raised as to kohlrabi, 
which is a stem and not a root, or to cabbages, which are ledy 

.developments. Even the bulbs of swedes and turnips are better 

.described as cellular enlargements of the downward axis than as 
true roots, so that to say a potato is not I/o root Bcarcely appeals to 
.a farmer. The potato crop ranks as a root crop, so far as preparation 
of th9 land and place in rotation are concerned. It occupies a part 
.of the fallow breadth, and if it were consumed by live stock it would 
be mere pedantry to urge that it iii not a "root". The fact that it is 

.sold off tho holding separates it most clearly from other root crops, 
and when roots are sold the anomaly disappears, and the comparison 
.is rather favourable to the potato. 

Potato cultivation is a most important feature in British 
.agriculture, there being now some 550,000 acres cultivated in Great 
Britain every year. Potatoes, however, introduce an intensive cultiva- • 
tion, great liberality in manuring, and an expenditure beyond most 

.crops whici'. do not encroach upon market gardening. They may be 
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considered. as a garden crop, and the minute details of their mauage
ment aH well as the vast number of their varieties suggest Hpecial 
treatment. 

POTATO CULTIVATION. 

The potato can be cultivated on almost any soil, but with varying: 
succeS8, and the heaviest yields are obtained on deep friable loams. 
On heavy retentive clay soils difficulty is experienced in obtaining 
a good tilth, and. where heavy rains follow immediately after 
ploughinr the soil becomes caked and hardened, thereby preventing 
the' plants fr.om growing freely, and also restricting the formation and 
growth of the tubers later in the season. Sandy soils, unless deep 
and moist, are usually too dry to induce healthy development, and 

FlO. 91.-PotR.to Plant. showing production of tubers. 

thol yield'i are exceptionally small. In typical potato-growing districts, 
such as Midlothian and the Fen district of Lincolnshire, it is nothing 
unusual to obtain a yield of 15 tons and upwards per acre, as compared 
with 7 tons per acre on some of the heavy soils in the South of 
England. 

Selection of II Seed ".-Much of the success attending the culti
vation of potatoes is dependent upon the careful selection of the 
" seed ". If grown continuously on the same soil and in the same 
district the constitution of the tubers becomes impaired, and it is for 

. this reason that it is necessary to obtain a change of "seed" at 
least once every two years. Moreover, it has been demonstrated that 
fully matured tubers lack vigour and vitality, in all probability due 
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to the increased formation of starch. Plants grown in the South 
of England ripen considerably earlier than those grown in the North 
of England. Scotland, and Ireland, and it is for this reason that 
Southern growers import Lincolnshire, Scottish, or Irish leed, the 
skin of which is not so net-veined as that of riper tubers. Many 
groweril of "seed" take up their crop before it is ripe in order to 
retain as much vitality in the tubers as possible. It has been observed, 
that whero the imported seed is properly harvested and ltored, heavier 
crops are usually forthcoming in the second year of planting. 

The ripened "seed" or tuber of the potato is comparable to a 
malting sample of barley with its abnormal development of starch, 
which imparts to it a delicacy of constitution not found in feeding 
samples, which, like the immature potato, contain Ii greater proportion 
of nitrogenous constituents, that impart to it increased vigour of 
growth. The most prominent varieties of potatoes are in time 

FIG. 8Il.-Tbe Potato. ..t. B. D, tbe flower; C, seed; E. section of Hower. Ihowlnr atamen •• 
ovary. style. and stigma; F. 'ranaverse section of ovar, i 0, fruit; H, tubera. 

supersede~. by newer kinds raised from actual seed, obtained through 
crossing well-known types, with which is often incorporated lOme 
strain 01 the wild type of Solanum tuber08um. The formation of 
the flower and fruit together with a fully developed plant is shown 
in Figs. 31 and 32. 

Planting.-Many methods of planting are practised. In the North, 
after autumn ploughing and well working the ground in spring, the 
furrowa are ridged up with the double mould-board plough to a widtb 
from 2:; to 30 inches, well-decomposed manure being spread in the 
furrows, and the sets are planted on the manure about 1 foot apart. 
Sometimes the manure is applied in the autumn, and arti.6cials are 
often broadcasted on the land before the ridges are split, it being 
customary on many farms to give a dressing of a mixture of 1 ewt. 
of sulphate of ammonia and I) cwt. on superphosphate per acre, while 
on the lighter soils from 1 to 3 em. of kainit are. added. A.fter 
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planting, the ridges are split so as to cover the sets with the manure 
and so leave them in the middle of the ridges. ' 

Planting usuaIly commences in March, and is continued throughout 
April.l No definite rules can be laid down as to the method o.f 
manuring, or the preparation and kinds of manure to use. In fact, 
potatoeR usuaIly give a maximum yield when they foIlow a .:rop 
l"abbage, or other member of the Brassica family, which was heavily 
manured. In many districts short sets are ploughed in with the 
ordinary plough, 9 inches wide, planting being performed in every 
third furrow. This practice, except on well-pulverized soils, is less 
successful, as a plough pan may b" formed, and the plants do not 
admit of being satisfactorily earthed up. 

In market gardens it is sometimes customary to use a steel pointed 
dibbler, to which a cross-bar is fixed, to keep the tubers at a uniform 
dopth. Dibbling, although entailing much time, is nevertheless highly 
satisfactory, and is only excelled by digging in, as is done in many 
kitchen gardens. Where a heavy crop is scarcely to be expected, the 
sots may be placed as close as 8 inches apart, and 24 inches between 
the rows, in which case nearly 1 ton of sets per acre will be required, 
tho more usual quantity being from 12 to 14 cwt. 

Sets of an average weight of 2i oz. are found best, and those of 
larger sizo should be cut lengthways through the crown, which will 
admit of equal growth from either portion. When the sets are cut 
they should be left exposed to the air for a day or so, or dusted over 
with ashes. gypsum, or lime, to enable the cut surface to heal ov~r 
and prevent its rotting before the buds are sufficiently developed 
to form roots. 

After Cultivation.-After the field is planted and the laud is 
sufficiently dry, a flat roller should be passed over to press the soil 
firmly round the tubers, and in the course of a fortnight or so, a light 
harrowing will assist in destroying any weeds that may have 
germinated, and any crust that may have formed. As soon as the 
plants ari) well above ground they should be horse-hoed, and, later, 
hand-hoed. After each horse~hoeing the ground between, in the 
rows, should be thrown up against the plants by means of a ridging 
plough, 01' a potato plough, the hinder tines of which are removed. 
'fho earthing up tends to counteract any tendency of the hoeing to 
work down the ridges. This alternate horse-hoeing and earthing 
up can bo continued until the haulm is well developed, when the final 
earthing up should be given, by which time the overhanging foliage 
will prevent any undergrowth. The maturation of the tubers is 
generally indicated by a gradual withering of the foliage or haulm, 
whilo tho skin is found to adhere firmly and not to rub off the tubers. 

Numerous experiments have been made as to the value of deep 
eal'f.hing up, and even where little difference has been recorded in 
the yield, a large proportion of the tubers produced from unearthed 
plants turn green from exposure to the light, and are thus rendered 
unfit for consumption. 

Early Potatoes.-The cultivation of early potatoes is an important 
industry in many parts of the country, notably in the Channel 

1 For description of potato planter see p. 868. 
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Islands, Cornwall, Ireland, and as far north as Ayrshire, where largo 
tracts of fertile soil owe their warmth to the influence of the Oulf 
Stream. 

The earlier the crops can be placed on the market the more 
remunerative they are to the grower; and to facilitate this objeet 
the sets are placed in shallow boxes, or potato trays (Fig. 33), the 
free ends of the tubers, containing most budds, and known as the 
"rose-ends", being placed uppermost, in order to admit of ahort 
shoots being formed (Fig. 34). The construction of the potato-trays 
admits of a large number of them being superimposed one on the 
top of the other, so that a large amount of seed may be stored in • 
shed or ordinary dimensions. It is important that the air should 
be kept at a low temperature, but above 32° F. A severe frost would 
prove fatal, while a close warm atmosphere induces the development 
of long weak shoots. Light should be freely admitted, otherwise 
the shool:l:l will become white and blanched, and lack vigour of 
constitution. ' 

As soon as the land admits of being freely worked, the sets are 
taken to the field in the trays and planted by hand, care being taken 
not to damage the shoots. Planting is done somewhat thickly in the 

FIG. SS.-Potato tray for storin ... seed" potatoea. 

rows, but the tubers are placed at a depth of about 6 inches as • pro
tection against frost. Late frosts not infrequently cut back the top. 
with disastrous results, as some time elapses before the plant can make 
fresh foliage. 

In order to be sufficiently impressed with the importance of this 
industry, and the intensive nature of the cultivation, the student 
should if possible visit some of the early potato-growing districts 
during the time of planting and harvesting the crop. Oreat care i. 
taken in selecting proper varieties for early use, and among them 
may be mentioned Sutton's Ringleader, May Queen, Midlothian 
Early, Rivers' Royal Ashleaf, Sharpe's Victor, Express, and Duke of 
York. There is also a group known as second earlies, commonly used 
as early potatoes on soils not suitable for the cultivation of the above 
varieties. In eoils of a naturally heavy, retentive character, the 
temperature of which is low, second early varieties such as Southern 
Queen, Radium, Eclipse, Sir S. Llewellyn, Surprise, Snowball, and 
British Queen will suffice for early use; but for the main crop the 
hardier potatoes like Dalhousie, Up-to-date, King Edward VII, Arran 
Chief, King George, Premier, Sensation, and The Colleen must be 
grown, or whatever new introduction may surpass those already in 
cuI ti va tion. 
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Spraying.-The wet or dry spraying of potatoes (see Fig. 68) 
with Bordeaux Mixture has done much to mitigate the loss from 
disease. in the same way as has the spraying of hops. No grower 
can afford to neglect this important operation, instructions concerning 
which are gD.ven on p. 177. 

Harvesting.-Early potatoes are usually lifted by means of hand 
forks, grading being performed by means of sieves as the work 
proceeds. The saleable potatoes, or "ware", are weighed if necessary, 
and then placed in barrels or bags, and consigned to the market 
direct from the field. The main crop, if grown on a large scale, is 
usually raised by machinery (see p. 368). or if a farmer has only an 
acre or so the tubers are generally lifted by a plough, the hand fork 
being used to complete the operation of bringing the tubers to. the 
surface. 

Pit-sprouting Potato. Box-sprouting Potato. 
FIG. 84. 

Cleaning and Grading may either be performed in the field or in 
suitable outbuildings, after which the " seed" and" ware" are placed 
in clamps, as advised in storing other root.crops, excep~ that the clamps 
are smaller in order to prevent overheating. The Width of the base 
of the clamp is about 4 feet, and the height 3l feet. If the weather 
remains open, the heaps are best left open or lightly covered with 
straw or "muckle" for several weeks in order to allow the surplus 
heat to escape, after which a good coating of straw should be laid over 
the tubers, followed by a layer of 7 or 8 inches of soil, according to 
circumstances. When obtainable, there is no better covering than 
t.hick turv>es of peat moss, in which case no straw is required. A 
trench dug round the clamp will provide for the necessary drainage, 
and small drain pipes should be inserted along the ridge of the clamp, 
as, if confined, the warmth not only induces premature sprouting, 
but may also cause the rotting of the tubers. 
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MANGEL-WURZEL. 

Mangel-wurzel, as the earliest sown, deserves a first ment:on 
among the regular root crops. It belongs to a natural order 
which, with the exoeption of sugar-beet, it alone represents 
among our farm crops. It is allied to spinach, and to certain 
agricultural wE'eds, among which goose-foot may be mentioned as 
giving the name to the order. This is Che!lopodiacelll, widely repre
sented by O. polyapermum, O. IJlbum, and O. Bonu.-Ilenncu. Ilr 
Good King Henry. The beets form a genus of this order, and the 
only British species is Beta vulgaris, var. maritima, the lIild protolYl.e 
of mangel-wurzel, sugar-beet, and garden beet-root. Most authorities 
agree in regarding all these plants as cultivated varietie) of on" 
species. In Germany, where mangel-wurzel and Bugar-beet are botb 
widely cultivated, they are respectively called futter Ruben and luck~r 
Ruben, and the name mangel-wurzel is merely the German equivalent 
of scarce root. 

The botanical p08ition of' mangel-wurzel explains certdin 
differences between it and the cruciferous root crops.. It is naturally 
fitted for maritime situations, in which salt is carried inland by tbo 
rain and is abundant in tbe soil. The plant possesses great powers 
of development. It prefers a strong loamy soil, and requires a fair 
depth of staple. It is easily injured by frost, but is not subject to 80 

many diseases and insect attacks as cruciferous root crops. Like all 
cultivated plants it has assumed many forms (Fig. 35) and colours, 
such as long and globular, red, yellow, and intermediate, adapted for 
different soils and situations. It is a sugar-producer, but i. al~o 
a lover of salt, its flavour being affected by botli these constituents. 

Its roots develop in concentric rings resembling tbe growth of 
exogenous trees, and are more easily bruised and wounded than 
swedes. They are, however, capable of keeping for a longer period, 
and retain their juiciness and nutritive properties far into the 
succeeding summer. 

Tile cultivation of mangel is based on the above properties. It 
is generally grown on deep and rich soils 1 in clo38 proximity to 
buildings from which it can be easily carted and manured. It has 
for long been a feature of the Lincolnshire Wold farming, as well 
as of the deeper soils of that county < It may also be grown on the 
same land year after year for an indefinite period without showing 
any signs of deterioration, provided it is liberally treated. It j,. 
essentially a keeping crop, and although much used for sheep is 
rarely folded upon land. It is generally sown about the third week 
in April or early in May, but in sheltered situations it has even been 
drilled in February. It is subject to injury from frost, and comes 
away more rapidly when sown comparatively late. 

Mangel is a· biennial, producing seed in its second season, and 
if sown too early it may develop flowering stems durin&, its first 
summer. It carries no conspicuous corolla, but produces spikes of 

I Mangels are also grown successloll, on Ihe richer pockelo 01 &oil wbicb oceor on Ibe 
Upper Cbalk. DIlen in Ibe neigbbourbood 01 oullying ba ..... wb.re lbe roolo are aaelol 
for .tock. 
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green flowers, and the fruit of several of these often form a compact 
cluster which is known commercially as "seed ". These fruits, which 

FlO. SS.-Types of Mangel. 1. 2. S. globe varieties; 4. intermediate; 5. long; 
6. tankard; 7. 8. sugar·beets; inset. foliage and inJloreseenee of mangel. 

contain as many as five seeds each, are tough, irregular in form, and 
of light-buff colour, and are better steeped in warm or cold water 
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twelve hour" before sowing. They are then dried by exposure 80 as 
to run easily in the drill, and must not be kept 80 U to heat. 

Tae requirements of the crop point to autumn cultivation and 
manuring, deep ploughing, and a seed-bed ready for drilling in April. 
The tilth need not be so fine as for turnip seed, but should be loose, 
deep, and rich. The fertilizers used should be nitrogenous, 8uch as 
good farm-yard manure, nitrate of soda, or sulphate of ammon:a ; but 
Iluperphosphate is less effective than it is for cruciferoUB crops. 
As tho! crop is capable. of producing from 40 to 70 tons per acre, 
and is alleged to have reached 100 tons, liberal treatment ill to be 
recommended. Some of the heaviest crops have been produced after 
dl'Ossings of 20 tons of farm-yard manure, and 3 cwt. of nitrate of 
soda, but in ordinary cases half the amount of dung is sufficient. 
Prize crops have been produced by the application of dung, with 
5 cwt. of kainit and 4 cwt. of super per acre in addition. (See also 
Common Salt.) The yard manure is ploughed in the previous autumn, 
or raised into ridges which are split over the dung before winter, 
and left to mellow under the influence of frost and changes of tem
perature. They are harrowed down, lengthways, in the spring, and 
reformed by passing a double mould-board plough between them. and 
are then drilled and lightly rolled. Five pounds of seed are generally 
sown per acre. 

After Cultivation.-Mangels are particularly liable to be smothered 
by annual weeds. The seed is often slow in germinating, and the 
young plants closely resemble several other strap-shaped lleeillings. 
The young mangels are easily recognized by their fleshy and coloured 
roots, but when encroached upon by multitudes of weeds they are 
difficult to clean, either by hand or horse hoes. The first stages of 
growth are therefore critical, especially as the plante are .ubject to 
the attacks of slugs and beetles. In order to obtain rapid germination, 
and a quick passage into the second leaf, it is important to secure 
new seed, and to steep it before lOwing; to kill all surface weeda 
by harrowing, and not to drill too early. • 

Moderate-sized Mangel best.-The size of the roote depends upon 
the fertility of the land, the amount of manure applied, and the width 
between the rows and plants. Moderate-sized mangels contain more 
dry maUer thau large ones, and it has long been recognized that roots 
of 7 to 8 lb. each are preferable to those which might poseibly reach 
30 to 40 lb. The amount of room allowed is therefore important, and 
on most soils 18 inches, in both directions, is sufficient, and gives 
room for 19,360 plants per acre. Vacancies, however, always occur, 
and may spread over many square yards. There are also small roots 
which come to nothing, so that 15,000 fairly represents the number 
that may be expected at the above distances. The weight per acre 
will vary with the average weight of the roots, and is exprfl>jsed in 
the following figures:-

An average weight of 7 lb. per root = 47 tons per acre. 
6 = 40 
5 = 88 
4 .; 27 
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Transplanting Mangels is possible if rapidly performed during dull, 
showery weather, but tbe best results are obtained from undisturbed 
seedlings. Gaps may be filled by spare plants t11ken from the 
rows, and if this be done in damp weather they will strike freely. 
Transplanting, however, is always uncertain, and on the whole blanks 
are better filled with cabbage plants, or with a sprinkling of turnip 
seed, hoed in when vacancies become apparent. 

Importance of Hoeing.-The rema:ning cultivations consist in horse 
and hand hoeings whicll ought not to be fewer than three of each. 
Hoeing, in the case of all root crops, is so important that a few remarks 
upon it may be introduced here, if only to avoid future repetition. 

Success in root cultivation depends to a great extent upon Iloeing, 
for if tllis be neglected neither land, manuring, nor a favourable 
season can ensure a satisfactory crop. Interculture between tile 
crops should always precede hand-hoeing between the plants in the 
rows. Tile first horse-hoeing may be preceded by a light harrowing; 
and a single row scufiler is preferable on stony or brashy land to those 
more ambitious implements which take three or more rows at a time. 

In narrow drilling, say 15 inclles wide, single row hoeing may be 
tllought too expensive, but certainly in wide drilling, of say, 25 inches 
and upward, tile one-row horse hoe is to be preferred. It is tllorough, 
and less liable to slip and obliterate contiguous rows, especially on 
sloping land, and is capable of doing 4 acres a day in 27 in. drilling. 

Singling requires so mucll care that the practice of letting it by 
tile aero is liable to produce careless work. Some good farmers 
prefer day labour, even in tile South of England, and in Scotland 
and the North, where swede cultivation is most perfectly carried out, 
it is almost universal. Tile objects aimed at in singling are so 
numerOUb tllat they are often forgotten by task-workers. It is 
important, for instance, tllat the best plants should be preserved, and 
yet tllat regularity should be observed in setting them out. The 
plants should not be buried under loose soil, nor left too bare, nor 
two of. them together. All annual weeds should be destroyed, and the 
roots of grassy herbage, or of stubborn thistles and docks, severed. 
Tile soil should all be moved between the plants, so as to keep the 
surface fine and moist by capillarity. Day labourers, and especially 
women-workers, may be instructed on tllese points, but not piece
workers, whose main object is to make as much money as they can 
per day. 

Tile first hoeing, or singling, is- done as soon as the plants (be 
they mangels, swedes, turnips, or rape) have fairly passed into the 
.. rough" or second leaf. They grow rapidly after the operation, 
and as soon as tile leaves are half-way across the drills they should be 
BOeond horse- and hand-hoed. In this hoeing, all "doubles" should 
be removed, all weeds cut out, and all tile ground moved whether 
weedy or not. Tile third hoeing (horse and hand) is given at a later 
stage, before the workers are shut out by the luxuriance of the plants, 
and in many cases it is omitted. With mangel, however, tho third 
hoeing is important, as the crop is sown early, and requires constant 
care during tile entire season. The number of hoeings depends a great 
deal upon tile time of sowing, and in the case of July and August sown 
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turnips singling may suffice; while in ultra-late sown crops, broad
casting with a barrow may take the place of drilling, and hoeing be 
dispensed witll. As the chief object is good cultivation and 
a maximum production, it may be further observed that both horet'
and hand-hoeing are often carelessly and ruthlessly carried out in 
many southern counties. The multi-rowed horse-hoe, and piece-work, 
are to a great extent responsible for this defect, but the frequent 
result is shabby and irregular crops. It is also partly due to un
avoidabh late sowing. 

Storing Mangel.-The mangel crop grows rapidly in September, 
but seldom after the end of that month. It is best stored in October, 
but the work often extends into November. It ought to be finished 
before the advent of severe weather, but if this supervenes, as i~ 
often the case, it is better to wait for a return of open weather, and 
unless there have been more than 10· F. of frost the crop will not 
suffer. 

The roots are pulled by hand, and are best carted at once to the 
clamp. If left out during the night they should be made into IImall 
heaps, and covered with a few leaves as a protection. 

The tops are removed by twisting them off by hand, as knivea are 
sometimes used injuriously. Mangels are said' to .. bleed" when 
cut or broken, in the same way as garden beet does, and fo~ this 
reason cutting off the tops may injure the crown of the root~ 
Similarly, mangel should be thrown gently, and from a short distance, 
into the carts, and the roots or tails should not be removed. A little 
adhering earth is not a disadvantage, and may assist in keeping 
the roota fresh. The clamp or heap is placed conveniently for 
future lise, and is better made about 12 feet wide. It is carried up 
to a point~ and forms a prism of any required length. 

The heap is covered every day with a layer of offal straw, about 
6 inches thick, and is then safe for some weeks. There is no better 
covering than barley cavings, and when it is covered with earth no 
frost can enter. Later, and before winter, the straw is covered 
with an additional thickness of 6 to 9 inches of soil, dug from a trench 
on either side, and carried up to within a few inchea of the apex 
(Fig. 36). The whole is then covered with a coat of thatch kept 
in place with spars and tar line. It is de3irable to s~rip off the 
thatch and layer of earth in March in order to check the sprouting of 
the root> in spring. 

Mangel should always be stored when it is free from frost, and dry, 
or it may heat and rot in the heap; and the object of leaving a ridge 
along the top free from soil is to allow of the escape of watery 
vapour. Rate often make their home in mangel heaps and grow fat 
upon the roote. They are difficult to dislodge, and should be prevented 
from gaining access by pegging down a fence of wire netting 
supported on stakes around the clamp. In this case the netting 
should be let down well under the surface of the ground, as in 
fencing against rabbits. 

Storing Root Crops.-Swedish turnips are stored in several 
ways. Being hardier than mangels they only require to be covered 
with a few inches of straw, weighted sufficiently to keep it in place. 
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They may be thrown up against a wall, or formed into long prisms 
like mangel, or made into small heaps, containing about one cartload 
each, dotted about on rye or winter barley. Or they may be laid in, 
side by side, along a furrow opened by a plough, and then turned 
back upon the roots, so as to cover them with soil. When stored for 
cattle, they are" topped" and sometimes" tailed ", but when heaped, 
or ploughed in for sheep, the tops are len on. 

In southern counties, where ewe flocks are kept, swedes are often 
left in situ in the fields, and allowed to throw up green tops in 
spring for lambs. Their nutrient properties are best preserved by 
storing, because when left on the ground the flowering stem begins 
to lengthen, and the nutrient matter in the bulb to ascend. This 
movement is at once checked by clamping them, and swedes so treated 
will keep goed till the following May. There can be no doubt as to 
swedes being better pulled and heaped, but the greens are an 
inducement for letting them stand for lambs in sheep-breeding 
districts. A A 

FlO. 9G.-End of Mangel Ch\mp. A. ventilation (wiSl) or 
stl'aw or pipe in l'illge). 

White Turnips are seldom stored, but may be pulled and placed 
touching each other, with their tops on, in any field corner. The 
11aulm protects them from frost, and they root again to some extent, 
and are carted to stock in pastures as required. Being of a soft 
nature whitll turnips do not keep well in heaps, and are generally 
consumed on the ground by sheep. They are an excellent introduction 
to swedes and hard winter feeding. 

SUGAR-BEET. 

Sugar-beet is a variety of Beta maritima, included by botanists 
in the group of garden beet and mangel-wurzel, under the name of 
B. vulgaris. In foliage and inflorescence all these plants closely 
resemble each other, but the sugar-beet (Fig. 37) is longer and more 
tapering in its root, white or light-coloured in flesh, and remarkable 
for tha high percentage of sugar it contains. It is very extensively 
cultivated in all European countries, including Sweden and Denmark. 
and there is no a priori reason why it should not thrive equally well 
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in Great Britain and Ireland, a view which is supported by numerous 
experiment.. and recent practice. 

It is therefore unnecessary to quote instances or to educe evidence 
that sugar-beet can be successfully produced in this country. The 
conditione: of soil and climate are favourable to its development, and 
the proportion of sugar is satisfactory. The plant does well on all 
medium loams, and on deep soils free from stones, which cause the 
roots to divide. Its tap-root penetrates to a great depth, and one 
of the difficulties consists in the labour required for lifting the crop. 

Another point of importance is the comparative value of 8ugar
beet as contrasted with mangel-wurzel as a stock food, and in this 
it may be ment:oned that 57 lb. of sugar-beet has been found to 
give as good results in increasing the live weight and satisfying the 
appetite as 75 lb. of mangel-wurzel. It must, however, be remembered 
that average yields of sugar-beet are represented by 16 to 19 tons 

per acre, whereas mangel-wurzel will easily 
produce double these weights, and is much 
easier to ·lift. There is also the difficulty 
of transit or railway carriage, and in order 
that sugar-beet cultivat:on should become 
successfully establishe:l in this country these 
expenses must be reduced to a minimum. 
This can only be done by the presence of 
factories in near proximity to the crope. and 
a sufficient price per ton to encourage 
farmers to produce the roots. 

A. move has already been made at 
Cantley in Norfolk, and there is a Bcheme 

. on foot for establishing a new factory near 
King's Lynn. In order to supply a factory 
it tis calculated that from four to five 
thousand acres of beet would be required, 
and further guarantee appears to be neces
sary that this large area will be forth

FIG. 87.-TypicaJ Sogar.beet. coming during successive years as well &8 
at the onset. The factory and the cultivator 

are mutually dependent on each other, and the failure of either 
would at once arrest further progress. One practical solution 
of this difficulty would be the purchase of Bufficient land by the 
cOp1pany for supplying the roots. The enterprise is therefore at 
present speculative in its nature, but the facts are all in its favour 
so far as the cultivation of the crop and the manufacture of Bugar are 
concerned. The idea is, however, still regarded as a novelty, although 
it is more than forty years since it was put into practice on a large 
scalo by Mr. Campbell of Buscat Park, Faringdon. It was then 
found that the manufacture of neutral spirit was more profitable than 
that of crystallized sugar, but this venture W&8 closed on account of the 
recall oI foreign workmen at the outbreak of the Franco-German War 
in 1872, and was not afterwards resumed; the estate W&8, in fact, sold. 

The subject of sugar-beet cultivation hu therefore been before 
the public for many years. It may be regarded as an extremely 
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important project, which, if carried out, would revolutionize British 
agriculture, there being no practical limits to its extension. The 
Excise laws are, of course, a serious obstacle, as they iuvolve a tax 
which, if inflicted on home producers, would be detrimental to the 
expansion of the industry. 

III the case of factories being started at various centred, the 
pressed pulp, after the juice has been removed, would be a valuable 
food for stock, and proximity to the factory would become of double 
importance in order that the roots may be readily dolivered aud the 
pressed pulp be returned to the farm. This" pressliug" is largely 
used by stock feeders on the Oontinent, and is easily preserved in 
silos uutil required. 

The following remarks by the present writer were contributed to 
the AgriculturaZ Gazette of April 21, 1913 :-

"In growing sugar-beet the rows ought not to be more than 
14 inches wide, and the plants should be singled to 8 to 10 inches 
apart. This is practically one square foot per plant, or 43,560 plants 
per acre. The roots ought not to weigh more than It lb. when 
ready to lift, and the weight of a perfectly regular crop at the 
above distances and weight is 31 tons 8 cwt. per acre. Results show 
that about half this weight is usually obtained, which indicates that 
blanks and gaps and failures are an important consideration. It is, 
however, known to experienced growers that 20 tons can be produced 
if the cultivation is properly carried out. Raised ridges, with yard 
manure under the plants, favours the throwing out of side rootlets, 
which are a principal cause of the difficulty of lifting the crop. One 
of the commonest mistakes made by English growers is to too closely 
imitate the ordinary cultivation of the mangel-wurzel, which is so 
conducted as to develop roots of 7 lb. to 8lb. each or even more. If 
growers persist in drilling 25 or 27 inches apart, and setting out 
the plants to 15 or 18 inches, the number of roots must necessarily 
be greatly reduced, and the weight per acre also, as sugar-beets will 
not develop beyond 2 or 3lb. in weight. Much has yet to be learned 
by farmers as to the best method of growing this root, but for all 
that the cultivation is not difficult. It resembles that of parsnips 
rather than of mangel-wurzel; and a two-pronged lifter, or a specially 
constructed plough, are the best means of raising sugar-beet." 

Another point is stone-free soil, as a large number of flints or 
pebbles may cause bifurcation, or become fixed in the roots beyond the 
power of washing them out; and this plays havoc with the machinery. 
Growers should aim at the production of 2 tons of sugar per acre. The 
cultivation ought to extend, and no doubt is doing so, but the 
difticultiel are formidable. The first thing is to study the cultivation 
of the root, and to give some attention to the subject, as of real 
importance to British agriculturists. The quantity of seed requires 
clearing up, as some growers are using as much as 20 lb. per acre this 
season. Of course narrow spaces between rows mean more seed, but 
as 5 or 61b. of mangel seed is found sufficient at 18 inches apart, 
10 or 12 lb. sPems reasonable for sugar-beet. On the other hand, the 
soed may be less reliable, and the seed-vessels contain fewer seeds 
than thoso of mangel. 
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SWEDE CULTIVATIQN. 

The swedish turnip, Ruta baga, as it was first called, (Bra"ica 
campestris) , is a comparatively modern introduction. It was first 
brought to Scotland 1775-80, and soon established itself as a valuable 
winter food. It is very hardy, but cannot resist our severest winters, 
and for this reason is always stored in the northern parts of the 
kingdom. Swedes contain slightly les8 water than white turnip8, 
but the precise composition of all roots depends upon their age, size, 
and the conditions under which they are grown. Swedes, however, 
are decidedly more nutritious than white turnips after Christmas, 
and will keep much longer, 80 that they have become the principal 
root for winter feeding .. The chief points in which their cultivation 
di£rers from that of ordinary turnips are: that they need a better 
class of land; and that they are earlier sown, and mature later. 

Like all cruciferous root crops, swedes require a fine, moist, and 
well-manured seed-bed, and this, together with their early sowing, 
makes autumn cleaning and preparation of the land important. They 
may follow rye folded in March or April, but are more generally 
drilled after winter fallowing. 

The requisite fineness of tilth is obtained by exposure to the 
winter's frost, and it is essential that the land should be clean as well 
as in good heart. In Scotland and the North of England awedea are 
almost always drilled upon ridges raised in well-tilled soil by a double 
or a single mould-board plough. These ridges are 27 to 30 inches 
wide, and the manure is spread at the bottoms, after which they are 
split over it. The ridges are thus reversed, and the dung liea under 
the apex of each of them. The seed is then deposited by a light 
two- or three-row drill, with concave iron rollers drawn by one horse 
(Fig. 38), and a light wooden roller also attached to the drill completes 
the operation. This is the ridge system of .. making turnipa " as it is 
called, and differs widely from the English method of sowing on 
the flat. 

At! to the comparative merits of the two systems, they vary with 
the soil and climate. In southern counties ridges are liable to dry, 
and on chalky and thin soils there is scarcely enough depth of soil 
for raising them. The flat system therefore prevails, and consists in 
bringing the land into a fine state of tilth, and drilling with a 5-coulter 
drill, set 18 to 20 inches wide between the rows. The superphosphate 
is drilled with the seed from a manure box, and the seed coulters open 
into the manure coulters, so that both seed and manure reach the 
ground together. The land is then lightly harrowed and rolled. 

The disadvantage of the flat system is that there is no trace left 
of the rowe until the seed appears above the surface, and hoeing 
cannot therefore be attempted until the plants are strong enough 
to stand tho work. In this respect the raised ridge system is superior, 
as the sides of the drills can be hand-hoed, and the intervening spaces 
horse-hoed, as soon as, or even before, the plants appear. Excellent 
crops are produced under both methods, and it must be regarded as 
an accident of climate that the heaviest crops of swedes are produced 
upon tha raised ridge system. 
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Ridges also focus the richest soil within the limits of each drill, 
and the farm-yard manure, being deposited immediately beneath the 
seed, yields up moisture which assists germination. So important is 
this considered to be that careful farmers allow no time to elapse 
between spreading the manure and splitting the ridges, "the ploughs 
continuing at work at the dinner hour, after the spreaders have ceased 
in order that no drills shall be left exposed to the hot sun. 

FIG. SS.-Ridge Dl"ill. 

Manuring Swedes.-Swedes are grown on many sheep farms 
wit.hout the application of dung. Three to four hundredweight of 
superphosphate are found to be sufficient in countless cases; and if 
the swedes follow rye or winter barley fed upon the land, 2 cwt. is 
a common dressing. 

The amount and description of manure used are affected materially 
by climate. The swede crop is capable of producing 50 tons per acre, 
but 30 tons must be considered a heavy crop. Twenty tons is a usual 
estimat.e in the North of England, but is exceeded on the red lands 
of Lothian. On the other hand, 10 and 12 tons are looked upon as 
averago yields on the thinner soils of Southern England, but in bad 
seasons crops of 5 to 6 tons are often to be seen. The success of 
both swede~ and turnips depends much upon the season, and complete 
failure is not uncommon. It is therefore only to be expected that 
the heaviest crops should be produced in humid and cool climates, 
arid that a moist season should cause an abundant supply of roots. 

The capability of a soil as to yield exerts a marked effect upon 
the treatment; for it would be unreasonable to manure a crop heavily 
which cannot assimilate the food provided. Hence the great 
differences between the practice of the North and many parts of the 
South of England. In North Yorkshire :Mr. Teasdale Hutchinson 
(Prize Farm) grows swedes on the ridge system, and uses 8 cwt. 
of artificials per acre besides dung, although the apportionment is 
varied according to circumstances. The land is of good quality, and 
the result is commensurate with the pains taken. One hundred 
swedes selected by judges on this farm averaged Wi lb. each, and the 
grower suggested that the yield was 50 tons per acre! Whether this 
estimate was correct is not important, as the case is simply cited to 
show th9 necessity of favourable conditions before lavish manuring 
is adopted. On the Cotswolds it was found as the result of hundreds 
of experiments that 'any dressing of artificials over 3 cwt. per acre, 
did not give a profitable increase. 
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As to the description of artificial manure used, phosphatio dreasinge 
.are the most effective. In Mr. Hutchinson's case the 8 cwt. consisted 
.of 2 cwt. guano, 2 cwt. bone meal, 2 cwt. rape dust, 1 cwt. kainit, and 
1 cwt. of nitrate of 8Oda-a rather empirical mixture, but neverthele8f 
well designed. Highly nitrogenous manures are perhaps better bestowed 
.elsewhere than on cruciferous root crops, but in northern climates 
Peruvian guano, when it was obtainable, always produced good results. 
In the generality of cases, phosphatio manures, such as superphos
phate, basic cinder,l basic superphosphate, and bone-meal are all 
successfully used, and it would be invidious to discriminate between 
them as to their comparative merits. Nitrate of soda and ammoniacal 
.guano are better applied as top dressings during the growth of the 
crop, as when drilled with the seed they tend to check germination. 
Superphosphates and other phosphatic manures seem, on the other 
hand, to stimulate the early growth of the seedlings, and to produce 
no evil effects on the seed. 

WHITE AND YELLOW FLESHED TURNIPS. 

The cultivation of swedes and turnips is 80 eimilar that it has 
"been thought advisable in this work to take swedes as the type, and 
.-:instead of repeating details, to point out the principal differences 
in management between these closely allied crops. Bome of these 
-difference.; have already been mentioned, but it is important to bear 
in minJ. that swedes require better land and more liberal treatment 
than white turnips. Yellow turnips are intermediate in many 
.respects, and will grow well on medium lands, although like all crops 
they do best on rich soils. 

White turnips may attain heavy weights per acre upon poor sandy 
land, on which swedes would probably fail; but the quality of all 
roots is much affected by the conditions under which they are grown
.a point which is too little observed in tables of analyses of various 
.descriptions of roots. . 

Soils of a clayey character produce heavier and more nutritious 
.roots than poor thin soils, as is shown by the fact that sheep, fattening 
·cattle, and milking cows do much better on roots from good than from 
poor land ; and the shifting of a lot of tegs from poor to good land, 
although on the same kind of roots, is soon marked by an improvement 
in their condition. 

Turnips are suitable for autumn feed, and Bwedes for winter 
.and early spring feed. Turnips are easier to break and lighter of 
digestion than swedes, and appear to be a good connecting link 
'between summer and winter dietaries. They are also milder in 
flavour, and less liable to impart a "turnipy" flavour to milk. These 
properties particularly belong to white turnips; and yellow tumip~ 
.are often used as a further and more gradual means of introducing 
.swedes after the turnips are finished. 

Seasons for sowing Turnips and Swedes.-Turuips may be sown 
in April, and in Scotland swedes are occasionally sown in that month. 

I It baa been sbown &b .. & basic cinder drilled witb Iwedea and o&ber emelle ... lacb ... 
rape. ia a satisfactory dressing. al.bougb applied In &be belab& of lummer, OD both llabl 

.,md beavy Boil. 
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Main crop turnips are sown iJl June and July, while main crop 
swedes are sown in May and June, and drilling is continued into 
July. Late turnips are drilled throughout July and August in 
which latter case they are often grown upon corn stubbles. 'The 
sowing season therefore extends over the entire summer, but the 
crops are destined for different uses. 

Tho earlier-sown roots attain their full growth and begin to show 
signs Ot decay as early as September, and this is as true of swedes as 
of turnips. Ultra early sowing is not to be recommended for swedes, 
because they are essentially winter food, and their keeping properties 
suffer if they are forced forward too rapidly. Early-sown turnips 
may easily be ready for consumption in July 1 in the South of 
England, and ought to be eaten by the end of September. Late
sown turnipH continue to grow throughout autumn, and in mild 
winters up to February, and are hardier than early-sown swedes. 
They are well protected by their leaves, and produce small bulb,;;;; 
and one object of sowing them is to produce a mass of green food 
for ewes and lambs in March and April. The towering stems of the 
latest-sown turnips and rape, crowned with yellow flowers, are often 
to be seen as late as May, stocked with ewes and lambs; and it is 
on such situations that a second root crop is sown instead of planting 
spring corn as a preparation for autumn sown wheat. 

Circumstances affecting Date, etc., for Sowing Root Crops.-Besides 
latitude, which has been already discussed, altitude is important with 
rogard to tho date of Bowing. On elevated situations early sowing 
is advisable, and a full month may elapse on the same farm between 
the drilling of swedes on the high-lying fields (usually poor in 
character) and the rich alluvial land at a lower level. The last week 
in May is not too early in the one case, whereas July may do in the 
other, so remarkably does climate affect management, even on thf' 
Bame farm. The latest possible date at which turnips or rape may be> 
sown i~ about the first week in September, and that only under special 
conditions. Such late-sown crops are meant more for green fodder 
than for producing bulbs, and may also be remunerative for picking 
for market, but as a rule August sees the end of turnip drilling. 

Insect Attacks. (See Agricultural Zoology.) 

CARROTS AND PARSNIPS. 

Carrots and parsnips belong to the natural order UmbelEferre. 
Both are very common weeds, and so closely related to the cultivated 
speciei as to suggest them as the parent stocks from which carrots 
and parsnips were derived. In flower; seed, and foliage, as well as 
in habit of growth and flavour, they are almost identical, the main 
difference being the development of the fleshy and fusiform roots in 
the cultivated plants. They are also capable of improvement, and 
parsnipi havo been raised from the wild stock. As a weed the 
carrot is often widely spread over light land under sainfoin or grass 
soeds, while the parsnip is found in hedgerows and waste places. 

I In the North swedes are generally sown in May Bod turnips in June. In Northumberland 
June 00 is oonsidered somewhat late for white turnip sowing. 

K 
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As cultivated crops th'ey are only suitable for deep soils, free from 
~tones, which divide the roots into fangs. The carrot does well on 
deep sands, as well as on clay, but depth is essential in all cases. The 
parsnip is best grown on rich and deep soils of fairly heavy character, 
and both crops are expensive to lift, and require much care during 
their early stages. They are valuable stock foods, for carrots are 
highly esteemed by horse-keepers, and parsnips for fattening pigs, 
both being mucilaginous and rich in sugar. 

They are capable of producing 30 tons per acre in favourable 
situations. On the other hand, 8 to 12 tons of carrots and a somewhat 
heavier yield of parsnips are more ordinary crops. 

Carrot Cultivation.-The White Belgian and Red .A.ltrincham are 
the best-known field carrots. The preparation of the land entails 
deep autumn, or winter, ploughing and manuring, and rigorous 
weeding, as well as interculture during the entire growth of the crop. 
The peculiarity of the seeds is their ciliated or hairy margins, which 
causes them to hang together. This difficulty is now met by a process 
of dressing by which most of the bristles are removed. It waa 
formerly the custom to mix the seed with moist sand to sepa.rate 
it, but after dressing this should be unnecessary. Two to four 
pounds per acre are sufficient at ordinary widths. 

The seed is slow in germinating, and the young plants are puny, 
and liable to be hidden by annual weeds which spring up rapidly and 
cover the surface. For this reason sowing in double rows on raised 
ridges is better than flat drilling; but mixing the seed with a few 
pounds 0:[ barley or oats helps the eye in tracing the rows in ordinary 
flat drilling. 

The best time for sowing is the latter end of March, or early in 
April, when a fine surface can be easily produced. The land must be 
presumed to be already deeply tilled and pulverized, and the surface 
should be !Iell harrowed and smoothed by light rolling. The leed is 
then deposited by a drill, 9 to 12 inches apart in the rows; or in 
double rows, 5 inches apart, with 28 in. spaces between them. This 
last system is commonly practised when raised ridges are used. 

Much care is necessary to save the young plants from being 
smothered by weeds, and hand-weeding, kneeling on a cnshion, is, 
as in the case of flax, to be recommended. The care requisite in carrot 
cultivation, and the small area generally devoted to it mark out the 
crop as specially suitable for small-holders and their" families. On 
larger farms either the push-hoe or a short bladed ordinary hoe is 
used. The surplus plants are then hoed out, leaving the survivors 
4 inches apart. Carrot cultivgtion allows of a good deal of variation 
according to the objects. aimed at. A superior marketable variety 
may be selected, and successive hand drawing and bunching of young 
roots for market may be preferred to singling by hoes. 

Manuring Carrots.-Well-rotted farm-yard dung may be supple
mented with superphosphate and sulphate of potash; and a top 
dressing of nitrate of soda, scattered over the young plants, is always 
beneficial. 

The rows are too close for horse-hoeing, except when the seed is 
sown on raised ridges: and repeated hand-hoeings are necessary 
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until the plants are strong. The fineness of the tops fits the carrot 
for systems of alternate growth with other crops, such as mangel
wurzel. Thus, alternate rows of mangels and carrots agree well 
together, if they are not too narrowly drilled. For example, a row 
of mangel may alternate with one double row of carrots, the width 
between being 18 inches in both cases. 

The lifting of the crop is always expensive, not only on account 
of tho length of the roots, but because of the ease with which they 
snap. They are best loosened with a grape, and drawn out by a second 
hand, who cuts off the tops. 

They should be neatly packed in long rounded clamps 2 ft. 6 in. 
wide at the base, with all the crowns to the outsides and all the tails 
pointing towards the centre. This arrangement naturally forms 
a domed heap, which is then covered with loose straw, over which 
is placed a layer of earth, which may in turn be thatched. Air-holes 
every yard in length along the top of the heap are easily extemporized 
by wisps of straw extending from the carrots to the outer air; and 
2 in. draining pipes at the base of the heap, let in at similar distances, 
complete a system of ventilation. Carrots should be stored dry, 
in open weather, and are liable to heat if too closely covered. This 
also applies to parsnips, but many growers consider that they keep 
best in the ground until required. Small quantities of carrots may 
be stored in buildings under straw, or in sand. 

Parsnips are sown late in February, and are in several respects less 
difficult to cultivate than carrots. The seed is larger, and plain 
l·ound the margin. The plant does well on fairly strong land, which 
should bo brought to a fine tilth by autumn cultivation. Six to seven 
pounds of seed per acre are sown, and some growers mix it with 
moistened sand in order to secure perfect distribution. The details 
of cultivation are in most respects similar to those recommended for 
carrots, but the plant is more robust, and the leaves are less finely 
divided and more conspicuous. The roots are larger, and require 
a space of 12 to 15 inches between the rows and 8 inches between the 
plants, and the produce per acre under favourable circumstances 
may be 20 tons. 



CHAPTER IX. 

FODDER CROPS. 

Kohlrabi is scarcely a root crop, although the enlargement of its 
stalk confers upon it many similar properties. It carries ita leaves 
upon the bulbs, which, on falling, leave scars similar to those 8Ppn 
on cabbage stalks. Its foot-stalks raise the bulb wpH above the 
ground, and enable sheep to consume the whole without waste. Thp 
leaves are of equal nutrient value with the stem, and, as thpy ('olltilluC 
to develop during winter, the crop affords suitable food for ewes alld 
lambs. It may be grown among kale or rape, and the combined ('rop 
makes an excellent food. The principal varieties are either purple 
or green-topped, of which the latter is more commonly grown. Thc~' 
are also classed as oblong and round, and early and late. Thpy ma~
be raisell in seed-beds and planted out, but on the whole, thrive bett('r 
when drilled where they are meant to stand. The cost of the seed 
has always been a bar to their extended cultivation, and there are 
many districts in which they are practically unknown. 

Kohlrabi are excellent for transplanting on to headlands, manure 
heaps, rick stances, and other vacant spots, where cabbages are often 
used with the same object. It is by no means clear that kohlrabi 
possesses any great advantages over swedes and turnips, except 011 

peaty soils, where other root crops grow light and hollow. It !Woo 
makes a change for both the soil and stock. It is claimed for kohlrabi 
that it is especially capable of resisting drought, and that it is 
subject to fewer diseases and insect attacks than other root crops. 

It is unquestionably very hardy, and can be left out during ".inter. 
When stripped of its leaves it keeps well under straw. In flavour it 
resembles cabbage stalks, and is highly_ nutritious; and it may be 
cooked as a vegetable. 

Cabbages rank- high among farm crops, and deserve ""ider attention 
than they receive. The mere fact that they bear transplanting without 
any injury, but rather with advantage, is a great recommendation. 
They grow well on all descriptions of loamy and clayey soils, and ma~' 
be developing in seed-beds while the field is under preparation for 
planting them out. They are better raised in early autumn than 
in spring, and are fit for transplanting in October, and planting is 
continue-l through November into December. It may also be resumed 
in January for filling up blanks, and, finally, there is always a sale 
for Burplus plants. At 6d. a hundred, or 58. per thousand, a cabbage 
Beed-bed will be remunerative, and is a much cheaper method of 
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ralslllg plants than buying them wholesale at even. 28. 6d. per 
thousand. Besides, home-grown plants are fresher, and are not 
liable to heat or turn yellow in trucks, as in the caso of purchased 
plants. 

A cabbago seed-bed is easily prepared, and should be on good land. 
It need nol exceed one-twentieth part of the area it is meant t<, 
p,la.nt,. and 2 oz. of seed are required per rod of 5k yards square. 
'Illld IS rh- part of an acre, and would be equivalent to lib. of 
see,1 for 1 acre of land to be planted. 

Directions for making the Seed-bed.-Select a piece of vacant 
land of good quality, and in a sheltered situation. Let it be ploughed 
(or dug), thoroughly cleaned, manured, and again ploughed; 
harrowed, rolled, and brought into a fine surface tilth. Wheel in the 
seed, and once harrow, and lightly roll. A top-dressing of super
phosphate scattered over the bed is also advisable. Or, the seed 
may be drilled in rows 9 inches apart. The bed should be kept free 
from weeds by hand-picking or by the push hoe, and protected from 
small birds. 

The bed should be prepared in July, and sown the first week 
in August or within that month. The plants germinate and grow 
quickly, and are ready for planting out in September and October. 
Slugs aro often troublesome, and the best preventive is to sow soot 
over the young seedlings. 

Plardmg Out.-It is one of the advantages of cabbage cultivation 
that tho land may be preparing while the crop is growing in the' 
seed-bed; and this is the reason why planting out is better than 
drilling the seed at once in the field. Thus a corn stubble may be 
broken, cleaned, and dunged after harvest in good time for planting; 
and one simple plan is to plough and press the prepared land, and 
plant in tho marks left by the presser, 18 to 27 inches between the 
rows, i.e. in evory alternate or third press-mark. A still beUer plan 
is to plough and press the land, and mark it out crossways with 
a drill in which the coulters are well weighted and set to the 
required width. This marks off the ground into squares, and the 
plnnts are placed at the points of intersections of the lines. This 
gives two distinct directions in which the plants can be horse-hoed, 
and a geometrical appearance to the field, showing lines in four 
directions-at right angles and diagonally. If 18 inches apart both 
ways, exactly 19,360 plants- will be required per acre, or say 20,000. 
At 36 inche~ apart, which is suitable for large Drumhead cabbages, 
onc-fourth tho above number, or 5,000 plants per acre, will suffice. 

Width apart varies with the kind of cabbage, and the narrower 
spaces will be found sufficient for Imperials, Nonpareils, Sheepfolds, 
and Enfield Markets, while Batterseas and Drumheads are better 
for having plenty of room. The plants should be freshly drawn from 
the seed-bed, and the long ends of the roots trimmed off with a knife. 
'rhe roots are better dipped in a cream of superphosphate, and dibbled 
in with a cross-headed, ironshod, hand tool. 

The roots of ('abbages, as with other seedlings, must not be 
doubled in planting (Fig. 39). and the plants are batted and heeled 
in, so as to be firmly placed. If a plant comes up when gently pulled 



134 SOILS, MANURES, AND CROPS. 

with finger and thumb at the tip of the leal, it is badly planted, 
but if the tip breaks it has stood the test. In January or February 
blanks should be filled up from the seed-bed, and the remainder of 
the plants may then be Bold for enough to pay the rent of the land. 

Cabbages require early attention in the spring in the form of 
both horse'· and hand-hoeing, and it is then that the comfort· of tht' 
quadrilateral system of planting will be realized. Cabbages derive 
great benefit from a pinch of nitrate of soda, dropped near, and 
IIround, each plant in March. 

Direct Drilling in the Field.-Cabbages may be drilled like other 
root crops. but the cost of the seed is somewhat prohibitive. Good 
seed often costs 58. per pound, whereas turnip and swede 8t't'd may 
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FIG. S9.-A. proper method of transplanting seedling. Ihe 
roots being given ample freedom; B, "ron. method. 
the roots cramped an~ "turned upwards. 

be bought for 6d. Of course the cost of planting (about 10,. per 
acre) is Saved, but the cabbage plant is exceptional, as it benefila 
from being transplanted. A case is worth recording in which the 
young plants in the seed-bed were badly clubbed, but after trans
planting the disease disappeared, and gave no more trouble. 
Batterseas are well suited for drilling directly, and the seed is cheap. 
If the cabbage seed is diluted with burnt (killed) mustard seed the 
objection to cost is done away with for drilling, but this 1\'ould not 
answer for seed-beds. 

U8es tor Cabbage.-Autumn-raised and planted-out cabbages are 
ready for use in July or August. They may be cut for market or 
carted on to grass land for cows, and are extremely useful during the 
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height of summer/ when pastures are burnt up, and before early 
turnips come in. They may be raised in spring, but, on the whole, 
autumn seed-beds are to be preferred. Flockmasters maintain that 
where seed is drilled the plants do not" heart in ", and the foliage, 
being loose and open, there is no risk of digestive disorders through 
the sheep partaking of the softer vegetable tissue decayed by the 
action of frost. 

Second. G,·owths.-When cabbages are cut early, the three lowest 
leaves may be left, and they will develop several small heads from 
the buds at their axils. Or, if folded with sheep, they should not 
be too hard eaten, and a second growth will soon appear. The writer 
has known three feeds produced in succession from the same stocks. 
Second growths are not, however, in high favour for lambs. They 
do for older sheep or ewes, but lambs are extremely susceptible to 
rankness of any kind. For this reason many good farmers prefer to 
break up tho cabbage fold and drill in turnips; but in droughty years 
the stumps, having got a good and deep hold of the ground, will 
be more likely to produce keep than a sowing of turnip seed. 

Other descriptions of Oabbages.-The endless variety of Brassico 
oleracea, or cabbage, is remarkable. The plant appears to posses~ 
the property of plasticity in an extraordinary degree. It develops 
under cultivation in such widely divergent types as close and open
headed, cauliflower, broccoli, 'and bore cole ; majors and brussels 
sprouts; wrinkled savoys, and big Batterseas. Almost all of these 
are cultivated in open fields, but some of the finer sorts are restricted 
to gardens. Kale and kohlrabi are mere offshoots from the cabbage, 
and tho turnip-rooted variety is another, of which we know little in 
this country. 

It is curious to notice that while the plant "sports" freely as 
regards leaves and stems, it remains constant in its flower and seed, 
so that it is often difficult to distinguish between them. It is true 
that turnip seed is smaller than swede seed or cabbage, and that rape 
seed is blacker than swede seed, but there is no marked difference 
to the ordinary eye. It is necessary to grow cabbage seed where it is 
not in closo proximity to other beds, as cross-fertilization by bees 
may occur, and this may account for the high price of warranted pure 
seed of particular varieties. 

Why Oabbages should be more widely grown on Olay Land.-(l) 
Because they thrive well on clay soils. (2) Because clay land works 
.best in th(l autumn, and can be prepared before it is planted with 
cabbage. (3) Because the crop can be folded on the land or carted 
off it in the dry season of the year. All these peculiarities mark 
out the cabbage as a crop which might well precede wheat, and take 
the place of summer fallowing. When viewed in all its endless 
variety of form, and its adaptability for home consumption and· 
marketing, the cabbage seems particularly adapted for small holdings, 
especially after early potatoes, but as a fold for sheep and a help 
to milking cows it is equally useful to arable sheep farms and 
dairymen. 

Kale.-What is known as thousand-headed kale is practically an 
open-headed cabbage, and owes its luxuriance to the development of 
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axial buds which may be seen at the base of every leaf. It i, 
extremely hardy and stands any winter, and is a companion crop to 
rape. It produces a globular but loose head, and often reacllea 
a heigM of from 4 to 5 feet. It is usually drilled where it is meant 
to grow, but may be transplanted with success. 

Kale may be sown in April for e:uly autumn keep, and in Augu~t 
for spring folding, for which purpose it resembles rape. It is 
considered less nutritious than rape, but safer for lambs in tho 
spring, and when grown upon suitable Boil produces a much heavier 
crop. It is thought to .. draw" the land more than rape, which may 
be due to its large and fangy roots, which sometimes stop the plough, 
and are therefore carried off the land and rotted in heaps. The same, 
in a less degree, is true of rape roots. 

The Oultivation of Kale.-There is a great resemblance between 
the cultivation of all the root crops. The land must be deeply 
cultivateu and well manured, after a well-worked winter fallow; or 
broken up after an early fodder crop fed upon the land. The choice 
of the particular root or allied crop is chiefly controlled by the season, 
for it may be too late for mangels, in which case swedes may be flown; 
or too late for swedes, when turnips may be substituted, etc., etc. 
Choice is also affected by the character of the land, which may be too 
weak or thin for one crop and yet good enough for another; but, 
apart from these considerations, the cultivations are very similar, 80 

much so that it is unnecessary to enter minutely into details for each 
kind of root crop. 

Rape has been spoken of as a companion crop to kale, and tho 
two have been compared. Rape is, however, an older favourite, and 
is much better known, and more widely grown. It thrives best upon 
deep vegetable soils, and is a great favourite, under the name of 
coleseed, in the Fen country, where it produces extraordinary crops, 
rivalling swedes in weight per acre, and scarcely requiring to be 
fenced with hurdles, the sheep eating their way through it. Rape 
may, however, be grown on almost all classes of land, from clay soils, 
scarcely fit for turnip husbandry, to the thin soils of the Upper 
Chalk. 

:U is highly esteemed by all sheep farmers, espe'dally for 8ummer 
and spring keep, and, like kale and cabbages, it throws up a 8eCQnd 
growth after folding. It is one of the best preparations for wheat, 
the young plants sown after it always being of good colour and full 
of vigour. Its success greatly depends upon horse- and hand-hoeing. 
When singled it produces stout plants and strong roots, but when 
left unsingled, as it may be late in the season, it forms a fold which 
can be eaten down to the bare ground. One of the best varieties for 
ordinary land is the Essex dwarf, but Giant rape is suitable for Fen 
lands. and grows to a much greater height and thickness, as above 
mentioned. 

White Mustard is closely allied to the Brown Mustard of the table, 
but carries a white seed. It belongs to the same genus as charlock, 
but is no; liable to infest the soil upon wlUch it has been grown. 
It does not possess great fattening properties, but is a wholesome 
food for store sheep or ewes. It is also quick in arriving at maturity, 
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and is much used for green crop manuring wher·~ the practice 
prevails. 

It is liable to be cut down by frost, and is therefore a summet 
or autumn fodder crop. Mustard may be regarded as an extemporized 
crop, coming into extended use after droughty seasons in which root 
erops have failed, and supplying green food up to November. 

Its cultivation is simple, the seed is cheap, and the crop ready for 
folding six or seven weeks after sowing. It may be cultivated on any 
deseription of soil, and produces tall and luxuriant foliage upon good 
land, ot when manured with superphosphate. It is frequently sown 
upon failed root land, in which case extra tillage is unnecessary, and 
the seed is wheeled and harrowed in at the rate of 25 to 30 lb. per 
acre. When the land is stale or weedy, it should be ploughed before 
it is sown, and it is noticeable that, like most seeds, mustard springs 
up more quickly from a fresh and consequently moist furrow than 
from a dead surface. It is best consumed when it is coming into 
flower, and is a suitable food for ewes during the mating season. 

GROWING ROOTS FOR SEED. 

This is a special industry largely in the hands of the great 
Beedsmen. It is intimately associated with the selection of suitable 
.. bulbs ", and the raising of pure stocks; and precautions are necessary 
to prevent cross-fertifization, except where it is intentionally carried 
out for hybridization. Ordinary farmers are therefore placed at 
a disadvantage in raising seed, and generally prefer to purchase what 
they require from accredited firms. Seed-growers, however, often 
trust the stocks to good farmers for the production of large parcels 
of seed. 

When well-shaped roots are selected they are transplanted to 
a nursHY, where they throw up flowering and seed stems, which are 
ean·fully netted in order to protect them from birds. The seed is 
sown lato in the season on clean and prepared land. Every care is 
taken in harvesting, and, later, in threshing and cleaning, for which 
purposes machinery of a very perfect character has been invented. 

We have always found the principal seedsmen only too willing 
to conduct farm students over their establishments, and to spare no 
pains in giving explanations of the many devices employed by them 
in order to secure reliable types and strains of seed. 

Those who have conducted variety trials of cereals know too well 
the difficulty experienced in keeping each variety pure, and factors 
too numerous to mention render this impossible on an ordinary farm. 

Thero are numerous seeds that a gardener can save for his own 
use, such liS beans, peas, onions, lind many others, but let him try t<> 
save his own seeds from a cauliflower, or any other cruciferous plant, 
and very soon he will find himself in a hopeless muddle, unless he is 
skilled in this particular industry. 

As with breeding live stock, so it is with plants, the breeder 
must be an expert, and possess a thorough acquaintance with each 
particular plant if it is his intention to improve by selection, 
hybridization, or cross-fertilization. 
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NON·CRUCIFEROUS FODDER CROPS. 

All the root and fodder crops yet considered, with the exception 
of mangel, carrots, and parsnips, belong to the great natural order 
Cruciferre, characterized.by bearing cross-shaped flowers. These crop~ 
are all cultivated upon the "fallow" share, either as root or kindred 
crops, such as cabbage, rape, and kale, and are cultivated on similar 
principles. . 

The crops now about to be described occupy for the most part 
the third year of the Norfolk rotation, coming in between two corn 
crops, as for example clover. There are exceptions, as in the case 
of vetches, trifolium, and the fodder cereals, which mostly precede 
roots anrl figure as catch crops. They to a great extent belong to 
the order Leguminosre, or podded plants, some seeding in pods and 
some in capsules. They also include several grasses such as the 
rye-grasses, so that the group is of varied nature from a botanisfll 
point of view. Agriculturally, they may be divided into two classes. 
First, those which require special cultivation, including ploughing. 
Second, those which are sown on the Burface, among corn already 
in possession of the land. 

Vetches.-Among the first class, vetches or tares are the most 
important for several reasons. (1) They thrive upon clays and upon 
all calcareous soils, where they may be successfully grown without 
manure of any kind. (2) They are of two types-winter and spring, 
and with the aid of these two varieties they can be sown in Buccession, 
so as to produce green food from May to October inclusive. (3) They 
are adapted either for cutting, or "soiling" in yards; for folding 
upon the land, or for ripening as seed. (4) They may precede late
sown turnips, or take the place of a bare or summer fallow, in which 
case the land may be cleaned by a system of half or rag fallowing 
for early-sown wheat. 

Vetches generally follow a corn crop, either with a view to being 
followed with late roots, or to making a half fallow for wheat after 
the vetches have been folded. 

Cultivation of Winter Vetche •. -The corn stubble is broken up 
by a steam or horse cultivator, the former being preferable, and 
thoroughly cleansed from weeds. It is then in many cases dressed 
with 10 or 12 tons per acre of farm-yard manure, ploughed in with 
a 4 or 5 in. furrow. The land is then well harrowed, and 2 to 3 bushel. 
of seed are drilled in rows 7 inches apart. The seed is better mixed 
with half a bushel of winter oats, or of wheat, to Ii or 2! bushels of 
clean vetch seed to make up the above quantity. 

When thinly planted, vetches are found to encourage weeds, but 
when thickly planted they become a "smothering" crop, 80 that on 
foul land a thick seeding is often recommended. The seed is 80wn 
from September to December, and sowing is again continued during 
January and February, the winter variety being best during these 
months. Spring vetches are sown in March, April, and May, and 
thus a succession of fresh food is obtained. Vetches have often been 
spoken of as the sheet-anchor of arable land sheep farmers. Early 
sowings are ready in May, and later sowings come on as required, 
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and what ar~ not needed lor consumption by stock can be harvested 
and threshed. 

In folding vetches with sheep, various expedients have been 
suggested for preventing waste, for luxuriant crops are often liable 
to bOO) trodden under foot. They may be mown and carried to cribs ; 
and cross-framed hurdles have been used which may be turned over 
and thus advanced as the- sheep eat the fresh fodder through the open 
bars. On most extensive farms such methods require too much time 
and labour, and the problem is solved in a more practical fashion, 
by allowing the most forward and favoured lambs a first chance upon 
the newly pitched out fold. After they have, so to speak, creamed 
the bowl, a younger, later, and. less pampered lot of lambs, or the 
ewe lambs intended for stock, are given a turn on the same fold; 
and, finally, the stock ewes clear up what is left, and leave the ground 
clear and ready for ploughing up. 

This is not a bad example of how business men overcome practical 
difficulties. Each section of the flock is well satisfied with its treat
ment, for ewes and ewe lambs not only are accustomed to live harder 
than fattening lambs, but are all the better for frugal fare. 

Trifolium, or crimson clover, is largely cultivated in the southern 
counties, but is seldom seen in the north. It is readily distinguishable 
in all its stages. Its seed is larger than that of other clovers, globular 
in shape, glossy, and cheap to buy. 

The leaves are obovate in form, and covered with down. 'fhe 
flowers are borne on spikes instead of on globular heads, and are of 
rich crimson colour, excepting the white varieties, which are later 
than ordinary crimson clover. 

Trifolium is accredited with being more easily cultivated than 
any other crop. Its seed may be scattered over standing corn, and is 
trampled in or covered by the traffic of harvesting. Or it may be 
wheeled in with a seed barrow on untouched stubbles, and dragged 
or rolled in. This is the ordinary plan pursued, and ensures thl' 
following essential conditions for success: (1) It encourages earliness, 
for sowing may be performed on any damp morning whim harvest 
op('ration~ are interrupted; (2) the plant prefers a firm substratum 
to a loose seed-bed, and by these methods a surface tilth is obtained 
sufficient. to bury the seed; and (3) the final rolling with a heavy 
roller further consolidates the land and completes the cultivation. 

III soml' cases the stubble is shallow-ploughed before sowing, but 
it has been observed that slugs are more destructive on loose 
land, where they can hide during the day, than on a firm and 
unploughed soil. 

Trifolium is very hardy, but ought to be strong before winter sets 
in. It should therefore be sown in August, or by the middle of 
September, and October is too late, as the young plants are then 
liable to slug off, and that in a single night. It thrives best upon 
gravelly, alluvial soils, but may be grown on any land of loamy 
character except upon white chalk. It comes in as a connecting link 
betweeu winter barley and vetches, and is often chosen as a good 
position on which to wean lambs. It is, however, unsuitable for 
mowinr, for hay, as the stems. soon become hard and bare, the foliage 
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disappearing as the plant matures. As in oth~r fodder crop. the 
maximum value is attained when the plant is in full bloom. 

The Clovers.-What .are known as the clovers belong to three 
genera-Trifolium, Medicago, and Lotu.. They are all trifoliate
(three-leaved), but difter in fructification, the clovers developing 
capsules, the medicks spiral pods, while Lotu. developa long pod. 
arranged like a bird's foot. They are all included under the term 
" small seeds .. , and are usually sown in mixturea with rotation gras8C8. 
They vary in longevity, some being annual and other8 perenlliala of 
various durations. 

The most important member of the clover group ia Trifolium 
praten.e, or red or broad clover (Fig. 40). Thia plant is too w~ll 

FlO. ".-Red Clonr (Tri!oliumzwat_,. 

known to need description. It is of robust habit of growtb, and 
excels all other ordinary varieties in luxuriance. It, however, is 
subject to clover sickness, which appears to be primarily due to want 
of suitable food, and secondarily to nematode worms. Tbat sickne88 
is caused by' want of nutrition ia indicated by the immunity of some 
soils from the disease, and the fact tbat it has been grown upon 
the same rich garden soil for a. great many years in succession <at 
Rothamsted) without showing any signs of failure. Still, in ordinary 
course of cropping it may easily be grown too often, and the four 
years rotation .is too short to ensure ita success. It is indeed found 
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advisablo on most land to divide sowings on red clovel' by intpl"\'als 
of eight years. If it were not for this tendency to "siekness ", it 
would probably oust all other clovers, as t.hey are chiefly used as 
safeguardii against the failure of red clover. 

Aisike or T. hybridum (Fig. 41) is of Swedish origin, Ilnd i~ 
intormediatc in character between red and white clover. It is fail'lv 
widely ('ultivated, but not neady to the extent of red clover and th;' 
other member3 of the group. The leaves are broad and furnished 
with conspicuous stipules; the stenls are strong, and the 80\\"er:;: 
mixed red and white. The seed is small and angular, like that of 
white clover, but green when new, and approaching to blu('k whell 

FlO. U.-Alsike or Swedish Clover (T,'i/olimn 11 I/b rid ,m' I. 

over a year old. It is supposed to do well on clay and damp soils, 
but thrives on any soil suitable for mixtures of clover. 

White (Dutch) or T. r"pens (Fig. 42) is peculiar for its 
distinctly per!:'llnial character llnd spreading nature. Its roots are 
stolonift.'rous or creeping (repa, to couch or creep), and promote th(' 
oxtEnsion of the plaut from centres. It is found in all pastures and 
on roadsides, and is an important ingredient in mixtures for laying 
down to permanent grass. It mak('s but little show t,he first year, 
and may be omitted from one-year mixtures; but it gradually spreads, 
and is to be seen in the aftermath, and in subsequent years' growths. 
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The plant is too small for hay, and is low in stature, but it i, 
a valuable fodder for grazing animals, and especially for sheep. 

Black Medick, known also as "Hop ", Nonsuch, Trefoil, and 
Yellow Clover, is a general favourite, and forms a part of most 
mixtures and is also frequenUy sown alone. Ita botanical 
name id Medicago lupulina. and it is closely related to M • • otitlo 
or lucerne. The seeds of the two plants are so much alike that only 
expert seedsmen can distinguish them, but they dUIer in foliage and 
flower. as well as in other respects. 

Trefoil is fibrous-rooted, of delicate appearance, and slender litem. 
Its leave.; are small, and it flowers in small globular heads. It is 

·FIo. 42~Wbile or Dutcb Clover (Trifolium r_.l. 

a free seeder, and therefore maintains its position in permanent 
pastures. It yields a fine hay, very dUIerent from the bold If bony" 
herbage of red clover, and. when it is grown alone it rarely yielda 
more than 1 ton to the acre. It is earlier than the other clovers, 
generally flowering in April, and ready to cut in May. It is 
considered to be excellent for sheep, and to possess health-giving 
properties. It is easily secured, owing to its general slenderness, 
and often comes out of the rick without much lose of its natural green 
colour. Trefoil is frequently used as the precursor of a root crop, 
for the plant is of little use as aftermath, and as soon .. the hay is 
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secured the ground is broken up and dressed for roots in good time 
for main crop swedes or turnips. 

Lucerne (Fig. 43) is highly esteemed over most of the world. 
It is the Alfalfa of the Argentine, and is widely grown over Europe. 
It suits dry climates, as its roots are extremely strong, and penetrate 
to several feet in depth. It is, in fact, a difficult matter to dig I\P 
a root of lucerne after it has attained an age of two or three years. It 
is perennial in its nature, but requires renewing at intervals, 
principally because the ground becomes weedy. 

Lucerne has been much recommended of late years as an ingredient 
of ordinary mixtures, for dry calcareous uplands, but cannot always 
be relied upon to "take" successfully. It is more commonly sown 

FIG. {S.-Luceme (lICBdicago sativa). 

on sma!! and confined areas near farm buildings, for horses. It 
produces but little the first season, but graduall! i~prove~, and arriyel' 
at full bearing about the fourth year, after whIch It contlllues prolific 
for a variable period. 

Many essays have been written upon the wonderful properties 
and capabilities of lucerne, and systems have been described in which 
it is grown in alternate rows with other plants, in order to facilitate 
interculture and keep the ground clean, as well as to encourage 
a maximum development of the plant. 

There are two principal methods of cultivation, both of which 
possess advantages. The first is special, and consists in deeply 
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ploughing or trench ploughing a suitable area. The best soil for tllf' 
purpose is calcareous, but it may vary in character from heavy to light, 
It mUBt, however, be deep, and fissured, to admit of the dOlll'nwaru 
passage of the roots, and the subsoil must be dry. Artificial draining 
may remedy natural wetness, but the roots are liable to penetrate and 
find their way into drains and to choke them up. The crop is cut 
green, and yields three or iour cuttings during the season. It resi8t~ 
the seVGrest droughts. 

When lucerne is grown alone, the deeply ploughed land is well 
manured and then again ploughed for seeding. It should be llI'ell 
harrowed and rolled, and the seed is drilled in rows 9 to 12 in('hf.'~ 
apart in April, at the rate of 20 lb., or if narrowly drilled, 25 lb. per 
acre. The older authorities laid great stress upon horse- and hand
hoeing every year, to keep the rows clear of weeds, but this entails too 
much trouble and labour for modern farmers. It is now recommended 
to broadcast the Beed over a well-cleaned area, using as much as 30 lb. 
per acre mixed with such vigorous grasses as catstail (1.'imothy) 
cocK's-foot and meadow fescue. These form an undergrowth whil,h 
occupie~ the surface and excludes weeds, and the tall lucerne tower~ 
above theI;ll during the growing season. 

The system of cutting and remov;ng the crop is naturally 
exhausting, and suggests top-dressing with 6 cwt. basic slag and 
2 cwt. li:ainit, as required, to renovate the ground. The expense per 
a~re of such dressings is, however, considerable, and the net profit 

. '<in the' application is sometimes inappreciable. Lucerne, like other 
''leguminou;fCrops, stores up nitrogen, so that the soil is richer in that 
constituent ' ~ft8r .,producing many cuttings than it was originally, 
It, however, benefits from applications of nitrate of soia, a, ShOWll 
by Dyer, and that ~. a marked degree. The same is true of clover, 
vetches, and,other'l!lguminous crops, although they are able to obtain 
nitrogen, from theail\\ It would therefore seem that the effect of 

, nitrate ot soda is due t> its immediate action upon a hungry plant, 
which, althongh it can, accumulate nitrogen in its roots, stems, and 
foliage, .also takes it from any available source. There is therefore 
no inconsistency. 1n' a' leguminous plant benefiting from nitrogenous 
dressings.' T)J.e dying out of leguminous herbage on land con
stantly manured with ammoniacal ,salts appears to be due to 
their being crowded out by grasses rather than to direct poisoning 
effects. 

Sainfoin (Onobrychi8 aativa) (Fig. 44) is chiefly grown upon the 
chalk and limestone hills of Southern and South-Western England, 
These hills are not adapted for laying down to permanent pasture, 
for, although they form natural downs, the herbage is difficult to 
reproduce after it has once been broken up. It is here that sainfoin 
comes in as a substitute for permanent pasture, for it is durable, 
and capable of holding its place for an indefinite number of yearfC 
(see Rotations). On wide farms in Wiltshire, and on the Cotswold 
Hills of Gloucestershire, it has long been the custom to keep a very 
considerable area of arable land under sainfoin, and the system is 
associated with old-fashioned profitable farming. It is the reverse 
(If intensive cultivation, but keeps down expenses, and favours the 
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maintenance of sheep; and the plant is supposed by shepherds to be 
particularly wholesome. 

Sainfoin may be known by its flesh-coloured, vetch-like, flowers 
and itd pinnate leaflets, from which it has derived its French name 
of cinqfoin in contradistinction to trefoil. It is also known a~ 
St. Foin, or holy-hay. It is a robust plant, and produces from 
It to 2 tons per acre of high-class hay. 

The Oultivation of Sainfoin.-The fact that sainfoin is intended 
to occupy the ground for several years shows the importance of 
sowing it upon clean land; and that it can only be successfully sown 
after intervals of from twelve to twenty years shows that it is 
scarcely likely- that more than one field can -be prepared for it in 
anyone season. Great care is also necessary to secure clean and pure 

FIG. 44.-So.infoin (OnobT1lcl,is 8alit'a), 

seed of English growth, and of the best character. Foreign seed is 
not reliable, nor is English, unless its history or pedigree is known. 
Foul samples are only too common, because sainfoin soon becomes 
infested with" lop" (Bromus moUis), burnet, and many other weeds. 
It is therefore better to pay a good price to a seedsman for thoroughly 
cleaned seed than to purchase from neighbours. 

The seed is enclosed in a capsule which, when well harvested, is 
bright and of light-buff colour. When opened the ona seed within 
is seen to be of black or dark-brown colour, filling the cavity, but 
in poor samples many capsules are empty, or occupied with abortive 
seeds. Burnet (Fig. 45) closely resembles sainfoin, but is readily 
distinguished by its four-sided seed-vessel, which is distinctly different 

L 
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from the two-valved sainfoin with its characteristic reticulatoo 
markings. The leaves of burnet are also notched or aenate. That 
it is not entirely valueless as a fodder plant may be granted, and 
that it is suitable for certain classes of dry, chalky Boils; burt it is 
very inferior to sainfoin and must be regarded as an adulteration. 

Sainfoin seed is usually sown rough or unmilled at the rate of 
4 bushels per acre, upon young corn, in March or April. It may 
also be sown upon wheat and barley, but oats are too heavy, and 
therefore liable to kill the young plants. If sown upon wheat, the 
land must first be well harrowed, and this is beneficial to the wheat, 
and also makes a tilth for the sainfoin, which is drilled aerO/!.!!, or 
diagonally, to the wheat rows, and then once harrowed and rolled. 

FIG. 45.~BumeL (Poterium .angui.orba). 

When sown on barley, the seed corn and the sainfoin may be mixed 
together, and sown at- one operation, and harrowed and rolled in 
together. Or, two drills may be used, following each other; the 
sainfoin being deposited diagonally across the barley rows. It is 
advisable to wheel in or broadcast about 1 gallon (61b.) of trefoil 
with sainfoin seed, to cover the ground and keep down weeds, as 
sainfoin plant is weak in its early stages. 

Thia is all that need be said about seeding, but there are several 
pointa of importance in the management of the young crop. In the 
first place, sainfoin is better left ungrazed after harvest, to allow the 
plant to thicken and e3tablish itself. It is alSo be3t left ungrazed 
in the following spring, and mown the first year for the same reason. 
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A~ an alternative it may be folded with sheep the first season after 
the plant has attained a good growth, but not before. After these 
preliminaries, the ground may be grazed on ordinary principles, and 
the plan t will last for from seven to ten years. 

Sainfoin soon dies out on damp subsoils, and even after wet 
summers, and lasts longest on dry fissured soils such as are found on 
oolitic limestones and chalk downs. Giant sainfoin produces a heavy 
crop of hay, but is undesirable because of its short duration, which 
may also render the soil unfit for a subsequent sowing of lasting 
Engli~h seed. 

Sainfoin ranks high as a hay crop, and should be cut when in full 
flowN·. It is excellent for fattening bullocks, and for lamb feed. The 
hay is, however, often injured by being overdried before lifting and 
the consequence is a loose truss and a diminution in value. However 
nocessary it is that any kind of hay should not overheat or "fire" 
in tha rick, it is also of importance that it should "sweat" to 
a sufficient degree to become compact and develop flavour. 

Maize.-The climate of the British Isles is too uncertain for the 
l'ultivatioll of maize as a corn crop, and although trials have been 
carried out with acclimatized varieties, the results have not been 
satisfactory. the plants being liable to develop a dwarf habit of 
growth, and the cobs being undersized and producing a small berry. 
In some market districts the plant has been cultivated successfully 
as a vegetable on small-holdings, the green cobs realizing about Is. 6d. 
pm· dozen. The crop, however, is chiefly grown as fodder in this 
country in many of the warmer districts, and as such it is extremely 
useful b dairy farmers, when pastures become burnt up and parched 
during periods of drought in the late summer. 

It is not difficult to cultivate as fodder and succeeds on well-manured 
soils of medium consistency, provided the soil temperature is not 
too low, as when such is the case, although the seeds may germinate 
quickly, thc seedlings do not grow freely, and it is e3pecially at this 
stngo that they require an abundance of sun heat. A cold summer 
and frosty nights are alike inimical to success. When grown on the 
thin upland soils of Hampshire the plants hardly ever attain to more 
than 2 or 3 feet in height, while on some of the heavier woodland 
farms in a warm dry summer stems averaging 11 feet in height when 
in flowor have been grown. 

The manuring of the land for maize is practically identical with 
that recommended for mangel, and sowing is best performed from 
the middle of May to the middle of June. 

The importance of sowing good seed cannot be over-estimated, and 
this can now be secured from any of our leading seedsmen. The White 
I-Iors(ltooth (Dent de cheval) or Giant Caragua have proved the best 
\'ariotie~ where a heavy yield is desired. The seed is best drilled 
with an ordinary drill, as for beans, at the rate of 3 bushels per acre, 
nllowin'" an avera"'e of about 18 inches botween the rows to admit of 
horsf)-h~eing. M~ny failures in the cultivation of maize are directly 
attributablo to the ravages of rooks, and this can only be obviated by 
stringing the field immediately after sowing with binder twine 
attached to stakes or spars about 2 feet in height. Horse-hoeing, as 
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with other crops, is proceeded with until the growth of foliage renders 
the operatior. no longer practicable. . 

On dairy .farms it is usually found most convenient to cut the 
maize daily as required, during August and September, carting it 
out on to the pastures for the cows after milking, when, if the crop 
has been grown closely in the rows, the whole of the stem will be 
sufficiently succulent to admit of its being entirely consumed. Tbl.' 
mistake made by many growers is to allow the circulation of too much 
air and light around the plants in the rows, with the re8ult tbat 
portion~ of the stem of from 2 to 3 feet in length become hard and 
fibrous, and are left unconsumed on the pastures. An average yield 
of green fodder is from 20 to 25 tons per acre . 

. Maize may be used successfully for ensilage, and where the crop 
yields as much as 40 tons per acre of succulent herbage a luge 
quantity of material has to be dealt with. For ensilage the crop 
should be cut before the base of the plant becomes hard and woody, 
otherwise difficulty will be experienced in severing the Btt'ms in the 
chaff-cutter, to which it is carried straight from the field and then 
dropped as cut direct into the silo. Good silage can be produced 
by relying on the weight of the fodder itself to provide the necessary 
pressure, assisted by simply trampling it down. Silage stacks are 
sometimea used, but are not advisable, owing to the detrimental· 
influE'nces of the atmosphere upon the outsides. The preservation of 

"the crop, however, eHher in silos or stacks, is never 110 satisfactory as 
feeding it in the green state. 

Green maize is much richer, weight for weight, than root crops, 
containing as it does only 70 to 80 per cent of water, or 20 to 22 
per cent of IIOlids, which is double the amount contained in roota. 
If cut when young and succulent the percentage of digestible carbo
hydrate.; and proteids constitute about 14 per cent of the totalllOlids, 
the remainder being fibre, although not altogether indigestible. It 
provides excellent fodder for milch-cows, a yield of 20 tona per &ere 
supplying a herd of twenty cows with the greater portion of 
their ration for a fortnight. It follows vetches, rye, and othf'r 
green forage crops, and precedes cabbages, turnips, and root crops. It 
is also relished by horses, sheep, and pigs, and is especially nseful for 
breeding sows. 

Although maize is undoubtedly most acceptable in dry seasons, 
it is nevertheless valuable on auy dairy farm where grass is Bearce, 
and as a substitute for grass when there is no other green fodder to 
take its place. It is chiefly deficient in protein and mineral matter, 
as the following analysis shows, and therefore does not draw the 
land, as is IIOmetimes thought. 

I 
Protein I Boln"le I 

Dry Malter. Oil. fNhMe'f!'D C'U~ Fibre. I A.b. I 
)( 6-23.. hydratea. 

Per cent. Pereent. Per ceo'. ! Per f'!enl. Per eeDl_ Per cent. I 
I ---'--1 ---

I 
Maize . 1'!}·09 ·22 1''!}8 8·39 3·93 I ·97 I 
Pasture Grass 23·3 ·9 3·9 10·9 5·2 I 2·3 I I 



NON-CRUCIFEROUS FODDER CROPS. 149 

Prickly Comfrey has been much recommended as suitable for 
small patches of land, inconvenient for ploughing. The bed is 
thoroughly worked and cleared of weeds, and the "sets" are planted 
in rows 3 feet apart each way, and kept clean and cultivated between. 
It produces several crops during the season, and may be regarded as 
perennial. The herbage has, however, been pronounced to be watery, 
and the cultivation does not extend in this country. It is difficult 
to eradicata when the land is required for another crop. 



CHAPTER X. 

GRASSES, MISCELLANEOUS PLANTS, AND WEEDS. 

GRASSIlB are a well-defined group of plants in which the floral 
envelopea are modified as pales and glumes, and arranged on spikes 
or panicles, and they have even been regarded as degenerate lilies. 
They are endogenous and monocotyledonous, and their venation or 
veining is lineal instead of reticulate. To the agriculturi~t they are 
less definite, for he speaks of cow grass, which is perennial red clover, 
marl-graBs, which is a form of T. medium, and a crop of .. gra.~8 ", 
which is really a mixture of many plants comprising different 
orders. 

The grasses are more widely distributed than any other clas8 of 
vegetation. They cover wastes, ascend mountain summits, and obtrude 
themflelve9 everywhere. They may indicate neglect and dC30lation, 
but nevertheless render the earth beautiful. Most of them are 
enemies to cultivation, and they thrive best as permanent pastures, 
meadows, or open downs. They comprise a very large number of 
species adapted for every description of soil and climate, from the 
Equator to the Poles. Many are perennial, and those which are 
not are abundant seeders and therefore equally persistent. They 
propagate by seed, roots, and underground buds and branches, and 
figure largely both as weeds and as crops. 

Cultivated Grasses include cereals, maize, rice, millet, panicum, 
sorghum, sugar-cane, kaffir corn, etc., all of which have been 
developed from wild progenitors, although in Bome cases, as in wheat, 
their pedigree is difficult. to trace. These cultivated graB8e8 are 
capable of great improvement, and readily produce new varieties. 
They possess the property of transmitting newly observed or acquired 
peculiaritie3 to their progeny, and this tendency seems to be favoured 
by tkeir method of self-fertilization, which takes place within the 
pales and glumes independently of transported pollen or of insecta. 
The persistence of new varieties of cereals is a remarkable fact, 
especially as they are propagated from seed. 

Having already noticed cereal cultivation, it remains for U8 first 
to considerbrieHy that of the fodder cereals, and the few other grasse8 
which are grown on tilled land, in rotation with other crops. 

The Fodder Cereals include winter barley, winter oats, and rye, 
all of which may be grown as corn crops. They form a group .by 
which a succession of green food may be produced, lasting through 
at least two months of the spring, forming a bridge between the end 
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of the root-feeding season and the advent of summer keep . Rye 
is our earliest green food, as it may be ready for use, in mild and 
open winters, in January, if sown early in the previous year. It is, 
however, most commonly available in March, and is followed by 
winter barley, and lastly, by winter oats. By the sowing of E'al'ly 
and later rye and the two other cereals named, it is easy to provide 
successive folds until trifolium and vetches follow as spring and 
Bummer keep. In this way the fodder cereals occupy an important 
position in the cycle of foods which last the entire year. These
crops are all better fed off before they shoot into stems or straw, as 
they then begin to be tough and less nutritious; and after the land 

FlO, 46.-Timothy 01' Cl\tstail (Pll/cum l)l'atellsC'l . 

is cleared it i"" broken up for roots. They therefore occupy til(' 
root 01' fallow breadth and in this respect differ from the grasses 
yet to be mentioned, ~hich are cultivated in the thiru year of the 
four-course rotation. 

Rotation Grasses· differ from permanent grasses in doing best 
upon cultivated ground, as is shown by their producing maximum 
yields during their first year's growth. Old" seeds," are never 
so luxuriant as young lairs, and after the second 01' thml year they 
are apt to become sparse and threadbare, ~nd require to be brok~n 
up. Tho permanent grasses are very ddJerent; for newly lald 
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pastures, although in some degree following this ol'der begin to 
improve after their third or fourth year, and very gradually to assume 
tho form of permanent grass land. They prefer a firm and undis
tUI'bed soil! but at the same time carry out their own system of tillage 
by root. action, and the accumulation of organic remains, in which they 
are assisted by earthworms. Among the best-known rotation grasses is 
Italian rye-graBB, which is largely imported from Lombardy and 
~ort?eru Italy: The foreign seed is often both dusty and" dirty", 
I.e. Infested with darnel, couch, and soft-brome grass, but is con
sidered more vigorous and bolder in foliage than English-grown seed. 

FIG, 49,-Yel\o\V or Golden Oat·grnss (Tresetllnl jfarcscells or 
~ L"ella ftavescells). 

Tho plant is described as a perennial of short duration, and where 
SOWll on sewage farms, or with a view to maximum production, is sown 
every year. It is capable of yielding 70 tons of green fodder per acre 
in successive cuttings; and the united lengths of all the mowings 
laid end to end has been known to exceed 13 feet. One cutting 
measure!l on a sewage farm by the writer measured over 7 feet from 
the stubble to the tip of the stem, and many reports have been 
published as to the wonderful weights produced under irrigation. 
He-avy crops may also be produced with the aid of successive dressings 
of nitrate of soda, applied between th~ cuttings. Italian rye-g~ass 
forms a part of most ordinary mixtures of " grass seeds" for mowIng, 
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and if tho land is not clover-sick a mixture of 1 bushel of this grasl!l 
and .14 lb. of · red clover is difficult to beat as to productivelles&J. If 
sown alone, 4 bushels per acre is a full seeding which is often used. 
Others recommend 2 to 4 bushels, and much must depend upon the 
weight and reliability of the seed. 

Italian rye-grass is, however, considered by many to be detrimental 
to the succeeding wheat crop, partly because of its similarity in 
habits of growth, and partly because many farmers believe that it 
makes the land foul. This is, however. a libel. and the idea has no 
doubt arisen through the foulness of imported seed. Clean samples 

.T 

should be bought, and a slight knowledge of agricultural botany will 
enable any farmer to recognize the seed, and distinguish it from the 
above-mentioned weeds. or the unawned. perennial variety. 

In order to provide for two or three years duration. the best plan 
is to use a mixture composed half of perennial rye-grass and hall of 
Italian. 

Chicory.-Ch:cory (Oichorium bltibu_) (Fig. 50) is one of tbe most 
easily recognized plants of the ComposiUe family, owing to its azure
blue flower-heads. There are several varieties, notably Large Brussels 



GRASSES. 155 

or .Whitloof and Red Italian, both of which are large-rooted l1.n(1 
are grown for the manufacture of coffee chicory. Chicory is also 
grown in many gardens for salading, the roots being gently foreeu, 
and tho leaves blanched, much in the same way as sea-kale. In mallY 
parts of Hampshire it is largely cultivated by some of the mo;t 
ronowned Oockmasters, who fold sheep on the crop. It is readily 
consumed with the exception of some of the tougher Oowering stems. 

It makes a. prolific growth on all classes of land, and especially 
on poor soils of a chalky or sandy character, into which the root,. 
may penetrate to a depth of 3 feet. It also has the advanta~e of 
providing an important change in the cropping of clover-sick land. 

FIG. 51.-Sweet Vel'DRI Gmss (A.lltllOxantllllln ocloratltllll. 

'Vhen grown as a forage crop, from 10 to 121~. of see~ are broadcasted 
per acre; and the plants, when firmly estabhshe~, Yield two ?r three ' 
heavy cuts of green fodder during the year. It 1S also. used l.n grass 
mixtures at the rate of about 31b. per acre on sOlIs which are> 
benefite(l by the growth of deep-rooting plants. 

Mixtures of Rye-grass and Clovers.-For one year, as already 
mentioned red clover and "Italian" will yield an abundant ha.y 
crop; but'to avoid the risk of failure of the r~d clover, it is usual 
to construct a mixture of about 1 bushel of Itahan rye-grass, 8 lb. of 
red clover, 21b. of alsike, and 61b. of trefoil. This is a suffic.:ient 
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seeding per acre, but it is well to err on the side of a plentiful 
seeding. The quantity of clover or small seeds sown varies from 11 
to 151b. per acre, and when sown without rye-grass 281b. may be 
used. Italian rye-grass is sometimes found to overpower the clovers ; 
and to correct this tendency some farmers sow only t bushel of mixed 
rye-gras .. with their clover seeds. 

For mixtures to last two, three, or more years rather more seed 
and more complicated mixtures are prescribed, of which the following 
is a fair sample :-

Italian rye-grass . 
Perennial rye-grass 
Timothy gras3 
Cock's-foot ..• 
Smooth-stalked meadow grass 
Rough-stalked meadow grass . 
Red clove.r 
Perennial clover 
Alsike clover. • 
Whit'! Dutch clover 
Yellow clover . 

lb. 
5 (18-20 lb. per bushel). 
8 (30 lb. per bushel). 
2 
5 
2 
2 
2 
2 
2 
1 
4 

35 lb. 

It should, however, be understood that this is merely a typical 
mixture, suitable for a large number of Boils, and that various grasses 
and other herbaceous plants are recommended for special soils and 
situations. The variations in mixtures are very great, and the student 
should refer to the many excellent catalogues issued yearly by leading 
firms of seedsmen, and also to numerous encyclopoodic articles on the 
subject, as well as to textbooks. 

The literature of grass seeds is very voluminous, and to give an 
adequate idea of mixtures suitable for short, long, or permanent. 
duration would fill many pages. Professor McAlpine's able and 
exhaustive papers upon "Grasses" and "Pastures ", the .. seeding, 
formation, and management. of ", in the Standard Oycloptzdia 01 
;Modern .Agriculture are well worthy of study; but a treatise on 
grasses would carry the authors of this small work far beyond 
its prescribed limits. 

The suitability of certain species of grasses for dry and arid 
situationst or for low-lying and damp land; for deep and shallow 
soils; fol' plantations j for lawns and pleasure-grounds such as goll 
links and tennis courts j for orchards j for rabbit warrens; far 
mossy or peaty soils; for sheep pastures, or for bullock grazing, 
etc., are all important considerations which 80metimes overlap each 
other, and there is some danger of over complication; and it is ·cnrious 
to notice in this connexion the spontaneous and natural origin of 
many of our best pastures. 

The Sowing of Hay Seeds has been recommended as a means of 
solving tho difficult question as to the most appropriate mixtures, 
and, certainly, a study of the existing grasses on local pastures 
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assists materially in selecting suitable species for seeding new land. 
The objections to using bay seeds consist in the presence among them 
of undesirable seeds, and also the different dates of maturation of 
the constituent grasses when cut. A botanical examination bv an 
~xpert based on the prevailing grasses might, however, lead to 
a selection of seeds from a good seedsman whose advice would be of 
great value. 

It is also well known that the quality of all grasses as foods depends 
to a great extent upon the land which produces them. Even grasses 
which arc regarded as decidedly inferior are known to compose a 
considerablo proportion of certain first-rate feeding grounds, and 

Fro. 6~.-Crested Dog's-tail (C"IIOS"" •• s I'ristatus), 

there is no absolute certainty as to the relative feeding value of 
grasses produced under diffe,rent conditions of soil, se1180.n and clima~e. 
'l'he whole subject of laymg land down to grass 1S beset ,nth 
difficulties, and on the top of these comes the faet that many excellent 
pastures are known to have "fallen down" to grass by mere 
abandonment. 

Thousands of acres of good, sound, grass land, bearing traces 
of arable cultivation in the form of rounded ridges and open furrows, 
must ha\'e arrived at their present excellence during a long period ~f 
years. It is also noticeable that road scrapings anll heaps of soil 
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bocomo covered with grassy herbage in a compal'atively ahort time 
without artificial seeding; and that Bome classe8 of land take U; 
grass naturally without assistance, while it i8 practically impo8sible 
to produco a turf upon others. 

The principal aim in laying arable land down to grass i8 to bridge 
over th;) period which seems in most case8 unavoidable, between 
sowing and the production of a sole or sward of good grass. I~ 
sonie cases there is no difficulty, while in others, twenty years is 
not sufficient for the purpose. 

Rules for securing a good Plant of Grass.-It has long been held 
that land should be in high condition when it is 80,.'n down with 

Flo, 5S.-Perennial R:ye·graae <Lolium ~1'enne). 

perennial gras!'! seeds, and this is indicated by the fact that Qld 
pasture ground is generally richer than adjoining arable land. Gr888 
requirea a high nitrogen content in the soil, and permanent pastures 
tend to accumulate soil nitrogen. A luxuriant growth of rotation 
grasses and clovers is always an indication of richnes8 in land, and the 
same condition favours the development <\f permanent grasses. It 
is for this reason that sowing without a (corn) crop on land upon 
which· .roots have been close-folded 80 often succeed8. The seeds 
may then be sown in August (after rape or cabbage) and although tbey 
may become infested with annual weeds, these will disappear during 
wintel', or be cut down, never to appear again, at the first mowing. 
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Another hint worthy of attention is to allow newly sown seeds 
to .develop, without grazing, during their first spring, and to turn 
cattle out upon them. when they are almost fit to mow. This may 
appear wasteful, but IS less so than it seeins, as store cattle will eat 
down tho rough herbage before the succeeding winter. By this 
system, which was practised by the late Sir John Lawes at Rothamsted. 
the young grasses develop, and there is no removal of a hay crop. 
There is also a saving of labour, and the grass .plants become firmly 
established. Mowing the first year has always been recommended 
in preference to grazing; but the above method sllcuring the 
advantages of full development of the grass plants, without robbing 

FIG. 6t.-Italian Rye·grass (Loliu116 italic"",). 

the land by removing the hay, does away with the necessity of 
applying a dressing of yard or other manure. 

That land ought to be clean as well as in good heart when laid 
away to grass is true, but it is ,more important that it .should be 
enriched than entirely freed from weeds. Couch soon dies ~ut of 
pasture land, and arable weeds. fiBd it di.fficult to flowex: and see:! 
upon it. If, for example, land IS sown wlth grass seeds 1D August, 
the field may present a rough appearance before winter, but t~e 
clover and grasses will persist, while the charlock and other weeds WIll 

die down. The first mowing completely obliterates them, and the grass 



162 SOILS, MANURES, AND CROPS. 

particular species, which elbow out their rivals, on the principle of 
the survival of the fittest. They seem to show that the selection 
of seeds is not any more important than liberal treatment subsequent 
to sowing, and the encouragement of the best grasses later. 

The Migrations of Seeds.-The appearance of grase in aU kinds of 
situations such as roofs, ledges of rock, paths, pavings, crannieR, etc., 
shows cl~arly that the seeds are carried in the air. Disused road. 
Boon beQome green lanes, and neglected gardens speedily become 
overgrown. The rapidity with which heaps of earth are covered with 
grass has already been mentioned, and the conclusion ia unavoidable 

FIG.Ii8.-Wood Meadow GraM lPoa nemoralie). 

that the tendency of all grasses is to invade unoccupied spaces. The 
seeds pass through the digestive systems of birds, and of larger 
animals, ~d are carried by water and wind, and possibly by clouds. 
They also exist in soils in great numbers, &8 is shown by the 
appearance of seedlings in mould of any kind. They lie dormant for 
considerable periods, and their germination may be delayed or 
accelerated by certain conditions.- They show decided partiality for 
some soils, and in some cases will not appear at aU. The writer baa 
knon several pounds of foxtail seed sown per acre, and yet not 
a single stem could be seen two or three years later. 
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All these facts show the difficulty of accounting for the composition 
of mixed herbage. Also that the compounding of suitable mixture is 
not everything. They explain why good permanent pastures develop 
from ordinary mixtures of clover and rye grass, intended to last for 
only two or three years. Still, it is always advisable to sow a well 
thought out mixture, in which such robust grasses as Oock's-foot, 
Cat's-tail, Foxtail, Meadow grasses (Poa pratensis and trivialis), tall 
and other Fescues, etc., are blended with white, alsike. red, and 
yellow clovers, and small quantities of milfoil, bird's-foot trefoil, 
kidney-vetch, and other herbs. The framing of permanent pasture 
mixtures is purposely omitted from these pages, because of their 

FlO. 69.-Meadow Fescue (Festltca :pra.tellsisl. 

endless variety, and also because so many are given in .other 
publications. 

Effect of Seasons and Climate.-Pastures respond to both seasons 
and climate. Droughty summers, and ~ainage, cause w.ater grasses 
to die out, and the natural herbage of hlgh lands adapts ltself to the 
climate. 

A little observation will show that the predominating grasses vary 
with situation, so that the bents of Crested Dog's-tail appear in one 
place,Cock's-foot in another. Soft Brome in a third, a me~dow 
barley in a fourth. These grasses were not sown. but have estabhshed 
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themselves, and become features. It is the same on "'ater-meadolu, 
for there, Floating Meadow Grass, Yorkshire Fog, Tall Fescue, Care". 
Floating Foxtail, and various species of Rush, Flag, and Sed go will 
be found. It is a common experience that sown grasses often die 
out, and others (sometimes less desirable) take their places. 

Difficulty of Laying some Land down in Grass. -That natural 
downa are difficult to reinstate is well known. In dealing with such 
soils it is much better to improve the existing herbage by clolo 
folding and manuring than to break up and attempt to sow new 
pastures. The usual course of events is, a fair crop of mixed Beed. 
the first year, followed by rapid . deterioration, until putting the 

FIG. 6O.-Tall Feaene (Fe.hlCG elatiorl. 

land through a rotation of crops seems to bo the only alternative to 
waste ground. The same is true on many heaths and hills which once 
afforded a sweet permanent pasturage. Such lands appear impossible 
to again lay down in grass, but the case of fertile clays, deep alluvial 
loams and red lands, is difIerent, as they often take to grass ps 
naturally as ducks to water. Poor clay soils are, however, difficult. 
to convert, and sometimes remain in a condition of poverty for 
twenty years, after seeding with the most approved mixtures. 

Effect of Grazing and Basic Cinder.-CatUe-grazing is said to im
prove grasa land, while sheep grazing is trying, especially to newly-laid 

, 
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fields. Probably no grass land, however poor, can help improving 
under a system of grazing, in which cake and purchased foods are 
eaten upon the land; and in the present conditions of agriculture 
this method is to be highly recommended. It takes advantage of an 
established herbage, and avoids the long interregnum between sowing 
and the formation of a sod resting on vegetable mould. It may be 
adopted on a large class of poor, cold, clay soils, and basic cinder 
applied at the rate of 5 cwt. per acre will be of great assistance in 
brlDging up clover, and refining the quality of the herbage generally. 
It will, however, be observed that pastures that are liberally manured 
by cake-feeding or applications of dung, may develop rankness of 

FIG. 61.-Hard Fescue (Fea/l,ca durillS<'ula). 

herbage, whereas after dressings of basic slag, super, and · other 
mineral manures, the stock graze much closer to the ground. This 
is well worthy of attention. 

Summary as to Laying down Land to Grass.-It may have been 
thought in the previous observations that the mixture of seeds used, 
and t.he necessity of absolute cleanness of the land have been relegated 
to a secondary position. Such is, however, not the opinion of the 
writer, for it is highly desirable, in order to bridge over the 
{'litieal period, that the best possible mixture should be used, and 
that the young grasses should be free from rivals. Final success, 
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however, does not entirely depend upon either of these factors, but 
rather upon the land, and the treatment of the newly laid down 
pasture. 

Grass v. Arable Land.-Agriculturists are accused of laying down 
land to grass, on the ground that it is a restoration to the prairie-an 
abandonment of agriculture, a shirking of intensive cultivation, and 
therefore' of maximum food production. These are favourite themo. 
with those who blame our landlords and farmers, and it i. qui~ 
possible to imagine a condition of things in ""hich arable cuitiviltion 
may be resumed on many fields now in grass. It is also possibly 
true that even the poorest land might be cultivated to a profit undl'r 

FIG. 6i.-Yllrrow or ThollUnd·lell' Ut"hillt"a millt"/o/illml. 

certain conditions. It is, however, equally true that whether 
agricultural or pastoral methods are employed, owners and occupiers 
must work for a profit, and not on purely philanthropic principles; 
and as long as this is the case both parties will naturally ask whether 
a particular field will pay better IL8 arable land or IL8 pasture. 

The tendency of late years has been towards grazing, in a great 
measure on account of the rapid rise in importance of the dairy 
industry, and the increasing popularity of live stock. It is no doubt 
true that arable land can maintain more live stock than grass land; 
but, after ail, the net result is the point, rather than the gross return, 
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however, does not entirely depend upon either of these factors, but 
rather upon the land, and the treatment of the newly laid down 
pasture. 

Grass v. Arable Land.-Agriculturists are accused of laying down 
land.to grass, on the ground that it is a restoration to the prairie-tUI 
abandonment of agriculture, a shirking of intensive cultivation, and 
therefore of maximum food production. These are favourite themes 
with those who blame our landlords and farmers, and it is quite 
possible to imagine a condition of things in which arable cultivation 
may be resumed on many fields now in grass. It is also p08sibly 
true that even the poorest land might be cultivated to a profit under 

FIG. 6t.-Yarrow or Thousand-leaf f.d~hillea mill.folium). 

certain conditions. It is, however, equally true that whether 
agricultural or pastoral methods are employed, owners and occupiers 
must work for a profit, and not on purely philanthropic principles; 
and as long as this is the case both parties will naturally ask whether 
a particular field will pay better as arable land or as pasture. 

The tendency of late years has been towards grazing, in a great 
measure on account of the rapid rise in importance of the dairy 
industry, and the increasing popularity of live stock. It is no doubt 
true that arable land can maintain more live stock than grass land; 
but, after all, the net result is the point, rather than the gross return, 
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and, so long as landlords· and occupiers see a better net result from 
gra~~ than from arable cu~tivation, so long ~ill grass land retain its 
poslhon.. There can be little doubt that, over wide areas, a good 
pasturo IS at present of greater value than an arable field of similar 
quality. 

FLAX. 

THE cultivation of flax is fairly extensive in Ireland, and a con
siderablo amount of attention has been 'paid to the methods of 
cultivation, manuring, etc., by the Department of Agriculture in 
that country. The chief drawback to flax cultivation in our own 
country is that it requires such a large amount of hand labour in 
the final stages of its production, and this labour is generally wanted 
when harvest work is in full swing. The success of some of the 
British flax growers no doubt is due to the superfine quality of the 
fibre they produce, which is in every way superior to that which is 
imported. . 

Flax was originally grown for its fibre alone, but later the 
value of litlSeed for cattle was discovered, and some farmers grow it 
specially for this purpose. The plant may be put to many uses, the 
seeds being specially valued as a source of oil, and the fine fibre 
which is contained in the" liber ", or inner bark, for spinning. The 
short tangled fibre contained in the other portions of the stem is 
used for making small ropes and cords. Similarly, the coarse" tow", 
which consists of the shorts, is used for stuffing the cushions and backs 
of carriages, and also for making coarse cloth, ropes, etc: 

Flax (Fig. 63) is an annual, and when the ovary or lower part 
of the pistil ripens, it develops into tlIe boll or seed-vessel. When 
fully developed, each boll contains ten seeds enclosed in separate 
carpels. These seeds are smooth, and coated with mucilaginous ceUs ; 
linseed oil is extracted from them by pressure, and the residue is 
pressed into cakes which are largely used in cattle feeding. Flax seed 
yields about 22 to 27 per cent of oil> and the cake generally contains 
from 8 to 10 per cent. 

Good loamy soils are best, but satisfactory crops can always be 
secured from any soils which can produce good crops of cereals. 
Waterlogged soils, and those which contain an excess of moisture, 
and very light sandy soils, are unsuitable for the crop. Generally, 
flax follows roots which have been liberally dressed witlI farm-yard 
manure, and it is not advisable to apply dung directly to the flax 
crop. In Ire1and, a common rotation of crops adopted in the chief 
flax-growing districts is, oats after lea, roots, oats, flax (with clover 
and grass seeds), seeds hay, pasture, and possible pasture again. 
Flax should not be grown oftener tlIan once in five years on the 
same land. If" roots" are grown after flax the land should be heavily 
manured, and even then the root crop will show to disadvantage. 

Reliablo flax seed for sowing is not very easy to obtain. The 
best kinds are the Dutch (Riga Child) and the Russian (Pernau 
Orown), and April and May are the usual months for sowing. It .is 
better to err on the side of thickness as regards the quantity of seed 
used, as thickly-sown flax grows straighter and more uniformly in 
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length than when thin sown. A proper Beeding should produce 
plants that form no branches near the roots. Practically the only 
manures used for the Hax crop are of potassic nature; nitrogenous 
fertilizers not being desirable as they cause the plants to run 
up too high, and the fibre suffers in quality. The -harvesting and 
scutching of Hax are important, and entail a great deal of hand 
labour; generally the plants are pulled as soon as the bolls are 
turning from a green to a Eght-brown colour, and the seeds inside 
are firm and of a brown hue. The Hax is then rippled or combed out, 
so that the bolls fall to the ground, or into a receptacle, and are 
subsequently reduced into a meal, and the chaff may be separated 

FIG. 6S.-FJas (Linum u.itatiB8imum). JI.. B. ftas pIau': C. lower; 
D. fruit or boll; E. aeetion through D. 

by sieves or a winnowing machine, leaving the linseed behind. 
Flax stems are set up in sheaves, and left for a few days before 
"retting", or watering, in soft river water. Finally, as soon as the 
fibre shows a tendency to detach itself from the woody part of 
the stem of its own accord, often tested by wrapping it round the 
fingers, it should be taken out of the water, left for an hour or so 
on tb.e bank to drain, and afterwards carted out to a field and spread 
out to dry as thinly as possible. This is .. retting" and prepares the 
way for scutching or separating the fibre from the enticle part, or 
bark, which is the final operation, so far as Hax growers are 
concerned. 
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TOBACCO. 

Tho cultivation of tobacco in this country has during the last four 
year~ attained considerable importance. Its cultivation in Ireland is 
of older standing, largely owing to the effort of Colonel N. Everard. 
At .present Hampshire appears to have the largest area under 
c~ltivati0l!-' but there are enthusiastic growers in Norfolk, Suffolk, 
Llllcoinshlre. North Wales, and Scotland, and the total area cultivated 
this yeat· is stated to be 130 acres in England alone. The 'l'obacco 
Growers Society is actively engaged in promoting the cultivation, and 
has been entrusted with a grant from the Development Commissioners. 
What is more important, financial aid is promised to growers to 
defray working expenses, and loans for the erection of portable 
curing barns and other equipments. Although at first the idea wal' 
to grow coarser varieties, suitable for insecticides and fumigation, 

FIG. &.i.-Tobacco plant (Nicotiana tabacum), 

growers are now much more ~mbitiou~, and.material for cigar 'Yrappers, 
cigarettes, and smoking mlxtures lS belllg attempted wlth some 
success. 

Nicotine! largely enters into the composition of i~secticides~ and, in 
view of this fact alone there is every reason to beheve tIlat lt would 
pay tile grower to c~ltivate tobacco for this purpose, as it could 
he done without payment of duty. 

Tobacco (Fig. 64), like the potato and tomato, belongs .to tile 
natural order Solanacere and Nicotiana tabacum and N. rustaca are 
the two species commoniy met with in culth:ation: Varieties .of the 
former species produce the best grades, whlle wl~h N. r~8ts~ a~e 
associated inferior qualities, although tile proportion of lllcotine 18 

high. It is therefore to this. latter species tIlat ~e Engl!sh .farmer 
may need to turn his attenhon for the production of lllcotille for 
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(lommercial purposes. The growth of smoking tobacco is also being 
encouraged, and especially of leaves suitable for cigar wrapper8. 

·Manuring.-The cultivation is comparatively simple, and if thp 
soil is in poor· heart it must· be liberally manured as for mangels, 
as much as twenty loads of well-decayed farm-yard manure being 
ploughed in on retentive soils in autumn, or in early spring on thoMe 
of a light and porous character. This dressing may be supplemented 
with from 3 to 5 cwt. of superphosphate per acre and 1 cwt. of sulphate 
of potash at the time of working down the ground in spring, while 
when the plants have become established a dressing of 2 cwt. of 
nitrate of soda per acre in three applications at intervals of three 
weeks will prove beneficial. Other nitrogenous, phosphatic, or potassic 
manured may be substituted in keeping with the nature of the Boil, 
but salt, or manures like kainit containing a large excess of chlorine 
or other impurities, are undesirable. 

Raising Seedlings.-As the crop is a transplanted one and liable 
to injury from frost, the seedlings should be well advlLnced and ready 
for transplanting by the end of May. Those who are inexperienced in 
the sowing of very fine seeds would do well to consult a gardener, 
most of whom have had practice in sowing small seeds like begonias 
or even fern spores. 

Sowing takes place from the middle to the end of March, a8 if 
sown too early the plants, like tomato seedlings, are apt to starve 
before being placed in their permane.nt quarters. One ounce of 
seed will usually sow 100 square yards of seed-bed, and will provide 
sufficient plants for an acre of ground (vide p. 133). Some growers 
raise the seedlings in boxes and transplant into frames, but 
whatever practice is adopted the plants must be kept close to the 
light, and given an abundance of air, so that they may be thoroughly 
well hardened previous to their removal to the open ground. They 
may be transplanted with either a dibble or a trowel, selecting a dull 
moist day· for the operation, as otherwise watering will be necessary 
as the work proceeds. 

After Cultivation.- If, as is sometimes possible on easily worked 
loamy soils, weed seeds are allowed time to sprout and are then 
destroyed by light harrowing, the expensive operation of hoeing will 
be avoided to a large extent. If a light roller is passed over the 
land the rows can be plainly marked out with an ordinary drill with 
the coulters well weighted, so that the plants will occupy the angles 
of a number of small squares. To facilitate hoeing the plants may 
be planted from 24 to 30 inches apart each way, according to the 
quality of the soil. 

As leaves, and not seeds, are the object of cultivat!on, the flowering 
shoots must be removed by "topping ", which is best done when the 
first flower is about to open. The removal of these primary ahoot& 
gives rise to secondary growths in the axils of the leaves of the main 
stem, which if allowed to grow would weaken the plant, and these 
must also be removed. In fact, this proceSB of "disbudding" 
must be continued at intervals of ten days as the cultivator's object 
is to allow each plant to develop and produce from nine to twelve 
leaves, so placed a3 to admit of their becoming well ripened. 
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Harvesting.-The leaves do not aU ripen at once, and in the case 
of smoking tobaccos the careful picking of the leaves as they ripen, 
from the ground upward, is a matter entailing considerable care and 
~xpense; but in the production of nicotine for commercial purposes 
1t becomes necessary to remove the whole plant when the middle 
leaves are ripe, as then the greatest economy will be ensured. All 
suckers must be removed before cutting, otherwise the yonng shoots 
will continue to grow for some weeks after the crop is harvested. The 
plants should be dry and free from dew when cut, and a sunny day 
is a great advantage, as the leaves, if left for an hour or two, will 
wilt, and thus be less liable to injury from handling. The customary 
plan is to tie or spear from six to nine plants to a stout stick or 
lath about 5 feet long. The sticks, with plants attached, are then 
carefully removed to the drying sheds, and placed on horizontal 
supports, the plants hanging head downwards. The drying shed 
shoulu be so constructed as to admit of a brisk and free circulation 
of air between the poles, and drying will then be completed in from 
six to ten weeks. 

The nicotine may be readily dissolved out from the dried leaves 
in cold water at the rate of 1 gallon of water to lIb. of leaves each 
day for three days. The quantity of nicotine in the leaves may 
average about 4 per cent, and in most cases this will be found to be 
a reasonable estimate. 

From careful experiments carried out at Wye College it would 
appear that the approximate cost of cultivating the crop is about 
£27 per acre, and assuming that 100 lb. of nicotine is obtainable per 
acre the value of which commercially may be estimated at 158. per lb .. 
i.e. £75, th:s would give a return of £48 per acre. These figures, 
however, must only be regarded as approximate, and, apart from this, 
the grower must also take into account any restrictions and duties 
that may be imposed by the Commissioners of Customs and Excise. 
Recent demonstrations on Mr. Brandon's Estate at Church Cookbam, 
Hants, proved extremely encouraging, and in bis case the costs of 
cultivat:on were found to be about £30 per acre, and the expected 
profit at least £7 per acre. 

SEED·TESTING. 

The question of seed-test:ng should be studied by every practical 
farmer, as the annual expenditure in the purchase of seeds on many 
farms is considerable. However good the land, and the season of 
sowing, satisfactory results cannot be ensured u~ess se~ of high 
quality is sown. At the present .day seed-cleanmg machines .b!"ve 
attained to such a high state of effic1ency that the chances of rece1vmg 
adulterated or impure samples of seed are less than they were year/' 
ago, when there was less competition amongst seed merchants. 
Retailer~ of seed usually depend upon the larger merchants and 
wholesale houses for their supplies, and those who have visited thes!' 
important estaQlishments must have been impressed by the ingenious 
devices for the eradication of all impurities and defective seeds. 
Moreover, germination tests are carefully carried out before the 
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seed is put on the market. Farmers and gardeners, however, sow 
large quantities of home-grown seed, and it is in such samples that. 
one usually encounters impurities and low germinating power. 

Bad harvesting conditions are also a cause of imperfect germina
tion, a point which is often overlooked when regulating the quantity 
of seed pel' acre. For example, in special circumstances, it may be 
necessary to sow as much as 6 bushels of oats per acre in plaee of 
the customary 4 bushels. 

The importance of having all seeds tested scientifically, and under 
uniform conditions, is well demonstrated by the fact that they are by 
far the most variable material the farmer has to purchase, and, 
notwithstanding the improved methods of selection, they are weight. 
for weight the most expensive. 

The success or failure of clovers, grasses, and possibly of the 
succeeding crop also, may depend entirely upon the quality of the 
grass seeds sown; and therll are numerous factors .. hich affect their 
quality, as for example the system of culture employed, the conditions 
of harvesting, the method of cleaning and storing, etc. Small seeds, 
like clover, cannot be harvested without the intrusion of Beeds of 
weeds. By screening processes the seeds of the much dreaded dodder 
can be removed, but those of the cut-leaved Geranium in red clover, 
or sheep's sorrel in white clover, are difficult to separate without 
removing much of the best of the clover seed. Grass Beedl grown 
as pure crops will invariably contain seeds of other grasses, and 
often· an abundance of useless chaffy material difficult to eradicate 
from the sample. The presence of these impurities will therefor!' 
decreaso the value of the bulk proportionately. Some grasses, luch 
as meadow fescue and sweet vernal grass, are often gathered by 
hand, bu~ even this does not wholly do away with the trouble. 

The Ripeness of the Seed at the time of harvesting is another 
important factor. In very many cases it is impossible to obtain 
a uniform degree of ripeness, as an example of which the common 
oat may be cited. In a partially ripened seed the embryo may exhibit 
signs of activity when sown, or it may be incapable of germination, 
but rarely does it give rise to a seedling of normal growth. Well
developed and mature seed is often seriously damaged by rain befor .. 
and after cutting, and in bad seasons there is always much 
.. weathered JJ seed on the market, and all farmers should test their 
samples before deciding upon the quantity to sow. 

The Age of the Seed.-There are many seeds which improve by 
keeping, as for example those of the melon and cucumber, which 
produce stronger plants at two years old than when sown earlier; 
and old vetch seed is preferred by many growers. The writer has 
been able to record some interesting experiments in this connexion 
with tropical seeds, but these, of course, do not concern Britisb 
agriculturists. It will suffice to say that the longevity attributed 
to mummy seeds, such as Job's Tears (C'oi:z: lach1'gma), has been 
considerably exaggerated. Vitality is to some extent. influenced by 
the method of storing, but in nearly all cases seeds containing an 
excess of oil lose their vitality quicker than others, with the exception 
of charlock. Generally speaking seeds should not. be kept more than 
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two years, and even then they will seldom be found to have a high 
speed of germination. 
. Seeds are often inj ured by the proce3S of threshing, as instanced 
ill too closely hummelled barley, and maltsters dislike such 
sample~ on. account ~f their inferior germinative power. Insect 
pests, esp~clally weeVlls, are another common source of injury to 
seeds! as. m the case of the be.an wee~il. The irregularity in the 
gormmation of mangel and turmp seed IS doubtless often attributable 
to old and new seed having been mixed. For these and other 
reasons which cannot be fully entered upon, reliable tests should be 
carried out from time to time. 

The Object of a Seed Analysis is not solely for the purpose of 
estimating the monetary value of any particular sample, althougb 
this is undoubtedly of great importance, but also to discover the real 
value or worth of the seed for the purpose for which it is procured; 
or to determine whetiler it is reliable seed, quite apart from the 
question of cost. All practical agriculturists should understand an 
analysis, and be able to deduce the desirable characteristics of auy 
sample analysed. The mere statement of the percentage of pure seed 
present is in itself insufficient, and aloue might be misleading. 
Standards of purity have been fixed, and it is assumed tilat if the 
samplos como up to these that they are satisfactory; even if this i~ 
tho case it does not follow that the purity of such samples is alway~ 
satisfactory. A sample of red clover may be of 90 per cent purity 
and be classed as satisfactory, while another sample of red clover 
might contain 99 per cent of pure seed, and yet be unsatisfactory, 
solely owing to the nature of the impurities present. 

Impurities are of different kinds; they may be dead and harmless, 
such as eartil, sand, stones, chaff, leaves, and flower stalks, or they 
may comprise seeds of plants either useless or positively harmful. 

Cheap samples of mangel seed, for example, may contain a largf' 
proportion of . woody stems, soil, grit, and other impurities, showing 
that the seed has not been thoroughly dressed or cleaned, and it 
is at once apparent that their presence will depreciate the value of 
the bulk. It sometimes happens that impurities exist in the form 
of seeds moro costly than those comprising the bulk, as for examplf' 
a small percentage of perennial red clover or meadow fescue, in 
a sample of tall ~t grass. This would rather enha,nce the value of 
the samJlle, and, at any rate, the presence of such impurities can 
be in no way harmful. Black-medick seed, in samples of red clover 
or lucerne, would be less desirable, not only on account of their 
lower commercial value, but more particularly because of the smaller 
value of the plant produced. When a considerable quantity of 
yellow suckling clover occurs in white clover, or perennial rye-gras,q 
in meadow fescue or meadow foxtail, the value of the bulk would 
again be depreciated. The use to which the seeds are to be put 
will infiuenc(' the depreciating effects of such impurities. 

It is usually with the presence of weed seeds tilat tile farmer 
concerns himself, and it is to be regretted that many small-holders 
are not sufficiently careful in this respect. For example oats and 
other cereals are frequently sown which contain a host of injurious 
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weeds, including wild oats. A sack of seed corn should alway. be 
turned out on delivery on to a rick cover or other suitable place 
and fully exposed to the light, and if on examination it i. found 
that -it has not been thoroughly well cleansed, it should be promptly 
returned, as it is only by taking such stringent step. that land can 
be maintained in a clean condition. It is difficult for many people to 
realize that the sowing of 1 per cent of weed seed may result in the 
financial failure of a crop, and also involve many additional expense. 
in tillage. This cannot be too forcibly impressed upon beginners. 
and for that reason we quote the following useful table pUbli8hed by 
,Mr. S. F. Armstrong in vol. xix of the Board of ...4gricultur. 
Journal, No. 10. 

Table showing what" 1 per cent by weight .. of Bome common weed 
seeds represents, when stated as approximate number of weed leed. 
per lb. 

Specie. of Weed Seed. 

Creeping Buttercup (Ranunculu. repen.) 
Red Field Poppy (Papaver rhr.w.) . 
Charlock (Sinapi8 arven.iB) • • • 
Shepherd's Purse (Oap8ella bur8a-pa.tori,) 
Field Pansy (Viola tricolor) • 
Chickweed (Stellaria media). . 
White Campion (LychniB "e8pertina) . 
Mouse-ear Chickweed (OeraBtium "ulgatum) 
Dove's-foot Geranium (Geranium moUe) 
Cut-leaved Geranium (G. di88ectum) 
Wild Carrot (DaucU8 carota). - • 
Field Madder (Sherardia arvenBi.) . . • 
Ox-eye Daisy (Ohry,anthemum leucanthemum) 
Stinking Mayweed (...4nthemiB cotula) • 
Scent1esi Mayweed (Matricaria inodorata) 
Wild Chamomile (M. chamomilZa) . 
Groundsel (Senecio "ulgari.). . . 
European Clover Dodder (OUlCUta trifolii) 
Chilian Dodder (0. racemoBa) . 
Self-heal (Prunella "ulgariB) . 
Rib-gras'! .(Plantago lanceolata) 
Hoary Plaintain (P. media). . • 
Goosefoot or Fat-hen (Ohenopodium album) 
Curled Dock (Rumez criBpUB) . 
Sheep's Sorrel (R. acetoBella) 
-Yorkshire Fog (Holcu. lanatuB) in glumes 
Yorkshire Fog (H. lanatu.) without glumes . 
Wavy Hairgrass (...4ira flezuo,a) 
Tufted Hairgrass (...4. cal'pitoBa) 

Approximate nomber 
01 seed. In lib. of oee4 

.. puroh0ee4. 

2,900 
40,000 
1,980' 

45,000 
6,700 

12,000 
3,500 

36,000 
4,500 
1,900 
4,400 
2,500 

11,000 
12,800 
11,600 
79,000 
21,800 
18,000 
7,300 
6,800 
3,000 
8,500 
6,600 
3,200 

10,500 
8,900 

12,700 
8,400 

25,500 

1n order to estimate the real or cultural value of any sample, 
only the pure seed, after the removal of the impurities, is tested for 
germination capacity, as it is essential- to know the percentage of 
pure seeds present as well as their germination capacity, and further 
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it is not merely the proportion of seeds that germinate which i& 
important. but also the speed with which they arrive at the seedling 
stage. All who have sown seeds in boxes. or observed seedlings in 
~he field, know only too well. that those ~hich germinate first develop 
mto the strongest plants, whlle those which struggle through the soil 
at a later date remain weakly and often die. It is generally agreed 
that .the . real or cultural value ?f a sample of seed is obtained by 
mult1plymg the percentage purlty by the percentage germination 
capacity, and dividing by 100; for example, the real value of 
a samplo of clover seed of 96 per cent purity and 80 per cent 
germination capacity is:-

96 x 80 ----wo = 76·8 per cent. 

Farmer; can 'often conduct simple tests on germination capacity 
by sowing a given number of seeds, 100 for preference, in an 
ordinary flower-pot and covering them lightly with a thin laver of 
soil. The pot~ should be placed in a dark room or shed away from 
strong light, except in the case of seeds of the meadow grasses, whicb 
germinate best in the light. As moisture is one of the essentials of 
successful germination it is as well to place the pots in saucers 
filled witl1 water. This practice answers very well for all the larger 
seeds, but smaller seeds, like those of clovers and grasses, are best 

. germinated between pads of blotting-paper placed between two dishes. 
Once moistened the blotEng-paper will usually contain sufficient 
water to encourage germination, and by slightly tilting the top plate, 
tho admission of air can be easily regulated. Seeds of celery, the 
meadow grasses, Timothy, and other very small grass seeds need 
no top layer of blotting-paper. 

The number of days the test should be continued before a final 
result is obtained is given in the following table :-

Days. 
Beans, Peas, Vetches, Clovers, Kidney Vetch, Lucerne, 

and Trefoil . . . . 10 
Cereals, Flax, Chicory, Rape, Mustard, Turnips, Cabbage, 

Buckwheat, Radish, Sunflower, Spinach, Lettuce, 
ancl Maize . . . . .. 10 

Sainfoin. Serradella, Rye Grasses, Tall Oat Grass, Celery, 
Carrot, Parsnip, Hemp, Onion, and Cucumber. . 15 

Cock's-foot, Fescues, Crested Dog's-tail, Brome Grasses, 
and other grasses except Meadow Grasses (Poal. 20 

Meadow Grasses (Poa) and Parsley . . . . 30 

The seed" should be examined daily, and all those which have
germinated should be removed, a daily record being kept of the 
number. Only those seeds which show a radicle shoul~ be count~. 

Sampling. -When seeds are taken from sacks or. bms for testi.ng 
every effort should be made to see that the sample 1S representative 
of the bulk. When quantities of not more than a sack or a quarter 
are to be tested the seed may be poured out on a clean floor and 
thoroughly mix~d, after which small quanti~es may be taken ~om 
various parts of the heap to make up the reqUlred amount for testing. 
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Wher~ larger quantitie3 ~han a quarter. h!lve to be tested, repre
sentative sacks should be picked out for nuxmg. When the Beed is iu 
bins a g~ain sampler should be used, consisting of a cylindrical tube, 
fitted with a number of separate compartments, capable of being 
opened and closed at regular depths, and thus Beed ill takeo from 
the top, middle, and bottom of the bin. 

Apparatus.-For analytical seed-testing the following apparatus 
will be required:-

1. A chemical balance, provided with accurate metric weights. 
2. A seed mixer and sampler. 
3. A nest of small copper sieves. 
4. A stand-mounted reading glass, also a hand le08 magnifying 

from 10 to 16 diameters. 
5. Botanical forceps and dissecting instruments. 

FIG. 65.-Porlion of 8eed'~8'iDg Laboraklr,.. ,howing leN germlnakln. 

6. A standard germinating chamber with low temperature thermo-
meters. 

7. Blue blotting-paper, and flannel. 
8. Sterilized sifted sand, and shallow greenhouse flata. 

~'he purity testing of samples can be greatly facilitated by lIifting 
the sample, and the sieves used for this purpose should be five in 
number of various meshes; and each 80 fitted to each other that 
when using them the coarsest one may be placed on the top, and the 
finest ono at the bottom. Sieves are best made of brass wire forming 
a square mesh. The sizes found most convenient are 18, 20, 22, 
26, and 30 meshes to the square inch. In sifting, the aeed should 
be placed ill the top sieve and the whole gently shaken. 

There are many different types of seed germinators, lIach a8 thoSE' 
shown in Fig. 65, used by Messrs. James Carter, Ltd., and other 
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seed merchants and agricultural institutions. That known as the 
" Simplicitas" is largely used by corn merchants and is provided 
with th:c);: porous dishes or bricks (Fig. 66) on which the seeds 
rest, but in many cases we have noticed that the seeds are kept. 
over-saturated, and not infrequently they become steamed througb 
overheating. Porous earthenware is most suitable as a receptacle 
for tho meadow grasses and other seeds which take a long time to 
germinate. while - sand, which must be first rendered free from 

FIG. 6G.-Germination of Seeds on porous dish. 

organismH by sterilizing, is especially suitable for mangels. Folded 
flannel should only be used for the larger seeds, and must be 
sterilized by boiling, after each test. In using blotting-paper, care 
must be taken to see that it is kept moist, but not saturated with 
water during the test, and the same paper should not be used tw:ce. 
It will be more conven:ent for counting if the paper is marked out 
into one hundred squares. 

SPRAYING. 

The operation of spraying cannot be disregarded by anyone who 
is engaged in the cultivation of plants either in the open-air or 
under glass. The writer has occasion to remember some of his first 
spraying experiments, when few farmers or fruit-growers had a~ 
yet seen a spraying machine, much less observed the beneficial effects 
of the process upon hops, potatoes, and fruit-trees, while the very 
ide~ of spraying charlock as a means of eradicating that persistent 
pest was looked upon as little short of an absurdity. For arresting 
insect or fungoid diseases, whatever the remedy used, the earlier it 
can ba applied to the affected plants the more certain will be the 
result. 

Jets, formerly used for washing plants, have been found to 
distribub fluids too irregularly. Syringes provided with perforated 
caps allowed of finer distribution, but it was not until the introduction 
of the spraying machine, fitted with jets, that what are now known 
as spray-fluids were capable of economical and effective application. 
Inventors have now perfected all kinds of spraying machines, from 
manual, to oil and petrol driven machines, which allow the spray 
to be distributed at pressures of from 100 to 120 lb. per square inch 
when being used as insecticides for orchard trees. A good spraying, 
however, is also obtainable by means of a small hand syringe. A 
high-pressure pneumatic sprayer is shown in Fig. 67. 

If spraying is performed in good time, one application may bp 
sufficient. and not only is it more economical to spray early, but, if 
delayed, two or more applications may be necessary. The development 
of fungoid spores and insect eggs, like those of higher orders of plants 
and animals, takes place in early spring, and therefore a sharp look-out 
should then be kept on all plants and trees likely to become infested. 

N 
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The effectiveness of a spray in arresting the devastations of fungoid 
pests anclleaf-eating insects depends on the fine and even distribution 
of the fluid, which should resemble that of dew, on both the upper 
and lower surfaces of the leaves, or in the case of dry sprays on the 
even distribution of the powder' (Fig. 68). Some insects are 
destroyed immediately the fluid comes in contact with them, in which 
case a coarse spray, forcibly applied, is usually preferable. Other 
insects puncture and suck the juices of the leaves, causing a dis
tortion of the foliage, so that it curls up at the edges, thu8 providing 
themselves with a means of protection, while some spin webs, under 
cover of which they continue their work of destruction. Others again 
smear their bodies with excrementitious matter, which enable. them 
to withstand one or more sprayings, in the same way that IIlugs are 

FIG. 67.-Hartjen'. bigb-pre .. nre Poeom.lie 
Spra,er. 

protected from the effects of lime dre88~ngs by their lllimy secretions, 
but these defences cannot be J>roduced in sufficient quantity to 
withstand repeated dressings. 

Whatever the plant sprayed, care should be taken to see that 
the work is done thoroughly. In the case of a tree, the fluid should 
be applied close to the bottom of the trunk, the operator working 
upwards until every twig and. leaf is moistened. 

With regard to potatoes, it is usually the main crop that is affected, 
as the early varieties have generally been dug before the weather 
conditions become most favourable for the propagation and develop
ment of the blight. Whenever the conditions are such as lead th .. 
grower to anticipate disease, spraying should be commenced, before 
there is any actual indication of its presence, as it must be clearly 
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understood that the object of spraying is to prevent rather than to 
cure the disease. 

The action of particular spraying fluids destroys certain plants, as 
for example :Bordeaux mixture, which will soon cause the leavet' 
of charlock to shrivel up and die, or if death does not actually :take 
place, the flowers are produced prematurely, and have no power to 
develop ripened seed. The cereal plants and young clovers, among 
which the charlock is growing, remain uninjured, the only noticeablE' 
effect being that growth may be arrested for several days, the leaves 
assuming a somewhat rusty or brown appearance, but, after this, 
growth continues with renewed vigour. Here again spraying must be 
performed at the proper time, and whenever possible on a dull 
and calm day. In the case of charlock (Fig. 69) there is no better 
time than when the principal leaves of the plant are fully developed, 
and when the corn has attained a height of at least 6 inches. 

FIO. 68.-Dry spro.ying Poto.toes. 

If properly applied, one spraying is sufficient to destroy charlock, 
but with potatoes (to prevent disease) several applications may be 
necessary. as it must be borne in mind that the plants are in 
a state of active growth, thereby necessitating a second spraying 
a fortnight or so after the first . . ·The sprayers are so constructed as 
to admit of the under surfaces of the leaves being sprayed ' as 
effectively as the upper surfaces. 

Spraying machines will last for a considerable time if properly 
cared for, and under no circumstan<:es should they be put away 
until they have been thoroughly cleansed by forcing clean water 
through the tubes and nozzles, first removing any sediment remaining 
in the reservoir. Considerable trouble and delay is often occasioned 
by the careless straining of spray fluids into the machine before use, 
the smallest particles of foreign matter being sufficient to block thE' 
minute perforations of the nozzles. 

Insect pests, destructive to plant life, may for our present purpose 
be classified first, as those which abstract the juices of the plant by 
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understood that the object of spraying is to prevent rather than to 
cure the disease. 

The action of particular spraying fluids destroys certain plants, as 
for example Bordeaux mixture, which will soon cause the leave~ 
of charlock to shrivel up and die, or if death does not actually take 
place, the flowers are produced prematurely, and have no power to 
develop ripened seed. The cereal plants and young clovers, among 
which the charlock is growing, remain uninjured, the only noticeabll' 
effect being that growth may be arrested for several days, the leaves 
assuming a somewhat rusty or brown appearance, but, after this, 
growth continues with renewed vigour. Here again spraying must be 
performed at the proper time, and whenever possible on a dull 
and calm day. In the case of charlock (Fig. 69) there is no better 
time than when the principal leaves of the plant are fully developed, 
and when the corn ,has attained a height of at least 6 inches. 
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FIG. 68.-Dry spraying Potatoes. 

If properly applied, one spraying is sufficient to destroy charlock, 
but with potatoes (to prevent disease) several applications may be 
necessary. as it must be borne in mind that the plants are in 
a state of active growth, thereby necessitating a second spraying 
a fortnight or so after the first. The sprayers are so constructed as 
to admit of the under surfaces of the leaves being sprayed' as 
effectively as the upper surfaces. 

Spraying machines will last for a considerable time if properly 
cared for, and under no circumstan<:es should they be put away 
until they have been thoroughly cleansed by forcing clean water 
through the tubes and nozzles, first removing any sediment remaining 
in the reservoir. Considerable trouble and delay is often occasioned 
by the careless straining of spray fluids into the machine before use, 
the smnllest particles of foreign matter being sufficient to block thE' 
minute perforations of the nozzles. 

Insect pests, destructive to plant life, may for our present purpost' 
be classified first, as those which abstract the juices of the plant by 
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sucking; and second, those which consume the lea vee and dclicatt
growth.~ of the plant by eating or gnawing them. AI to fungoid 
diseases, some attack the surfaces of the plant. such as mildew, and 
others are of internsl growth and destroy the ti88uea and organs. 

Aphis or American blight, scale insects. red spider. black currant 
gall mite, and apple sucker are examples of 8ucking insects. ",·bile as 
typical of those which bite and consume the foliage may be mentioned 
the wintel' and the collin moth. 

Spray-Fluids.-There are now very many forms of spraying fluid. 
on the market, for all of which special merits are claimed. Sulphllto 
of copper, burnt lime, liver of sulphur, and caustic aoda largely enter 
into the composition of fungicides; while paraffin, 80ft soap, qUa88ia, 
carbolic acid, arsenic, and nicotine form the basis of many of the more 
popular insecticides. The student must, however, learn to mako 

FIo. 89.-We& .praying Cbarloc:lI. 

up these standard recipes for himself, and for his guidance we may 
mention the following formulse :-

B01'deauz Mixture 

Copper sulphate (98 per cent) . 
Lime (in lumps and freshly burnt) 
Water 

For 
Po_toes. 

6 lb. 
41b. 

50 gals. 

For 
Frnil·'..-. 

.fIb. 

.fIb. 
00 gals. 

First slake the lime until it is in that condition knoVo'n aa milk 
of lime; dissolve the copper 8ulphate separately in " gallons of 
water, using a wooden tub, and then pour the lime into the ~opper 
solution. 

Burgundy Mixture 
Copper sulphate (98 pf'r cent) 
Washing soda (pure) 
Water 

21b. 
21tb. 

1'> gals. 
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Dissolv(' the sulphate in 9 gallons and the soda in 1 gallon of 
water, then stir the soda solution thoroughly into the copper 
solution. 

Both the above fungicides may be used to ward off potato disease 
(Phytophthora infestans) (see Fig. 292), and are useful for applica
tion to plants attacked by fungoid diseases. 

Woburn Winter Wash 
Copper sulphate 
Lime 
Paraffin (Solar distillate) 
Ca ustic soda 
Water to make up . 

It lb. 
!lb. 

5 pints. 
2 lb. 

10 gals. 

Dissolve the copper sulphate in 8 or 9 gallons of water, slake the 
lime in water, and add it to the copper solution, straining it through 
a fine sieve. Then churn in the paraffin, and add the caustic soda. 
Finally, add water to make up to 10 gallons. 

This wash cleanses the bark of trees, removing moss, lichen, etc., 
and it is also fungicidal. It should be applied early in February, and 
is suitablo for the destruction of oyster-shell bark lice, mussel scale 
ova, etc. 

Oopper Sulphate 
For spraying charlock, copper sulphate is used alone. A 3 or 

4 per cent solution should be made of copper sulphate of 98 per cent 
purity, anu applied at the rate of 48 gallons per acre when the 
charlock is in rough leaf . 

• Paraffin Emulsion 
Paraffin • 
Soft soap (8 per cent potash) 
Boiling water 

2 gals. 
lib. 

1 gal. 

Boil together the soft soap and water, and, while boiling, pour in 
the paraffin. Churn thoroughly by means of a spray syringe until 
a milk-liko mass or emulsion is the result. For use dilute with 
10 gallons of watl"r. 

This is ono of the most effective and useful of all insecticides. 
especially for the destruction of sucking insects. 

Paraffin Jlletal Emulsion 
Iron sulphate 
Lime • 
Solar distillate 
Water 

10 oz. 
5 oz. 

24 oz. 
10 gals. 

Dissolve the sulphate in water and add the lime. then churn in thl" 
paraffin and make up to 10 gallons with water. Aphides, leaf-hoppers. 
thrips, and some caterpillars are destroyed by this wash. which is 
used in summer. It makes a more perfect emulsion than when 80ft 

soap is used. 
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Soap and Oarbolic .Acid 
Soft soap . . . . 
Carbolic acid (Calvert's No.5) 
Water 

20 oz. 
1 oz. 

10 gale. 
The soap should be melted, not dissolved, and, when oily, the 

carbolic acid should be poured in, stirring until the whole possesses 
a uniform dark-brown colour; then add I gallon of boiling water 
and make up to 10 gallons, when the wash will be ready for use. 
lt is also used against sucking insects . 

.Arsenate of Lead 
Arsenate of soda (pure or crystalline) 3! oz. 
Acetate of lead (98 per cent) . . 7 oz. 
Water to make 10 gals. 

Dissolve the two chemicals in separate vessels, and, when com
pletely dissolved, mix and add the remainder of the water, and stir 
briskly. This is chiefly used for biting insects, and adheres well to 
the foliage to which it is applied. 

WEEDS. 

The species and varieties of weeds found on arable land &nd 
pastures are considerably less numerous than they were some fifty or 
more years ago, due to the fact that in most districts roads have been 
widened, ditches scoured, hedges kept cleanly trimmed, and the 
~oadside grazing of cattle prohibited. The wide stretches of roadside 
herbage, although picturesque, and still common in Southern England, 
proved a breeding ground for a very large number of Br:tish weeds, 
the majority of which were distributed over the adjoining fields 
through cattle partaking of the ripe herbage" in autumn, and leaving 
their excrements on the land; also by birds, water, wind, and other 
agencies. 

However carefully fields are tilled and weeded in summer and 
autumn, the advent of spring will be accompanied by a full com
plement of weeds.. A good farmer gives these as little chance to 
germinate and prolong life as possible; the seedlings he destroys as 
soon as possible by harrowing or hoeing, while the more stubborn 
plants or perennial habit can to a great extent be eradicated by 
continually. depriving them of their foliage. 

A root or fallow-crop affords the best opportunity for cleaning 
arable land, but it is sometimes necessary to use a bare or summer 
fallow on heavy retentive soils infested with troublesome, strong
rooted weeds. 

Pasture Land Weeds.-Farmers are often heard to say that young 
cattle will not thrive in this or that meadow, and if the reason be 
sought for, it will invariably be found that the meadow in question 
:Contains many. grasses of an innutritious and indigestible character, 
such as Bent (.Agrostis vulgaris), Yorkshire Fog (Holcu. lanatus), 
Quaking Grass (Briza media), Soft Brome Grass (Bromu. mollis). 
and even the still more indigestible Cotton Grass (Eri.phorium 
vaginatum), Common Carex (Oare:llvulgari.), Sedge (Oare:ll paludo.a), 
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and many others, equally injurious and irritating to the digestive 
organ~ of young stock. 

Water-meadows, the "carriages" of which have been neglected, 
abound in numerous varieties of aquatic and semi-aquatic weeds, 
including many of the above-mentioned grasses. Prominent among 
water-meadow plants and those growing in most badly drained 
pastures may be mentioned Water Planta:n (Alisma plantago), Lesser 
Bpearwort (Ranunculu8 flammula), and Marsh Marigold (Caltha 
patu8tru8), the latter being very conspicuous throughout the early 
part of the year, as, in fact, are also many other species and varieties 
of weeds which inhabit damp pastures. Such are Lady's Smock 
~Cal'daminl3 pratensis), Lousewort (Pedicularis palustris), Ragged 
Robin (Lychnis flo8 cuculi), Common Mallow (.lIlalva 8ylvestris), 
Crane's Bill (Geranium pratense), Queen of the Meadows (Spirrea 
Ulmaria), Silver-weed (PotentiUa anserina), Willow Herb (Epilobium 
parviflorum), Marsh Thistle (Cnicu8 palu8tris), Dandelion (Taraxacum 
otJicinale), Cowslip (Primula veris), Common Rush (Juncus 
communis), and many ot4ers of minor importance. Rushes and 
water plantain acquire strength in proportion to the amount of watm' 
present in the soil, as will be readily noticed wherever water furrow~ 
or ditches are waterlogged. 

Whea pastures are neglected, or temporary leys are badly laid 
down, they are liable to become infested with numerous weeds such 
as Buttercup (Ranunculus bulbosus), Daisy (Bellis perennis), Goats
beard (Tmgopogon pratensi8), Hawkweed (Hieracium piloseUa), 
Knapweed (Centaurea nigra), Hoary Plaintain (Plantago mediCI), 
Ribwort (Plantago lanceolata), Spear Thistle (Cnicu8 lanceolatuR), 
Welted Thistle (Carduus crispus), while on down land the Dwarf 
Thistle (Cnicus acaulis) is commonly to be seen. 

Arable Land Weeds.-Arable land weeds are innumerable, and it 
would be quite possible to collect several hundred varieties on any 
large farm comprising soils of a varied character. Few of these, 
however, cause the farmer any real trouble and expense except such 
deep-rooted weeds as Couch (Triticum repens), Dock (Rumex obtusi
lolius) , Thistle (Cnicus arvensis), Lily-root (Convolvulus), Crowfoot 
(Ranunculu8 arvensis), Coltsfoot (Tussilago larlara), Small Bindweed 
(Convolvulus arvensis), and a few others less. frequently met with. 

When the weather permits of stubbles being skimmed and cleaned 
in the autumn, and the surface being well harrowed, the Jilajority of 
the annual weeds are gathered into small heaps and burned, and the 
ashes aro spread over the ground. Couch, convolvulus, and thistle~ 
which hav.! underground stems soon reproduce themselves in spring 
in proportion to the number and vigour of the buds which remain near 
the surface of the ground. Continual removal of the foliage will, 
however, promote the permanent decay of these subterranean stems. 
\Vhen the corn crop is followed by a root crop, as is usually the case, 
except when a second straw crop follows wheat, a free use of tht" 
hoe will generally complete the work of eradication, at least for 
that season. 

The Weeding of Cereal Crops comprises one of the most important 
of spring operations on the farm, and especially where wheat follow~ 
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clover lea, or where old grass leas are ploughed up in preparation for 
oats. The usual custom in these cases is to plough and press the 
grounel, thereby obtaining an ideal seed-bed for broadcasting; but 
where tho ground is infested with seedling docks and a host of other 
troublesome weeds, it is preferable to plough somewhat shallower, and 
to cultivato and drag the ground in readiness for drilling, and thi. 
will enable the greater part of the weeds to be removed. If dow 
are ploughed under to a depth of 6 or 8 inches, much difficulty and 
expense is entailed in extricating them in spring, while, if kept near 
the Burface, they can often be pulled up by hand, and thus avoid 
undue disturbance of the wheat plants, which is inevitable when 
a dock-digger is used. 

FlO. 70.-Clover Dodder Ie"..".!" In/ol/i}, .d. clover planS 
attAcked by dodder: B . .renninatine leeds of ehner and 
dodder; C, section of clover Item encircled b7 dodder 
lucker; D. dodder seed; E. wbite cloTer.eed; F. red 
clover seed. 

Thistle" spudding", or cutting, is best done when the young com 
is about 8 inches high, by which time the underground stems of 
the thistleA will have develope:! a quantity of l~fy growth abovE' 
ground. The rapid growth of the com at this· stage prevents the 
thistles from regaining their strength, and any new growths becom~ 
drawn up in. their effort to secure sunlight, and flower and seed 
prematurely, but few seeds 80 produced ever germinate. 

Old worn-out sainfoin leas are often infested with a variety of 
weeds of perennial growth, and are responsible for the continuolUl 
germination of weeds for many years in succellllion. 
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Charlock or Wild Mustard (Sinapi8 arveu8i8) is one of the worst 
weeds that the farmer has to encounter in spring-sown corn, but, 
owing to much careful investigation on the part of Messrs. Strawson 
and other experimenters, it is now possible at a minimum cost to 
completely destroy the plants at an early state in their growth by 
spraying, as already described. 

Parasitic Weeds are fortunately not very numerous. Dodder 
(CU8cUta) (Fig. 70) is undoubtedly the most to be dreaded, and 
does tho most damage to crops of red clover. The weed is a flowering 
plant, the thin thread-like stem of which winds itself spirally round 
that o~ the clover plant, on the sap of which it feeds by means of 
suckers. It is frequently seen attacking heather, furze, and many 
species of wild plants. At first the dodder is rooted in the soil, but it 
gradually extends its parasitic stems to neighbouring clover plants, 
when it leaves its hold of the soil and lives wholly upon the .clover. 
The dodder is exceedingly prolific, each of its flower balls being 
capable of yielding sixty seeds, after which the weed dies. Prevention 
is always better than cure, and a written guarantee should alway" 
bo insisted upon that all clover seeds purchased are free from thi" 
insidious weed. Infected patches of clover should be dug out and 
all the plants carefully burnt. 

The Yellow Rattle (Rhinant1/Ju8 crista galli) is of semi-parasitic 
character and of annual growth. On some pastures it becomes so 
abundant as to considerably arrest the growth of the desirab!e grasses, 
and greatly impair their value as food. Moreover, if its seeds are 
numerOUi in hay, live stock may be poisoned with fatal results. 
Its compicuous yellow flowers are easily recognized, and it is chiefly 
found in poor, damp, or wet meadows, and less frequently on down 
land. This pest is rarely prevalent on perfectly drained land where 
a finer and better herbage has been encouraged by judicious 
manuring. 

Broom Rape (Orobanche), of which there are two well-known 
species, major and minor, is very commonly met with in clover fields. 
where it is truly parasitic on the roots of the clover. Similar remedies 
are adopted as in the case of dodder. 

III order to become intimate with weeds the student should providll 
himself with a vasculum and digging fork. and make a collection 
of those most prevalent in his district. when. with the aid of a good 
textbook, he will be able to clas.:fy them. and so provide himself 
with a vast amount of first-hand knowledge. wh:ch is always the 
most useful. 
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CHAPTER I. 

LIVE STOCK. 

THE importance of live stock on a farm is based upon both direct· 
and indirect profits. So far as the first are concerned, they may be 
apparently very large in the case of individual pedigree animals, but, 
on tho other hand, such results cannot be achieved without a great 
expenditure of capital and skill, as well as after many disappoint
ments and risks. Success in breeding also needs time for establishing 
a reputation, so that many of the most celebrated flocks and herds are 
in tho hands of the descendants of those who originally started them. 

The reward is well earned, because the reputation of Ii stud cannot 
be maintained without continuous effort, and is easily lost, 80 that it 
is as difficult to keep as to win a premier position. 

Th~ breeding of pedigree stock is highly technical, and bids fair 
to becomtl much more scientific in the future than in the past. It is 
beyond the scope of this work and touches all classes of animals from 
race-horse .• to poultry, or from dogs to canary-birds. It has enlisted 
the attention of the most celebrated naturalists and physiologists, 
for it includes considerations affecting the well-being of the human 
race. Ordinary stock-owners, however, derive very great benefit., 
from the efforts of high-class breeders, but few of them enter upon 
the difficult task of systematic improvement, which indeed requires 
special talents for its successful prosecution. 

Still, to a certain degree, breeding is carried on upon most farms; 
and tho ordinary management of live stock naturally resolves itself 
into three definite sections, namely breeding, rearing, and fattening. 
When each of these branches is applied to cattle, sheep, pigs, and 
poultry-not to say horses, destined for a great variety of uses
it will be seen that, even omitting pedigree breeding, the management. 
of live stock is a great subject. 

The pIau pursued in the following pages will be to take each class 
of stock and treat of it upon the above lines i and horses naturally 
are giveu the first place, although of less importance from a farJ.lling 
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point 01 view than cattle and sheep. As to .. breeds n, they a;e 8(> 

numerou~ and deserve so mw:h study and attention that it is impo88iblf' 
to do justice to them all. .. 

They are adapted for particular situations, and sometimes ButIer 
from being transferred to unfavourable localities. They ditIer. in 
important respects from each other, but, at the same time, p088el!ll 
many point.'! in common. A horse is after all a horse, irrespective 
of his size, colour, or degree of speed; cattle closely resemble eacb 
other in voice, instincts, habits, and products, as do also 'heep and 
pigs, so that a man who can manage one breed can accommodate 
himself to another. This makes our task somewhat lighter, for it 
is possible to treat of management (the widest term available) without. 
entering toll minutely upon the peculiarities of ditYerent race. of 
the same species. 

Within these prescribed limitations we can enter upon our task, 
feeling that there are abundant sources of information available 
upon breeds, everyone of which boasts a society for its promulgation. 
It is, indeed, unnecessary to describe every breed separately or tG 
give a large number of pictorial illustrations, when they are to be 
seen in advertisements and descriptions of notable animals in Live 
Stock Journals, or can be seen in actual existence at agricultural 
shows. What is therefore proposed at present is to give a concise 
account of the main points of successful management, beginning with 
horses. 

HORSES. 

Not only are agricultural horses of paramount importance to 
farmers for draught purposes, but they command the largest amount 
of populal" . attention in show-yards. They are· also capable of 
realizing prices for breeding which rival those of races used for 
higher purposes. The breeding of heavy draught horses has beel) 
a profitable industry in the past, and, indeed, up to the present time. 
The industry is, however, threatened by motor power, especially on 
the roads and in towns, but hitherto the horse has maintained hi!' 
position on the land. 

The breeding of colts to renew the farm team has alway. beeD 
a worthy object with farmers, and entails brood mares, foals, yearliDgs. 
2 year olds, and 3 year olds. The life of a farm-horse may be taken 
as extending over from 16 to 20 years. and the entire team will require 
to be renewed in from 12 to 16 years, supposing the colts to romf' 
into full work at 4 years old. There are also casualties to be taken 
into account, so that in a team of twelve horses one at least may need 
to be replaced every year. Hence one foal a year seems necessary. 
but as mares sometimes disappoint hopes, and foals may die. two 
a year are not too many to aim at. Foals do better in company, 
and so much is this felt to be the case that farmers often buy 
a weanling at Michaelmas as a mate for a solitary foal. In order 1!' 
secure ono or two foals it is advisable to present thrce mares for 
service in spring, as one at least may fail to produce a live foal. 

Brood mares may produce their first foal when they are 4 years 
old, . although some breeders consider that they may do so a year 
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y~linger" It is a mistake to breed from faulty mares, or to devote 
a maTe to breeding when she is past her prime. Good mothers arl' 
8S important as good sires, and the mare should be worthy of the 
services of a good horse. Congenital defects, such as side-bones, 
spavins, grease, etc., should disqualify either a horse or mare for 
breeding. 

Mares during Pregnancy.-The period of gestation in mares is 
forty-eight weeks, and they are capable of conceiving again nine day!; 
after parturition. This fact is commonly acted upon, and it is 
a more likely period for securing conception than if mating werl' 
postponed to a later date. Mares come in season regularly every 
three weeks until conception takes place, and cessation of the 
symptoma of (llstrum is a reliable sign that they are in foal. It is 
desirable that foals should be born early in the year, and the tendency 
is for mares to produce sooner every season, i.e. if they are success
fully served nine or ten days after delivery. 

..... n~-......... ~ 

....... ----fII"lnS 
Ourb plao. 

poll 

FIG. 71.-Diagram showing points of the Horse. 

In entering for show, horses are stated to be born within the year 
commencing January 1, but if earlier they belong to the previous year, 
which is an evident disadvantage in competition. In ordinary practice 
mares foal in March, April, and May, and stallions are shown on thE' 
markets and begin to travel in March. They visit the farms where 
they aro engaged for service every' three weeks, or arrangemepts are
made for meeting mares at certain depots. 

The Management of Brood Mares does not naturally differ from 
that of other horses for at least the first five months, although they 
should be guarded against all sho~ks or strains. They probably are
nursing during the summer, and, If so, are usually worked upon the
land, accompanied by their foals. The alternative is to shut up the 
foals, but freedom is essential for young animals, and it is an 
advantag~ that they should be able to suck frequently. Mares which 
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come in overheated, and with" stocked" udders, are liable to yield 
heated milk, which disagrees with foals, and may even cause death. 
Foals which follow their mothers receive a good deal of attention 
from the men and boys, and are frequently handled and petted. Thi8 
is a sort of preliminary training; and one of the advantages of 
horses being bred on the farm is that they know their way about, 
and are acclimatized to the situation. 

Mares are better worked on the land, in backband and chains, than 
on roads in cart harness between shafts. They should never be made 
to "back" caI:ts or wagons, to haul timber or heavy load8, luch ae 
engined or threshing machines, but to plough, harrow, and do other 
tillage work. The mares should stand free at the dinner hour, and 
not be tied up, as foals may become entangled in a halter rope pnd 
get injured. Mares may be worked up to foaling-time, and are 
better for the exercise. They have often been known to foal straight 
out of work, but a little judgment should be exercised, and if 
parturition seems imminent they should sleep in a roomy horse-box. 
They arc very timid or shy, and prefer to foal alone, so that not many 
people have been present at the birth of a foal. As a rule parturition 
is quickly over, but in some cases professional aid must be called in. 

Mared on the point" of foaling should be closely looked after until 
the foal is born, and is on his feet and has sucked. The mare should 
then have a warm bran mash, and be allowed green food or roo,"" 
and should be kept in for a day or two before being turned out into 
a pasture. This should be near home, and free from barbed wire, 
ponds, quarries, or any ditch or stream into which the foal might 
wander. After a few days, say a fortnight, or in some cases a month'. 
rest, tho mare may resume her usual duties. It is objected against 
breeding horses, by some farmers, that brood mares are idle during 
a busy time of year, but this is overruled where there are young horses 
coming in, as they can be worked during the time mares are laid off, 
and can have a summer's run later. 

Foals first obtain their food entirely from their dams, but soon 
learn to eat grass, and they may take a little growing corn and make 
excursions into mowing grass or standing crops and do a little harm ; 
but this is trivial in comparison with the advantages of freedom and 
a choic,~ of victuals. They are usually weaned at Michaelmaa by 
shutting them in together (no young animal likes to be alone) in 
a house where there is nothing to entangle or injure them, and are 
fed witb green food and a few bruised oats. They soon become 
reconciled to the loss of their dams, and are then turned (lut into 
a rough pasture provided with a hovel, rack, and manger, and there 
they will remain and grow a warm coat. Foals require to be well 
kept during their first winter. The racks and mangers should be 
kept replenished, but not left full of stale food; and as long as they 
are seen to be well cleaned out the foals are not being overfed. 

About half a bushel of oats a week, and a supply of sweet hay, 
free from mould, will be enough, with what they can pick up from 
the ground. If neglected, foals may become thin and weak, especially 
towards spring, but they should always be well looked after and never 
allowed to go back in condition. 
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'l'he second summer, when they are yearlings, they are run upon 
good grass land, and here it may be observed that limestone soils 
are the best for horse-breeding. Ireland is famous for its horses, 
and consist, largely of mountain limestone soils. Soft or boggy land 
with it.~ abundant herbage, is also excellent for young horses, and 
where keep is abundant no corn is needed. 

The second winter need not differ as to treatment excepting that 
the allowance of corn is doubled, but it is a mistake to adhere too 
slavishly to prescribed quantities. A mixture of oats and beans, with 
an allowance of good hay, given at short intervals, with the observance 
of the rule as to cleaning up what is given, and of increasing ~he 
quantity of food gradually, is all that is needed, and this brings the 
colt to his third summer, as a 2 year old. 

At thi~ age the question of breaking comes in. It is the custom 
of many goocl farmers to yoke young horses to light implements at 
2 years old, but it is wiser to put off breaking at least until they are 
2} years old. When horses are worked too young they are liable to 
become strained, and one of the most common results is that they rise 
at the loins, or becOme" up in the back ". This happens very quickly, 
and may be due to one too vigorous pull. They also may contract 
spavins, side-bones, splints, ring-bone, or stiff shoulders, as well as 
blemishes, and their useful life will be shortened. There can be no 
doubt that if work is put off until colts are 4 years old they will last 
mucll longer, and some good instances might be quoted in which 
horses that have been allowed to run wild even to a greater age, have 
lasted until they were well over 30 years old. The writer has known 
colts left unbroken till they were 6 years old, but this was a "fad" 
on the part of the owner, or rather owners. 

If young horses are gradually" worn in " to light work at 2! years 
old, they at -least have the advantage of a warm stable, of regular 
grooming, and of a full allowance of corn; and when this plan is 
followecl they should be lightly worked, as will be presently explained, 
and turned out for a summer's run. They will then come in as 
member~ of the regular team at 31 years old. This is not hurrying 
matters too much, but some successful rearers of young horses prefer 
postponing all these stages just one year more, and to bring the 
horse into regular work at 4l or rising 5 years old. 

Young draught horses are not lunged and paced like roadsters or 
hunters, but are bitted and broken in a. simpler manner. They 
should be handled from their birth and taught to be led by a halter, 
to lift their feet for shoeing, and to be handy and gentle. They 
may thon be bitted by means of a breaking bridle, which they will 
champ until their mouths become tender, i.e. amenable to the rein. 
In yoking a young horse he should first be accustomed to carry harness 
and not to be afraid of the rattle of chains, or the tightening of the 
girth. His first lesson in actual drawing must be very gently 
imparted. and on no account must he be allowed to run away. Long 
.cords should be attached to the bit on each side, and be held JJy 
trustworthy men while he is led out by the bridle. He must be 
accustomed to this exercise, and will then be ready to be yoked 
between two steady horses in a plough, or even to a heavy log. 

o 
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He is naturally frightened, and breaks out into a profuse sweat, and 
ought not to be too severely tried at first. The harrow is not euitablo, 
as it may turn over and injure a youngster; but in a plough, betweeu 
two old stagers, he may help to turn a shallow furrow. Half an hour 
is quito long enough for a start, and he should then be taken back to 
the stable. For some time after this introduction to labour, quarter 
days and hall days are enough for his strength, and during the whole 
of his first winter he cannot be looked upon as more than half a horse. 
A summer's run is then just what is required to complete his educa
tion, ,and he will come up in time for wheat sowing, ri~ing 4, or 
rising 5, according to the system which has been adopted. 

The Management of a Farm Team.-Foeding is, of course, a very 
principal point, and seems to demand first attention. The accommo
dation, the hours of work, and the treatment at different timos of 
year are, however, of great importance, and the reader is now aMked 
to study a few remarks which are meant to be very practical. It may 
be taken for granted that every good teamsman and farmer knowlI 
all we have to say, but they do not always practise what they know, 
and it is desirable that every agricultural student should have cl'~ar 
viows as to what constitutes good management of a team. 'Stables 
are better open to the roof than provided with lofts, and should face 
the east (seo also Farm Buildings). Some stables have acquired 
a bad reputation for illness, probably due to their situation and 
surroundings, and it is desirable that they should be light, airy, and 
well drained. 

Regularity in feeding, watering, and grooming are all of the 
highest importance, and much might be written upon each point. 
Horses are slow feeders, and unless their corn is supplied in good 
time, it may be left in the mangers; or they may learn to bolt their 
food. Earliness and punctuality are important qualities in a hoad 
teamsman, and if they are lacking his animals soon show it by their 
poor condition. 

Cold water may cause colic if taken when the body is overheated. 
It is, however, still more dangerous for horses in a cold and exhausted 
state, and is least likely to be harmful if given immediately after 
work or exercise. Horses should be watered during the day, and 
not allowed to come in thirsty to the stable. If their work is far 
removed from a pond, sliced roots should be mixed with their corn and 
chaff in the nosebags, and, if this is attended to, many cases of colic 
will be avoided. In some stables water is laid on to Belf-filling 
troughs, so that the horses always 'have it before them; and, con
sidering the occasional kicking accidents which happen around the 
horse-trough, the plan is to be highly recommended. 

Regular grooming, night and morning, is also important. It may 
'be done by straw wisps vigorously used, and by brushes, and curry and 
mane combs. The feet and legs should be washed and rubbed dry, 
and a good bed provided before the stable is left. 

Foddering· Time.-Eight o'clock at night is the u~ual time for 
revisiting the horses, and dressing, 8uppering, and bedding them up. 
The lanterns are lighte:i, and the feder pro~ee:h to prepare and 
place the corn in each manger, and to replenish the ra~ks ",ith fodder. 
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In tho North of England each pair is committed to the care' of one 
good man, and eight o'clock is his time for dressing them. In the 
southern counties, where the stable is in charge of one head teamsman, 
or "carter ", he alone may appear on the scene. In either case the 
animals are well looked after, and many farmers make it a point 
to be present, not only to see that the work is properly done, but to 
have 'a word with the head carter about the disposal of the teams 
next morning. 

Food and Feeding.-The food given varies with the season of the 
year and the character of the work, and naturally corresponds with 
the seasons. Thus feeding may be divided into four periods; but, 
as horse-feeding changes in character with the advent of green or 
summer fodder, and again with its cessation, the chief alterations 
take placl! in May and October. During the summer horses require 
but little corn, and green food takes the place of hay. They are in 
mans cases turned out at night, much to the relief of the" carters ", 
and apparently to their own satisfaction. Summer feeding is there
fore simpler than winter feeding, but whether it is less expensive 
depends upon the prices put upon night grazing, cut clover, vetches, 
lucerne, and other descriptions of green food. In most published 
comparisons of costs the two seasons work out much alike in this 
reApect, but estimates based upon lOs. a ton for green fodder are 
above prime cost, which is the only basis upon which home-grown 
produce should be charged. 

Spring and autumn are the periods of greatest activity, and it 
is then that teams are most liable to become low in condition. Horses 
should be well kept up in autumn, not only because they are hard
workell on the land, but because grass and other green foods are 
daily becoming less nutritious, and the temperature of the air is 
falling, Winter is the dead season, which occurs between autumn 
and spring and occupies December, January, and February. It is 
a timo of short days, often interrupted by frost, snow, and rain; and 
the work of the team largely consists in carting, and jobs of a 'more 
or less" scratch" character. It is therefore advisable to give less 
corn, aml even to venture on straw as a substitute for hay. Horses 
are liablo to " grease ", or a swollen condition above the fetlocks, and 
to become plethoric in habit, and this must be guarded against. 

After Candlemas (February 2) the days lengthen and spring sowing 
begins, so that more liberal allowances of corn and hay are necessary. 
In May, green rye, trifolium, and early vetches come in, and as soon 
as this OCCllI'S horses begin to exhibit a distaste for dry chaff and hay. 
Farm-horse~ look their best in summer. Their coats shine, and they 
revel in green food, not only in the stable, but in the field. 'l'hey 
eat the new hay while carting it, and are fed with barley in the straw 
while hauling it to the rick, so that during most of the summer they 
have a good time, and many farmers stop stated allowances of corn 
for the weeks in which this abundance continues. Lastly comes 
the post-harvest period, a time of strenuous work, in which wheat land 
is prepared and sown, autumn cultivation of stubbles is pushed, and 
potatoes and mangel are gathered in. Th:s, as already stated, is 
a time in which horses should be lib'3rally fed, and brings us round 



196 LIVE STOCK, FEEDING, AND ECO~OMIC ZOOLOGY. 

again to the winter. These natural divisions of the year are retlectOO 
in the dietaries supplied, which may now be set out in order-

Spring (February, March, and 
April). 

Summer (Ma.y, June, July, and 
August). 

Autumn (September, October, 
November). 

Winter (December and 
January). 

Oats, 2! bushels per week. 
Hay, 28 lb. (half a truss) per week. 
Swedes or mangels, 140 to 175 lb. 

per week. 
Oats, I to Ii bushels per week. 
Cut green fodder, ad libitum. 
Night grazing, or soiling in yards. 
Oats, 2 to 21 bushels per week. 
Gl'een food, ad libitum, or swedes, 

after green fodder fails. 
Hay, 28 lb. per week. 
Oats, I! to 2 bushels per week. 
Hay or straw fodder. 
Swedes or mangels, 140 to 175 lb. 

per week. 
The variations in the above simple dietaries are numerOU8 as, 

for example, the substitution of maize for oats, which may be recom
mended when maize is cheap, as it often is; The difference in 
measure-weight between maize and oats is very considerable, 1\11 maize 
is customarily sold at 60 lb. per bushel while oats are bought at 
natural weight, or made up to 40 lb. per bushel. Oats are skinny, 
or husky, and for this reason 2 bushels of maize fully represent 
3 bushels of oats. If compared on the basis of .market price, 20 •. per 
quarter of oats, h exactly equivalent to 30 •. per quarter for maize. 
On the whole, oats are considered to be a better food for horse! than 
maize, but teams often do extremely .well when fed on maize, especially 
if steeped before it is given. A cask or barrel set on end, and 
provided with a tap at the bottom, may be charged with dry maize 
and filled up with water, which is quickly absorbed, and any surplus 
liquid can be drawn off as a drink, which the horses much relish. 
Dry, old beans have always been highly thought of by horse feeders, 
and may be substituted for oats in accordance with their weight, which 
may ba as high as 70 lb. per bushel. Dredge is a mixture of barley 
and oats grown together, and is considered to be an excellent horse 
corn, and may be supplied on the same scale as oats. 

Bran forms a part of several published dietaries, and among other 
foods which may be introduced are brewers' grains (wet or dried), 
rice-meal, linseed, linseed-cake, boiled peas, beans, and barley, etc. 
Carrots are an excellent addition to winters' food when obtainable. 
The following additional green fodder crops are well suited for 
cutting for horses in the stable: Imperial cow-grass, comfrey, lucerne, 
mixed seeds, Italian rye-grass, and ordinary meadow grass. 

Times for Feeding Work Horses.-Horses should be fed with 
corn· four times a day-early in the morning, i.e. not later than 
5 !,'clock i at midday i at 4 to 5 o'clock in the afternoon, and at 8 p.m. 
'l.'hey should have access to fodder during the night, and often through 
the day. A feed of corn weighs 3 lb. Thus a horse may receive 12 lb. 
of corn a day when on full work, or 841b. a week. Where deep 
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ploughing is practised, as in Lothian, as much as half a bushel or 
18 to 20 lb. of oats per day, witll hay, is allowed. 

The system of feeding entirely on short or manger food is adopted 
in collieried lind railway stables, and is said to be economical of food. 
The fodder is cut into chaff, and the oats and beans are bruised, '01' 

l'l'u~hed, and all the ingretEent3 are mixed together on a sieve, and 
placed in the mangers. The same system is also used on many farms. 

Comparative Economy of Horse-power. - It is impossible to 
construct satisfactory estimates as to the comparative cost of steam, 
motor, and horse-power. Besides actual cost, there are considerations 
which have, so far, left horses in possession of the agricultural field. 

1. In tho first place it is extremely difficult to make estimate;; 
as to cost, because of the inevitable depreciation of steam tackle as 
soon as it becomes second-hand, a point which does not in the least 
apply to horses. They may improve in value for a period extending 
over several years, while machinery must deteriorate in a few months. 
Mac·hinery is also subject to being superseded by new inventions. 

2. Horses need rest, but do not require repair; and, as to 
accidents, it cannot be said that either they or mllchinery a1'e immune 
from them. It is possible to maintain a team of horses in an 
improving state, and to sell them out at their maximum value, as in 
fact i~ often done. 

3. Horses are able to work in practically all weathers, and can be 
ready at a moment's notice. 'They struggle over bad roads and soft 
land, whereas in all these circumstances heavy machinery is at a great 
di8advantage. 

4. The cost of horses to a farmer should be viewed on a bedrock 
principle, because they raise the food to a great extent themselves 
at primo cost, and farmers often supply their teams with corn and 
hay which wonld not bring the highest price on the market. This 
may be short-sighted policy, but is in accordance with actual practice, 
and seems to be only reasonable, because a slight d:scoloration, or 
lightness in the bushel, does not necessarily imply unfitness as food. 
It may also be remarked that in estimates as to the cost of maintaining 
horses, it is usual to charge full allowances of the best oats, hay, etc. 
lit market price, on the basis of fifty-t.wo weeks to the year, whereas, as 
already shown, the corn and hay vary according to the season, and the 
s(1\'el'ity of the work. The general result is, that horses have main
tained their position on the land to a degree which was not expected 
when steam cultivation was first introduced, fifty or sixty years ago. 

Steam-power is a valuable aid to farmers, especially of stiff land, 
but requires a large expenditure of capital and much annual outlay. 
It is mos:; conveniently used on the hire or contract system at bu.sy 
times, and when so called in is of inestimable value. On the other hand, 
there are large areas of land which are beUer for being rendered firm 
for corn, trifolium, grass, and other crops, and in such cases freeing 
the land from the pressure of hoofs is anything but advantageous. 
Neither is depth of cultivation always to be recommended, so that 
two of the special advantages of steam cultivation fail to attract 
occupiers of light and thin soils. The case is quite different with 
de<'p clay land, and, on these, unlimited power and freedom from 
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treading appeal to farmers. It may also be noticed that upon clay 
soils tillage operations are restricted to dry weather, whkh entails 
a pressure of work at certain seasone of the year. There is thercfore 

room for both horse- and steam-power, but the preuominating clasa 
of land being of fairly free character, horBes have up to the present 
maintained their position. 

-------~~==========~~ 

Breeds of Draught Horses.-There are four e3tabliifheu breeds 
of work horses in this country. (1) Clyde,dale" which are in high 
repute in the Lowlands of Scotland. They may ~e of grey, brown, 
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or black colour, carry an abundance of hair or "feather" on their 
fetlocks, havo excellent hindquarters, and ,'ather light shoulders, 
They aro rapid w,alkers, good workers, and require libel'al feeding, 

FlU, 7".-Suffolk Punch St"lIion, 

(2) Cleveland Bays, although formerly used extensively for 
ploughing, are now regarded as more fit for higher purpose", Tl)('IY are 
bay witll black points, free from hair at the fetlocks, and are adapted 
for a great. variety of work,. 

(3) Shire Horses are extremely popular all ov~r Enghn~, They 
in many respects resemble Clydesdales, but al'e squarer :n form, 
owing to their deeper shoulders, The.v vuy in co!our from grey 
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to light and dark brown, or black, furnish dray horses for townll, 
and work on farms. They are largely used for crossing with ordinary 
mares of no particular breed, Buch as for.m so largo a proportioD of 
the farm horses of the country; and the effect of repeated crossmgs 
with pure-bred Shires has been to gradually convert many ordinary 
teams into Shires eligible for entry in the stud-book. 

(4) The Suffolk Punch is highly esteemed in its native county and 
in East AngEa. They are chesinut and sorrel coloured, with lighter
tinted mane and tail, and carry a white star on the forehead, and 
white pasterns. They are clean-legged and rather round-boned, very 
staunch in their work, and much used in all forms of agricultural 
labour. 

These are the principal races of agricultural horaes, and all boast 
influential breed societies. 

Dentition of the Horse.-It is comparatively easy to ascertain the 
age of a horse or sheep by an inspection of its teeth, noting the amount 

FIG. 76.-Cen$ral J;ermanent incisor of Honw, 
showing shapes of ditfefto& lurfaeea 
presented as age proceeds. 

of wear they have received (Fig. 76), but it is more difficult to tell 
the age of other animals in the same way. 

Teeth arc bone-like structures originating from cavities in the jaw
bones, termed alveoli, from which they gradually extend, meanwhile 
forcing their way through the gums i. • .;to the mouth, where they act 
lIS cutters and grmders of food. This admits of the masticated 
particles being more thoroughly mixed with saliva in the mouth, and 
so assists in the important work of digestion. 

If a single tooth be examined it will be found to consist of a crown 
and root, or fang, separated by a short nick. A transverse section 
of the crown will display variations in structure, or substance, which 
are known as enamel, dentine, and crusta petrosa. On a further 
examination it is found that there is a channel or cavity through which 
nerves enter the tooth and associate themselves with a sensitive pulpy 
mass which occupies the central cavity, decay or injury to the dentine 
and crusta petrosa being responsible for toothache. 
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Teeth are classed either as molars or grinders, incisors or cutting 
teeth, tusks or canines. With but few exceptions the age of a horse 
is indicated by its teeth. Alterations of a structural character take 
place each year from birth up to the sixth year; therefore there need 
be no real doubt as to the age of a horse up to this time, providing of 
course that natural growth has not been tampered with in any way. 
Two set~ of teeth are developed, namely the temporary or milk teeth, 
and the permanent teeth. A foal at birth has two central temporary 
incisors visible in each jaw, and at the end of 6 or 8 weeks four. 
temporary ones, including the two lateral incisors in each jaw. The 
yearling is then furnished with six incisors in each jaw. 
. Tb~ foal is usually born with two, or sometimes three, temporary 
molars, or back teeth, in each jaw, or in all twelve temporary molars. 
When about 12 months old another pair, but this time permanent 
ones, appear, and before the completion of the second year a fifth pair, 
also permanent, appear. At tbe age of 2! years the two anterior 
temporary molars are replaced by permanent teeth, and between 3 and 4 
the remaining or temporary molar is similarly replaced, and shortly 
after the last or sixth permanent molar begins to show itself. Thus, 
when a horse has reached the age of 4 years a complete set of twenty
four permanent molars will have made their appearance. After this 
poriod tho molars are rarely referre:l. to in determining age, their 
position rendering them difficult of examination. 

To return to the incisors of the yearling, it will prove instructive 
to compare his mouth with that of a 2-year-old colt. In the latter 
case the teeth show considerable signs of wear, and appear smaller, 
and havtl also lost their milky whiteness. In the yearling the corner 
teeth are mere shells, devoid of an inner wall, all the teeth being in 
juxtaposit:oll ono with another. The teeth of the 2-year-old stand 
wide apart at tbe necks, due to the gradual development of the jaw, 
while the inner wall of the corner teeth will be obsel"'Ved to have 
grown up level with the outer wall. At 2 years 9 months the horse 
sheds two central temporary incisors, and two permanent incisors 
will be observed pushing up to occupy their place. Thus at 3 years 
of ago the jaw contains two central permanent incisors and two 
tomporary incisors on either side. At about 3! years of age the 
latoral incisors are shed, and permanent incisors occupy their place, 
and aro well up for wear at 4 years. 

At 3! years it will be observed that the corner incisors are mere 
shells, and the inner wall does not grow up to the level of the outer 
wall until nearly 6 years are reached; thus the absence of this 
wall distinguishes the five from the six year old mouth. The canine 
teeth 01' tusks, which are present in males but absent in females, 
appear a~ permanent teeth at about 4! years, and frequently at 5 ; 
furthel' they often appear later in the upper than in the lower jaw. 
Marks, or as th"y are more correctly l'alled, infllndibulw, are to 
be seen on the ('rown surfaces of the incisor teeth. The mark is 
a very peculiar hollow, extending in a new tooth to about half an 
in('h down tho temporary, and somowhat deeper down the permanent 
in('isors, Tbe appearan(,e or disappearance of these marks is largely 
instrumental in determining the age of a horse after the sixth year, 
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When an incisor is newly developed, the cavity, although IImall, 
affords a receptacle for minute proportions of masticated food, together 
with the juices extracted from other foo:1s, which, \II'hen combined. 
give a dark colour to the dentine and to the enamel coating of the 
tooth. As the tooth wears down, the hollow, together with the dark 
mark, gradually disappears, when the mark is said to be worn out. 

FIG. 77.-Dentition or ,be HOnte" sbowing appearance of incillO:o. rrom 
1 to 10 ,ears o:d. 

Tho time taken for the mark to wear out will naturally vary 80mewhat 
in different animals, according to constitution and man?er of .f~edin~. 
Generally speaking, however, all the marks are plamly Vlslble , ID 

horses from 3 to :; years of age (Fig. 77). At 6 years the marks 
are beginning to wear out of the central ineisori!. At 7 years th~ ~arks 
of theSe inc:sors are beginning to ga, anf at 8 yeus they \II'IIl be 
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gradually disappearing, while at 9 years the marks are not usually 
discernible in any of the teeth. For some two years or so after the 
mark has disappeared in each tooth, the enamel which lines the 
bottom of the original hollow, assumes an irregular, star-like form, 
which gradually decreases in size with the wear of the teeth. 

At from 12 to 13 years all trace of the enamel has usually 
disappeared, even from the corner teeth. There are, of course, many 
exceptions, due to various causes, the principal of which is the habit 
which some horses acquire of biting their mangers; this will have 
the effect of wearing down their teeth very rapidly, whereas in cases 

FIG. 78.-Galvayne's mark . 

.of parrot-mouth-that is, the upper jaw overlapping the lower jaw
the marks may remain many more years. 

Galvayne, a well-known Australian authority on dentition of horses, 
gives a fairly reliable guide in determining the" age of old horses; 
his theory is based on the groove (Fig. 78) which appears on the 
upper corne!' incisors of horses- at 10 years of age, and which extends 
itself about half-way down the tooth in the fifteenth year, while in the 
twenty-firs~ year it reaches right to the bottom of the tooth. In aged 
animals marks are often burnt in the corner incisors by means .of 
acid or hot iron, with a vi<,w to deceive the novice. This practice, 
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sometimes called" bishoping", from the name of the man who first 
introduced it, is still practised in some parts by individuals who 
wish to pass off an old horse as an 8-year-old. 

Triangularity is another fairly accurate means of determining 
advanced age, but it calls for a great deal of careful observation, 
and is based on the amount of wear the crown receives. Although 
the teeth decrease in lateral breadth, they increase in thickne81 from 
front to rear all the way from the crown to the root. From 6 to 
8 year" old the teeth are all broad laterally at their upper lIurfaces, 
and up to this time the age of the animal can be very accurately 
determined by the marks. At 9 years, when the marks begin to fail, 
two central incisors, which come up at 3 years, begin to assume 
a triangular form. At 10 years the two next teeth show similar 
triangulation, while at 11 years the corner teeth also becoms 
triangular; at 12 years triangulation is still more pronounced in nll 
the teeth. This characteristic continues to a more marked degree 
as the teeth wear down, when in very old horses the depth from front 
to rear e;cceeds the lateral width of the teeth. There are numerous 
other change~ which may be observed by those who are continually 
among horses of all. ages, but those which have already been mentioned 
will serve as useful guides to the novice and the buyer who i. not 
over familiar with this subject. In old horses the incisor teeth 
project instead of being almost perpendicular. 

Thil tusks are. of great assistance in determining age, as they 
usually appear in a slight degree at from 3! to 4 years, they continue 
to develop until 5 or 5! years is reached. The tusk may be described 
as a somewhat elongated tooth of peculiar shape, having a sharp or 
hooker} edge, due to the enamel overlapping the dentine. Although 
this tusk takes no active part in mastication, it neverthcle81 becomes 
worn, and after 7 years the point assumes a Bomewhat blunt or rounded 
form; meanwhile, the enamel wears off, thereby imparting a yellowish 
colouring to the dentine below. Unlike other teeth the tusk. do not 
incl'ease in length, but become shorter and shorter each succeeding 
year, until in very old horses they are found to have worn down level 
witb thl! gum. 



CHAPTER II. 

FARRIERY. 

WHlLB a farmer must necessarily become familiar with many of the 
diseases peculiar to live stock, he cannot reasonably be expected to 
possess other than a slight knowledge of the anatomy and functions of 
the many organs of the body. However strong the physique of a horse, 
the animal is of little value unless its legs and feet are sound; and the 
sooner we become familiar with the anatomy of the foot, the diseases 
to which it is subject, and are able to detect between good and bad 
shoeing, the more reliable will be our jUdgment. 

Anatomy of the Foot.-The bones of tho foot are situated in the 
centre of the hoot (Fig. 79), and are surrounded by soft sensitive 
tissues, whose function is the production of horn. At the lowest 
extremity of each limb the small coffin or pedal bone is found; and 
the navicular bone, together with the lower extremity of the short 
pastern or coronet bone, form the coffin or pedal joint. 

The Coffin Bone may be described as a pyramid with a hollowed-out 
base, placed so as to cause the point or tip to be wedged into the toe 
of the foot, as shown in Fig. 80. The sides or wings gradually extend 
upwards, and the heel of the foot is left entirely devoid of bony 
formation. 

The Navicular Bone is small and boat-shaped, and is to be found 
at the back of the central part of the coffin bone. It acts chiefly as 
a roller for the flexor tendon, which curves round its back prior to its 
contact with the coffin bone. 

The Coronet, or, as it is sometimes called, the short pastern, has 
a rounded base, which rocks to and fro in the socket, or hollowed 
cavity at the base of the coffin bone. The surface parts of these two 
bones are in indirect contact, but are protected by a layer of gristle 
(A1·ticular cartilage) about one-eighth of an inch thick, and the whole 
articulation is bathed in "joint oil" (Synovia), a lubricant which 
causes smoothness of movement. 

1'he Lateral Cartilage is a large springy piece of gristle, extending 
from the top of the coffin bone, along each edge, and curving round 
to the heel behind. In fine-skinned horses its outline can be clearly 
discerned running along the llides of the coronet, and by pressing hard 
on its edge towards the heel, its "spring" may be easily demonstrated. 

Ligaments extend from bone to bone, holding them firmly in 
position, and at the same time allowing entire ease of movement. 
One ligament (Extensor pedis tendon) extends down the front of 
the leg, and spreads out over the pastern or top of the coffin bone. 
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At the back of the foot there are two ligaments, one (Flexor perloran. 
tendon) reaching to the coffin bone, and the other (Long inlerior 
sesamoi<l ligament) to the coronet. 

The Frog Pad.-At the back of the foot, occupying the cavity 
which lies between the wings of the coffin bone and the latera\ 
cartilages, is a thick tough elastic pad, known as the frog pad or 
sensitive frog, the object of which is to act as a cushion in lessening 
shocks to the column of bones. 

The WaU or Crust is the term applied to the outer covering of the 
foot, the" bars" of which turn in at the heels, and continue down each 
sida of the frog (F:g. 81). On the upper edge of the wall i5 a groovo 

------A 
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FIG. '79.-Anatomy of the Hone'. Foot. A. metacarpal bone: 
B. right sesamoid bone; C. great pa.8tem bone; D, BmaU 
pastern bone i E. cofllo bone or o. ptdi •. 

known as the coronary cavity in which fits the coronary, a species 
of fatty band, the object of which is to secrete the material necessary 
for the formation of the horny growth which builds up the w'!'ll. 
The latter is of uniform thickness below this groove, gradually getting 
thinner towards the quarters and the heels. A number of horny 
" leave.~" or laminIB are found lining the inner surface of the hoof 
projecting inwards, the conformation of which is similar to the fleshy 
leaves which cover the coffin bone, and into which the laminIB dovetail. 
A thin band or ring known as the perioplic ring or frog band, runs 
round tho upper edge of the wall and secretes the periople, which 
becomes very prominent when the foot is sO:lke:l in water, 
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The Sole is similar in shape to the under surface of the pedal 
bone, being slightly concave towards the centre. The insensitive sole 
grows from the sensit:ve sole above it, as may be seen in the illus
tration (Fig. 80), and when it attains a thickness of from a quarter 
to five-eighths of an inch, it separates from the under surface of the 
sole and becomes, in a sense, detached from the foot. 

The Frog is a wedge-shaped piece of horn, the broad end of which 
fits in between the heels. The horny or insensitive frog grows from 
the sensitive frog above it, and is nature's chief provision against: 
concussion. 

The above notes give as concisely as possible the general formation 
of the horse's foot, and when the anatomy of this portion of the horse 
is thoroughly understood the student will be provided with a good 
foundation upon which to build his practical knowledge of farriery. 
Sound feet and limbs are of the utmost importance. 

TENDON __ _ 

NAVICULAR 
BONE-, 

SeNSITIVE-
FROG 

I 

HORNY FROG 

FIG. 8()'-Section of Horse's FO:Jt. 

Manufacture of Shoes. -Shoes are made both by hand and by 
machinery, the first being preferable, because the shoe is better 
adapted to the foot, and the iron is better tempered, while the nail 
holes can be regulated as thought best. For hand-made shoes the 
best material is bar iron, or better still, old shoes turned over and 
welded up. The hammer and sledge must be used wit.h considerable 
effect to render the shoes hard and tough, and of a steely texture. 
Ordinary riding horses, hunters, and carriage-horses, require to be 
shod with a tolerably light shoe, wide enough to cover the weight
bearing structure of the foot. The shoe must be of uniform thickness 
and width. The thickness depends largely upon the particular 
structur(' of the foot to be shod, but in all cases, it should be as thin 
as is compatible with its wearing for one month. Fore-shoes are
generally seated out on their foot surface, and in some cases are made 
slightly concave. 
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For heavy cart-horses, employed chiefly on the farm, Sb008 
of a weight of about 41b. are preferable, while in many ca.e8 
caulkins are used on the outs:de heelB of the hind-feet a8 a 8~ay 
to the foot on heavy retentive land. The other, or inner heel mu .. t 
of course be raised to a corresponding level, and in no case should 
caulkins be applied for the fore-shoes. Seven nails are usual for 
a well-fitted fore-shoe (three on the inner, and four on the outer 
edge), but five are quite sufficient and often preferable to leven. 
For the hind-shoe, six or seven nails should be used. The use of 
machine-made shoes is not to be commended, as they do not receive 
that thorough hammering and welding which is so essential for the 
production of a hard, tough, and unbreakable shoe. It will also be 
found in this class of shoe that the nail holes are all pitched at the 
same angle. On a careful observation of the foot, however, it will be 
seen that the wall is more vertical in the quarter than it is in any. 

···6 

~\"'lullr'''''''''''''''--'''E 
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FIG. 81.-Ground Burlaee 01 Horae'. Hool. A. &oe: 
B. ernst or wall; C. sole; D. bars; E. Beat 01 
corn; F. frog; G. beels; H, clef' of froe. 

other part of the foot, and hence this uniform angle of the holes in 
a machine-made shoe, is not desirable. 

The use of steel shoes still finds many supporters, but the great 
disadvantage in their use is that they become smooth and slippery on 
the surface, which renders them dangerous on stone or wood pavings. 

Preparing the Foot.-The farrier cannot pay too much attention to 
the preparation of the horse's foot before fitting on the shoe. There 
are numerOUH points to be considered in order to ensure a well-shod 
foot, and the most important of these are the nature of the work 
undertakeI' by the horse, and the variety and quality of the land, or 
road, ovel' which it has to travel. The foot must be carefully examined 
before preparing it in order to notice any peculiarities that may be 
evident from the wear of the old shoes. Among these may be 
mentioned forg:ng, stumbling, brushing, or interfering, speedy cutting, 
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etc. Carefully examine the feet so as to sec that they are evenly 
matchcll in pairs and are level and not" odd-footed ", and whether 
there are high or low heels, long toes, dropped soles, or contracted 
hoels. When these points have been noted, the preparation of the 
foot may proceed. With a rasp remove from the ground surface of 
the wall any superfluous growth of horn, care being taken at the same 
timo to lower the wall at the toe. The under-surface must then be 
rasped quito level. All sharp edges should be removed, as they 
tend to split the crust. The foot is then ready for the application of 
the shoe. 

Management of Colt's Feet.-Careful attention must be given to 
the feet of the young colt from the time of foaling to the fitting 
of its first pair of shoes. The feet should attain a regular and even 
growth, and should be perfectly matched in pairs. Great importance 
attaches to the angle at which the feet grow, the proper inclination of 
which should be similar to that of the pastern when standing on level 
ground. COltH reared on hilly ground are very liable to exhibit 
irregular and uneven feet, and if this defect is neglected, the foot 
and the joints above it become permanently deformed, and the horse 
is practically ruinod. To avoid this, regular attention must be paid 
to tho stat!) of the feet each month, and the rearer should remember 
to keep the toes at a uniform length, at the same time rasping down 
the hee!.;; in order to encourage frog pressure. The first shoes must 
not be fitted to a young colt until he has been taught to lift his feet, 
in proper order ; a loud bullying tone must never be used to a young 
horse, but he should be treated with every indulgence until he learns 
that he is not to be hurt. Any sign of obstinacy must, however, be 
repres"ed at once. 

Shoeing Farm-horses.-Many farm-horses, especially those em
ployed on small holdings or allotments, are frequently worked boih on 
tho land and on the road, and for this purpose a special method of 
shoeing must be adopted. A horse of this class must be shod every 
month, regardless of the fact that its shoes may not appear to require 
removing. This regular treatment of the foot becomes more essential 
when the horse is employed solely on soft, retentive land, as this gives 
rise to a somewhat faster growth, rendering the feet liable to become 
mis~hapen. 

When preparing the foot for shoeing, diseased horn, or hard Inmps, 
must be cut, out of the under-surface of the sole, but care should be 
taken to prevent undue paring; the sole, when fitted with a shoe, 
should be as near to the ground as possible. When the shoe is 
fixed to the foot it should run flush from heel to heel, with the outer 
edgo of the wall, and should be about Ii in. in width, and t to i in. 
in thickness, being a little longer and broader at the heels th= at 
the other parts. The hind-foot should be prepared in a similar 
manner, and the shoe best adapted for this purpose will have a caulkin 
on the outer heel, and a wedge heel inside; a horse having low heels 
will bo better with a shoe having caulkins on both heels. Animals 
omploye(l solely on the farm do not require caulkins, as these 
projection,~ sometimes give rise to ugly wounds on the coronet if 
two horses blunder into each other in turning about, and may cause 

p 
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side· bones, but animals employed solely on road work can, with 
advantagt', be shod with shoes having caulkins on both heels, as those 
form a mean~ of obtaining a foothold when descending steep hills, and 
also serve to lessen the strain on the back tendons. 

The Shoeing 'of Hunters.-The shoeing of hunters requires great 
care and experience, as well as a particular form of shoe. The varied 
character of the ground over which a horse of this class travels renders 
it extremely desirable that suitable shoes should be applied, and those 
recommended are concave on the under-surface and are fullered with 
seven nail holes, which should be placed a little nearer the heel than 
in ordinary cases, in order to allow for the natural spring of the foot. 
The fore-shoes must be well taperd at the heels, and in the case of thG 
hind-shoe, a ca,ulk:n should be raised on the outer heel, and a corre
sponding wedge on the inner heel. The hind-shoe must not be fullerI'd 
at the toe, as this may prove dangerous should the horse overreach. 
For a hunter with flat feet, or a drop sale, the ordinary fullered shoe, 
seated out 011 the foot surface, having the under-side hollowed out with 
a file, and the heels well tapered, is to be preferred. 

The Shoeing of Hackney or Carriage Horses.-These horses, being 
used chiefly for road work, require a broader webb-shoe than hunters, 
and should also be fitted longer at the heel. Six nail holes will suffice, 
for this class of shoe. Ordinary roadsters should be shod with a plain 
stamped shoe, if under 51 inches in width. If this dimension is 
exceeded a fullered shoe must be employed. Should the horse prove 
a stumbler, it will be advisable to roll or " dubb II the toe of the shoe, 
which must b'3 kept qu:te short. In the ca~e of a forger, the use· 
.)f a concave shoe is to be recommended, and the use of caulkins is to 
be condemned, as they tend to aggravate this fault. 

Diseases of the Horse's Foot.-LamlllitiB is a term applied to 
inflammatior, of the horn-secreting structures, and is generally observed. 
to follow chills, digestive disorders, or an undue amount of work 
imposed on an ill-conditione:! animal. The two fore-feet are chiefly 
susceptible, though all four may be affected at the eame time; tho 
horse experiences great pain and becomes very lame. Laminitis may 
be traced to many sources, but the most numerous may be enumerated 
as followp: A sudden change in the nature of a horse's work, as 
for example from farm to road work; working a horse on long 
journeys over hard and stony roa:h, immed:ately after it ha3 been 
resting for three or four days on ordinary corn diet. After the 
animal hall been resting for some time the circulation of the blood 
is less rapid, and consequently the lower limbs lose their customary 
strengtl1 and suppleness, and if an undue strain is placed upon them 
in this weakened condition, laminitis is bound to make its appearance. 
An excessive quantity of corn, especially when fed to forest ponies, 
is also liable to induce it. The symptoms of fever in the feet usually 
appear in the morning after the horse has been confined in a hot 
stable during the night; the animal shows a great disinclination to 
move, and endeavours to walk upon his heels or frogs in order to 
ease the pressure upon the lamina'!; the" fore-feet become very hot 
and tender, and in order to alleviate this the hind-feet will be planted 
well forward so as to ease the strain. 
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In treating this disease the fore-shoes must be removed, and 
a portion of tho wall lowered just beyond the level of the sale. This 
will relieve the wall of a considerable amount of strain, and will 
enable the sole to bear its share of weight. The horse should 
be haltered if possible in running water for an hour or two.. Large 
cold poulticee must be applied three or four times a day, and a low 
diot of bran mash given until the animal is fairly strong again. When 
thoroughly recovered, the horse should be shod with bar shoes, and 
great care must be taken in bringing him back to work, avoiding any 
sudden vigorouR exercise, and observing· judicious stages in resuming 
full work. This treatment will, however, only suffice for mild attacks, 
and when a serious case of laminitis develops a veterinary surgeon 
should b') called in. 

Corns are generally developed in horses with low weak heels, 
flat or contracted feet, and diseased frogs. They may be described 
as a bruised portion of the foot lying between the wall and the angle of 
the heel, and will generally make their appearance in cases where 
the foot has been badry prepared or the toe left too long. Among 
other causes may be mentioned excessive lowering of the heels, upon 
which an undue strain is thrown, and also the use of badly-fitting 
shoes. ([,ho symptoms rapidl! develop, the animal goes lame, and 
the foot, generally on the insIde heel, becomes very hot and tender. 
In treating a horse for corns, the shoe must be removed, and all 
diseasecl horn cut away. Excessive growth of the toe must also be 
removell with the knife; and the heels, if too high, must be lowered. 
To relieve the animal of pain, immerse the foot in a hot bran poultice, 
and when sufficiently recovered, it can be shod with a shoe thinned 
on tho inside heel, or, if corns are found on both heels, the 'Use of 
a bar shoo is to be recommended. 

Se.edy Toe is an affection of the lamime, or frontal part of the foot, 
running upwards from the toe to the coronary band. The horse is 
sometimes lame, and may be observed to "point the toe" when resting. 
There is also a considerable amount of heat in the foot, and frequently 
a formatioI'. of pus develops. Remove the shoe and cut away all 
diseased parts, afterwards soaking the foot in a bath of copper 
sulphate solution. When the horse is free from pain, have him shod 
with bar shoes, and fill in the cavity with Stockholm tar. 

Side-bones (Fig. 82). This is a disease which generally affects 
the fore-feet, and consists of the ossification of the lateral cartilages. 
Heavy horses which have these cartilages completely ossified are of 
littlo usc for rapid work, but when only one cartilage is affected, or when 
the animal is worked on soft ground, its action appears quite normal. 
The chiE'f symptoms to be observed are the presence of great heat 
around thf) coronet, and loss of spring or suppleness in the cartilages. 
The latter become hard and increase in size, and will be found to 
stand up above the coronary band. 

Th,·usl. is an affection of the sensitive frog, the protuberance 
of which may be seen through the cleft. An unclean stable is 
frequently the cause of this disease, as it stands to reason that when 
a horse is constantly standing in filth, urine, and dirty litter, the 
frog becomes quickly affected. Horses with feet and frogs of 
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a naturally weak structure, and also animals that have had. the:r f"et 
badly prepared for shoeing, are very susceptible to thrush. 'l'he 
disease will also make its appearance if the heels have not bl'en 
sufficiently lowered to allow of frog pressure, as unless this precaution 
is taken, the frog perishes, and rots away for want of use. 

In treating thrush all diseased or malformed horn ahouM he 
cut away, and the foot immersed for an hour or more in a bath 
composed of 5 per cent solution of copper SUlphate. The foot mUKt 
be cleaned with tow and afterwards dressed with calomel powder, and 
it must be born in mind that, to prevent the reappearance of thi~ 
disorder, the foot must be kept perfectly clean and free from all 
dirt and moisture. With a view to restoring the parts to healthy 
action, pressure is necessary, and this is be3t effected by lowering 
the wall at the heels and shortening the toes. The use of tips instead 
of shoes is also to be recommended, as thi~ gives the frog extra 
pressure, and in a little while the orgim will regain its normLLl 
healthy condition. 

A 

FIG. SIl.-Bone 01 heol showing side-bones (A. AI. 

Oanker is an unhealthy and putrid secretion of the sensitivo 
frog and sole, and usually has its origin in neglected. thrush. It 
is most common among heavy cart-horses. The discharge which i~ 
secreted from the frog is particularly offensive to smell, and is 
almost colourless; the frog itself becomes enlarged and covered with 
spongy growths of a fungoid nature. The treatment of canker 
consists in the first place in removing the whole of the affected horu 
and Huid by scraping or excision. When this is done the exposed 
surface should be dressed with a strong caustic such as nitric acid, 
sulphuric acid, chloride of zinc, or copper 8ulphate. Subsequently 
the sole should be securely packed with tow and the whole foot 
enclosed in a leathern boot. After two days the dressing may he 
removed and within a week the 801e will develop a healthy growth 
of hom. The dressings should, however, be continued, and as soon 
as the horse can bear the applicat:on of shoes, th'.ly should be fitted, 
as it is much easier to dress the feet when the shoes are on. . 
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Sandcracl.· is a fi~8ure in the wall or crust of the foot, and 
tlsuall)' appears on the inside of the fore-f03t, and on the front or 
too of the hilld-foot. In most case, the appearance of these fissures 
Illay be attributed to a natural brittleness of the wall, more often than 
not, duo to the evil practice of rasping the crust. Contracted heels 
lind fiu t or spru wling feet also are a cause of this disease. In treat
IUcnt, it is well to remember that a division of the horn or wall has 
Illken place, and that the object in view is to promote a fresh and 
rupid growth of new horn from the coronet. With this object the 
coronet must be sharply blistered, and a day or two afterwards the 
foot should be immersed in hot water three or four times daily, great 
l'are being taken, however, to keep the blistered skin free from 
moisture. Tho coronet will heal in about a fortnight, and the horse 
lUay then be put to work, but should be shod with tips in preference 
to bar shoes. 



CHAPTER III. 

CATTLE. 

Live Stock as an Aid to Agriculture.-The question of arable 
vet·lnts pasture land is likely to be much discussed in the near future. 
Its solution must depend upon a complete knowledge of the 
varying descr:ptions of grass land, for many pastures are much 
more remunerative in their present state than if converto:! undt'r 
arable land. 

It is the heavy expenses connected with tillago, combined v..ith the 
low price of corn, which have led landlords and tenants to lay down 
much land in grass-and it is one of the results of the free importation 
of wheat. We cannot have cheap corn without" raising the margin of 
cultivation". So far as extensive cultivation i8 concerned, the only 
alternative seems to be grass, or afforestation; and intensive cultiva
tion can only be carried out in populous localities where labour i .. 
plentiful, and there is a ready access to markets. Every small-holder 
demands land near a town or village. Those who would 801ve the 
land question by breaking up large farms and converting them into 
small holdings lose sight of the enormous differences in the pro
ductivity of land, and the large amount of capital which would be 
necessary to bring many millions of acres up to the required etandard. 
They in fact do not take an economic view of the matter, but rathcr 
a sentimental one. This being so~ and likely to remain 80, the ollly 
practical use for lands distinctly below the margin of profitable 
cultivation is grazing, or plantations of larch and other kinds of 
timber. 

Two Principal Classes of Grass Land.-It therefore appears that 
there are two principal classes of grass land which may be briefly 
described as good and bad, united by many intermediate qualitic.t. 
Good grass land mayor may not be left in its present condition, 
and if of rich loamy character, it has often been converted into tillage 
with advantage. On the other hand, good grazing land-il, underlaid 
by clay of great depth, and possessed of great retentive power 88 to 
moisture, are unquestionably better under grass. They may require 
drainage, but in many cases are naturally drained. They are rich in 
nitrogen and well stocked with organic matter, but the dissipation 
of the nitrogen in the form of free gas, and the rapid decomposition 
and disappearance of the organic matter under the influence of 
tillage, would speedily rob them of these two advantages. Such 
lands form the basis of many of the most valuable bullock and dairy 
pastures, and, unless in the immediate neighbourhood of towns, they 
are adapted for extensive occupation, rather than for small holdings. 
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Tha poorer descriptions of grass land are best illustrated by heaths, 
uowns, fells, sheep-walks, forest-lands, etc. They form a large 
proportiou of the total area of this country, and are adapted for rough 
grazing, and for breeding. It is true that patches of such land are 
to be seen under intensive cultivation in the form of nurseries and 
gardens. but these are selected portions, and the sites of hamlets and 
villages have evidently been largely determined by the superior 
quality of the immediately surrounding land. The outlying areas are, 
however, too poor for profitable tillage, and unattractive as dwelling
places. They are not likely to come within any scheme of colonization 
with a thriving peasantry, and will probably remain as they are as 
long as cheap food can be imported from abroad. Raising the cost 
of living can scarcely be the object of any class of land reformers, 
but without higher prices, poor land cannot be profitably cultivated. 
We therefore arrive at the conclusion that grass land is an important 
national asset, and this enables us to pass on to the consideration of 

~:".t-_~:.p~r ThiS: 

aUII; f.tn 

FIG. 83.-Dingram showing poillt~ of the Cow. 

live stock, without feeling that cattle and sheep are in any sense rivals 
to the human popUlation-cumbering land which man should occupy, 
and consuming food which would be better replaced by corn and 
vegetables. 

The close relation which exists between live stock and fertility is 
one of the most important facts in agriculture. It is universally 
recognized by all farmers, so much so that the degree of fertility of 
a farm may be roughly measured by the head of stock it 
maintains. Plenty of live stock is the best guarantee of good farming, 
and the foundation of rotations of crops. This is not the place to 
discuss the merits of farm-yard versus artificial manures, but there 
is a school of thinkers who regard manuring by live stock as clumsy, 
wasteful, slow, and e"llensive. Such people see in artificial manures 
a more scientific and direct means of keeping up fertility, but do not 
appear to recognize the direct incentive of profit in stock-keeping. 
'I'he more profitable the stock, the less does the residual manure cost, 
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and, so true is this, that breeders of high-elasll animals scarcely tuk& 
food into account as an expense, and regard the manura a. a by
product obtained at no cost at all. Artificial manures fail in organic 
matter, and also in mechanical effects upon the land, and the verdict 
of .tho vast majority of gool farmers, who it may be remarked also u"c 
large quantities of artificial manures, is in favour of live stock, wbil·h 
also encourages another equally valuable source of fertility, namely 
the importation of purchased foods. . 

It may be allowed at once that the manure is an important con
sideration in reducing the cost of the manufacture of beef and 
mutton, and that without it the animals do not always pay their 
expenses. In such cases the manure is supposed to make up tho 
difference. and the cost of ihl production will be found to vary 
inversely with the success of the grazing enterprise. This may not 

FIG. SI.-Sbortbom Boll. 

always be satisfactory, but experience appears to have settled the 
matter in favour of live stock. judging from the perseverance of 110 

many agriculturists in maintaining it on their farms. 
_ There are at least twenty-six distinct races of cattle in Great 

Britain and Ireland. Most writers on the subject devote much of their 
space to descriptions of breeds, and shows are held in every district 
of the country in which farmers and students have opportunities of 
seeing excellent specimens of most races. It is true that there 
are breeds which are local in distribution and only to be Been at the 
Royal and other leading shows, bnt the subject is I!O fully dealt lI"jth 
in many works that we may safely refer readers to them and deal 
more particularly w:.th cattle management. 

There are additional reasons for avoiding minute descriptions of 
breeds. namely, that the interest of farmers, and even of brcedeu. 
chiefly centres around their own particular bree:! of cattle or sheep. 
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Abo, as previously remarkel, the broal Iine3 of nnnagement are 
sim:lar, if not identical, for all breels, and comnarativ'3 merits are 
matter~ of keen controwrsy. Our object is to a",s:st those engaged 
in agr:cultural pursuits, and tha special breed of stock kept is, we 
,ubrnit, in many cases already fixel by locality. 

There is, in fact, more to say on management than on breeds, 
especially as management involves many classes of stock as distinct 
from breeds. The class of stock kept is of more importance than the 
breed, anel there are probably more classes of stock than there aro 
breeds. A farmer's success depends upon keeping the right sort of 
stock for his soil, climate, markets, etc., and, in order that readers 
may appreciate the great differences between them we append a 

Schedule of Different Classes of Cattle. 
1. Large bullocks for fattening. 7. Young dry stock. 
2. Small bullocks for fattening. 8. Pedigree stock. 
3. Finishing half fat hullocks. 9. Hardy Irish, Scotch, or Welsh 
4. Heifers, for fattening. cattle. 
5. Cows, for milk. 10. Channel Island (Jersey) cattle. 
6. Heifers as in-cal\'ers. 

If a farmer attempts to graze big bulloeks on land only fit for 
fattening heifers; if he perseveres in fattening cattle on land only 
fit for dairy cows; or if he keeps milking cows where young stock 
or in-calf heifers ought to be maintained, he is making a cardinal error 
which n·') attention to minute points of management will repair. It 
is also of importance that in purchasing cattle of any description they 
ought to be brought off inferior land and from harsher situations, as 
II richer and more salubr:ous position always tells favourably upon 
animals. 

Applying these rules, it is only the very best pastures which will 
fatten large bullocks. Such lands are to be found in almost all 
counties, bu~ especially in Yorkshire, Northampton, Lincoln, Norfolk, 
Leicester, "'arwick, and Somerset. These grazing lands are situated 
either upon deep rich clays, such as the Lias, on red sandstone soils 
as in Shropshire and Hereford, or as alluvial soils in the fenlands of 
East Anglia. They are capable of carrying an ox and a sheep to the 
acre during the grazing season, or from the middle of April to the 
middle of September, i.e. about twenty weeks. During this time 
oxen will put on H lb. of beef a week, which at 'd. per lb. equals 
£5 68. per acre. The value of the grazing for the remainder of the 
year i:! difficult to estimate, but ought to be worth from 20 •. to 30 •. , 
so that a total yield of from £6 6s. to £6 16s. may be expected. 
This is less than could be obtained from the same land under tillage, 
but the expenses are less, and the result is that neither landlord nor 
tenant wouM wish to see it broken up. 

There are many degrees of grass land, from the rich pastures just 
describe!! to hill and mountain grazings in which the amount of stock 
carried is not calculated in terms of head per acre, but of acres per 
head. Medium qualities of land are devoted to dairying and raising 
young stock, and the worst are either employed for hardy cattle 
or ewes. 
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CATTLE BREEDING. 

:Bearing in. mind the three divisions of breeding, rearing, and 
fattening. we proceed to take them ,eriatim. The brecding of cattlo 
is controlled by the same laws that govern the procreation of all other 
animals, and apparently plants. It involves the study of heredity, 
environment, and includes many subjects of great difficulty and 
complexity. It is, moreover, eminently controversial, especially as 
regards the transmission of acquired characters, and the effects of 
surroundings. The fundamental facts with reference to the germ 
plasm are still under discussion, and the recent revelations of 
Mendelism. have in a great measure upset tho rough and ready 
principles which guided the early breeders. It would, however, carry 
us far beyond the limits of this work to enter upon the profunditiell 
of heredity, and the effects of croBs-fertilization. 

FIo. 8S.-8hor'borD Cow. 

These subjects are occupying the attention of our greatest 
physiologists: and brisUe with technicalities. They are only mentioned 
in order to indicate the enormous difficulties which surround the 
subject, and the errors which may easily be propagated and practised 
by breeders. Take, for example, telegony, or the .. infection" of 
a femalo (or male) from previous matings with an impurely bred 
sire or dam j we are now assured by Professor C088ar Ewart of 
Edinburgh that" breeders may in future disregard the • infection • 
doctrinc ". The same doubt hangs over the effects of imprc58ionl 
received through the eye or mind at the time of conception, such 0.8 

Jacob trusted to in breeding his ring-straked, spotted, and speckled 
sheep; or as McCombie, the great breeder of black Aberdccn caUle, 
feared when he painted all his gateposts black, and would not aUow 
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a white animal on bis premises. There are also the effects of environ
ment, and of acquired condition of the body, such as poverty, filth, 
tuberculosis, etc., all of which mayor may not affect the offspring 
at the time of birth. 

These arc important questions, not only affecting animals but 
human beings, for it is now disputed how far drunkenness, viec, 
criminality, and many other tendencies are transmissible. The entire 
subject of heredity, and the transmission of acquired properties is in 
the melting-pot, and the two are so closely related that it is impossible 
to separate them. Take, for example, the effect of food and situaEon 
upon horses, in gradually reducing their size to that of ponies; it is 
difficult to believe that the acquired character is not transmitted; 
for if it is not, ponies would breed horses as soon as they were 
releaseu from the special conditions which produced them-the germ 

FIG. 86.-Nortb Devon Cow. 

not having been affected by privation through successive generations. 
The experience of breeders is certainly in favour of great care with 
reference to management. Pampering is considered to undermine 
the power of resistan('e to external conditions; and bringing up in 
the open field is believed to foster hardihood in stock. : So it 
undoubtedly does, if we may judge from results; but the matter is 
complicated, when it is urged that the effect is upon the individual 
rather than upon the race, and, that the germ-celis are protected so 
completely, as to be beyond the effects of surrounding conditions. 

Mendelism sbeds a flood of light upon many problems connected 
with breeding, and explains why apparently pure-bred animals may 
appear from hybridized parents. When a purely bred white race is 
crossed with a purely bred black one, the fertilized germ must be 
influenced by bOUl paren~. 'Yhen, howe\"er, the hybridizeu products 
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are crossed, it is held that both parents contain both pure black amI 
pure white germ-cells. Fertilization ma.y in thi~ case be eft"eded in 
three ways: (1) by the union of two black germs one from each of 
the hybridized parents, in which case the result will be a pure black 
product; (2) by the union of two white germs, in which case a pure 
white individual will be the re3ult; or (3) a black and a white germ
cell may unite, and produce a parti-coloured product which resemble~ 
both the hybrid parents. Thus in the third generation, counting the 
original cross as one, the progeny may be either pure black, pure 
white, or mixed. It is further found that such pure blacks and 
whites may continue to breed truly; or that the hybrid3 may breed 
liybrids ; or revert to the black and white types, by a repetition of the 
above process. 

In order to obtain an idea of the views of physiologists upon the 
genesis of individual life it is necessary to study the germ-cell with 
its chromosomes, chromosomeres, centrosomes, karukensis, or nuclear 
divisions, etc. After perusing works dealing with the germ-cell, and 
the initial processes by which the 80mma or body is formed, the idcal! 
of the older breeders seem crude ; and how far modern breeders are 
likely to be influenced in the future by scientific investigations I1H to 
the laws of heredity, who can say? One thing, however, appears clcar, 
namely, the probably crossed character of all our pure-bred races. 
The germ-cells of a confe3sedly composite race cannot be v:ewed as 
absolutely pure; and therefore even "pure" black and "pure" 
white races may, far back in their history, have contracted a bar 
sinister, which, according to the teaching of heredity, may still be 
there, and appear in progeny incalculably removed from the 
contamination. 

The foregoing remarks have not been written with a view of 
explaining the difficulties of the theory of breeding, but merely to 
call attention to them. The old breeders were absolutely innocent. 
of them, and worked upon the external appearance of the parents. 
To them a symmetrically shaped bull, of beautiful touch and quality, 
was a suitable animal for breeding purposes; and by selecting females 
on similar lines a more or less faultless race was built up. This 
is how Bakewell and Colling, the Ellmans, and Bates went to work. 
They knew nothing of germ-cells, but relied on the principle that 
"like beget.; like ", unmindful of the equally true fact that like !!Ome
times begets unlike. They were, however, aware of the importance 
of lineage, which is a guarantee of purity in the germ-cells, and they 
worked on the double line of personal excellence and descent. Tbey 
also found that deficiency and redundancy were corrected by 
exuberance and deficiencies on the other side, and pitted fineness 
against coarseness. They realized the difficulty of breeding out faults, 
and the merits of prepotency, especially in bulls. They had faith 

'in pedigree, to such an extent as to give enormous sums for animalfl 
of high merit and faultless breeding; and would not use any sire, 
however perfect in himself, if his breeding was not guaranteed. 
Henc9 arose the herd-book, as previously had the stud-book. Tbey 
were not afraid of close interbreeding, provided the parents were 
both free from disease and of good form; "and many of the sire! and 
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dams of th" early breeders were exhaordinarily closely bred, ucing 
almost entit-ely composed of Favourite or other famous stl·ains. 

This, almost slavish, adherence to papcr pedigree was followed by 
E\erious evils, for it became the fashion to breed exclusively in olle 
lino of blood, and the least deviation from an approyed stt'aill at 
once depreciated a young animal in the sale ring, whateyel' its 
appearance . Similarly, unsightly and defective animals wero often 
sold at high prices on the strength of their pedigrees. This poli(· ~· 
was not entirely at variance with the theories of modern authorities 
on heredity. as it apparently showed a strong belief in the ab50lute 
fixity of the germ-cell. It, however, resulted in a loss of constitution, 
and what has been called overbreeding; and this suggested the 
advisability of crossing with allied strains, of a somewhat different 
history and origin. 

The Scottish Shorthorn breeders discarded rigid adherence to Booth 
or Bates, and embarked upon a more enlightened course, which has 

FIG. !'7.-Sollth D"\'on Cow. 

provet! eminently suceessful. Grading up ordinary herds by alliances 
with suceessive pure-bred sires beeame general, especially in America, 
and short pedigrees of four or five crosses C:lme into greater favour. 
Still, it must be allowe:! that long lineage sires are still considered 
essential, and bull-breeding stands upon a different footing to cow
breeding for milk or beef. It is extremely difficult to build up 
a herd from ordinary materials that ""ill ever be fit for producing 
sires; and henee the most sUl'ecssful graders of stock still repair 
for bulls to establishe:! pure-br.:.-d herds of long sbnd:ng, as well as 
for rt'plenisbing their f('male5. 

These canons of breeding apply with equal for(,e to all dom('sti('ated 
animals, and are explained at some leugth under ("attIe, in order 
to avoid the neeessity of repetition. 
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A ram-breeder is as particular in the purcha;te of siros as 
a bull-breeder; and it is just as impossible to breed reliable rams 
from a flock of mixed origin, as reliable bulls from cows of mixed 
origin. On the other hand, a man whose &ole object is to raise 
a milking herd., or good steers, or, in the case of sheep, heavy fleeces 
and quick fattening carcases, can do so on a foundation boasting 
a shorter history. It is curious to notice how steers and wether 
sheep may exhibit great excellence in every respect, and yet if the 
owner relied on these meritB, and begins to save his male clI.lves and 
lambs fol' breeding purposes, they are almost sure to develop coarse
ness and want of colour or coat as they approach maturity. 

Anyone who wishes to enter upon a career as 1& breeder in the 
highest sense, must begin with pure-bred females, as well as pure
bred males, and the same is true of all stock. We have known many 
attempts to graft pure b100d upon impurely-bred stock, but the 

FIG. 88.-Welab Bull. 

results are only successful so far as the production of milk, beef, 
mutton and wool, are concerned. It does not apparently touch the 
germ-c~lls, or not sufficiently, and the mature male exhibit. the 
ancestral faults. 

Grading up is therefore ntilitarian in its objects, and f~om. this 
point of view is entirely successful; but those who have tned. It as 
a means of producing sires have often found it necessary to di8p08e 
of their flocks or herds and start afresh upon the double-barrelled 
principle of pure-bred animals on both sides. 

Ordinary Breeding of Cattle involves a greater or le~s degree of 
selection, mostly confined to the bulls. A good male animal has alwaY8 
been considered a desideratum, but a large herd is a bar to careful 
mating, eRpecially when the practice obtains of keeping one. bull 
for forty or fifty cows. Young bulls are preferred by ordlDRol')· 
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breeders on account of their greater activity and lightness, and the 
consequence is the purchase of a new bull every year, irrespectivo 
of th" precistl lineage of the previous sire in service. 

The race may be the same, i.e. Shorthorn or Hereford, etc., but 
the estimation of the sire is chiefly measured by his fruitfulness. 
the object being to get the cows in calf by a fairly good bull. The 
carelessness of ordinary breeders as to the class of bull used is only 
too general, although there are many exceptions. The main object 
is milk, and barrenness is to be kept down to the minimum. 
'rhis is not systcmatic breeding, but mcre procreation, and results 
in tha propagation of inferior stock. It is neither pedigree breeding 
nor grading, and is associated with indiscriminate buying of cows 
of no particular race, but only for milk. 

The exceptions are, however, very numerous, and in many parts of 
the country breeding is carried on with much intelligence, although 
it may be without keeping an accurate record of pedigrees. 

Thus the unpedigreed Shorthorns of the North of England have 
achieved a very considerable reputation, and form an excellent basis 
upon which to found a herd. They are, so to speak, pedigreed without 
knowing it, but bear the impress of pure blood in their forms 
and coats. 

Age of Heifers for Breeding.-The modorn tendency is to breed 
from heifors at 2 to 21 years old, which involves mating them nine 
months earlier. Fifteen months seems at first sight too young for 
mating, and no doubt is so in most cases. Still, the practice has been 
in forco for many years in the best herds, as can be seen by inspecting 
tho records of herd-books and of sale catalogues. If heifers are to 
produce calves at 2 years old, they ought to be well kept from birth. 
'rhe older practice was for heifers to calve at 3 years old, and this 
was more in accordance with parsimonious methods of wintering stock. 

Systems of Breeding.-Breeding is often associated with dairying, 
for calve~ and milk are inseparably connected. The tendency is 
too ofteu to get rid of the calves as soon as possible, in order to obtain 
the milk. Calves grow into young stock which necessarily occupy 
land that might carry cows in full profit, and this is objected to 
by milk-sellers. They therefore prefer to sell their calves as soon as 
possible, and these are purchased by a different class, who make 
a point of rearing heifers and bringing them out as down-calvers. 
By thid system the calves may be repurchased two years later by the 
same mell who sold them as calves, and breeding and rearing have 
thus become separatei-probably with mutual advantage. 

It may pay the dairy farmer only to keep cows :n milk; and it 
id certain that rearing calves and bringing out a good class of heifE'rs 
on tho eve IIf calving is a profitable industry. Well-bred heifer 
calves always command a good price on the market, and good down
ralvers a.re always at a premium. 

Another system prevails on hill or mountain pastured where 
Galloway or West Hi~hland cattle are bred on an extensive scale. 
The heifer.i are turned out with a bull, and suckle their calves out 
of doors. The system is natural, and the effect is to produce cows 
which yield comparatively little milk. It is probably accountable 
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for the lower mil~ng properties of Galloway cows in comparil!Oll 
with the hand-milked Ayrshires. ' 

8ystems i~ ,:"lrich bre?ding and dairying are carried on together 
are charll.ctenshc of pedigrea herd8, and also of other herds whicb 
are being improved or graded up with a special object. It is only 
by such systems that real improvement can be etIected in thie country. 

Management of a Herd.-Knowledge of cattle is a sort of inetinct 
not ~ ~e acquire~ by a few months' study. It rune in families: 
aod 18 dlfficult to lmpart to those who have not been brought up in 
the country. It requires a genuine love of cattle, a keen senile of 
pro?Orti~ll or form, a good judgment, a retentive memory, and great 
dehberatlOn. It also needs patience and capital. Great judgea of 
cattle are to some extent artists, and the most emincnt breeders hav{, 
aimed at r>erfection rather than profit. They p0330;JS the artistic 

FIG. 89.-Red Poll Cow. 

temperament, being contemplative, and often positive in their 
.opinions. 

Th;} herd of such a man is bound to improve, and when the detail!t 
.of his management are inquired into they are found to be extremely 
difficult of explana~ion. The cardinal point is t.o have nothing to 
do with inferior animals, aod to select successive sires IJO u tl) 
{:ontioue the pedigree with the utmost care as to line. They lire 
.Dot chosen entirely for their external appearance, but 60 that the 
names and herd-book numbers which constitute their lincage shall 
.stand c~iticism and research. The sire in service must harmonize in 
his ' breeding with his predecessors, and not introduce a di!JCordaut 
link, and this is the secret of the high prices given for bulls of 
fashionable strain. A good bull may be purchasEd for a moderate 
price, but the animal which is able to perpetuate the herd •. without 
any disparagement, may not be obtainable without a conSiderable 
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outlay. The higher a herd rises in public esrimation, the more 
essential is it that the sires used should b3 up to the mark in 
merit, and to make no mistake on this point is the principal point 
in successful pedigree breeding. 

So far as the general management of the herd is concerned 
inquirers are often struck with its ordinary character. The buildings 
are of small importance, so long as they are comfortable, and 
a thatched roof and wooden partitions may house animals worth large 
sums of money. It is the same with the daily management, for the 
cows go out to pasture and come in to be milked, like ordinary 
cattle. They are not pampered, and may be allowed to remain out 
most of the winter. The best cattle are strong in constitution, 
and it is a mistake to think that pedigree cattle necessarily require 
choicer food or more elaborate surroundings than other descriptions 
of stock. If they do, one main object of breeding has been 
sacrificed, which is constitution, and an ability to convert food into 
marketable products. 

The care devoted to pedigree stock arises from their high 
individual value, and not from any inherent weakness or want of 
robustness. They must be guarded against all the casualties to which 
cattle are liable, such as fire, contagion, abortion, strains, hove, and 
accidents. They require to be well looked after, and should only be 
entrusted to the care of a first-rate herdsman. These are all points 
of ordinary management of cattle, and are only more necessary in the 
case of valuable stock because of their higher individual value. 

Keeping up the records of age, parentage, etc., occupies a good 
deal of time, and in order to prevent mistakes a system of ear
marking or branding must be employed, so that there shall be no doubt 
as to the identity of any member of the herd. It is therefore 
evident that the manager of a herd must be gifted with great qualities 
of observation and alertness, although the animals themselves live 
a simple life, without being in the least aware that they are the 
objects of unusual solicitude. 

The principal object of Pedigree Stock is no doubt bull-breeding, 
for cows and heifers are the mothers of bulls; and their excellence 
is necessary for the transmission of faultless lineage and character 
to their offspring. Lower grades of breeders may not aspire to be 
bull-breeders (they are rather bull-buyers), and their efforts are 
concentrated upon improving the females of their herds. Their 
object may be milk, or the breeding of high-class steers, but they 
seldom save calves for bulls. 

Why Milking Properties have been sacrificed.-The early breeders 
paid too much attention to beef, and neglected milk production. 
The reason for this error appears to have been a tendency on the 
part of high-bred stock to develop flesh rather than milking 
properties. The symmetry of beef production is different from that 
which betokens milk. It is massive, square, and the carcase is covered 
with a deep and mossy coat. The milking type is more rugged, 
less fleshy, narrower, and inclined to be light in the forequarters. 
It is less attractive to the high-class breeder, and may be associated 
with faulty pedigree. The above characteristic symmetry is noticeable 

Q 
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in several noted beef-producing races, such as Shorthorns, Herefords, 
Devons, Sussex, and Polled Angus, and in all of these the beef
producing type prevails. 

Pedigree Milking Cattle.-While beef has taken the lead in certain 
breeds of cattle, others have been bred principally for dairy purposes. 
We have now distinct races of Lincoln Red and Dairy Shorthorns, 
in which the original high milking properties of the Yorkshire and 
Durham Shorthorns have been revived. There are also races dedicated 
to milk, among which may be mentioned the Ayrshire, Jersey, 
Guernsey, Norfolk Red-Polls (for both purposes), South Devons, and 
Kerries. These cattle are of a different type to the beef-producers, 
the Ayrshire being described as wedge-shaped on account of ita 
narrowness over the withers, its shallowness at the shoulders, 
compared with its depth at the flanks; and its narrow rumps, 

, 

FIG. gO.-Hereford Heifer. 

compared with its wide pelvis. This is the type of the milker, and it 
is often associated with a smoothness of coat and a hardness of SkiD, 
not found in Shorthorns and other beef-producing cattle. 

The Treabnent of Dry Cows.-Milking cows should always be 
either in calf or yielding milk. In ordinary practice they are 
milked fOl" nine or ten months, and then let off dry for from two to 
three months, and produce a calf every year, in which case they are 
called regular breeders. 

A barrener is a cow which has ceased to breed, and. ahe is then 
fattened, and such cows will maintain their yield of milk longer than 
those which are in calf. Some heavy milkers will milk through, from 
calving to calving, but a period of rest is to be recommended. Dry 
cows should be separated from the milking herd, for three reasons. 
First, they are in all respects better upon poor keep, such as inferior 
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pastured or straw-yards, although a cow approaching calving ought not 
to be reduced to a weak condition. She is relieved from the tax of 
yielding milk, and will maintain her condition on coarse herbage or 
straw. Secondly, the expense is less, and it so happens that less 
costly food tends to safety during parturition. Thirdly, dry cows 
aro quieter, and are less liable to rough treatment from other cows 
when kept apart, for in-calvers are naturally sedate and l·estful, 
whereas newly calved cows are greedy, restless, playful, and often 
quarrelsome. 

In summer dry cows are placed on rushy or rough pastures, and 
in winter on straw and water, with a little help if thought necessary, 
in the forms of roots, hay, or cotton cake. They are vidted twice 
daily in winter, and kept under observation in summer, and on the 
appearance of signs of calving are brought home, or allowed to calve 
in the field. After calving cows should be approached with caution, 
by their own herdsmen, and not by strangers. 

Parturition, or Calving.-Oows frequently calve without assistance, 
but it is desirable that someone should be in attendance. The chief 

.danger is the loss of the calf, as it might be smothered by the 
membrane in which its head and nostrils are enveloped, and this 
often needs to be removed. A calf may even fall, and dislocate its 
neck. or be found dead with its head doubled under its neck. The 
immediate signs of parturition are the slacking of the pelvic bones on 
each sido of the tail-head, relaxation of the vulva, and distension of 
the udder. Uneasiness and recurring pains are the precursors of the 
appearance of the" water ", or membrane in which the head of the 
fmtus may be dimly seen. 

The position of the calf may be described as with head resting 
upon its fore-limbs or pasterns, and if the feet appear with their soles 
upwards it indicates a breach presentation. In these circumstances 
delivery may be effected without interference, but false presentations 
may take many forms. The fore-legs may be doubled, so as to 
exposo the calf to the risk of strangulation; the hocks may be doubled; 
the head may rest on the side, instead of on the fore-legs; the fmtus 
Illay be on its back, or be presented broadside, or in several other 
abnormal positions; or in the case of twins, they may be mixed up, so 
that th() feet of one appear followed by the head of the other. In all 
such cases assistance is required, and, it may be, veterinary aid, 
but an experienced herdsman is usually competent to manage ordinary 
calving. 

The cow ought to be sparingly fed before calving, and in the 
language of an eminent veterinarian, should be as "empty" ns 
possible. A full rumen is to be avoided, as it only causes distress to 
the cow; and a warm bran mash should be given immediately after 
the calf is born, and the cow should also be at once milked, and 
made comfortable. 

Newly Born Calves.-The ordinary practice in the South of 
England is to allow calves to suck, but in the thrifty North they are 
removed without a moment's delay, and rubbed dry in a hutch 
or crib. As to the merits of these two methods of treatment, the 
argument .. are in favour of the less natural system. except in special 
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cases. Calves may be allowed to receive their nourishmcnt in Naturc'. 
own way under the following circumstances:-

1. In the case of a heifer's first calf, when the teats are short, 
and the udder require3 to be softened, or what is called 
" broken " . 

2. In the case of calves intended for keeping as bulls. 
3. Sometimes in the case of veal-calves. 
Calvea intended for weaning and rearing, are better brought up by 

hand; but so strong is custom that it is difficult to convince those 
who have beeu accustomed to the rival system. The objectionl! to it 
are, however, very cogent, for in the first place it makes it 80mewhut 
difficult to control the quantity of milk which a calf receives. 
Secondly new milk is an expensive diet, if continued, and it is 
impossible to introduce milk substitutes or skim milk unleu the calf 

FIG. 91.-Higbland Cow and Calf. 

has been , taught to drink from a bucket. COWl! which nurse their 
calves are liable to be uneasy all day till they return to them, aa is 
seen ill the way they hang about gateways, or hurry along the road 
home. The custom is to milk first, and let the calf have what i8 left 
in the udder, but this is open to the objections that too much or too 
little may be left back, and that in the one case the cow will not be 
perfectly stripped, and in the other the calf may remain 8bort 
of food. • 

Teaching Calves to Drink.-Calves are easily taught to drink if 
they are begun early. They naturally Buck anything presented to 
them, and seize the fingers of their attendant, especially if dipped 
in milk. This instinct is taken advantage of, and the lips of the calf 
are lowered into warm milk while Bucking the fingers, and the 
consequence is a flow of the fluid into its mouth. The fingers after 
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a few lc;sims may be withdrawn, and the calf has then learned to 
drink. 

Calves are naturally disposed to "dunch " or throw up their heads 
in order to st.imulate the natural How of milk from the udder, and 
this may upset the bucket, so that it must be held while the calf 
drinks. The amount given the first day is about 1 pint every four or 
five hours, and during the first week it is fed three times a day-
2nd day, 1 quart in the 
3rd day, 1~" 
4th and 5th, 2 " 

morning, 1 quart at noon, I~ quarts at 
II " 2 
1 2 

night. 

6th and 7th, 2! " 
8th and 9th, 3" " " 

1 2! 
o 3 

I Oth day to end of the first month-
4 quarts in the morning, 0 4 

2nd month, 4 ,,(old milk) ,,0 4 
3rd month 4 0 4 

:: (old miik) 

This dietary assumes that the calf will be learning to eat a little 
sweet meadow hay as well as finely ground linseed cake and meal. 
They are taught to eat by placing a little of these dry foods in their 
mouths, and when they realize the flavour they will be induced to 
try a little more. Old milk may be enriched with calf meals or milk 
substitutcs, such as are now supplied at moderate cost. This system 
is very much less expensive than a new milk diet, and even skim 
milk is not always available if contracts are to be kept up. Hot 
water is recommended for mixing foods, and the directions for 
making the gruel should be carefully observed. Perhaps no food is 
quite equal to new milk, and this is the opinion of many herdsmen who 
bring up bull and veal calves, but, for animals intended for rearing, 
for grazing, or for the dairy, milk substitutes are extremely 
useful. 

Best times of year for Calving.-Cows naturally calve in spring, 
as do all ruminants. In running dairies, it is desirable that they 
should come in throughout the entire year, and when this cannot be 
accomplished cow-keepers frequent markets and purchase dOWll
calvers and newly-calved cows. These are always at a premium in 
August, September, and October, and in most herds calving becomes 
commoner in November and December, and general in January. 
Thcre is in fact often a glut of milk in April, which suggests keeping 
back calves to drink the surplus supply. 

So far as calves aro concerned, they do best when born before 
Chri~t.mas, as they are then strong for turning out in Mayor June; 
but March- and April-born calves are better kept in during their first 
summer, and fed on green food. Very young calves are susceptible to 
cold nights ami fogs, and only do well out of doors for a few weeks. 
In Scptl'mber they are liable to contract coughs, and they ought to be 
housed before Michaelmas. This indicates the broad lines of 
management, and it is of importance that calves should not go back in 
condition during their first summer. They should always have a hovel 
or shed for both hot days and cold nights, and are all the better for 
i lb. per head per day of linseed cake. They should not, however, 
be "over-caked ", but eat up all that is supplied. to them. Neither 
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should they receive any fibrous or indigestible feeding-stuffs before 
their digestive organs (Fig. 92) are capable of assimilating lIuch food. 

Calves during their First Winter.-Stirks or weanlingll should be 
well kept during their first winter. They are placed in a well-shedded 
yard or covered shed, and receive about lIb. of linseed cake lind lIb. 
of meal, sliced swedes, and hay, with a supply of good water. They 
are then from 9 to 15 months old, and may be better divided into two 
lots, according to their size. They require to be well attended to, 
regularly fed, and well bedded, and will then come out in good 
condition, and carry good coats. 

Yearlings.-Cattle arol considered calves till they are 1 year olt.!., 
and are yearlings till they are 2, and so on. This ill the show-yard 
rule, and shows the importance of early calving for animalll intendet.!. 
for exhibition. Yearlings are much stronger than calves, ant.!. may 
be turned out on to distant pastures, and require but little supervision. 
Heifers may run with a young bull, if intended to come into the herd 
or " dairy" . They may remain out till severe weather sets in, and this 
may not be till December or January. They act a useful part in 
clearing up pastures after cows and fattening bullocks have t.!.one ,,·ith 

FIG. 92.-Stomachs 01 the 0". 

them, and are therefore fit subjects for winter grazing. They are 
brought into yards when the grass is exhausbd, and are th(Jn 
approaching 2 years old. 

Winter Management of 2-year-old Heifers.-According to ordinary 
management, heifers may now be in-calvers, and ready for sale early 
in the year. They never look better than when off grass, but 
steers may be wintered in straw-yards with 2 to 41b. of cotton cake 
and a few swedes or mangel-wurzel. In some cases they have hay, but 
when this is the case cake may be dispensed with. Much depend. 
upon the class of land which is to carry them during summer, and the 
intention of their owners as to fattening. 

The Summer Management of 2-year-old Steers consists in grazing
it may be on rough ground, or in plantations, and they need no extra 
food as long as grass is plentiful. At 21 years old they lire either 
sold to winter graziers, or fattened at home. Their value depends 
a grea.t deal upon their condition; for" fresh" or .. forward" steers 
only require a few weeks of hard feeding to make them fat. 
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.Fattening Cattle.-Fattening may be from birth, or begun at 
a rIper age. Many good graziers prefer 3 year old, or even older, 
steers, but early maturity is now the aim with both breeders and 
feeders. If cattle are fattened from birth, a different system is 
pursued, in order that they may be ready for slaughter at 15 or 18 
months old. This method is often associated with suckling the calf, 
and both mot.her and offspring are liberally treated, and sold 
together as fit for killing. There is much to commend the system, 
but it is exceptional rather than general. The usual plan is to buy 
2!-year-old steers, and gradually bring them on to winter food. 
They arc first put on grass, and receive turnips carted out to them, 
and are brought into yards in October or November. 

General Management of Fattening Cattle. -All graziers agree that 
the fattening process should be as rapid as possible. They prefer to 
begin upon animals in forward condition, in order to finish them off in 

FIG. 99.-Galloway Bull. 

a few weeks. Half-fat bullocks can often be purchased at low 
prices, as they. fail to attract the butchers, and the grazier not only 
obtains the advantage of their increase in weight, but also a higher 
price pel' stone. Poor bullocks are bought at considerably less 
money, but take more time, and move very slowly at first. This is 
because they first lay on inside fat, i.e. accumulate fat around the 
kidneys (suet) and intestines (tallow) before they begin to put on 
"flesh". The fact is that fattening has but little to do with flesh 
or muscle, but consists in increasing the ad,ipose tissue or fat. 
Growing animals develop muscle as well as bone, hide, and all other 
" offal" parts of the body, and this makes them slower to fatten than 
matur~ animals. They, however, increase in value and size, but 
requirQ the whole of the winter for the purpose. Young steers, 
put up to fatten early in November, will scarcely be fit for market 
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before tho following April, or in about twenty-two weeks, wher('as 
forward .or half-fat bullocks may come out at Christmas, and leave 
room for a second lot, to be brought out at the close of the aeason. 

Fe~ding should be progressive, and the increase of food gradual, 
or the result will be that the animals become surfeited. During the 
first fortnight they get accustomed to the~r new surrounding" and 
confinement, especially if tied up, and for some days they miss the 
grass, and the freedom of the pastures. They have to become 
accustomed to chait and manger feeding, and to know their feeder 
and their neighbours. The allowances of cake and meal will be 
comparatively small at first, but may be increased every fortnight, 
until a maximum is arrived at, as shown in the subjoined achedule. 
They must, however, be kept contented by having a constant supply 
of hay, oat straw, or other fodder within reach, and a good BOurce 

FIG. 94.-Aberdeen Angus Cow. 

·of clean and pure water. Some kind of food must always be supplied 
ad libitu.m. and limitations are confined to the concentrated foods. 

When tied up, cattle require grooming to keep their skins clean 
" and their coats blooming. This may "be done with a stitJ brush 

dipped in a bucket of water, and a curry-comb, and the attention will 
be amply repaid. These cattle are never freed, and are often in 
semi-darkness. They are debarred from licking themselves like cattle 
in loose-boxes; or from standing out in the rain like those in yards. 
Stalled cattle are liable to become dirty, lame, and purblind; and 
when finally freed from confinement they are often half mad with 
excitement. The system is scarcely to be recommended, but has an 
advantage in economy of space-nbout the only one. 'Vhen this 
system is used, grooming should certainly be practised, and the 
buttocks especially should be kept free from filth, by daily washing 
and plenty of clean litter. 
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Rpgularity in feeding is of great imporlance, for a neglectful 
feeder will never get his cattle fat. The mangers must be kept well 
brushe,l out, and the residues of previous meals cleared away. The 
best ru1.,) is to feed little and often, and to prevent the animal from 
becoming surfeited. 

Schedule of Feeding Cattle at different stages.-The following 
sched ulo is not intended to be rigidly followed, but applies to 2-year
old cattlc intended for sale· at under 3 years old :-

1st fortnight, Nov. 4 - Nov. 18, 21b. cuke, 21b. meal. 
211(1 .. 19 - Dec. 3, 31b. .. 31b. " 
3rd Dec. 4 - .. 18, 41b. .. 4 lb. .. 
4th " 19 - Jan. 2, 51b. .. 51b. 
5th Jlln. 3- .. 17,51b. " 61b. 
6th .. 18 - Feb. 2, 6 lb. .. 61b. .. 
7th Feb. 3 - .. 18, 61b. .. 71b. 
Rth .. 19 - Mal'. 4, 71b. .. 71b. .. 
9th M,u·. 5- " 19,71b. " 81b ... 

10th " .. 20 - Apr. 3, 81b. .. 81b. 
Hoots, chaff, amI fodder, RS see below. 

The amount of roots supplied varies with the locality, for in 
Scotland they aro given ad libitum, and constitute the principal 
item of the dietary, while cake and meal are supplied in only half tho 
above quantities. The swedes grown in the North are of better 
quality, and the crops are much heavier than in the South, and the 
l'esult is that feeding in the North and South differs materially with 
regard to roots. It is by no means easy to say what weight of l'ootS 
bullocks would eat, if fed exclusively upon them, but they will 
consume one-quarter of their live weight of grass daily. It is well 
known that a bullock will have no difficulty in disposing of 2 cwt. 
of roots per day, and they often are allowe:l it. 

Roots are·both meat and drink, for when they are liberally supplied 
nl·ilher cattle nOl' sheep need water. According to approved published 
dictaries from 28 to 56 lb. of roots are thought sufficient for fattening 
('attic, and examples might be given of their having been fattened 
on maize, linseed cake, and wheat straw, without roots. Roots must, 
however, be considered as a cheap, nutritious, and palatable food, 
not to be given in too great quantities in cold weather, when tho 
tE'mperature is below frN'zing-point. They are better pulpe:l and 
mixed with strllw chaff aoel meal, and a feed of sliced swedes given 
alone makes a pleasant change, and may relieve thirst after a meal of 
mcal and chaff. 

Frequency of Meals.-A good fel"der begins with meal and cake, 
mixcd witll hay chaff. not later than 5.30 a.m. At 7.30 to 8 he 
may give his cattle 20 lb. of slice:l swedes, and at 9.30 meal, chaff, 
and pulped roots. At noon they may have a feed of cake alone, and 
at 2, and again at 4, meal and chaff with pulped roots as before. 
At 6 to 8 at night the racks should be supplied with hay or oat straw, 
and this concludes the day's routine. According to these directions the 
cattle will be fed seven times a day, and if this be thought too often 
two meals may be rolled into one, so as to reduce the number of feeds 
to four or five. Water should be acce.sible at all times. 
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Increase in Weight.-Under ordinary etore conditions cattle 
increase in weight at the rate of about lIb. per day, but when put 
up to fatten they will put on from 2to 31b. A more correct atMwment 
would be in terms of per 1,000 lb. of live weight, and ordina,.,. atet'n 
will begin the fattening process when from 1,000 to 1,300 lb .• ·eight 
and increase at the rate of from 1-0 to 2-Slb. per h~ (thMe are 
actual cases) during the whole period. A weigh-bridge ia • u.eful 
adjunct to a farm, and after cattle have been coaxed on to it 
three or four times they readily walk on of themselves. 

Importance or makiag Cattle Prime Fat.-Half, or badly fattened 
cattle never sell well, and hence the last month's fee-ding often pays 
better than any part of the preceding period. Thia ia in IKJme 
respect inconsistent ,.;ith weighing results, u cattle put on weight 
most quickly in the early stages. The first increalJe, however, ill 
chiefly internal, and not 110 evid:mt to the eye and touch; and it 

FIG. !I5.-AJ'nhlre C'ow. 

is during the final weeks that cattle a!t9ume a thoroughly well-graud 
appearance, and command the attentioo of butchers. A alight gain 
in ~rice per stone on account of quality, 88y of 2d. per 8 lb., mak~. 
a considerable difference io the price of • bullock, and buyen are 
keen tt) securo well-finished csttle. On the other h-.nd, old co.s 
scarcely pay for a long keep, and are better IIOld as 8000 as they 
can be called .. beef" . . 

Merits or different Foocls.-It would C'lrry us be~ond our limit. 
to discuss the merits of different feeding-stuffs. The "ubjects of 
albuminoid ratios, starch equivalents, and food coefficients are highly 
complicated, and in some cases the foods mutually iowdere with 
each other's action. Practical grazier3 have solve:! these problems .·ilh 
.·onderful success, and a well-trained herdsmso will bring out 
exhib:tion cattle of perfect form, and in the pink of condition. They 
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mostly rely on simple foods of the best quality, such as hay, linseed 
cake, and meal, and are not averse to condiments or special foods, 
in moderate quantities. As to the relative merits of the various 
cakes, linseed is preferred, but mixtures of linseed and decorticated 
cotton cake are in general use. So also are saccharine substances 
such as treacle, molassine, and molascuit, and also cod-liver oil, 
linseed mueilage. locust beans, etc. 

The variety of feeding materials offered is now very great, and 
most of them have merits. A practical grazier watches the market, 
and notes the fluctuation in prices, which sometimes favour one 
descriptiOl: of food and sometimes another. A mixture of foods is also 
on the whole advantageous, and the manurial residues are to be taken 
into account. It is difficult to advise as to the purchase of foods, 
except to impress the importance of albuminoids, oil, starch, sugar, 
digestible cellulose, and mucilage. These are spoken of as nitrogenous 

FlO. 96.-Holstein Cow. 

and carbonaceous, and the ratio between them is known as the 
albuminoid ratio. 

In young animals and milking cows this ratio should be high, 
i.e. from 1 : 5 to 1 : 6, whereas in mature oxen it need not be more 
than 1 : 10 or 1 : 12. As, however, in this country fattening cattle 
are generally young, an albuminoid ratio of1 : 8 is recommended. 
A typically apportioned dietary worked out by Professor Berry of 
the West of Scotland Agricultural College gives an albuminoid ratio 
of 1 : 6.3 in a ration of 42 lb. swedes, 7 lb. of hay, 14 lb. of oat straw, 
41b. of crushed oats, and 4t lb. of decorticated cotton cake. The 
diet is evidently taken from ordinary practice, the albuminoid ratio 
being deduced, and it does not appear to be scientifically compounded 
but rather of an ordinary one, such as would be approved of by 
almost any practical farmer. There is comfort in this reflection to 
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young scientific farmers, as there is also in a dictum of the latc 
Sir John Lawes in which he wrote, "If I were a!!ked to state in 
general terms what was the approximate proportion of the nitrogenous 
to th3 non-nitrogenous substances, below which they should not exist 
in the food of our stock, I should say (though with reservations) about 
such as we find them in the cereal grains." On the other hand, 
colostrum or first milk, the first food of a young calf, haa an 
albuminoid ratio of 2 : I-clover hay I : 3 and beans I : l 'S. 

The calculation of albuminoid ratios is not an easy task, 011 

account of the varying conditions in which the nitrogenous and non
nitrogenous nutrient constituents exist, and before a reliable 
conclusion can be arrived at an expert's advice is necessary. \YhaL 
may appear in an analysis as albuminoids may be largely comp08ed 
of amides or immature nitrogenous matter; and what appear as fats 
may be partly composed of wax. 

FIG. 97.-Jeney Cow. 

Cow-keeping for S~-holders.-Before closing this short account 
of cattle and their management a few remarks may be acceptable 
upon the cottager's cow, a feature in peasant life which has been 
sung by poets, limned by art':sts, extolled by politicians, and dreamt of 
by land reformers. She is personifie:i as of somewhat mongrel type, 
brindled in colour, crumpled in horns, ragged in hip~, and socially 
solitary. She grazes on the common during the day, and rep08e6 011 

bracken at night, under a thatched roof. She is sometimes a good 
milker, but that is the point to which particular attention is now 
to be directed, as is also her management. \Ve wj"h, in fact, to see 
a reformed cottager's cow, kept upon an improved principle, and 
,more capable of feeding a family. She is not necessarily to be 
solitary or to browse with a nondescript lot of other cows on the 
confine .. of the forest, or in green hnes; but is to form a part of 
the stock of the small-holder. 
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As b breed, she may yet remain a half-bred Jersey, a Norman, or 
forest-br~d, but she must be a milker, hardy, frugal, and thrifty. 
l~or this purpose Kerrys have been suggested, and Brittany cows, but 
both an too small to give large quantities of milk. She is on the 
whole better for not being too highly bred, and we should not expect 
her to possess a recorded pedigree. Her lineage may be mixed, and her 
colour may be b:ack and white, red and white, dun or fawn, and 
her contour irregular, but she must be a prolific milker. It is true 
that a small-holder may aspire to keeping pure-bred stock, for such 
men are not necessarily poor. Villa resident.s may describe them
selves as small-holders, and Channel Island cows are great favourites 
where only one or two are kept. Pure-bred cows are, however, 
beyond the reach of most small-holders, and we would rather 
recommend to them the same class of mixed cattle, of excellent 
milking properties, which many larger dairy farmers swear by. 

FIG. sa.-Guernsey Cow. 

Few cows are more profitable as milkers than half-bred Herefords 
and Shorthorns, or those with a dash of Dutch blood in their veins. 
The writer has known a Hereford Shorthorn cow give 7 gallons 
a day, Ilnd there are many small lots of selected cows of no particular 
breed which would beat t.he records of more pretentious herds if 
submitted to the test. The cows are picked up on local markets on 
account of their character, as opportunity offers, and are often kept 
for several years after what is considered to be the prime of bovine 
life. In t.his connexion, we may be allowed to bestow a word of 
praise on old cows, without recommending them to purchasers. Cows 
over 10 years old often beat those under 10 in yield of milk, and 
a good cow and regular breeder is not only worth keeping, but should 
not be hurriedly parted with. There is no reason why a small-holder 
should not wean a f~}!: heifer calves from good cows, and thus 
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As b breed, she may yet remain a half-bred Jersey, a Norman, or 
forest-br~d, but she must be a milker, hardy, frugal, and thrifty. 
l·'or this purpose Kerrys have been suggested, and Brittany cows, but 
Doth ar;~ too small to give large quantities of milk. She is on the 
whole better for not being too highly bred, and we should not expect 
her to possess a recorded pedigree. Her lineage may be mixed, and her 
colour may be b:ack and white, red and white, dun or fawn, and 
her contour irregular, but she must be a prolific milker. It is true 
that a small-holder may aspire to keeping pure-bred stock, for such 
men are not necessarily poor. Villa residents may describe them
selves as small-holders, and Channel Island cows are great favourites 
where only one or two are kept. Pure-bred cows are, however, 
beyond the reach of most small-holders, and we would rather 
recommend to them the same class of mixed cattle, of excellent 
milking properties, which many larger dairy farmers swear by. 

FIG. 98.-Ouel"Jlsey Cow. 

Few cows are more profitable as milkers than half-bred Herefords 
and Shorthorns, or those with a dash of Dutch blood in their veins. 
The writer has known a Hereford Shorthorn cow give 7 gallons 
a day, and there are many small lots of selected cows of no particular 
breed which would beat the records of more pretentious herds if 
submitted to the test. The cows are picked up on local markets on 
account of their character, as opportunity offers, and are often kept 
for severa) years after what is considered to be the prime of bovine 
life. In this connexion, we may be allowed to bestow a word of 
praise on old cows, without recommending them to purchasers. Cows 
over 10 years old often beat those under 10 in yield of milk, and 
a good cow and regular breeder is not only worth keeping, but should 
not be hurriedly parted with. There is no reason why a small-holder 
should not wean a Ie)!. heifer calves from good cows, and thus 
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perpetuate a good strain. Heifers are easily kept, and come in to take 
the place of older cows when they cease to breed. . 

Small-holders are not a new class, and the memory of the writer 
carries him back sixty or more years to back lanes and rushy pasturell; 
where grazed the few cows of men and women of that clas8. The 
small-holder has every inducement to look well after hill COW8, and 
to keep them on good food. It is easier for them to give warm 
mashes, wet grains, bean meal, and mangel-wurzel to two or three 
cows, and he is more likely to take pains with the feeding, than i. 
a paid dairyman, who has charge of fifty cows, besides breeding piga, 
and poultry. 

In France, Germany, :Belgium, and other countries cows are taught 
to draw light wagons, and it seems a pity that small-holden in 
this country do not use their cows in a similar manner. It would 
probably be for light work, and ought not to be too a.rduoull or long 

continued. The custom is too general throughout the world, and too 
ancient, to be pooh-poohed as obsolete and impracticable. Besides. 
it has been shown by direct experiment that a litUe work enriches 
the milk, and does not lower its yield. Neither does it seem likely, 
on the face of it, that exercise and a little work should hurt anybody, 
as we may say. Recently we have heard of cases in which the 
system of working cows has been adopted in this ~ountry, and the 
idea ought to be encouraged rather than the OppOSite. It Wa81 not, 
however, the intention of the writer to give prominence to the idea 
of working cows, but in thinking of their importance on small 
holdings, their strength, and capacity for work, and their grant 
docility, which renders them particularly easy to break to harneY, 
it seemed to force iU!elf upon his attention. 

The profitable nature of a good cow is worthy of more not:ce 
than her value as a draught animal. Her value depends a good 
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perpetuate a good strain. Heifers are easily kept, and come in to take 
the place of older cows when they cease to breed. 

Small-holders are not a new class, and the memory of the writer 
carries him back sixty or more years to back lanes and rushy pastures; 
where grazed the few cows of men and women of that class. The 
small-holder has every inducement to look well after his COWl, and 
to keep them on good food. It is easier for them to give warm 
mashes, wet grains, bean meal, and mangel-wurzel to two or three 
cows, and he is more likely to take pains with the feeding, than il 
a paid dairyman, who has charge of fifty cows, besides breeding pigs, 
and poultry. 

In France, Germany, Belgium, and other countries cows are taught 
to draw light wagons, and it seems a pity that small-holdel'll in 
this country do not use their cows in a similar manner. It would 
probably be for light work, and ought not to be too arduous or long 

FIG. 99.-Kerl"J' Cow. 

continued. The custom is too general throughout the world, and too 
ancient, to be pooh-poohed as obsolete and impracticable. Besides, 
it has been shown by direct experiment that a little work enriches 
the milk, and does not lower its yield. Neither does it seem likely, 
on the face of it, that exercise and a little work should hurt anybody, 
as we may say. Recently we have heard of cases in which the 
system of working cows has been adopted in this country, and the 
idea ought to be encouraged rather than the opposite. It was not, 
however, the intention of the writer to give prominence to the idea 
of working cows, but in thinking of their importance on small 
holdings, their strength, and capacity for work, and their great 
docility, which renders them particularly easy to break to harne88, 
it seemed to force itself upon his attention. 

The profitable nature of a good cow is worthy of more not:ce 
than her value as a draught animal. Her value depends a good 
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deal upon locality, for where milk is dear the revenue she yields 
is very considerable. Milk cannot be bought in most places for less 
than 4d. per quart, and a cow of the right sort will produce 3,200 
quarts in a year. Even a fair average cow ought to give 2,400 
quarts (600 gallons), which at 4d. equals £40. .A large cow-keeper 
in Newcastle-on-Tyne informed the writer that every td. per pint 
yielded a revenue of £5 per head over his entire herd, and this comes 
to £40 at 4d. per quart, on the assumption of an average yield of 
600 gallons. These are not extravagant estimates, but contrast 
favourably with the wholesale price of milk given to farmers. They 
dispose of their milk at from 5d. to Sd., and 9d., per gallon, and the 
retailer who keeps two or three cows, and can dispose of his produce 
at 4d. per quart enjoys a great advantage over the big farmer. 

Oows sometimes yield 1,000 gallons between their calvings, and if 
this can be realized and valued at 4d. per quart or Is. 4d. per gallon. 

the amount per annum would be £66 13s. 4d.! It is always a pity 
to give too sanguine a view of profits, but this would be gross 
revenue, and does not take account of expenses, risks, and disappoint
ments. The practical way of looking at the subject is, that 600 gallons 
is not an extravagant estimate over a. few well-selected cows, and 
thereforo at ld. per pint, or Sd. per gallon, each cow would yield £20 
per annum. Such a result would be satisfactory to a large farmer who 
sells milk winter and summer, but would be doubled by a retail milk
seller. It is difficult to calculate the cost of maintaining cows, and 
much depends upon the scale adopted for winter feeding. If, however. 
cows calve in March or April, they will be in full profit through the 
summer and autumn, or till the end of October, i.e. for nearly seven 
months. If, therefore, a small-holder can secure a good retail price 
for his milk during the grazing period he will be able to convert · the 
bulk of hi::! produce into money at a minimum cost of production. 
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FIG.lOO.-Lincoin Red Cow. 

the amount per annum would be £66 13s. 4d.! It is always a pity 
to give too sanguine a view of profits, but this would be gross 
revenue, and does not take account of expenses, risks, and disappoint
ments. The practical way of looking at the subject is, that 600 gallons 
is not an extravagant estimate over a few well-selected cows, and 
thereforo at ld. per pint, or Sd. per gallon, each cow would yield £20 
per annum. Such a result would be satisfactory to a large farmer who 
sells milk winter and summer, but would be doubled by a retail milk
seller. It is difficult to calculate the cost of maintaining cows, and 
much depends upon the scale adopted for winter feeding. If, however, 
cows calve in March or April, they will be in full profit through the 
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Townspeople are not aware of the difference in cost of production 
between summer and winter milk, and appear to pay very much the 
same pricp all t,he year round, neither do they look upon 4d. per 'lUiut 
as exorbitant. To keep a connexion together it is necedsary to 
maintain the supply during the entire year, and this is why a running 
dairy is important. This also entails winter feeding ' on a moro 
expensive basis. 

ThQ small-holder sho,uld therefore study winter foeding. lIe 
should set aside a portion of his grass land for mowing, on the 
assumption of 1 ton of hay per cow. If he gives about 18 to 20 lb. 
per head per day, 1 cwt. will last six days, and 1 ton 120 days, which 
may be sufficient. He may also grow corn for straw, or may depend 
upon fern, rushes, or coarse grass. An acre of good mangel should 
yield 25 to 30 tons of excellent roots, and if by systematic feeding 
he can keep the daily allowance of each cow to 30 lb., it is clear that 

, ' 

1 ton ' (2,240 lb.) will last a cow seventy-four days, and that 2 tons 
will almost see her through the winter. Even half an acre of well
cultivated mangel would therefore probably be sufficient for six COW8. 

On a basis of 201b; of hay and 30 lb. of mangel-wurzel, the remaining 
food would, be of a supplemental character, and might coneist of 
4 or 5 lb. of ordinary cotton cake, 1 to 21b. of bran, and 1 to 2 of 
bean meal. This would be good feeding, and would be well paid for, 
if the milk could be sold at 4d., or even 3d. per quart. 

, The Dentition of the Olt.-In the upper jaw of the ox there is 
a resilient fibrous pad covered by mucous membrane, while in the 
front of the lower jaw there are eight incisors or cutting-teet~. The 
age of a dairy-cow, in years, is often approximately ascertained by 
adding two to the number of rings found at the base of her horn, but 
for a more accurate and reliable determination the teeth must be 
examined. 
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FIG. lOl.-8ua8es Bull. 

1 ton (2,240 lb.) will last a cow seventy-four days, and that 2 tons 
will almost sec her through the winter. Even half an acre of well
cultivated mangel would therefore probably be sufficient for six cows. 
On a basis of 201b; of hay and 30 lb. of mangel-wurzel, the remaining 
food would. be of a supplemental character, and might consist of 
4 or Sib. of ordinary cotton cake, 1 to 21b. of bran, and 1 to 2 of 
bean meal. This would be good feeding, and would be well paid for, 
if the milk could be sold at 4d., or even 3d. per quart. 

The Dentition of the Oz.-In the upper jaw of the ox there is 
a resilient fibrous pad covered by mucous membrane, while in the 
front of the lower jaw there are eight incisors or cutting-teeth. The 
age of a dairy-cow, in years, is often approximately ascertained by 
adding two to the number of rings found at the base of her horn, but 
for a more accurate and reliable determination the teeth must be 
examined. 
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Of temporary molars there are three on either side of both upper 
and lower jaws, plainly visible at 1 month old, as are also the full. 
set of temporary incisors, while the three additional permanent 

FIG, lOa.-Dentition 01 the Os. 

molars, four. five, and six, in position, are cut at 6, 15, and 2-1 months 
respectively; and when the first three temporary molars are replaced 
by pel'manent teeth at 2} years, the full set of molars on both sides 
of tho uppel' and lower jaws is completed. 



242 LIVE STOCK, FEEDING, AND ECOXOlIIC ZOOLOGY. 

Between the ages of 1 and 6 months very little alteration is 
noticeable in the dentition of cattle, except that the incillOr teeth 
become less crowded, the jaws larger, and the space between the 
third molar and the angle of the jaw increages as the fourtl:l molar, 
or first permanent tooth, advance~ to ih place; and at 6 months the 
latter is well developed, although often in close contact with the angle 
of the jaw, and not yet free from the covering of gum on the posterlur 
surface. Little change is then noticeable in the teeth of the ox until 
it attains the age of 1 year, except that the incisor teeth becomo 
worn, and the spaces between them increase in size. Thus, it is 
difficult to determine the exact age of an animal about this period. 
Shortly after 1 year, however, the fifth molar begins to develop, Bud 
is well cut at about 15 months. 

In forward animals, the first change in the incisor teeth may take 
place as early as 1 year 7 months, when the two central temporury 
incisors are replaced by permanent teeth, which, however, are moro 
usually cut at about 1 year 9 months, and in any case do not becomo 
leve~ with the other incisori! until cl03e upon 2 years of age; anfl 
at this age also the sixth permanent molars are cut. 

When the second pair of permanent incisors, or broad teeth 
(sometimes called "middles "), have been cut and become well 
develope:l, it may usually be taken for granted that the animal is above 
the age of 2 years, as these teeth are usually well up at 2 yeau 
6 months. There are instances, however, when dentition ill very 
backward, where the middle permanent incisors are not cut until tho 
animal is nearly 3 years old. 

At from 2 years to 2 years 3 months the change of the temporary 
anterior molars to permanent teeth will be proceeding. Some of the 
new teeth will be cut, and several of the temporary teeth still remain 
in position until 2 years 6 months, when the newly cut permanent 
teeth will be in the majority, while at 2 years 9 months all temporary 
teeth will have disappeared and the molar teeth become level, although 
those of later formation will show no wear. 

The third pair- of permanent incisori! will usually have become 
well developed at about 3 years. The fourth and last (corner) pair 
of permanent incisors are cut soon after the third pair, and make 
their appearance or may become fully developed at anything from 
2 years 9 months to 3 years 6 months. 

After this it is difficult to tell the age of an animal accurateJ.y 
by its dentition, but the teeth become narrower, yellow in colour, and 
more widely separated from each other year by year, while the worn 
surface becomes much broader. Thus, in a cow or bull that haa 
attained the age of 5 years, the first three pairs of incisors will Khow 
a considerable amount of worn surface, and the cutting-edge of the 
corner teeth will also have become worn. The changes, however, 
after this period are not sufficiently definite in character to enable 
any very accurate estimate of the age to be arrived at. 



CHAPTER IV. 

SHEEP. 

IT is d:fficult to overrate the importance of sheep as wool- and 
meat-producers. The prestige of the woolsack as the seat of Jhe 
Lord Chancellor is alone sufficient to indicate the estimaiion in which 
wool was held in England in the Middle Ages, and a review of 
the products of Australia, New Zealand, and other British Colonies 
would demonstrate that wool is a principal commodity. It ranks 
with cotton, for woollen and cotton clothing divide the attention of 
overy individual throughout the civilized world. The flesh is of 
equal importance with the wool, for just as cattle supply us with milk 
and beef, so do sheep with cloth and mutton. 

'I'ho ch/lnges which have taken place in the flocks of Great Britain 
during the last fifty years are remarkable. In the early days of the 
!loyal Agricultural Society few breeds of sheep were recognized, and 
Leicestors and Southdowns-long-wooled other than Leicesters, and 
shori-wooled oiher than Southdowns·-concluded the prize schedule; 
but now there are at least twenty-six Breed Societies, and the country 
is divided among the races they represent in varying proportions. 
'1'here is no "best" breed of sheep, for each has its own particular 
traits or character, some being adapted for mountainous and exposed 
~ituations, some for low-lying pastures, some for ranging over 
unenclosed moors and fells, and some for folding on arable laud. 
It is not our intention to describe theso numerous races of sheep, 
for, as in the case. of cattle, so w:th them, they may in many respects 
be simply treated as sheep. 

Sheep are all alike in voice, and are very similar in their habits, 
their ailments, their food, and their management. All of them may 
be .considered as ewes, rams, wethers, or lambs; and a man who under
stands sheep will soon pick up the points of management in which 
one breed differs from another. 

To describe the points of all the breeds would alone require much 
space, and the authors feel that information upon these matter~ is 
obtainablo in countless books and articles. It forms the substance 
of most works on sheep, and to reiterate seems superfluous. 'Ve shall, 
therefore, in the following remarks consider a sheep as such, and 
shall find abundant material in the common interests which surround 
all flocks. It is truo that there is a wide differenco between the 
management of Highland and Lowland sheep, but these can be glanced 
at as they present themselves, and we shall follow the same broad 
lines of breeding, rearing, and management as we have already done 
with regard to horses and ('attle. 
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Sheep-breeding is carried on upon the IC3s fertile ~oils of the 
country. It forms a highly important indll!'ltry in the lIighl:ulll" or 

FIG. lOS.-Hampsbire DoWD Ram. 

Scotland, on the Cheviot Hills, the extensive moors and waste lunds of 
Northumberland, Durham, Yorkshire, Lancashire, and DcrbY6hirc. lUI 

well as in the Lake District of Cumberland and Westmorlantl, find 

Flo. IM.-Sbropsbire Sbearlios Ram. 

this will be seen to include all the northern counties of England. 
It rise" into importance as the country rises in altitude, as for 
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exampl", on the wolds and heath of Lincolnshire, and the high-lying 
down" of the chalk counties already mentioned in our sketch of the 

FIG. l05.-Kerry Hill Ram. 

distr:bution of soils (p. 20). It is a principal object with the 
farmer.; of the Pennine Range, the Cotswold Hills, and the 'Velsh 
mountains. 

FIG. I06.-Roscommon Ram. 

Sheep prefer high-lying land and dry conditions. They are 
wonderfully independent of water, although it is a glaring error to 
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allego tha~ they do not drink. Ewes are better on poor land, Bnd if 
they are kept on good land, and become fat, they arrive at their 
maximum value, which at once Buggesta the a:hisability of selling 

them before they go back in condition. Ewes ought to be k('pt 
in good store condition, and this is best effected by grazing them 
on 10Vi-rented, dry, and thin soils, overlying chalky or lime~tone 

FIG. l08.-Rycland Ram. 

rock. Thid condition favours fecundity, and is the healthiest state 
for pregnant ewes. It at once suggests the best use for Vlut are~ 
of pOOl' land carrying short and sweet herbage, and this divitles the 
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country into breeding and grazing districts. It is also at the 
foundation of a system in which, at the close of summer, the hill 
farmers part with their surplus stocks of lambs to lowland farmers, 
who purchase them for fattening upon turnips. During August, 
September, and October sheep fairs are held all over the country, in 
which lambs change hands; and the hill farmers only winter their 
olrl and young owes,. and prepare for another "crop" of lambs for 
the succeeding season. 'Ve therefore find that while on breeding 
farms th~ heaviest stocks of sheep are found in summer; the reverse 
is tho caso on arable lands, where winter grazing is the principal 
object. 

Management of a Ewe Flock.-A constituted and permanent floek 
consist. 01 ewes of different ages. There are first the over-age ewes, 
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FIG. lOJ.-Plan of 'Viltshire Lambing Pen. A. yard for ewes about to lamb: 
B. ewes and young lambs; C, ewes and older single lambs: D, ewes with 
twins: E,corner for lambs; F.coops for newly lambed ewes; G, shepherd's 
hut "on wheels. . 

which are retained in the flock on account of their perfect health and 
strength. or their reputation for breeding good lambs and being good 
mothers. Such old ewes are well known to the shepherds and often 
bear names. They are "sound in tooth and bag ", and sometimes 
continuo for several years after the usual age for drafting. Ewes 
have beon known to breed up to 13 or 14 years of age, and these 
favourites lead the flock and often carry bells. They are, however, 
exceptional, for the rule is "three crops of lambs and away", which 
being interpreted is, that ewes are drafted at 4l years old. They 
produce their first lamb at 2 years ~ld, their second at 3 years old, 
and their third and final crop at 4 years old, and are then sold as draft 
ewes, still fit for breeding, at 4} years old. This is what is called the 

" 
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"usual draft ", and ought not to contain any over-age ewes, nor 
any defective in tooth or udder, or barren, ruptured, or disqualified 
for breeding. They are often bought by occupiers of a better class 
of land, to produce one more "crop" of lambs, and may be sold 
off fat at the same time as, or earlier than, their progeny. This 
is called a "Hying Hock ", and serves to show the difference between 
a permanent Hock and one which is replaced every year. 

Cull Ewes differ from the usual draft in being what may be called 
a scratcll lot. They consist of confirmed barreners, broken-mouthed 
and defective. ewes, not fit for breeding, but capable of being fattened. 
They are sold at several shillings per head less than the usual draft, 
and are better got rid of early in the season, or as 800n after the 
lambs arc weaned as possible. 

Remaining Sections of the Flock.-The stock ewes comprise full
mouthed, 6-teeths, and 4-teeths, which are respectively 4, 3, and 2 
years old; and the entire Hock also contains l-year-old ewes or 
2-teeths, also known as shearlings, gimmers, or theaves; and the 
ewe lambs of the current season, which are spoken of as stock lambs, 
because they are intended to come into the Hock in due course. This 

D 

FIG. 1l0.-Section of Lamb Coop. A •• loplng thatched burdle 
resting on rail, nailed from post to post; B, doubJe Itnfled 
row of hurdles; C, 5 ft. post 15 incbE.8 in ground; D. hurdle 
dividing coops, which are closed in on inner Bide bJ burdle. 
(see Plan). 

is the entire Hock, excepting the rams or sire sheep, some of which 
are bought yearly at ram sales, while others are kept on for use 
in future seasons. 

Drafting Ewes.-After shearing, the flock is closely inspected, and 
the culls and draft ewes removed. All undersized, badlj coloured, 
loose-fleeced, and ill-formed animals are taken out, and the 2-teeth 
ewes replace them. They are then marked according to age, the 
2-teeth·on the near shoulder, the 4-teeth on the rib, the 6-teeth on 
the haunch, and the full-mouthed ewes on the far haunch. If the 
drafting is close or severe, the Hockmaster makes up his number by 
a few purchases from other breeders of similar standing to himself. 

Mating may take place from July to November, according to the 
breed and locality. Dorset ewes will take season earlier, but in 
most other cases August and September are the usual months. Black
faced mountain ewes take their season in November, and produce 
their lambs in April. The period of gestation is twenty-one weeks, 
and lambing time is reckoned from the flr.t day the rams are turned 
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out. It sometimes beg:ns in De .:' e!llb~l', but strictly ;3P':~ll;:bg, 0.:11 
for show purposes, :l lamb should be born within the year in which it 
is exhibited. January is a favourite month for lambing in the case 

FIG. lll.-Leicester ~heo.rliDg Ro.m. 

of many Down flocks, but February may be thought more seasonahle. 
Many lamb:f fall in March, and late ewes may not produce till April 
or May. 

The selection of rams is a matter of supreme importance, especi-lUy 
with l";lm-breeders, and fixtures for ram sales are well attended 
by flock masters antI theil' shepherds. Very high prices are given 
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every season, and the late Mr. Henry Dudding made 1,41SO guineas 
()f one Lincoln shearling ram in 1906. One hundred guineas is not 
nncommon. but averages of £16 to £20 over 100 sold is t.hought 

very good. There are, however, always opportunities for purchasing 
equally well-bred rams at from 5 to 10 guineas each, after the ram
breeders have chosen their lots, and it is quite possible that an 

FIG. 114.-Romoer Marsh 2·sbear Ram. 

equally goo:! ram may fall at quite a moderate figure. The competition 
between breeders drives up the price of certain lots, while others 
arous~ no keen rivalry, and therefore fall to a reasonable bid. 
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The selection of rams occupies much attention in late summer. 
T~ey m';lst be of pur~ blood and free from faults. They are chosen 
with a VIew to correctIng the weaknesses of the flock, such as lightness 

of fleece, neck, or forequarters. It is difficult to breed out faults, 
but every breeder believes that it can be done; partly by weeding 
out faulty females, and partly by selecting males which excel in the 

FIG. 116.-'Yensleydale Ram . 

points in which the flock is deficient. The object of the flockmaster 
is to weed out ewes which are not up to his standard, to introduce an 
irnprovetl lot of 2-teeth ewes, and to look out at replenishing sales 
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for good pens of five or ten young ewes, to keep up his number. 
lt is by persevering in these methods that a flock gradually rises 
in estimatiol'. in its neighbourhood, but it requires a long time, and 

high merit is often only accomplished after a lapse of fifty or aidy 
years. There is, however, a shorter method open to rich men, namely, 
buying at dispersal sales and securing a ready-made flock. Thi. 

transference of an entire flock is not uncommon and places the buyer 
at onco on a pe:iestal, which, however, he may find it difficult to 
maintain. . 
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Mating is the commencement of a new season for a flock. It has 
been drafted and replenished, and the next great event to look forward 
to is lambing . Ewes should be placed on better keep than usual before 

FIG. 1l9.-Lonk Ra.m. 

the rams are turned out, but should not be fat. They should be 
in improving condition, and on arable farms are allowed turnips, rape, 

FIG. 120.-Herdwick R"m. 

whito mustard, and good grazing. This secures quick mating, and 
as a consequence an early and fast lambing time, with lambs of 
nearly the same size and age. 
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The ewes are divided into lots, and in ram-breeding flocks into 
many small sections, according to their breeding and the character 
of the rams to which they are put. They are carefully marked lind 

FIG. Ul.-Dartmoor Ram. 

registeretl. for· t~e purpose of siring the lambs, but a less rigorous 
system is used In ordinary working flocks. 'Ve cannot enter into 
all the details and dodges employed for securing conception and 

FIG. l:l2.-E"moor R"'Dl. 

avoiding" turning ", but they are numerous, and constitute part of 
the lore oi shepherds. As ewes are seasoned, they are taken out 
and sent on to poor keep, and this is considered advisable for several 
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reasons. It is better for the ewes, as more likely to ensure safe 
conception, and it is economical in cost. Ewes run on poor keep 
up to within a fortnight of lambing, and are then given a little 
more indulgence in order that they may be robust for partul'ition> 
and yield a good supply of milk. On no account, however, must they 
be over-fed, but, as before stated, maintained in good store condition. 

Lambing.-When lambing takes place in winter, u. shed or 
comfortable pen 'must be provided (Fig. 109). It may be a permanent 
enclosure, or it may be customary to devote a barn or sheltered yard to 
the purpose. On large sheep farms it is often temporary, and formed 
by thatched hurdles further protected with straw and hay-ricks on the 
exposed sides. This is the pen, and the inside is further divided into 
yardg by cros~ lines of hurdles. Small coops or cells (Fig. 110) are 
made round the inner margin as follows: First, 5 ft. piles are dt'ivan 

FIG. 11!3.-The Lf\mbing Pen. 

into t.he ground 12 feet apart, in such a manner as to mark out. 
a rectangular space of, it may be, a quarter 6f an acre in extent, 
according to the size of the flock. A rail is then nailed from top 
to top of the piles, and about 2 feet outside a rampart of thatched 
hurdles is firmly pitcbed. Other thatched hurdles are then laid 
from the tops of the outer row, and made to rest on the rail, which 
gives a sloping roof, and convert.s the inner side of the pen into 
a long shed. Cross hurdles are then pitched 6 feet apart at right 
angles and abutting upon the out.er row, and ·tbis divides the shed 
into stalls, wbich again are converted into cells or coops by pl<lcing 
a row of hurdles in front of them. Thus the enclosure is surrounded 
by cI:ibs on it.s inner circumference, and the remaining !>pace is. 
littered and made comfortable for ewes and older lambs. 
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The yards are deyoted to different classes of inmates.. One may 
be usecl for unlambed ewes, although it is better to keep these in au 
open fold · ouUiide the pen. Another is used for hl"intJ or II double 
couples" ; a third for single ewe lambs, and a fourth for single rum 
lambR-the dams, of course, being with them. 

It is a lively scene in the height of the season, and outside is the 
shepherd's house on wheels, furnished with a stove and a bed, all the 
work goe;,j on night and day, and there is little time for relIt. A good 
and skilful shepherd is a most valuable aid, and often remains nIl 
his life with the same master or his family. He is very trustworthy, 
but always prefers his master to visit the pen daily and discusl pointe 
of management. Shepherds are the same in all parts of the country, 
keen abou~. their sheep, and apparently thinking of little el"",. They 
are a little superstitious, generally high-principled, and often 
hereditary as to their pursuit. 

Difficulties in ~bing Time. -The shepherd has to conlenc.l with 
many difficulties. He has awkward cases of parturition, in ""hich he 
is fairly skilful, but he has also to cope with inflammations and 
inversion~ of the uterus, absence of milk in the ewel, ""e~k or orphaned 
lambs .. outbreaks of persistent" scour" or virulent diarrhlCa, nayal 
and joint ill, etc. The fundamental causes are sometimes difficult to 
trace, but many of them are due to errors or misfortunell which took 
place many weeks previously. Such are heavy and continued rains, 
lightning, snow and sleet storms, bai lying, irregular feeding, error" 
in diet, disturbance by stray dogs, hounds, etc. The more immediate 
eauses may be overcrowding in the fold or pen, filth, and bad smells. 
A lambing pen is liable to become foul, and the master should see that 
all dead sheep and lambs, cleansings, skins, or any other otIeol!ive 
matter should be cleared away, and the pen well replenished ""ith 

. fresh straw. It will also be well to remove the stronger lambs and 
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their dams to a distance, and to erect a new pen consisting of a fence 
of thatched hurdles against the prevailing wind, and a litter on the 
leeward side. 

Ewe Keep. -So far as feeding is concerned, the year lHay be 
divided into four paru. beginning with the weaning of the -lambs. 
The ewes are then placed on distinctly poor keep in order to dry up 
the milk, and then they continue until within a month of the mating 
season, when they should be placed on better keep. After seasonino
they are again kept on spare diet, until the approach of lambing 
time. After parturition they may be fed much more liberally, with 
the object of stimulating the flow of milk. On arable farms the ewes 
clear up what the lambs reject, on vetch, rape, or cabbage folds, or 
act as scavengers to the more pampered sections of the Hock. 1'he 
2-teeth ewes are given a preference as to food, because they are in 
a growing state, and it is well to develop their frames to their full 
stature and weight. 

Lamb Keep differs materially from ewe keep. It must be young, 
fresh, and varied and it does not answer to fold lambs over the same 
ground" twice, or' on second growths. Ewes, on the other hand, will 
pull out old grass, clear up after lambs, and do well on second growths 
of rape or cabbao-e. It is quite possible that a farm may a.bound 
in ewe keep, whil~ at the same time it carries nothing fit for lambs. 

Management of Young Lambs.-Lambs are weaned when they 
are from 12 to 16 weeks old, and often wean themselves. Their 
manao-ement on arable land consist3 in folding them on' a series of 
crops~ such as turnip- and rape-greens, rye, winter. barley, tri.foli.um, 
vetches, and rape, or cabbage. They are weaned eIther ou trIfolium 
or . vetches, and may be receiving cor~ a~d ~ake dnr.mg the 
enhre) period. Much depends upon the object 10 vlew. If mtended 
for stock, as in the case of ewe lambs, concentrated foods are not 

s 
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necessary ... and they do well upon their mother's milk. hay, turnip
greens, etc., according to the season j neither is it nece88&J'Y to .. cake" 
their dams. Wether or ram lambs are pushed on as rapidly lUI pOMible 
with the aid of artificial foods of all kinds, and the ewes are helped 
with cake, especially if they are mothers of twins. It ill the usual 
custom to allow all lambs to run forward through creeps or lamb 
hurdles. so as to give them a full choice of food; and their small 
troughs are placed outside the hurdles. The ewes occupy the fold and 
eat up what is left by the lambs. both of greens and roots. . 

On grass lands the method used is simpler and consists in open 
grazing, on young seeds and pastures. The couples are turned out on 
to young rye grass and clover, and are shifted to new ground as 800n 
as the food is exhausted. Frequent changes are always considered 
important, and deserve more extended notice. 

FIo. 11l6.-CO&ewold Ewell. 

Importance of Change of Food for Lambs.-In diatricts where 
lamb fee~g is carried on to the greatest perfection. llockmastera 
rely on frequent changes of food, and in many cases arrange for three 
or four a day. For example. ewes and lambs may rest at night upon 
a fold of turnip-greens and rape, and be taken on to green rye during 

. the day. Or they'IDay be on roots with springing tops, and then folded 
on water-meadows, the lambs being allowed to run forward through 
lamb hurdles. They are then brought back to their night fold. 
In the height of summer. lambs may sleep on vetches. breakfast on 
cut mangel-wurzel and cake, lunch on rape. enjoy a run. or .. spread ". 
upon clovel' aftermath, and return to a fresh fold of vetches in 
the evening. It is by this continuous change of green food, and an 
abundant and varied allowance of cake. mangel. beans, malt, and cut 
hay-chaff, that lambs are brought to a large size by August, and are 
sold at prices ranging from 40.. to 60.. each, either to butchers, 
or to graziers for finishing. 
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Ram Lambs are similarly treated, but require more care, as 
they aro liable to suffer from being over"done early in the season. 
They become too heavy, coarse in wool, and go rusty in face. They 
may also "peel" or lose their wool, especially on the head and 
scrotum, and this greatly interferes with their sale. Ram lambs 
should not be forced in early spring ; and extra hard feeding should 
be reserved. until within a month or six weeks of their sale. 

Quantities of Cake and Corn.-:-A sheep well supplied with green 
fodder or roots is not capable of eating more than about 21b. per day 
of cake and corn. Lambs may be commenced with an allowance of 
2 to 4 oz. each, and gradually increased to !, t, and lIb. per day, 
which is liberal feeding. Exhibition and ram lambs seldom eat more 
than 21b. each per day, as may be ascertained by inquiry. Shepherds 
prefer to deal in measure rather than weight, and 1 bushel to the 
100 is thought by them to be a .fair start, i.e. about 441b. to the 

FIG. 1~7.-Dor8et Down Lamb9. 

100. Progression is marked in bushels per 100~ but the writer h~s 
nevel' knowI'. 5 bushels to 100 exceeded, or about 2'2 lb. each, Thls 
amount is however considered extraordinary. A pound of cake is 
a standa:d allowa~ce for ewes, and Ii lb. a fair maximum for 
fattening tegs. 

Management of Tegs on Turnips.-A ·teg is a young .sheep, and 
retains tho name until it is shorn, when it becomes a shearhng. Other 
terms aro used such as hoggs, dinmonts (wether tegs), and chi Ivers 
(female lambs ~r tegs). Theaves is a term largely employed in the 
south and west for 2-teeth ewes. Lambs are called tegs when they go 
on to turnips in the autumn, and m~y the? be spoken of as fattening 
tegs. They may be of small or medIUm Slze ; or they may be heavy, 
and nearly ready for the butcher. Their management depends upon 
their size and condition. What are called" forward" tegs ought to 
be pushed on vigorously, so as to be brought out fat by Chr:stmas. 
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Smaller and younger tegs are better run on grass till N ovembor, and 
then brought on to turnips, and later folded on swedes. They are 
often carried on till after shearing time, and finished during tho 
summer on green fodder . The case is parallel to that of cattle, which 
may be half-fat when put up, and only require a few weeks to finish j 

or young and poor, and occupy the stall the entire season. Borne 
graziera prefer to turn out two lots of tegs during the season, and 
some are content with only one, but much depends upon the character 
of the land. 

Taking the more gradual process as a type, tegs will not at first 
require more than! lb. per day of cake, or mixed corn and cake, and 
this may be increased to t lb. by Christmas, to f lb. late in January, 
to lIb. in March,· and to It lb. towards the close of the season, when 
they may be supposed to be ready for sale, either shorn or rough. 

In these days, 10 months is often spoken of as an age at which tege 
should be ready for slaughter, and they will then. have attained 

FIa. 128.-Oxforcl DOWD Ewee. 

a carcass weight of from 16 to 20 lb. per quarter if fairly bred. Tegs 
on turnips must be regularly fed, and the fold regularly shifted. 
They will be able to "break" their own turnips until January 
but when they are placed on hard swedes, and begin to shed their 
incisor teeth, the roots should be passed through a cutter and given 
in troughs. These are filled three times a day, morning, noon, and 
toward" evening, and they receive dry fodder before their first feed 
of roots. Their cake may be given at noon, and this will induce them 
to eat more juicy swedes; and they should be " hayed" the last thing 
before the shepherd leaves them for the night. According to this 
system they will receive six meals during the day. The turnip troughs 
should be kept clean, and the cake troughs dry, by turning them over. 

Sheep for Small-holders.-It ,-ill be readily seen that sheep are 
better adapted for large farms than for small holdings. The changes 
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Smaller and younger tegs are better run on grass till November, and 
then brought on to turnips, and later folded on swedes. They are 
often carried on till after shearing time, and finished during the 
summer on green fodder. The case is parallel to that of cattle, which 
may be half-fat when put up, and only require a few weeks to finish; 
or young and poor, and occupy the stall the entire season. Some 
graziera prefer to turn out two lots of tegs during the season, and 
some are content with only one, but much depends upon the character 
of the land. 

Taking the more gradual process as a type, tegs will not at first 
require more than! lb. per day of cake, or mixed corn and cake, and 
this may be increased to lib. by Christmas, to lib. late in January, 
to lib. in March,- and to 1i lb. towards the close of the season, when 
they may be supposed to be ready for sale, either shorn or rough. 

In these days, 10 months is often spoken of as an age at which tega 
should be ready for slaughter, and they will then. have attained 

FIG. 128.-o:dord DowD Ewes. 

a carcass weight of from 16 to 20 lb. per quarter if fairly bred. Tegs 
on turnips must be regularly fed, and the fold regularly shifted. 
They will be able to "break" their own turnips until January 
but when they are placed on hard swedes, and begin to shed their 
incisor teeth, the roots should be passed through a cutter and given 
in troughs. These are filled three times a day, morning, noon, and 
toward.i evening, and they receive dry fodder before their first feed 
of roots. Their cake may be given at noon, and this will induce them 
to eat more juicy swedes j and they should be .. hayed" the last thing 
before the shepherd leaves them for the night. According to this 
system they will receive six meals during the day. The turnip troughs 
should be kept clean, and the cake troughs dry, by turning them over. 

Sheep for Small-holders.-It will be readily seen that sheep are 
better adapted for large farms than for small holdings. The changes 
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of food and the open grazing are not suitable for small areas; and 
sheep farming, both in this and other countries, is chiefly carried 
on upon extensive tracts. 

Other Annual Events.-There are several other events which mark 
the seasons, which cannot be at present enlarged upon. They may, 
however, be enumerated as follows: castration and tailing, weaning, 
washing, shearing, dipping, marking, and drafting. During the 
spring, summer, and autumn the greatest vigilance is required to 
protect the flocks from attacks of flies, which deposit maggots in 
the wool, and settle on the heads of the sheep. A large part of the 
shepherd's time is occupied in looking out for and treating these 
cases, especially in warm and showery weather. 

Sheep-dipping Appliances.-Sheep used to be dipped by simply 
pouring the solution on to their backs and rubbing it into the wool by 
hand. Various kinds of baths have now been introduced, however, 
and the work is in consequence done much easier and quicker. 

FIG. 129.-Lincoln Ewes tin lull fleece). 

Hand- and Swim-baths.-Hand-baths for small flocks are made 
of wood, earthenware, or galvanized iron, and measure. a~JOut 4 fe~t 
long, 2 feet wide, and 4 feet deep. A corrugate.d. drammg rack. IS 

also provided on which the sheep may stand to dram, and the solution 
that runs off may be collected and put back into the bath. In some 
hand-dippers a ladder is provided, jointed in the middle; on raising 
a lever the ladder collapses and lies close against the end and bottom 
of the bath, and the sheep cannot rise from the dip U:Dtil. it is 
raised again. The collapsible ladder also keeps the solution lD the 
bath well stirred. 

Another kind of bath for dipping sheep is the swim-bath (Fig. 124), 
which is safer for in-lamb ewes and involves less labour than the 
hand-bath. Large sheep farmers need II permanent concrete, stone. 
or brick swim-bath. The dimensions of such a bath should be about 
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3 feet deep, 20 inches wide at the top, 12 inches at the bottom, and 
12 feet long, with a sloping walk-out at one end about 6 ft. 6 in. 
long. Smaller temporary swim-baths are generally made of galvanized 
iron; the sheep are put in at one end, and after swimming the length 
of the bath leave it by a gradual slope at the other end. in some 
makes there is a gate in the centre to prevent the sheep getting out 
too quickly. For small Hocks the cage dipping baths are very useful. 
These consist merely of a galvanized iron tank sunk level with the 
ground, into which each animal is lowered in a wire cage by moons 
of a windlass. 

Portable Dipper8.-Portable dipping machines have lately been 
placed on the market, whereby sheep can readily be immersed in the 
various preparations used for the destruction of ticks, lice, and all 
parasites, at any spot which appears most convenient for the purpose. 
The machines are built in cart form, being light in construction and 
mounted on springs, the total weight not exceeding 2 cwt. The 
wheels, axles, and springs are readily removed by raising the 8hafts 
until tho bottom of .... tub touches the ground; then the wheels are 
run from under the machine and the tub let into the ground to a depth 
of about 20 or 22 inches. A drainer or run-olI board iI then 
attached. A machine of this type is capable of dipping one thousand 
sheep daily. 

Sheep-dip8.-There are many sheep-dips and it would occupy too 
much space to enumerate them. This is the less necessary, as well
known arsenical and non-poisonous dips are on the market ready for 
use. As our space is limited, all we can say is that the directions on 
each packet should be carefully read and observed. It iI dangerous 
to dip sheep twice within less than, say, one month between the dippings, 
i.e. in arsenical mixtures. Sheep ought to be allowed to become cool 
and quiet before dipping; they are better not dipped in blazing hot 
weather; they seldom swallow the dip even when plunged over head, 
but close their mouths and nostrils. Poisonous elIects are more likely 
to be produced by sub-cutaneous absorption than by 8wallowing, and 
this is not to b& feared in first dippingl$, when the skin is protected 
by grease. It may, however, occur in a second bath when the skin is 
cleansed and open. For this reason a considerable interval should 
be allowed. Government regulations prescribe one dipping in the 
year; after which further dipping is not necessary. Still, in cases of 
outbreaka of scab a second emersion may be ordered, and on 8uch 
occasions it must be remembered that too quick a repetition may 
involve dangers which may prove fatal. This fact is not sufficiently 
explained upon the packets, but may be remembered with advantage. 
As to a precise period which may be considered safe it is better to 
dip once a year, and for ourselves we should not care to risk twice 
dipping in au arsenical dip, within six months of the first. 

Dentition of the Sheep.-Higbly bred sheep, and those which 
receive a liberal diet complete their dental formation earlier than those 
which exist under more natural conllitions (see Fig. 130). When 
dentition is complete there are thirty-two teeth in the mouth, 
comprising eight incisors in the front of the lower jaw and six molara 
on either side of the upper and lower jaws, while an elastic dental pad 
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or cushion in the upper jaw forms the opposing surface to the 
incisors. The latter are flattened on the crown, convex on the outer 
surface, and somewhat gouge-shape on the inside. 

15 Months 
The bars or ridges of the palate 

thicken as they approach the fore-part 
of the mouth. There also, the dense 
fibrous elastic matter of which they are 
composed becomes condensed, thus 
forming a cushion or bed covering the 
convex extremity of the upper jaw. It 
occupies the place of the upper incisor~ 
or cutting teeth, and partially discharges 
their function. The pad is firmer and 
denser than in cattle, and yet sufficiently 
alaetic, so that it is in no danger 
of injury from the sharp incisor 
teeth below, while the interposed sub
stance is cut through with the greatest 

• 
,', I 

~ , , 

~'I 
I. '. 

ease. 
The herbage is firmly he:d between 

the front teeth of the lower jaw and thr 
pad above, and is thus partly bitten and 
partly torn asunder, the characteristic 2Y,S 3 Mt~ 
nodding motion of the head of the sheep 
being sufficient proof of this. The sheep 
bites more closely than the ox, and is , 
therefore destined to live where horses . 
and cattle would starve. I.n order to 
enable the sheep to bite thus closely the 
upper lip is deeply divided and free from 
hair about the centre of it. 

In lDany places sheep are put to 
follow the ox, and are able to gather 3Y"!U1I Month. 
sufficient nourishment where the ox W 
would be unable to crop a single blade of 
grass. This answers two purposes: .. 
first, all the nourishing herbage that the 
land produces is gathered from it, and 
the pasture is made to y:eld more and 
maintain a larger head of stock than by 
any other means. Second, in biting close ~ yr~ 
to the ground sheep not only loosen roots 
of grasses, disposing them. to spread, but 
also cut off the short suckers or lateral 
growths, thus causing them to· sprout 
more freely and contributing to the FIG. lSO.-Dentition of Ihe Sheep. 

formation ~f ,a thick sward of grass. 
At birth the whole of the temporary teeth may be discerned in 

outline, the central incisors being most prominent. Next come the 
middles with the remaining lateral and corner incisors considerably 
below them. Often the cutting-edges of the third and fourth pair 
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FIG. 131.-MoIBra 01 "1uI1.mouthed .. Sheep. 

marks at this period. If in a sheep with six broad teeth the three 
anterior permanent molars appear just recently cut, and especially 
if one or more of the temporary teeth still remain, these indications 
give strong evidence that the age does not exceed 2 years. Six 
broad teeth, well up, usually indicate the age of 2 years 3 months, while 
in some exceptional instances these may be cut as early as 1 year 
8 months. At the age of 3 years the corner permanent incisors make 
their appearance, except in breeds of slow development, in which 
case they may not appear well formed until the fourth year, and then 
a careful examination of the other teeth must serve as a guide. 

At the age of 4 years six of the broad teeth will show eigns of 
wear, the central ones being worn hollow on their upper eurfaces. 
The sharp cutting-edges of the middles and laterals will also have 
become worn and fiattened, thus contrasting sharply w:th the more 
recentlv cut corner teeth. 

Aft,;;r the sheep is full-mouthed at 4 years the changes that are 
effected in the form of the incisors depend upon the food, and alIord 
but littlo criterion of age. 

In selecting sheep for breeding purposes the greatest poBiIible 
attention should be paid to the teeth, as the digestive organa of eWell 

with badly formed and broken mouths soon become impaired, and 
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contribute to many common disorders. Another point of int~rest 
is that "shuttle-gobbei ", "under-hung ", or "parrot-mouthed" sheep, 
so called by the characteristic malformation of their mouths, cannot 
graze closely, and consequently are less susceptible to the many 
parasitic disorders so prevalent among sheep. Such sheep cannot 
scoop or break swedes like those with normally formed mouths. 
Folding on hard and frozen swedes is a frequent cause of damage to 
teeth, and therefore the pulping of roots is advisable for broken
mouthed ewes. 

LEICESTER 

tlNCtJNBEtJ COMBED 

sou TN DOWN WOOL 

I Ii 

UNCDIllBED CtJNBED 

FIG. lS2.-Types 01 Wool. 

Wool.-The skin of sheep is covered with a :fleece mad.e up of 
coarse, stiff, hair; and wool. The :fleece may cover the en~lre body 
close down to the feet and forward to the muzzle, or the limb? and 
the head may be free from covering. Locks of wool may be pomted, 
cylindrical, or square, and the :fle~ce op?n, half-opet;t, or close. Wool 
used in commerce is usually white, this colour bemg preferred for 
dyeing. 
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Experts distinguish wool (Fig. 132) according to its finenell8, 
curves, or curl~. The best qualities are flexible, mellow, 80ft, and 
elastic. The greasy matter in wool, technically called the .. yolk", 
imparts most of the above-named qualities to the wool. Thus it ie 
important to encoura.,ge the 'production of this secretion in· the glands 
of the skin by suitable feeding and breeding. The best wool is found 
on the sides of the animals from the shoulders to the croup, while 
that of inferior quality is found on the withers, back, upper and 
lower partl! of the neck, and under the belly, where it ie matted 
and crushed. 

Sheep-shearing Machines.-The fact that there are 80 few expert 
sheep-shearers now in the country has led to the introduction of 
these machines, and farmers who. find it impossible to gather together 
a band of expert shearers to complete the work quickly while the 
weather is favourable, now use them extensively. Among the great 
advantages to be gained is that the risk of injury due to a man 
using the machine un skilfully is much less than in that of an 
unskilled man wielding the old-fashioned sheare. Hand, motor, or 
electrically driven sheep-shearing machines can be obtained, and most 
of the machines are wonderfully efficient, and all work with 
a reciprocating action of the knives. The knives are worked by 
means of a core running inside a flexible tube or case, and suitably 
geared according to the source of the power available. The older 
types of machines were subject to much heating and vibration at the 
knives, but this has now been obviated to a very great extent \,y 
the mtroduction of a ball race between the upper and lower plate. 
of the clipper head. The speed with which sheep may be shorn by 
machino de'pends, as with hand-shearing, upon the size of the IJheep 
and the closeness of the wool, but on an average a sheep may be shorn 
in a little over two minutes. 

GOATS. 

The goat, or as it is sometimes appropriately termed .. the poor 
man's cow n, finds most favour amongst small-holdere and croften, 
or where the milk is in special request for infanta and invalidB. 

Many extinct types of sheep and goata were 80 similar that 
there is every reason to believe that both originated from one common 
ancestor, which might ·be looked for among the antelopes. In the 
later types of sheep and goats, the external characteristics become 
more clearly defined; for example, the coat of the goat is covered 
with thick bristle-like hair arising out of a covering of soft shorter 
hair, and attached to the chin is a beard-like appendage, while WI 

regards dentition goats have the incisors more deeply rooted, and the 
molars thinner with a forward bend. 

Breeds.-There are many different breeds of goata _ttered 
all over the world, while some possessing identical characteristics are 
classed under a. variety of local names. Distinct breeds afe few 
in number, the principal being the Angora, Alpine, Cashmere, 
La Mancha, Maltese, MUfchian, Pyrenean, Saanen. Schwarlzhals. and 
Toggenburg. 
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In the British Isles only two varieties of goats are met with, 
and ~hese a~e probably indigenous, the one being long-haired and 
assocIated wIth Wales and Ireland, and the other the short-haired 
or English goat. The horns of the English goat are rather wide apart, 
rising slightly, with an inclination to branch outwards with a gentle 
curve, the head being short and tapering, and the body long and deep. 
The Irish goat is a lean, shaggy animal with a long head and coarse 
muzzle, and a considerable amount of beard. The horns are long and 
pointed, and rise almost perpendicularly whilst inclining backward. 
The colour is generally grey, brown, or black, more or less mixed 
with white. 

The Welsh goat resembles the Irish, but is smaller and more grace
fully built. 

Milk.-The milk of the goat is richer and more easily digested than 
that of tho cow; it is also non-tuberculous-the goat being immune 
from tuberculosis-therefore proving an excellent dietary for children 
and for invalids; the digestibility is largely due to the fat globules 
in the milk being extremely small, and therefore in a more perfect 
state of emulsion. The milk is whiter than even that of the Shorthorn 
cow, and varies considerably in quality, containing in some instances 
over 9' per cent of fat. An average sample exhibits the following 
analysis: water, 85'7 per cent; case:n, 3'2 ; albumen, 1'1 ; fat, 4'8 ; 
milk sugar, 4'4 ; ash, 0'8. 

The milk can be made into butter, but this, unless it is artificially 
colourecI with annatto, presents an insipid, lard-like appearance. On 
the Oontinent the m:Jk is largely use:! for cheese-making, the most 
popular varieties being Levrons, Sassenage, and St. Marcelin. A good 
goat will give 2 quarts of milk a day, when in full milk with its 
second lot of kids. 

Breeding.-Goats pair between September and December, but the 
season may extend to March and April, and they produce their young 
from February to July, and occasionally in August, but rarely after 
that month. The male is capable of engendering at the age of 
3 months, and the female may produce kids before she is 12 months old, 
but the age of 12 months in the case of the lormer and 15 months in 
the case of the latter is preferable. The period of lactation may last 
from six to nine months, while in highly-bred animals, specially 
selected with a view to increased milk production, the lactation period 
may extend for a whole year, or, if not mated, the goat may continue 
to give milk continuously for two or three years, the quality decreasing 
in winter, and increasing again in spring. If milking is not performed 
at regular intervals, two or three times a day, and the udder is not 
well stripped, the milk supply will rapidly shrink. 

Males not required for breeding should be destroyed, as they do not 
pay to rear. The average age of a goat is from 8 to 10 years, during 
the whole of which period it is capable of breeding. Kids should be 
allowed to suck the dam until they are 8 weeks old, when they should 
be weaned on grass, hay, and other foods. From one to four kids may 
be produced at birth, but two are preferable to four weakly ones. 

Feeding.-Goats differ but little from sheep and cows in their food 
requirements and method of feeding. The animals prefer to wander 
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at will over mountainous country where the pasturage is short and 
sweet. To restrict or tether them on heavy land to a limited area ia 
rarely attended with satisfactory results after the first two or three 
years. Ad with cows, goats may be entirely stall-fed, the food then 
consisting of hay, oats, bran, and maize-meal, and in winter a little 
linseed cake. 

This dietary may be given morning and evening, while 
throughout the day any clean and wholesome waste garden produce, 
such as the leaves of winter greens, swedes, mangels, or waahed 
potato peelings, will be relished; or, to still further comply with their 
natural inclinations, weeds of various kinds, acorns, and hedge
clippings may be given. Rock-salt should always be kept within 
reach. 



CHAPTER V. 

PIGS. 

ALTHOUGH pigs rank among the less important live stock of the farm 
in comparison with horses, cattle, and sheep, they are more generally 
distributed and appeal to a larger public. Most cottagers in the 
country like to keep a. pig, and the same desire extends generally 
throughout the entire social scale. The secret of this popularity 
is the elasticity of a pig's appetite-for he is omnivorous. In a wild 
state the pig is a consumer of roots and herbs, .but shows carnivorous 
tendencies towards reptiles and insects. In confinement he samples 
everything placed before him, whether animal, vegetable, or mineral, 
for he crunches up coals and cinders, and in his search for roots picks 
up a good deal of earthy matter. He is not fastidious, as he will 
consume rotten eggs in vast numbers, offal of all sorts, sour culinary 
refuse, and collects food from the most unpromising sources. He 
is able to convert aU this garbage into the most delicate of viands, in 
the forms of bacon, hams, pork, lard, brawn, sausages, etc., so that 
he has been appropriately compared to a thrift-box into which any
thing placed within is transmuted into "gold". This is the province 
of the pig, and another peculiarity is that, without exception, every 
part of his body is of value. The bristles supply brushes, the skin 
is proverbially associated with saddlery, the entrails are used as 
sausage-skins, the flesh and fat need no recommendation, and the feet 
or petti-toes are esteemed as delicacies. 

The digestive system of the pig is much smaUer in bulk than 
that of ruminants, and one consequence of this is that the proportion 
of offal is very low, not amounting to more than 16 to 20 per cent. 
It is the custom to weigh the carcass without removing the head, feee, 
or skin, and this, in itself, gives an advantage to the fattener, and 
affords an additional reason .why the percentage of dead to live weights 
is so high. 

The above remarks explain the popularity of pigs among so many 
classes of the community. They are almost essential, for if a house
holder does not keep a pig he must arrange for the disposal of his 
wash and refuse to some one who does. In aU establishments the 
piggery finds a place, and every reader knows how necessary these 
animals are in hotels, asylums, workhouses, reformatories, etc. They 

. are equally important on dairy farms, cheese factories, and slaughter
houses, and it is partly as scavengers and save-aIls that they figure 
in the economy of all farms. 

The Pig for Small Holdings.-The pig is especially adapted for 
small holdings. He requires little room, and is patient under 
confinement. He can be maintained in large numbers without 
interfering with neighbours, although he may come under the notice 



• 

270 LIVE STOCK, FEEDING, A}."]) ECOXOMIC ZOOLOGY. 

of the Inspector of Nuisances. In this connexion it may be remarked 
that piggeries should not be erected too near human habitations, and 
must be· kept in good sanitary condition. They may be 80 simple in 
construction as to be built by the small-holder with his own handa 
at little cost. The material may be .. slabs" from saw-mille, or old 
creosoted sleepers from the railways; the . roof may be of thatch, • 
fern, or sheets of corrugated iron, and the floors of paving-stones or 
concrete. The drainage should deliver into a tank, which may coDsist 
of a barrel sunk into the ground. The" plant .. is therefore simple 
and inexpensive, and may be made more elaborate, although little 
will be gained except in appearance. 

Pigs are largely kept on the confines of forests, where the villager. 
have common rights of turbary and of pannage; and the animala return 
nightly to such humble dwellings as are above described. 'Ehere can 
be no better situation for health and fecundity than a common, and 

FIG. lSS.-Tamwortb .Sow. 

it is in such localities that large litters are produced and 8OW8 breed. 
most regularly. Pigs delight to roam and dig for theJD8elves. 
Although patient in confinement, 80WS ought to be free, and small 
pigs are better for having plenty of exercise. The neighbourhood of 
a forest is therefore peculiarly suitable for pig-breeding, and it is 
a disadvantage on enclosed farms that 80WS must be kept within 
bounds to prevent their intrusion into gardens, or routing up valuable 
pastures. The pig's paradise 'is therefore found on spacious village 
greens, backed by wastes of bracken, and such are also often the 
homes of small-holders, who tum o~t their sows to graze at no 
expens6, and derive a substant:al source of income ~om their produce. 

On Large Farms pigs are generally regarded as supplementary 
stock. They are an important adjunct to the dairy, and are useful 
in cattle yards for consuming refuse food and mixing the manure. 
They cannot be allowad full liberty, and tte 80WS are confiDed to 
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a paddock, which they soon convert into a ploughed field. Pigs on 
a farm often become trespassers, and are always on the look-out for 
open gates. They are sometimes transferred to outlying straw yards 
at a distance from the homestead, where they are fattened on barley 
meal, and make a great deal of excellent manure. 

Breeds of Pigs.-There are several well-known breeds of pigs, 
chiefly distinguished by their colour and size. Thus we have the 
Large Black and the Large White, the Middle White and the Small 
White, the Black Berkshire, with white points, the Essex Black, with 
no white, the Red Tamworth, the Small Suffolk, the White Berkshire 
(or Coleshill), the Rough White Herefordshire pig, and the Hampshire 
and Dorset modifications of the Berkshire breed. There are aho 
many crossed breeds, but there is a general similarity in JDany 
respects, and the differences are for the most part only skin
deep. There are, however, osteological differences which :;erve to 

FlO. 194.-L"rge White Boar. 

discriminate races. For example, the Berkshire is short-nosed with 
broad features and upturned snout, while the Essex is long-nosed 
and narrow between the eyes, longer in the leg, and flatter on the 
sides. The small and middle whites are curly-coated, short-nosed, 
and when fat are stertorous breathers, and require a pillow for 
their heads. The large white races are long in the nose and legs, 
and covered with long bristles. . 

The differences in "points" are of c,!?rse consld~rable,. but all 
pigs ought to be "long, low, and lusty . In. h~blts, VOIce, and 
appetite:J they all closely resemble each. other, and It IS not th~ p~esent 
object to critically examine smaller differences. When a pig IS fat 
he shouhl be plump and level, and, as an early writer onc~ described 
a Chinese pig. as like a well-stuffed feath?r-bed as posS?-ble .. Any 
slacknes~ behind the shoulder, or on the ribs, or bams, IS obJected 
to, and the back is either straight, or gently arched from ears to tail. 
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Pig-breeding. - The importance of exercise as esaential for 
breeding sows has already been enforced. It is as150ciated with 
freedom, which cannot always be allowed on farms, but this may be 
-compensated for by a railed enclosure, in which the animals may 
r~am and chooso their lairs. A qu~ter-acre may suffice, and the sows 
WIll be found to prefer the open air to the hovels in warm wellther. 

Another equally important point is the diet, which ought to be 
-of wash or swill, given twice daily, together with green fodder such 
.as vetches or clover in summer, and mangel-wurzel or swedes in 
winter. ~reeding sows should be kept in comparatively 10 .... condition, 
.and ce~tamly should not be fat. They are then mere prolific, and 
more likely to breed regularly than if in high condition, and one 
of the difficulties of breeding pedigree pigs is their tendeucy to 
:become fat even upon poor keep. 

Selecting Sows (or Breeding.-Sow8 are generally saved, or kept 
"back for breeding, before the litter is fit for sale and the remaining 
:pigs are disposed of. 

They should be well bred, although it does not follow that they 
need boast a pedigree. It is, however, desirable that they should 
"be well sired, and even where high-clas8 breeding is not the object, 
most farmers prefer a pure-bred boar. The young sow should be 
symmetrical in form, of correct colour, long in the body, short in the 
legs, carry a good head and . ears, a well-twisted and complete tail, 
.and a good coat. She should be furnished with a well-placed double 
.row ot teats, twelve to fourteen in number, commencing close to 
the fore-legs, and extending well back between the hind-legs. She, 
in fact, takes the eye in all respects, and is declare:! to be fit for 

"breeding . . Such young sows should be placed together in a roomy 
place and kept well, and will be fit for mating when 8 to 10 months old. 
. Something must depend npon the season of the year, but pigs 
:farrowed in January will be fit to begin breeding in S~tember or 



272 LIVE STOCK, FEEDING, AND ECONOMIC ZOOLOGY. 

Pig-breeding.-The importance of exercise aa eMential for 
breeding sows has already been enforced. It is associated with 
freedom, which cannot always be allowed on farms, but this may be 
-compensated for by a railed enclosure, in which the animals may 
roam and chooso their lairs. A quarter-acre may suffice, and the SOWI 

will be found to prefer the open air to the hovels in warm weather. 
Another equally important point is the diet, which ought to be 

-of wash or swill, given twice daily, together with green fodder auch 
.as vetches or clover in su=er, and mangel-wurzel or 8wedes in 
winter. ~reeding sows should be kept in comparatively low condition, 
.and certamly should not be fat. They are then mere prolific, and 
more likely to breed regularly than if in high condition, and one 
of the difficulties of breeding pedigree pigs is their tendeucy to 
:become fat even upon poor keep. 

r-~----' --.. -.--~---.--.-. ---------

FIG. 135.-Berkahire Bow. 

Selecting Sows for Breeding.-Sows are generally saved, or kept 
Dack for breeding, before the litter is fit for sale and the remaining 
:pigs are disposed of. 

They should be well bred, although it does not follow that they 
need boast a pedigree. It is, however, desirable that they 8hould 
De well sired, and even where high-class breeding is not the object, 
most farmers prefer a pure-bred boar. The young sow should be 
sy=etrical in form, of correct colour, long in the body, short in the 
legs, carry a good head and. ears, a well-twisted and complete tail, 
and a good coat. She should be furnished with a well-placed double 
.row of teats, twelve to fourteen in number, co=encing clo3e to 
the fore-legs, and extending well back between the hind-legs. She, 
in fact, takes the eye in all respects, and is declare:! to be fit for 
Dreeding. . Such young sows should be placed together in a roomy 
place and kept well, and will be fit for mating when 8 to 10 months old. 
. Something must depend upon the season of the year, bot pigs 
:farrowed in January will be fit to begin breeding in September or 
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October, and produce their first litters sixteen weeks after mating. 
This rule will be followed as regards all subsequent litters, for the 
year is conveniently divided into two periods of six months-four 
for pregnancy and two for nursing. Thus a sow may farrow in 
January or February, nurse her pigs till March or April, and produce 
her second litter in August, or at such time as to allow of her once 
more becoming pregnant in October and farrowing early in the new 
year. A sow shows signs of <Estrum almost immediately her litter is 
weaned, and this is of assistance to the breeder, as it indicates the 
time for mating her afresh. She will come in season every three 
weeks until she is again in pig, but if pregnancy is long delayed 
calculations are liable to be upset. A sow will continue to breed 
for many years, probably from ten to twelve, but her career is 
generally interrupted by barrenness or some untoward event, such as 
eating her pigs, or an unwieldiness which causes her to overlay her 

FIG. lS6.-Large Black Boar. 

offspring. Old sows are also very unsaleable, and even at 3 years 
old they are difficult .to dispose of excepting at ultra-low prices. 
It is therefore as well to continue breeding from them as long as they 
give satisfaction. 

Management of Farrowing Sows. -Towards the close of the period 
of gestation, sows should be taken In at night. They grow heavy on 
foot, and the mammary glands begin to develop. They carry straw 
in their mouths and are evidently looking for a nest. Sows are 
remarkably pun~tual to the day on. which they: are due, an~ shortly 
before it arrives should be placed m a farrowmg pen. This should 
be at least 10 feet square and be easy of access, but quiet and 
secluded in situation. It is floored with cement over concrete, and 
is furnished with a horizontal rail, nailed on stout piles, fixed in the 
floor, about 10 inches from the ,,-aU; and placed 2 feet apart. This 
is to prevent the sow from lying close to the wall, which heavy sows 

T 
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are very apt to do, as they let themselves down against it, and 
sometimes squeeze a little pig to death. 

The pen consists of an inner den and an outer court, of about 
the samc size; and the archway between should not be too low, while 
a door at the back is also convenient for the attendant. Sows are 
easily upset, and should be kept quiet and undisturbed. The bed of 
the farrowing sow should be of short litter, and not too abundant, 
and t lb. of Epsom salts may be introduced into the swill, if ahe 
shows any signs of constipation. It is unnecessary to drench allOw, 
as she will take the salts in her food, and it certainly would not be 
advisable to use any force or violence. 

Sows usually farrow alone and without difficulty. They produce 
their pigs lying down extended, and as each little pig is born it quickly 
finds its feet, and in a few moments is seen making its way round 
its prostrate mother in quest of a teat. It is followed by others, until 

FlO. lS'1.-Middle Whfte 80",. 

the entire litter is born, and each of them stis:kII tD its own teat a. 
a vested interest. The number of pigs varies from six to a dozen, 
but may fall below or exceed these limits. Twelve is a very good 
litter, and eighteen is extraordinary. Old sows produce more pigs 
than do young ones, and a first litter does not often number more than 
six. As already stated, a farrowing · sow should not be disturbed or 
peeped at, but a careful pig-man will keep an eye to her. 

Whel'f3 valuable sows are kept it has been recommended to remove 
each pig as 'born, and return them all to the mother when parturition i. 
over. This seems careful. but, on the whole, the safest plan is to 
leave the BOW and her pigs alone. 

Sows as Mothers.-Some 80WS are gentle and others are decidedly 
cross; some are so unnatural ~ to eat their offspring; but a bad
tempered sow, or one which has once been guilty of eating a pigling, 
ought not to be kept any longer, but fattened off. Varioua 
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explanations have been given of this unnatural crime. It has been 
attributed to temporary insanity, to jealousy on account of 
interference and inspection, to the infliction of pain by the teeth of 
the young pigs, and to disorder of the milk function. It is in order 
to prevent one of these causes that a high authority on piO'-breeding 
recommended each little pig to be examined with a view t; removing 
any prominent "wolf" tooth wh:ch might possibly irritate the sow' 
but, on the other hand, nothing upsets a sow more than to hear on~ 
of her offspring utter a cry of fear or distress. It is not advisable. 
to feed brood sows with raw flesh, as the appetite for blood is easily 
induced. It is also certain that a sow that has once eaten one of her 
pigs is not to be trusted in the future, but is only too likely to eat 
another, and to cOI\tinue the same vicious course with future litters. 

Management of Sows and their Young Pigs.-As soon as the sow 
has farrowed, her diet should be improved. She is better in 

FIG. 188.-LincQ\nshire CUl'ly~colLted Sow. 

comparatively poor condition until she has pigged, but almost 
immediately afterwards she -may be liberally fed with a thick wash, 
composed of water or separated milk, pollards, bran, and sharps. 
A large litter is a heavy tax upon a sow's strength, and for the first 
fortnight the little pigs almost entirely depend upon their mother. 
Barley meal is more fattening -than milk-producing, and the above
named wheat--offals are particularly suitable for milk, and also as the 
first extra food for little pigs. 

Pigs are almost always born in excellent condition as to !lesh, and 
are muscular, brizht, and .'pretty. They are ver! .p.ugnaClous) and 
fight over their teats the day they are born, exh!blting the arts 0:( 
combatants in 8 manner which it is amusing to watch. A very few 
days after they are born they should be allowed access to 8 s~parate 
pen, and it is well to provide a double pen in case the farrowmg sty 
is required for another sow. The little pigs may be allowed to pass 
through a hole in the wall, and be tempted to eat out of a small trough 
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placed in the adjoining enclosure. There they can receive milk 
mixed with sharps and pollards, as a thin wash. They are now full 
of activity and play, and a few dry peas may be scattered over tho 
floor. They will also eat coal ashes, or even small bite of coal, 
with evident relish, and these act as a stomachic. 

Young pigs should be kept scrupulously clean and dry, or their 
tails may drop off, which is disqualifying for show purposes. The 
writer has missed very small pigs where rate were abundant, and, 
considering the artfulness of these creatures. it may be well to 
guard against them. . 

The Reckling.-There is often one little reckling, Benjamin. 
or Bartholomew (Shakespeare mentions him under the latter name). 
which is undersized and weakly from the first. He develope hair, and 
looks scraggy and lean, but is capable of being reared if he is taken 
away from the rest and brought up by hand. Some labourer will 
probably offer a small price for him and take him home i and a few 
months afterwards he may surprise those who remember him :\I 

a baby. If by ill-chance a b~ood sow dies. her pigs may easily be 
brought up on the bottle, and show great intelligence and affection 
for their foster-parent. Warm cow milk may be used, and a narrow
spouted tin with an artificial teat attached will be found convenient 
for administering the food. They soon know their feeder, and will 
follow him about like so many dogs. I have fitted a barrel perforated 
with holes around, with a teat inserted in each hole, and the pig. lOon 

. learn to use their foster-mother. 
Later Management.-By the time they are a month old pigs will 

have developed their omnivorous tastes, and will try anything offered 
to them. Sharps and pollards with mother's milk and a little milk 
from the dairy ought to be sufficient. Pigs are great grazer. and 
soon learn to eat green food, such as trifolium and vetches. which 
they champ, but do not swallow. Brewers' grains and whey may also 
be made into a wash later, but until they are weaned at two months 
old they rely mostly on milk. Weaning is no great trial to well
managed pigs, as they have already become almost independent, and 
are by then growing into small stores. . 

Store Pigs.-As pigs are mostly farrowed either in early spring or 
late summer, they are naturally intended for different purposea. 
January pigs may be fattened by Christmas when about 10 months 
old. August pigs will be fit for stubbing after harvest. and are useful 
for ruuning in straw yards with cattle during winter. Pigs grow 
according to the amount and character of their food, ~and if fairly 
well bred may increase in weight at the rate of 1 score of 20 Ib, 
per month. Thus a 7 months old pig may yield a carcass of 7 scores, 
and this is the most esteemed weight on the market. Ten seore 
pigs are too heavy, as the following current price list ahowll :-

Price, at Calne. .. d. 
6 se. 10 lb. to 8 se. 101b. 11 9 per score. 
8sc. 111b. to 9 so. 101b. 11 3 

" " 9 sc. 111b. to 10 sc. 11 0 II 

lOse. lIb. to 10 sc. 10 lb. 10 9 
" " 
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Pigs grow and fatten at the same time, and there is but little trade 
for big stores, which at one time were bought for fattening to carcasses 
of over 10 score. 

The Fecundi!y of Pigs.-An animal which produces young at 
?ne ye~r o~d, tWlce a ye~r, and ten or twelve at a time, is capable of 
mcreasmg m numbers Wlth extraordinary rapidity. Calculations have 
been made demonstrating this fact on very moderate or reasonable 
data. One case worked out was that of a sow producing a litter of 
six at 1 year old, half of which were sows. She was assumed to 
have two litters a year of the same number and proportion of sow 
pigs, anu to continue breeding till she was 3 years old. .All the 
sows were to be kept for bre~ding with precisely the same results as 
to fertility, and the question propounded is-how many pigs would 
have descended from this sow in six years? The reader may find ~t 
interesting to answer this question. 

Tha contrast between pigs and hDrses, cattle, or sheep, in the 
above respect is very striking, and easily accounts for the great 
fluctuation~ in the price of pigs. Pigs are subject to cycles of low 
and high prices, chiefly because of the rapidity with which they 
increase. When they are cheap farmers cease to breed them, and 
when there is a scarcity and prices go up, they reverse their policy, 
and the consequence is a perpetual see-saw of prices. 

Fattening Pigs.-From what has been said it is evident that many 
pigs will not be more than 6 months old when they are put up to 
fatten. Seven scores at 7 months old, however, involves liberal treat
ment from birth, and in actual practice it is more probable that the 
top prices for carcasses of from 6l to 8l scores will be given for 
pigs of from 8 to 10 months old. 

There are advantages in allowing time for the development of 
frame and muscle, for bone is required to carry flesh, and muscle is 
the anatomical expression for lean meat. Bacon may easily be over
fat, and a prolonged period, in which the pigs can grow, is a natural 
check upon this fault. At Limerick, where many thousands of pigs are 
slaughtered every week, the animals are not strikingly fat, and to 
the eyes of many English feeders might appear lean, and this argues 
a greatel· age, and a longer p.eriod of ordinary feeding. The principle 
generally acted upon is quick returns and fair profits, and when 
actual weight is the standard the degree of fatness becomes of less 
importance. • 

The quality of the meat is, however, a consideration which cannot 
be passed over, and the food employed exerts an undoubted effect upou 
both the texture and the flavour of pork and bacon. For example, 
bea'l meal gives a hard character to bacon, and oily foods cause 
the flesh to waste in cooking and produce an inferior quality of 
flesh. Barley meal stands out prominently as one of the most popular 
foods for fattening pigs, and when milk and potatoes are auued 
perfection is practically reached. The albuminoid ratio of barley 
seems to be exactly suited for the digestive system o~ pi~s, and the 
only objection to milk is its high price. Separated mllk 18, however, 
cheap, and may be obtained at butter factories for an almost nominal 
price (in one case known to the writer, at lB. per churn of 16 gallons). 
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Pigs which have run at large for some months before being put 
up to fatten have probably been fed on brewers' grains, grass, green 
fodder, roots, "beechmast, acorns, and thin wash, according to the 
time of year, and are taken up after stubbling and put on to 
good keep for finishing. They may be 9 months old, and ought to 
be ready for sale after six or eight weeks in the fattening penl. 
They sometimes feel the effect of change of diet, and after forest 
grazing have been known to sicken and die. The effect of bad lying 
also tells upon them, and for this reason store pigs ought not to lie on 
cold ground in forests, nor on hot manure in yard~, or th'3ir lungs 
may become affected. 

Generality of Pig Fattening. - Cottagers, miners, and private 
householders vie with farmers in fattening pigs, and on the whole 
beat them. They are able to bestow more individual attention, and 
take more trouble in warming food and watching daily progres~. 
They appear to have arrived at sound concl\lsions as to the best staple 
foods, and talk of "a sack of barley meal" as a synonym for fattening. 
They sink a little bag of fenugreek seed in the wash, Bcatter a few 
pieces of coal about the floor, give a little green food at odd times, 
and do everything to make the pig comfortable. The contrast between 
this and ordinary farm management is striking, for the large iarmer 
does not feed his own pigs, and the dairy- or cattle-man cannot Bpend 
much tiIrie over them. The pigs may be fed regularly and well, but 
there is a want of personal attention which tells against wholesale 
fattening. The cottager regards the process as eminently practical, 
and need not go far in search of the best food. Scientific ratione 
are outside his knowledge, but he is already well instructed through 
the experience of others as to the virtues of barley meal, potatoes, 
and milk. 

Fattening Pigs on Farms.-The rules observed in fattening pigs 
on farma are simple and sound, and may be enumerated 88 follow8 :-

1. The sty should not be too large, and consist of a comfortable 
den with an outside court, in which the troughs are placed. 

2. Several pigs may occupy the same pen, but it is important that 
they should know each other intimately from the outset, or 
they will fight to the death. 

3. Barrow, or hog pigs, should be kept together, and SOWI are 
better fattened separately, and alone. " 

4. A low lattice may be provided 88 a bed, and this will save 
litter and promote cleanliness, if" frequently taken up, 
swept under, and the floor occasionally washed. 

5. Tho pen should be well ventilated, and of comfortable 
, temperature. 
6. If the roof is of corrugated iron, it should be lined with straw 

on the inside. 
7. A supply of clean water in a separate trough is desirable. 

Feeding Fattening Pigs.-A sound system of feeding may be 
epitomized as follows: Store pigs should be fed twice a day, fattening 
pigs three times a day, and show pigs four times a day. 
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Store pigs should be fed on thin wash, but fattening pigs should 
have their food stiff so as to require stirring with a short stout stick. 
'rhe nearer pigs approach ripeness, the firmer do they prefer their 
food; and show pigs are fond of moistened meal rolled into balls, 
with acceS6 to fresh clean water. Condiments are employed by many 
experienced feeders in small quantities. A little walking exercise 
is good for show pigs, but fattening pigs are better without it. 

The feeding should be punctual, and naturally follows the order 
of morning, noon, and night. It is important that the pigs should 
clean up what is given them, and here the judgment of the feeder 
comes in. Too often troughs are to be seen half-full of victuals, 
upon which the fresh food is poured. This is bad management, for 
no animal likes stale food, neither is it good for them to be satiated 
or overdone. Here the cottager has an advantage over the farmer, 
for with a large number of pigs to be attended to individual attention 
is a very difficult matter. Still more difficult is it when the pigs 
only constitute a part of the dairyman's duty, and he has many other 
animals to look after. 

Food.-Barley meal, potatoes, and separated milk have been 
recently recommended as staple foods for fattening pigs. 
Mr. Loudon M. Douglas in his paper on Swine Husbandry (:Farmers 
Club, January, 1911) advocated 41b. of barley meal, 3 lb. of potatoes, 
and 1 gallon of separated milk as a paying ration, and one in common 
use. He added that" if given in three portions to each pig per day, 
starting from a weight of 80 lb. and gradually fattening the animal to 
bacon size, it will be equal to a gain of about 151b. weight per week". 
Mr. Douglas in the same paper submitted the following comparative 
scale of feeding values of various materials used for fattening pigs ;-

1. Barley meal, skimmed milk, and potatoes. 
2. Barley meal and milk 
3. Maize meal and milk 
4. Maize meal and bean meal . 
5. Barley meal 
6. Maize meal and pea meal 
7. Maize meal 
8. Barley meal and bran 
9. Maize meal and bran . 

PoiniE. 
1,000 

903 
877 
590 
519 
489 
484 
499 
404 

The same authority stated that "the heaviest weekl~ gains. in 
weight in proportion to the food supplied occur at the e~rliest penod 
of existence. As the animal grows, the weekly gam gradually 
diminishes, while the food necessary to the upkeep gradu~lly 
increases". This is true in a general sense, but as regards fattenmg 
pigs it is a matter of observation. that they eat less as th~y approach 
ripeness, which indeed is only .to be expected. The mcre~e of 
15 lb. per week on the diet of nulk, potatoes, and. barley meal IS. not 
easy to calculate into dry matter, or to compare WIth results obtamed 
from barley meal alone, as used by the late Sir John Lawes many 
years ago at Rothamsted. It was then found that fattening pigs 
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Increased '20 lb. in weight for every 100 lb. of barley meal consumed, 
whereas according to Mr. Douglas' figures, and· taking 10 lb. lUI the 
weight of a gallon of separated milk, his dietary weighed 171b. 
per day, or 119 lb. per week, resulting in an increase of IS lb. 
or 12'7 per cent of food consumed. The results are less discordant 
than might at first sight appear, as to be strictly complll"able both 
dietaries should be reduced to a dry standard. There can, however, 
be no doubt that a mixture of barley meal, potatoes, and separated 
milk is very superior to a porridge made of barley meal alone. 

Hints on Pig Management.-When a pig is kept too wlirm it 
loses its coat, but exposure in an open yard soon restores it. Thill 
is important for show animals, for loss of hair is certainly a fault 
which will not 'escape the eyes of a judge. Young pigs are often put 
out of shape by eating out of too high troughs. They becomq 
upright at, and hollow behind, the IIhoulders. 

Too heating a diet, such as beans, tends to make pigs rough or 
scurfy in the skin, but a few beans are a good change. Pigs are 
sometimes affected with lice, and when this is noticed it is a good 
plan to pour a little sweet oil along their backs, and the warmth of 
the. body will cause it to spread and cover the entire skin. No 
insect parasites can stand oil, as it chokes up their breathing pores 
and destroys them. 

A little sulphur is supposed to improve the appearance of the 
skin, and can be administered by mixing it with the wash. Pigs 
are awkward animals to drench, and, fortunately, they can be dosed 
through their food. If, however, it is necessary to use force, the 
best vehicle is an old boot with the toe cut off. This can. be readily 
inserted in the mouth, and the medicine is then poured in and will 
pass down the gullet . 

. Acorns are much esteemed in Gloucestershire. In the New Forest 
beech-nutil and acorns are largely used by th!' verderers, nnder the 
name of rights of pannage. Acorns are thought by many farmers 
to be superior to beans for fattening pigs and to give a firm quality 
to the flesh; but may surfeit the animals and even prove injurious 
if given in too large quantities. Acorn-poisoning is well known in 
connexion with cattle under 2 years old; but the universal practice 
of pannage, dating back to Anglo-Saxon time3, indicates thlit beech
mast and acorns have never been considered dangerous for pigs. 

JUDGING LIVE STOCK. 

One of the difficulties to be encountered by every student of 
agriculture is that of judging stock, neither can efficiency be acquired 
without years of experience in the show or sale ring as the case 
may be. A farmer may claim to be able to distinguish a good from 
a bad sample of wheat, oats, or barley, bot; rarely is his judgment 
comparable with that of the com merchant, who is continually handling 
samples, and whose eye becomes trained to the many differences 
which constitute condition and quality of grain. 

Farm students should attend markets with some nseful purpose in 
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view, na~ely, to train their powers of observation as regards the breed, 
form, weight, and value of such live stock as are offered for sale, 
and not merely to note prices, which may afford no indication 
whatsoever as to the state of the market. The beginner cannot do 
better than observe and follow the practices adopted by shrewd 
buyers. Take, for example, the case of a fat steer or fat barren cow; 
the prospective buyer views the animal from behind, and notes by 
feeling whether there is a firm covering of flesh over the pin bones 
and ribs, and over and under the loin. He grips the skin overlying 
the ribs and tests its quality and elasticity, both of which are 
indications as to the quality of the flesh, as well as of carcass weight. 
He runs his hand along the back to note the width of the chine, which 
should not be peaked or drop behind the shoulder. A front view 
of the animal will display the width of breast, chest, and neck. 
Handle the flank carefully and note its "feel" and thickness-the 
heavier the better. Next handle the" cod" or purse, or fore-udder 
of a heifer, as, if well developed, the animal has usually thriven, 
or is a good" doer ", while fatness in these regions is a safe indication 
of fat in other parts of the body. The development of the thigh 
should be observed, as it enhances weight. 

Most sale rings have a raised centre which throws up the animal 
and makes it appear bigger to the untrained eye than it really is. 
Store cattle are often penned in meadows, at spring or autumn sales, 
and when the ground is undulating very careful comparison must be 
made between animals stand:ng in ho~lows or low-lying ground and 
those at a higher elevation. 

The farmer is mostly concerned with the purchase of store cattle, 
and here good judgment stands him in good stead. It is not difficult 
for the trained eye to pick out two steers from a pen of, say, ten or 
a dozen, which are both alike as to size and quality. The beginner, 
however, lacks this power of observation and differentiation between 
beasts of like age, and therefore too often fails to secure the best 
value for his money. 

The farmer must produce what the public demand. For example, 
if in the case of mutton, small joints with ample lean meat are in 
favour, then he must strive to produce them, 'provided of course that 
it pays him better than producing animals of heavier w~ight at 
a lower selling price per pound. In sheep just as many pomts are 
to be noted as in fat steers. There should be length of body, and 
good width apart, and shortness, of legs. A bright eye, clear nostrils, 
clean breach, and sound feet are indications of good health. 

In lambs and fat sheep the" dock" is a good indication of condition, 
as is also the dent or nick in the centre of the back, between the 
hips and tail head; the scrag or base of the. neck sh~uld .als~ be wide. 
Width behind the shoulders and of the lorn and hips IS lDlportant, 
while the backbone must be well covered. In lambs the dock and 
purse should be handled. In judging s~eep the fleece cannot be 
ignored· it should be clean, of good qualIty, and true to the breed 
represen'ted, and the pelt shou~d be bright., pink, and ~le~r. 

Pigs cannot be h~ndled lIke horned stock, n~r IS I~ necessary. 
In marketing pigs, mistakes must never be made 1D sending them to 
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the market in a semi-store or half-fat condition. They should either 
be sold as stores from, say, 10 to 16 weeks old, as porkers of about 
100 lb. weight, or as bacon hogs of 200 lb. weight. The butcher haa 
no use for the pig which is neither pork nor bacon, and poor prices 
must necessarily result from such methods of marketing. 

Some of the best pork and bacon pigs offered in the market are 
cross-bred. In any case the body should be long and symmetrical, 
the underline level, and not tucked up at the flank, and the loins wide. 
A well-finished pig will possess a clean glossy coat free from wrinkles, 
the hair being usually fine, although some of the rough-haired Dcrk
shires make excellent pork. A short head usually indicates an excesl 
of fat, which, when combined with a thick and heavy neck, is 
associated with second quality flesh. The fore-lega 8et wide apart 
usually indicate thickness through the heart, while the ribs must be 
well arched. or well sprung and deep, in the bacon hog. 

Space does not permit of seales of points being given specially 
applicable to each class or breed of stock. Agricultural instructers 
would do well to construct guides for their students in the form of 
score cards, whereon the maximum number of points, viz. 100, can 
be apportioned as deemed most advisable j and. if this were done 
the student would have some dufinite guide or system to work upon. 
As an example in the apportioning of points, we append a leale of 
those which may be reasonably observed in the case of a typical 
commercial bacon pig, regardluss of pedigree or show animals. 

General appearance, symmetry, and breeding 
Action, free and clean with no sign of cramp 
Evenness of flesh with no sign of wrinkles 
Hair long, fine, straight, and plentiful . 
Anklea and feet short. straight, and strong, without coarse-

ness j pasterns short yet springy 
Legs straight, with clean hard bone. 
Tail set on high, and not coarse, well twisted . 
Hams broad, full, and meaty down to the hocks. 
Quarters long, wide, and straight from hip to tail . 
Flanks thick and deep . . . . . • • 
Belly full and straight, with at least twelve well-placed 

teats, and showing even underline 
Loins broad and not drooping • 
Ribs well sprung • • . . . . 
Back long, straight, and evenly covered with flesh 
Ohest deep, with large girth around heart • 
Shoulders oblique and not too thick and wide 
Neck medium length and muscular, but not coarse 
Jowl small and not too heavy. • . . . 
Ears thin, wide apart at base, and fringed with fine hair 
Head light, medium, wide between ears and eyes • 

Points. 
IS 
IS 
IS 
4 

.5 
2 
3 
8 
7 
7 

.5 
IS 
.5 
7 
.5 
7 
4 
3 
3 
IS 

100 
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All or any of these points are subject to variation, but what is 
most important is that the judge should have some means of scoring 
them. Whether jUdging cattle or crops, it is not possible to carry 
in the mind the merits of any particular animal or collection of plants 
without confusion, therefore jUdging on "points" is adopted as the 
best means of arriving at a satisfactory decision. 

When two or more judges are acting in. unity they usually agree 
in the first place upon the number of points to be .awarded for each 
characteristic peculiar to the breed of animal under consideration. 



CHAPTER· VI. 

FOODS AND FEEDING. 

COMPARISONS between the merits of different foods, and their 
effects upon the animal body are two distinct subjects, although they 
must for many purposes be considered together. Especially is this 
true wheu animals are grown and fattened at the same time. Food is 
necessary as a fuel, and that in a very literal sense, for it is subjected 
to a process in which what are known as the products of combustion 
are given off. As in an ordinary fire of coals, oxygen is needed in 
large quantities, and want of air will extinguish it, 80 surely will 
absence of internal combustion and want of the necessary oxygen 
terminat-, life. The lungs are the bellows by which air reaches the 
·blood, and by which oxygen is brought into contact with it through 
extremely fine membranes. True combustion takes place, heat is 
generated, carbonic acid and water are formed, and appear visibly in 
the breath. If any person breathes through a pipe into lime-water, 
the effect is to produce carbonate of lime as a white and cloudy 
precipitate, and the vapour of water appears at once when the breath 
is exhaled into a cool atmosphere. The amount of heat generated by 
the consumption of a given weight of combustible food-and all foods 
are combustible-is absolutely calculable as calories, and becomes the 
measure of the value of the carbo-hydrates for feeding purposes. 

The carbo-hydrates form a group in which each member is com
posed exclusively of carbon, oxygen, and hydrogen, and the two latter 
are always combined in the same proportions as in water. They are 
best illustrated by such fainiliar substances as sugar (c. Hit 0.) or 
starch (C. Hlo 0.); and comprise various sugars, mucilages, pectin 
(the jelly of ripe fruits), gum, cellulose, and the resins. All of 
these, with the exception of the last, are highly nutritious, but their 
first function consists in keeping up the heat of the animal body. 
This is well known to be constant in health, and any increase or 
diminution in temperature betokens disease. It is maintained at 
the same degree in all climates from the Poles to the Equator, and 
in human beings is normal at 98'4 F., which is true blood heat. A 
large proportion of the food consumed is necessary for maintaining 
this constant temperature, and, as in an ordinary fire anything com
bustible will burn, so in the animal body other food materials beside 
the carbo-hydrates may be burnt up in order to supply heat. Heat is 
known to be readily convertei into energy or force, and hence in 
the mechanism of the body muscular exertion is closely related to 
the amount of carbo-hydrates consumed in the food. Not only the 
warmtb but the energy of the body depends upon food. 
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. Besides the true carbo-hydrates, there is another group of closely 
ailled substances known as oils and fats which however differ in 
thi~ re~pect---that the hyd~'ogen a.nd oxygen they contain are not 
ulllted m the same proportIons as m water. The oils and fats form 
a long series, including alcohols, ethers, and waxes. Oils and fats are 
highly nutritious, and are estimated to be 2'4 times richer than starch 
or sugar as fat-producers. The carbo-hydrates and fats are therefore 
justly regarde~ as fat-formers and heat-pr~ducers, and are used up 
m the productIon of muscular energy. It is therefore evident that 
in order to obtain the maximum amount of increase in weight there 
must be a minimum waste in keeping up the temperature of the 
body or expended in exercise, and hence fattening animals must be 
kept warm and quiet . 

.Accumulation ot tat in the animal body is the result of an excess 
of carbo-hydrates and fats in the food, over the requirements of 
the body as to heat and motion. Fat is derived from these foods, and, 
SG far as fatty foods are concerned, they pass with little change into 
the body; but as regards both classes they are elaborated and 
deposited as adipose tissue ready to be called upon in any emergency. 
Fat is reserve force, and no animal can starve to death while its body 
still retains a store of available fat. This is the secret of hibernation, 
and of the power of fat animals to withstand hunger. Fat is nGt 
exclusively due to the use of fatty and sugary foods nor yet of other 
members of the carbo-hydrate or hydro-carbon groups. It may result 
from albuminous foods, a group yet to be considered, but at greater 
expense, involving the burning up of protein which ought to be 
devoted to other objects. This is an important matter which must be 
considered later. 'Ve are at present dealing with classes of foods 
which only contain carbon, hydrogen, and oxygen, for their ashy 
ingredients, whatever they are, are less important from a nutritive 
point of view. These foods can only supply fatty tissues, and are 
incapabla of producing nerve, muscle, tendons, cartilage, gelatine, 
bone, skin. hair, and connective tissue. The general frame of the 
body is one thing, the accumulation of fat is another. And yet the 
tissues of the body may be enlarged in bulk by deposits of fat. 
Muscles may be interlarded with fat, so that the mass of lean meat may 
be increased. and rendered more luscious and juicy, but not so the 
muscula.. fibres themselves. They are anatomical entities, as are 
all es~ential parts of the body. 

Fat is scarcely an integral part of the frame, and in the mGSt 
perfect conditions of athleticism it is reduced to a minimum. So it 
is in. race-horses, but in fat cattle and sheep its development is 
enc.ouraged. In wild animals it is subservient to muscle, but in 
domesticated animals it accumulates in lumps and patches, sometimes 
to all extravagant degree. Fattening, as a process, is properly defined 
as the accumulation of fat in the animal body, and is best attained 
after the animal has done growing. In our system of fattening from 
birth it is simultaneous with growth, and hence fatty and sugary or 
starchy foods must be assisted by albuminous. foods. . . 

Waste in the body.-Whether adult or growmg, the body is subJect 
to perpetual waste which has to be replaced, so that even fully matured 
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animals require foods of an albuminous character. Just as the lungll 
discharge carbon and watery vapour, so the kidneys excrete the "ffete 
matter of the muscles, nerves, and bones. The body is in a perpetual 
state of :flux or change, and probably the entire fabric is dissolved 
and restored during every few weeks. Some of the harder parta are 
more resistant than the softer tissues, but the drain of phosphates 
through the urine indicates that even bony tissues are subject to wallte 
and renewal. These facts bear upon the maintenance and fattening of 
cattle, for while the weight of the body is increasing under a regimen 
of fattening foods, the brain, the nerves, the bones, and all other 
tissues require to be kept up. 

1.'he Proteins or ..4lbuminoiaB are justly looked upon as of the 
highest importance, for they are more vital than the hydro
carbons and fats. They can in fact supply their place, but no amount 
of sugar or fat can replace protein. Besides, to convert albuminoid! 
into fat is wasteful, as they are always much more expensive to buy 
tlian amylaceous or farinaceous foods. It has been held that the 
manurial value of proteins is so great as to compensate feeders for 
their high price, but this is unsound economically. To purchase 
protein iIi the form of food expressly for the purpose of manuring the 
ground is an expensive process. It is also slow, for time is necesdary 
before farm-yard manure can be utilized, and still more so before it 
can be realized; and nitrate of soda would probably be found to 
be both cheaper and quicker in its action. The proteins should be 
regarded as food rather than as manure, although it need not be 
doubte<l that they are of great value in the latter respect. 

They are of greatest value when supplied to growing animals, and 
the proportion in which they exist in a food may be much reduced for 
fully grown steers or sheep. The subject of albuminoid ratios has 
already been touched upon, but the highest ratio of protein to carbo
hydrates and fats should be reserved for young animals, or, for what 
is a very similar case, pregnant, and milk-giving animals. 

Source8 of ..4lbuminoidB.-Protein occurs in all animal and vegetable 
bodies, and is a characteristic ingredient of albumen or white of 
egg, from which the group derives its name. It is represented by 
casein, blood-fibrine, and gluten. It is found in all tissues where 
nitrogen forms an integral part of the structure, and always contains 
sulphur and phosphorus. Casein contains 53 per cent af carbon, 
7 per cent of hydrogen, 15-65 per cent of nitrogen, 0-72 per cent of 
sulphur, '85 of phosphorus, and 22-78 of oxygen;· and this may be 
taken as a type of the general composition of protein. The peculiar 
ingredient is nitrogen, hence proteins are spoken of as nitrogenous, 
and also as :flesh-forming, in contradistinction to fat-formers. They 
occur in all animals in the brain, nerves, blood, and muscular fibre, 
and in the seeds and other parts of plants, as for example in wheat, 
linseed, and cotton seed, and what are known as .. cakes". They are 
liable to be confused with other nitrogenous substances of similar 
composition. but of lower value, such as the amidu which are 
transitional in their nature, and occur in immature vegetable tissues. 
Gelatine is not now classed with the proteins as a nutrient, as its 
nourishing properties are uncertain and have probably been overrated. 
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It is the material to which animal jellies, such as arc derived 
from calves' feet, owe their gelatinous properties. 

The above two groups of non-nitrogenoJls and nitrogenous nutrients 
practically occupy the entire field of foodstuffs, and it is by the 
varying proportions in which they exist that they are valued. 

Water in foods.-Water occurs in all foods, but has no commercial 
value. All analytical results, unless otherwise specified, are calculated 
upon dry matter, in which the water has been driven off at a tem
perature of 2120 F. Although water possesses no chemical value it is 
highly important physiologically, and its intimate incorporation with 
vegetable tissues, as in fruits, roots, grass, etc., confers a luscious and 
attractive character upon them. It does not, in fact, exist in them 
as pure water, but as solutions and cell-contents, or as sap and 
juice which form an integral part of the living organism. Such 
water is free from deleterious compounds in healthy and wholesome 
vegetables, and often supplies the place of water. Succulent 
vegetables support animal life without the help of any exterior water 
supply, and the moisture is so blended with the food that it is not 
taken in exoess (see Grass and Roots).' It is also in many cases above 
the temperature of spring and well water, and a diet of green fodder, 
in which further additions of drinking water are not necessary, is 
considered wholesome. 

To state that the water contained in grass or turnips is exactly 
on a footing' with water from a pond or pump is an evident mistake, 
as in healthy growths it contains no germs of disease, no poisonous 
or injurioutl matter, and is exactly proportional to the wants of the 
animal. It also renders many foods palatable and attractive, as for 
example milk, fresh fruits, and juicy roots, or grass, and its importance 
is shown by the superior quality of dairy produce and beef derived 
from fresh grass over the same products derived from hay. Never
theless, water is not assigned any value by analysts, and its presence 
detracts .from the nutrient value of a food in assessing its com
parativ~ value. 

Mineral matter in foods.-i'he ash of plants contains all the 
mineral constituents of the blood of animals, and is generally sufficient 
to supply what is necessary. 

The phosphorus and lime of the bones, the fluorine of the teeth, 
the iron of the blood, the potash in wool, and 9ther mineral ingredients 
are supplied in the food with little exception. It is true that salt, 
iron, and phosphates are given medicinally, but in Nat~re animals 
depend for their mineral matter upon their food. Salt-hcks are an 
exception, and are resorted to by wild animals, and earthy matter is 
partaken of by birds and some mammals, but these exceptions rather 
prove the rule as to the formation of the blood and skeleton from 
vegetable matter. Even in the case of the Carnivora their food is 
originally derived from vegetables. The mineral matter in food 
possesses a residual manurial value, as it keeps up the supply of 
phosphate. and salts in the urine, and the manurial value of bones is 
traceable to the grass of the field. 

Grass as a Food.-Grass is properly considered to be a perfect 
food for ruminants. It is impossible to improve upon it, although it 
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may be supplemented, when it is deficient in either quantity or 
quality. Grass is found in perfection on good land in the spring 
and early summer, and possesses its highest nutrient value when it 
is young. In three cases cited by Warington the decline in feeding 
propertied in grass from May to the end of June are shown as follows 
(calculated dry):-

NITROGENOUS SUBSTANCES. 

Soluble 
Date of Cutting. Albuminoid.. Amide.. Fat. Carbo·hydrate •• Fibre. A.b. 

May 14 11·5 6·2 3·2 40·8 23·0 15·3 - 100 
June 9 9·4 1·8 2·7 43·2 84·9 8·0 '"' 100 
June 26 7'8 0·7 2·7 43·3 88·2 7·S ~ 100 

The progressive decline in albuminoids, and the rise in fibre are 
remarkable, and fully explain why young grass is better than old. 
ExperiencH bears out analysis, as all graziers appreciate the value of 
young gras3 and the hay made from it, while all hay-maker. know 
that young grass is" fiery" when put into rick prematurely, i.e. liable 
to overheat owing to its richness. 

The value of graBS as a food is shown by the colour and flavour of 
milk when cows are out at grass, and also by the high quality of 
the butter and cheese made from it. It is also remarkable that .. hay 
cheese" is distinctly inferior to" grass cheese ", although the hV and 
grass may both have been produced on the lame land. The only 
difference between the two, besides loss of water in drying, is age, 
for grass is young when grazed, whereas hay il often old when cut. 
The inferiority of winter dairy goods is not easy to explain, but may be 
attributed (1) to the age of the hay when cut, (2) to the introduction 
of other foods such as turnips and straw, (3) to want of freedom 
or exercise. It may also be partly due. to the COWl being old 
in milk. 

The watery character of young grass is a feature which should not 
be passed by unnoticed. Average grass contains 76 per ceni-and hay 
14 per cent of water. Young grass is more succulent, and 'therefore 
more watery than old grass, which is becoming fibroUi in character, 
and there is also a migration of albuminoids and starch towards the 
seed-vessels. The juiciness of young grass is therefore one of its 
recommendations. It is full of sap, and its cellulose il in a digestible 
condition. The nutrient matter is distributed through the leavel and 
stems, and the latter have not yet developed into bents. 

The nutrient value of different specie8 of grall'68.-Much has 
been written upon the superiority and inferiority of different grasses, 
and tables have been constructed showing the difference. There is 
no doubt as to the greater nutrient value of some species over others, 
but, at the same time, it is· extremely difficult to arrive at any 
definite conclusion as to the relative merits of most of them. The 
land on which they are grown affects their feeding qualities to such 
a degree that inferior grasses, such as Yorkshire fog, may yield 
better J.lasturage and hay on some soils than superior grasses do on 
others. The atalIe of develollment is another factor. for inferior 
grasses may be more nutritions when young than superior gra.seea 
are when old. 
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It i~ for these reasons that we have refrained from publishing 
analyses of the various grasses, and there is yet another reason for 
this course, namely, that almost all pastures are composed of a great 
variety, not only of grasses, but of other forms of herbage. 

Mixc:l. character of p.astures.-The number of species which may 
be founel In any pasture ~s very large, and also very various, according 
to situation; and in many parts of Switzerland pastures are almost 
entirely made up of herbs. Taking a list of "weeds" as a guide, 
it will be found that a large number of them occur in ordinary grass 
fields, besides the usual grasses and clovers selected for sowing in 

. mixtures. As the miscellaneous character of natural herbage has 
important bearings on its properties as food, we append a list of some 
of the plants which may be found in any pasture, and certainly in 
pastures as a whole. 

LIST OF SOME OF THE PLANTS PRESENT IN MOST PASTURES. 

Meadow rue 
Buttercup 
Ladies' smock 
Ragged Robin 
Mouse-ear chickweed 
Stitchwort 
Hogweed 
Cbamomile 
Welted thistle 
Plum thistle 
March plum thistle 
Hawkweed 
Horse·tail 

Sow·thistle 
Goatsbeard 
Harebell 
Heath 
Ling 
Cowslip 
Bed·straw 
Yarrow 
Pimpernel 
Centaury 
Eye-bright 
Yellow rattle 
Goose·grass 

Gentians 
Quaking-grass 
Bents (Agl"ostis) 
Soft brome gr.ISS 

'fussock grass 
Yorkshire fog 
Dandelion 
Ragwort 
Meadow·sweet 
Common dock 
Sonel 
Meadow saffron 
Mosses 

Mallow 
Cmne's bill 
Rest harrow 
Ladies' mantle 
Burnet 
Fools' parsley 
Daisy 
Knapweed 
Common rush 
Wood rush 
Plaintain 
Bmcken 
Forget·me·not 

Occult properties of pastures.-The great diversity of the herbage 
which composes pastures, the different character of the soils on which 
they rest, their altitude, their relation to moisture, and to climate, as 
well a3 to seasons, form very complicated subjects of inquiry. All 
of these considerations come in when we attempt to study "grass" 
as a food. Its effect upon dairy produce has already been alluded to, 
but no more seriously than it deserves. The peculiar nature of cheese 
is often due to pasturage, and some of the best cheese pastur~s a~e 
rushy and marshy in character. The curd produced In sprmg IS 

stronger than that made from fall grass, and less liable to heave. 
The quality of beef and mutton is also affected by the herbage on 
which the animals graze, and the flavour of the flesh by the presence 
of certain plants. such as heather. 

As to injurious herbage, some pastures are notorious for producing 
red-water, abortion, or liver-rot, owing to the presence of meadow 
saffron, ergotized grasses, or the germs of the liver fluke. Some of 
the effects of pasturage are very obscure, and for this reason are 
spoken of as occult or mysteriou~. They are,. ho,wever, s?metimes 
explainablo and removable by dramage or applIcatIons of lime, salt, 
etc. The tendency of liberal management is to simplify the character 
of herbage by reducing the number of species; for many weeds 
die out under the influence of fertilizers, and are supplanted by 

U 
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desirable grasses. Undes:rable species are best attacked by the 
use of artific:al foods and manure3, rather than by diract attempts 
at eradicat:oIJ., One point, howevar, deserve! special attontion, 
namely, the great variety in feeding materials which pasturc§ 
afford. 

Selectiv(' instinct8 o! anima18 with regard to herbage.-No one 
can observe animals on grass, land without being struck by their 
exercise of choice with regard to victuals. Cows will await their 
transference from one pasture to another, and hang about gateways 
until the time comes. They hastily p:lH over some herbage, and 
concentrate on other parts. They bite cl'rtain portions close to the 
ground, and leave others neglected. The same partialities may be 
observed in sheep, and are evidently the result of instinct. 

All animals choose their food with an evident object, and the 
freer they are the better do they attain it. Hence open graz~~ 
usually gives better results than close-folding. Wild animals exhibit 
these instincts in still gre~ter perfection, for they sele~t lIuiuble 
foods for their young as well as for themselves. 

One result is their perfect muscular development and their splendid 
condition as to training. They develop peculiarities of flavour and 
texture of flesh which are scarcely looked for in domesticated anim:lls, 
such as the taste of heather in grouse and black-faced sheep, the rich 
colour 'and gravy of mountain-fed mutton, and the 8uperiority of 
grass-fell beef. These facts are rendered more apparent when con
trasted with the results of stall or winter feeding. Here alllO food 
gives flavour to the me:lt, al is found in th'3 talOO of turnipy flc~h, 
and the soft oily fat produced by cake feeding. The butter is pale 
and flavourless, the cream colourless, and the milk th:n. There is 
no abounding choice of food, and the hay, although consisting of 
many spec:e3 of plants, must be mllie from comparat:vely old 
herbage. 

The artific:al systems of feeding are both simple an:l 8:lme. The 
food consists of swedes or mangel-wurzel, straw chaff, ml'al, and cake, 
often mixe,[ together in a heap and given at stated intervals. If the 
animals are watched they wiII be seen to exhibit a good deal of 
impatience. turning the mixture about with their noees and throwing 
some of it out of the manger. They examine it and seek out the parts 
they lik~ best, but the choice is limited, and they must put up with 
wha,; is given them. It is, however, found advisable 'to give one 
particular food in unlimited quantity, such as oat straw or hay, and 
/from this thl'Y always cull the best and waste the rest. 

A les80n in !eeding.-The above facts teach a leseon which it 
would be well to study. It may possibly be a m:stake to mix many 
foods together, and it m:ght be better to aJcertain by observation 
what the cattle really prefer. It is not unlikely that the value of 
condimental foods, which has never been appreciated by agricultural 
chemists, may cons:st in their aromatic flavours and oloura, derived 
from the famiEar herbs and seeds from which they are eompounde:l. 
The flavour of fresh leave3 varies :n a most striking manner, and many 
of the herb3 mentione:l in the above list of pasture weeds may POS!!eMS 

virtue A not reve:1le:l by Iln:.lys:s. Among these may be mentione:l 
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fool's parsley, chamomile, yarrow, eye-bright, meadow-sweet, sorrel, 
dock, gentian, mallow, crane's-bill (geranium), rue, wild thyme, and 
pimpernel. Some of these are included in condimental foods, as are 
~ar~away, w~rmwood, fennel, fenugreek, gentian, .ginger, hop, mint, 
Jumper, marjoram, sage, etc. How far other aromatic plants could be 
introduced into condiments it is impossible to say, but most of them 
and many others beside, are open to cattle and sheep browsing at 
large. It is not here contended that the usual system of winter 
feeding is wrong; but it might be modified by the introduction of 
"mixed herbs ", prepared separately and mixed with the less tasty 
foods. Condimental foods lie under a scientific ban, but spices are 
esteemed by many feeders, and many possess a'ppetizing, digestive, 
and stimulating effects, which would be beneficial to fattening animals 
in general. 

Mixing foods for cattle.-There are advantages in giving foods 
separately, as it affords changes and relishes. A feed of meal and 
hay chaff first thing in the morning may be followed by sliced swedes 
at 9 and crushed cake at noon. Meal and chaff may again be given 
at 2 and 4, and a feed of long hay at 8 o'clock at night. The 
promiscuous mixing of meal, chaff, pulped roots, and cake in moistened 
condition is liable to produce waste, as the animals rummage the 
contents of their troughs in order to find the titbits. The food is 
also liable to become fusty or sour. 

Roots as Food.-Cruciferous roots possess the pungent properties 
of their natural order. Although they contain some 90 per cent of 
water their solid matter is sweet, and is all digestible to live stock. 
Roots are not adapted for exclusive use, but are particularly suitable 
for feeding with straw, hay, and dry fodder. Turnips and straw are 
complementary to one another, and are an accepted dietary for dry 
cows and young stock. They also form a basis for fattening foods, 
as they can easily be enriched by additions of meal and cake. Turnips 
have been objected to as "watery", but this only applies when 
they are given in excessive quantities; and in warm weather their 
succulence becomes a point in their favour. They may be used in 
small or in large quantities, according to the system of feeding 
employed, or may be dispensed with altogether, if necessary. They 
are a cheap food in districts where heavy crops are produced, but 
are liable to fail in dry seasons. 

Roots are looked upon as the basis of winter feeding; and their 
success or failure controls the prices of lean stock more than anything 
else. The ability of a farm to support winter stock depends upon 
the supply of roots, and the abundance of the next year's corn crop 
is closely connected with their success. 

In spite of all that has been written upon the watery nature of 
roots they still maintain their position as a principal food for stock. 

straw as Food.-Straw has always been a recognized food :Cor 
oxen from Biblical times. It is less nutritious than hay, because it 
is cut later but when it is cut green, as in the case of oat hay 
or green m~ize, it may be equal or superior to it. The following 
table shows the composition of the cereal straws, oat hay, grass, and 
clover hay. 
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NUTRIENT CONSTITUENTS OF VARIOUS KINDS OF STRAW. 
---~--

I 
Soluhle ! 

Kind 01 Straw. 1 Wa.ter. Albuminoid. Fat. Carbo. ! A.b. 1·,diwe.\Ihie 

I 
and Amid ••. 

hrdrat···i 
Flore. etc. 

-------

! 
, &Ier'eftn!. 

Wheat straw 14·5 3·0 0·4 82·9 4'0 44·7 
Barley straw 14·2 

I 

4·0 0·4 36·4 4·2 40·14 
Oat straw 14·0 8·5 1·4 1I7·6 

! 
4·0 39·:; 

Oat hay 15·0 10·2 0·8 40·2 6·2 27·6 

The precise composition of straw varies with the stage at whi~h 
the crops are severed, and upon the character of the soil and ileWlOn; 
but the above figures give a fair idea, both as to the actual and 
relative analysis of each kind of fodder. Wheat straw is too hard, 
and als() too valuable to be used as fodder. Barley straw is Bofter 
and more easily eaten;· and in many cases it contains a little clover, 
which improves it as food. Oat straw is the most valuabJe, and if 
early cut and well-harvested spring oat straw may easily be superior 
to inferior hay. Straw may be given long, in racks, or cut up into 
chaff, and mixed with concentrated foods. .It may also be steamed 
or scalded as chaff, and rendered palatable by additions of linseed 
mucilage, treacle, or oil; or cut up with hay. All of these method. 
are ill use, but straw is perhaps at its best when given as dry chaff 
mixed with meal. Steaming is thought by IDany experienced feeders 
to entail trouble and expense without any advantage; but mucilage 
or syrup poured over a couch of chaff, and given before it turns fusty, 
is a mean~ of inducing cattle to eat a larg-3r quantity of straw than 
when it is presented in the long state. 

Chaff and Cavings are much used for live stock. They are ready 
to hand without any process of cutting into lengths, and wheat and 
oat chaft' arc richer in albuminoids than the straw from which thE'\V 
are derived. All chaffs contain 9 or 10 per cent of ash, but this 
does not interfere with their consumption. Wheat chaff is popularly 
known as dust, and a "dust-bin" is to be seen in most wot;k
horse stables. It is m~xed with the corn, on riddles, before placing 
it in the manger, and is much liked by the horses. Oat cha.lf is 
a valuable food and is also often used to stuff beds and bolsters, but 
it is light, and liable to become fixed on the eyes' of cattle, and to 
form a chaff boil or .. caff-bile ", which causes severe inflammation and 
requires to be removed.1 Barley chaff is composed entirely of awns, 
for the tru(> chaff is adherent to the grain. It may be scalded and 
mixed with meal as a mash for cattle. Barley awns are, however, 
uncomfortable to handle, as they creep up sleeves and under clothing. 
to the discomfort of the wearers. \Vheat chaff must therefore be 
considered as the best of the three sorts for fodder. 

All chaff is liable to abound in seeds of weeds, and especially 
of docks, and for this reason alone ought to be used with caution, 
and when it is foul it is better burned. 

1 A little eeraped cUltle-ftsb bone. placed In" quill and blown inID 'be eye. will di.lodge 
oat cbatI from tb. e:re. 
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Haulm.-Bean, pea, and vetch haulm are all useful fodders, beina 
pleasant to the taste and rich in protein. It is, however, necessary 
that they should be well harvested, and not have been exposed to 
much rain. Bean straw was made the basis of a system of cow-feeding 
advocated by a Mr. Huxtable many years ago, in which the haulm 
was chaffed and scalded. Pea straw is a favourite fodder for sheep 
in the Northern counties, where hay is less used than in the South; 
and vetch haulm is carted into yards, and thrown into racks for 
young stock. The peculiarity of all these haulmsis their highly 
nitrogenous character. Bean straw contains 10 per cent, pea straw 
6'5 per cent, and vetch straw 7'5 per cent of albuminoids, or from 
twice to thrice as much as the cereal straws. 

Hay.-It is unnecessary to enlarge upon the importance of hay 
as a food for stock. It is frequently sold off the premises, and if of 
good quality possesses a much higher market value than it does as 
fodder. In the North of England it is almost entirely devoted to 
horses, but in the South it is very largely used for cows, sheep, and 
cattle. The larger proportion of meadow land in the Southern 
counties is one reason why it is so generally used. Hay is of many 
kinds, as for example water-meadow hay, which although inferior in 
quality. is largely used for cow-feeding; meadow hay, which varies in 
quality with its source; red-clover hay, which is of high value and 
always commands a good price when well made; trefoil hay, mixed 
hay, sainfoin hay, aftermath hay, and old hay. All these hays differ 
in character; the grassy and benty qualities being suitable for horses, 
while clovers and sainfoin yielding hay rich in albuminoids are 
admirably adapted for sheep. The difference in composition is shown 
in tho subjoined list. 

NUTRIENT CONSTITUENTS PER CENT IN VARIOUS KINDS OF HAY. 

Albuminoid. I 
Hydro·carbons. i 

f Indigestible 
Kind. of Hay. Wa.ter. 

Soluble. ! I FiLJre, etc. and Amides. ! 
Fat. Ash. 

---
I 

6·7 19·6 Meadow hay 15·6 13·5 i 1·2 43·1 
Red clover bay 15·0 14·2 I 3·1 37·2 5·7 I 24·8 
Trefoil bay 16·7 14·6 

i 

3·3 33·2 6·0 I 26·2 
Mixed hay 15·0 9·4 2·6 38·8 5·7 

i 
2t!'5 

Italian rye grass bay 14·2 11·2 1·4 41·4 7·8 24·0 
I 

These analyses must not be looked upon as absolute, but rather 
as approximate and representative.. . . .. 

Green Fodder differs from hay chiefly m bemg JUICY and succulent. 
It may be young, while. hay ~ay have been. cut after. the herbage has 
passed its best. This IS an lmportant pomt, for, like grass, green 
food is always most nutritious when young. Thus, growing vetches, 
trifolium, rye, and. clover are superior to the same plants ,?fter 
flowering. They then become hard on account of much ot the 
cellular matter changing into woody fibre. 



294 LIVE STOCK, FEEDING, AND ECO~mrrC ZOOLOGY. 

Especially is young stuff suitable for lambs, but older sheep will 
do well on vetches in pod, and horses prefer rye after it hB! shot 
into ear. The practical difficulty is to know when to begin feeding off 
these crops, as, if they are consumed too soon, they have not achieved 
their growth, and if too late they have become tough and .. sticky". 
i.e. resemble sticks. 

Cut green fodder is used for soiling in yards or in stabJes. 
Green crop~ also supply the flock with food from April to November. 
just as roots do in winter. 

Comparison between Green Food and Cake.~Green food. whether 
in the form of grass or fodder; is capable of nourishing cattle and 
sheep without the assistance of cake or corn. It can maintain the 
flow of milk, or fatten animals, and contains all the food ingredient/! 
already mentioned. They are, it is true, in less concentrated form 
than cakes or, corn, but before these last can be digested they 
require to be diluted. They are thus watered down to something 
like the same degree of strength as green food. and' it is an error 
to contrast dry cake with fresh grass as a food, because the la~er 
has to be greatly reduced in strength by additions of water before it 
passes through the intestines. 

Good linseed cake contains 72 per cent of starch equivalent 1 

(Kellner) and grass from rich pastures 13'1 per cent; but the grass 
holds 7i'2 per cent of water, while the cake contains only 11. Hence. 
if th!3 cake be diluted in the digestive system it must be reduced at 
least in the ,above proportion. 

It will be seen that 72 divided by 6 equals 12. so that the diluted 
cake may be very little richer (if any) than good grass. The system 
of feeding cattle with linseed cake when on good gra,s is therefore 
unnecessary, and can only be defended when grass is defic:ent in 
quantity, or is losing its nutritive qualities. Similarly, nothing 
can equal grass for milk, and it is doubtful policy to give cake to 
cows in the height of the grazing season. Similar calculations as to 
the nutrient value of turnips and linseed cake give rather surprising 
results. Thus, swedes are credited by Kellner with a starch equivalent 
of 7'S, as against 72 in linseed cake. But swedes contain 88 per cent 
of water, or eight times as much as linseed cake; and to bring the 
two into agreement, as they must be when passing through the 
intestines, they should be reduced either by dividing the starch 
equivalent in the cake by 8, or multiplying the starch equivalent in 
the swedes by the same figure. The starch equivalent of linseed 
cake in the digestive system in comparison with grass is therefore 
9 : 7'S, and not 72 : 7·S. 

Potatoes as a Food (or Stock.-Some of the coarser varieties of 
potatoes have been grown for stock, but they do not appear in many 
modern lists. Potatoes are very good for pigs, and may be introduced 
into dietaries for cows. Those used are either the small .. pig 
potatoes ", or diseBlled and rejected tubers. They are better boiled 
or steamed, partly because small potatoes are liable to stick in the 
gullets of cattle and choke them, and also because they are drier 

• Tbat is. tbe amount by weight 01 digestible starcb to wbich ita consliloentol a,e 
equivalent. 
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and in othel' respects better cooked than raw. D:seased tubers 
may be safely given to cows after steam:ng, and they greatly 
relish them. 

Dietaries.-l. All dietaries are composed of some one or more of 
the. above-named fe~ding materi!lls, w.ith the exception of grass, 
WhICh, however, consists of many mgredlents. To feed entirely upon 
turnips is a mistake-they are too watery; and to feed only on straw 
is wrong, as it is too p:)or and fibrous. Too milch cake and. con
~entrated food is bad, as it surfeits, and is wanting in that bulk which 
IS necessary to fill the paunch of ruminants. An excess of albuminoids 
is not only economically wasteful but positively harmful, as it 
produces stiffness in the joints and other ailments, which are described 
as "albuminoid poisoning ". Grass is a perfect food, but fails during 
winter, and loses its nutrient properties towards the close of the 
grazing period. It also varies enormously in quality with the land 
which produces it. 

2. Anothel' feature of dietaries is that they must be adapted for 
various species of animals. Ruminants must have bulky foods for 
the proper exercise of the ruminating function (Fig. 92). Horses 
have small stomachs, which are liable to impaction. Pigs are 
omnivorous, and are adapted for more concentrated foods than cattle, 
sheep, or horses. They will not eat hay or straw, and husky foods 
such as cotton cake soon kill them. 

These facts are well known to practical stock-keepers, and the 
diet specially suitable for each class of farm animal is pretty wed 1 
underst.ood. 

3. A more puzzling matter in connexion with dietaries is the 
effect of one food upon another, which is sometimes antagonistic and 
sometimes beneficial. Thus, the effect of albuminoids is heightened 
when they are combined with carbo-hydrates, and a due admixture of 
each increases the effect of both. Sugar assists the action of starch, 
but too high an albuminoid ratio induces the combustion and splitting 
up of the nitrogenous elements, and the discharge of uric acid from 
the system through the kidneys. The mutual reactions of different 
foods UpOll each other are so varied, and so little understood, that it 
is scarcely desirable to enlarge upon them. They are" hard reading" 
in scientific works on feeding, and the enormous differences in opinion 
among medical men as to human dietaries further illustrates the 
difficulty of the subject. 

4. Age and condition are also important considerations in arranging 
dietaries. Young, growing animals require a different regimen to 
adults; and pregnant and milking animals in many respects resemble 
young ones, as they must supply bone and other tissues to a f(Etus, 
or ingredients of the same nature to their offspring as milk. Cows 
are generally liable to a heavy drain for both these objects at the 
same time, and therefore require a large percentage of albuminoids in 
their food. Working cattle, whether horses or oxe?" a!~ subject ~o 
much waste of energy, and this bears upon the sUltablhty of the,lr 
foods. Thus straw may do well for cattle, and even for hor~es at rest, 
but it is too in nutritious for horses at work. The nutrient value 
of straw is considerable, but the internal energy required !o digest 
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it detracts from the available muscular force, so that straw becomes 
unsuitabh, .for, active horses. 

Another complication arises out of the different digestive 
systems of farm animals. It is not enough to consult tllblee of 
analyses as to the comparative nutrient value of foods. Hay, for 
example, possesses a higher nutrient coefficient for sheep than for 
horses, and straw is more nutritious for bovine than for equine animals. 
Undecorticated cotton cake is wholesome for mature cattle and sheep, 
but is fatal for calves and lambs. Bulky and waterr foods luit 
cattle, but are not so good for horses, nor yet for fattemng pigs. 

5. The nutritive properties of all foods varies within rather wide 
limits.-The tables of analysis supplied in books of reference fail to 
show the great differences due to the circumstances under which 
fools arc produced. It is well known that the feeding properties 
of grass and hay differ enormously, and it is the same with roots and 
straw, and to a certain degree with oats and barley. It is partly due 
to the land on which they grew, but large and overgrown roots, old 
grass, skinny oats, and husky barley cannot be compared with 
moderate-sized roots, young grass, and plump well-filled corn. We 
may be mistaken in our high estimation of our home-grown foods, but 
no experience;! feeder doubts for a moment that English barley meal 
is quite a different and superior article to husky stut! made from 
light foreign barley. The" prejudice" is reHected in market prices, 
for English barley, oats, and beans generally command a higher 
price than their foreign rivals. 

6. ImportanQe of fiavour.-No diet can be of value wh:ch is not 
liked by the animals that partake of it. Flavour is probably of 
greater importance than is generally thought, although it is at once 
allowed that the animal should enjoy his food. It certainly is 
important to 11,8, and even a thought, or fancy to the contrary w;ll 
often bll followed by abdominal pains and diarrh<2a. 

Flavour and attractiveness act on the salivary glands and promote 
digestion. An experienced butcher and grazier once suddenly said 
to the present writer when a boy, "How would you like to eat ot! 
a dirty plate?" It was a very apt question under the circumstances 
in which it was put, and was never forgotten. It bears not only 
on the food, but on how it is given. Any mustiness, sourness, stale
ness, or filth must d'etract very seriously from a food'. value as 
indicated by analysis. 

7. Fluctuations in market prices.-A large number of the foods 
placed on the market are fairly equal in respect of nutrient properties. 
It is often difficult to say whether this or that particular food is the 
better, but there are times in which cake is exceptionally dear, and 
home-grown corn is cheap; in which hay is decidedly a dear food, 
or it may be a cheap one. The successful farmer will be guided to 
a great extent by market prices, and, on the whole, definite cheapness 
of a certalil approved food is a safer criterion than a tabular state
ment as to comparative analytical merits. 

Conclusion as to the choice of foods.-.AIl foods should be palatable, 
and fresh or " sweet" . Among the best are home-grown green crops, 
roota, grass, hay, straw, corn, and pulse. Of purchased foods, the 
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recogniz.ed cak.es, namely, linseed, cotton, palm-nut, etc.; among 
meald, nce, maIze-germ, barley, malt-dust (culms), and maize (whole 
or ground) ; among other foods, brewers' grains, locust-beans, linseed, 
molasses, soya beans, milk substitutes, etc. 

The foregoing list of foods is by no means exhaustive, for every 
season brings up some new claimant for public favour. It now 
remaind for us to consider dietaries, and in doing so we shall to 
a great extent follow practice. It is curious to notice how the pre
scriptions used by experienced feeders tally with the recommendations 
of science. This, indeed, is a great relief to anxious inquirers who 
may be puzzled by the complications of starch equivalents, digestive 
coefficients, albuminoid ratios, digestible and non-digestible protein, 
crude and digestible fibre, etc. 

Fortunately the results of good feeding are exemplified in every 
show-yard and fat stock exhibition, and iIi a certain sense we appear 
to have arrived at perfection. The materials used are generally few 
in number, and their names are familiar to the ear, although 
specialitie9- abound in the form of compounded foods. Many of these 
are excellent, although compound cakes have been condemned as less 
reliable thaI' those made from one seed. Oil is not always derived 
from tho best; source, and it is satisfactory to know exactly what we 
are using. Besides, compounded foods are capable of being varied in 
order to leave a profit, by the substitution of cheap materials. 
Genuine linseed cake usually commands greater attention than any 
compound cake, but at the same time a dairy cake or a lamb food 
may posses~ superior qualities and become famous. 

It would be invidious to name the best-known manufacturers of 
cattla foods, calf meals, lamb foods, compound cakes, etc., but they 
constantly appear in connexion with prize cattle; and in the keen 
competition for show-yard honours they are constantly being tried 
by feeders. 

As already stated, the principal foods are few in number, and it 
is also noticeable that stockmen pin their faith to some of them to 
the exclusion of otl1ers, but invariably insist upon having the best 
of the sort they fancy. 

In discussing dietaries, the simplest plan is to take them as they 
are commonly used, and afterwards to inquire whether they are 
capable of improvement. 

St1'aW is the simplest food available, and if well saved, fresh, and 
cut young it is a good mainstay. It is better when newly thrashed, 
and oat or barley straw with a little clover interspersed among it is 
quite capable of keeping dry cows in condition. Straw is also the basis 
of dietar:es for store stock of alL kinds, and is easily supplemented 
with 2 to 31b. of cotton cake and a supply of good water. 

Hay and straw, together, supply everything necessary for s.tore 
cattle. They may be given long and separately, or chaffed and Inlxed 
together. 

St1'aW and roots, or hay, straw, and roots, leave nothing to 1>.e 
desired unless it is for fattening animals. It is difficult to construct 
any better or cheaper mixture. "Turnips and straw" are chie~y 
relied upon by the cattle-feeders in Scotland; and in Aberdeenshire 
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cattle art! known to have been fattened on nothing else, much to the 
surprise and the expressed doubts of Smithfield salesmen. 

Turnips inClude swedes in the phraseology of the North, where 
they are both familiarly spoken of a! "neaps"; and are sappier, 
heavier, and richer than they are in the South. So also the straw 
is less "bruckly" or brittle, and makes better fodder than when 
ripened under a scorching sun. The consequence is that bullocks 
may be fattened on Swedish turnips and straw in Aberdeenshire, with 
a little cake to finish them. 

Sliced swedes placed in long troughs, and Olt straw thrown into 
racks or hecks are thought good enough for store cattle, which improve 
in condition and become half-fat upon them. 

Enriching Straw.-In order to enrich straw it should be cut up 
into chaff, which may be blended with hay. Meal is then added, as 
"meal and chaff", to be either given dry or moistened. The former 
plan is heN recommended because it makes a change, the importance 
of which has already been insisted upon. The enriching of chaff 
may be carried to any desired extent by adding 1, 2, 3, 4, or more 
pounds per head of barley meal, bean, or other meals. Treacle, cod
liver oil, or linseed mucilage may also be introduced, and well mixed 
with shovel~ upon a floor; and a little water baled over and mixed 
by turning the heap, will cause the entire mass to gently heat. It is, 
however, desirable to mix what is required the evening before it is 
'wanted, as it soon becomes sour or fUsty. When fresh it is a savoury 
mess and is greedily eaten from the mangers. Molasses steamers 
(v. p. 391) may also be used. Dry meal and chalf is su:table for 
a morning meal, to be followed by cut swedes, dry cake, and more 
meal and chaff; the moistened food being well adapted for an 
evening meal. These directions are not meant to be too rigidly 
followed, but are given in order to indicate a system of feeding and 
a succession of foods. A rack filled with sweet oat straw is always 
appreciated. by cattle, and serves to keep them employed and 
contented. 

Dietaries Cor Fattening Cattle.-These have already been con
sidered, and it is unnecessary to enter more fully into the endleM 
variety of foods and proportions of foods employed in the fattening 
of cattle. They may consist largely of roots, but it is possible to 
fatten bullocks without them. Twenty pounds per day of roots was 
the amount given at the Royal Agricultural College, Cirencester, as 
far back as 1860, just enough to moisten the chaff, and give it 
a flavour. A bushel of cut roots is more usual, and this will be 
found to weigh from 35 to 40 lb. Two bushels, given at twice, 
morning and evening, is not too much; but the method of giving 
roots ad libitum is confined to the North of England and Scotland, 
where they are served in skeps without ~ny attention to the weight 
given. 

Dietaries for Milking Cows.-Attention has already been called to 
the great demands on nitrogenous matter involved in the supply of 
milk. A good cow w:ll yield 5 or 6 gallons of milk a day, or 50 to 
60 lb., containing 12 per cent of solids. The fat is more easily supplied 
than the protein, and it is worthy of serious attention that a eow 
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giving 6 gallons of milk per day supplies ·361b. of nitrogen in the 
shape of casein albumen, whey, and other nitrogenous matter. 
Nit.rogenous foods are therefore especially necessary for cows in 
full milk, and it must be remembered that such a cow yields the 
greater part of her milk during the first few weeks of lactation. For 
example, a cow which yields 800 gallons during the entire milking 
period may easily give half of this amount in the first three months, 
i.e. at the rate of 5 gallons a day. Such a cow would therefore 
discharge in her milk ·31b. of nitrogen or 1-875 lb. of albuminoids 
every day on the basis of 6-25 of albuminoids to 1 of nitrogen. Besides 
this considerable quantity of nitrogen required for her milk, she must 
find an additional amount for supplying the waste of her own 
body, and in most cases to build up a footus, and hence no one need 
wondElr that a cow in full milk is voracious in her appetite. 

If we now turn to the nitrogen content of foods, we may take 
gras~ as tho most natural diet, and one which cannot be excelled_ 
Pasture grass contains approx:mately 4 per cent of nitrogenous 
substance (albuminoids and amides) or -64 per cent of nitrogen_ 
It would therefore take 47 lb. extra of grass to supply the nitrogen for 
5 gallons of milk, and how much more for the support of the cow's 
body anu the necessary waste and growth of the feetus it is needless 
to inquire, as it would be the same in a dry cow in calf. It is the 
extra food to which attention is directed. 

If the same cow, yielding 5 gallons of milk per diem, were on 
winter food she would require 8! lb. of rough cotton cake .. in addition 
to a maintenance diet of good oat straw and 31b. of cotton cake, 
i.e. l1~-lb. of cotton cake + oat straw. 

Amount of nitrogen discharged in the milk -3 lb. 
Amount of cotton cake to supply the -31b. of nitrogen 8-51b_ 

If, however, the cow is rationally fed, and receives a mixed diet of 
oat straw, and, let us say, 20 lb. of meadow hay, 56 lb. of mangel, 
and cotton cake, how much cotton cake would she require? Supposing 
that the straw, hay, and mangel represent a fair maintenance dietary, 
she would still require 8! lb. of cotton cake. Or if it be preferred 
to substitute a mixed diet of cotton cake, bean meal, and dried grains, 
instead of all cotton cake, the following amounts would theoretically 
supply the necessary dietary for maintenance and milk supply. 

Oat straw 
lIIeadow hay 
lIIangel • 
Dean meal 
Dried grains 
Cotton cake 

· ad libitum} 
· 20 lb. maintenance. 
_ 56 .. 
_ 2.. ·0812 nitrogen in POUndS}extra food 
· 3.. ·0990.. .. for the cow 
· 3i.. ,1232.. .. in milk_ 

Total nitrogen for milk ,303, 

Sueh a dietary is both scientific and practical, and would be con
sidered economical, as the artificial foods would not cost more than 
3s. pel' week. It is a fair and liberal mixture, as the animal will 
be able to satisfy its appetite on oat straw, if the 84! lb. of roots and 
dry foods are not sufficient. 
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Dietaries (or Young Cattle.-The colostrum, or first milk of cows, 
contains 17'6 of albuminoids or 2'S of nitrogen, and possesses an 
albuminoid ratio of 1 : 0'6, or nearly 2:1. This is extremely high in 
comparison with normal cow's milk, in which the ratio is aa 1 : 3'7, and 
still more striking in comparison with that of cereal grains, which is 
1 : 5. The albuminoid ratio of fresh and young grass may be 1 : 4'2, 
and ill ordinary pasture grass it may be 1 : 7. All depends upon the 
relations of the total nitrogenous substance to the true albuminoids, 
and the ratio may vary from 1 : 4'5 to 1 : 7'4, according to the method 
ad! calculation followed. Young grass and milk are Nature's food 
for calves, but entail a great sacrifice of new milk. Bcsides, the time 
during which it is available is comparatively short, and, as already 
pointed out, late calves are better in the house, and fed with milk 
substitutes, cut green food, and artificials. 

All young cattle should receive a nitrogenous dietary, in which 
linseed cake occupies an important place. They ought not to be 
overfed, but during their first winter may receive one-quarter the 
average allowance given to fattening oxen, i.e. 21b. of cake and meal 
per head instead of Sib. Undecorticated cotton cake is not 8uitable 
for calves, and even decorticated cake is better mixed with linseed 
cake in the proportion of half and half. It is important that the 
appetite should be satisfied, and this is most eaaily accomplished by 
supplying the racks or "hecks" with sweet oat straw, and providing 
a supply of clear and sweet water. Two-year-olds may be allowed 
rough cotton cake, and the allowance of artificial foods may be 
doubled, but the amounts given will be regulated according to their 
final destination. Dietaries for horses, sheep, and pigs are treated 
upon separately under their respective sections. 



CHAPTER VII. 

ECONOMIC ZOOLOGY. 

THE agricultural importance of an economic knowledge of zoology 
cannot well be over-estimated in view of the great variety of diseases 
of both stock and crops which are directly traceable to parasites and 
other forms of animal life. 

Parasites are of two kinds, namely, Epizoa, 01; external parasites. 
such as the flea; and Entozoa, or internal parasites, such as the 
tape-worm. In the former case the treatment, consisting of lotions. 
ointments, etc., is usually applied to the affected parts of the skin,. 
for the purpose of killing the parasite without at the same time 
injuring the host, while in the latter case drugs are administered 
internally. 

Parasites may also be completely or only partially parasitic in 
character, but most of those with which we are concerned in 
agriculture belong to the latter class and are only parasitic during 
a portion of their existence. 

Trematoda. or Flukes.-Of these the liver fluke (Distomum 
hepaticum) (Fig. 139) is the chief one of economic importance, being 
responsible for the disease known as liver rot in sheep. This fluke 
or flat-worm is about 1 inch in length and ! in. across its broadest 
part, and presents an oval leaf-like appearance. In the case of an 
infected sheep the bile-ducts of the liver contain large numbers of 
these flukes, which are each provided with two, suckers, one oral 
and the other ventral. The flukes in the liver produce large numbers 
of self-fertilized eggs, which are expelled with the dung of the sheep, 
and before maturing into adult flukes pass through a number of 
stages. In the first stage the sole chance of life of the young embryo 
depends upon its meeting a certain species of water-snail (Limnrea 
truncatula) (Fig. 139,0), and after undergo:ng further changes in the 
body of the snail, it leaves 'the latter, swims about in the water for 
a short time, and finally becomes encysted or encased on the stems 
of damp grass, when, if devoured by a sheep, it quickly develops into 
the adult fluke. 

'Symptoms.-In the early stages of the disease in autumn the 
sheep appear to do well, as the parasites at first stimulate the liver 
and aid digestion. Later, however, the skin becomes doughy, and 
the eye has a whitish, opaque appearance under the lid, commonly 
known as "fat-eye". From January onwards the animal becomes 
very anremic, swellings appear under the jaw, and finally emaciation 
and death ensue; while even if the sheep recovers, the effects of the 
disease never disappear. 
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Tl'eatment.-This consists in having well-drained pastures, as by 
drying pasture land the snail which is necessary for the propagation 
of the pest is eradicated. Salt is vcry harmful to the parasite in all 
its stages, and the land should therefore be dressed with it, while 
a good preventive is to give the sheep a plentiful supply of rock
salt in their troughs. Gas-lime is also beneficial as a top-dressing 
for infected pastures. All livers of infected sheep should be 
destroyed, and never given to dogs, or the eggs of the fluke may be 
returned uninjured to the soil. The best preventive is sound, 
dry land, and flocks should never be allowe:l to graze on rushy or 

A 

B 

c 
E 

FIG. 139.-Liver Fluke (Distomum llepaticllml. A, adult fluke; B. ciliated 
embryo; C, water snail (Litnllcea truncatulal; D, sporocyst; E, redia; 
F. cercaria. 

wet lands-especially after midsummer. The spring feed of water
meadows is not dangerous. 

Cestodes or Tape-worms.-The tape-worm (Fig. 140) is a long, flat 
worm, entirely parasitic; it is segmented, each segment being 
practically a perfect animal in itself, and when these segments are 
sexually mature and full of eggs they fall off from the worm and are 
expelled, the eggs they contain then be:ng disseminated through both 
soil and water. Tape-worms possess no mouths, but attach them
selves firmly to the mucous membrane of the intestines of the' host 
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by means of hooks and suckers, while they feed by the process of 
" osmosis ", i.e. the nutriment is absorbed directly through the skin. 

Symptoms.-After the egg of a tape-worm has been taken in by 
some omnivorous, herbivorous, or, more rarely, carnivorous animal, it 
is carried along in the form of an embryo to some organ of the host, 
where it becomes converted into a cyst or "water-bag". The latter 
grows to a large size, with liquid contents, and after a time forms one 
or mor·) hollow buds projecting into the interior, and containing the 
embyro head, or heads, of future tape-worms. When the cyst is 
consumed, therefore, with the fle,h of the animal in which it exists, 

B 
D 

PIG. lJO.-Tape.worms. A, Tamia so/i",n of man: B. scolex or head seen 
from the front: C, one of the hooks; D, E, joints or segments; 
F, ovum or egg. 

these rudimentary heads are released, and deve:op as the adult tape
worm in the intestines of the new host, where they commence to bud 
off segments as before. " Measles" in beef and in pork are both 
caused by distinct species of tape-worms, Trenia saginata and 
T. solium respectively. The cystic stage of the former is found in 
the muscles of the ox, and of the latter of the pig. If the flesh of 
the infected animals is not eaten by man the cysts in time become 
calcareous; otherwise they become converted into the adult tape
worm in the human subject. To destroy the cysts the meat must be 
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thoroughly cooked at a temperature of from 140' to 150' F., but 
it is impossible to treat living infectei oxen or pig~, owing to the 
fact that the CYSt3 are inacce3sible. 

The Tznia comurus (Sturdy, Staggers, or Gid of Sheep).-This 
is found in the dog, but the egg3 when taken in with their food 
by sheep develop into the cystic stage in these animals, u8ually 
becoming embedded in the brain itself (Fig. 141), where they oftl.'n 
attain the size of a hen's egg, and cause the disease known as 
" sturdy", .. staggers", or .. gid ". 

Symptom8.-The cyst affects the conduct of the animal according 
to the position it finaily occupie3 in the brain. Thus, if situated in 
the fore-part of the brain the sheep raises its nose and walks straight 
forward; if on one side, the animal walks round in that direction. 
If it is in the back of the brain the sheep stumbles forward in 
a jerky manner, frequently falling ani struggling to get up. The 

B 
FIG.I4l.-Sheep Siordy or "Oid ". ,(. Camuru. ""rflwall. encratecJ In 

hrain of .beep: B. section &brougb c,..&. 

position of the cyst may therefore be deduced from the conduet of 
the animal. The life-history of the tape-worm is completed by a 
dog eating the brain of the diseased sheep, which enables the parasit'J 
to begin a new cycle of changes. 

Treatment.-Very little can be done in the way of treating giddy 
sheep, and the loss in a flock is sometimes considerable. Operative 
treatment is sometimes attempted by piercing the skull of the animal 
and puncturing the cyst; but it is not usually followed, ~8 the 
animals are generally sent to the butcher. Damp pastures are 
favourable to the preservation of the eggs, and care must be takcn 
to see that all diseased brains are destroyed. 

Tznia echinococcus of the dog is a very small worm, but is 
responsible for the production of the largest-known cyst, which takes 
up its position in the liver or lungs of the ox, sheep, pig, and man 
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also, not unfrequently attaining the size of the human fist. The 
disease is ~arely ~ata~, but the a,!-imal becomes extremely unhealthy. 
and the. disease l~ dlffi?ult to diagnose, although the liver is very 
greatly Increased lD weight, often as much as ten times. 

Treatment.-This usually consists in fasting the animal for from 
eighteen to twenty-four hours, and then giving a dose of 2 grains 
of areca-nut for every lIb. weight of the animal; and this treatment 
should be repeated every fortnight or three weeks until a marked 
improvement is noted. 

Thread-worms are so called on account of their appearance. They 
are nearly all wholly or partially parasitic, and live on the organic 
fooces of animals. The sexes are usually separate, the male being 
distinct from the female. Some thread-worms lay eggs which may 
develol) into a larval stage before maturing, either in the same 
host as the adult or another, or the larval may not be parasitic at 
all. On the other hand, the female worm may produce her young alive 
and in tho thread-worm stage. 

Strongylus filaria and S. rufescens both belong to the Strongyle 
groups of thread-worms, which take up their position in the lungs or 
bronchial tubes in calves and sheep, producing the disease known 
as husk or hoose, which is chiefly prevalent from September to 
March. Young stock are particularly prone to this disease when 
kept in poor condition and in damp pastures or water-meadows 
throughout the winter. 

Symptoms.-These are first noticeable as a cold or slight catarrh, 
which afterwards becomes very painful, and is accompanied by 
convulsive coughing of an unmistakably" hoosey" character. The 
animal may eat well, but becomes poor and bloodless, and finally 
dies. If not, the symptoms gradually disappear after the winter 
is over. 

Treatment is best carried out by feeding the young animals well 
in spring and summer, and allowing a plentiful supply of clean .. 
pure water. Salt cakes are useful, and infested soil should be dressed 
with crushed rock-salt. If an animal is infected the best plan is to 
give an injection, directly through the neck into the windpipe, in 
order to kill the parasite, using potassium iodide and olive-oil, but 
this is best done by a veterinary surgeon. 

The Armed Palisade Worm (Sclerostomum equinum) of the h.orse 
produces dangerous swellings of the blood-vessels, termed ~neul"lsms 
when in its cystic form, and these may have a fatal termination. The 
mature worms are usually found in the intestines, the male being 
about It inches, and the female 2t inches long. 

Symptoms and Treatment.-In the majority of cases, where only 
a few worms are present, no symptoms are ~oticeable, but if present 
in large numbers the animal becomes anOOIDlC, su~ers severely.from 
colic, and often dies. These worms are extremely difficult to eradicate .. 
but the usual treatment is to administer medicine composed of thymol 
and santonine. 

The Giant Thread-worm (.Ascaris megalocephala) of the horse, whe.n 
present, is \1-sually found in the intestines in lar~e nUl!lbers, ::wd 18 
from 11 inches long in the case of the male to 14 Inches lD the case of 

x 
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the female. Very little harm results from their presence, but if in 
very large numbers the wall of the intestines may become ruptured. 

Treatment.-This is somewhat unsatisfactory, but if from 1 to 
3 drachms of arsenious acid be mixed with the food and followed by 
a purgative, it may result in the eradication of the worms. 

The Gape-worm of Poultry (Syngamus tracheali.) (Fig. 142) is 
found in the windpipe of birds, where its presence causes a peculiar 
cough, and the bird gapes in a characteristic manner in its effort to 
get rid of the irritation. The male and female worms, about t and 
# in. in length respectively, are nearly always found together in the 
form of a fork. After the production of the eggs the parasite dies 
and the eggs are discharged, and develop on damp ground or in wfder. 
Whether the eggs pass into the mouth of the birds, hatch out there. 
and so reach the windpipe, or whether they first reach the gut and 
go to the windpipe via the blood stream, is not definitely known. The 
final result is that the bird is suffocated and dies. 

All infected birds should be at once isolated and treated, by 
. placing them in an airtight box into which a mixture of camphor 
and chalk may be sprayed by means of any of the patent machines 
now on the market for the purpose. The bird by inhaling the fumes 
destroys the parasite, which is then readily coughed up. Cruder 

FIG. 142.-Gape-worm (SlInoamu. tracheali.t. 

methods, such as fishing down the throat of the chick with a leather 
dipped in oil of cloves to catch the worm are sometimes adopted, but 
they are somewhat cruel and cannot, therefore, be advocated. 

Eelworms.-These parasites cause malformation and II sickness .. 
of numerous plants, and are very difficult to deal with. They are 
minute nematode worms, and their presence is not often suspected on 
account of their microscopic size. One end of the parasite iB blunt, 
and comprises the head and very powerful sucking organs, while the 
posterior extremity is pointe;!, and is used to pierce the stem of the 
affected plant, so that the juice may be sucked from the ti88ues. 
after which the parasite bores its way up the stem. 

The "Stem" Eelworm (TylenchUl devaatatriz) (F~g. 143) attacks 
oats, rye, wheat, potatoes, hops, and clover, causing clover sickne88 
(vide Plant D:seases, p. 575). The symptoms vary somewhat; for 
example, some plants soon become yellow and die, while others appear 
to grow luxuriantly and possess thick abnormally fleshy leaves. No 
ears are. however, produced; or, if they are, they are quite useless. 
The eelworm passes from the soil, where the eggs are lain into the 
roots of the plant, and so up the stem, but it leaves again before the 
plant dies, and again deposits eggs in the soil. 
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Treatment.-The most satisfactory treatment consists in securing 
a good rotation with the possibly affected crops as far apart as 
possible, or in other words starving the parasite out. Deep ploughing 
may also be resorted to, in which case the eggs are prevented from 
reaching the surface and developing into the adult parasite. 

Peppercorns, Ear Cockle, or Wheat Eelworm (Tylenchu8 8canden8) 
(see Fig. 30, B) d:ffers from the last-mentione:l in that it only affects 
the ear of the wheat plant, causing galls commonly known as pepper
corns. These contain hundreds of dormant larval, which may remain 
in a state of suspended animation for a considerable number of years, 

FIG. 14S.-Eelworm (Tyle1lchll. devastatrix), .A. posterior extremity of 
male; B, anterior extremity. C. ovum i D, eelworms from clover roots. 

but on reaching the soil they develop into mature eelworms. The 
latter enter the roots, travel up the stem, and take up their position 
at the base of the ear, when the plo.nt flowers, and the galls or 
peppercorns are then produced. Great care should be taken to see 
that these latter are not sown with the seed, and this may be 
prevented by soaking in a weak solution of sulphuric acid, so 
that the germinat.'.on capacity of the wheat is unharmed, but 
the peppercorns are killed; or they may float on the surface and 
may bo skimmed off. If an affected grain is cut across and 
immersed in a tumbler of water the worms escape and may ho 
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seen moving freely in the clear water if it is illuminated by bright 
sunlight. 

Beet Eelworm (Heterodera Schachtii) produces a disease known 
as .. beet-sickness", the plants becoming weak, and the leaves limp 
and colourless. The disease may be diagnosed by the presence of email 
projections on the rootlets of the plant, caused by the eelworm, wh;ch 
is citron-shaped, taking up its position there. The soil may be 
badly affected with the eggs and larVa! of the parasite if beet is 
continuously grown. 

Treatment.-A machine has now been invented which, when drllwn 
over a field of beet, breaks off the small rootlets of the affected plants, 
so that the parasites are killei before their eggs are laid, without 
further injury to the crop. Lures in the form of varieties of the 
cabbage tribe planted with the beet, and pulled up and burnt 
when their rootlets are covered with the parasites, have also boen 
found useful. 

The Earthworm (Chretapoda, i.e. Br:stle-footed) p088essee a long 
body composed of a number of segments, on each of which are eight 
bristles shaped like a drawn-out S, and capable of being projected 
either forwards or backwards. The body is pointed at the anterior 
end, becomes larger at the middle, and then gradually 1Iattens and 
narrows down towards the posterior end. These lowly organized 
animals are of considerable economic importance, and although they 
are said lo be responsible for a certain amount of damage to celery 
and onions in gardens, this is out of all proportion to the beneficial . 
action which they exercise on the soil. In feeding on decayed 
organic matter and in making burrows worms swallow a considerable 
amount of soil, which is discharged in the form of .. castings" in 
a much higher state of fertility, having been moistened by the 
digestive juices, and ground up into a much finer mechanical 
condition. 

The earth is constantly being brought up in this form from below 
and deposited on the surface, and, moreover, it is evident that it is 
only the finer particles of the soil that can be swallowed, and there
fore the heavier particles and mineral fragments must necessarily 
sink. Or, in other words, the soil is filtered, as it were, the light, fine 
particles being brought to the top, and the coarse and heavier parts 
sinking below. The importance of the cumulative effects of these 
small animals may be demonstrated by the fact that it is estimated 
that the amount of soil filtered, ground down, and fertilized by their 
digestive juices on an aere of garden Boil in one year is roughly 
10 tons, or sufficient to cover that area with a uniform layer tv in. 
thick. 

Arthropods. -This division is estimated to comprise about half 
the number of animals known to exist, and includes centipedes, 
millipedes, insects, spiders, mites, etc. All are jointed animals, and 
each joint moves only in one plane, so that a large number of joints 
are necessary to perform any complicated movement. Their bodies 
are segmented, and these segments are usually arranged in groups. 
All Arthropods possess an external skeleton of hardened skin, or 
"chitin ", and grow by moulting, developing rapidly, and having 
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a new chitin deposited in place of the cast-off skin. Respiration is 
carried on in some cases through the skin, but most of the animals 
have a special breathing apparatus, known as spiracles, communicating 
with tho air through openings in the skin. The Arthropods may be 
divided into the following groups :-

1. Myriapods Cent:pedes and millipedes. 
2. Arachnids Spiders, mites, etc. 
3. Hexapods All true insects. 

1. Myriapods.-Centipedes and millipedes are liable to be hoth 
classified as injurious by the tyro, but in practice it is most important 
for the agriculturist to distinguish between them, as centipedes are 
quite harmless, and even beneficial, while the millipedes are extremely 
harmful and troublesome. Neither of these animals has wings, and 
their bodies are made up of a number of segments provided with legs. 
There is no metamorphosis in their life-history. 

Centipedes may be distinguished by the fact that their transverse 
section is flattened, and each segment possesses one pair of legs set 
wide apart. They are usually found in dark damp places, lind are 
wholly carnivorous, feeding on insects, snails, etc. 

Millipedes, on the other hand, appear to have two pairs of legs to 
each segment, set close together, and the transverse section of the 
body is round. When touched they coil up, move much slow"er, and 
have a larger number of segments than the centipedes. They are 
wholly herbivorous, and feed on plant tissue, often attacking onions, 
turnips, wheat, beans, and even strawberries, with disastrous results. 

On a large scale the only practical remedy is to work lime 
. thoroughly into the soil, while in gardens they may be eradicated by 
luring them with poisonous bait, Paris' green being used for this 
purpose. • 

2. Arachnids.-Sp:ders (.Araneidre) are not segmented, but the 
body is divided into two portions by a constriction. They possess 
four pair~ of walking legs and two appendages in front, which assist 
in feeding. and this characteristic distinguishes them from insects 
which possess three pairs of jointed legs. The organs of mastication 
in the spider are wholly carnivorous; hence true spiders are incapable 
of feeding on plant tissue, and consequently may be rightly considered 
as beneficial rather than antagonistic to the farmer. 

Mites and Tick8 (.Acarina).-In contrast to the true spiders these 
are very harmful, and are distinguished by possessing bodies in one 
piece, rounded on the top and flat on the under surface. They possess 
tho same number of appendages as spiders, and are often responsible 
for producing serious diseases in both animals and plants. Most mites 
lay eggs, and their metamorphosis is very simple. The young mite 
which hatches out from the egg differs from the adult in having only 
three pairs of walking legs, but it very soon moults, and with its 
new skin a('qu:res the characteristic number. 

Red spiders are not in reality true spidors, and cause considerable 
damage to garden plants and trees by feeding on them and sucking 
their juices. protecting themselves on the under side of the leaf by 
spinning a shiny web, under cover of which th~y carry out their 
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depredations. Treatment under glass usually consists in fumigating 
with prussic acid; and in the open by spraying with a 8ulphur
paraffin emulsion. 

The harvest bug, in reality the larva of a large IIcarlet mite 
(Trombidiwm holosericeum), is parasitic on the skin of many mammals. 
including man, dogs, horses, cats, etc., and poultry are also sometime! 
attacked. These undesirable six-legged larvlll swarm in long grass 
and undergrowth in late summer and autumn, and upon attaching 
themselves to the skin of the host they bury their heads deeply 
underneath the cuticle so that they may not be dislodged. For horses 
and dogs a 2 per cent solution of carbolic acid will usually prove both 
preventivc and curative, while in the case of fowls the feathers should 
be well dusted with flowers of sulphur. 

Ticks (IxodJidflJ) (Fig. 144).-These pests are partially parasitic in 
character, and possess very distens:ble, and leathery, skins. They 
suck the blood of the host by means of a beak consisting of two 
"scrapers" and a "dart ", the former making the wound in order 
that the dart may be plunged in. The male is smaller than the female, 

• 
FIG. IH.-8beep Ked or eommon Tick ot 

Sbeep (Melophagus ovinu.). 

and is not capable of distending to so great an extent. All ticks lay 
eggs, and possess four pairs of lega in the adult form. The sheep 
tick is one of the most important of these parasites, and it is 
usually found around the roots of the ears, ins:de the thighs, and 
wherever the wool is thickest. The ticks do not injure the sheep 
to any great extent unless present in excessive numbers, and are 
readily destroyed by any of the various sheep dips. 

Itch Mite8 (Sarcoptidre).-These are wholly responsible for the 
disease known variously as the "itch ", "mange ", or "l!C&bies ", 
according to the subject attacked. Moreover, the cause of these 
diseases is due to different varieties of the pest, according to the 
epecies of the animal affected. 

Sarcoptic mange in horses usually occurs in overworke;l, badly 
fed, and old animals. The mites make punctures in the skin, into 
which they inject an irritant substance causing a viscous exudation 
from the wound, which on drying forms a pimple. As the parasites 
increase, and the punctures get closer together, the pimples form 
patches, the hair drops out, the skin becomes wrinkled, and the animal 
is in a constant state of irritation. The disease is highly infectious ; 
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and infected horses should at once be isolated, and all grooming 
implements disinfected. 

The animal should first be clipped, all clippings being afterwards 
burnt, and then should be well rubbed over with soft soap so as to 
soften the crusts. Then lather it well, and wash with warm water, 
finally.killing the parasites by the application of a creosote dressing. 
composed of 10 parts of oreosote, 10 parts of methylated spirit, and 
25 parts of water. The dressing will require to be repeated two or 
three times, at intervals of about five days, as, although the first 
applioatiop. will destroy the adults, the eggs still survive, :md must be 
destroyed as they hatch. 

Sheep scab is also due to itch mites, the exudations from the 
punctures forming large offensive scabs, around the margin of which 

FIG. 145.-Generalized Insect. ..(, the head. containing the chief 
organs of sense and feeling. together with the mouth: B. thorax. 
oontaining the organs of locomotion; C, abdomen. made up of 
fourteen segments or les8, and containing the organs of digestion 
and reproduction. 

the mites may be disoerned. The disease is highly infectious, and 
notification to the local authorities is compulsory. 

Sheep dips are recognized as effective, and should contain 
ingredients for softening the soab and also for killing the parasites. 
lime being often used for the former purpose and sulphur for the 
latter. Arsenical dips are largely used, and are perhaps the most 
effective, but non-poisonous dips are also on the market. 

Demodectio soabies or mange in dogs is a further example, but in 
this case the parasites possess long bodies with the characteristio 
four pairs of legs. They are found in the follicles of the hair itself, 
and are consequently very difficult to eradicate, surface washing being 
of little avail. Treatment usually consists in the administration of 
internal medicines, e.g. quinine, which may be excreted through 
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the skin, after which all surface parasites may be destroyed by 
applications of Peruvian balsam. . 

3. Insects;-This last and widely extended family 01 Arthropods 
comprises by far the greater majority of those animals which are 
destructive to farm crops. It also includes several species 01 an 
undoubtedly beneficent character, either from the fact tha~ they 
wage war on noxious insects in certain stages 01 their existence, as 
does the Ichneumon fly, or, as in the case of bees, In performing 
exceedingly useful work in the fertilization of fruit-trees and cloven. 

In all true insects the body is divided into three sections (hence 
insecta), namely, the head, thorax, and abdomen (F~g. 145). The 
head may be defined as the sensorium or organ of the senses, while 
the thorax is essentially the motor part of the animal, and possesses 
the legs and wings, always three pairs of the former and usually two 
pairs of the latter, although the second pair are not alway. distinctly 
discernible; or the first pair may be modified to alford protection 
to the posterior pair. The life-history of all insects comprises a 
cycle of four stages as follows :-

r E1g

, 

Adult Lana. e.g. caterpillar. 
~ ~ grub. or m .. ggot. 

Pupa 
e.g. chrysalis. 

The larval stage represents the feeding period in the life-history, 
as it is then that food is stored up for use by the adult insect later on. 
Moreover, it is during the larval stage that herbivorous insects are 
the greatest source of trouble to the agriculturist. Types of insect 
larVa:! are almost innumerable, but it is important to note the 
distinction between those of a harmful and harmless character, or in 
other words. those which are herbivorous and those which are 
carnivorous. The former possess toothed, rasping jaws designed for 
feeding on plant tissue, while the latter possess sickle-shaped and 
pointed jaws. 

As a general rule it may be noted that a .. caterpillar" will 
finally develop into a butterfly or moth, a .. maggot" into a two
winged fly, and a .. grub ", with three pairs of legs and conspicuous 
jaws, will become a beetle. 

1. Aptera • 
2. Orthoptera 

3. Neuroptera • 
4. Hymenoptera 
5. Coleoptera • 
6. Lepidoptera . 
7. Diptera .• 
8. 'fhysanoptera 
9. Hemiptera . 

CLASSIFICATION OF INSECTS. 

Wingless •.• 
Straight-winged .' 

Nerve·winged. • 
Membrane-winged 
Sheath-wingea • 
Scale-winged • 
Two-winged • 
Fringe-winged 
Half-winged . 

Primitive or ancestml. 
Earwigs, cockroaches, 

grasshoppers. 
Dragon-flies, lace-wings. 
Saw-flies,lchneumonflies,bees. 
Beetles. 
Butterflies and moths. 
True flies. 
Thrips. 
Bugs or plan' lice. 
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The Aptera, Orthoptera, and Neuroptera include very few insects 
of agricultural significance, and may, therefore, be lightly passed 
over. .Among the Neuroptera, however, are the dragon-flies, and these 
highly organized and beautiful insects are distinctly beneficial. They 
possess great powers of flight, and possess three pairs of legs, not 
used for locomotion, but provided with spine3 for the purpose of 
securing the butterflies, moths, or flies on which they prey. 

The Hymenoptera comprise ants, bees, wasps, saw-flies, Ichneumon 
flies, and gall-flies, all very highly organize:! insects. Their chief 
characteristic is that their second or posterior wings are smaller than 
the firs~ pair, and are so locked that both pairs are used for flight 
and often appear as a single pair. The hea.d is attached to the 
thorax by means of a neck, but while there is another constriction 
lower down at the waist this marks the actual division between the 
thorax and the abdomen. The feeding organs are of the suctorial 
type, and there are considerable differences between the larval and 
adult stages, which necessitate a sudden and often abrupt 
metamorphosis. The larvfe of most insects are simple in structure 
and rudimentary in character, e.g. maggots. 

TUI'nip Saw-flies are sometimes extremely troublesome in 0 hot. 
dry summers, and are so named because the adult female is provided 
with a beautifully devised sawing apparatus with which she cuts a 
deep incision in the leaf in which she lays her eggs. The larvfe are 
very destructive, and one simple remedy is to turn young ducks or 
pigs into the field, as they will quickly devour thousands of them. 
Deep cultivation prevents the flies from hatching out of the pupa 
stage, while swallows, swifts, and other birds destroy the adult fiies, 
and rooks the larvfe. 

The Corn" Saw-flies" (F!g. 146) are not true saw-flies, but the 
female possess a saw-like ovipositor with which a slit is cut in the 
stem of tho plant for the deposition of the egg. The larva is white, 
and °about half an inch in length when mature. It eats its way up the 
stem, and on reaching the top it saws through it so that the ear 
drops off. There is no curative measure for this pest, but the best 
preventive treatment is the deep ploughing of infested stubbles so 
that the chrysalids cannot hatch. 

1 chneumon Flies are parasitic in their larval stages on the larvfe 
of other insects, and are extremely beneficial in ascertaining the 
position of such larvfe. They lay their eggs under the skin so that 
their larVa! when hatched may consume first the non-vital tissues of 0 

the host, and finally kill it, after which they pupate and the adult 
flies emergl' in due course. 

Humble or Bumble Bees (Bombi) are large, heavy, and hairy, and 
are provided with a slightly longer proboscis than the ordinary hive 
bl'e described ':n Part VI, Chapter III. It is on this account that they 
are useful for the fertilization of red clover; in fact, without their 
aid this particular variety could not seed. The second crop, having 
smaller flowers, may be readily fertilized by the aid of the ordinary 
hive bee. 

The Coleoptera, or Beetll's, are the dominant order of insects, and 
are easily recognizable. The outer pair of wings are modified to 
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form "wing covers" for the second pair, and meet in a perfectly 
straight dorsal line. Some beetles have no actual wings, but the 
elytra or wing covers are always ·present, although in some cases they 
adhere together. Beetles, as in the case of other insects, are of the 
greatest economic significance in their larval stages, many being 
harmful, as in the case of the cockchafer (Fig. 147), which does 
considerable damage in some seasons to both root, vegetable, and 
cereal crops. Their attacks can only be prevented by well-organized 
hunting, and destroying the adult insects in April, May, I\nd June. 
Others are beneficial, as for example the ladybird, which in both 
larval and adult stages is wholly carnivorous, and should never be 
destroyed. 

FIG. 146.-Com Saw·fly (Cephus PIIgmtZu.l. A, adult IIJ ; 
B. larva devouring inner parts of elra,,; C. mature ian'S. 

Wire-worms are the long, tough-skinned, yellow or straw-coloured 
larvre of the click-beetle or skip-jack (Fig. 148), and when present 
in the soil do considerable damage to crops of all kinds, often 
destroying the whole plant. They are very slow in developme~t, 
taking from three to five years to become full grown. They pupate 1n 
the summer or autumn, and the adult beetles emerge before the 
winter or in the following spring. The beetle itself has a long, narrow, 
body, tho sides' of which are almost. parallel, while the thorax 
projects backwards to form a point on each side. The perfect insect 
or beetle i~ quite harmless. 

Treatment for wire-worm is usually unsatisfactory, but thorough 
consolidation of the Boil by rolling is recommended, as it retards the 
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underground progress of the worms. Gas-lime, superphosphate, and 
acid manure. will eradicate the pest if applied before sowing, while 
on an infested crop they are important in promoting vigorous growth. 

The Turnip Flea Beetle or .. Fly" (Fig. 149) is so called because 
it hops or jumps much in the same way as a flea. It possesses very 
powerful wings and a highly developed sense of smell. So powerful 
is this instinct or faculty that it will take long flights against the wind 
in order to get to a turnip crop. The larvre are about Hn. long, 
and burrow between the upper and lower cuticles of the seed-leaves 
of the young turnip plant, when, after some six days or so, they become 
full fed, fall to the ground, and pupate, the fully developed flea beetle 
emerging after about fourteen days from the chrysalides. As many 

f) 
FIG.147.-Cockcbafer (Melolo"tlla ""Ioa,-is) • .A and B. adult: 

, C. larva: D. PUpA.. 

as half a dozen broods may be produced in the course of a year, and 
both the adults and the larval destroy the leaves of the turnip plant, 
the attacks being worst in dry and hot seasons.. . 

Numerous remedies have been proposed, among whlCh are, dusting 
the young seedlings with lime in the early m.orning before ~he dew: is 
o()t'f; soaking the seed in paraffin or turp~ntine b~fore sowmg,. w~ch 
imparts a distasteful flavour to the see~hngs, while the ge~mmation 
.of the seed remains unimpaired; brushmg the crop ov.er With tar~ed 
o()r greased sacking attached to a li~ht framework~ the msects leapmg 
up on being disturbed, and adhermg to the sticky surface of the 
cloth; or dragging paraffin-:soaked sacking over the crop both ways, 
the odour of the oil stupefymg the beetles. 
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Grain WeevilB (Oalandra granaria) .-These extremely destructive 
insects occur among stored cereal crops. The eggs are laid by the 
female, one in each grain, during the summer, and the maggote soon 
hatch and devour the.food material contained in the grain. 'fhey then 
pupate, and soon afterwards the perfect weevil eats its way out from 
the grain, the whole process occupying about six to seven weeks. The 
attack is difficult to detect, and the easie3t method of diagnosing it 
is to throw a handful of the suspected gra:ns on water, when any 
attacked grains will rise to the surface. 

FIG. 1~9.-Wire·worm. (Elatend",). .A andB. Itriped elick· 
beetle (.Aori8tea Ii"ea" .. ); C. pupa; D. 1a ... " or 
wire·worm; E. jointed leg of Jarva; F, wire-worma 
at~king yODng COrD. 

The pest may be largely kept down by turning the corn w:th 
a shovel, as a reduction of temperature and ventilation arreste the 
insects immediately, but will not destroy their eggs. The most 
satisfactory remedy is to fumigate with carbon-bisulphide-which, by 
the way, is an exceedingly inflammable gas, and a naked light should 
never be brought near it. The liquid should be poured into a dish and 
placed on the top of the heap of grain, and the fumes will volatilize 
and permeate the heap, effectually killing all forms of insect life. 
The eggs, however, are not destroyed, and in order to be successful 
this treatment should be repeated after the lapse of two or three 
weeks, by which time the eggs will have hatched out and the larvle 
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will be destroyed. This principle of discriminating between mature 
insects and their eggs or germs should always be kept in view. 

Lepidoptera, or Butterflies and Moths, include many very beautiful 
forms of li~e of no direct importance to agriculturists. The body, 
legs, and wmgs are all covered with scales (Greek lepra), and the 
mandible3 are very powerful, including a long proboscis or tube for 
sucking out the juices of plants. The larVa! are herbivorous, and 
constructed on the following plan: (1) the head, furnished with a pair 
of sharply toothe:l jaws and short antenna! or feelers; (2) three 

FIG. 149.-Turnip Flea or Turnip Fie .. Beetle (Haltica "emorum) . 
..d , turnip flea with wings extended; B.

o 
the beetle or 0" fly"; 

C. pupa or chrysalis; D, larva or caterpillar; E, turmp . .1eaf ; 
1. holes made by beetles; 2. burrows formed by caterpllla.rs 
or larvie. 

segments, each carrying one pair of feet; .(3) two suppl.emental 
segments without appendages; (4) four segments Wlth. the 
elephantine or false legs; and (5) the last two segments devOld of 
legs. Thus the caterpillar possesses three pairs of ~rue l~~s j~inted 
and clawed, but the elephantine or false legs are n61ther Jomted nor 
clawed and consist of pushed-out skin, so that in reality the larva 
only possesses the number of true legs characteristic of fully 
developed insects. 
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The Large. White Oabbage Butterfly (Pieris brassil're) (Fig. 150) 
does considerable harm in its larval stages, more especially to garden 
produce. The caterpillars are greenish at first, and afterwards bluish 
above and yellow below, with a yellow line along the back. They 
are spotted with black markings, and carry tufts or a sprinkling of 
hair. TheIJ consume the leaves of the plant until nothing is left 
but the midrib and large veins, and are extremely voracious, often 
consuming as much as twice their own weight in a single day. 

Ichneumon flies are beneficial in keeping down these caterpillars. 
one individual being the means of destroying an enormous number. 
Spraying may be resorted to as a remedial measur,e, arsenical 

FIG. 150.-Large White Cabbsge Butterfly. A. adult en 
imago; B, larva or caterpillar; C. cbl'J ... lis. 

preparations such as Paris green affording the best results, while 
applications of powdered gas-lime or soot when the leaves are wet 
are also beneficial. 

Surface OaterpillarB are the larvlll of the heart and dart moth, and 
attain a length of about Ii inches when full-grown. The caterpillars 
are somewhat flat in form, of a dull-lilac colour, and whitish green 
below. Each segment of the body, except the one next the head, 
possesses small tubercles, each tubercle being surmounted with a hair. 
The caterpillars feed during the night, and do considerable harm by 
gnawing the leaves off the crown of each plant, and then passing on 
to another. 

Hand-picking is useful as a remedy, but more satisfactory results 
usually attend the applicaEon of a plentiful dre3sing of Boot, while 
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probably the best plan of all is to put down bran sweetened with 
molasses, and sprayed with a mixture of lIb. of Paris green to 
50 gallons of water. Infested land should not be deeply ploughed. 
and if the surface is well stirred in the spring numbers of the larvle 
will be devoured by birds . 

. Diptera (two-winged), or true Flies, have been regarded as the 
most highly organized of all insects. The head is freely movable; it 
possesses large, compound eyes, and also antennle with three joints. 
The mouth parts are very powerful, and may be adapted for sucking 
or biting. The wings are, of course, only two in number, and these 
represent the anterior pair of other insects, the second or posterior 
pair being now only represented by a pair of very small structures 
used as balances. 

The metamorphosis is somewhat complicated; the larva is really 
nothing more than a somewhat degenerate maggot. The pupa varies 
1S to it~ covering, which often consists of the skin of the larva.. 
unchanged. Sometimes the puparium or case may be secreted by 
the larva, so that if this be split open the skin of the larva will be 
found underneath. 

The Hessian Fly has the appearance of a small brown gnat, the 
female being slightly larger and more numerous than the male. It 
occasionally appears in the month of May in this country, and the 
female deposits her eggs on the leaves of wheat, rye, and barley, but 
not oats. These eggs hatch out in from one to·two weeks, the larvre 
moving downwards and taking up a position at about the lowest node 
of the stem so that they are left behind in the stubble, and may there
fore pupate there and cause a repetition of the attack the following 
year. On the approach of winter the larva forms a brown pupa-case 
called a "flax seed ", inside which it pupates in the spring, the fly 
emerging ten days afterwards. 

The damage to the plant consists in the stunting of the ear and the 
bending of the stalk, the larvle being lodged between the leath-sheath 
and the stalk, where it is engaged in sucking the juices of the plant. 
It is important to sow a kind of wheat that is specially strong in the 
stem, and consequently less liable to lodge, while autumn wheat should 
be sown late so that flies may depos:t their eggs on other plants. 
Deep ploughing and a proper rotation are both simple remedies. 

The British Wheat Midge (DiplQ8i8 tritici) (Fig. 151) is a two
winged fly of elegant form which does an immense amount of harm 
to the wheat crop almost every season. It is of minute size, and 
hovers over the fields in July. The eggs are laid in the ear, and the 
maggot" find a home within the pales. They are small, orange
coloured, sluggish, and readily found o~ opening the ~hajf scal~s. 
They suck the juices out of the young gram, and reduce It to the SlZe

of hen-corn, and are accredited with causing the loss of thousands of' 
bushels. Many grubs are found in a single floret. 

Leather Jac.kel8 include a variety of different species, among 
which is the common daddy longlegs, which appears from May to 
September. The larvle are of a dull eartll colour; they possess no
legs, but have small fleshy processes on the posterior end of the body. 
They feed throughout the winter on the roots of all kinds of plants. 
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and are particularly noticeable in spring and early Bummer on clover, 
turnips, and garden produce. They pupate in August and September 
some distanco below the surface of the ground, and the mature pUple 
wriggle to the surface so as to allow the adult fly to oscape. 
Undrained and uncultivated pastures are very favourable to the pest, 
which may therefore be mitigated to some extent by bush-harrowings 
and heavy rollings, while drainage is most important. Birds and volee 
also destroy the larvle on a large scale. 

FIG. 151.-Wbea* Midge IC.tidomllia tnliN). A.. adull; B. Ian,.; 
C. cased larva or pupa; D. larva extended and doubled to IIpriDg. 

The Oarrot and Parsnip or RUBt-fly (PBila r08re) appears in 
spring, and is attracted by loose, open soil, or the odour of bruised 
carrots. The eggs are laid on the root of the carrot, just below the 
ground, and hatch out into small maggots about i in. long. The larval 
possesa no legs and no mandibles, with the exception of two hooks 
by means of which they burrow to the lower part of the root, and 
then, in and out, in an upward direction, imparting a rusty-red colour 
to the roo~ of the carrot. The leaves of the plant wilt, the tops wither, 
and it finally becomes rotten. Only late crops are affected. 
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Treatment consists in spraying the crop three times with paraffin 
emulsion-once after sowing, once after germinating, and once after 
thinning-so as to prevent the flies laying their eggs on the roots. 
Infested plants should always be removed and destroyed without loss 
of time. 

The GQUt-fly (Chlorops tamiopus) , or ribbon-footed corn-fly, 
aUacks various kinds of corn, but in this country it is most 
prevalent on barley. The eggs are laid one on each plant at the base 
of the ear as it forms. The larva or maggot is yellowish white in 
colour, and legless, tapering towards the head, and blunt at the tail. 

Flo. 152.-The Frit·!ly (Osd,,;. Frill. A. a diseased oal p\antin 
spring (a. larva of 'ritany); B. the frit-fly; C, larva: D, pupa: 
E. Sioalpl,u8 caudatus. R parasite of the frit-fly, which 
destroys the larvae of tbe latter. 

Its presence in the sheathing leaves of the plant causes the car to 
become stunted and late in ripening, while the stem is sometimes 
distorted and swollen at the nodes. 

There -is no definite remedy for this pest, but in the case of 
infested crops the plants may be pushed on and ripened by the effects 
.of stimulating manures. Spring-sown barley should be put in as 
soon as possible, so that it may be better able to resist _ an attack. 

The Frit-fly (Fig. 152) is another dipterous insect which does 
great damage to oat crops, especially if sown late. It is a small, 
shiny-black fly about + in. in length. The attack 'takes place in 

y 
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Mayor June, and is evidenced by extensive pakhes of bare ground 
and a general loss of vitality. The crop may partially recover, but 
can scarcely escape serious damage. The later broods are hakhed in 
the ears, and do much harm to the grain. The best preventive appears 
to be . early sowing. 

The 0(11 Warble Fly (Hypoderma boviB) (Fig. 153) much resembles 
. the humble-bee in appearance, being clothed with black, white, and 
yellow hairs. They are most active in bright sunshine, and are very 
rapid on the wing. Although cattle become greatly alarmed Ilnd often 
stampede when these flies approach them in order to lay their egg8. 
they are not harmed in any way by the flies themselves. The eggs, 
however, are deposited mostly on the forequarters of the animal, 

8 

FIG. 158.-Warble Fly (HIIJ)Odenna bovi.l. ..4, ox .arble 
fly; B. egg; C. larva or .. os bo'''. 

where they adhere to the hair by means of special nippere, and in 
consequence of the irritation the animal licks the place. The larva 
hatches out in the stomach, whence it bores its way upwards into the 
body-cavity, through the muscles of the back, and finally takes up 
a position under the skin. Here it develops and increases rapidly in 
size, boring a small hole into which it pushes its spiracles or breathing 
apparatus, and feeding upon the inflammation products and the blood. 
The presence of these larvae or maggots on the backs of cattle gives 
rise to the tumour-like lumps commonly known as .. warbles ", but 
the egg, as will be seen from the above, is not actually laid where the 
warble is fouqd, as was formerly erroneously thought. The larve 
wriggle out of the tumour and fall to the ground before pupating. 
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TJ·eatment.-In order to prevent the fly laying the eggs on the 
animal treatment usually takes the form of a dressing of cart-grease 
or paraffin or sulphur on the skin of the forequarters of the animals, 
but experiments have shown that this is not \lltogether satisfactory; 
the easiest method of destroying the maggots themselves, which is of 
the utmost importance in the eradication of the pest, is that 
of "squeezing out ", after which they may be crushed, and the ~kin of 
the animal then heals up quickly. Smearing the backs of affected 
animals with some ointment to block the holes of the warbles, and 
so kill the maggots, is often recommended, the best preparation to 
use for this purpose being probably a smear compounded of equal 
parts of Archangel tar and paraffin. 

D c 
FJo. 154.-The Horse Bot (GastroJ)hilus equj). ..4.. the horse bot fly; 

B.la.rvIl: C. end of pupftrium; D. egg of fly; E. hooked ma.ndibles; 
F. spiracles at anal end of bot. 

The Horse Bot Fly (Gastrophilus equi) (Fig. 154) is a very 
similar pest to the warble fly of the ox, the eggs being laid on the 
forequarters of the animals, Licked off by the tongue, and conveyed 
to the stomach, where the larvle can obtain a firm hold of the lining 
membrane by means of two horn-like structures. They remain in the 
stomach for some ten months until full fed, when they leave hold 
and are discharged, often being found sticking round the anus of the 
horse. They then seek shelter and pupate, 24 to 48 days after leaving 
the horse, the adult fly emerging after another 30 or 40 days. It is 
said that the presence of the bots in the stomach stimulates the 
digestive juices, but this is a doubtful advantage, as the mucous 
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membrane becomes permanently thickened and frequently perforated, 
in which case the health of the animal may suffer. 

Thero is no remedy for 'this pest, and the best treatment is to 
dress the skin of the animal with creosote or paraffin as in the case 
of cattle. 

The Sheep Nostril Fly «(E8tru8 O1Ii8) also has a similar life-history 
to the two last-mentioned pests, and appears from May to October. 
Sheep are greatly' afraid of the fly, which as in the case of the 
warble fly is in itself quite harmless. The egg, or it may be 
the larva itself, is laid by the fly in the nostril of the sheep when the 
latter is chewing the cud. The larva pierces the mucous membrlUle, 
feeds on the products of inflammation, and works its way upwards to 
the frontal sinus (a bone cavity connected with the nasal chambor). 
Here it causes the animal considerable irritation, mucous and blood 
being emitted from the nose, the eyes becoming watery, and the sheep 

'walks with a high-stepping gait, sometimes confused with IIturdy or 
gid, from which, however, it may be distinguished by the fact that 
the animal never moves round in a circle. The larval remain in 
the sinus for some ten months, when they are discharged, and the 
trouble thus cures itself. When the larVal are present in large 
numbers, say from sixty to eighty, death may ensue. Otherwide. 
treatment consists in making the animal inhale burning tar and 
sulphur. To prevent the fly from laying its eggs the muzzles of the 
sheep should be treated with tar j this :may be conveniently effected by 
allowing the animals to feed from a trough which has a perforated 
cover smeared with tar. 

Thysanoptera comprise very few species, but some of these are 
extremely harmful. The wings are four in number, very long and 
narrow, and possess a fringe on their margin, although in some cases 
they may be small or altogether absent. The larva differs from the 
adult in that it has no wings, and is of a different colour, usually 
yellow. 

Oorn Thrip8 (Thrip8 cerealium) are chiefly harmful to wheat, 
barley, and oats. The flies are from n to n in. long, of a shiny-black 
colour, and lay their eggs in the flower of the pllUlt that is attacked. 
The larva is then hatched out and subsequently attacks the flower, 
taking up a position in the furrow of the grain, and sucking the 
developing fruit, so making the grain shrivel up. 

There are no remedial measures when once the plants are attacked. 
but the attack may be mitigated to a great extent if the crop is sown 
early, as the grain then hardens before the larval of the thrips are 
mature. Deep ploughing and liming in winter are also beneficial, 
while, after harvesting, all crop remnants should be burnt. 

Hemiptera, or" half-winged" insects, so called on account of the 
first pair of wings being in some cases half soft and mem
branous, and half tongh. The second pair, if present, are always 
soft and membrlUlous. The metamorphosis is in all cases gradual, the 
insect moulting a number of times j there is no inactive stage, the 
insect being active and feeding all the time. 

Green Flie8 or Plant Lice (Aphidal) are commonly found on all 
kinds of planta. The eggs hatch out in the spring, after remaining 
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dormant on twigs throughout the winter, into what is known as 
a "parthenogenetic" wingless female, or in other words a female 
which haR the power of reproducing millions of young like herself 
without fertilization. But in order to prevent the colony from 
becoming choked by the production of so many wingless forms, winged 
females are evolved from time to time from a kind of pupal stage. 
As the autumn advances the sexual generation of male and female 
insects takes place, when the eggs are laid in readiness to hatch out 
on the approach of spring as above described. 

Thl) insects attack the leaves, stems, and roots of plants, the 
damago being worst in the case of a badly nourished crop, and in hot 

FIG, 155.-Woolly Aphis (Sc1lizonenra lanioeral. ...4., winged 
female: B. plant lice: C, affected branch showing white 
exel'et ODS: D, E. wingless viviparous females. 

dry seasons spraying with a solution of soft soap is quite effective as 
a means of eradication, while paraffin emulsion or quassia may also 
be successfully used. 

Woolly Aphi8 or American Blight (Schizoneura lanigera).-These 
insects (Fig. 155), by means of glands situated on their backs, secrete 
a kind of wax which forms long woolly festoons often noticeable on 
apple-trees, to which they impart a whitewashed appearance, and 
serve as a protection to the insects. The life-history is similar to that 
of the Aphidoo above mentioned. Their attacks are not confined to the 
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stems of affected trees, but they are also found on the roots, in ,.-hich 
case the health of the tree suffers considerably, and they are more 
diflicult to eradicate. The damage is caused by the insect piercing 
the tissues of the plant and sucking the juices. 

In winter, treatment should consist in the destruction of the
hibernating insects by means of winter washes, while another plan is 
to whitewash the trunks of the trees, first scraping 011 all the rough 
bark to obtain a smooth surface. 

For destroying the insects in the summer, syringing with 80ft soap 
solution, or paraffin emulsion, as soon as the first traces of white wool 
appear generally proves efficacious. In the case of roots attacked by 
the insects these are best exposed and treated with boiling water, 
which is quite effective in eradicating the insects and does not harm 
the tre') at all. Injectiot}s of carbon-bisulphide into the soil are al.w 
used, but these prove harmful if they come into contact with the roots 
themselves. 

Scale In8ects (Ooccidre) possess a protection in the form of a 
characteristic scale which exhibits definite lines of growth, Dnd is 
composed partly of a secretion from the insect -itself and partly of 
the old skins which it sheds in moulting from time to time. 'rhe scales 
of the female are nearly always more prevalent than those of the 
maie, which are smaller and different in shape. The eggs lire laid 
under the scale in autumn, and present a wh!te powdery appearance, 
hatching out into larvlll in the following year. The larvlll are found 
in great numbers in spring, and are provided with a beak which they 
plunge into the tree. In the case of the female it never moves from 
this position. but undergoes a series of degenerative moults, until it 
ultimately consists almost wholly of gut and reproductive organs. 
The male, on the other hand, forms a small scale, and after moulting 
possesses a pair of wings, and then fertilizes the female. 

The MU8sel Scale (Mytiwspis pomorum) is an example of a scale 
insect, but the male is very rarely seen, most of the females 
fertilizing their own eggs, and therefore being characterized as 
" parthenogenetic". The Ii ving insects may be destroyed by prussic 
acid or hydrocyanic acid gas, but in winter, when there are no living 
scales, tho eggs cannot be destroyed in this manner, and the only 
practical remedy is to destroy both scales and eggs with paraffin 
emulsion. • 

Slugs and 8nails may for all economic purposes be classed together, 
as they both belong to the same group, namely Mollusca, possess many 
characteristics in common, and are all harmful, with the exception of 
one slug, attacking practically all crops and especially garden produce. 
They move by means of a large flat muscular surface termed the 
"foot ", possess two pairs of tentacles, and breathe by means of a 
large pulmonary chamber, so that they are asphyxiated on immersion 
in water. As a means of protection all species of this order are able 
to secrete a copious mass of slime, which may be discharged at Ie-adt 
twice in succession, so that any dressings intended to destroy the 
pests must be repeated. Snails are also provided with an !ldditional 
protection in the form of a large twisted shell into which the mollusc 
can retire, as it doe3 when dormant during the winter, and the 
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aperture which is very securely closed by a hard plate formed on 
the" foot". 

Slugs also possess a small shell in the form of a flat plate buried 
under the skin in the front region of the body. They feed on green 
crops, clover, turnips, and in fa<;:t all vegetable crops, and in winter 
lie torpid in sheltered places. They are not difficult to eradicate 
except when present in large numbers, and efficient drainage is also 
detrimental to them. As regards dressings, these should be such 
as may dry the surface of the skin and so kill the animal. For this 
purpose there is nothing to equal a mixture of 4 to 5 part3 of salt 
and 10 to 12 parts of lime, provided that two dressings are applied, 
the second some ten or fifteen minutes after the first; preferably 
in damp weather in the early morning or late in the evening. 

Snails cannot be treated in this way owing to the protection 
afforded them by their shells, and consequently a dressing which is 
distasteful to them must be used to drive them out. Soot or nitrate 
of soda is generally used, and these serve a double purpose by 
stimulating the growth of the plant in addition to providing something 
which will prove obnoxious to the pest. 
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FAml BUILDINGS. 

Typical Plan of Farm Buildings.-The accompanying plan (Fig. 156) 
shows a compact set of buildings adapted for a twelve-horse farm of 
frdm 400 to 500 acres. It is sheltered from the north, east, and west 
winds, and is open to the south. The various offices are easilyapproach
able by gangways, gateways, and numerous doors, and are represented 
by yards, sheds, and accommodation for all kinds and classes of live 
stock. Tho main objects of such buildings are amply secured, such 
as plenty of space, shelter, and economy as regards labour; and it 
will be seen that each part is easily reached. The buildings form 
a quadrangle, of four parallel ranges of sheds, comprising as many 
roomy yards provided with sheds. The range upon the extreme east 
will be in closest proximity to the farm-house, and will be seen to 
contain the nag stable, gig-house, hospital, and calf-house, all requiring 
to be frequently visited. The work-horse stable opens towards the 
east on to a wide roadway, and is in close proximity to the implement 
and wagon sheds. The pigsties are placed as far away as possible 
frcnn tho dwelling-house, and are provided with a boiler. The barns 
occupy the north side next the rick-yard, and are two-storied. 
The upper floor (not shown) will consist of granaries and stonis, 
and tho ground floor is seen to be divided into mixing-rooms and 
fodder or root houses. The feeding passages ramify in all necessary 
directions from the mixing-floor. The cows are arranged head to 
head, but in the other plan given, they are preferably arranged back 
to back, and the yards are covered. The central gangway is wide 
enough to admit a wagon-load of straw, and to facilitate the work 
of carting out manure. The plan explains itself, and is worthy of 
study, and it is believed to combine all the essentials of a well
contrived set of buildings. 

Farm buildings may be extremely simple or very elaborate. Their 
principal object is to afford shelter to live stock during winter; 
but they are also required for the storage of grain, etc. They may 
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take the form of a complete homestead, in wh:ch thrashing takes 
place, and where machinery is erected for pulping, grinding, chall
cutting, and cooking food. They will also comprise straw barns, 
granaries, and dressing floors, stabling, poultry sheds, besides yards, 
stalls, and boxes for cattle. They are usually placed near the farm
house, and convenient for inspection, so that the designing of farm 
buildingd has occupied the attention. of many eminent architecta. 
-In some cases the buildings are entirely roofed or covered, while in 
others they take the form of open yards and covered sheds. Even the 
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rick-yard has in a few cases been laid down with railwaya and· 
turntables, and the ricks have been bu:lt upon trolleys, on which they 
are conveyed to the machine for threshing. Similarly, the food may 
be carried on rails to the feeding stalls, and the manure to a receptacle. 
for its storage. There are also liquid manure tanks, water tanks, 
bins, pumps, hoists, weigh-bridges, and other appliances too numerous 
to mention-the whole being very impressive, and conveying the idea 
of a factory rather than a farm. 
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It is not the intention at present to describe such a set of, 
buildings; first, because it would involve plans and elevations, as 
well as elaborate explanations, and also because there are good reasons 
for thinking that the day of complicated farm buildings has gone by. 
Fifty years ago, when Mr. Bailey Denton brought out his three 
guinea book of farm buildings, circumstances were in many respects 
different from what they are now; but the changes have tended 
towards simplicity and less lavish expenditure. 

Landowners are less attached to their properties, and farmers do 
not ask for complicated fixed machinery. The introduction of portable 
thrashing machines has abolished one of the principal features of 
a well-appointed set of buildings. Chaff-cutting is now done as 
a subsidiary operation to thrashing; grinding is performed by 
powerful mills in towns, and at seaports, as also is kibbling and cake
crushing; and the ~tuff is delivered at the farm fit for immediate use. 

·There are now a large number of foods which require no grinding, 
such as germ meals, dried grains, molassine meal, molascuit, rice 
meal, lamb-foods, etc. There is little use for a bone-mill, and the 
consequence is that the whole system of fixed power with pulleys and 
shafting is less wanted even by large farmers. PUlping roots alone 
remain, but is not worth getting up steam for; and as for waste 
steam for cooking chaff or potatoes, it can be more economically 
generated in a Barford & Perkins steaming apparatus. Those 
complicated arrangements for a fixed engine, with shafting running 
the wholo length of a barn, and with sheaves and straps for multi
farious implements, are at a discount-they add little either to the 
selling value of an estate, or to the rental value of a farm; and few 
tenants are willing to take them over on valuation. 

Another objection to a fixed homestead is the growing disposition 
to convert straw into food or manure, at a distance-nearer to 
where it is needed-and we now see fewer ricks brought home, but 
hay and corn stacks employed instead, as shelters for extempor:zed 
yards. 

Central Homesteads suit compact farms of limited extent, where 
the fixed engine and thrashing machine are still features. Even in 
such cases it is doubtful if a farmer would ask for stationary mills and 
chaff-cutters, when he can cut up his straw in the field, and buy his 
feeding stuffs ready prepared. 

In all centralized homesteads the barn is the central object. 
It is divided into upper and lower, and the granaries extend from 
the barn at right angles to the main buildings. The cattle sheds may 
stand on posts under these granaries, and the yards help to fill 
the quadrangle. The barns run north to south, and the granaries and 
stores east to west, thereby protecting the buildings from the north 
and east winds. The rick-yard is best on the north, and the range of 
stabling opens eastwards, while the piggeries and poultry yards are 
arranged symmetrically and conveniently for their attendants. The 
wholo forms a compact set of buildings which is a great comfort to 
the occupier; but, at the same time, it may mean a constant expense 
in haulage, and long distances for the teams to travel to and from 
their work. Even poultry are now found to do better in portable 
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houses pitched in the field, so that the bottom is knockell out of 
many of the advantages at one time claimed for complicated central 
steadings. 

The homestead, however, still remains an important adjunct to 
a farm. It is the capital, where the farmer resides, and is altiO the 
proper place for the dairy, the milking sheds, and for butter Ilnd 
cheese making. It is from the homestead that the milk is dispatched 
to the depat, and it is there that the store3 are kept under lock and 
key. It is also there that grain is dressed for market, and tbe 
home-team is stabled; so that even. where scattered buildings aro 
moro highly valued, the homestead still romains a feature of a well-

. equipped farm. Tho small grass fields which usually abut upon it 
are tenanted by calves and foals, that are better under the farmer's 
eye; and to outward appearance the homestead still remainl much 
the same as it was. 

It is seldom that its sito needs to be fixed, because that bas 
already been determined. It is always conveniently placed for 
roads, and usually occupies a sheltered position close to a good 
supply of water. It is often protected by trees, and, if not, 
they may readily be planted, for a belt of tree3 is both useful and 
ornamental. 

As to designing farm buildings, sufficient has heen said to show 
that they ought not to be planned on an ambitious scale. They
should, however, be strictly in accordance with the requiremcnts of 
the' farm. This has not always been attended to, for buildings are 
to be seen adapted for fattening cattle on land which is evidently 
sui tabla for dairying and store cattle. Sheep-farmers do not need 
extensive buildings, and wide-lying farms are better provided with 
field barns. and detached -sheds and stables. Even cottages are better 
placed away from the homestead, where shepherds, stockmen, and 
teams-men are nearer their work. 

The design should be economical, not only as regards initial outlay, 
but with duc consideration to the daily labour of feeding and littering; 
and it should be of such a character as to secure the comfort of 
the live stock. 

The foundations should be dry, and on a porous substratum. 
The materials will probably be brick and tiling, but timber anll 
weather-boarding, posts, and rails, will be found durable, and in 
all respects satisfactory. Corrugated iron is a light and lasting roof, 
although rather unsightly, but grooved board~ laid acr088 purlins 
supported on main rafters last a long time. They are nailed to the 
porlins and follow the slope of the roof. They are spaced 80 as 
to allow i in. between them; and a continuous groove on either 
margin carr:es off the ram-water. This makes an excellent roof for 
a coverell yard, and is both light and cheap and secures ventilation. 
There are iDany other forms of roofing for covering wide spaces, and 
no difficulty need be experienced in planning covered buildings or 
even covered rick-yards. It is, however, more likely that the existing 
buildings will require to be altered rather than new onos erected, 
and we therefore turn to another subject connected with bu:ldings, 
namely their adaptation to new requirements. 
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Adaptation of existing Buildings.-This is often a comparatively 
simple matter, and neet! not entail much expense. It requires no 
architect., and may be accomplished in many cases by means of timber, 
'hurdles, amI other material ready to hand. In many old-fashioned 
buildings thero is a big barn, flanked by large open yards, in which 
a pond receives the drainage from unspouted roofs. These buildings 
point back to a time in which corn crops were ricked and thrashed in 
the barn, and working. oxen roamed over the outer courts, and were 
supplied with roots in long mangers at the back of what might now 
mako an excellent wagon shed. These old barns may be over 140 feet 
long, and about 30 feet wid,e, and are divided into bays with thrashing
floors between. They are readily converted into milking sheds, and the 
accommodation may be increased by T -falls or lean-tos from the main 
roof for calves and young stock. They have, in fact, the makings of 
a covered building, and may be easily modified so as to do away with 
the necessity of open yards. The pond will then become clean, and the 
space around it useful for poultry, being made dry and sound, instead 
of being a morass of wet and rotten litter. 

As to the internal fittings of the barn, it is sufficiently wide for 
a double row of cows, either to stand head to head on either side of 
a central feeding passage, or tail to tail with mangers arranged along 
the outer walls. Three feet nine inches is ample width for cow-stalls 
arranged in a double row, and with a length of 40 feet twenty cows 
can be accommodated. A large barn may be made to house sixty 
oows withou~ any difficulty, with ample means of entry and exit, 
and room for stores of fodder. The lean-tos are also useful for bulls, 
calves, and heifers; and the old-fashioned and disused corn barn is 
thus converted into an up-to-date cow-shed. 

In adapting old buildings to new uses space and sound roofs and 
walls are principal points. The floor can always be chalked, concreted, 
or paved with hard bricks; and the space divided by oak posts and 
rails. Light can be admitted by means of glass tiles, and air tlll'ough 
half doors, loopholes, and ventilators. Drainage need not prove 
a serious difficulty, for cattle in covered buildings ought not to 
produco more liquid than can be sopped up by their litter, and carried 
away in the form of solid manure. Drainage is very properly insisted 
upon as a necessity, but a well-bricked floor supplied with litter, and 
cleared out daily, certainly gives little indication of surplus wet 
requiring an outlet. 

~'he adaptation of old buildings to modern practice is an interesting 
problem. We have seen how a large barn may be converted into 
a commodious cow-shed, but there are many other cases in which 
a roof and four walls constitute a capital basis for various other 
buildings suitable for loose-boxes, hospitals, calf-houses, poultry
houses, implement sheds, silos, etc. Many old homesteads are highly 
picturesque, and it is some advantage to convert them by means of 
internal changes without introducing discordant elements. 

Extemporized Buildings.-Yards and sheds are often required in 
outlying fields, and it is an advantage when they can be easily 
tl'ansferred from place to place. A straw yard for dry cows or for 
young stock may be well placed for roots and fodder one year, but 
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difficult of access the next. Permanent buildings are therefore lIeen to 
be open to certain objections which are met by placing a temporary 
yard and shed· exactly where they are needed. We therefore throw 
out a few suggestions which are within the scope of tenants, involve 
little expense, and promote economy with regard to labour. 

A straw yard should be placed near water, and on sloping ground, 
so as to avoid flooding in wet weather, or from melting snow. The 
site should be protected from wind by straw ricks, and supplied with 
roots and fodder. To these ends both corn and hay should be ricked 
near the site of the yard j and when the corn is thrashed the straw 
should be disposed in long ekes so as to cut off the north and east 
winds. A letter L arrangement will serve this purpose well, Rnd the 
straw ricks should be securely thatched. On the lea-side of these 
ricks pos~ and rails are used to form a yard or yards j and crib. 
and water-troughs are sent up to furnish them. A comfortable covered 
shed is made by cutting out a roomy bay in the straw rick, and 
supporting the straw roof on rough timber and vertical poles, fixed 
in the ground. The construction is simple and well within the skill 
of ordinary farm hands, and the result is a perfectly comfortable shed 
and yard, in which cattle may be wintered as well as in any brick-built 
and tiled building. The cost is amply repaid by the saving effected in 
carting during the busy harvest season j and also in carting roots, 
fodder, and manure at various times. The warm and comfortable 
character of these extemporized buildings is at once appreciated upon 
enterin~ them during a blizzard, and sheltering under the straw shed. 

It may be objected that these yards are open to the rain, but on 
the other hand there is scarcely any roof water, and the amount of 
water which. falls upon them may be measured by the rain-gauge. • 
Cattle always look well in them, and are free from disturbance or 
risk of infection. 

Not only can cattle be wintered, but pigs may be fattened in these 
straw yards in large numbers. The fence in this case .hould be 
further strengthened with firmly planted wattled hurdles, and the 
pigs roam through the littered yards, and lie under the shelter of the 
straw rick, into which they burrow. Locked bins containing meal, 
and a water-carl and buckets, are placed near at hand j and the 
troughs are arranged inside the enclosure. 

The feeder visits the yard two or three times a day to replenish 
the trougho with food, and the pigs are contented and healthy. By 
this system straw may be converted into manure at any .required 
distance from the homestead, and poor land may be brought into 
a high state of fertility. The lambing-pen is only another example 
of a system of extemporized yards, showing that they may be adapted 
for cattle, pigs, and sheep. 

Cost of erecting Farm Buildings.-Substantial stone or brick-built 
and tiled buildings, fitted with modem appliances, may easily exceed 
ordinary estimates as to cost. It is necessary to arrive at the cost per 
acre, as well as that of the buildings, but it is evident that a set which 
would be suitable for 400 acres might also do for 500. In some cases 
the cost is extremely difficult to estimate, as it may include road
making, tree-planting, and fittings of an elaborate order. If, how~ver, 
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we take an ordinary well-built farmery as designed by Mr. H. Munro 
Cautley for the Standard Cyclopredia of Agriculture, suitable for 
400 acre~ of land, the estimate is about £2,250, although it might be 
very largely reduced by employing wood on brick footings to most of 
tho shedding, and corrugated iron or some other cheaper substitute, 
instead or slates or tiles. Taking the estimate as it stands, it works out 
to £5 108. per acre. The cost of isolated buildings may be arrived at 
by cubing the contents. Thus a building 40 feet long, 15 feet wide, 
and 10 feet average height, might cost from l~d. to 3d. per cubic foot, 
according to the materials used-the figures working out to from 
£44 38. 4d. to £75. Some of the buildings to be seen on model farms 
and dairies are fitted with electric light, marble floors and vessels, 
costly china, and brass mountings. The cow-stalls are sumptuous, 
and the total outlay almost incalculable. Scrupulous cleanliness, 
abundance of pure water, freedom from germs, uncontaminated air, 
and an equable and cool temperature are the objects to be aimed at 
in a dairy, and can be obtained with encaustic tiles, or even white
wash, red brick and slate slabs, non-porous floors, a thatched roof, 
a northern exposure, and shade from trees. An abundant supply 
of cold well-water from an uncontaminated source is important either 
for cooling milk or washing vessels. Many farm buildings are expen
sively fitted and entirely under cover, but, however good a roof may 
be for fattening cattle and for milking sheds; it is less desirable 
for store stock, and undesirable for show pigs. Cattle love to stand 
out iu tho rain, and butchers often prefer steers from small 
open yards provided with sheds, to those from covered buildings. 

Fine Buildings no sign of Good Farming.-The public are apt 
to pay too much attention to buildings, but it is no common thing to 
find fine buildings in a slovenly state, and surrounded by foul and 
badly cultivated land. It is also to be feared that they are often 
accompanied by expensive amateurish management, and an annual 
loss. There is in fact no relation between fine buildings and good 
farming, or even between good stock and sumptuous fittings. As 
already pointed out, some of the best cattle have been housed under 
thatch, separated from each other by slabs and old sleepers, and 
approached through miry yards. 

The conditions of perfect health are fortunately simple, and 
realizable by the poor as well as by the rich. Good food and attention, 
fresh air and exercise, pure water, and clean straw are as easily 
supplied in simple buildings as in elaborate model homesteads, and 
are not always to be found even there. Sufficie!1t has been said to 
show that we rather discourage fine homesteads, and on the whole 
prefer scattered buildings, either of permanent or temporary 
character. 

Unnecessary Adjuncts to Buildings.-The modifying effects of the 
portable thrashing machine and the travelling chaff-cutter; of ready
crushed cake, and ready-ground meals have already been pointed out, 
but there are other complications of the past which are likely to 
disappear. There is for example the rick-yard, which is now left 
comparatively empty, in favour of stacking in the field. Rick-stands 
with vermin-proof pillars may be of use in keeping out mice and rats, 
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but, in order to be effective, they require much attention. Stack
props, heaps of rubbish, hanging straw, etc., admit mice and rata, 
and staddled ricks are by no means always free from them. Staddles 
are scarcely consistent with field ricking, and, as a substitute, we 
recommend early thrashing, and frequent dressings of ricks which are 
to stand the winter. Elaborate rick-yards may therefore be regarded 
as belonging to the middle periods of last century. 

Liquid Manure Tanks and Manure Sheds.-Neither of these 
adjunc~ have ever been appreciated by farmers. As to the first, 
covered buildings prevent the accumulation of liquid manure, and 
an adequate supply of litter ought to sop up the urine of cattle and 
enable it to be carted to the field. Manure sheds are inconsistC(lt 
with the modern practice of taking the manure straight to the land, 
and applying it in the long state. They also point backwards to a time 
when farmers were recommended to mix: the horse, cattle, and pig 
exrrements together, to pump liquid manure over the mass, and to 
convert the whole into "well-made and well-rotted" farm-yard 
manure. These objects are now attained by arranging the buildings 
so that the horse litter is daily spread over a contiguous yard for 
young cattle; by allowing pigs to frequent the cattle yards or 
by daily removing the wet and soiled litter from cow-sheds or stables 
to a pig-yard, where it serves as bedding, and is further converted 
into dung. 

Cooking Apparatuses.-Cooking food for live stock has never 
rested upon a sure foundation. It has received little encourage
ment from the veterinary profession as regards horses, and has not 
been widely adopted by cattle feeders. It is unnecessary for roots, 
cake or meal, and does not materially improve chaff. There are, 
however, certain directions in which cooking of a simple sort may be 
used with advantage, as for example for pigs, calves, and poultry. 
Boi~d potatoes and steamed parsnips, mixed with barley meal and 
separated milk, form excellent foods for fattening pigs, and an 
apparatus already mentioned may be obtained at small cost which can 
be placed on a floor in a .i'osition where there is no risk from fire. 
It possesses a boiler as ·well as a steamer, and may be used for 
preparing linseed mucilage for calves, or for heating water for mixing 
with calf meals. 

Poultry-keepers, too, in many cases believe in warm food as 
promoting egg production, and a bran mash is found beneficial for 
horses, brood mares, newly calved cows, and invalid animals. A boiler 
or steaming apparatus is therefore a useful adjunct to buildings, but 
it need not take the form of steam pipes leading from a boiler, and 
delivering hot vapour under heaps of chaff. A little cold water thrown 
over such a heap enriched with meals of approved character, will 
serve as good a purpose. Sufficient heat will soon be generated to 
permeatc the heap, but it should not be allowed to remain long enough 
to become fusty. . 

Stores.-Secure and roomy storehouses have become of grea~ 
importance to a modern farmer. They are -Dot to be confused with 
the granary, but are provided with a good floor and bins for crushed 
cake, for meal, dried grains, and other foods. They are also the 
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repositories for duplicates of working parts of harvesters, reapers, 
and mowers, plough and cultivator shares, and land-sides; skim 
coulters and change wheels; canvasses, quarter bags, sacks, belts, 
oil, cart-grease, dressings for corn or sheep, and a host of othor 
articles whicb are required at certain seasons, and are liable to be 
mislaid. Stores ought to be compact, two-storied, and well-lighted 
buildings, to which no one should have access but the farmer or his 
foreman. A special store for wool ii. also extremely useful where 
large flock~ are kept. 

Implement Shed. - A good implement shed is too often absent 
from a set of farm buildings, or is not sufficiently commodious. In 
these days it is particularly necessary for harvesters, reapers, grass
cutters, horse hoes, drills, manure distributors, seed barrows, sprayers, 
etc. Some of these may be better kept in the stores, and especially 
replaceablo working parts, but many of the machines are large and 
ponderous, and need a shed. Some of them, it is true, may be placed 
in cart and wagon sheds, but in any case a length of shed ought to 
be specially devoted to implements, other than carriages. A span
roofed shed is often the most convenient, as the implements can be 
drawn out from either side if the shed occupies an open space. 

Hospital. -There ought always to be a detached loose-box for any 
animal which appears to be affected with an infectious disease. This 
may be used for other purposes, but it certainly should be present for 
purposes of isolation. 

Ordinary Dimensions of Farm Buildings.-As previously explained, 
a set of farm buildings usually takes a rectangular form. Stores and 
granarie~ may form wings or transepts on the north side as protectors 
from the wind; the central building will l'un southwards as a sort 
of nave, and may contain the barns and comprise a shed for cows 
under the upper barn in place of a lower barn. This building will 
be flanked with yards, and, if necessary, with sheds. The remaining 
buildings will form parallel lines of shedding, terminating on a south 
exposure, and will be fenced and provided with gates. The variations 
in the details of arrangement are considerable, but the buildings as 
sketched out will be comfortable and well sheltered, and the rick-yard 
and a belt of trees may complete the picture north of the stores and 
granaries. 

Yards 30 feet wide by 25 feet, with a covered shed 30 by 15 
(total space 30 by 40 square feet), will be ample for eight full-sized 
steers or a dozen stirks. They may be further divided by posts and 
rails if necessary, but the above dimensions will be found to fit in 
with the general design of a set of buildings. Cattle-boxes should be 
10 by 10 feet and with 4 ft. feeding passage, and in double row may 
form a range 24 feet wide, and of any required length. Barns, 
granaries .. and stores may be 18 feet wide; horse stables, 15 to 18 feet 
wide; cart-sheds, piggeries, and other offices of similar width, in 
order to keep all the buildings to the same general plan. Cow-sheds, 
if for a single row of cows, may be of the same width, and the 
length will be determined by the number of stalls, which will be 
made to correspond with the general design. If for a double row of 
cows the width of the building will be 29 feet, and should then occupy 
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a central position with regard to the yards (for dimension8 see 
p. 332). Ordinary sheds for yards may be from 12 to III feet 
deep, and are supported on posts resting on brick footings. 

Horse-Btalls are generally 6 'feet from centre to centre, and ahoul') 
slope gently towards the drainB. Too great a slope fatigues horses, 
aB it throwB a conBtant strain upon their fore-legs. A loose-box is 
more restful than a stall, but takes up more room. Cart and wagon 
Bheds are usually from 12 to 18 feet deep. Outside walls should be 
at least 9 inches thick. When exposed to vibration or the kicking of 
heavy horses the walls may be built stouter. Double 4) in. 11,'110118, 

clamped together, are strong and warm, and are now much used. 
Calf-houses may be 18 feet square, and divided into hutches 4 by 

4 feet, 'or 6 by 4 feet by means of oak postB and rails with tiling laths 
nailed vertically, to prevent the calves from sucking each other 
through the rails. 

Weigh-bridge.-':"Although not often included in planll of farm 
buildingo a weigh-house is in accordance with modern ideas. It is 
useful for testing the increase in fattening animals, ascertaining the 
live weight of animals for sale, and for weighing produce Bold or 
purchased, and also that grown on experimental plots. 

Materials used for Temporary Buildings.-In fixing npon the best 
materials to be used for farm buildings it is neceBBary to consider the 
objects aimed at. Extreme durability iB not alway8 necessary, and it 
is well to remember that there are many buildings of a temporary 
charaete!" which the occupier can construct for himself without 
troubling his landlord. Such are field-yards, hovels, pigsties, and 
fowl-houses for setting down in pastures or diBtant fields. Some 
of these may be thought unworthy of the name of farm buildings, 
but they are often all that exists in that way on small holdings, and 
in many respects are equal in efficiency. They are seldom mentioncd 
in books, and are unworthy of the attention of architects; never
theless, they fulfil the essential conditions of a house, namely warmth 
and shelter. Their site also can be conveniently chosen, and they may 
take the form of extensions or adjuncts to buildings already in 
existence. 

These" buildings", although possibly ephemeral, allow of repair, 
and may in this way be kept up for any leugth of time. They are 
easily planned, and are, like more permanent structures, rectanguhr 
in outEne. A strong pile at each corner defines the area, and posts 
and rails pitched in straight lines between mark out three sides, 
the fourth being either entirely open or partly cloBed and provided 
with doors. The roof may be made of faggots or fern, thatched 11"ith 
straw, or it may be constructed of rough trusses and purlin8 covered 
with galvanized iron or other material. 

Simple drains may lead to a barrel sunk in the earth, and it is 
probable that a garden is in close proximity for which the liquid 
manure will be useful. 

Warmth is secured by a wall of slabs (outsides, from saw-mills) 
or railway sleepers set upright; and chinks can easily be stopped with 
grass or sacking. The appearance is neat, and the animals are 
perfectly happy. As to ventilation,. it is easily secured by half-doors 
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and holes cut in the walls near the roof. Such buildings may be 
seen wherever there are cottagers and commoners. They are also 
to be observed on large farms, for colts and calves, and can be con
structed with sheets of corrugated iron for roof and walls, but this 
material is less comfortable than wood and thatch. They are especially 
suitable for pigs, and may easily be extended so as to comprise space 
for shelves and bins. They are of course highly combustible, but this 
is an unavoidable contingency which should always be guarded against 
witll the utmost vigilance. On the whole they are not in more danger 
in this respect than many other light structures of timber, and they 
seldom require to be visited after dark. 

The materials used are very varied, and may consist of piles, rails, 
slabs, sleepers, iron, furze, faggots, straw, and fern. The internal 
fittings are mangers, racks, and troughs, and fattening pigs will 
be found to do well in them, as well as also brood sows and store 
cattle. They are easily adapted for cows, calves, horses, or colts, 
and there is no reason why they should not contain animals of 
considerablo value. 

Mud walls are largely used in the New Forest of Hampshire, and 
last a long time. They are seen around high-class gardens and often 
form the walls of dwelling-houses. They are built with a sort of 
concrete, and kept in form, while building, with flat boards raised as the 
stuff hardens. Mud walls should be provided with overhanging eaves 
to keep them dry, and in gardens they always carry a coping of thatch 
or slates. They are better resting on brick, as the lower parts are 
liable to be injured by driving rains. A wide and overhanging roof, 

. however, keeps them dry above. 
'Veather-boarding is another light and cheap material which always 

looks neat. It is nailed horizontally on oak frames, and is easily 
renewed. The frames are practically everlasting, for many of them 
bear dates of a hundred years ago. 'Weather-boarding is an excellent 
material for any set of farm buildings, for it is suitable for barns and 
granaries, stables and cow-sheds. Like mud walls, these buildings 
should bo protected by projecting eaves which throw off the wet, 
and should be tarred every year in dry weather, for nothing rots 
timber more quickly than painting or tarring while it is wet or sappy. 

As to cost, it is probable that brick is as cheap as mud walls, but 
weather-boarding is always cheap, and many squares can be nailed 
to the frames in one day. The question of haulage is also important, 
for several thousands of feet of weather-boarding can be loaded 
on to a wagon. The thrift of our ancestors with regard to buildings is 
shown by the following case. It is that of a very fine barn in Hamp
shire, 1-10 feet long and about 28 wide, with bays, porches, and 
thrashing-floors, now used both for dressing corn and housing cows. 
The frame bears traces of having been entirely home-made, for the 
oak quarterings have evidently been fashioned with the axe, and the 
trusses and principals, the purlins and rafters, are all apparently of 
home growth, braced together with iron bands and strong nails. 
It stands on dwarf brick walls, and is closed in with weather
boarding. The roof was originally thakh, but is now tiled faultily, as 
the eaves have been scrimped, and the consequence is that the 
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weather-boarding rots prematurely on the weather side, and has to bC' 
replaced occasionally. This barn is more than a hundred years old. 

Thatch.-Animals thrive well under thatched roofs. 'l'here i~ 
a. prejudice against thatch on account of its harbouring birds and 
possibly rats, but it is much more durable than many people think. 
It is also considered dangerous for fire, and, no doubt, if it once gets 
alight it burns very rapidly. It is, however, curious to notice how 
many chimneys rise out of thatched houses without creating a.ny 
thought of risk. There is much less chance of fire in farm buildings 
than in dwelling-houses, and practically none in the case of hovels and 
sheds in the open field. Thatch requires keeping up with half and 
quarter coats, and if attended to wi111ast a lifetime, or longer. It is 
generally composed of wheat straw, but the best material is heather. 
It lasts a long time, and so far as appearance goes it is much prettier 
than slates or tiles. An allowance is made by assessment committee8 
for thatche<l buildings on account of the cost of keeping them up. 
Thatch used to be very general fifty years since, and in Wiltshire 
whole farmsteads were roofed with it, and entire villages consisted of 
thatched cottages. • 

Lovers of the picturesque miss the thatch, but it is being 8uper
seded rapidly by other forms of roofing. Still, it deserves a plaee 
in extemporized buildings for live stock, and is not to be despised. 

The object of the authors is to be of assistance to small-holders, 
and for those who aim at cultivation on a small scale Ilnd lillfl 
a difficulty in equipping their land with buildings it may help them 
to learn that they can erect commodious and comfortable buildings 
with t·heir own hands, and at very small cost. 



CHAPTER II. 

ENGINES AND FiELD bIPLElIENTS AND MACHINES. 

ONE of the most important considerations on a farm is the motive
power. Steam is the most widely employed, and is in use in all 
parts of the world for driving machinery and working farm 
implements. 

The different applications of the steam-engine include ploughing, 
thrashing, crushing and preparing grain, irrigation, etc. 

Types of Engines.-There are three leading classes of engines 
in general use: the Portable, the Traction or Self-moving Road 
Locomotive, and the Stationary or Fixed Engine. 

Portable Engines.-A portable engine consists of the engine proper 
combined with its boiler, the whole being mounted on road wheels. 
Connexione. are provided for animal draught for moving the machine 
from place to place. The most usual type of portable engine is fixed 
over a horizontal boiler. For small powers, the vertical type of engine 
and boiler, mounted on a common base, is a convenient plant. High
power engines are provided with double cylinders. A further variety 
is the two-cylinder compound engine, which is certainly economical in 
running. 

These engines are constructed in a number of sizes, ranging from 
about 6 h.p. and upwards, the size in most general uss for driving 
:thrashing-machines, clover hullers, maize shellers, etc., developing 
about ]8 h.p. and upwards. When not required for thrashing, etc., 
they are utilized for driving fodder machinery, dairy machines, or 
similar duties; al80 very frequently for temporary work on the farm 
or estate, such as driving builders' machinery, sawing, pumping,. 
irrigation purposes, etc. . 

Traction-engines.-The steam traction engine, or light agricultural 
locomotive (Fig. 157), bears a general resemblance to the ordinary 
portable engine. The traction-engine, however, is fitted with gearing, 
specially wide road wheels, and a number of other useful and necessary 
accessories, including self-contained water-tank, coal-bunk, steering 
gear, brake, winding drum. etc. These engines are used for driving 
and hauling thrashing-machines, for iransporting agricultural produce, 
and for other agricultural purposes. They are also used for duties 
for which a portable engine can be employed. The sizes in 
general use are made to develop from 15 to 20 h.p. and upwards. 
They have to be constructed to comply with the requirements of the 
Light Locomotives Act. and travel at speeds of from 2 to 4 miles 
per hour on the road. They weigh from 8 tons in the smaller sizes 
to froUl 10 to 11 tons in the larger ones. 
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Of recent years a smaller and lighter type has been introduced. 
and findd much favour where less power is required. This engine 
is generally spoken of as a light tractor, and is licensed to run under 
the Heavy Motor Cat" Act. The limit of weight is Ii tons unladen. but 
they are permitted a maximum travelling speed of Ii miles per hour 
on the road. The maximum power developed by these small tractors 
is about 12 to 15 b.h.p. They are specially constructed for hauling 
light load~ and for road travelling. They are, however. equally useful 
for driving any light machinery to which the foregoing type, of 
engines are applied, up to their power limit. The small tractors are 
built with single cylinders, or alternatively with compound cylinders. 
The latter type is in more general use, and is said to be economical 
in fuel and water consumption, and is recommended for quiet running 
on the highways. 

FIG. 157.-Steam TrackJr. 

Among traction-engines should be mentioned the ploughing-engine. 
both the type used for direct draught plough:ng (Fig. 158) and 
what is known as the double-engine system, the latter being probably 
the better known in this country. These ploughing-engines are 
really modifications of the ordinary traction-engineil, but are built 
somewhat heavier, and fitted with wider road wheels for running over 
soft land. They are also provided with a specially large winding drum 
and necessary disconnecting gear. These engines are worked in 
pain stationed on either side of a field or streich of land to be 
ploughed or cultivated. They are worked alternately, each engine in 
turn hauling the plough or cnltivator in work by means of a Cable aud 
winding drum. 

Ploughing-engines used for direct traction have come somewhat 
into favour of recent years, anf are extensively used abroad. more 
especially in North and South America, and where the land allows of 
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the weight of an engine passing over it on unploughed or uncultivated 
portions. In construction they are similar to traction-engines, but 
spechl attention is given to the width of the road wheels, the attach
ments and fastenings for coupling up the ploughs and implements, 
and hauling. They are in a general way not quite so heavy as the 
engine. used in 'the double-engine system of ploughing, and are 
withou~ a special winding drum and rope. 

Stationary Engines.-These are frequently installed for driving 
dairy machinery, grinding mills, crushing mills, turnip cutters, and 
other purposes in the barn or sheds. For dairy work the general 
type usee1 is a vertical engine, combined with a vertical cross-tube, 
or multitubular, boiler. The boilers are frequently a size larger 
than necessary for supplying steam to the engine, in order to allow 
of steam being taken independently to other parts of the dairy for 

FIG. 158.-Steam Tractor drawing 6-furrow plough. 

cleaning, scoul'lng, etc. The exhaust steam from the engine or 
a portion of it is also frequently used for similar purposes. 

Anothel' type of stationary engine is the semi-portable, which is 
very similar to the portable engine, with the exception that the road 
wheels and axles are removed, and the engine is then carried on 
special frames and pedestals. :Both the foregoing types are easily 
fixed, as they require very little foundation, more especially the 
semi-p0l'table. It will be obvious that they are specially adaptcd 
for work of a temporary character. 

Undertype engines are used in some cases instead of the fore
going. In this case the engine is placed underneath the boiler instead 
of above. The· undertype requires very little foundation, and is 
strong, neat, and compact. 
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It sometimes happens that a small independent engine.is required 
for driving machinery, the boiler for supplying the steam being 
already in existence, and probably at. a considerable distance from the 
engine-room. In this case a vertical or a horizontal type of engine 
may bo used. The latter has an overhanging- cylinder, takelJ up but 
little space, and is suitable for running long periods without requiring 
any attention. 

Fuel.-The fuel in general use is, of course, coal, and the boilers, 
as already mentioned, are provided with fireboxes and gratelt. In 
many cases, however, wood is the only fuel available, and the boilers 
are then built with specially large fireboxes for this purpose. In 
some districts where very common or bad coal is only obtainable, it is 
necessary to have large f!reboxes to obtain the necessary combustion. 
Straw is also largely used 88 fuel, and many thousands of engines are 
to be seen in all parts of the world which burn nothing else. The 
boilers for this purpose have an enlarged firebox, but are generally 
fitted with a simple mechanical apparatus for feeding the straw into 
the firebox. 

Practical Engineering Knowledge. - The student should first
endeavour to fuake himself familiar with the simplest parte of 
machinery used on the farm, and also to become acquainted with 
their respective uses. Among these the followinr may be 
mentioned :-

Bolts are generally used in conjunct:on with nuts, for joining two 
parts together, both of which must be drilled with clearance holes. 

A Set-8crew is somewhat similar to a bolt, but with this differencc, 
that, although used for joining two parh together, it ill threaded 
right down to the head. One of the parts joined must have a threaded 
hole, and thus no nut is required. 

A Stud has no head, and is employed to obviate the necessity of 
drilling a long hole through thick plates, which would be required 
if a bolt were used. One of the parts is threaded, the stud also being 
threaded at both ends and requiring a nut. 

Locking DeviceB.-A bolt is described as "nobbed" when the 
small part, projecting beyond the nut, is burred over with a hammer. 
This method is unsuitable where nuts have to be frequently removed. 
A far more satisfactory method is that of using a split-pin, in which 
case a hole is drilled right through the nut and bolt, and the pin fixed 

- into it. This method, although positive, and preventing the slackening 
of the nut, will permit of the dissembling of the parts, if desired. 
A split-pin may also be used in a hole drilled through the part of 
a bolt projecting beyond the nut. A c88tle nut, however, which has 
a slot cut beyond each hexagon, is the only really satisfactory way of 
using a split-pin for locking purposes. A spring washer, although not 
a positive method of locking, is very satisfactory for all ordinary work, 
and consists of one coil of a square-section spring. 

CaBting and Forging are terms used to distinguish parts of 
a machine, as well as the processes which they represent. 

A Frame is that part of a machine on which all the other parts 
are assembled. Consequently when all other parts -are removed tho 
frame remains 8S 8 unit. 
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Bracket8 are used for supporting shafts or other parts on the 
framo. 

A Shatt and Spindle, or Axle, differ in that the latter carries 
a moving part and :s itself stationary, whereas a shaft revolves 
in bearings. 

Pulleys, or Sheaves, and other parts may be fixed to shafts in 
several different ways. For rough work and where truth of the 
revolving parts is not important, the shaft is square and fits a square 
hole in the centre of the pulley. Another method is to cut a "key
way", or slot, in both the shaft and the pulley, leaving the shaft round 
and parallel. A" key", or rectangular piece of steel, is then used to 
fix the part to the shaft by being put into the slots. A jib-key is 
used wheuthe pulley comes at the end of the shaft, and the jib of the 
key becomes useful when the pulley has to be detached. When it is 
important that a keyed part should run true on a shaft, the shaft 
should be turned taper, and a hole bored in the pulley to correspond. 
In removing a part which is attached to a shaft on a taper, great care 
must be exercised, and a removing tool is necessary. 

Bearings.-A plain bearing is merely a hole cast, or machined, 
in a bracket, and when worn the whole part has to be replaced. 
A bush bearing is similar to the former except the hole is lined with 
some good bearing metal, and this lining can be replaced when worn. 
A split bearing is used when adjustment is necessary owing to rapid 
wear; care should be taken when adjusting this type of bearing that 
the shaft is not thrown out of Ene. Ball bearings are sometimes 
used in agricultural machines, and are of two kinds, the plain and 
the cone types, the adjustable or cone type being usually less satis
factory than the plain type. Roller bearings are similar in principle 
to ball bearings, but are wider and employ rollers instead of balls. 
Their chief defect lies in the possibility of a roller breaking. Ball 
thrust-bearings are a great improvement on any other type, and 
tak\l enel thrusts on the shaft. 

Methods of Transmitting Power.-The motion of one shaft may be 
transmitteCi to another by means of a pulley and belt, and this method 
is quite satisfactory when the machine is under cover. The fact 
that a certain amount of slip may take place is an advantage rather 
than otherwise, as should the machinery jam, the belt will slip without 
doing further damage. In some cases ropes may be used in place of 
a belt, with grooves turned for them in the pulley. 

A .Ohain Drive is employed when the shafts are some distance 
apart, and when the drive must be positive. 

A Toothed Gear is used when the shafts are sufficiently close to 
one another. and are driven in opposite directions. 

Bevel and Worm Gears are used when driving two shafts which 
are at right angles to each other. 

Doublf3 Helical Gearing, where the teeth on the wheels are cut 
at a double angle, are used when heavy loads have to be transmitted 
with a minimum amount of noise. 

A Universal Jointed Shatt is used when two shafts have to be 
driven which are not in line. It may also be used when the shafts 
are mor\l relative to one another. 



348 BUILDINGS, MACHINERY, IMPLEMENTS, ACCOUNTS. 

Wheel8.-Wooden wheels ,are more expensive than thoso made 
of metal. If, it is desired to make a strong yet light wheel, the 
spokes must be arranged in tension instead of compre8llion. Wheels 
are often provided with curved spokes, as they are then less likely 
to break in cooling after being cast. 

Materials.-Wrought Iron is easily bent without breaking, owing 
to all the carbon having been removed in its manufacture. It is easily 
welded and cut with steel tools, and has a tensile strength of 15 tonI 
(Le. tho stress in tons it will bear per square inch). 

Mild Steel is similar in nature to wrought iron, but usually containl 
from 2 to 3 per cent of carbon. In its cheapest form it has a tensile 
strength of about 20 tons, but this may be considerably increased 
if it is aUoyed with nickel or other suitable metal. 

Cast Iron is very brittle and soft, and contains a large percentage 
of free carbon. It is easily melted, and parts constructed of it are 
made in a mould with the metal in its molten state, which is then 
rapidly cooled. After cast:ng it becomes very hard on the chilLed 
surface, and in this form is used very largely for ploughshares. 

Cast Steel contains a large percentage of combined carbon, and 
has the property of becoming extremely hard when rapidly cooled 
in water. In this form it is suitable for cutting tools and knivell, 
such as are used for various agricultural implements. It is some
times used in castings, when its great strength in the soft state is 
an advantage. 

Case-hardened Steel is mild steel with a very hard surface section, 
varying in thickness to about one-eighth of an inch, and brought. 
about by contact 'for several hours, at a red heat, with certa:n 
materials conta:ning carbon. The case hardens when the part is 
quenched in water, and the soft inner core remains and imparts 
toughness. 

Brass is composed of copper and zinc. Its chief properties are 
that it will take a high polish, and is non-corrosive. 

Gun-metal is composed of copper and tin, is somewhat similar in 
appearance to brass, but is a good "bearing" metal. 

Tin is a pure metal, very soft, and easily melted in a ladle, but 
when alloyed with antimony and copper it produces white metal of 
good pearing quality_ White metal is sometimes known as anti
friction metal. 

Galvanized Iron is ordinary sheet iron coated with zinc. 
Methods of Dissembling a Machine.-All parts as removed should 

be placed carefully on the side of the machine from which they were 
removed, in boxes or in convenient heaps. Any part which cannot 
be so placed, the position of which is important when replaced, should 
be marked with a chisel or file. Before being taken apart great care 
should be observed in loosening any seized or tight parts, otherwise 
a breakage is liable to occur particularly where a cast-iron part hu 
become fixed on a shaft or spindle. Paraffin should be applied 
liberally at the joint, and blows with a hammer only applied in 
conjunction with a block of wood. If this method fails, the part may 
be heated with a blow lamp, when it will usually yield. All parts 
that have been removed should be carefully cleane:! with paraffin, and 
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great care should be exercised in replacing them. to prevent the 
omission of any part. Any badly worn parts should be noted and 
replaced, or repaired, at the earliest opportunity. 

Lubricating.-A knowledge of lubrication is essential for all who 
have to do with agricultural machinery. Oil-ways and passages should 
be protected by means of caps, as, when open, water, with dirt in 
suspension, will find its way into the bearings, and apart from 
causing damage itself, will tend to make the oil work outwards 
instead of inwards. 

011 land wheels, ana other slow-moving parts, grease should be 
used and fed through suitable greasers, to which a removable cap, 
which cannot be easily lost, would be fitted. For self-binders and 
other complicated machinery more elaborate methods are necessary. 

A number of bearings may be lubricated by one drip-feed 
lubricator, which usually consists of a small circular tank with glass 
tubes, so arradged that the passage of the oil may be observed, and 
which are connected by copper pipes to the various bearings. The 
drip from the tank may be regulated by a needle valve, and thus 
each bearing may be provided with the necessary. quantity of oil, or, 
if need be, the aperture may be closed. Considerable economy of 
oil would be effected if the drip-feed were more largely used. 

The syphon lubricator is used on machines of a still more com
plicated character, such as thrashing-machines and Hour-mills. It 
consist.i of an oil cup, connected with a central tube, which com
municate~ with the bearings, and a piece of cotton wool in the tube acb 
as a wick and draws the oil from the cup to the bearings. 'Care 
must be taken that the wick is always in place and not tightly wedged 
in the tube, so as to prevent the free passage of the oil. 

The pressure system or force-feed lubrication is now largely used 
on all up-to-date enclosed engines, and still further emphasizes the 
importance of thorough lubrication. 

Mechanical Power.-There are various ways of actuating farm 
machinery; and horse-gear, steam, gas, oil, or petrol may all be used 
for this purpose. any of these primary motors being capable of driving 
shafting and pulleys. The shafting consists of a length of steel, 
turned trull in a lathe, and running in either plain, bush, split, or 
ball bearings, and may be suspended from the ceiling or supported 
on brackets fixed in the wall. Ball bearings, although somewhat 
expensive, will save a considerable amount of power, and more than 
pay for the slight increase in their first cost. Moreover, they have 
a great advantage because when once fitted they may be left for very 
long periods, and they do not require lubricating with oil, but only 
with a small quantity of grease at long intervals. 

Horse-gearing does not require much detailed explanation. It 
consists of a large caged or domed driving wheel on a vertical axle, 
which engages with a pinion wheel connected with a horizontal shaft. 
At the top of the driving wheel axle provision is made for the shaft or 
shafts to which the horses are attached. The power is transmitted 
to other machinery by means of clutches or an intermediate pulley, 
while if it is required to dl'iv~ a number of machines overhead, 
shafting must be set up. 
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The steam-engine has many points in its favour for use on farms, 
and chief among them is its reliability. It may be overloaded, but 
will not stop from this cause, as oil- or petrol-engines do, which rely 
very largely upon speed for their power. Steam, moreover, is of 
no small importance on a dairy farm, where it may be utilized for 
cleansing and sterilizing dairy utensils, driving a turbine separator, 
and for steaming foods if required. On large farms, also, where 
a considerable amount of grinding, pUlping, etc., has to be done in 
the preparation of foodstuffs, steam-power is quite equal, if not 
superior, to other methods. 

Steam-engine.s and boilers have been brought to a very high state 
of efficiency in recent yeara, and require a minimum amount of 

FIG.l59.-Vertical Pe'rol-engine. 

so-called skilled attention. In faot, oil-engines often want more 
attention than a steam-engine would ever be likely to get, owing to 
the mechanical inexperiep.ce of those in charge of them. Another 
point of considerable economic importance is the fact that the cost 
of the necessary fuel for oil- and petrol-engines is very rapidly 
increasing, and may become prohibitive for agricultural purposes, 
so that it is quite possible that steam may once more come into favour, 
if only on account of the cost of fuel. 

Electric power.-Where a supply of electric energy is available, 
this form of power is extremely useful, and even economical. ]o'or 
instance, if a farm happens to be within the radius of a supply from 
a large power station, of which there are many in the country, a supply 
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of energy can be obtained from 2d. down to as low as !d. per unit, 
according to the quantity used per annum. Electrical energy at !d. 
per unit is undoubtedly cheaper than any other form of power. 

Electric-motors have now attained a high degree of perfection, 
and are very reliable. They can be quickly and easily started, only 
consume current while at work, and only in exact proportion to the 
work performed, and thus there is no waste. . 

Considerable economy of space is also effected in that the motor 
may be fitted in any out-of-the-way corner-hung from the ceiling, 
placed on a bracket fixed to the wall, or on a platform laid on the 
rafters of the roof. They are always ready for instant service by 
day or night. A very great advantage of an electrical supply also is 
that lighting may be taken from the same source. 

Oil- and Petrol-Engines.-These are of very great service in 
supplying motive-power for work of an intermittent kind, and the 
engines can be started in a very few minutes. There is no delay 

FIG. 160.-Standard Oil·engine. 

of any kind, as in the case of steam-engines, nor is there any waste, 
for the engine stops promptly when the supply of oil is cut off. 
Ordinary lamp oils are generally used, including kerosene, petroleum, 
Daylight, Rocklight, and other well-known brands; most of these 
have a high flash-point and are not dangerous. 

Chaff-cutters. root-pulpers, corn-grinders, winnowing machines, 
separators and other dairy appliances, the saw-bench, water-pump, 
and perhaps the grindstone, may all be economically driven by the 
small modern internal combustion engine. Oil-engines, it may be 
noted, are very similar in principle to petrol-engines, there being 
a water-jacketed cylinder, a piston, connecting-rod, crank-shaft. 
fly-wheels, and mushroom-shaped valves common to both, whilst 
recurring explosions in the cylinder are relied upon to supply the 
motive-power. 

In detail these engines differ very considerably from one another. 
As a rule. a petrol-engine is vertical (Fig. 159), with an enclosed 
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crank-shaft, whilst an oil-engine is more often horizontal with exposed 
crank-shaft. The ignition also differs, that of the former being 
usually ~lectric, whilst that of the latter is affected by a hot plate, 
and is called automatic. In comparing the advantages of the two, 
it should bl! noted that the oil-engine uses a fuel at about a third 
of the price of petrol, anli, if anything, is simpler in construction 
than the latter j also it is easier to store large quantities of paraffin 
oil than of petrol without objection on the part of insurance companies. 
Here are some of the advantages of an oil-engine as compared with 
steam: a good oil- (or petrol-) engine of from 3 to 6 h.p. can be 
purchased at less than half the price of a steam-engine and boile1' 
of similar power, the whole power plant of the engine is far more 
compact, in portable form it is very much lighter and handier, it 
can be started in a few minutes, whilst the steam-engine may require 
an hour. It produces no dust or ashes, and may be installed in a corn 
store, or loft, no washing out is required, and with a modern type 
of engine reliability is almost absolute. 

FIG. 161.-Diagrammatic SeciioD 01 Oil..,oglne. 

The most popular types of oil-engines (Figs. 160, 161) can be 
started in from seven to ten minutes, according to the size of the 
engine. First, the vaporizer, situated at the extreme back enJ, 
~s heated to a dull-red heat by a coil lamp, and in about ten minutes 
time the fiy-wheel is pulled round, which opens a valve through which 
air is drawn into the cylinder as the piston moves forward. On 
the piston moving backward this valve is closed, and the air in the 
cylinder is comjlressed and forced through the narrow neck at the 
back of the cylinder into the vaporizer. Meanwhile,a jet of oil is 
injected into the heated vaporizer and converted into vapour, which 
mixes with the air forced in by the piston to make an exploaion. 
This explosion thrusts out. the piston and the products of combustion 
follow into the cylinder, and on the return stroke of the piston a valve 
is opened and these products are forced into the exhaust pipe. The 
engine is quite automatic in action, the heat generated by the 
explosion and the compression being sufficient to keep the vaporizer 
hot, while there is no need for a continually burning lamp or an 
electric sparking apparatus. 
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Some oil-engines require no lamp for starting. Low tension 
magnetic ignition is employed, and this type of oil-engine is made 
in both the vertical and horizontal forms to suit the wishes of 
customers who prefer one or the other. Other engines can be started 
in from five to ten minutes from cold, and run with equal economy 
on a full. or a small load. Heavy fuel oil8, such as Texas, Scotch 
Shale, etc., may be used on the crude-oil engine (Fig. 162), which 
works on the spraying principle. A charge of fuel is injected by 
compressed air directly into the combustion chamber at the end of 
each compression stroke. It may here be noted that the cost of 
the heavy type of oil fuel is rapidly getting beyond all reasonable 
limits, and should this continue, petrol, paraffin, and crude-oils will 
be much too expensive for agricultural purposes, and farmers will 
have perforce to fall back upon steam. 

FIG. l~.-Vertica.l Petroleum Eugine. 

In studying the installation of an oil-engine the following points 
should bo noted: economy does not lie mainly in the first cost; 
durability, low fuel consumption, and saving of labour are three of 
the main things to consider, besides the initial cost, for often the 
cheapest engine in price may prove to be a very dear one in the 
Ion"" run. Good material and good workmanship are essential, other
wis~ there is likely to be a heavy bill for repairs. Every particle 
of fuel should be used to generate power, and in the ordinary, 
commercial engines the consumption of oil usually varies from two
thirds of a pint per b.h.p.l per hour in the larger engines to about 
1 pint in the smallest. The engine must be simply and easily 

1 Brake borse power. 
Aa 
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managed, so that skilled labour is unnecessary, and there ehould be 
no part which requires frequent regulation or watching. Once an 
oil-engine is started it will continue to run as long as there ie oil 
in the tanks and lubricators, and often they can be left alone all 
day and sometimes all night to do their work without the least 
attention. . 

Steam Ploughing and Cultivating lire commonly practised, especially 
where ground has become foul and is likely to benefit from eummer 
fallowing and cleaning. Many farmers, however, systematicallyeteam
plough or cultivate their land in order to plough up pana and to 
facilitate drainage. Care must be taken not to bring undesirable 

FIG. 168.-Wind Engine pumping water, . 

subsoil to the surface, and this is where the Derby digger haa an 
advantage, the soil being stirred by meana of diska. This type of 
implement, however, is now rarely seen, as, like many other heavy 
travelling engines that pass over the soil, it is only in exceptional 
circumstances that good work can be eJIected, as, for e.xample, on 
light soils during dry weather, when after sheep folding a good 
preparation can be obtained for the winter crop. 

Double Bets of engines are now very largely used for steam 
ploughing, in which case one engine is placed at either end of the 
field, the plough or cultivator be~g hauled backw~rds and. forwards 
through the Boil by meana of a Wire cable, the engmes monng along 
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the headlandn as the work proceeds. Many different types of engines, 
ploughs, and cultivators are used, each of which possesses individual 
merits. 

Motors in Agriculture are now very popular, and have attained 
a high degree of perfection. The motor-tractor can be used for 
a variety of purposes, and there is ample evidence of its economical 
use as compared with the heavier types of steam-tractors. On a large 
farm a considerable reduction is effected in horse and manual labour, 
to Bay nothing of the necessary stabling, feeding, and attention which 
horses entail. 

Petrol is the fuel generally employed, but paraffin, kerosene, 
and alcohol are also occasionally used. Each motor has usually 
two cylinders, possessing inlet and outlet 
valves, water-jacket, piston- and connecting
rod and crank, as in ordinary gas- and 
oil-engines. During the first outward 
stroko of the cycle a mixture of petrol 
vapour is drawn into the cylinder from the 
carburettor through the inlet valves. Here 
it is compressed by the second or inward 
st.roke, when at the commencement of the 
third stroke the mixture of vapour and air 
is exploded by an electric spark or other means. 
The pressure caused by the expansion or 
explosion forces the piston outwards, thereby 
performing the third or working stroke, and 
furnishing sufficient energy for the three other 
strokeJ in which there is no impulse. This 
energy is stored in the fly-wheel during the 
next three strokes of the cycle. The fourth 
and last stroke of the cycle consists of the 
expulsion of the inert products of combustion 
through the exhaust valves by the retum of 
the piston. 

Not only are these motors used for 
ploughing, but also largely for mowing and 
reaping, when they haul the necessary imple- FIG. 164.-Section of Wind 
ments after them. For locomotive purposes Engine Pump. 
the power is transmitted by means of chain, 
clutch, or single gearing from the crank-shaft to the driving wheels. 
In performing stationary work, such as thrashing, chaff-cutting, 
grinding, pulping, etc., the end of the crank-shaft is fitted with 
a belt pulley so placed as to be easily adjustablle to the necessary 
shafting. 

Wind-power.-The utilization of wind-power for pumping water 
by mean~ of windmills or engines is undoubtedly economical, as, once 
erected, these mills or engines require very little attention, the cost 
being almost entirely due to depreciation and interest on the capital. 
There are two chief types of windmill, the European and American, 
the former being somewhat more cumbersome, the whole structure, 
including sails, shafting, gearing, etc., being supported by a fixed 
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post. In thil American and more modern types (F~gs. 163, 164), the 
wind-wheel, gearing, etc., are all carrie:! at the top of a high stool 
tower, and rotate round the head on ball bearings. The Amer~can 
machines are self-acting and governing, and are e:Juipped with all 
modern mechanical improvements, and for many other rea90ns are 
preferable to the old European type, which requ:re t:> be turned into 
position every time the wind changes. The small hind-wheel seen on 
every old windmill is provided for the purp03e of adjusting the sails 
to the wind. 

Water-power is in many cases available for fixed farm machinery. 
When it can be relied upon, it practically costs nothing and is used 
direct from the stream, which is dammed back for the purpose, or it 
may be conveyed by means of a duct. Water-wheels are either 
under- or over-shot, but the latter are most economical of water. 
Want of. space prevents our entering upon the subject of hydraulic 
rams, but they also have been turned to account both for gardening 
and farming. So far as machinery is concerned there is no difference, 
for a mill or thrashing-machine can be actuated by water as well as 
by steam. It is a mere matter of power, and the weakness lies in 
the fact that water can only be successfully applied where there is an 
abundant and constant supply of it. The hydraulic ram may be used 
for raising and supplying water to buildings and for various purposes; 
and, as is well known, waterfalls are, and will be. more and more, 
used for generating electricity. It is possible that both wind and 
water will be more used in the future than they are at present, now 
that electricity can be conveyed to any required distance. 

FARM IMPLEMENTS AND MACHINES. 

A practical knowledge of farm machinery and the use of the 
many implements connected with agriculture should commend itself to 
all who contemplate an agricultural career. To be able to instruct 
others and to know if the be3t possible work is being performed 
by any particular machine, with a view to economy of labour, oil, or 
fuel, a~ well as the minimum wear and tear of the mechanism, it is 
essential that those who are held responsible should acquaint them
selves witlt the structure and management of machines entrusted to 
their care. 

Equally important is it that youths who are serving an apprentice
ship on a farm should themselves become familiar with the use of 
the simplest implements, and know what it is to complete a full day's 
work with those they are using, as without this intimate knowledge it 
is utterly impossible to Buccessfully control manual labour. 

For centurie;; little progress was made in improving implements of 
tillage, while during the past fifty years engineers have shown great 
ingenuity in inventing and bringing to perfection many kinds of 
machines with which to economize labour on the farm; and the 
various older types of wood and iron implements and machines have 
given place to others of lighter construction, in the manufacture of 
which steel is largely used. . 



IMPLEMENTS AND MAOlllNERY. 357 

Tillage Implements.-The plough (Figs. 165, 166, and 168) should 
certainly be considered first, a9 it is undoubtedly the most valuable 
and the most extensively employed of all agricultural implements. It 
may bo interesting briefly to notice its ancient history, although such 
remarks may not be very applicable to its present form and capa~ 
bilities. For instance, the children of Israel ploughed with two oxen 
(Deut. xxii, 10), their plough had a coulter and a ploughshare 
(1 Sam. xiii, 20), and they were aware of the advantages of winter 
fallows (Prov. xx, 4). It is certain that long ago ploughs were 
furnished with wheels. Nearly all the Greek ploughs had wheels, 
and although centuries have elapsed since these were the accepted 
type and most of them have disappeared, yet there are numbers of 
them still in use among the Hindoos and Ohinese. In Markham's 
English Husbandman, published in 1635, the description of the plough 
is in very many particulars identical with some of the old-fashioned 
wooden ploughs used in Hampshire at the present day and drawn by 
oxen, but however interesting it might be to trace the history of the 
plougll to the present time, our purpose is to discuss the principal 
parts of a modern plough and their functions. 

FIG. 165.-General Purpose Plough. 

These parts (Fig. 167) may be placed under the following· 
headings: Beam, Frame, Share, Turn-furrow or Breast, Slade, 
Coulter, Skim Ooulter, and Wheels (one or two). 

Bea11l.-The beam is the part to which the horses are attached, 
and terminates at the other end in two stilts or handles for the purpose 
of steering. For attaching the draft in front is a perforated T -shaped 
head, with the cross-piece curved, to which a sliding bar with a hake 
or head is attached and held in position by a pin fitting into one. of 
the hole~ of the cross-piece. This admits of adjustment of the draft 
to the left or right as necessity demands, while the hake head, being 
provided with vertical notches into which the draft chain fits, allows 
the draft to be raised or lowered, so that by these means it may be 
regulated both laterally and vertically. With a wheel plough, however, 
the depth of the furrow is largely effected by means of the land wheel, 
the setting of which can be regulated so that if the plough tends to 
run too deep the draught may be lowered, 'or vice versa. The furrow 
wheel is used to regulate width, and always runs close to the land side 
of the furrow. 
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Framc.-The frame or body of the plough i~ attached or bolted 
below the beam, and carries all the component parts and draft 
attachments. It is in most cases made of cast iron, but for district. 
which are stony it is customary to make it of wrought iron or cast 
steel. It varies in size and shape, in keeping with the work to be 
performed. a deep frame being necessary for deep ploughing. 

Share.-This is by far the most important part of the plough, and 
it is made of ordinary cast iron, steel, or chilled cast iron. 1.'he. 
invention of chilling -shares was patented in 1803 by Mr. Robert 
Ransome, of Ipswich. Before this time ordinary cast-iron share. 
were used. but the edge soon became too thick to cut the ground 
properly. and passed over weeds without cutting them. The invention 
consisted of case-hardening the under side of the share to the 
thicknesR of from one-sixteenth 'to one-eighth of an inch. Thi. 
chilled part. from its hardness, wears very slowly, while the upper 
part grinds more quickly away, thereby maintaining a constant sharp 
edge. The share plays an important part in producing the form of 
furrow slice required, and cuts the horse-walk horizontally, severing 

FIG. 1OO.-Subsoil Plough. 

the slice from the under layer of soil. For easy cutting, a rather 
shorter share is used, while if the ground- is hard or gravelly a long 
pointed share is used, and for skimming stubbles a very broad 
share does best. _ 

BreaBt- or Mould-board.-The breast- or mould-board is made in 
an endless variety of shapes and sizes. A short, steep, sharply 
curved mould-board is used for stubble ploughing; and for furrow. 
which are not required to be 80 much broken, a longer type wit.h 
a gentle curve is preferred. The different types are almost legion, 
and tho usel' must be the judge as to what suits his purpose. Mould
boards are made of steel, and when ground and polished are admirable 
for sticky soils; while if of ordinary cast iron they are more suitable 
for sandy soils. The chilling process, previously mentioned, has also 
been applied to mould-boards, and with great success in prolonging 
their lives. The process, however, is practically confined to compara
tively short breasts, as it is practically impossible to preserve the 
shape of Ions ones treated in this way. Breasts for light, sandy, or 
mediulD soils should have a hollow or concave form, but. for heavy 
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clay the surface must be lenger and convex. Between these two 
descriptions an enormous number of different designs are used, and it 
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FIG. 167.-The Parts of the Plough. 

is still no easy matter to determine which form is best for general 
purposes. 
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Sladc.-Tho slado is an important part of the plough body, inas
much as it supports the plough and keeps the" pitch" or .. bite" of 
the share at the correct angle, and if it is not in order the share will 
not do its work properly. 

Ooulter.-The coulter is passed through a 80cket in the beam in 
front of the share and fixed by means of a clamp. It makes the 
vertical cut, separating the furrow slice from the unploughed land, and, 
simple as it may appear to be, much depends upon the coulter being 
properly formed and fixed. It is best to have its end or point about 
1 inch from the point of the share vertically. The angle at whioh 
it is set is usually about 60· to the ground, in sticky land about 7S·, 
and in trashy or brashy soil it should be set nearly vertical. 

Skim Ooulter.-The skim coulter is a plough body in miniature, 
and is placed slightly in advance of the coulter. It is used 011 

FIG. 168.-Mole Plough for forminlf .. ehlUlDelln the lubooil to d .. iD the IaDd. 

lea lands and where there is loose manure or other material on the 
surface which requires burying. A draft chain with weight attached 
is also useful in dragging in long weeds and mannre or Btubble. 

At tho present time ploughs are need in three forms, namely, 
swing ploughs without wheels, ploughs with one wheel, and ploughs 
with two wheels. There are times when swing ploughs are very 
useful, as, for example, on undulating or grippy land when the depth 
of the work can be varied by preSBure on the handles. By the 
addition of one or two wheels, when the land is level, the work ie 
made much easier for the ploughman, and does not require 80 much' 
skill as a swing plongh. The smaller wheel is called the land wheel, 
as it runs on the unploughed land and assists in regulating the depth. 
The largo wheel, or furrow wheel, runs in the open furrow and helps 
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to keep the plough upright and to regulate the width of the furrow. 
Assuming a complete plough, it may be set as follows :_ 

1. Raise land wheel to the depth required, which is generally 
marked on the upright stalk; if it is not so marked the 
depth of the ploughing is equal to the vertical depth from 
the bottom of the wheel to the point of the level of the share. 

2. Place furrow wheel to the width required, which is generally 
marked on the cross-bar; if it is not, then it is the 
distance from the land side of the share to the inner edge 
of the furrow wheel. 

3. Adjust draft while plough:ng by regulating the setting 
of the land wheel. 

When proceeding to assemble the parts of a plough which is in 
pieces, they should be attached to the frame in the following 
order :.,.-

1. Put lever neck into frame and screw up tightly. 
2. Attach slade, frame, and breast couplings. 
3. Fit share on to nose of lever neck. 
4. Attach breast, and connect up .couplings. 
5. Fix breast, adjusting stay connecting breast and handles. 
6. Fix side-cap or side-plate. 
7. Adjust wheels, coulter, hake, etc. 
S. Adjust as shown above. 

Disk coulters are sometimes fitted in place of the ordinary type 
when tho soil is very weedy or trashy, or, in fact, on any foul land. 
They cut tho weeds away and enable the mould-board to turn the 
trash in. They must not, however, be used on stony land. 

Double-furrow (Fig. 169) and multiple ploughs have advantages 
over the single-furrow type as they economize time and labour, while 
the drldt is lighter than the combined draught of two single-furrow 
ploughs doing the same work. They are not, however, adapted for heavy 
retentive soils, where three and sometimes four horses are frequently 
required to perform.satisfactory work even with the single~£urrow 
plough. On light upland farms, such as are co=on in Hampshire 
and other southern counties, the double-furrow plough is now exten
sively used over large tracts of land folded with sheep, to be followed 
by the shallower rooting cereal crops. 'Vhere coarse, weedy stubbles, 
or ground dressed with long manure are to be ploughed, this can only 
be effectively performed by the single-furrow plough. 

Oultivators.-Few implements employed in working the land have 
shown so much improvement in recent years as the cultivator 
(Fig. 170), which formerly consisted of inefficient stirrers, known as 
scarifiers, scufilers, or grubbers, mounted on heavy frames, and 
necessitating much labour to draw them through the ground. 

The newer form of cultivators have light, steel frames with sickle 
tines (F:g. 171) capable of penetrating even the hardest ground, and 
affording that vibratory motion so beneficial in stirring soil that has 
become stale or impervious to air. No implement has done more 
to economize the working of land than the modern cultivator, as it 
can be readily converted into a steerage horse-hoe or a three-row 
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ridger. in additi"n to being useful as an ordinary cultivator and broad 
sharer. 

It is customary to use the cultivator in stirring stale furrows in 
spring, where after autumn ploughing they have been subjected to 
winter rains, and cannot dry out readily until moved. It i. often 
preferable on heavy clay soils to cultivate them well in spring instead 
of giving a second or cross-ploughing, as there is then less risk of 

FIG. 169.-Double·furrow Ridaiol Plouab. 

bringing unweathered soil to the surface, which at that season bakea 
as hard as a brick, thereby preventing the formation of a good tilth. 

Heavy wheel-cultivators are still to be seen on many farms, and 
where engaged in skimming, or for a deeper movement of the BOil, 
require four good horses to draw them, there being no springing 
movement to counterbalance the friction to which the tine! are 
subjected. 

FIG. t70.-General Purpoee CulUntor. 

The student cannot do better than make a careful study of the 
many type~ of cultivators exhibited at the principal shows, &8 practical 
engineers are usually present and are always willing to explain the 
merits of any particular machine. · Cultivator! which combine ridging, 
horse-hoeing, and skimming are extremely nseful on small fal'Dl8 
where cost of equipment is an important consideration. 
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It will be noticed that the sickle-curved tine not only forces its 
way through the ground, but causes the moved soil to ride up the 
curve, thus retaining the fine soil on the top and bringing couch to 
the surface. a point of extreme importance. For excessively stiff soil 
a moro rigi(\ tine must be employed, and for this purpose maohines 
with a heavier frame and a smaller number of tines are employed. 

In some cultivators spring pressure on the rear sections or frames 
gives largely Increased penetrating power without loss of flexibility, 
the form of tooth-seat permitting the tines to be set at will, either 
to cultivate the surface lightly or to dig deeply into the ground. 
The tines have four different angles of work, and a change can be 
very readily effected. In some instances tines are projected beyond 
each side in order to cultivate or break up the wheel tracts, while 
some of the smaller cultivators, made expressly for small farn:a, can 
be fitted with a grain seeder, and so perform the work of broadcasting. 

Another very useful implement for the small farmer is the 
combined skim and scume, the skim comprising a pair of broad steel 

A B c 
FIG. 17l.-Types of Cultivator Tines. "A. rigid tine-simply opens the ground without 

pulverizing it. B, spring steel tine-pulverizes the soil if previously worked. but 
liable to spring out of work. C. sil!kle tine-penetrates hardest soil and thoroughly 
stirs it with a vibratory action. 

knives for paring stubbles after harvest, which can be simply 
removed and the frames converted into ascume by fixing the tines 
to the cross-bars. 

In the .best-grade cultivators the pole is made of wood with wood 
Whippletrees, and neck yoke. The frame is of high carbon steel, well 
braced, heavy, and strong. The wheels, which should be of steel, 
are entirely within the frame, and can be moved along the ~xle 
to suit drills of from 22 to 30 inches apart. The standards and bnes 
are heavy, and are adjustable sideways, up and dow:n, and also f.or the 
necessary pitch. The steel points should be reverSlble, and I~ Inches 
long by Ii to 4 inches wide, according to the pUI1!0se for whl~h they 
are required. The axle therefore does not come III contact with the 
tops of the plants when working in rows of roots. 

Olod-crusher8.-A clod-crusher is merely another term for a roller, 
as these implements only differ from the ordinary smooth cylindrical 
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. roller in being composed of a number of sections or rings strung on 
an axle. The Cambridge, or ring-roller, is the type most commonly 
used, anll answers all practical purposes, although in special instances 
better work may be done by a' similar implement in which the rings 
are indented or notched, as these spike-like projections pierce the hard 
clods and force them asunder. When the surface soil haa become 
baked and hard, and the lower layer remains of a dough-like con
sistency, it becomes impossible to perform satisfactory work with 
any kind of clod-crusher, as all that it does is to press the brick-like 
clods into the soft mass below, while, after the consolidation of heavy 
soils, the attempt to break surface clods has a disastrou8 effect. When 
used. in conjunotion with summer fallowing, there is less risk of 
injury than when preparing seed-beds in spring. The newer types of 
cultivatora have done much to dispense with the heavy draft clod
crushers. 

The common or smooth roller is generally used in the form of 
cylinders of from 10 inches to 3 feet or more in diameter, the larger 
cylinder" being sometimes made to hold water, and thu8 admit of the 
pressure being regulated in accordance with the consistency of the 
soil. The object of using two or more cylinders in the con8truction 
of low wido rollers is to prevent the surface of the soil being disturbed 
more than is necessary when turning. A plain roller cannot be 
dispensed with on any farm, as it is essential for the sowing of grass, 
clover, ana other small seeds. It is also useful for consolidating light. 
soils, especially in spring where wheat and other crops requiring 
a firm seed-bed have been lifted owing to the loosening and hollowing 
effect of frost. Heavy rolling assists in checking the ravages of 
wire-worm among spring-sown crops. Shaftless roller8 have much 
to recommend them, as they are more easily turned, and there i. 
no risk of horses' shoulders being rubbed. Another good plan is the 
adoption of a scraper, which clears the roller of any soil that may 
cling to it as it passes over the land. 

Harrows, like cultivators, have now been brought t~ a high state 
of perfection, combining efficiency with lightness and durability. 

The principal types of harrows are : drag harrow8 with or without. 
handles, light or seed harrows, the zigzag, flexible, chain and link, 
sickle tine, and disk j there are also many modifications of these to 
suit special circumstances. In many of the lighter, or grass, harrow. 
flexible frames have been successfully introduced, as, for example, 
in tho familiar chain harrows, the whippletree! of which are noW' 
usually made of iron or steel tubing. A useful form of this harrow is 
constructed of cast-iron cusps, connected by wrougbt-steel links, they 
being longe.· on one side than on the other, and it may therefore be 
used eithor backwards or forwards or on either side, according to the 
state of the land. Others, again, are closely studded. with short steel 
wire-likl! tines, which are extremely nseful for collecting surface 
weeds, or even destroying the seedlings of charlock or other weeds on 
arable land in early spring. Most flexible harrows admit of being 
lightened by the removal of sections of tines from the rear. The 
effectiveness of these harrows depends largely upon their adjusta
bility to inequalities on the surface of the land. 
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The cultivator and harrow are to the farmer what the fork and 
rake are to the gardener, the former being used for the purpose of 
opening up the soil early in the season, and the latter for levelling the 
surface and securing the necessary tilth for sowing. Drags, or heavy 
harrows, are, as it were, intermediate betweell the cultivator and the 
zigzag harrow. The drags usually follow the cultivator, or may be 
used to break down the furrow on lighter soils. The curved tine 
handled drag harrows are extremely useful for working down tough 
furrows, and can often be successfully followed by the cultivator. 

Zigzag harrows are essential as seed harrows in the preparation 
of the seed-bed, and are now almost invar:ably made of iron, and are 
of different weights. They are so constructed that no two tines 
follow one another in the same groove. The tines pass through slots 
situated at the points where the cross-bars intersect. In some 
instance~ each tooth is adjustable, being provided with a self-locking 
and self-wedging clip. The harrows, of which there are usually 

Fro. 172.-Disk Force-feed Corn Drill. 

three, are attached to a draft pole on which is a draft chain to which 
the whippletrees are hooked. 

Rotary harrows,l an altogether distinct type, are effectively used 
in breaking down furrows. Disk harrows are invaluable where 
permanent or temporary pastures are being broken up, as they cut 
the old turves and so facilitate drilling. Wherever old plantations 
or scrub are being brought under the plough the disk harrow will be 
found useful. 

Spring wire-toothed harrows have teeth specially provided with 
sharp-cutting edges, while some have the appearance of a cultivator 
without wheels, the teeth being twisted. They are extremely useful 
in opening up ground that has become compressed and impervious to 
air. Thes(l harrows are also useful as light grass ;seed harrows, and for 
covering behind the drill on arable land. Many farmers still" brush" 
harrow their pastures in spring, which means taking a few strong 
thorn branches and tying them to an old gate, which is then inverted .. 
and dragged over the ground to displace moss, distribute manure or 
other loose material on the surface. This work, however, is much 
more effectively performed by either a chain harrow, or, where moss is 
prevalent, with a wire-tooth harrow. 

1 Rotary harrows possess no actuating force or true rotary nature i they only swing 
round as they are pushed. 
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Seeding Implements.-The seed drill (Fig. 172) of the present 
day iii as near perfection as it can well be in view of our present 
methods of seeding. The advantages of drilling are that it ensure8 
the seed being deposited in the. soil at uniform depths and at regular 
distances, while by adjusting the weights attached to the coulters the 
depth may be regulated so as to admit of very small seeds being Bown 
shallow, and larger seeds at a greater depth. There are also many 
devices for covering the seed with fine soil after it has been deposited 
in the groove3 made by the-coulters. 

Soil and climatic conditions are sometimes such as do not admit of 
drilling, as, for example, in the sowing of late wheat when the weather 
conditionli are uncertain; and to avoid risk, the broadcaster keeps 
pace with the plough, a practice which ensures highly satisfactory 
results, as also does the ploughing and pressing of clover leas in 
readinesi for broadcasting wheat or leas for oats, but conditions which 
suit wheat and oats are not equally adaptable to a crop like barley, 

FIG. 173.-Force·leed Com Drill Speed and 
Diek Pree8are Regal .. "'n. 

which t'J ensure an even sample demands a regular germination, B:nd 
a regular distribution of the plants over the ground, together WIth 
a proportionate share of sunlight, a matter of le98 importance in the 
case of the other cereals. 

The importance of regularity in drilling root crops cannot be over
estimated, as facilities are then afforded for cleaning by hand- or 
horse-hoeing. 

In ordinary corn and seed drills the grain is lifted from the 
seed-box by cups; and conducted through flexible funnels, or do~n 
contracting and expan«Eng steel tubes, or other devices, to Il<!pe WIth 
the inequalities in the surface of the land, and these termlDate at 
the heel of the coulter, which is supported by long coulter levent, 
hinged to a mortise bar at the front of the drill. The depth to 
which the coulters enter the soil is regulated (Fig. 173) by pressure 
by a spring or by attaching weights to the coulters, while the width 
of 'the rows can be regulated by moving the coulter levers along the 
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bar, removing coulters with levers attached wherever necessary. 
Combined root and corn drills without steerage apparatus are never 
entirely successful when crops are sown which necessitate horse
hoeing, as difficulty is experienced in getting the rows straight, 
especially where one horse draws stronger than his companion. 
Straighter drills 'Can be drawn when a back steerage is fitted to the 
axle, mor3 freedom being obtained by reason of the main parts being 
attached to the axle bar. 

Most drills have a fore steerage carriage, but the shorter leverage 
of this, and the absence of a middle mark, make steering less easy. 
The travelling wheels in the majority of steerage drills carry the 
weight of the seed-box and gearing, and the quantity of seed to be 
sown is regulated by adjusting cog-wheels of various sizes. To enable 
the coulters to be lifted off the ground when turning, an aq.justable 
pulley is used which also prevents the heavy coulters from sinking 
too far into the loose so!l. By reversing the roller and tightening up 

F.IG. 174.-Pota.to Pla.nting Ma.chine. 

the chains all the coulters may be pressed deeper into the solI. 
Excellent two-horse drills are made now with single-wheel steerage 
and markers. 

Thero are many combined drills on the market, some being con
structed io hold liquid manure which is deliv~red with the seed, b?t 
these require a very heavy draft; those which s.ow the manure In 

a powdered condition are less cumbrous. Disk drills are used where 
weeds and undecayed turf have to be cut through, and so pre~ent 
catching or bunching. In other instances coulters are reverSible. 
The force-feed drill is a machine of light draft that can be worked 
by a man and a pair of horses. It indicates the exact quantity of 
seed sown and the area covered in a day. 

In Scotland and the North of England, where turnips are sown on 
the ridge, a very distinct type ?f ridge drill is used for turl!ip and 
mangel sowing as shown in Fig. 38. One-coulter hand drtlls are 
generally used' for garden, and perform their work very effectively. 
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Potato Drills or Plantera.-The expense entailed by the hand 
planting or dibbling 'of potatoes has resulted in several ingenioua 
machines (Fig. 174) being devised for the planting of small or 
large areas, the majority of which embody the dredger principle. 
Another type of machine now extensively used is one wherein 
a number of cups attached to all endless chain lift the tubers from 
a hopper, and deposit them at regular d:stances in the rowi. The 
width 01 the drills may be varied by readjusting the chain wheele 
fixed to the machine. It is estimated that a machine of thil COil'

struction drawn by one horse, and attended to by a lad, will plant 
from 7 to 8 acres per day. 

Small farmers who rarely want to plant more than an acre or 80 

of potatoeR .will not require a drill for special work of this character, 
but where Buch machines can be hlred an economy of labour will 
be effected, and the work of planting w.ill be better performed:. 
Especially is this so on heavy land where it is customary to plough 
in the sets. 

HorB/'-hoes.-Horse-hoes are necessary for the cleaning of root 
.crops; and the ordinary type of horse-hoe (Fig. 175) is often applicable 

FIG. 175.-Three-row Horse·hoe. 

:for other crops, although difIerent types are made. For example, 
a single-row hoe, or Beumer, is used for potatoes. There is also the 
.steerage horse-hoe, in which a number of tines are fixed on a frame 
.attached to a fore-carriage, and used for either root! or corn crops. 
Stalked blades made in various widths from 4 to 20 inches are nsed 
.according to the crop being dealt with. The lever horse-hoe i • 
.extensively used and the blades are carried on coulter arms hinged 
to a front bar, and these arms are carried beyond the point at which 
ihe hoes are attached to admit of their being weighted with adjustable 
weights to regulate the depth of the work. This type of hoe ill 
preferable for shallow working. Either horizontal V or vertical 
L-shaped hoes are used; .the former are preferable for moving 
the centre of the furrow, but the L shape is le38 liable to cut out 
the plants, as the wings point directly towards the furrow and their 
position may be noted better than in the case of the V shape. 
~he latter, however, require slightly less draft. 
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Harvesting Implements.-When we reflect on the old sickle, it is 
no lesa than amazing to contemplate the great progress that has been 
made in haymaking and harvesting machinery. No manual operations 
demanded more strenuous labour on the part of the workers than did 
those associated with harvesting and thrashing, especially in the 
case of small farmers, who many years ago laboured by candle-light 
in the early hours of the morning with the flail, the then only available 
means for separating the grain from the straw and chaff. The 
thrashing-machine is DOW so pedectly constructed that much of the 
grain call be sold without subjecting it to winnowing or any other 
cleaning operation. 

The Self-binder.-This machine (Fig. 176), of which there are 
now many types, has rendered the cutting and harvesting of corn 
a very simplo process, and the excellence of the work performed leaves 
nothing to be desired. After being cut by the knives the crop falls 

FIG. 116.-SeIl·binder. 

upon a revolving canvas platform, and is finally passed between two 
other parallel canvases placed in a sloping position, which re~ol~e 
on rollers. thus carrying the corn to the sheafing deck, where It IS 
formed into a sheaf by means of packers, then bound. and knotted by 
strong hemp twine at a given tension, and finally ~Jected on to .the 
ground, or into a sheaf carr:er (Fig. 177) by a Slmple ~ech~mcal. 
contrivance. The manipulation of the canvases and .reel IS s~~le, 
but much skill is required" in regulating the mechamsm for tlllung 
the several actions involved in packing and tying the sheaves. Make~ 
havo, however, so perfected their machines that many of the 0 

difficulties are no longer encountered.. . 
The working of the knotter or t:er (Flg. 178) IS based upon ~e 

Principlo of the needle of a sewing-machine, and to understand ds 
chin · d to be able use togethel' with other parts of the ma e, 1D or er 

, B b 



870 BUILDINGS, MACHINERY, IMPLEMENTS, ACOOUNTS. 

to repair a temporary breakdown in the field and to apply the 
necessary amount of lubricating oil economically, the farmer mus~ 
study the construction. of whatever machine he intends to adopt 
for use. Students cannot acquire this knowledge better than by 
being allowed to dissemble an old machine and reconstruct it under 
the supervision of a capable practical agricultural engineer. 

Binders are carried upon a main travelling wheel (Fig. 179) 
having a wide sole or tyre, and a comparatively small wheel at 

FIG. l'l'/.-Bbeaf Carrier for collecting .boye. 
readJ lor atooking. 

the extreme end of the platform. The cutting apparatus, or knife, is 
usually 6 feet long, and is driven from gearing taken direct from the 
main wheel, and practically all the other movements are taken from 
chain gearing passing over a series of conveniently placed IIprocket
wheels, whilo occasionally spme of the motions affecting the 8heafer 
and binder are transmitted by means of bevel-wheels through a spindle 
to the fore-part of the machine. Binders are now generally fitted 
with roller bearings which admit of considerably easier draft. 

FIG. 178.-Kno&ter. 

The various makers give full details of the respective merits of 
their machines, and fully illustrate the principal advantages in their 
catalogues. so that there is no need to further enlarge upon them. 

The introduction and perfection of haymaking machinery has 
enabled farmers to deal much more effectively with large areu of 
cut grass than was possible when the greater portion of the work of 
drying and harvesting the crop was dependent upon manual labour. 
and considerably less hay is now. spoilt through lack of 8trength at 
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that particular time when the dried grass must be collected ajld 
placed in bulk, and yet retain to the fullest extent the natural sap' 
and constituents upon which so largely depend its quality and its 
value as food for stock. 

The Rooper and Mower.-Those who have not had the opportunity 
of attending pract:cal engineering classes and dissembling one or 
other of the principal types of machines would be well advised to 
procure a book of instruction, illustrating the various sections and 
mechanism of these machines. 

Thero are now many forms of reapers, such as the self-raking 
reaper, the self-acting back delivery reaper, and others, some of 
which have steel platforms. Manual delivery machines cover little 
ground, are light in draft, and are specially suited for small farms or 
where crops are badly twisted by wind, or have become laid!. 

Th,) reaper and mower have many points in common, but the 
latter is geared higher so as to effect a ready clearance, while on 
Bome reaper,; provision is made for attaching the hinged rack at the 
back of the cutter-bar, with a foot lever to raise or lower it so as 

FIG. 1'79.-Mnin Driving "~heel of Binder. 

to form tho sheaves. While the operation of cutting is the same in 
both machines the frames are vastly different. The modern reaper, 
like the self-binder, has one travelling wheel, with a fixed and rigid 
cutter-bar necessitating a small travelling wheel so placed as to 
preservo the balance. ·The usual length of the knife of a mower is 
4 ft. 6 in. as compared with 6 feet in the case of the binder, but other 
longths are obtainable. The revolving rakes of the self-delivery reaper, 
while very effective in sheafing, are very exhaustive of power, 
especially if the corn lodges or drags, the arms of the rakes bein'g 
driven frOir. a standard placed of necessity at some considerable 
distance from the outer edge of the platform. In the modern type 
of seli-delivery reapers the arm of the rake is much shorter than 
formerly, the capstan carrying the rakes being placed nearer to the 
heel of the knives, but notwithstanding this the draft is exceedingly 
heavy when a tangled crop is encountered, and may even exceed that 
required by an ordinary binder in cutting a crop that stands well up 
to the knives. 
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Mowers are made with both open and closed gears, and an arrange
ment for reaping is attachable to some machines, an ear lifter being 
fitted to the finger-bar above which is a rotating rack with tines, 
so curved. as to keep the corn away fI'om the knives. 

The Swath Turner.-Among the almost endless variety of 
harvesting machines, the swath turner is undoubtedly one of the most 
important. By adjusting a lever the machine is made to turn the 
swath without breaking, in the proper direction so as to follow a left
or right-hand mower; to turn inwards to collect two or more rows 
into one, or to turn outwards or in opposite directioIllS if require:d'. 
The principle of the swath turner is that of rotary blades or prongs 
turning helically so that as the machine advances the ground below 
the swath is swept by the' blades or prongs, on which the swath is 
lifted and turned over on to dry ground, two·or three swaths being 
usually turned at one and the same time. 

Tedde1' or Kicker.-The hay tedder is a machine of more recent 
date, but considerable improvement has been made on the original 
types, which subjected the grass to very rough treatment, and made 

FIG. lSO.-Combined Side·delivery Rake. Swath Turner, and Tedder. 

it susceptible to more than ordinary damage in the event of rain 
falling. The use of hay tedders is more applicable for poor crops 
on the lighter soils of the South of England than on heavier soils in 
rainy districts, where, if the crop is heavy and is spread evenly over 
the ground) it does not readily dry. 

Even among the lighter crops the operation of tedding or kicking 
is responsible for much of the 103s of the shorter grass, and, 
especially of the leaves of clover ; but where a large area of ground 
has to he covered some sacrifice must be made in view of economy 
of time. Where the crop is entirely composed of clover, or other 
legumes, the tedder should not be used. 

Teddel' and Side Rake.-A machine combining a side rake and 
tedder (Fig. 180) has recently been introduced which, in addition to 
collecting the swaths and delivering the hay into windrows) also 
performs the work of tedding by reversing the direction of rotation 
of the rake or drum, thus causing the hay to be thrown up and 
scattered gently and effectively, the hay lying in two swaths. 
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The Side-delivery Rake.-The side-delivery rake (Fig. 181) has 
met with considerable favour. In the most approved machines the 
raking apparatus is placed in front of the main axle, so that the 
driver has full view of the working of the machine. The rake bars 
are carried out at an angle to the line of travel, thereby facilitating 
the movement of the crop sideways. The raking apparatus is 
suspended from the main frame of the machine, ensuring the rake 
teeth being always parallel with the ground in whatever position 
they may be raised above it. A lever admits of the rake bars being 
raised or lowered, and another allows of the machine being thrown in 
or out of gear. 

Swath Turner and Collector.-These machines are made to turn 
or collect the swaths by means of a series of prongs fixed to an endless 
carrier, which circulates around two heads, one on either side of the 
machine, and which gather the hay into windrows. The frame of the 
machine is fixed slightly obliquely to the line of draft, and when one 
set of prongs comes in contact with the ground the others are slightly 

FIG. 181.-0rdinary Side-delivery Rake. 

raised, falling into work again as they pass downwards. The most 
approved machines work equally well on ridge or furrow as on the 
level, and turn the crop by a brisk action of the prongs, in place of 
pushing or paddling it to one side as is usually done by the older types 
of machines. A modern machine will deal very effectively with 
grown through crops. 

Hay Loaders.-Thehay loader is attached to the rear of a wagon 
and embodies the principle of the ordinary straw elevator, its own 
travelling wheels supplying the necessary motive-power. The 
windrow:; must be made with judgment so as to admit of a steady 
flow of hay passing up on to the wagon. If the rows are too wide 
or the hay irregularly placed the effective working of the machine is 
interfered with . 

. Hay Sweeps.-The hay sweep is largely used on many extensive 
upland farms in Hampshire and other Southern Oounties where it is 
necessary to build the ricks in the fields; as the width of the sweep 
is not adaptable for use in small fields or where gateways have to be 
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negotiated. The sweep consists of a wooden framework 14 feet wide 
on two wheels 3! feet in diameter, with tines 10 feet long and 18 inches 
apart fixed to the frame. The more improved machines admit of 
satisfactory work being done on uneven ground, which was not possible 
with the older types of this implement. The use of the sweep enables 
light crops of hay to be very quickly picked up, the long tines running 
-under tho hay, which is pressed up towards the rear until the machine 
can hold no more, while to empty the contents the mach;ne is rllD 
backwards and this allows the hay to slide off. By elevating the tines 
the hay can often be brought close up to the rick and thus effect 
considerable economy with both horse and manual labour, or if not 
sufficiently dry to put in bulk the hay may be placed in cocks ready 
for carting. . 

Hay Stacker8 or Elevator8 can only be economically utilized 
on large farms where a large acreage of land is laid up for hay, and 
where the ricks assume large dimensions, as is frequently the case 
with 88infoin, clover; and the coarser grasses from water-meadows. 
The expense of these elevators, the infrequency of their use, and 
of ten- the inconvenience of storage or rapid depreciation in value 
when badly housed in winter, largely accounts for their being little 
used, although they can be used for corn and straw during 
thrashing, and may thus be in use all the year round. The US6 of 
the elevator undoubtedly relieves the men of a great deal of laborious 
work, the pitching of hay or corn being considered the most strenuous 
form of work upon which a farm-hand can be employed, but it rests 
with the farmer to work out the actual saving in money which its use 
will ensure. 

The portable elevator, or clip-fork stacker, has now largely dis
placed older methods. Two youths, one attending to the horse and the 
other to the clip-fork, can usually keep four or even more pitchere 
on the field fully employed, so that there is little doubt that this 
form ef elevating will gradually become more popular. 

Pyke-lifter.-In the North of England, Scotland, and Ireland 
much of the hay is put up into" pykes" or miniature ricks, conical 
in shape, weighing from ! to ! ton, and the loading of these on to 
ordinary carts entails much labour, as the hay becomes well settled. 
The pyke- or rick-lifter is merely a sleigh-like contrivance, some
times on low wheels, which is backed and tipped against the bottom 
of the pyke. The lifter is provided with a windlass with a rope 
or chain which .is placed around the base of the pyke and wound up, 
drawing it on to the platform which is then pulled level. Special 
types of elevators are sometimes used for loading on to ordinary carLI, 
or a tripod arrangement which is placed over the pyke, iron grabs 
with fork-like clutches being fixed into the bottom of the pyke, and 
a horse is attached to the tackle fixed around the base so that ill 
pulling the pyke is raised sufficiently high for a flat cart to be backed 
beneath it to receive the load. 

The Hor8e-rake is essential for raking meadows or stubble. after 
the main porEon of the crop has been lifted. Itll construction is 
too famiEar to require any explanation. The fact must not be over
looked that the horse-rake frequently collecb damp wads of grass, 
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which the wheels of the mower may have pressed into the soil and 
which have escaped the t:nes of the swath turner, also that these must. 
be shaken out as they will turn mouldy or fusty if placed in the rick. 
Moreover, care should be taken to see that stones are not brought into 
the rick, as if so these will break the chaff-cutter when they are 
included with the hay for chaffing. 

Spraying Machines.-No machines have been more improved of 
recent years than those employed in spraying, and all kinds of 
sprayers are in demand for a variety of purposes, such as spraying 
hops, charlock, potatoes, fruit-trees, and lime-washing. In nearly 
all instanceJ an airtight compartment which contains the spray fluid 
is connected by means of a valve with an air-chamber in which air is 
compresseJ. by a pump, so that when forced out of the nozzle of the 
machine it carries the liquid with it in the form of a fine spray. 

In a Four Oaks sprayer, and other improved types, a small pump is 
fitted to the outside of the container, an outside. air-chamber being 
considered more effective than the older type. No stirring is needed, 
as at each pump the jet is forced from the bottom of the liquid, and 
there are therefore no inside attachments. 

Messrs. Strawson did much pioneering work in spraying, and 
invented a machine capable of dealing with large areas. These 
machines control a series of nozzles connected by rubher tubing 
through which the spray fluid is forced. The pump is worked either 
by hand, as, for example, when the container barrel is placed in an 
ordinary cart (see Fig. 69), or by gearing when a self-contained 
machine i~ used. Charlock or potatoes may be sprayed by the same 
machine. but in the latter case the nozzles are fitted with fauces, 
so arranged as to admit of the under as well as the upper surfaces of 
the leave~ being reached. 

In the production of milk under hygienic conditions the lime
washing or cow-houses by means of spraying machines has proved of 
inestimable value, and many firms have introduced portable sprayers 
specially suited for this purpose. 

In some compressed-air spraying machines (see Fig. 67) very little 
time is lost in securing the necessary pressure, as much as 80 lb. per 
square inch being attained in about two minutes. Many machines are 
provided with pressure indicators. 

As many machines made of copper were found to corrode, it became 
necessary to use· two distinct containers, and this difficulty has now 
been overcome by the use of jacketed chambers. 

Manure Distributors.-Several types of manure drills admit of 
either broadcasting or drilling, and are capable of dealing with 
all kinds of fertilizers. These drills are now less complicated than 
formerly, and in types like the Imperial (Fig. 182) at the bottom of 
the hopper there is a reciprocating steel plate, fitted with fingers, 
together with a galvanized steel platform. Revolving on this plate 
is a series of horizontal finger-wheels (Fig. 183), which, with the 
assistance of the finger-plates, carry the contents out of the hopper. 
The manure is delivered on to a spiked delivery board, which admits of 
its being perfectly distributed close to the ground. As there is no 
internal stirring, caking or clogging of the manure is prevented, 
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and spring steel scrapers remove any manure adhering to the finger
wheels before .they return again to the hopper. The finger-wheels 
are readily released for cleaning by raising the pinion with spindles 
attached which drive them. The clutch arrangements and main drive 
wheel are actuated by a chain, while the finger-wheels and finger
plate are driven by worm gearing, which considerably reduces the 
draft. The speed of the finger-wheels is altered by a set of chango 

FIG. 18\l.-MlUlure Distribulor. 

wheels, so that the distribution of the manure may be varied from 
1 to 25 cwt; per acre. 

Disk-delivery manure distributors are largely in use, but work 
at a disadvantsge during windy weather; while it is also less eaey 
to distribute the manure evenly, owing to their centrifugal action, 
and in some types it is difficult to regulate the width of the sowing. 
Usually, however, coarser manures are thrown to a farther distance 
from the machine, but it must be remembered that fine manures, 

FIG. 18S.-8ection of Mann ... Distributor •• bowing: 
A. finger-wheel and pinion in workin, position: 
B. pinion raised and IInger-wbeel panl,. witb· 
drawn: C. flnger-wbeel enUreI,. withdrawn for 
cleaning. 

such as basic slag, are very easily carried by the wind. The machines 
are easier to clean than those fitted with chain or shaft deliveriee. 

The driving-wheels only actuate the feeder and spreader when 
moving in a forward direction, while the quantity of manure is 
regulated by means of an adjustable slide. In some of the more 
improvecl types the opening of the lid automatically cuts off the 
delivery of the manure. Where the spreader is of small diameter and 
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placed near to tho ground, the distribution of the manure will be 
considerably more even than when it is some distance from the 
ground. 

Then' are a great number of machines on the market, and the 
clogging of the manure and the difficulty in cleaning have always been 
great drawbacks. This, however, has now been largely overcome, the 
parts being easily removed for cleaning and possessing only a few 
of thoSQ bolts and nuts which give rise to corrosion. All manures of 
a sticky or pasty character' are, however, best mixed with finely sifted 
soil to ensure even distribution. 

Dung Spreader.-Dung spreaders find favour on many farms, 
and the machine pract:cally consists of an ordinary wagon with 
a discharge~ fixed at the end, which distributes the manure in a fan
like sheet covering a wide stretch of the ground. The operation is 
controlled by a lever, and the application of the manure may be varied 
from five to'thirty loads per acre. Where short manure is used the 
machine does its work wel~ and economically, but these distributors 

FIG. 184.-Hay Pl'ess. 

are less suitable for the conveyance of the dung produced each day 
to the field. A considerable advantage lies in the fact that the 
distributing apparatus can be readily removed from the wagon, which 
may then be used for ordinary purposes. 

The Hay Pressers.-A -good hay press (Fig. 184) is a valuable 
acquisition on almost any farm, as its use not only considerably reduces 
the time and expense entailed in trussing, but also lessens the cost 
'of freightago on the hay j pressed hay being conveyed at lower rates 
than that tied by hand. ' 

Tho essential parts of the machine consist of a platform, to which 
a weighing apparatus is sometimes attached, and a ram actuated by 
a lever. The truss, as cut from the rick, is placed on the platform 
and weighed. The ram above is then let down and pressure applied 
by means of the lever, the hay being reduced to almost half its bulk 
(Fig. 185). When suffic:ently contracted the hay is quickly tied with 
string and the lever lifted, when the ram admits of the truss being 
removed. 
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Hay presses in the hands of experts will dispose of as many as five 
trusses in eleven minutes, including both cutting and pressing. The 
press should be provided with road wheels and shafts for transport. 

Root-thinners.-Root-thinners (Fig. 186) have been introduced 
within recent years, especially where the land is free from weeds. 
They. may readily and regularly "gap" or "bunch" on either the 

FIG. J85.-Ha,. Pres. iu nee. 

ridge or the flat, but are scarcely reliable for actual singling. Neither 
can they be trusted where the plant is irregular, a8 the rotary action 
of the knives is uniform and may cut out plants which ought to 
be left. 

Farm and Garden Implements include many instruments that are 
common to both departments. The spade is the only one, apart from 

FIG. 186.-Root-tbinoer. A. counterweight &0 regulale wehr-h& 
on boe; B. screw block for reRul.ling angle of boe wbeel 
in conjunction with wbeel .tump. C; I. i. 8, it in. hoes iD 
work. Wg'e,ber gapping 12 in. between bunches.. 

the plough, which systematically inverts the soil, but it has the 
additional advantage of pulverizing it. The digging fork is used for 
a similar operation, but cannot be successfully employed on light 
soils. InventOrs have from time to time endeavoured to embody the 
principle of the spade to farm machinery, for a~ yet nothing haa 
rivalled the excellence of the work performed by the spade. This 
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fact is well known to gardeners, who when they wish for a well-grown 
crop of potatoes plant the seed as digging proceeds. There is all 
the difference between good and bad digging, and students should 
try ami make themselves fully conversant with this important 
op~ration. -

The hoe is also largely used, and, like the spade, dates among the 
very earliest implements used in cultivation. In fact, these two 
implements were the actual forerunners of the plough itself, which was 
originally drawn by men. In gardens the Dutch or push hoe is 
largely employed for weeding or scuming until the crop has become 
well established. 

Th~ great advantage in its use is that the ground is left untrodden, 
as the hoer walks backwards, and consequently the weeds soon 
perish. There are many different types of hoes extant, some being 
almost entirely local. In Hampshire, for instance, frames are specially 
made into which new hoe blades may be fitted when the old ones are 
worn out. The common or draw hoe is chiefly used for heavy 
work and where strong weeds have to be dealt with. The head is 
given sufficient weight for the hoe to be assisted when driven into the 
ground, while steel adjustable blades are very useful in severing 
tough weeds, such as knotgrass. The potato hoe has a short shank 
and is also heavy-headed, as retentive soils often have to be loosened 
and broken up. 

Half-mOOD shaped hoes have an advantage inasmuch as they do 
not colled the soil so much as those with square blades, while they 
assist in easier singling out of the plants. This type of hoe is usually 
made with what is known as a swan-neck. There are many forms of 
combined hoes, a useful type of which is the triangular hoe, so 
admirable for priming seed grooves. 

Other implements include shovels, mattocks, grubbing axes, forks, 
turf- and verge-cutters, trowels, turf-beaters, hedging shears, pruning 
saws and knives, secateurs, scythes, hooks, spuds, while every farm and 
garden should always have its own chest of tools. The other necessary 
equipment will include wheelbarrows, water-barrows, water-cans. 
sprayers, and other utensils already familiar to the reader. 



CHAPTER III. 

CARTS AND BARN IlIPLElIENTS AND MACHINES. 

Carts and Carriages.-At the present day many firms ~pecialize 
in the designing and construction of farm carte and wagons, and 
improvementd are being constantly made. It is easy to Bee that the 
purpose of the farmer is much better met than was the case when 
this industry was left entirely in the hands of village wheelwrights, 
who used the same models that their fathers and grandfathers had 
left them. 

The general purpose cart is suitable alike for the harvesting of 
crops, the carting of hay, hauling out manure, conveying goods of all 
descriptiona to market, even to pigs, sheep, or calves. In an ordinary 
farm cart of the general purpose type the "ladders" should be 
removable, a perfect balance being maintained whether they are 
attached or not. Some simple but effective form of tipping arrange
ment is essential, such as will not allow of too much play. AI regards 
the wheels, these must, of course, be strong and conveniently dished 
so as to afford ea~y running and a square even tread on the road. AI 
a rule, the width of tyres on a general purpose farm cart rangell from 
8 by j in. to 4 by ~ in. Vertical harvest rave3 can. also be fixed on 
the ends of the ladders. Anything from 1 to 2 tonll can be 
carried on these carts, according to the width of the tyres. With 
tyres 8 by j in. a strong one-horse cart will carry 20 to 25 cwt. ; 
3t by jin., 30 cwt.; 4 by jin., 30 to 35 cwt.; and with tyrea 
4 by ~ in., a two-horse cart will carry 85 to 40 cwt. 

Needless to say, a great deal of the value of a cart or wagon depends 
on the quality and seasoning of the wood. The shape and design 
vary in different districts. In hilly parts of the country, for 
example, a light spring cart is much preferable to the larger type of 
farm wagon. Local customs also play a great part in the design of 
farm carte. In Devonshire, for instance, types may be noticed quite 
different from those in common use in Scotland and Ireland. 

Milk floats are usually made with bent or crank axles 80 that a low 
body can be built on them. This makes it easier to handle heavy 
churns and milkcans, and low-bodied carts of this type are alBo useful 
for carting heavy merchandise to market or to the station. Good 
springs ar~ essent:al for carts of this type 8:) aJ to prevent undue 
jolting. 

Cattle breeders and exhibitors use specially designed carts, the 
floors of which are only a few inches off the ground. This enablea 
heavy cattle to be loaded without much difficulty. 
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Farm wagons, drays, lorries, and .trolleYB are of many different 
types. Some are mounted on springs, and these are specially adapted 
for carting corn, potatoes, and fruit, or conveying sheep and pigs 
to market, the wheels being extra high so that the floor is about on 
a level with that of a railway van. Strong farm drays are nRso 
built without springs. Some of these have a floor-space of about 
72 superficial feet, as contrasted w:th the 40 feet in ordinary old
fashioned farm wagons, and sacks can be loaded over the sides instead 
of only at the tail-board, while some admit of as many as 20 quarters 
of corn being loaded on the floor of the dray in an upright position. 
For carting hay and straw or any form of loose farm material, such 
as manure, lime, coke, coal, etc., the 1ight hay drays are very useful, 
carrying from 2 to 3 tons. One of the latest types of farm carts 
is a combined form of cart and wagon. The front wheels and shelvings 
are attached to an ordinary cart in such a manner that they can be 
detached when required in a few minutes, thus converting the vehicle 
into an ordinary farm cart. 

Trucks.- The introduction of traction-engines was naturally 
followed by trucks, adapted for conveying grain and other heavy 
materials in larger quantities than in carts and wagons. These are 
largely used by millers' and to a limited extent by large farmers 
possessed of the necessary power, but they fall beyond the range of 
ordinary agricultural carriages. 

Thrashing-machines.-Since the first revolving drum was patented 
by Meikle in 1788 the thrashing-machine has made steady progress, 
with the result that it would be almost impossible for the better types 
of modern machines to perform their work more efficiently than they 
do at present. 

The thrashing-machine (Fig. 187) has a fascination for the majority 
of people, and most of us in our young days have gazed on it in 
wonder, and imagined, as well as our minds could admit, the various 
processes to whioh the grain was submitted, from the instant it was 
wrenched from the ear until it was returned through the slots at the 
rear of the machine. A knowledge of the essent:al parts of the 
machine is necessary for all who are entrusted- with the thrashing of 
cereals or leguminous and other crops, the grain of which has to be 
separated from the other parts of the plant. 

The large rotary steel and wrought-iron drum must first be 
mentioned, with its fixed fluted steel beaters. The drum is made 
sufficiently heavy to maintain an equal speed of from 800 to 1,000 
revolutions per minute so as to ensure a perfect thrashing and to 
avoid breaking the grains. An open barrel concave partially encases 
the drum and is usually made of wrought iron in two parts hinged 
together. By means of three adjusting screws on each side outside 
of the machine the distance between the drum and concave can be 
readily regulated to suit the differeDt kinds and conditions of grain. 
The gratings of the concave are formed by wires which pass through 
holes drilled in the concave bars. 

The grain having now been remove:! from the earB or pods falls 
through the wires of the concave, while the straw passes along the 
shakers and falls out at the front of the machine, or passes through 
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II. chaff-cutter (Fig. 188) ; the rema:ning material passes along to 
tho cavinga screen and is finally expelled. 

Tho straw shakers are made on the reciprocating principle and are 
fitted witll two crank-shafts, one at each end of the box, thereby giving 
a very evenly balanced motion and a vigorous alternative tossing 
action over the whole surface of the shakers. In order to further 
increase the separating power of the shakers, iron prongs are attached 
to the boxes, thereby assisting in separating the straw and extracting 
the grain. Steel check plates suspended over the shakers also serve 
to arrest any grain that may fly out from the drum, while al;:;o 
preventing the straw from travelling too fast along the shaker boxes. 

The cavings riddle or upper shoe, together with the other shoes, 
is bung on ash hangers, which being flexible require no oil about 
their points of suspension. The cavings riddle is made in two pieces 
for convenience in changing it to suit all kinds of crops. A 
reciprocating board shakes back anything that falls on it to the 

FIG. 188.-r.!aynard's Automatic Chall·cutter attached to thrasher. 

middle of the machine where it falls on to the riddle which 
reciprocates so as to sift it and remove anything that will pass 
through the holes, carrying the cavings and like material forward 
where they fall under the straw. The chaff and corn fall through 
on to the lower shoe, another reciprocating board, which works 
them toward the middle of the machine again, where they fallon 
to a series of sieves and encounter a dividing blast directed under 
the caving;:; riddle, which prevents any tendency to choke, and assists 
in tha separation of the grain. 

The lowel' dressing shoe is of larger capacity, and so constructed 
that the blast from the large fan passes underneath and through the 
chaff sieve. The lower sieve which receives the corn and chobs is 
extended outside the shoe, and has at the lower corner a small 
adjustablo tail-board, wh:ch may be raised or lowered, while the 
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machine is running, to suit the quantity and nature of the chobs. 
The tail-board prevents the choba from leaving the sieve until all 
the loose grain is separated. 

There are two seed sieves to the lower shoe, the first placed in the 
upper part which serves to remove the seeds from the cha1l before it 
is blown out by the fan and thus preventing the seeds from being 
redistributed on the land through the chaff, and the second in the 
bottom of the shoe under the corn sieve. The corn, having received 
its first cleaning when passing over the dressing shoe, is now 
precipitated down the shaker shoe into the bottom of the case 
enclosing the corn elevator to undergo a further cleaning process. 

Tho corn elevator is usually of the bucket or dredger type, and 80 
placed in the machine as to be free from injury. The cups or buckets 
.are generally made of steel plate and are firmly riveted to the belt, 
which ia wider than the cups to prevent the latter from rubbing 
.against tho elevator casing. The elevator is generally able to lift 
grain at the rate of 8 bushels per minute. The faces of the pulley • 
.have gaps in them to prevent slipping of the belt. 

Tho corn, having now been taken to the top of the machine at the 
.rear of the drum, is there dealt with in another cleaning section where 
it passes into the awner or hummeller. The awner and chobber are 
.arranged on the same spindle. The grain falls on to the screw which 
conveys it to the barrel of the awner where the knives mounted 
.spirally around the spindle, revolve rapidly and effectually remove 
the awns from barley, and at the same time conduct the grain to the 
oonical chobber, where it receives its first rubbing. The chobber 
may be used with six, three, or if desired without any knives or 
oeaters, and yet being of conical shape will clear itself as effectually 
.as when the knives or beaters are fitted in position. 

By means of slides the grain may be made to fall direct into the 
.sacks from the elevator, or it may be discharged into the second 
dressing shoe after passing through the awner barrel, but before 
~ntering the conical chobber casing. The second dressing shoe has 
two sieves placed one above the other, and the grain in falling 
1hrough them is thoroughly cleansed of all dust, chalf, ·etc., by the. 
olast from the second fan which plays underneath and through 
1hese sieves. 

Wheat, or barley, which may have been insufficiently treated in 
the chobber and awner rolls over the ends of these sieves &88isted 
oy the blast, and is conveyed by the overHow spout to the fint 
.dressing shoe, where it is again dealt with and p&88es a second time 
through the awner and chobber. After leaving the second dressing 
.shoe the rotary adjustable screen effectually separatee all thin grain 
.and seeds from the best com. This screen is fitted with a revolving 
brush, which keeps the wires clear, and it has an inside worm which 
-causes the grain to pass evenly along the screen. All those grains 
-which are too large to pass through the screen are conveyed to the 
other end and fall into the corn spouts, thus const:tuting the best 
-corn, while the thin or tail falls into the tail spout; those nearest the 
~ntry being the smallest or tail proper, while those falling later are 
known as seconds. 
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Seed Dressers.-The demand among farmers for pure samples of 
seed haa resulted in the introduction of many effective seed dressers 
or cleaners, but these machines concern the seedsman rather than 
the farmer. The student can always see the dressers at work at the 
principal seed stores, when it will be observed that seeds of light 
weight, rough surface, and irregular shape are rejected from the 
more perfect sample, the latter being finally discharged, dressed, 
and purified. Seeds representing the worst types of weeds, such as 
docks, dodder, stonecrop, thistles, and many others, together with 
dross and dirt, are readily extracted from clovers and other seeds 
difficult to clean. 

The fault of the older types of machines was that they removed 
a large proportion of good seed along with the weed seeds, thus 
entailing considerable waste; but nowadays, in many instances, as 
much as 1 ton of seed can be effectively cleaned in the course of 
a day by modern machines without any appreciable loss of good seed. 
No machine can effectively rid samples of peas or beans of seeds 
infected with weevils, or of damaged peas. These must be gone 
through by hand if high-grade sl!mples are to be produced. The 
same remarks apply also to potatoes, but the fact that cereals, such 
as oats for example, can be freed from wild oats, clover from dodder 
and other destructive weeds, does much to reduce the subsequent 
cost of labour on the farm. 

Winnowing Machines are essential in preparing samples of grain 
for market, although, as has been pointed out, some of the more 
improved types of thrashing-machines deliver the grain in a very 
clean and satisfactory condition. Winnowing, however, is always 
capable of further improving the sample and getting rid of the 
lighter corn. The structure of the winnower is so simple that it 
require3 no description, as an inspection of it will soon demonstrate 
its working. An elevator is often attached to a winnower and worked 
by a strap from the driving-wheel spindle. It raises the grain by 
conducting tins as it passes from the machine into a hopper sufficiently 
high to admit of a sack being placed on a weighing machine 
underneath. 

Sheep-shearing Machines.-For some years past the art of hand
shearing has been gradually superseded (especially in the Colonies) 
by tho introduction of power shearing machines. Still more recently 
these machines have come into vogue in many parts of Great Britain, 
and bid fair to take the place of hand-work. They are simple in con
struction, being actuated either by hand, oil, electric, or steam power, 
and one clipper is stated to shear a sheep in two minutes. They are 
essentially developments of Clarke's horse-clipper, and are worked 
from a shafting which causes the rapid revolution of a spindle pro
tected by a flexible tube. The accompanying illustration shows the 
general appearance of the machine and the principle employed 
(Fig. 189). 

Potato Raisers.-The potato raiser (Fig. 190) has done much to 
reduce the cost of lifting heavy crops, and in the more modem 
types of machines the forks are so constructed as to throw out the 
tubers at the rear of the machine and without bruising or scattering 

cc 
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them too much, thereby facilitating gathering. By means of a lever 
the depth to which the forks work can be easily regulated. Years ago 
many potato growers imported Irish peasants during the harvesting 

, 4 

" . '. ' . 

FIG. lEl9.-8heep .• hearinc Machine a' work. 

season, but now the introduction of improved machinea baa rendered 
this practice no longer necessary. 

FIG. 190.-Po&aao Raiser. 

. In one type of digger a "share" catches the furroW' at an 
adjustable angle, and the earth and potatoes both p8.88 into a revolving' 
drum. when the former is released through a wire sieve of which the 
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drum i" made, the potatoes meanwhile being conducted backwards by 
tho motion of the drum with a helical blade, and finally passed out at 
the emI of the digger. Although the drum revolves in close contact 
with the ground it does not actually come in contact with it, and thus 
only ordinary draught is required to work the machine. 

Potato Sorters or Separators.-Sorters were invented in 1885 and 
were the first machines of continuous feeding introduced for the 
purpose. A well-made machine is calculated to sort or grade about 
5 tons of potatoes per hour in three sizes. They not only sort the 
potatoes but also deliver the "ware" into bags, the "seed" and 
" chats" into scuttles, and the soil underneath. The" seed" and 
"chats" are sometimes delivered on the front side, enabling the sorter 
to be use!l in confined situations, as, for example, at the clamp. Large 
machines. on the other hand, are constructed with the "seed" 
delivery spout at the back and the" chats" spout on the front side. 
If a plaHorm is fitted it will afford every facility for the removal 
of "blight!:", and should be place~ conveniently · for a man to work. 

FlO. 191.-Section of B&rn. showing arrangement of Food-prep&ring Machinery. 

The sorter can be used either with or without the platform, but in 
either case the "ware" is delivered direct into bags. The top 
riddles vary in size from 2 to 2t inches, and the bottom ones from 1 to 
I! inches. These sorters are at once adapted for grading all kinds 
of bulbs, onions, fruits, etc. 

Food-preparing Macbines.-The introduction of small portable gas
and oil-engines has enabled much of the hard and expensive manual 
labour formerly necessary in the preparation of the dietary of farm 
animals to bo dispensed with, and even on farms of quite modest 
dimensions, grinding, crushing, cutting, or chaffing are practised to 
a greater extent than was possible with the older types of manual 
machines, and Fig. 191 affords some idea of the setting up of the 
necessary plant. The modern flour-mill has attained to a high degree 
of perfection, and while the student need not tax his mind with regard 
to its intricacies, he should, nevertheless, visit a mill and follow the 
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various processes in the manufacture of flour, taking careful note of 
the manner in which the various by-products are obtained. Very 
important principles are appliei in this type of machinery, many 
of which have a very distinct and useful bearin~ on the more general 
barn machinery, and espec:ally in the compounding of feeding-stuffs. 

Grist Mills are invaluable to the farmer who feeds heavily with. 
mixed meals, as in using them he knows exactly what any particular 
mixture contains. A good machine is also capable of grinding to 
fine flour, or to any larger intermediate size up to cracking or 
quartering beans. 

Combined disk grinding mills and a pair of crushing rollers will 
grind almost anything, barley for barley meal, maize, or even oat. 
for birds, while the rollers will crush oats or crack beans or peas. 

Fm.l92.-Longitodinal Bec\ion 01 Stone Orinding Mill. 
A, hopper. B. shoot; C, teed apou&,..: D, fixed _tone; 
E, running stone; F. deliverr spao'. 

There ara several excellent makes, both of stone (Figs. 192 and 193) 
and of disk grinding mills, on the market of various sizes. The latter 
type of grinding disks are made of chilled cast iron with fine ribs 
cast on both sides. There are two of them, one fixed and one 
revolving, and in most cases they are reversible and interchangeable. 
Thus when the ribs on one side are worn down they may be turned 
round, and therefore last considerably longer than single plates would. 
Some makes are flat and others slightly cone-shaped. 

The grain is placed in a hopper at the top of the machine, and if 
there is a granary above, it is usual to cut a hole in the floor directly 
over the hopper, and to make a shoot by means of a sack with the 
bottom seam opened, so that a number of sacks may be shot on the 
floor 01 the granary over the hole, and the grain will automatically 
feed itseH into the hopper with no risk of its being wasted or epilt. 
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The grain falls from the bottom of the hopper on to an adjustable 
shaker or screen, which regulates the feed to the mill, and also 
removes any foreign matter such as stones, nails, or pieces of stick, 
which would otherwise damage the grinding diskS, through 
a perforated false bottom. The grain then passes, by means of 
a funnel between the disks, the distance apart of which may be 
regulated by a wheel and screw causing the rotating disk to move 
closer or farther from the fixed one. The closer the disks are 
set the finer the meal. Should necessity arise, very fine meal can be 
produced by running it a second time through with the disks adjusted 
to a closer degree. This, of course, requires more power, but is very 
effective, the meal thus treated being quite fine enough for young 
birds, pheasants, etc. 

FIG. 198.-Transverse Section of Stone Grinding Mill. 

The crushing rollers are very simple, the grain being fed from 
the hopper as described above, and the rollers being adjustable by 
means of screws, so that as the material falls between them it can. 
be crushed to any desired degree. 

Cake-breakers are almost indispensable on the farm, and usually 
comprise a pair of rollers made up of a number of star-shaped 
teeth, which, being mechanically coupled, revolve between one another 
so that the teeth interlace, and thus draw the slab of cake through 
and breal;: it up. Some machines are provided with two sets of rollers, 
the second set being used if necessary simply by moving a shutter. 
The brokeu cake passes over a screen on its way to the floor, and it is 
usually advisable to instal the machine on the floor above the mixing
floor. The whole cake is then stored on this floor, and after being 
broken up may be run through a hole into a heap on the mixing
floor, as required. 
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A Combined Root Cleaner and Pulper is extremely useful on any 
farm. as the cleaning of mangels. for example. which have been 
pulled out .of heavy tenacious soil entails much labour and waste 
when the work is performei by hand. By the time mangela are 
got out of the clamp in spring. the soil has shrunk from the roo~ 
and is soon dislodged by the rotary action of the machine. The cleaner 
comprisell a drum or open cyEnder some 6 feet or so in length, 
and 21 feet in diameter. It is made of wrought iron, of T or other 
patent section, a portion of which is serrated, and which revolves at 
Ii much slower rate than the pulper barrel. Another pattern haa 
a pall' of spirally shaped shafts or screws set at a slight angle 
and revolving inwards. On both sides of thelle screws are 

FIG. 19t.-Reader's S&eAming and Mol_ M"'i~ Macblne. 

a number of triangular plates with crimped edgell. against which the 
roota are knocked or bumped as they are carried along to the cutters 
by means of the two screws. The pulper barrel is composed of 
adjustable section plates, while the knives are also instantly removable 
and replaceable, and can be adjll8ted to cut the ordinary A inch 
finger for sheep, double this width for bullocks, or even to slice the 
whole section of the root. 

Chail-cutters.-In the improved chaff-cutters a device haa been 
introduced which no longer necessitates the attendant pressing the 

- fodder forward with his hands, a practice which was often attended 
by disastrous results. The material now only requires lifting into 
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the box, and is then carried forward and compressed ready for cutting 
by the action of the web or carrier. Most modern machines, more
over, can now be regulated to cut three lengths by means of a 
sliding pinion. 

A Combined Chaff-steamer and Molasses Mixer is extremely useful 
when it becomes essential to substitute large quantities of chaffed 
"traw and molasses when roots are scarce. Previous to this invention 
the molasses were merely sprinkled over the chaffed straw or other 
material by means of a watering-can, but this does not ensure 
thorough incorporation nor even distribution. Thus, some tmimals 
would get too much treacle, with detrimental results, while others 
would get too little and consequently fail to do so well. 

E.. 'i'rol." .. ", 
w.~~.7': 

FIG. 193.-Section showing working of Molasses Mixing Machine. 

In the case of a molasses mixer (Figs. 194, 195) the treacle is put 
into a drum, capable of holding the contents of a barrel, and warmed 
by means of a steam coil just sufficiently to enable it to How into 
a main pipe, which bifurcates and leads to injectors, one at each 
end of the machine. During its progress along the pipe the treacle 
is strongly heated until it is mixed with steam and converted into 
treacle vapour, in which condition it is forced through sprayers or 
spreaders in a downward direction from each side of the machine, 80 

that the chamber contains a mass of treacle vapour through which 
the chaft to be treated has to pass. 

The chaff is fed from a hopper above, and may be led into this 
direct from a chaff-cutter placed on the floor above. It then passes 
through two rollers which deliver it across the whole width of the 
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mixing chamber, when, after passing through the firing zone where 
both streams of vapour from the. sprayers· meet, it fall. on to a 
moving belt and is delivered at the front. The molasses are not onl, 
thoroughly and evenly incorporated with the chatted material b, 
this process, but the steam also assists in softening the straw, making 
it palatable and more eas:ly digestible, and sterilizes every particle 
as it passe3 through the machine. The machine is capable of clealing 
with a maximum quantity of sixty sack! of chat! per hour, and at 
this rate as much as from 20 to 25 per cent ·of treacle can be mixed. 
the regulation from zero to this figure being under perfect control. 



CHAPTER IV. 

LABOUR AND FARM BOOK-KEEPING. 

Manual Labour.-The substitution of machinery for manual labour 
is less easy on the land than in the workshop, because agricultural 
work is not continuous nor indefinitely repeated, but, on the contrary, 
is restricted to certain seasons. A machine on a ,farm may only be 
required once a year, or at long intervals, as in the case of harvesters, 
hay-tedders, sheep-shearers, and many other machines, which also 
suffer from disuse, and are liable to be superseded by improved types. 
Secondly, a good deal of agricultural work requires to be done with 
jUdgment, as for example hoeing, cabbage-planting, rick-building, 
and stock-feeding; and no mechanical contrivance can rival hand 
labour in this respect. Thirdly, the work on a farm is limited as to 
quantity, and so distributed throughout the year that great rapidity 
becomes comparatively unimportant. 

It iR vital to a manufacturer that his machines should turn out 
"thousands a minute ", and keep going day and night, but this is not 
the case on a farm, where a certain and very limited number of men 
are required, who are able to turn their hands to any kind of work. 
It is desirable that the few men and boys employed on a farm should 
have regular employment in a great variety of work, and this is 
unfavourable to the introduction of machinery. 

Labour-saving implements are useful at times, but do not 
necessarily diminish the number of men and boys employed on a farm, 
neither do they always lower the wages bill for the year. There is 
also the'superiority of hand over machine work which is universally 
acknowledged; and no machine can reap, mow, or hoe as well as 
a good man. 

There are other considerations which militate against the use of 
machinery on farms. If work is taken away from men in the 
harve~t field and done more quickly and cheaply by machinery, it may 
involve a higher level of winter wages, because harvest has customaril'y 
been looked upon as the I1Pportunity for cleari~g off petty debts for 
clot.hos anu boots, and .the labourer can ill afford to lose his harvest 
money. 

It is on these grounds that many really good farmers prefer to 
mow their olover and barley by hand, even if it C03t3 a little more 
to do so. It is not from objects of pure benevolence, but rather to 
keep their men together, and contented, with a confessedly low rate 
of winter wages. 

Thero are, however, many cases in which machinery may be 
introduced with excellent results, although the benefits are interwoven 
with drawbacks. Drilling is better than broadcasting, but it is both 
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slower and dearer than hand-sowing. Mowing and reaping by 
machinery, on the other hand, are more rapid than hand work, but their 
economy is sometimes doubtful when replacements, breakages, and 
horse labour are to be added. The self-contained labour of a good 
man may then appear to be no more expensive. 

No agricultural operations can be compared with the work of 
the loom or the printing-press, for there is no startling increase in 
resulti! on a farm-only a comparatively small advantage in speed 
and efficiency, an addition rather than a multiplication. Even in 
thrashing, which is one of' the best examples of the a'pplication of 
complicated machinery to farming, it is curious that the coat is not 
so very much reduced in comparison with the flail-perhaps by one
half, but nothing comparable to the reduction of cost in weaving or 
printing. 

The above remarks dispose of certain reflections upon farmen, 68 

a body, to the effect that they are slow f.o adopt machinery. When, 
however, it is remembered that implements deteriorate in :value 
immediately they are purchased, that they are quickly superseded 
by improvements, and that they, in many cases, sell for very little 
second-hand, the conclusion is inevitable that a man at from 3 •. to 5 •. 
a day is open to none of these objections, and that viewed 68 a machine 
he can adapt himself to any task, under a great variety of conditions. 
The same is true of horses, as already explained; and accounts for 
what strikes manufacturers as strange, namely, that farmers continue 
to rely upon men and horses as their chief sources of power. 

ManuaZ Labour on the Farm.-Farm labourers are divided into 
several classes which have little in common, and rarely interfere 
with each other. The teamsmen attend solely to their horses and tillage 
work; stockmen are entirely engaged with their sheep, cattle, COWl, 

and pigs, or poultry. "Labourers," on the other hand, do anything 
they are required to do, and are paid on a lower scale.; aud 
" strappers" are called in during busy seasons and discharged when 
done with, and naturally receive higher wages than regular banda 
(see Piece Work). 

There is much confusion in the public mind 68 to agricultural 
labourer" and their wages. The fact is that many classes of farm men 
are well paid and comfortably off. On a large farm there is a foreman, 
a dairyman, a shepherd, a head-carter, an engineer, a thatcher, 
a hedger, sometimes a water-meadow man, etc.; and below them 
come helpers in the dairy, stables, stock-yarda, and sheep-folda. 
The ordinary labourers are comparatively few in number, and most 
of the permanent-staff is composed of men in responsible positions. 
If a 500 acre farm be taken as a type it will be found that the heads of 
each department, with their helpers, constitute by far the larger 
numbera of names on the pay-sheet, and that three or four ordinary 
labourers make up the remainder-except, of course, in the busy 
seasons of the year. Wages are lower in the country than in towns, 
but expense:; are many shillings a week less, and in many districw 
cottages are provided free of rent to head men. In rural districts 
cottage rent.~ range from lB. to 3 •• a week, according to the rate of 
wages, but the ·terms of service often include a house aud garden. 
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Many a man who has been tempted into the town at what seemed 
a high wage, has found to his cost that house rent alone reduced his 
spending power to the country level. As to what farm hands actually 
make, it is true that nominal wages range upwards from 12s. a week, 
but this low ~ate is soon raised when hoeing, haymaking, harvesting, 
and root-storrng supervene, i.e. from March to November. It is 
in fact doubled, for a good man at piecework is not contented with 
much less, or if he is it is because he prefers to work short hours to get 
back to his own garden. 

The number of persons employed on farms varies enormously, 
according to the systems of cultivation followed. On ordinary mixed 
farms, where there is a fair proportion of grass land, from four, to 
five person,~ per 100 acres, including boys, may represent the regular 
staff ou the pay-sheet. That is from twenty to twenty-five names on 
a 500 acro farm. The number rises by about one-third during the 
,summer, and sinks back to the winter level after the roots are stored. 
On farms where potatoes are cultivated on a large scale, or where fruit 
or hops are grown, it is impossible to state the number of people 
employed, or the cost of labour per acre, as it varies within wide limits. 
If a farmer on a mixed farm can keep his labour bill down to 23s. per 
acre over all, he is an economical manager, if his work be efficiently 
performed. Writers on costs have often assumed 30s. per acre as 
representing manual labour on arable land, but in fruit-growing 
districts such estimates are of no value. 

Effect of LivB Stock on Cost of Labour.-It is generally thought 
that gras9 land must lower the cost of labour, but this is not necessarily 
true. No doubt it is the case where the land is grazed by young and 
dry stock, but not where milk cows are kept, as is now so general. 
As long as cows are milked by hand, and the milk yield is kept up both 
in winter and summer, they entail a great deal of labour, and it has 
been alleged by an excellent authority that the conversion of a large 
proportior, of the arable land into pastures, with the object of 
producing milk, has increased rather than diminished the cost of his 
own labour per acre. 

Live stock absorb much labour, especially on arable farms, as 
they aro responsible for the cultivation of root and fodder crops, as 
well as handling the same during winter. Live stock are the cause of 
most of the work in the winter, such as carting out manure, shifting 
roots, hurdles, straw, and hay, chaff-cutting, grinding, cake-breaking, 
water-carting, and most of the tasks connected with the lambing 
pen, the yards, sheep-folds, and farm offices. A well-stocked farm 
must always involve a greater expenditure in labour than one, on 
which few cattle and sheep are kept. 

Horse Labour.-Reasons have already been given why horses have 
maintained their position on farms, and also why manual labour 
possesses merits over machinery which cannot be i,gnored. It must 
therefore be accepted as a truth that horses are likely to keep their 
place on farms for many years to come, and this view is strengthened 
by the high prices now given for young agricultural horses, at a time 
when motor-omnibuses, taxicabs, tram- and motor-cars are displacing 
horses in towns. Horses are as important in times of peace as in 
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times of war, in agriculture as in hunting, and there is no reason for 
fearing their. abolition. 

The number of horses required on farms is controlled (1) by the 
proportiolJ of arable to pasture land, (2) by the rotation of crops, 
(3) by the stiffness or lightness of the land, (4) by the distanoo 
from railway and markets, and (5) by the head of live stock ke.pt. 
Each of these considerations affects the amount of horse labour, and 
renders it impossible to supply a figure expressing the number 
require(i for a given area. Grass land involves a certain small 
expenditurc of horse labour, which, however, is easily lIupplied by 
the teams required for the arable portion, so that the number of 
working horse3 may be calculated upon the area of arable land . 

. Next comes the rotation, which may be a four-, five-, or six-course, 
etc. It is evident that when land is allowed to remain two years unner 
" seeds" instead of one, that two-fifths of the land is removed from 
the plougheJ area, and if they are allowed to lie three years, three
sixths or one-half of the land is deducted from immediate tillage. 
In estimating the number of horses the rotation must be taken into 
account, and in order to arrive at a reliable figure the area undel 
fallow or roots should be taken. Thus in a short four-course rotation 
there will be 25 acres of fallow to every 100 acres of arable land; 
in a five-course there will,be 20 acres, and in a six-course about. 
17 acres. If a proportion of the arable land is always kept in sainfoin 
a still further reiuction in the root area will take place, so that it 
becomes nl!cessary to ascertain the amount of root land, and to uee 
that as tho) unit for arriving at the number of horses necessary. 

Tho tenacity of the soil is the next point for consideration, as the 
land may be light in character and adapted for two-horse teams, or 
it may be distinctly four-horse land. This is an important matter, 
but it would be incorrect to suppose that four-horse land requires 
twice as many horses as two-horse land. Heavy land is worked and 
cropped on a different principle to light land, and may require to be 
less frequently ploughed, and also needs less horse-hoeing, harrowing, 
rolling, and cultivating than land under a greater variety of crops. 
The number of horses required per 100 acres of still land need nob 
therefore greatly exceed the number necessary on light land, and in 
both cases a pair to 50 acres of arable land fits many districu. The 
number of horses required on arable farms, on the bas~s of fallow or 
roots, may be stated in tabular form as follows:-

TABLE SHOWING THE NUMBEB OF ACRES OF FALLOW AIID ARABLE LAlID 
WHICH MAY BE WORKED WITH ONE TEAM OJ' TWO HORSES. 

Acree 01 Arable Land 10 dilrereo& 

Acres 01 
Sy.tem •. 

Qoalitr of Land. Fallow. I 
On 4.coone'l On &-conne. 00 &-conroe. 

Very stiff land 9 36 45 54 
Stiff land 12 48 60 72 
Ordinary loams 15 60 75 90 
Very light soils 20 80 100 120 



LABOUR. 397 

A very large proportion of the arable land of this country may be 
worked by one pair of horses to 15 acres of roots, or 60 acres of 
arable land, but the above figures show how the number may vary 
with tho tenacity of the soil and the course of husbandry pursued. 

Effect of Improved Implements on Cost of Horse Labour.-Horse
drawn implements have hitherto competed very successfully with 
steam. The introduction of double and triple ploughs, spring-tooth 
cultivators, light drills, wide b"road-casters and horse-rakes have 
almost revolutionized land cultivation. Heavy implements have been 
abandoned in favour of light steel frames and chilled working parts, 
capable of covering a larger area. 

If these improvements do not diminish the number of horses per 
acre, they at least enable the farmer to cultivate h:s land more 
thoroughly, and to keep it in cleaner condition. It is not very 
long sincp. the liquid manure drill was introduced as a novelty and as 
an improvement upon the old ash-drill; but both have found 
a successful rival in light two-horse drills, capable of distributing 
supcrphosphatc without any admixture of water or ashes. The 
improvement is too evident to allow of any argument for the older 
methods. It reduces the number of horses for drilEng roots by 
more than one-half, as may be easily shown. 

In water drilling at least two water-carts with two horses each 
are necessary, for water must always be carted uphill. Four horses 
are wanted in the water-drill, and two in the harrows that follow it, 
i.e. ten horses. With the light "economical" drill two horses only 
are needed, water-carting is abolished, and a half-harrow drawn by 
one horse will cover the seed quite as well as a two-horse implement. 
Again, in ploughing, three horses in a two-furrow plough are sufficient 
for stubble land, and two may be used on loose land. The saving is 
most evident, and on light soils, where triple ploughs can be drawn 
by three horses, it is remarkable. So is it with wide drills and broad
casters, for width adds very little to the draught of a drill, and 
nothing to that of a broad-caster. Wide horse-rakes are also 
economical in the hay and harvest field. Older forms of wagons have 
given way to lighter boat wagons, which cost less money and are less 
cumbrous. There are many other ways in which horse-drawn imple
ments have been improved of late years, with the effect of greatly 
diminishing costs, and even the number of horses required. 

There are, however, so many odd jobs which need horse labour, 
and these are so often neglected for more serious operations, that it 
may be desirable to attend to these rather than attempt to work a farm 
with fewe.· horses. An odd or unattached horse is always useful, 
and where milk is to be conveyed to the station a pony is also 
necessary . 

.A.bsOl·ption of Horse Labour in Hal'tlest.-Economy in the use of 
tillage implements is all the more necessary now that harvest opera
tions are so largely performed by horse-power. The abso.rption of 
horse labour in cutt:ng grass and corn crops, horse-raking, hay
tedding. and stacking often becomes a decided drawbac~ in root, 
cultivat:on, and it is there that the. use of labour-savmg horse 
implement> comes in with most effect. These novel tasks for horses 
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are inconsistent with lowering the strength of the team, but the 
adoption of lighter, wider, and more effective tillage implements 
liberates horses from the immediate cultivation of the land, and 
enables the farmer to carryon his entire work without getting 
" behind" in his operations. 

The (Jost of Horse Labour is difficult to estimate because it is 80 
mixed up with manual labour. It is necessary to separate these two 
main divisions of labour, and the best course is to keep the pay-sheet 
distinct from the costs of horse work. If teamsmen and boys appear 
on the pay-sheet they ought not to be again charged against hones, 
or these costs will come twice over. On the other hand, they arl\ 
incurred on account of the horses, and if, through the introduction 
of steam-power a horse is dispensed with, attendance upon him is al80 
saved. If all possible charges on horse labour (including drivers) 
are debite;l against horses, it is clear that the expenditure on manual 
labour will be reduced j but there is a tendency to first state the cost 
of manual labour as arrived at from the weekly pay-sheet (including 
teamsmen's wages), and then to reckon the wages of the ploughman 
in estimating the cost of ploughing, thereby charging his wages twice. 
The effect is confusing, for it is true that laying down a horse in 
favour of steam saves both the maintenance of the horse and hi. 
attendant j but in estimating the actual cost of horse labour on the 
farm it is unfair to include drivers, first in the manual labour account, 
and then as an integral part of the cost of ploughing. Either course 
may be adopted, but we must be careful to consider which view i. 
taken. 

Manual labour, as previously explained, is considered to include 
teamsmen's wages, and it therefore only remains to consider the 
cost of maintaining horses apart from the pay-sheet. Manual 
labour on ordinary farms has been stated to vary from 23 •. to 30 •. 
per acre, and horae labour, in addition to these amounts, will be 
found to be about £1 per acre. This sum is arrived at by taking an 
average case of 60 acres of tillage land, managed on the four-course 
system, for every pair of horses. The bed-rock cost of keeping 
horses on a farm is much less than in the case of hOl'ses kep~ in 
towns or detached from land. Their food is produced at prime cost, 
and, in fact, they produce it to a great extent themselves. Their 
grazing ought not to include profits to the grazier, and, as already 
pointed out, they have often to be content with hay, straw, and corn 
which would not fetch the highest prices on the market. 

Most calculations as to the cost of horse maintenance on farms 
are based on full allowances throughout the year at top prices, which 
is not according to fact. Another point is depreciation, but it is met 
by many farmers by breeding their own animals,. and selling them at 
6 years old when at maximum value. The annual cost of a pair of 
horses to a farmer includes food, litter, harness, shoeing, wear and tear 
of implements, depreciation, risks, interest, veterinary attendance, 
etc. In a paper contributed by the writer upon bed-rock costa 
of tillage (1906) a careful estimate was given both &8 to food and 
maintenance of farm horses, which is still applicable, although the 
present cost of oats on the market may be higher. Still, 16 •• per 
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quarte~ for undre~sed oa~ of the weight and quality generally used on 
farms IS n~t unfa~r, nor IS £2 108. per ton for hay, considering that 
the manurial resIdues both of food and litter are retained upon 
the farm. 

ESTIMATE OF ACTUAL COST OF MAINTAINING A FARl! HORSE, ATTENDANCE 

BEING CONSIDERED TO BE A PART OF THE COST OF MANUAL LABOUR. 

104 bushels of oats at 2s. 
15 cwt. of hay at 2s. 6d. . . . . . 
22 weeks night grazing at Is. 6d. } 
22 weeks cut fodder at Is. 6d. 3s. per week. 
Chaff • 
Roots. 

Total food 

£ s. d. £ s. d. 
10 8 0 
1 17 6 

360 

100 
1 0 0 

17 11 6 

Litter is sunk, as being returned to the land with the manurial 
residues of oats, hay, and other foods. 

Shoeing and blacksmith's work, divided over all the horses 
Harness . . . . 
Stable utensils and repairs . 
Veterinary attendance . . . . 
Depreciation on value of £45 at 6 years old. 
Risk 10 per cent, on an average value of £30 

Total cost 

200 
1 10 0 
010 9 
o 10 0 
2 10 0 
300 

£27 11 6 

Attention is drawn to the following points in the above estimate. 
(1) £45 is a high figure upon which to base annual depreciation. ; 
(2) 2 bushels of oats per week all the year round is a very full estimate 
for oats; (3) £5 lOs. is a high rate for insurance and depreciation 
on a young and well-kept-up team. The estimate requires to be 
discounted rather than increased, and on this ground it seems more 
probablo that the actual cost per horse would be nearer £25 per annum 
than the £30 which is often assumed to represent it. If we strain 
a point and allow £30 per annum as the cost (which is not, however, 
granted), there is this simplification of the calculation, namely, 
60 acres of average tillage land worked by horse labour costing £60, 
or at a cost of £1 per acre. This, it is, submitted, is a liberal 
allowance for the cost of horse labour per acre on medium land; and, 
taking the variations according to rotation followed and the character 
of the land, the cost will be found to lie between lOs. and £113s. 4d. 
per acre. This great difference is due to the land and the rotation
the highest price being incurred on stiff land, managed on a four
course shift, and the lowest on very light land managed upon a six
course system, in which half the tillage land is under temporary 
grass. 

It may be said with some tr,uth that as the cost 9f horse labour 
goes up. the cost of hand labour comes down. The maximum amount 
for the former will naturally be expended on heavy four-horse land, 
in which a team can only plough 1 acre per day, and the expense of 
a pair of horses is divided over only 36 acres of tillage. Here there 
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will be Ettie hoeing or catch-cropping, whereas on light land there 
will be much hoeing and a greater variety in cropping. In order to 
.arrive at the cost of team labour on a given farm, estimates should 
be made as to the number of horses required, and the cost of 
maintenance of each, but in doing so care must be taken not to 
-confuse manual with horse labour; nor to make the mistake of 
-charging harness, blacksmith, farriering, and repairs of implements 
twice-first as charges against the horses and then a8 trade-bills 
.against the farm. 

For Steam- and Motor-power, see Engines and Machinery. 
Piecework.-The most economical method of paying labourers ill 

by results, or piece. The system has never been in favour with 
trade-unionists, as it is thought by them to depress the wages of older 
.and weaker men, but this really need not be the case if an equitable 
scale of payments is arranged. 

The price of piecework ought to be based upon the amount which 
.an able-bodied man can perform without distress, in order to earn 
.a good wage. Thus, if a man can hoe half an acre of turnips in 
.a day the price may be 68. to 78. per acre, and for twice hoeing 10 •. 
.or 118. 'per acre, on the ground that the second hoeing is easier than 
the first. This last is a good system, as it indnces the men to take 
pains with the first hoeing in order to give them less trouble when 
they go over the work a second time. 

'rho principle of piecework can be applied to a large number 
~f objects, but some work is better done by day-work. In any ease 
.a good deal of supervision is needed to avoid scamping, and remunera
tion should be made conditional upon the work being well performed, 
in fit weather, and under proper conditions. These restrictions 80me
-times cause friction, as when a band of men wish to tie up corn before 
it is dry, or to continue mowing before the wet has blown off barley. 

Ontl object in letting work by the piece is to get it quickly done, 
.and, certainly, it is wonderful to notice how long men will stick over 
.day-work. The price should not, however, be too high, as many 
.labourers judge accurately when they have made what they call 
.' wages ", and leave their work early in the afternoons, whereas the 
idea is that they should work long hours and make double wages. 
'Their object is to get a good price and find time to work their own 
,gardens, and to this there can be no objection, provided the farm-work 
is not neglected. Another difficulty is found in the disposition of 
men to abandon their work on holidays, and this may extend over 
-week-ends. In growing weather, root crops and weeds make such 
rapid progress in the interval as to render the price fixed upon 
.inadequate; and a strike may be the result. These are serious draw
backs to letting certain classes of work by piece, but with care in 
.selecting men and fixing a price which encourages industry, the 
.system work'! well and is widely adopted. 

Pieceworle applied to Tillagu.-It has been recommended to apply 
-piecework to tillage operations, but in spite of a few excellent 
.exampled the idea has not spread. One of the principal leakages in 
the conduct of a farm is the dilatoriness of teamsmen and boys. 

'They wast", time at every tum, without appearing aware of the fact. 
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They are slow in leaviIlg the stable, long on the' road, frequent in 
their stoppages while at work, and premature in " hatching off ". The 
pac" is also slow, and in travelling by rail it is noticeable that, as 
II rulo, the teams passed in the adjoining fields are stationary. It is 
also notorious that an acre of land is rarely ploughed in the day, 
althouzh at plough pace (It miles an hour) and with II 9 in. furrow it 
ought only to occupy 6! hours. It is the same with all tillage work, 
and is even worse in carting. In hauling manure to the field, the 
work often drags to a provoking degree, owing to the fillers waiting 
for empties, and boys idling when they meet on the road to exchange 
carts. Many other examples might be given, and the result is that 
the work done falls much behind the standards fixed in books of 
reference. A system of piecework has therefore been suggested .by 
which the teamsmen should be paid at so much an acre ·for ploughing, 
harrowing, rolling, etc. If a teamsman's wage be 2s. 6d. per day, 
it would not be unreasonable to fix 3s. per acre as the price of 
ploughing, and harrowing might be paid at 2!d. to 3d., and thus a scale 
of remuneration might be arrived at-as was, indeed, done many 
years ago by Mr. Matthews of Knittishall. There would be no 
difficulty in the case of known areas and straightforward work, but· 
the principle would be less easy to apply when operations are con
stantly interrupted. Elaborate schemes of prices are to be found, 
but would be better constructed to suit the standards of different 
localities. . 

Oarting out Manure by Piecework.-A method frequently used 
by the writer in carting out manure was found highly satisfactory to 
both fillers and spreaders. It consisted in a price of from 48. to 
48. 6d. for filling and spreading sixteen to seventeen good single-horse 
loads per acre; the farmer finding carts and horses, and a man to 
,draw out the manure into small heaps. This is equivalent to about 
Jd. per load, and the men divide their earnings among themselves and 
the boys; and the result is brisk work and no stoppages on the road. 

Piecework for Liv6 Stock.-The same principle may be extended 
to live stock by way of encouraging attention and care. Thus 1d. per 
single lamb weaned; Is. for every pair of twins weaned; lB. fox;, 
.avery ram sold, on ram-breeding farms; 3d. for every pig weaned; 
1d. or 2d. per score of eggs collected; 6d. per couple for all fowls 
marketed, etc. Dairymen may be paid at the rate of 18. 6d. per cow 
in milk instead of in wages, the man finding milkers. 

PriC6i for Pi6C6work.-It is not proposed to give a full list of 
prices, as they vary considerably in different districts. The principle 
acted upon is, in the first place, the recoguized rate of payment for 
the particular class of work. In cases where it is desired to introduce 
piecework instead of daily wages, the best plan is to ascertain the 
amount of work a good or average man may be expected to do in 
a day. Thus sowing grass seeds by the seed-barrow may be let at 
.2d. or 3d. per acre on the assumption that 20 acres can be covered in 
a day; singling turnips may be let at 5s. or 68. per acre on the 
basis of half an acre per day; mowing grass, which is very hard work, 
and requires good food and plenty of it; may be let at 5s. or 68. 
'per acre, while mowing barley, or upland clover, may cost from 28. 6d. 

Dd 
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to 48. per acre, according to thestoutnes8 of the crops. An experiencl'd 
farmer and his men may be trusted to settle such prices, and it will 
be found that the cost per acre will be diminished, even if the men 
make higher wages than when employed by the day. 

Agricultural Labourers' Wages vary with the class of work, the 
pressure of work, and the skill and experience of the workers. If 
the lowest and the highest wages are compared they will be found to 
vary to such a degree that no figure can be used as an average. 
After many years experience in Wiltshire and Hants the writer 
believes that 128. per week has fairly represented the winter cash 
wage of an ordinary agricultural labourer, in many case. the man 
paying his own house rent in the neighbouring village. So it was 
in. 1877, and also in 1910, although there was a general reduction 
to 118. during the severest times of agricultural depression. 

'.1:'his wage is given, irrespective of skill or (wi thin certain limi ts ) 
of age, the smart man of 25 and the man of 60 being paid alike. 
Boys receivo from 38. to 48. a week to start with, and are gradually 
raised until they claim man's pay, at which they atop until they 
become decrepit. The recent movement in favour of higher wages 
for agricultural labourers has no doubt atIected all the above figure •. 

Twelve shillings a week does not, however, expre81 the weekly 
or yearly earnings of a man, but his regular pay from th~ middle> 
of November to, say, the middle of April. It impliea regular 
employment in all weathers, and includes many wasted hourI during 
which the men are storm-stayed, or are given work of com
paratively unremunerative character to the employer. Extra men 
when wanted for thrashing and other kinds of work have usually 
receivell 28. 6d. per day, and some good men find it better 
to remain unattached to a farm and earn what they cau. 
Regular employment is, however, mostly regarded as desirable, and in 
many cases a cottage and garden on the farm are allowed free of 
rent, the man being subject to occasional callll upon hi. time on 
Sundays, or for attending upon sick animalll, when occasion requires, 
without demanding extra pay as a right. 

Some idea may be formed as to the estimation in which the men and 
their wives hold their wages by their willingne81 to take in an 
unmarried young labourer at 5,. or 6,. 'a week for board and lodging, 
and probably washing, which is really as much as the youth can spare 
out of his own 8,. or 98. per week. There is no idea of hardship, and 
no appearance of under-feeding, discomfort, or untidine81, the lodger 
being regarded as one of the family, and as adding to the weekly 
income. The amount received on pay-day may much exceed the low 
level of 128. per week, if the man has sons who earn money and 
receive payments for extras. These require to be carefully looked 
into, as they are liable to mount up to a disconcerting extent. The 
monotony as to a fixed payment per week is broken by many extras, 
even in the case of ordinary labourers, and include such items aa 
thrashing days, working the engine, Sundays, egg-collecting, journeys, 
straw-drawing, and other forms of winter work. Almost every man 
on a large farm has opportunities for earning extra wages. On 
such a farm, for example, one labourer is selecte:l as engine-man, 
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another as feeder of the thrashing-machine, the chaff-cutter, or the 
grist-mill. Another does all the thatching, sows the grass seeds, and 
builds the ricks; another is the water-meadow man or "drowner" ; 
another acts as groom, etc. The result is that a pay-day never passes 
without Bom" reckoning for these duties, so that 148. or 15s. a week 
is nearer the amount paid than the fixed wage of 2s. per day. 

As the season advances, the labourers (for we are not now con
sidering the team- and stock-men) are given piecework in the forms 
of hoeing, docking, mowing, harvesting, root storing, potato gathering, 
etc.; and wages for day labour have in the past been raised to 3s. 
a day in hay time and 48. a day in harv63t. It is possible these. 
figures may be increased in the future, but farming is not a business 
to stand heavy extra expenses. 

Unattached labourers are employed in various ways during winter, 
either per day or by piecework, and often make high wages, although 
they are occasionally out of work. The great variety of work for 
which meII are required in the country is probably not appreciated by 
those who bewail the hard fate of agricultural labourers. A good 
man is always in demand, and the following are some of the operations 
open to him:-

1. Hurdle-making. 
2. Hedge-cutting, laying, and 

faggoting. 
3. Helping with thrashing. 
4. Shepherding fattening tegs. 
5. Green-picking, for London 

markets. 
6. Oak-bark stripping. 
7. Mowing rushes. 
8. Beating coverts for 

pheasant-shooters. 
9. Driving cattle to market. 

10. Cutting and trussing hay 
and straw. 

11. Grubbing tree-roots and 
old fences. 

12. Quarrying gravel or chalk. 
13. Cutting osiers. 
14. Drainage work. 
15. Felling, topping, and 

lopping trees. 
16. Basket-making. 
17. Horse-breaking. 
18. Digging. 
19. Road-making. 
20. Ditching. 
21. Thatching. 

In summer the same class of men engage in hoeing, mowing, 
haymaking, and harvesting; contract for lifting and ~toring r~ot 
crops; form companies for sheep-shearing-a work whlCh occupies 
many weeks during summer, but is disappearing on. accou~t of 
shearing by machines-and they generally aim at making theIr 58. 
a day at least. 

The unattached labourer makes more money than the permanent 
hand, but neither of them is an object for commiseration. It is, 
in fact, a nice question whether the loose or the. attached m~n does 
better in the end but 12s. a week as a standmg wage, With the 
usual accessories, 'has seemed, on the whole, to be thought fairly 
equivalent to what the unattached labourer can hope to make, con-
sidering that he may not always be able to. fi.nd work. . 

Variations in Standard Wages.-Twelve shillings per we~k certamly 
represents a low scale of payment. It may have been fairly cOl"rect 
for agricultural counties in the p9.St. but is a good deal below the 



404 BI,'ILDINqS, MACHINERY, lMPLEMEN'rS, ACCOUNT8. 

payments given in the North of Enghn:l, the Midlands, and tho 
manufacturing and mining centres. The lowest wages are Rid to 
be earned in Oxfordshire, 14 •. 6d. per week, and the highest in 
Durham, 228. 2d. per week. 

Stock- and Hor.e-men.-These men are on a dillerent footing 
to the ordinary farm labourer. They are paid at a higher ral6, 
and hav\l better chances of preferment. There are situations in all 
branchei of live-stock management which raise a good man into 
a superior position in comparison with ordinary labourers. lIe is 
skilled, to the degree of being an expert, and possesses the confidence 
of his employer. Even in ordinary cases, head teamsmen, dairymen, 
and shepherds are paid 28. per week above the current wage of the 
district, and are also provided with a house and garden, and receive 
extra remuneration for certain services or at stated periods. Teams
men and boys, being debarred from piecework in the field, are given 
from 20 •. to £5 each at Michaelmas, under the name of over-money, 
and those who have cottages are allowed manure for their gardens, 
and have their coal and firewood carted free. Dairymen are allowed 
a stated quantity of milk, and a pound of butter a week. They are 
paid for egg-collecting and chicken-rearing, and may have 3d. a head 
for all pigs weaned; and small as these payments may appear to 
be they recur in some form at every pay-day and increase the week's 
takings. Shepherds enjoy similar privileges to teamsmen, but also 
receive extra remuneration at lambing time (often £1), Id. per 
single lamb weaned, lB. per pair of twins weaned, £3 at Michaelmas, 
and extra pay for shearing. They also have 10,. a year for dog 
keep, anu on ram-breeding farms lB. for every ram sold. Shepherds 
of large flocks do fairly well, and enjoy a highly respectable position, 
as ill fact do all these men. 

The possibilities for a good stockman are excellent, as he may rise 
to a head place on a stud-farm, in a pure-bred herd, or a high-claSli 
flock, and becom~ well known to a large circle of admirers. The 
success of a herd or flock depends very much upon the herdsman 
or shepherd, and hence skilful men may secure very excellent places. 

Cost of Labour per annum.-If we take a farm of 600 acres in 
extent, of which 200 are in permanent pasture devoted to dairy (and 
especially if it includes 20 or 30 acres of water-meadow), the entire 
area may be viewed as one in respect to labour, and the expenditure 
upon wages and extra wages may be taken at £800 a year, or 26 •. 8d. 
per acre. Good management may reduce this amount to 23,. 6d., 
or with less care, or greater liberality, it may run to 30 •. , but this 
is as near the ordinary expense of. labour as can be stated. It is 
a question whether" all- tillage" would greatly affect this figure, and 
the controlling element would be the amount of live stock maintained. 
Thus light land adapted for turnip husbandry and catch-cropping 
absorbs more manual labour than clay land occasionally Bummer 
fallowed. 

The largest am{junt spent in labour occurs on potato and fru:t land, 
and on hop farms, and wherever the cultivation approaches market
gardening. Here the cost of labour may be £3 or £4 per acre over 
all, or, as garden cultivation encroaches upon field-work, it may 
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reach a figure which cannot be expressed in per acre terms. The 
capabilities of land under certain circumstances to absorb labour are 
practically limitless, as a man might conceivably devote all his time 
to half an acre of land, or even less. It is considerations such as 
these which bear out the idea of a population entirely devoted to the 
cultivation of the land, and a country, even such as England, self
supporting as regards its food supply. 

They are, however, inconsistent with the present time, or even 
with the future; for by far the greater area of this country consists 
of lanu better adapted for extensive than intensive cultivation; and 
a spal'6e population, with great distances from markets, constitutes 
a bar to small or petty cultivation which no legislation can surmount. 

Hedging and Ditching.-The management of hedges, and the 
cleaning out of ditches and watercourses, is a very important branch 
of farlll husbandry. Agricultural Societies all over the country have 
recognized this fact, and many of them have instituted competitions 
in hedging and hedge-laying in connexion with their annual shows; 
these competitions afford the student an excellent opportunity for 
seeing how ,the work is done by experienced men, and they should 
not be slow to take advantage of it. 

Some hedges are naturally much more difficult to deal with than 
others, but as a rule good work can be done where, say, eight years 
growth of young wood has been produced. It is not easy to deal 
with a hedge that is composed of mixed shrubs, or one that is in a very 
bad state of decay. 

The work is easier to follow when one knows something of thQ 
actual object of the fence. For example, it may form either a barrier 
against the intrusion of live stock, a form of shelter for cattle and 
growing crops, or merely serve to determine a boundary-line. In 
the first two cases the hedge must be composed of suitable plants, 
growing in such a fashion as to form an impenetrable bar to cattle, 
horses, sheep, or any other live stock; or it must be high and close 
enough to break the force of strong winds. The whitethorn, as 
a rule, makes the best hedge for this purpose, but transplanted 
seedlings, and not self-seeded plants, should always be used, whether 
for planting or for filling up gaps in old hedges. Another good, 
quick-growing hedge plant is the Myrobella plum; and close compact 
hedges of beech, hornbeam, blackthorn, and oval-leaved privet may 
also be noticed. 

Tho common whitethorn does best, as a rule, on heavy, retentive, 
loamy soils, overlying a clay subsoil. If it. is .plan~ed over strata of 
adhesive impenetrable gravel the plants wlll mval'lably canker. A 
newly planteu hedge is generally protected by a rail or wire fence 
at first; otherwise cattle will be continually browsing on the young 
plants, and this will invariably cause the branches to canker, become 
stunted, and finally to die. In the s~cond year strong au~u~-p!anted 
quicks should be cut to the ground line, o~ at least to Wlthm 6 lllc~es 
of it. A close healthy bottom-growth wlll then be produced, wl~h 
strong shoots breaking from below the surface of the ground; or 1£ 
6 inches of stem are left, the plant will form a "leg" as it were. 
The latter practice is generally adopted in the case of garden hedges, 
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where the ground underneath the hedge is regularly scoured and kept 
free from weeds. 

Hedge~ are frequently planted on banks, say I) or 6 feet in width; 
but this method cannot be recommended for arable land, as it 
encourages weeds and takes up much room. A good hedge can be 
obtained by planting two parallel rows of thorns, say about 8 inches 
apart and 9 to 12 inches wide between the rows. If a ditch i" required 
on one side the earth thrown out of the cutt:ng should be laid on the 
bank. And if a live hedge is planted on a highly raised bank, the. 
latter must always be batted to an angle at which it can stand 
safely; different soils have different" natural angles of re3t ". The 
ditch indicates that the hedge belong3 to the property on which ill 
is made. 

The tools required for cutting and laying a hedge include a bill
hook, a good strong axe, a wooden mallet, and a pair of stout 
leather mittens. Thorn hedges should, whenever possible, be cut 
with an upward stroke (F~g. 196), otherwise moisture and vegetable 
growth will accumulate in the cavity formed by the shattered stool, 

8 

FIG. 196.-Diagra.m showing method 01 laying. Thorn Hedge • .d. dead .&all .. ; 
B, live stakes; a, heathen. 

and give rise to canker. Hedge-laying is extensively practised in 
Lincolnshire, and well understood in WarwickMhire. In some of the 
southern counties it is customary to allow hedges to grow to a con
siderable height without being periodically trimmed; laying is very 
beneficial in such cases, because it encourages strong young shoots to 
spring from the base wood. 

In the first place, any wood not required for laying should be 
cut out, and live or dead stakes placed in position to support the 
newly laid hedge. If live stakes are used they must be notched 
fairly deeply at the bottom (Fig. 196), otherwise they will produce 
a thick unmanageable growth at the top. If new growths are to 
be treated and trimmed as an ordinary hedge, it is advisable to use 
dead stakes. The tops of the stakes should be headed off level, 
but not to a point, by a clean cross cut, and bound firmly and 
securely together by twistiug binders or "heathers" (headers) in 
and out between them. The laid branches are pressed down into 
their places, however, before the heathers are used, and iu doing 
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this the small wood, or." brush", ~hou!d in all cases be pushed 
through on to the field side, where It Will form some protection to 
the young shoots that subsequently break from the bottom of the 
~edge, and w~ch would otherwise b~ eaten by live stock grazing 
m ~~e field (Fig. 197). An alternatIve is to pack trimmings into 
position at the bottom of the hedge on the field side, removing 
them two years or so afterwards, or as soon as the young shoots 
have become well established. 

One other important point to remember is that a hedooe should 
always be laid with .an upward i~clination, so that the fl;w of sap 
may be encouraged mstead of bemg checked. The best time to do 
this work is winter, when the wood works well, and, where possible, 
a hedge-layer should always work from the ditch s:de. The most 
suitable shape for a farm hedge is conical, with a flat top, not more 
than 9 or 12 inches wide (Fig. 198, .A). Low, big-topped hedges are 

FIG. 197.-Section of Laid Hedge. .d, ditch: B, dead stake: C, brusbwood to 
protect young growth. 

unsuitable, because cattle will graze on the young tender growths and 
spoil them, and they also eat out the tops of low wedge-shaped 
hedges that run up to a fine point, and leave the top of the hedge 
ragged and uneven (Fig. 198, B). 

Ditches are constantly in need of attention on the farm. Often 
banks will give way owing to the land having been ploughed too 
closely to the ditch, water having accumulated in the furrow and 
soaked downwards; while another cause of a ditch giving way is the 
practice of throwing the cleanings on to the edge of the bank, instead 
of in the middle, over the roots of the hedge plants. After the roots 
of grasses have bound the soil together, there will, as a rule, be no 
further trouble on this head. The bottom of a ditch should be kept 
clean at all times, for if this is neglected it will quickly become 
choked with rushes and aquatic weeds, which will establish themselves 
very firmly and entail a considerable expeuse in cleaning them out. 
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Similarly, it is essential to keep any culverts that lead into the ditch 
freely exposed, otherwise sediment will quickly block them up. 

Thatching.-Well-grown, still wheat straw makes the best thatch 
for all general farm purposes. Rye straw, or reeds, when obtainable 
in sufficient quantity, are, however, more durable where a thatch 
is required to last for a number of years. Heather may also be 

A 

FIG. 198.-Melhods 01 Cutting or Trimming. Hed"e. .d. ColTl'Ct method_..a"e-ohBped 
hedge left hroad at lOp. B. Incorrect metbod-wedge-ebaped hed". growing &0 sbarp 
point at top; cattle browse oft lb., top and leaye &he hedge ragged and uneveD. 

employed in some cases, usually for ornamental or decorative purposes. 
If corn is not intended to remain in the rick for any length of time, 
oat or barley straw may be used instead of wheat straw, but 
generally the latter is best for all purposes, and is usually more 
economical. 
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The thatcher's outfit consists of a bill-hook, a pair of ordinary 
sheep-shears, a fork, a straw-rake or comb, a ladder long enough to 
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reach the top of the ridge when it is laid flat on the roof, a quantity 
of tarred twine or binding cord, some split hazel rods or spars, and 
a wooden mallet with which to drive them in. 
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Preparing the Btraw.-The first th~ng to do in thatching a rick is 
to prepare a suitable quantity of straw. This is known as" yealming", 
and the bundles that are made up by the assistant and passed up 
lto the thatcher on the rick are termed .. yea1ms ". Yealming 
(Fig. 199) CQllB~Sts in drawing out large handfule of straw from the 
bottom of a heap. The straw must first be moistened, as it will not 
.. pack" tightly and securely if it is drawn dry and loose. For this 
reason straw intended for thatch is often spread, or opened out, when 
rain is falling in order to get it damp. After dlimping, the heap is 
usua.1ly trodden down or beaten with a fork so as to rid it of 10059 
ends or rough material, commonly known as .. flag and shack ", which 
might otherwise check the flow of water over the thatch.· The yealms 
are made by seizing as much straw as possible in both hands held close 
together, pulling it out with a sharp swing to the right and another 
to the left. There is a certain amount of .. knack" in this, and if 
the student watches an expert thatcher very closely he may be able 
to pick up the art quickly. After drawing, the straw is laid on the 
ground at the operator's feet, and when enough is collected to fill the 
grip of both hands, the loose pieces are worked out by combing with 
the fingers, and are then placed crosswise on a short rope or cord. 
These are yealms, and are secured by a running noose and so passed 
up by the server to the thatcher. Yealming is often done months 
in advance of thatching, and the yealms are stacke:! ready for use. 

Making a Roof.-It is quite useless to lay a good thatch on 'an 
uneven roof. After a rick has been standing some little time, hollows 
and humps are seen to appear in the roof, and the top needs levelling 
before co=encing to lay the thatch. All the humps should be 
carefully combed down and the hollows filled in with 10059 straw, 
a tightly-bound "dummy" or bale of straw being placed on the 
ridge so as to bolster it up. 

LaiJling the Thatch.-In lay~ng the thatch (Fig. 199) the fir~t 
yealm is laid at the bottom on the eaves line, and others are placed 
above and partly overlaying it, until the ridge line is reached. Usually 
a double layer of straw is placed on the eaves line 80 as to cause the 
water to shoot off without injuring the sides of the rick. In the 
actual performance of the work the thin ends of the yealms are 
always worked carefully into the roof of the rick, and each overlaps 
the lower one. The straw is kept damp, and combed with the rake 
so as to keep it even. Afterwards it is beaten flat with a sort of 
wooden shovel, and pegged and corded so as to keep it in position. To 
ensure a good finish, hipped-end ricks are generally commenced at 
about the middle of.the side, and gable-ended ricks at one end. The 
width of roof that a thatcher can cover in one working is known as 
a "stelch ". It is not advisable to try and work too wide a stelch at 
once, for the thatch cannot be laid 80 effectively at arm's length as 
it can when worked at a comfortable distance. This entaile constant 
shifting of the ladders. 

Pegging and COr'ding.-Split hazel, willow, or oak pegs with pointed 
ends and smooth sides and about 2 or 3 feet long (known as spars) 
are driven into the thatch as the work proceeds; but it is e~sential 
to drive them in rather horizontally and not vertically, otherwise they 
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will easily convey water into the interior of the stack. Binding cord 
~8 the~ .100peLI roun~ the spa~s, or stob3, so as to keep the thatoh 
10 posltion., Very little peggmg and cordin" is required however 
where a mediumly thick thatch has been l~id well and' properly: 
After peggi~g the thatch in this way the eaves are pared off, and 
a . smart filllSh given to the rick by trimming off all loose straws 
wlth sh~ars. The eave.s must b~ so for~ed as to clear the dr:p, or 
water wlll almost certamly find lts way mto the rick. The sides of 
ricks should not bulge out, or the sheaves will be seen to take in 
"pen wet". In bean and pea ricks the s:des, as well as the roof, 
should be thatched. 

FARM BOOK-KEEPING. 

Simplicity and accuracy are the two most important points in 
farm .book-keeping, and both may be ach:eved without any very 
complicated system of accounts. On the other hand, farming is 
a business wh:ch suggests analytical book-keeping, or a division 
of costs among the various departments, such as crops, and d:fferent 
dassel' of live stock. The a:m of analysing costs is to find if 
a particular cultivation, or description of stock, pays; but the 
difficulties are great and fail in accuracy. For example, it would be 
impossible to arrive at a sound conclusion as to whether bullock 
fattening has paid per 8e, without making a large number of estimates 
as to the cost of natural foods and litter, the value of manurial 
residues, the precise cost of grass and hay, etc. If costs are assumed 
at too high figures the cattle will be brought in debtors; and if the 
manure is valued too highly, they may be made to show a too large, 
but fictitious, profit. The result depends entirely upon the values 
attached to a large number of items, and the figures used are, after 
all, dependent upon rough estimates and cannot be verified. 

It is equally impossible to arrive at the precise cost of horse 
labour, although such figures as 28. 6d. or 38. per working day have 
commended themselves to some authorities. They are not, however, 
accurate, and in order to arrive at the cost of raising roots or grel'n 
fodder, even ld. per day on horses becomes important. Horse labour 
is ccrtainly a cost as much as is manual labour, but by crediting the 
horse account with too high an amount per diem it is quite possible 
to show a profit on the horses, which, in fact, converts the farmer into 
a haulier who lets out his teams to his farm at a profit, hut at the. 
samo time causes other accounts to show a loss. The difficulties of 
analytical book-keep:ng as applie:l to a farm are indeed insurmountable, 
becaus~ the cleaning of land and manurial applications ought to he 
divided over a series of crops, and this would necessitate assumptions 
which may be false and cannot be absolutely reliable. 

The work entailed upon the farmer in analysing his costs would 
be very great, and when effected would be found to depend entirely 
upon jud<>ment; and it therefore scarcely appears desirable to make 
the attempt. except upon ~xperimental or educational farms, in which 
working out such stat:stics might be instructive and of inestimable 
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value to students. It is also more than doubtful if any actuary would 
pass entried of a fictitious character. 

The busineStl farmer will find it better to confine himself to cash 
transactions, and to make his payments as much as possible by cheques. 
It will also facilitate his book-keeping if he passes all his large 
receipts through the bank, so that the bank pass-book shall show 
most o.f his transactions. As this system cannot always be carried 
out, he will also require a Petty Cash-book, which, for convenience, may 
be kept locked in the cashbox~ Cheques for wages and other current 
expenses should be drawn against Petty Cash, and entered on the 
debtor side of this book, as may also small sums receivable on, the 
credit side; and the Petty Cash should be balanced once a month and 
the balances transferred to the Farm Cash-book. 

The Cash-book may also be a Day-book or Journal in which afe 
entered all transactions other than the petty receipts and payments. 
It should be wide, so as to allow of separate rulings for all the 
principal kinds of produce, as well as for those which cannot be 
classified, and may therefore be entered in a column for Chargea 
or Sundries. By making use of separate columns for the principal 
items, both of expenditure and receipts, a Ledger may be avoided; 
or, if a Day-book of simple ruling is used, each transaction may first 
be entered in a "Journal", and then transferred to its prOPllr 
heading in a Ledger. Single entry is to be recommended on account 
of its simplicity, but if double entry is preferred each transaction 
will appeal' on both sides of the Ledger. If, for example, sheep are 
sold for cash (and most transactions on a farm are of this nature), 
the result will appear in the Cash Account as "Cash Dr. to Sheep ", 
and in the Sheep Account as "Sheep Cr. by Cash". If petty items, 
such as cash for sheep-skins or mutton, occur in the Petty Cash-book, 
they are ledgered in due course as follows: "Cash Dr. to Sheep 
(Skins)," and again as "Sheep Cr. by Sheep (Skins)". By this system 
the sheep are credited for all receipts on their account. 

Similarly, if sheep are bought for cash, the transaction will appear 
as" Sheep Dr, to Cash", and again as "Cash Cr. by Sheep ". Double 
entry is necessary where there are a large number of credit trans
actions as between firms or dealers. As these transactions are rare 
in farming and easily remembered, it will be found best to use 
single entry, and keep a memorandum as to what may be owing to .or 
from a particular firm. 

If all transactions are entered under their respective heads, it 
will be quite easy to see at the end of the year what has been received 
and what has been paid upon each account, and with this object the Petty 
Cash transactions ought to be transferred to the Day-book in order 
that all petty receipts and expenditures may be debited or credited 
in their proper places; the result will be a complete account of what 
has beea received or paid for sheep, cattle, pigs, com, poultry, etc., 
during the year. 

Valuation of Stock.-8uch an account as the above should be a true 
account of all sales and purchases made during the year; but in order 
to arrive at a conclusion as to the result of the year's tra:ling, it is 
necessary to begin and end every year with a valuation of stock. 
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The best time to make a valuation is Michaelmas, although there is no 
objection to closing the books and opening them for the next year on 
December 31, or at Lady Day. 

A valuation should be made of all live stock, corn, feeding-stuffs, 
implements, tillages, manures, and everything which belongs to the 
tenant, and each account should be opened with its own valuation. 
Thus, if there are £1,000 worth of sheep on the farm the sheep 
account would open with an entry" Dr. to Valuation, £1,000 ", and 
at the end of the financial year the same account will be closed with 
an entry" Cr. by Valuation, -- ". The same sum which closes the 
sheep account for one year as a credit opens the next year's account 
as a debit item, or, in other words, the sheep account is made debtor 
for the she ell on the farm at the beginning of the year and credited 
with the sheep stock at the close of the year. These valuations, 
together with all the sheep transactions effected during the year, show 
what the sheep have done for their owner in the interim. The same 
system is used for every account, and the result is a gross statement 
as to what any kind of stock or crops has done dur:ng the twelve 
months. It is a simple cash statement, and does not pretend to 
be more. 

On most farms, where a regular system of farming is followed, the 
valuation will be found to vary within narrow limits, and it is better 
to value below the realizable or marketable value. Implements and 
tillages need not be minutely valued, but may be assumed as kept 
up from year to year. If, however, a detailed valuation of implements 
is made at the outset, a deduction of 10 per cent per annum may be 
mado each year, and new ~mplements bought during the year may be 
added at cost price. A fresh valuation of implements may be made, say, 
every five or six years. Horses, cattle, sheep, pigs, and poultry should 
be valued in detail, and the entire business of valuation may be 
carried oui without much difficulty. This is a simple system of 
accounts, well within the powers of any farmer, but it is sufficiently 
complicated. It will also be found that several other books are 
necessary in the conduct of a farm, the mere enumeration of which 
shows that farm book-keeping, even upon the simplest principle, 
require~ a good deal of clerical work. The following books can 
scarcely be dispens!)d with if the farmer's interests are to be safe
guarded. 

Labo.ur- or Wages-book.-This book is ruTed for each day of 
the week, and may be so constructed as to enable the farlll:er to 
analyse his labour by charging each man's wages to the particular 
department field crop or stock, on which it has been expended. 
Thus the shepherd and 'his helpers may be. ch.arged against ~heep, or 
the dairyman against cattle. Such analYSIS IS, however, difficult to 
carry out absolutely, and is liable to inaccuracies where men are 
called away from their principal jobs to assist in other depart~e?,ts,. as 
in harves. for example. Analyses of labour may prove a sat:sfaction 
to the farmer· but in the system of accounts now recommended the' 
results should' not appear in the Cash-book, Journal, or Ledger. 
The Wages-bo?k contai~s a record of ~~ names'"contracts, ra~;s of 
payment, drawmgs on pIecework; perquIsItes, and over-money , and 
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the total sum paid is shown at the foot of the money column and 
carried to the Petty Cash-book, where it assists to balance the 
cheque for" Wages" or "Petty Cash" on the debtor side. 

Dai1'y-book8.-The dairyman is provided with a set of book8, 
which he keeps and presents on pay-days. He accounte for all 
casb received for butter, milk, poultry, or eggs sold at the dairy, and 
hands over the cash at regular intervals. These amounts are paid 
into the petty cash-box and duly recorded. The dairyman will also 
keep a "Service-book" for cows and sows, show:ng dates for calving 
and farrowing. He is also provided with ruled aheete for hie Milk 
Record. A large blackboard, ruled for morning and evening of each 
day, and with all the names of cows in milk on the left-hand column, 
is found very convenient. The board is securely fixed against the 
wall of the milking shed in a good light, and the records of weight 
of milk in pounds is entered against each cow's name in white chalk. 
The figures are copied on to a sheet of paper, and the board is then 
washed for the next registration. 

Oropping-book.-It is desirable to preserve a record of the 
cropping of each field, showing when it was last in sainfoin, clover, 
wheat, swedes, or any other crop. 

Granary- and Stores-book.-This book contains a record of corn 
brought into the granary or discharged, of purchased food, sacks, 
stores, etc., with dates, and is best kept on a rough desk in the 
stores. Such a book is, however, seldom seen. 

Herd- and Flock-bookB.-Every farmer who keeps pure-bred or 
pedigree stock of necessity keeps a private herd- or flock-book, 
for without it he would be completely lost. Private herd-books, with 
proper rulings, are supplied by many of the Breed Societies, and 
should be punctually kept up. Without such books no breeder would 
be able to certify the breeding of hie animals, or to enter them in 
the record.q of the society. 

Farm Dio.ry.-Many farmers keep a diary of all the principal 
events upon their farms. It conta:ns records of the weather and the 
I1611.sons, of prices, y:elds of crops, experiments, calculation. as to costs 
and returns, visitations of disease, etc. It may alao contain notes as to 
contracts and tillages, dates of sowing, mowing, and cutting, all of 
which become highly interesting as references as time runa on. 

The Farmer as a Book-keeper.-From the above account of the 
books which a farmer is almost compelled to keep, it will be seen that 
he cannot be reasonably accused of "keeping no books". Some form 
of Journal, Day-book, or Ledger~ome sort of balanc6-sheetr-he can 
scarcely avoid; but at the same time a system of passing all sums 
through the bank as separate credits greatly a:mplifies his book
keeping. A Bank Pass-book and Petty Cash-book form excellent 
bases, and the latter will furnish particulars as to unbanked items, 
bank charges, interest, etc. The farmer's books ahould agree with 
the Banking Account, but some form of ledger or division of receipts 
and expenditure, under their respective headings, will show the gross 
amounts received and disbursed for each department of the farm. 
When to these cash statements are added a Milk Record, Wages-book, 
Dairy-books, Cropping-book, Private Herd- and Flock-books, and 
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a well-posted-up Farm Diary, no one can say that the farmer keeps 
no books. 

With such a large amount of necessary clerical work, it seems 
a pity to suggest for adoption an elaborate system of dividing costs 
of production, an analysis of horse and manual labour, and a mere
tricious and speculative apportionment of charges with an attempt 
to divide costs between successive crops. It is evident, upon the face 
of it, that such apportionment can only be effected by estimates or 
guesses, and the further it is pushed in the direction of accuracy 
the more actual weighing of foods, litter, and roots will be 
necessitated in order to get at the actual cost. Equally necessary 
will it be to put a value per ton upon all roots, fodder, etc., pro
duced at home, and supplied to cattle, sheep, pigs, or horses. Th9 
whole subject bristles with difficulties, and the worst of it is that, after 
all, the values and prices affixed are not cash values, but mere 
exercises of judgment. Well-thought-out calculations as to actual 
costs and profits would be suitable material for the pages of 
a farm diary, and a good farmer would be able to construct a costs
sheet against his sheep or cattle of more practical value than could 
possibly be arrived at by an elaborate analysis of horse and manual 
labour, fictitious estimates of quantities and values of grass, roots, or 
litter supplied, all reduced to figures not reflected in any actual cash 
transactions, but merely the result of judgment or estimate. 

As to valuing green crops, roots, etc., it would be extremely 
difficult to fix amounts, as the value of these natural foods varies 
enormously. Sometimes they are superabundant and would command 
no price, and yet in a few weeks they might be at a high premium. 
It is also as well to point out that if an analysis of accounts of this 
nature is once commenced, it must involve repeated and re-echoing 
entries. For example, if cattle are debited for grass, roots, etc., 
they must. be credited with the manure they leave. When this 
manure is applied to a crop, the crop must be brought in debtor for 
it at the same rate and credited with unexhausted residue, which 
would lead to endless complications. Besides, if the manure is charged 
against root or fodder crops that are not intended to leave the farm, 
the chargo is largely imaginary, for they pay' for something which 
they do not carry away with them. What would be necessary would 
be fractional charges extending over a long series of crops. 
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PART IV. 
DAIRYING. 

CHAPTER I. 

MILK AND BUTTER. 

Buildings Cor a Mixed Farm.-The plan on p. 420 is adapted for 
a mixed farm where a large area consists of permanent pasture. The 
stabling for heavy horses is consequently limited, while special accom
modation is provided for rearing store cattle and for latting stock 
during winter. In the cow-house there is standing room for twenty 
milking cows, with two feeding passages and one central dunging 
passage. The covered yards can be used for weaners. At certain 
seasons of the year, particularly during hot days in early summer, it 
is preferable to keep the calves under cover during the day, when 
flies are troublesome, allowing them out on the pastures at night. 

No pigsties are seen in this block, as it is considered more hygienic 
to house the pigs away from the main block of buildings, where the 
latter cover a small area. Nevertheless, the pigsties should be within 
reasonable distance of the food-store and dairy. 

Dairy farming has made rapid strides during recent years, and 
much of the heavy land formerly restricted to the growing of wheat, 
hops, and beans has now been laid down to permanent pasture. This 
change is very clearly demonstrated in counties like Hampshire and 
others with a rapidly increasing population and where much heavy 
or woodland ground exists. Residential counties and populous cities 
and towns consume enormous quantities of milk during the year, to 
say nothing of manufactured substitutes and milk preparations 
imported from abroad. 

Selecting a Dairy Farm.-It is easy to fix in one's mind all the 
good qualities a dairy farm should, or might, possess, but it is quite 
another matter to find them. Good farms rarely come into the open 
market, and one has often to be content with very indifferent places 
in which to carry on the business of dairying. Improvements of land 
and premises can, however, soon be effected, especially when the 
tenant is encouraged and assisted by a sympathetic landlord. 

It has been the writer's pleasurable duty to judge dairy farms in 
competition for prizes awarded by agricultural societies, and in doing 
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so he has come across some excellent examples of the adaptability of 
old buildings to modern ideas, and where no beUer hygienic conditions 
could exist, even if building~ were erected with all the latest 
improvements. 

The rent of a farm, whether arable or pasture, will depend largely 
upon whether it is in close proximity to a goo:! market, and aLia 
upon the -quality of the soil. A beginner, or inexperienced 
prospective farmer, could have no greater problem to solve than that 
of selecting a good farm, as 80 many factors must be taken into 
consideration. 
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A -reasonable landlord, or agent, is a first essent:al, and if the 
landlord, hi~ agent, or both, are well versed in agricultural matters, 
the tenant will then stand more chance of ventilating any grievance 
that may arise j for example, bad roads, buildings, fences, all mean 
time and considerable expense to keep in repair, and mIlch of this 
work can be legitimately divided between landlord and tenaut. 

Altitude, A8pect, and Climate.-The best grazing diiltricts are 
found along river valleys, 88 the student may have obsened in any 
part of the country in which he has lived or travelled. Wherl! a river 
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Hows sluggishly through an expanse of Hat country it often becomes 
necessary to open up watercourses, somewhat after the manner of those 
employed in water-meadows (Fig. 9), in order to prevent the 
surrounding ground from becoming saturated and stagnant. 

The higher the altitude within reason, the healthier will the 
surroundings prove for stock of all ages. In many parts of the 
country we meet with low-lying land, large areas of which have been 
converted into water-meadows. When properly irrigated, and the 
ditches kept periodically scoured, these meadows are invaluable for 
carrying dairy stock in seasons of drought, while there is always 
a good water-supply available, but in late autumn and winter much 
sickness prevails, especially when the meadows are neglected. Heavy 
dense fogs envelop the ground at night, and often well into the day, 
and husk will make its appearance among older cattle, especially 
Jerseys. 

The herbage comprising many such meadows is largely composed 
of sedges, rushes, cotton grass, carex, ranunculus, and very many 
other species and var:eties of indigestible and innutritious plants, 
and no wonder we hear farmers sometimes say that this or that 
meadow will not carry young stock. 

There is no better site for a farm than where the ground has 
a gradual slope towards the south or south-west, thus permitting of 
natural drainage and thereby increasing the soil temperature. The 
ill effects of allowing cows to lie out at night is very largely dependent 
upon whether they are lying on wet, cold, and exposed ground, or 
whether they are well sheltered with a warm soil beneath them. If 
a bed or layer of leaves be provided in the field, or park., in which 
the cows are lying out in winter, they will take advantage of this 
additional comfort, and nothing could be warmer or better suited to 
resist the cold damp air from the ground coming in direct contact with 
their bodies. 

Land facing north is always cold (see Fig. 8), and grass is late 
in growing in consequence, the ripening of cereal crops is delayed. 
and so 'the operation of harvesting is frequently overtaken by bad 
weather. Grass grows sparingly in high as compared with low 
altitudes, and it is important to a dairy farmer that bulk as well as 
quality of herbage should be secured, otheJ:wise the number of stock 
must be reduced, or he must grow fodder crops to supplement the 
shortage of grass. 

Water-supply.-A good supply of pure water is essential to success 
in dairy farming. Nothing is more detrimental to dairy cows than 
ior them to have to rely upon stagnant pools, duck ponds, and ditches 
for their supply of water, and they readily partake of the liquid in 
these places if they are not ra!led out of reach. 

In many instances what might prove to be useful drinking pools 
are rendered unfit for use by allowing overhanging branches to shade 
them, which shut out every ray of sunlight, thereby ensuring a perfect 
condition for the breeding and well-being of myriads of the lower 
forms of animal and vegetable life. In hot weather when cows are 
troubled with warble and other irritating Hies, they instantly make 
for the nearest pool or stream, and thus assist somewhat directly in 
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the process of pollution, unless the water be that of a rapidly flowing 
strea.m. or river with a gravel bottom, in which case the animals 
are c1eansedinstead of becoming besmattered with filth. When one 
sees cows' udders coated with a thick layer of filth as black as 
a sweep's soot-bag it is not difficult to realize how milk becomes 
contaminated, as no amount of washing prior to milking can cleanse 
an udder so begrimed. 

In the washing of dairy utensils, clear pure water i. of equal 
importance, so that in selecting or adapting a farm for dairy purposes 
a pure water-supply is undoubtedly one of the most important 
essentials. 

Selection of Stock.-Many breeds of cattle are included among 
those suitable for dairy purposes, all of which have Bome Bpecial 
features or characteristics to commend them. The Shorthorns are 
most prominent among dairy breeds on account of their heavy milking 
capacities combined with fattening propensities, but in purchasing 
cows in the open market great care must be exercised, as a large 
percentage of heifers with their first calf show little signs of ever 
developing into really useful milch-cows. 

BODched. Wind,. WeU·place4. 

FIG. 1IOl.-Typea of Teate. 

A heifer can usually be best judged after her second calving, but 
here it may be remarked that very few dairy farmers sell their best 
cows, and many which are sent to market with a second or third calf 
at foot are sold because of some fault, and one which may not be 
discovered by any external examination. Thus, if a guarantee cannot 
be obtained as to the animal's fitness, it is much the better plan to 
select such heifers with a first calf as present a good appearance. 

A good dairy heifer or cow of any breed should be somewhat 
wedge-shaped, that is, with the lines of the body converging towards 
the front quarters from whatever point the animal is viewed. 
Prominent milk veins, with an udder reaching well under the animal 
and well out between the hind-legs, are also essent:al, together with 
well-shaped teats placed squarely on the udder (Fig. 201). The 
hindquarters should be heavy, with a good length from the loins to 
the setting on of the tail, and the greater the distance across the loins 
the better. The hind-legs should be well set apart so as to provide 
ample room for the expansion of the udder. The distance between the 
fore-legs, and the height of the fore flanks are of minor importance, 
but the higher the hind flanks are the better, 8.5 this will permit of 
the udder distending sideways. A delicate, slender-looking neck, the 
veins of which stand out well, should also be looke:i for. 'fie rib, 
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should be well sprung, and the barrel broad and deep. The face 
should either be straight, as in the case of a dairy Shorthorn, or 
dished, as in the Jersey, but never raised in the centre so as to 
give the impression of a Roman nose. One often hears the term 
"bull-headed heifer ", which denotes an animal passable probably in 
many other respects but having a coarse bull-Eke head. Such animals 
are usually of the fleshy type, and rarely ever prove heavy milkers. 
The shape of the animal's head, and the express:on of the face 
must be carefully noted ; the head should be typical of the breed. 

In obtaining a knowledge of the different breeds, the student 
cannot do better than go carefully through the various classes at any 
of our large shows, such as those of the Royal, Royal Counties, Bath 
and West, and other agricultural societies, as there is no better 
method of becoming familiar with typical breeds of live stock. 

The student must not go to market with the expectation of 
seeing a cow possessed of all the above characteristics ; but he will 
do well to use his powers of observation, and as each cow comes into 
the sale ring .fix what he considers her value, so that if the bidding 
goes below or above his estimate he may try and ascertain the cause. 
Above all, it is well to note how expert dealers and buyers inspect 
the cows outside :IInd.in the ring, giving special attention io the 
udder and condition of the milk by drawing the teats. 

In size and shape of body the Ayrshire may be regarded as an 
example of a typical dairy cow, and a careful study of her" points " 
will serve asa guide in studying other dairy breeds. 

HEAD 

Forehead-broad and clearly defined 
Horns-wide set on and inclining upward 
Face-of medium length, slightly dished, clean cut, 

showing veins 
Muzzle--broad and strong without coarseness, nostrils 

large 
Jaws-wide at the base and strong 
Eyes-full and bright with placid expression . 
Ear!t-Of medium size and fine, carried alert 

NECK •• • 
Fine throughout, throat clean, neatly jointed to head and 

shoulders, cf good length, moderately thin, nearly 
free from loose skin, elegant in bearing . 

FOREQUARTERS 

Shoulders-light, good distance through from point to 
point but sharp at withers, smoothly blending 
into body 

Chest-low, deep, and full between and back of fore-legs 
Brisket-light 
Legs and feet-legs straight and short, well apart, shanks 

fine and smooth, joints firm; feet medium size, 
round, solid, and deep , 

Cal'l'vd forward 

POINTS. 

8 
1 
1 

1 

1 
1 
2 
1 

3 

3 
11 

2 
6 
1 

9 

22 
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POINT8. 

Brought forward 
BODY 

Back-strong and straight, chine lean, sharp and open 
jointed 

Loin-broad, strong, and level . . . 
Ribs-long, broad, wide apart, and well sprnng 
Abdomen-capacious, deep, firmly held up with strong 

muscular development 
Flank-thin and arching . 

HINDQUARTERS • • • 

Bump-wide, level, and long from hook to pin bones, a 
reasonable pelvic arch allowed . 

Hooks-wide apart and not projecting above back nor 
unduly laid over with fat 

Pin bones-high and wide apart 
Thighs-thin, long, and wide apart. 
Tail-long, fine, set on level with the back 
Legs and feet-legs strong, short, straight when viewed 

from behind, and set well apart; shanks fine and 
smooth, joints firm; feet medium size, round, solid, 
and deep 

UDDER. 

Long, wide, deep, but not pendulous nor fleshy; firmly 
attached to the body, extending well up behind and 
far forward; 9uartera even; sole nearly level and 
not excessively indented between teate, udder vein. 

, 
2 
8 

8 
1 

8 

2 
1 
2 
1 

2 

well developed and plainly visible 20 

22 
13 

11 

2() 

T.EATS. 12 

Evenly placed, distance apart from side to side equal 
to half the breadth of the udder, from back to 
front equal to one-third the length; length 21 
to 3l inches and not lesl than. 2 inchee, thickneo. 
in keeping with. length, hanging perpendicular 
and slightly tapering, and free flow of milk 
when pressed 12 

MAMMARY VEINS 

Large, long, tortuous, branching and entering large orifieea 

ESCUTCHEOY 
Distinctly defined, spreading over thighs and extending 

well upward 

COLOUR. 

Red of any shade, brown, or these with white, 
mahogany and white, black and white, or white ; 
each colour distinctly defined. (Brindle marking. 
allowed but not desirable.) 

Carried forward 

6 

1 

2 

6 

2 

86 
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COVERING 
Brought forward 

Skin-of medium thickness, mellow, and elastic 
Hair-soft and fine 

. Secretions--ilily, of rich brown or yellow colour . 
STYLE 

Alert, vigorous, showing strong character, temperament 
mild 

WElOllT at maturity from 800 to 1,000 lb. 

Total 

425 

POINTS. 

86 
6 

3 
2 
1 

4 
4 

100 

The" escutcheon" (Fig. 202) is the area of hair enclosed by the 
fringe formed by the hair on the udder and thighs of the cow growing 
in two different directions. A scheme was formulated, known as 

FIG. 2O'l.-Types of Escutcheons. 

the "Guenon System" after its inventor, whereby the shape and 
distinctiveness of the escutcheon forms some criterion of the milking 
capacities of the animal, and while by no means an infallible guide 
it is undoubtedly useful for purposes ·of selection, if a thorough 
knowledge of the whole system is acquired. As a general rule, thc 
broadel' the escutcheon is on the thigh the larger will be the milk 
yield, while the higher it extends the longer will the cow continue 
in milk. 

Largo numbers of maiden and in-calf heifers are now annually 
purchased at spring sales for calving down during late autumn and 
winter. In making a selection of these, avoid those which have been 
stunted and starved during the winter, as indicated by their dwarfed 
appearance, and the tightness of the skin covering their ribs. Keep 
in view as much as possible the points of a good dairy cow, and 
see that the hair is abundant and glossy, and the skin elastic and 
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kind to the touch. An animal, like a plant, when once stunted and 
starved can never make up such loss by liberal feeding afterwards, 
and it is often a difficult matter to induce bealthy growth and 
development. Overfed stores are not desirable, as besides being 
expensive to purchase, it is difficult for any ordinary farmer to keep 
them up in condition, neither ie it desirable to do 80, as animal. 
intended for dairy purposes, and especially when nearing calving, 
must not carry too much loose flesh. 

Milk Yields and Milk Records.-The object' of the farmer who pro
duces milk for the wholesale market is to secure the greatest possible 
quantity of pure clean milk per cow, and of such quality as attains 
to the Government standard of 3 per cent of fat and 8'5 per cent of 
solids other than fat. The heavy milking types of Shorthorns and 
Ayrshires answer these requirements admirably, anim.w. of both 
breeds frequently giving over 1,000 gallons of milk during lactation 
or the milking period. In conducting milking trials at some of the 
leading shows the writer has frequently been obliged to disqualify 
some of these heavy milkers on account of their milk being below 
the 3 per oent standard of butter fat, in some cases only 2 per cent 
having been registered. Jerseys, which are renowned for their high 
percentage" of butter fat, not infrequently fall below the standard; 
for example, one of Lord Rothschild's Jerseys, Twylish XI, was 
disqualified at the milking trials at the Bath and West Show, in 1912, 
because the fat percentage of her milk yield (62·125Ib.=6 gallons) 
fell below the standard of 3 per cent. These instances are merely 
mentioned to illustrate the fact that in all breeds the quality of the 
milk is exceedingly variable, and usually the greater the quantity 
produced the poorer the quality. 

Students must take advantage of any opportunity of testing and 
comparing the fat content of morning's and evening's milk, also that 
first drawn from the udder and that which is last drawn, or what i. 
commonly known as .. strippings .. . A careful comparison will show 
that the evening's milk will be richer by about 1'5 per cent, and the 
first-drawn milk may contain only 1'0 per cent of fat, and the 
strippings 6 per cent or more. When the milking is done twice 
a day at intervals of, say, exactly twelve hours, the compos:tion of 
the two milkings will be very similar, but when there is a difference 
in the time of the two milkings, then the milk produced over the 
longer period will be the poorer, the morning's milk often failing to 
reach the 3 per cent standard. 

If a good milklng herd is to be built up, it is essential that calves 
should be selected from good milking dams, while the sire should also 
be traceable to a heavy milking dam or grand-dam. When the very 
best selections have been made, a calf having been saved from a dam 
and grand-dam yielding an average of 1,000 gallons of milk per annum, 
with a like record on the part of the sire's dam or grand-dam, the 
progeny may not give a yield beyond 600 or 800 gallons per annum, 
or it may considerably exc.1ed 1,000 gallons. In any case, however, 
the above lines of selection are the proper ones on which to work, as 
often too little attention is paid to the milking properties on the side 
of the sire, and in breeding for either beef or milk the fact remain. 
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true to-day as it did one hundred or more years ago, namely, that 
the bull represents half the herd. Nothing could be more detrimental 
to success than to mate a deep milking Shorthorn cow with a typical 
beef bull with the hope of increasing the milking properties of 
the offspring. 

Every dairy farmer should keep a record of his herd, and the milk 
produced by each animal, throughout the year, a practice which 
involves very little expenditure of time or money, yet possesses 
considerable advantages, inasmuch as the records give a correct 
account of each animal's performance during the year, and thus 
assists the farmer in selecting or retaining only the animab which 
prove profitable. There is nothing new about the present-day system 
of milk recording, as it has been practised on many dairy farms for 
generations, except that in recent years the quantity of butter fat 
in the milk is also estimated and recorded by the Gerber tester. 

FIG.20S.-Herd Recording Balance. 

The only appliances or outfit needful for milk recording are a clock
faced balancl) with pail, for hanging in the cow byre (Fig. 203), or it 
may be suspended from a tripod, when it can be easily moved from 
one cow-house to another, and a pad of reoord sheets on which the 
morning's and evening's milk yields of each cow may be entered 
against her name at the time of milking, when at the end of the 
week the sheet may be torn off and the yields entered into a milk 
record book (Fig. 204). If the fat content is also to be estimated 
a small Gerber fat tester and a sample bottle for each cow will' 
also be required. 

Cow-houses.-What are known as "model" cow-houses are 
altogether too elaborately fitted for the average dairy farmer ; in fact, 
stock do not thrive any the better for such additional expense in 
housing In the South of England excellent cow-houses exist which 



428 DAIRYING. 

contain no other fittings than one continuous manger down either aide. 
with sufficient space between the manger and the wall for feeding, 
ample space being allowed behind the cows to admit of a dung-cart 
being drawn down the centre with the wheels in the gutters. The 
centre of the building is practically open at either end except for 
the protection of a 10 to 12 ft. wall. .As many as 100 typical dairy 
cows in milk are thus housed with no wooden partitions or iron rods 
to divide them; in fact, these are an altogether useless encumbrance, 
as it has been found that no inconvenience is caused without them. 

In the North of England, or in districts where cold winds are 
prevalent, better and more substantial accommodation is needful. 

Each cow must be allowed a minimum air-space of 600 cubio 
feet, but even where this is done the supply of llure air may be 
vitiated by the closing up of ventilators, thus polluting the 
atmosphere, and there may be actually more fresh air admitted to 
a shed of considerably less air-space per cow where ventilation is 
freely given, as the ventilators of larger and more airy buildings 
are often kept closed instead of open. The stalls should for preference 
be so arranged as to admit of the animals standing tail to tail, 118 
when head to head they inhale each other's breadth, which is anything 
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FIG. mi.-Specimen Ruling of Milk Record Sbee&. 

but satisfactory, and may prove a means of spreading infection ; 
also, when breathing against a back wall they inhale their own 
breath again, unless ample space and proper ventilation are provided. 

It is essential to have the cow-shed adjacent to a barn or food
preparing shed, otherwise much labour will be wasted in conveying 
food to 'the animals. The old plan of a dished-out dung-yard in 
the centre of a block of buildings is condemned as insanitary and 
wasteful. The best way of temporarily disposing of the manure is 
to take it to one side or end of the cow-shed, preferably the opposite 
side or end from the food-store, and there retain it under cover and 
practically isolated from the building by means of a sliding and 
close-fitting door. 

In some of the so-called hygienic cow-sheds, where the cows are 
brought in to be milked, and the floors and troughs afterwards flushed 
out by means of a hose, the stench 'remaining behind in hot weather 
is often a much greater source of contamination than when the COWl 

are bedded down with clean straw in the ordinary way, provided that 
the milking is performed each morning before the dung is disturbed. 
A milking-shed which admits of the cows being milked in relays or 
shifts is to be recommended. 
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The urine should be effectively dealt with by the material used 
as litter, or may be directed underground to meadows where it ran be 
irrigated over the land, although the drains are frequently liable to 
choke. No underground drain, however, must exist within the 
building, and that outside must be well trapped. 

Very substantial cow-sheds can be built at a cost of about 3d. per 
cubic foot or about £8 per cow, while others less durable but equally 
comfortable and sanitary are erected at a much lower figure. 

Walld and Rool.-In the erection of a substantial building good 
brick or concrete walls are best, although wood on brick, or concrete 
foundations make quite substantial buildings. There is, however, 
greater danger in case of fire. Brick or stone walls should be pointed 
outside and plastered inside, or faced with smooth bricks or cement. 
Brick walls should be of a minimum thickness of 9 inches. Whatever 
the inside surface, it must be of such a nature as to admit of its 
being easily whitewashed, there being no cleaner or sanitary method 
of dealing with inside walls. There is no cleaner surface than that 
provided by well-glazed bricks, but these are much too expensive for 
ordinary use. The top of the walls should be beam-filled to prevent 
the accumulation of dust. Coloured cement is sometimes used up to 
6 feet above the ground-level. 

Roofs of cow-sheds should be constructed of well-seasoned wood, 
and covered with e:ther slates or tiles. Many cow-shed roofs arE' 
now, however, covered with specially prepared roofing material, 
asbestos slates being commonly employed. 

Roofs are best open to the ridge, and with no lofts erected over 
them. An open purled roof with iron cross-bars will answer the 
purpose quite well. 

Floor.-A good floor is the most important essential in a cow
house, as if not well laid it will crack and allow tb.e urine 
to filter through into the foundat:ons. Also, in order to prevent 
soakage-water accumulating under the foundations and working havoc, 
it is essential that the foundations be laid from 6 to 9 inches above 
the level of the ground outside. 

Where material is plentiful locally, a good hard bottom may be 
made of well-rammed clay, chalk, or adhesive gravel, over which are 
laid 6 inche!3 or so of broken stone or ballast, and then a 3 or 4 in. 
layer of cement concrete well rammed, and before it has set 
an inch or so of two parts of crushed gravel to one part of 
cement, and left with a slightly rough surface. When the surface is 
Hoated over and rendered quite smooth- it is less liable to hold dirt, 
but, unfortunately, cows slip badly on it, and are apt to strain 
themselves. 

The passages and rear portion of the stalLs should be slightly 
grooved, as in addition to affording a better foothold this assists in 
draininro and keeping the surface dry. It is often found that a we11-
washed°road grit, or s:J.ver sand mixed with cement, in place of the 
commoner grades of building sand, produces a much quicker drying 
surface. Unless cement Hoors are well bedded with straw, they are 
very cold for cows to lie upon, and for this reason that portion of the 
bed which comes in direct contact with the body of the cow is. often 
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made of well-rammed clay or chalk, both of which are warmer than 
cement, while in some instances wood or cork brick beds are uled 
but none of these substitutes are so clean and durable .. cement. ' 

GutterB.-If cows are to be kept reasonably clean the gutter. must 
be carefully constructed. They must have a fa.ll in width .. well 
as in length, in such a way that the urine will How to the edge 
furthest from the animals and still more rapidly to the exit. The 
fall in width need not exceed 1 inch for a gutter 24 inches wide and 
8 inches deep, while the fall in length may be as much .. 1 inch for 
every 25 feet. 

It is very important that the edge of the gutter should be square 
and not rounded or bull-nosed, as in the latter case the COWl when 
being milked will often work their feet towards the edge and alip, 
wherea~ if the edge is sharp the foot is sufficiently sensitive to detect 
this, and so it is observed that cows will frequently stand with their 
feet quite firmly on the. extreme edge. Rather than have a deep 

FIG. 206.-Tnbolar Iron Cow ... taU Dhialon. 

gutter of only medium width it is preferable to have one quite shallow, 
or merely dished out, and of ample width. 

The Manger.-Much diflerence of opinion exists .. to whether 
the manger or feeding. trough should be low on the ground or 
raised soma distanoe above it. Having tried both positions, we find 
that although the low manger has many advantages and admits of the 
cow~ lying down with their heads well over it, a high manger, 10 

constructed that the heads of the cows cannot be pushed forward when 
lying down or standing, tends to keep the animals cleaner. A manger 
of a medium height is nselees, .. when the cows rise and move their 
heads forward they Boil their beds and consequently lOil their udders 
when lying down. 

The manger may be of wood, stout elm for preference, or a half
round glazed two-foot pipe, slightly tilted in a setting of cement. 
When COWd are fed with sloppy foods, such as brewers' grains, fire-clay 
troughs, one for each cow, are often used, meuuring 20 inchea long 
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by 16 inches broad and 8 inches deep, with a capacity of from 3t to 
4 gallons. Whatever the type of trough used there must be no crevices 
for food to drop into, where it will decay and give rise to objectionable 
odours. There are now on the market many patent automatic drinking 
.and feeding troughs. 

Watering.-Many of the patent automatic combined watering and 
feeding troughs, apart from being expensive, are unsuited for ordinary 
purposes. The 'best device of the kind is where each cow is allotted 
her own drinking basin and where the tap can be turned off or on at 
leisure, as when the flow is continuous throughout a channel embedded 
in the manger there is risk of contamination and infection, unless 
a very strong current of water keeps the pipe well flushed. 

Where cows can be supplied with plenty of good water out-of-doors 
there is very Ettle need to incur the expense of an indoor supply. 

FIG. 106.-Sect:on of Cow-house. with one row of stalls and feeding passage. 

The best supply of water is by gravitation from a spring at a high 
level which is thoroughly reliable, or from clear running rivers, strea~s, 
or lakes. In some instances it is necessary to store the water In 

tanks at such heights as will admit of sufficient pressure being 
obtained in the cow-shed, dairy, and elsewhere. 

Pal,titions.-As already remarked, it is possible to safely house 
cows without any partitions dividing one from the other. Cumbersome 
partition.; only tend to increase labour, harbour dirt, and very often 
result in watA:r finding its way into the foundations when they b~c?me 
loosened, or ill the case of wood they rot at the base. If partitions 
are desired, by all means let each cow have its own stall, the partition 
allowing ample space for the milker. 

A modern form of partition is that of .. reinforced" concrete, 
i.e. a slab of concrete with tubular rods embedded in it, and set on 
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edge. In many cow-sheds where the animals are stalled in couples, 
concrete divisions, 4 ft. 6 in. long, 4 feet high, and 3 inches thick, are 
used, but plain tubular iron piping (Fig. 205) is more sanitary and 
easy to clean and also admits of a very free circulation of air. 

Lighting - and Ventilation.-An adequate supply of light an.1 
ventilation must be provided in every cow-house if the anima!d are to· 
be maintained in good health. Windows should be placed fairly 
high in the walls, and should be of the Sheringham valve type, 
opening inwards. Glass tiles let intQ the roof at intervals are 
admirable in every way for lighting a cow-shed. If possible, the 
window area should average 3 square feet of glass per cow. Another 
suitable type of window is one the upper part of which is glazed with 
strong rough plate-glass, and the lower part fitted with fixed barl 
and a slanting framework of bars to close the apertures as desired. 
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No system of ventilation can be considered perfect uol_ it llervee 
'two purposell, namely, expelling the polluted air which arises and 
substituting pnre air from outside. In some instances ventilation 
may be provided by louvre boards, or boarded openings along the 
ridge, and by openings at the eaves, but in sheds of better construction 
more definite systems of ventilation are necessary. 

The inadvisability of cows breathing against a wall in lIuch a way 
that their breath is reflected back on their faces hail already been 
pointed out, and to obviate this defect it is necessary to insert a fresh
air inlet through the wall near the nose of each cow; zino of fine 
mesh being placed on the outside to reduce the force of the draught, 
and a shield placed over the inside of the hole to deflect the current 
of air. Perforated bricks, drain pipes set with an upward tilt, or 
metal gratings will answer the purpose. The outlet ventilation must 
be similarly self-acting and equally simple. 
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It has been estimated that an average cow weighing 1.000 lb. 
will inhale 224 lb. of air in twenty-four hours. or about double the 
amount by weight of her food and drink. This is at the rate of 
3.542 cubi<! feet per hour. and to supply this amount of air for twenty 
cows a ventilating flue 2 by 2 jeet will be required. in which the 
air must move at a velocity of 295-feet per minute .. 

Stalls and Gangways.-The length of the stall will vary with 
the breed of cow. remembering always to take the measurement 
from the front wall-not from the near side of the manger~and to 
the inner edge of the gutter. Small-bodied cows like the Jersey and 

FlO. 908.-Diagram illustrating use of Iron Stanchions. 

Kerry should have stalls from 6 feet to 6 ft. 9 in. in length; for 
Ayrshires and Guernseys a stall from 7 feet to 7 ft. 6 ili. will suffice. 
while for big-framed Shorthorns quite 8 feet must be allowed. It is 
ilnpossiblc to arrange a length to suit a.ll the cows in a mixed herd. 
without,. of course. making the stalls to graduate in size. as is some
times done. say. from 8 to 7 feet. If the stalls are too short the 
cows will stand with their feet in the manure channel. and when 
lying down the h:ndquarters will be unsupported. which is sometimes 
conducive to abortion. 

Ff 
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If the stall. are too long, the cows drop their manure on the 
standing space, and in lying down soil their udders and thighs. 

As regards width, each cow will require from 3 to 3l feet and 
larger COWl up to 4i feet each, and rather less in proportion in the 
case of double stalls. If the stalls are too narrow, one animal may 
trample upon anotJb.er's udder or teats, and so cause considerable 
harm, while if the stalls are too wide the cows can turn round, soil 
the bed, and prevent another animal from lying down. 

Floor-space.-The floor-space must never be cramped, and mUNt 
be to a great extent regulated by the number and breadth of the various 
passages or gangways j the stalls, mangers, and manure passage. being 
fixed areas. A feeding passage cannot reasonably be less than 31 feet 
wide, and the passage behind the cows 4 feet. These dimensions will 
give about 50 square feet for small cows, and more than 60 square feet 
for larger ones. In a cow-shed with only one passage in which to 
perform all the necessary operations of feed:.ng, milking, etc., this 
should not be less than 5 feet wide, while in some of the large 
partitionless sheds, already referred to, the centre passage is 
7 feet wide. 

FIG. 009.-Cow·.tan. filled with Iron Blanchiona. .A, oec&lon 
showing trough di..won. 

The accompanying sectional plan (Fig. 206) will 8uffice to give the 
student some idea of the dimensions of a 8hed fitted with a single 
row of stalls, while for a double row (Fig. 207) it is only necessary to 
increase the breadth of the centre passage, and construct a &econd 
row of stalls on siIuilar lines to thoBe shown. 

Neck Fastenings.-Farmers differ in their opinion8 as to the best 
and most economical method of tying up cows in the stalls. In a few 
farms in Hampshire the old wooden bales are still in existence which 
in former years were largely nsed for dairy as well as. for fattening 
cattle. This 'method of securing the animal possessed the inhumane 
disadvantage of not allowing it to move its head towards its body 
to allay any skin irritation or other temporary trouble. 

The swinging iron stanchions (Fig. 208) which originated in 
America, and are now common in this country admit of freedom of 
movement. These neck yokes can be so arranged that by drawing 
a lever a whole row of animals can be instantly released in case of 
fire (Fig, 209). a great advantage over ordinary ch&ins and other 
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fastenings which cannot be readily removed from the neck of 
a frightened animal. 

Straps have one great advantage, inasmuch that should a cow get 
hung up. and likely to be choked at is often impossible to release 
a chain through the pressure upon it, whereas a strap can instantly be 
severed with a knife. Whatever form of neckgear is used it must 
be so adjusted as to restrict the cow's movements to the space 
allotted to it, so that it cannot trespass upon its neighbour's preserves. 

MILK. 

Milk ~s the normal product of the mammary glands (Fig. 210) of 
a healthy cow, and may be regarded as one of the most important of 
all natural foods, constituting, as it does, the entire dietary of all 
mammals for some time after their birth. It is easily assimilable and 

FIG. 210.-Section of Cow's Udder and enlarged Alveoli. ..d, gland 
lobule: B, alveoli; C,milk cistenl: D,spbirrcter muscle: 
Eo milk duct: F, enlarged epithelial cells as when giving 
milk; G, the same, when not gil'ing milk. 

is a completo food, as it contains all necessary cOIhStituents for the 
maintenance and development of the animal body. 

Milk is a whitish, opaque fluid, possessing a mild, sweet flavour. 
It has an average specific gravity of 1'032, which varies in accordance 
with the proportion of solids it contains, and is slightly viscous. Its 
opacity and viscosity are due to the fat and caseous or curdy matter 
which are present in suspension. The whiteness of milk is due to 
casein, and its yellowness to the fat, which contains a colouring matter, 
lactochrome, somewhat analogous to the chlorophyll of plants. Thus, 
if the fat is removed by separation, the skimmed or separated milk 
is considerably paler in colour than the whole milk. The boiling-point 
if milk is practically 2120 F., and its freezing-point 300 F. 

Chemically, milk consists of water, fat, casein, albumen, sugar, 
and ash, all of which vary slightly in quantity, but chiefly in the 
proportions of water and fat, and in the case of the latter the 
fluctuation~ are largely due to breed and individuality. 
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Average samples of new milk, separated milk, and colostrum 
will contain the above constituents in the following proportions :-

New Milk. Separated Milk. Coloet.rum. 
Per oent. Per oent. Per cent. 

Water 87"5 90'4 720 
Fat 3'25 0'1 36 
Oasein 35 32 45 
Albumen 0'5 06 160 
Sugar 4-5 4'9 25 
Ash 0'75 08 16 

100'00 100'0 100'0 

(Colostrum, or first milk, is secreted in the udder of the cow ahou' 
the time of calving, and its composition renders it eminently fitted 
for the first nourishment of the calf, and it also possesses valuable 
aperient properties.) 

With regard to the constituents of milk :-
The water is identical in chemical analysis with ordinary water, 

and cannot be distinguished from it. Its chief purpose in the animal 
body is to act as a vehicle for conveying or carrying all the other 
constituents into the circulation. The quantity of water present 
is to some extent affected by feeding and is increased by 
succulent and watery foods. There is usually a flush of milk when 
the cows are put out to grass in spring, and this milk is usually poorer 
in fat~ than that yielded at a later period. 

Fat is perhaps the most important constituent of milk, as the yield 
of butter depends entirely upon it, as well as the quality of the 
best cheese. Fat is present in milk in the form of minute globules 
(Fig. 211), formerly thought to be surrounded by an en.vel~e 
(Storch's theory), but this has now been proved to be erroneous. 
These globules are invisible to the naked eye, and vary in size 
according to the breed of the cow, the largest being found in Jersey 
milk, and they measure about 0'00039 in. in diameter. The fat in 
milk may be separated into eight species, which are classified as 
volatile and non-volatile, as follows :-

Volatile and 8ft/ubi .. Fat •• 
Caprin. 
Caproin. 
Capryllin. 
lIutyrin. 

Non-Yolatil" and In.olubl" Fui •• 
Palmitin. 
Myristin. 
Stearin. 
Olein (liquid). 

The olein keeps the remaining fats in a soft or semi-fluid condition, 
and i~ present in the proportion of from 30 to 50 per cent of the 
total fat content. 

Casein is the chief nitrogenoua •• or dlbuminoid, constituent of 
milk. It is semi-soluble in water or milk, forming a colloidal or 
glue-like mass. It is coagulated by rennet, and then forms an 
insoluble substance known as "curd", which is the characteri&tic 
constituent of cheese. An excess of any ac:d will also produce 
a" curd", but it may not always separate out from the whey. 
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..4lbum~n ~s a substance similar in composition to casein, being also 
a? albumInOid, or flesh-former. It is soluble in water, and ready 
digested for ~he stomach of the young, and colostrum contains a large 
amount of It. Albumen also differs from casein in not being 
coagulated by rennet or acid, but it is by heat. It escapes from 
cheese in the whey. In ordinary new milk, albumen coagulates at 
a temperature of 1630 F., forming the familiar" skin ", or pellicle, 
on the surface of cooked milk, in which many of the fat globules 
are entangled 
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FIG. lall.-Mioroscopio appearance of Fat Globules. .A, cream 12 % fat; B. whole 
milk S'6 % fat: A, separated milk 0'2 °/0 fat. 

Milk Sugar, or Lactose, is a carbo-hydrate, or heat-producing, con
stituent, only found in milk or its products. It also differs from 
other sugars in being less soluble in water. It largely- escapes in 
the whey during cheese-making, and can be recovered in the form 
of colourless crystals, of low-sweetening power. It readily ferments, 
and is decomposed by the ac~on of certain bacteria, forming lactic 
acid. This change constitutes the ordinary souring of milk . 

..4.~h chiefly consists of mineral matter derived from the soil, and 
exists part!) in solution, and partly in suspension in milk. The 
chief purposes of the phosphates and various salts comprising it 
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are the formation of bone and brain; hence the comparatively large 
proportion of this constituent present in colostrum. 

Influences affecting the Quality and Yield of Milk.-B,.eed.-The 
yield and quality of milk differ very considerably in the case of 
different breeds of cows, as will be seen from the following average 
yields and fat percentages of the chief dairy breeds:-

Dutch 
Shorthorn 
Ayr!lhire 
Guernsey 
Devon . 
Jersey . 

Yield per annum. Fa' pel' eent, 
O"lIono. bl' weighS. 

800 3'4 
650 37 
600 3'7 
500 4'5 
500 4'0 
450 5'3 

The Lactation Period usually lasta for about 300 day.. Milk 
from newly-calved cows does not become normal until ten days after 
calving, and from the tenth to the fortieth day it varies little in either 
quantity or quality. After the fortieth day, the yield gradually 
declines, but this is accompanied by an increase in the fat percentage. 
For this reason it is usual at milking trials to allow 1 point for every 
ten days since calving, after the first forty days. • 

The Age of the Cow has considerable influence on the quality of 
the milk, and to a lesser degree on the quantity. A dairy 'Cow 
may be considered as at her prime from her third to her fifth calf, 
when both quantity and quality of her milk will be at a maximum. 
The quantity will then undergo little change until the tenth calf, when 
it will gradually decline, while the variation in quality will be only 
small. It is never policy to keep a dairy cow in the herd alter her 
sixth calf, unless she possesses an exceptional milk record, and throws 
specially good stock. 

Individuality is found to be one of the most important causes of 
variation in the quantity and quality of milk, and it u for this 
reason that milk records should always be kept in order to ensure 
the retention of the best animals, and the" weeding ou.t" of those of 
inferior quality. 

Feeding is chiefly responsible for variations in yield, and generally 
the more succulent and watery the dietary the larger will be the 
yield of milk. Each cow innately poaaeeees the faculty of producing 
her maximum quantity of fat, provided her ration ill such as will 
enable her to maintain it. It ill found impossible to increase this 
fat-content by any method of feeding during lactation. If, on the 
other hand, her ration is such as does not admit of her attaining hcr 
maximum, then the use of dry, concentrated foods, particularly those 
of an albuminous or nitrogenous character, will usually effect an 
increase in the fat content, although it may prove detrimental to 
yield (see Dietaries). 

The 80080'118 of the Y 00,. .-Milk is most liable to fall below the 
Government standards of solids not fat, in early spring and autumn, 
as at both these periods an excess of watery and innutritioUll food is 
consumed, and chilly nights prevail. Consequently the cow requires 
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more of the nutrients contained in her food to maintain the normal 
warmth of the body, and this results in a decrease in the quality of 
the milk. 

General Treatment of COWB.--Good animals, kept clean, com
fortable. and free from excitement, will yield the best possible 
results in milk. On the other hand, where cows are in ill-health or 
unduly excited, the milk is immediately affected. Especially is this 
noticeable in cows taken long distances to shows, and in such cases the 
fat content of the milk may fall as low as 2 per cent, or even less, 
whereaa at home the quality would be normal. 

FIG. 212.-The " Arno" Vacuum Milking Ma.chine. 

Milking.-Quick milking, and clean stripping, increase both yield 
and quality by stimulating the milk-secreting glands. Careless 
milking, on the other hand, tends to dry off the cow prematurely and 
proves detrimental to the udder, as is noticeable in cows which are 
milked by novices. 

Treatment of Milk.-Bacteria in Milk.-Bacteria (see Fig. 4) are 
in reality the lowest forms of plant life, and in milk they find a most 
congElllial medium for growth and reproduction. So true is this that 
one drop of milk may contain as many as 3,000,000 of these organisms. 

FlO. 219.-" Amo" Milker,fitted to Cow. 

From a dairying standpoint, and with regard chiefly to the manu
facture of butter and cheese. these bacteria may be considered as 
either harmful or beneficial, so that one of the first essentials in dairy 
practice is to keep the milk, or cream, free from contamination, and to 
carefully cultivate the latter class for the production of butter and 
cheese of the required quality. Beneficial bacteria consist of species 
producing pure lactic acid from the milk sugar, and pure cultures 
of them, in the form of "starters ", are utilized for inoculating milk 
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or cream for cheese- or butter-making respect:vely, 80 that they may 
develop and obtain the upper hand, as it were, to the exclu8ion of all 
those organisms of an undesirable or deleteriou8 character. 

Wher{\ milk has to be sold either wholesale or retail, it become. 
necessary to manage it so that it remains sterile and free from germ 
lif.e, and this can only be attained by constant attention to hygiene 
in the housing, care, milking, and in the after-treatment of the 
milk. The need for this is even more strongly emphasized when we 
remember that numerous epidemics of scarlet ·fever, diphtheria, and 
typhoid have been directly traced to impure milk, and it ba8 now 
been definitely settled by scientists that milk may also be a mean8 of 
transmitting the dreaded scourge of tuberculosis. 

Methodtt 0/ Milking .-Of the two methods of hand-milking, namely 
dry and wet, the latter, although yet by no meantIJ obsolete, is to be 

FIe. !l14.-Tbe .. Manne" Preeenre type of Milking M'Vlbine atu.ebed 10 Cow. 

depreciated, necessitating as it does the damping of the hanw. of the 
milker with water, or, unfortunately, more often with milk. Any 
dirt 01' perspiration from the udder of the cow or the handa of the 
milker in this way inevitably become mixed with the milk and prove 
a dangerouK source of contamination. By dry milking, on the other 
hand, thii danger is obviated to a large extent, and even if dirt fa1l8 
into the m:lkit is of a dry character and can be more easily got rid 
of by careful straining. • 

Mechanical milkers of the most modern type compare favourably 
with ordinary hand-milking, and, although tlumerou8 disadvantages 
exist in the older machines, these have now been to a large exten. 
eliminated. For example, the chief defects of the ordinary vacuum 
action machine with teat cups, were (1) the difficulty of preventing 
the teat cups from falling oft at awkward moments, (2) the necessity 
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of hand stripping after the machine, (3) more rapid decline in milk 
than where the cows were milked by hand, and (4) difficulty of 
quickly and efficiently cleansing the machiue. Most of these defects, 
however, ·are got rid . of in the most modern vacuum machines 
(Figs. 212, 213). Others extract the milk wholly on a pressure 
principle (Figs. 214, 215), without suction action, thus doing away 
with the necessity of teat cups, and unhygienic and cumbersome tubes. 
The teats of the c()WS are gently pressed by two softened convex plates, 
which are applied regularly on both sides by means of a simple spiral 
mechanism. The milk is then conducted a distance of a few inches to 
a recept.aele directly under' the cow, where it first passes through a 

FIG. 215.~The .. Manns" Milking Machine in use. 

strainer. The machine fits tightly to the udder of the cow, and admits 
of the minimum risk of oontamination. Nothing but practical tests 
will prove the merits of any particular machine, but when once these 
have been satisfactorily passed its success ought to be assured. 

Filtering and Cooling.-As soon as the milk has been drawn from 
the cow, it should be removed from the oow-house, and immediately 
filt.ered or strained, preferably through double-wire gauze (Figs. 216, 
217), between which a thin pad of sterilized cotton wool is placed. 
which may afterwards be thrown away. From the strainer the milk 
should be passed directly over a cooler, and thence to a milk churn 
below. The cooler or "refrigerator" (F:g. 218), as it is more 
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commonly and erroneously termed, consists of a series of copper tubes, 
tinned to prevent oxidation, inside which a stream of cold water passeR, 
and over the outsides of which the milk is allowed to trickle. The 
churns usually contain 17 imperial gallons, and weigh 2 cwt. each 
when full. 

Effects of Heat on Milk.-Bacteria propagate most rapidly at 
a temperature of from 80 to 1000 F., and by raising or lowering 
the milk above or below these temperatures their increase may be 
promoted or checked. If milk is subjected for ten minutes to a tem
perature of 1650 F. all growing bacteria will be destroyed. If 
followed by rapid cooling to a temperature of, say 45° F. the proceBS is 
known as "Pasteurization", but while destroying all harmful 
organisms it is not sufficient to destroy their spores. A complete 
Pasteurizing and cooling plant is shown in Fig. 218. 

Thl) " sterilization" of milk, on the other hand, implies the 
destruction of all life in the milk, and this is elIected by heating 
to a temperature of from 220 to 2300 F. in sealed chambers under 
steam pressure (Fig. 219). 

Apart from its elIect on the bacteria of milk, heating is found 
. to diminish its viscosity, and to impart to it a burnt flavour, noticeable 

FIG. 216.-" Alta" 
Milk Filter. 

FlO. ~l?-·· Alfa" Mil. Filter 
abowing .'raininc media. 

in both Pasteurized and sterilized milk, and also in clotted cream, 
and the butter made from it. 

This is due to the partial charring of the milk Bugar, and the 
production of caramel. The creaming properties of the milk are 
also decreased by heating, owing to the breaking up of clOdtera of 
fat globules, aud the action of enzymes of unorganized ferments 
(e.g. rennet). 

Very low temperatures retard the growth of bacteria, and for 
this reason milk should always be passed over a cooler in a pure 
atmosphere directly after it is drawn from the cow. 

At freezing-point (320 F.) the growth of bacteria is entirely 
checked, and on this account many large dairies are fitted with 
special cold stores and refrigerating machines, the action of 
which is dependent upon the alternate compreBBion and expallilion of 
either ammonia, sulphur-dioxide, or carbon-dioxide gas, which, in 
expanding from a liquid to a gaseous state, absorb a large amount of 
heat. The gas is made to pass through a tank of unfreezable brine, 
containing calcium chloride and salt, which becomes intensely cold, 
and may be used for maintaining a store of milk at a sufficiently low 
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temperature. It may also be made to circulate through pipes, coolers, 
etc., for the purpose of cooling m:lk or other liquid dairy products. 

Estimation of Fat in Milk.-Having regard to tile more universal 
keeping of milk records, and the necessity for all new milk to 

FIG. 218.-Pasteurizing and Cooling Plant. 

comply with the Government standard of 3 per cent of fat, testing 
becomes of the utmost importance in dairying. This can be most 
conveniently effected by the Gerber process, by which all substances 
in milk are dissolved by the addition of strong sulphuric acid, the 

FIG. 919.-Milk Sterilizer (capacity 159 pint bottles). 

fat alono being protected by means of a small quantity of amylic 
alcohol. The volumetric method of estimating the fat is briefly 
as follows:-lO c.c. of strong sulphuric acid are measured out by means 
of an acid pipette into a Gerber test-bottle (Fig. 220). 1 C.c. of 
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amyl alcohol is then measured out with the alcohol pipette, and 
gradually allowed to run on the top of the acid. Finally, 11 0.0. of 
the milk to lie tested must be thoroughly mixed by pouring back
wards ami forwards from one vessel to another. It must be measured 
out with a milk pipette and allowed to trickle slowly on to the top 
of the alcohol. Or an automatic acid and alcohol measurer may be 
used (Fig. 221). 

Opinion9 differ as to whether the milk, or the a!cohol, 8hould be fir8t 
allowed to come into contact with acid, but if many tests are to be 
made it is preferable to put in the alcohol firWt, a8 there i, then 
less risk of charring the milk. 

The test-bottle is then tightly corked with an india-rubber ,topper, 
and the contents are well shaken in the bulb end until all the curd 
has dissolved. The thumb should be kept tightly over the cork whilst 

-1 

" FIG. !J2O.-GeTber 
Test-bottle. 

FIG. 221.-Vel&h'. Automatic 
Acid .... d Alcobollrl .... ure. 

shaking, or it may be forced out, and the contents of the tube 
spilt. The test-bottles are then placed in the" centrifuge" (Fig. 222), 
a machine containing a number of horizontal pockets, care being taken 
to see that each tube is placed with the graduated end toward8 the 
centre of the machine, and balanced by having a tube placed opposite 
to it. Otherwise any odd tube must be balanced by one containing 
water. The tubes are then revolved in the centrifuge at a high 
speed for three minutes, after which it will be found that the fat has 
separated owing to its being lighter than the rest of the milk, and 
thia fat will occupy the thin, graduated part of the tubes, 
the other heavier constituents occupying the bulb end. By careful 
manipulation of the rubber cork the percentage of fat may then be 
read off on the graduated part of the tube. 
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Estimation by Weight.-The above method of testing for fat is 
found quite satisfactory for all practical purposes, and is very similar 
to, but simpler than, the Babcock method, so largely used in America. 
Where absolute accuracy is required, as for example in legal 
cases, it becomes necessary to use the "Soxhlet" test, in which case 
a quantity oi m:lk is absorbed by a strip of blotting-paper and 

6~:' 

FIG. 222.-Centrifuge for four tests. 

a fat solvent allowed to trickle over it (e.g. ether) until all the fat 
is dissolved, when the ether is evaporated and the fat actually weighed. 

Choomometers.-Beforo the advent of more scientific fat-testing 
instruments the quality of milk was tested by means of creamometers 
(Fig. 223); that is, test-tubes graduated into 100 equal parts, so 
that, after resting the milk in these for a definite period, the per
centage of cream could be read off. The drawback of the system, 

FIG. 22S.-Creamometers. 

however, is that the results form a very imperfect criterion of the 
actual fat content of the milk, as the cOdsistency of the cream thrown 
up will depend largely upon the size of the fat globules and the setting 
temperature. These tubes can therefore be only satisfactorily used 
for comparative purposes, provided the milk is at the same temperature 
in each case-preferably from 900 to 1000 F. 
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Estimation of Water, total Solid8, and Solids not Fat.-A 8imple 
analysis of milk may be performed by evaporation and weigiling. 
An evaporating dish containing a quantity of dry Mnd, for the 
purpose of preventing the formation of a 8cum on the surface of the 
milk, should be taken and weighed and a definite quantity of milk 
should be weighed into it. The dish and its contents should next be 
placed in a steam oven, and maintained at a temperature of 2120 F., 
until no further evaporation of moisture takes place. The actual 
weight of water originally contained in the milk, and the total solid", 
may then be determined by weighing, and the percentages calculated. 

After making a Gerber fat test of the milk, the 
percentage of solids not fat may be readily arrived at by 
subtracting the percentage of fat from the percentage of 
total solids. 

The Lactometer is an instrument used for the purpose 
of ascertaining the specific gravity of milk. It is a 
modified hydrometer, and consists of a graduated gla..s 
stem (Fig. 224) attached to two gla8B bulbs, or cylinders, 
one below the other, the lower and smaller of the two being 
weighted to enable the instrument to float upright. It 
depends upon the principle that the weight of the instru
ment equals the weight of the volume of liquid" it dis
places. Thus, when placed in water at a temperature of 
60° F., it will sink until the 0 side of the scale is on 
a level with thE! surface of the water (representing 
a specific gravity of 1'000). Placed in whole new milk 
at a temperature of 60' F.," it should read from about 
28 to 32, that is a specific gravity of from 1'028 to 1"032. 
The necessary correction for temperatures other than 
60° F., is made by an allowance of 0-1 lactometer degree 
for every degree Fahr., remembering that the colder !lny 
liquid is, the denser it becomes. 

Although undoubtedly a "useful instrument, the lacto
meter must on no account be regarded 88 a reliable 
indicator of the purity of milk. For instance, if the 
specific gravity was shown to be abnormally low by the 
lactometer, this might be attributed to either the aiddition 

L:;':;::~r. of water or to the presence of an unusual quantity of 
butter fat, both water and cream pOBBeBBing lower specific 
gravities than whole milk. 

Provided the lactometer reading is known, and the percentage 
of fat in the milk, the solids not fat may be conveniently estimated 
by the following formul~;-

Solids not fat = ~ plus ~ plus 0'14, 

lid f 
lactometer reading plus fat per cent 

or 80 8 not at = 4 

G = lactometer reading and F = fat percentage. 
The specific gravity of cream may also be determined by t~e U!e 

of the lactometer, in which case the cream should first be diluted 
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with an equal we:ght of separated milk, and the specific grav~ty of 
the mixture obtained. The actual specific gravity of the cream may 
then be ascertained by multiplying the specific gravity of the separated 
milk by that of the mixture, and dividing the result by the difference 
between twice the specific gravity of the separated milk and the 
specific gravity of the mixture. 

Cream.-Cream may be defined as that portion of the constituents 
of milk which rises and may be skimmed off, when the milk is allowed 
to stand for any length of time, or which may be separated from the 
remainder of the milk by centrifugal force by a mechanical separator. 
The chief constituent of cream, therefore, is the lightest part of the 
milk, i.e. the butter fat; and it will contain the remaining milk 
constituents in varying proportions, according to whether a larger or 
a smaller proportion of the actual fats are removed from the milk. 
As may be readily imagined, the percentage of fat in cream will 
vary considerably, on account of the many ways of preparing cream; 
for example, skimming may give cream of varying thickness, while 
from a separator either a thick or a thin cream may be obtained as 
desired. Moreover, from this it will be seen that the specific gravity 
of cream will also vary in accordance with the actual percentage of 
fat present, and in practice may be anything from 0'947 to 1'017. 

The analysis of an average sample of what is commercially known 
as "double" thick cream would be approximately as follows :-

Water 
Fat 
Sugar 
Casein 
Ash 

and albumen 

Per cent. 
40'6 
55'25 

2'26 
1'5 
0'4 

100'0 

The thickest cream obtainable will not contain more than about 
72 per cent of fat, while for butter-making purposes a cream con
taining from 28 to 33 per cent is probably best. 

In former years cream was obtained by setting milk in pans, 
allowing it to stand for a time, and then skimming off the cream. 
This system, however, has now been largely superseded by mechanical 
cream separators (see p. 449), although the pan-setting system is 
by no means obsolete. The different non-mechanical processes are 
as follows :-

1. Shallow Pans. 
2. Deep Setting Pans. 
3. Devonshire Creaming. 

Shallow Pans.-These vary in size, but the usual dimensions are 
from 4 to 6 inches in depth and 18 inches in width across the tops. 
The milk is strained into these as soon as it is drawn, and left unstirred 
for twelve hours, at the end of which time the first cream is 
removed by means of a perforated skimmer. The milk is then left 
and skimmed at the end of another twelve hours, and, if the amount 
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of cream which rises is sufficient to warrant it still being left, it i. 
skimmed once more after the lapse of another similar period. In the 
summer, however, it is preferable to skim at the end of eight, 
sixteen, and twenty-four hours, after setting. Provided the milk 
is exposed in a perfectly pure atmosphere, where there is no possible 
risk of contamination, the cream often produces butter containing 
a flavour unexcelled even by that produced from artificially-ripened 
separated cream, largely owing to the fact that the cream in the 
former case has become ripened in contact with the milk, and a larger 
surfaco has b!len subjected to aeration by pure fresh air. 

Deep Setting System8.-These methods have not been much USI-'<1 

in this country, owing to the fact that they entail the use of veu-y 
cold water, which it is difficult to obtain. The chilled water i. 
circulated round deep pans containing the milk, so that the rapiuly -
falling temperature may facilitate the rising of the cream. There are 
two kinds of pans, namely, Swartz and Coolie, the former holding from 
10 to 11 gallons anu being filled to a depth of about 14 inche~, while 
the latter are fitted with a cover, and are totally immersed in water 
at a temperature below 480 F. Both these methods of cream raiding 
are of American origin, and of the two, the Coolie gives the more 
satisfactory results-the resulting skim milk in some cases containing 
as little as 0-2 per cent of fat. There is, however, always a larger 
loss of fat if the milk loses its heat before it is set. The adv&IItages 
of deep over shallow setting lie in the fact that more cream is obtained 
in less time, but the disadvantages lie in the difficulty of obtaining 
cold enough water in sufficiently large quantities, and the fact that 
the cream is not aerated, while in the case of the Coolie sYdtcm 
" cowy" odours cannot escape. . 

Devonshire Olotted Cream.-The manufacture of Devonshire c10ttud 
cream attains considerable magnitUde in districts where it is 
a popular dainty, and it is moreover a very refined product of high 
dietetic value. Apart from the raising of the cream by this particular 
method, the system of Devonshire cream-making is also adopted for 
the production of butter, as it affords a ready means of separating the 
maximum quantity of fat from the milk; and the butter produced 
possesses a distinctive flavour which is often greatly appreciated. 
Usually, however, a taste for this particular make of butter has to 
be acquired. The making of Devonshire clotted cream may be 
briefly described as follows :-

The milk is brought direct to the dairy, and after being carefully 
filtered •. it is set in milkpans, the pans usually measuring 15 inches 
in d:ameter at the top, and 11 inches at the bottom, and are about 
7 inched in depth. The cream will have risen sufficiently at the end 
()f twelve hours in summer, or twenty-four hours in winter, and the 
pans and their contents are then carefully floated or fixed in a circular 
boiler containing water, which should be maintained at nearly boiling
point. The milk in the pans must be gradually raised to a temperature 
of from 1750 to 1800 F., in not less than th:rty minutes, when the 
.surface of the cream will become crinkled, &lid as soon as this has 
·extended over the whole surface the pans may be removed from the 
boiler and cooled as rapidly as possible, preferably in running water. 
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:rhe cream is then removed by means of a perforated skimmer, and 
IS usually put up in lIb. and i lb tins or jars, which are retailed at 
from 18. 4d. to lB. 8d. per lb. tin. 

Whe~ the cream is requir~d for the production of butter, it is 
not advisable to heat the milk above 1500 F., as otherwise the 
cream will contain a large proportion of albumen which has become 
coagulated .and . inextricably mingled with the fat globules. 
. If washmg IS n~t very thoroughly performed when the butter is 
m a granular state m the churn, the caseous matter will be noticeable 
in th9 form of white ,specks in the finished product, and thesa 
moreover, will quickly decompose and set up rancidity should the 
butter be kept for any appreciable length of time. 
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F1G.lI25.-Seo~ion o[ the" Alfa Laval " 'Cream Separator. 

Cream Separators.-Until rec~nt years, gravity was the only force 
~mployed in the separation of cream from milk, and this was not 
very readily effected, being solely due to the difference in the specific 
gravity of the fat globules and that of the milk serum in which they 
are suspended. Tbe smaller the fat globules the slower the rate of 
rising, owing to the resistance offered by the milk serum. The 
introduction of centrifugal for-ce, however, causes the globules to 
move much more rapidly through the serum. In the first place, it 
causes bodies to be thrown off from the centre of motion, as instanced 
in the cast' of the familiar" joy-wheel". More:>ver, it will be observed , 
that heavier objects tend to be thrown farther from the centre than 
lighter ones. 

Gg 
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The modern cream separator has been evolved on this pr:nciple, 
and admits of the cream being continuously and immediately 8epan&ted 
from the milk. Lefelt was the first to perfect such & separator in 
1877. Those who have visited the London Dairy Show musl have been 
impressed by the great number of separators exhibited, most of which, 
however, with but few exceptions are very similar in device to the 
well-known "Alfa" type with supported bowl (Fig. 225), or the 
"Melotte" type with suspended bowl (Fig. 226). Although performing 
their work almost equally well, the duration of these machines depellull 
very much on the quality of the materials used in their manufacture, 
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FlO. 226.-8ectiOD of 'he •• MeloUe" Cream 8epara&or. 

and the more expensive machines often perform satisfactory work for 
twenty or more years, provided that' the worn bearings are replaced. 

The bowl is the principal part of the machine, being that in 
which the milk is revolved and separation is effected. The milk 
being composed of liquids of different densities, the heavier part is 
thrown farthest from the centre of the bowl, i.e. to the outside, while 
the cream, being lighter, is unable to find its way through the milk 
serum and keeps in the centre of the bowl. The continual inOow of 
milk causes the cream and milk serum to rise through the outlets 
providetl for them in the ,bowl, and they are then collected and carried. 

\ 
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off by their respective ducts and pans. An essential principle in the 
construction of all separators is that of subjecting the milk to the 
greatest amount of centrifugal force in the least amount of· time, 
so as to increase the separating power of the machine. Any dirt, 
slime, or bacteria in the milk which are of higher specific gravity 
than the milk serum are flung to the wall of the bowl, whence they 
are removed in washing. 

The centrifugal force exerted increases as the square of the 
revolutions of the bowl, and directly as the diameter; thus a separator 
having a bowl 6 inches in diameter exerts twice the centrifugal force 
of one 3 inches in diameter, and a separator whose bowl revolves at 
the rate of 1,000 revolutions per minute exerts a centrifugal force 
four times as great as one revolving at 500 revolutions per minute. 

Separators with a capacity up to 60 gallons per hour are usually 
driven by hand, while those of greater capacity are worked by a steam
turbine, or more rarely are belt-driven. 

Economy of Separators.-The advantages in favour of using a 
separator over other methods of cream-raising are numerous: (1) The 
separated milk and cream are obtained in a perfectly fresh condition, 
and the former is in the best possible condition for calf-rearing. 
(2) The ripening of the cream can be more perfectly controlled, and 
thus produces a more uniform quality of butter. (3) Considerable 
economy of space in the dairy is secured, and also saving of labour; 
shallow or deep pans taking up a large amount of room and 
necessitating considerable trouble in skimming. (4) Cream of 
any consistency can be obtained, a point of considerable importance, 
where it is to be retailed. (5) Economy of time. (6) The .milk 
is to a large extent cleaned and freed from dirt and all impurities. 
(7) A more perfect separation of the cream from the milk is-effected, 
and the saving in fact will account for from 10 to 12 per cent increase 
in the butter yield. For example, if we estimate that 220 lb. of 
butter per annum is an average yield from one cow when the 
ordinary plan of cream raising is followed; by the use of a separator 
the amount would be increased to 242 lb., representing a profit of 268. 
per cow per year. 

Points of a Good Nachine.-Separators may be compared to 
bicycles, inasmuch as if the machine is intended to wear well 
a reasonable price must be paid for it, and it will be found that the 
best machines are the cheapest in the end. The following points are, 
however, essential: (1) The machine must be simple in construction, 
strong, and easily cleaned. (2) Separation should be effected 
efficiently in the shortest possible time, and not more than ·1 per cent 
of butter fat at .the most should be left in the separated milk. (3) As 
women are frequently called upon to work separators, the driving 
power required must be as low as possible. (4) The bowl of the 
machine should be self-balancing, as this is necessary if the best 
results are to be obtained. (5) The internal fittings of the bowl 
(which are provided for the purpose of dividing the milk into thin 
layers so that the centrifugal force may act upon it more quickly) 
must be of as simple a character as poslsible, and easily fixed or 
removed for cleaning. . 
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Oonditions affecting Beparation.-In the first place the speed of 
the bowl must be sufficiently high, or separation will be incomplete; 
while the slower the milk is passed through, the more effectual ia 
the centrifugal force to which it is subjected. It is essential that the 
milk should be at a suitable temperature to obtain the be~t re~ults, 
and it is found that the cleanest skimming, with the least 108s of fat, 
is effected when the temperature is from 120· to 130· F. If 
a minimulll temperature of 90· F. can be maintained this will produce 
efficient separation. Before commencing to separate, ('are should 
be taken to see that all parts have been put together in their proper 
order, and all bearings are well oiled. The bowl should then be flushed 
out with a quart or so of warm water in order to prevent excessive 
vibration while the speed is being got up, and the undue chilling of tho 
milk on entering the bowl. Speed must be got up gradually and 
maintained uniformly throughout separation at the stated number of 
revolution:; per minute. After separation, the bowl should be flushed 
out with separated milk or warm water in order to force out any cream 
adhering to it, and also to facilitate subsequent washing. All parts of 
the separator should be washed, first with warm water to remove all 
grease, etc., and then thoroughly scalded and dried. 

In working a separator the instructions accompanying the machine 
should be carefully studied, and it is most important that the machine 
should be firm and perfectly level, which is usually accomplished 
by letting it into a stone, and this should if possible be entrusted to 
practical workmen. 

The .i1uto-Beparator is a self-acting separator recently devi~d 
by Mr. G. H. Strawson, which depends for its working on the force of 
gravity instead of centrifugal action. Cream globules average about 
~ inch in diameter, and are about 10 per cent lighter in 
specific gravity than milk, and the cream was formerly obtained by 
setting milk in shallow pans as already described. The globules of 
cream at the bottom of a pan 3 inches deep must travel 6,000 times 
their own diameter to reach the surface, and they have only their 
difference in specific gravity to force them through the milk, which 
requires a period of up to thirty-six hours' continuoull working. In 
the aute.-separator, on the other hand, these cream globules are only 
given one-fiftieth of an inch to travel, the fresh milk flowing {rom 
an incline as a thin film, and thus they have only 40 times theil' 
diameter to travel instead of 6,000, which enormously increa~8 the 
rate of separation. Moreover, the action is accelerated by the fact 
that the film of milk is in motion, and thus assists in freeing the fat 
globules. In practice the fresh milk is fed by a tap on to a flat 
surface, slightly inclined. over which it spreads evenly and flow. 
towards a little lake below. After a short time the cream globnlell 
may be seen gathering on the top of the milk, and although the depth 
of the stream is here only one-fiftieth of an inch it actually consists 
of two layers of liquid. The bed of the stream then goes down below 
the surface of the lake, 80 that the surface of the stream and the 
surface of the lake are at slightly different angles. When the stream 
enters the lake it becomes deeper and slower in proportion, and the 
thickness of the films of cream and milk increases. The lake deepens 
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into a little well 1 or 2 inches in depth, and the liquid over this is 
still in two layers, the cream at the top being about one-eighth of an 
inch in thickness and the milk about seven-eighths. The milk and 
crea.m ther. flow over two little spouts both nearly at the same level. 
The cream id taken off by one spout from the surface of the lake, but 
the sepa.rate<J milk has a shield before the other spout, compelling it 
to take Its feed from the bottom of the well, and th:s effects efficient 
separatiou between the milk and cream. 

Tho machine is made all in one piece, and possessing no mechanical 
parts is extremely simple and labourless, but the only real criterion 
of its capabilities will be the result of practical trials. 

In order to ascertain the actual percentage of butter fat in cream, 
provided the fat percentage of the milk is known, and the percentage 
of the creaN taken off, the following formula is generally used, and 
which allow.l for a maximum loss of '1 per cent of fat in the separated 
milk :-

Percentage of fat in cream = 
(Percentage of fat in milk-·1 loss in separating) x 100 

Percentage of cream taken off 

If tho percentage of butter fat in both the milk and cream be 
known the percentage of cream taken off from the milk by the 
separator may be ascertained as follows :-

Percentage of cream taken off = 
(Percentage of fat in milk - loss in separating) x 100 

Percentage of fat in cream 

Butter-making.-In order to be able to produce good butter it is 
necessary that every possible care is taken to keep the milk clean 
from the time it leaves the cows until it is separated, similar attention 
bein~ paid to the cream, until it is placed in the churn; as should either 
the milk or cream come in contact with an impure atmosphere the 
flavour of the butter will most assuredly become affected, taints or the 
degree of rancidity increasing the longer it is kept. 

The quality or good flavour in butter is dependent upon many 
conditions, as, for example, the breed of cow, its health, and the 
manner in which it has been fed, some foods, like crushed oats,. 
imparting an agreeable flavour, while an excess of most oily foods, 
such as linseed, accounts for the butter having a peculiar oily or 
tallowy taste; decorticated cotton cake tends to make butter firm, while 
some foods, as, for example, linseed cake, have a softening effect. 

Green foods, like cabbage aud more especially swedes, especially 
when thl! necks are not removed, and rotten turnips, impart what 
is known as a "rooty" flavour. Thus, it is evident that when 
butter possesses some distasteful flavour there must be some 
direct cause, and the sooner this is remedied the better. This can 
generally be accomplished by giving careful attention to .feeding. 
and in th.J treatment of the milk, and the ripening of the cream. 

Utensil,; and Water Supply.-In order to make good butter it is 
necessary to have an adequate supply of hot and cold water, both of 
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which must be from a perfectly pure source. A churn is the next 
essential (Fig. 227) and in the selection of this it is preferable to have 
one in which the lid is fitted with lever fastenings rather than 
a number of screws to keep it in po~ition. The make recommended 
is an end-over-end churn. It should be made of hard wood, and 

FIG. 22'7.-" End·over-End " Batter Cburn. 

must bo sufficiently large to prevent its being over-filled, as when 
this is the case the proper concussion of the fat globules in the cream 
is hindered. 

Other utensils consist of a butter-worker (Fig. 228), scotch handa, 
sieve, scoop, butter-board, thermometers (Fig. 229), pails (a white 

FIG. 228.-Bolter·.,orker. 

enamelled one being specially reserved for cream), a cream squegee, 
butter :!Duslin, straining cloth, etc. These and other additional 
accessories, together with their current prices, can be found in the 
catalogues of those firms which specialize in the manufacture of dairy 
utensils. 
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Treatment of Oream.-As each lot, or meal, of milk is skimmed 
from pans, or separated by machine, the cream should be placed in an 
earthenware crock, stirred, and covered over with a clean piece of 
butter muslin, and placed in a pure atmosphere at a temperature of 
about 65° F. in summer, and at not less than 60° F. in winter, to 
ripen, meanwhile being stirred at intervals during the day. If 
possiblo it is always advisable to churn at least twice a week, even 
although the quantity of cream may necessarily be small, as if 
churning is only performed once a week there is in summer a risk 
of its becoming over-ripe and producing sour-flavoured butter, while 
if kept at a low temperature for too long a period in winter bitter 
flavours are often developed. In skimming cream from shallow pans it 
is often difficult to avoid the incorporation of a quantity of milk with 
the cream, with the result that this settles at the bottom of the cream 
crock, where it rapidly becomes sour, and is then 
mixed with the' cream at each stirring, where 
it produces undesirable flavours or rancidity, 
which is afterwards transmitted to the butter. 

Before churning, the consistency of the cream 
must be carefully regulated so that it will 
just run freely off a plain wooden hand, and this 
is best effected by the addition of water of such 
a temperature that the cream is brought to the 
proper degree for churning when suffic:ently 
thin. Churning should be performed at a tem
perature of from 50° to 56° F. in summer and 
from 58° to 65° F. in winter, or a good rule is 
to take 56° F. as a standard temperature, and 
to raise or lower the temperature of churning 
1 ° F. for every 2° F. fall or rise in the tem
perature of the atmosphere. The temperature 
of the cream, and also of the churn, must both 
be the same when churning commences, or must 
be regulated so that the cream should remain 
at the correct churning temperature when ;in 
the churn. 

FIG. 229.-Dairy 
Thermometer. 

Treatment of Utensils.-Those who have watched 
butter-making competitions at the principal dairy and agricultural 
shows must have observed the amount of care taken in the prepara
tion of utensils before the actual process of churning begins. The 
churn and all utensils should first be rinsed with cold water, after 
which give II. thorough scalding with hot water, with the exception 
of the churn in hot weather. Finally, rinse with cold water, or 
brine, placing the smaller. utensils on the butte..r-worker in cold 
water, and covering the roller and board with damp butter muslin 
until required. After the butter has been made up, the churn 
and other utensils must be first washed with warm water to 
remove grease, and then thoroughly scalded inside with hot water, 
taking care to ventilate freely to allow the steam to escape. 
All metal fittings must be carefully attended to, as if left 
splashed with brine they will very soon become rusty. All muslin 



456 DAIRYING. 

and straining cloths must be carefully washed and hung up in 
the open to dry. 

Churning.'-The cream should be strained into the churn through 
a straining cloth in order to remove all lumps, and in no case must the 
churn be filled more than half full. Begin by churning slowly. 
ventilate freely at first, and note that the cream falls from one end of 
the churn to the other at each revolution, and gradually incre&.llo the 
speed to the number of revolutions recommended by the maker of 
the churn, usually about 50 revolutions per minute. 

The student will soon become familiar with the different Bounds 
of the falling cream within the 'churn due to the alteration in its 
consistency. Stop churning as soon as the butter commences to 
collect, ad indicated by the clearing of the glass window in the churn 
lid. At this stage take the temperature of the cream, and add about 
a quart of "breaking" water, in order to reduce the temperature to 
that at which churning was commenced, to facilitate the removal of 
the butter-milk, and, to harden the grains of butter. Replace the 
lid, ventilate, and continue churning slowly until the butter granules 
are about the size of small wheat grains, or mustard seed, 80me butter
makers preferring the grain even smaller . Now remove the lid and 
draw off the butter-milk, allowing it to pass through the sieve over 
which a fine butter muslin has been tied, to arrest any grains of butter 
escaping with the butter-milk. Insert the plug firmly, and wash 
the butter thoroughly by giving the churn a few brisk turni~s. 
having first added sufficient water to admit of the grains being well 
floated and washed free from buttermilk; the temperature of the 
washing water must be regulated inversely to that of the dairy. 

Salting.-The next process is that of salting, and this may be 
performed either by placing brine in the churn or by adding dry 
salt when the butter is on the worker. The brine should be composed 
of about 1 or 2 lb. of salt, dissolved in each gallon of water, while if 
dry-salted! to loz. of salt may be used for each pound of buUer, and 
in the latter process it is most essential to allow the 8alt time to 
dissolv3 before finally working and making up. 

By brining the butter over-salting is impossible, as the butter only 
absorbs a maximum quantity of about t oz. per lb. by this method, 80 
that if additional salt is required this must be added in the dry state . 
.Allow the brine, which must also be regarded in the light of a washing 
water, to remain in the churn for from fifteen to twenty minutea, or 
even longer in hot weather in order to thoroughly harden the grains. 
Do not draw off the brine until all Hie butter has been removed to the 
worker. 

Working and Making up.-Practical experience alone can guide 
the student in the manipulation of the butter-worker, and in making 
up the butter into pounds or half-pounds as the case may be. The 
butter graina must be rolled together very carefully, such pressure only 
being applied, that in excluding the moisture the texture or grain 
of the butter is not destroyed by working and rubbing it into a putty
like mass, which when broken open does not exhibit a nice fracture 
with that clearly defined granular appearanoe characteristic of care
fully made butter. Sufficient rollings on the worker must be given 
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to rid the butter of all superfluous moisture, as according to law the 
moisture content of butter in Great Britain must not exceed 16 per 
cent; or 20 per cent in the case of Irish butter. 

In making up the butter the scotch hands should be used, and the 
butter firmly consolidated and pressed into straight-edged bricks with 
firm sharp blows of the scotch hands, taking care to keep the sides 
parallel and the bricks uniform in size. The butter should then be 
weighed, wrapped in dry grease-proof paper of good quality, and 
preferably packed in small chip- or card-boxes. The careful packing 
and marketing of the finished produce are of no small importance, and 
if the butter is neatly made up this will always enhance its market 
value. 



CHAPTER II. 

HARD CHEESE-MAKING. 

CHEESE-MAKING is the art of converting the valuable constituents 
of milk into a state of preservation, fit for future consumption. A 
large amount of the liquid portion of the milk, commonly known u 
whey, is expelled, removing with it practically the whole of the milk
sugar; thus, by the removal of a fermentable agency (lacto.e) too 
rapid decomposition is hindered. 

The casein and the residuum of lactose furnish a field for bacterial 
action. Certain complex changes are thus engendered which, if the 
desirable fernients are present under suitable conditions, result in 
the proper and correct ripening of the cheese. 

All who wish to master the art and principles of cheese-making 
must learn to control the ferments or agents responsible for these 
complex changes, for they may be either friends or enemies. If nnder 
proper control, they bring about the desired degree of acidity during 
the process, and later assist in the due and proper ripening of the 
cheese; if not properly managed they are a serious menace. 

When weather conditions are in favour of an abundant flow of 
milk, the cheese-maker's prospects are, as a rule, favourable-provided 
good prices are maintained. It is difficult to surmise the preci!18 
tendency of our extremely variable climate, for even when signa 
are not lacking of a plent:ful supply of grass there is always the 
danger 01 drought appearing when least expected. And in a dry 
season it is better to find a ready market for milk than to make it. 
into cheese. Cheese-making is only profitable when the article pro
duced is of first-class quality. It is an art that defies any but the 
most careful and attentive practitioners to gain substantial profits. 

Average quality milk, with a butter-fat percentage of 3·5, is the 
most economical to use. Some cheese-makers, however, rob the milk 
of a little of the cream for the sake of a petty and often imaginary 
gain. With suitable milk, 1 to 11 lb. of good cheese can be produced 
from each. gallon. This, on the average, realizes from 6el. to 7el. per lb. 
wholesale. When retailed, good Stilton and Wensleydale cheeses 
command from lB. to lB. 3el. and good .. fat" Cheddars Bel. to 
9el. per lb. 

English-made Cheddar is undoubtedly one of the finest types of 
cheese known in the world, and reasonably good Cheddar can be 
produced on almost any farm. In Cheshire, Shropshire, StaJfordshire, 
and North Wales, .Cheshire cheese-making predominates. It i. 
manufactured in three varieties--early ripening, medium, and late 
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ripening. 'l'he second named is perhaps the most esteemed. It 
return" a good profit to the maker, being placed on the market at an 
early date, especially in the large industrial centres. 

In tha West of England, Wilts, and Dorset in particular, and also 
in Scotland, the Cheddar process is more in vogue. Of other dis
tinctive .varieties of hard-pressed cheese there are; Derby, Leicester, 
Lancashire. Gloucester, Dunlop, Caerphilly, and Wiltahire 
"Truckles ", also the Smallholder, or Kingston cheese. The varieties 
of soft cheeses made in this country are mostly of foreign origin, 
with the exception of Cream, Bath, Slip cote, and Cambridge or York. 
These latter varieties are the most familiar to cheese-makers in this 
country. Among other soft or fancy cheeses, more or less extensively 
made in this country are Camembert, Coulommier, Gervais, Bondon, 
Pont l'Ev~que, Colwick, and Little Wensleydale. The Wensleydale 
"is a blue-veined cheese, equal if not better in some respects to the 
famed Stilton. It is made in some parts of Yorkshire, and may be 
compare,l with the finest type of Gorgonzola; at all events, its quality 
is such that it should surely supplant the third-rate Gorgonzolas that 
are an inevitable item on nearly every restaurant menu. The Dorset 
or Blue Vinny is also a very popular blue-veined cheese. 

The Milk Supply.-There are several matters which have created 
great changes in agriculture and dairying of late. The conversion 
of tillago into pasture, the use of artificial fertilizers, new and 
improved systems of farming and drainage, and modern inventions 
and appliances have all contributed to these changes. 

The rich pastures of Somerset and one or two adjacent counties 
are still renowned as cheese-making centres, and in Cheshire, 
Leicester. Derbyshire, Gloucester, Dorset, and parts of Shropshire 
some of the best natural pastures in England are to be found. 

Alluvial, marly, or loamy soils are naturally adapted to dairying, 
and a mild. humid climate, in which extremes of heat and cold are 
unknown, is to be preferred. Yet; at the same time, dairying is 
carried on. more or less successfully, in almost every part of the 
country, both on cold wet clays, and on light, dry, sandy soils. 

Herbage.-Where new milk is sold, a mixed system of arable and 
dairy farming on good medium soils and average-sized farms is to 
be recommended. Pasture is, of course, the most valuable asset on 
any dairy farm, but in order to keep up the winter milk one must 
look further ahead. Fodder crops, such as mangolds, swedes, vetches, 
maize, cabbages, kohlrab:, etc., are invaluable to the milk-seller. 
Under modern conditions the same system applies with equal force 
to the cheese-maker. Milk is a valuable product in the winter 
months, and the price obtained for it should, under proper manage
ment, yield a fair margin of profit, in spite of the extra cost of 
concentrated feeding-stuffs. The cheese-maker, however, depends 
on pasture grass to furnish the ent:re needs of his cows in 
summer. 

In Melton Mowbray, which is the Mecca of the Stilton cheese
maker, or even in Ayrshire, no attempt is made to commence 
operations until the arrival of milk from grass-fed cows. The 
Cheddar makers are not so particular; their season commencing as 
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soon as the supply of milk is good, and irrespective of the food of 
the cows. 

The character of the herbage of grass lands has an undeniable 
influence on milk production, and butter and cheese are alike allocted. 
Of most practical importance to the cheese-maker is the character of 
the plants composing the herbage of his grass lands. Good drainage 
and clean cultivation encourage the finer and more nutritious grasses 
and plants, and the use of potassic and phosphatic fertilizer. tonds 
to improve their quality. 

Poisonous and Injurious Plants.-Cheese-makers-no lcs~ than 
buttcr-makers-should be aware of the nature and ellects of thoso 
poisonous and injurious herbs and plants which impart undesirable 
taints 0" flavours to milk, butter, and cheese. The student of dairying 
will do well to make a collection of these plants, dry them between 
sheets of coarse brown paper, press them, and mount each specimen 
on a clean sheet of paper. Appended will be found a table giving 
the various plants which may be included in this category. Pepper 
saxifrage is responsible for frothy cream, while butterwort causes 
"stringy" or "ropy" milk. Peppermint is a very pungent species 
of mint, and interferes with and sometimes prevents the action of 
rennet in milk. Monkshood is one of the most virulent of all poisons, 
and cows partaking of its leaves have been knowll to die; it is 
fortunately not so common as it was some twenty years ago. The 
effect of mustard garlic is familiar; it must not be confused with 
broad-leaved garlic or crow garlic, both of which impart a strong. 
onion-like flavour to milk. 

COMMON NAME. 

Broad-leaved Garlic 
Butterwort 
Celery-leaved Crowfoot 
Common Monkshood 
Corn Chamomile 
Cowbane 
Crow Garlic 
Cuckoo Pint 
Fool's Parsley 
Garlic Mustard 
Hawkweed 
Hemlock 
Ivy 
Pasque Flower 
Pepper Saxifrage 
Peppermint 
Stinking Chamomile 
Tansy 
Wild Chamomile 
Wild Radish 
Woody Nightshade 
Wormwood 
Yew 

BOTANICAL NAME. 

Allium ursinum 
Pinguicula vulgaris 
RanuncuZus see/eralus 
Aconilum NapelluB 
Anthemis arvemis 
Cicuta virosa 
Allium vineaZe 
Arum maculalum 
.lEthusa cynapium 
Sisymbrium alliaria 
Hieracium Pilosella 
Conium maculatum 
Hedera Heliz 
Anemone Pulsalilla 
Silaus pralensis 
Mentha piperita 
Anthemia Cotula 
Tanacelum vulgare 
Matricaria chamomilla 
Raphanua Raphanistrum 
Solanum dulcamara 
Artemisia Absinthium 
TazUB baccata 

NATURAL SOIL OR 
SITUATION. 

lIfoi.t soils. 
Marshy places. 
Meadows. 
Hedgerows. 
Cornfields. 
Pools and ditches. 
Ditches and banks. 
Wet pastures. 
Pasture •• roadsides . 
Roadsides. 
Dry soils. 
Ditches. 
Hedge. and on trees. 
Chalky pastures. 
Meadow •. 
Ditches. roadside •. 
Ditches. waste land. 
Waste places. 
Waste places. 
Waste ground. 
Hedgerows. 
River banks. 
Any soil, in hedges or aa 

trees. 
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THE CHEESE-MAKING DAIRY. 

Dairies may be constructed for any particular purpose-milk
selling, butter-making, or cheese-making. Model dairies are not 
alway3 well adapted for the purpose for which they were built, and 
are therefore often impracticable. A cheese-making dairy must 
consist of at least four separate compartments :-

1. Th3 making-room, conta:ning nothing but the milk and curd, 
and the appliances neces~ary for their manipulation. 

2. The press-room. 
3. The hot-water room and washing-up house. 
4. The curing-room. 
In large dairies there is also a whey-room, but in a small dairy the 

whey is usually taken away directly it is drawn, and utilized for 
feeding pigs. The curing or cheese-ripening room may be over the 
dairy and bo]er-house, and approached from the latter by means of 
a wide staircase, or connected by means of a lift; this plan is usually 
adopted where the building is of such a height as to correspond with 
the dwclling-house. The cheeses keep well for a few weeks in the 
ripening-room above the press-room, but if they are to be held for 
a long time they should be removed to a cooler room. 

Situation and Aspect.-A well-equipped dairy should occupy an 
open, healthy site, as far removed as possible from the piggeries, 
cattle sheds, yards, stables, etc. If attached to a dwelling-house it 
should be on the north side; or, if the house faces south-east, the 
aspect of the dairy should be north-west, so that the sun may cro~"S 
it during the day. If butter-making is to he included as part of the 
business, this situation is the best that can be adopte:l, for a south 
frontag3 is unsuitable in such a case. Strong sunshine is apt to 
exert a harmful effect upon milk and curd; hence it is advisable 
to shelter the south windows with a verandah roof. 

Other points to be borne in mind in planning a cheese-making 
dairy are convenience and economy, the control of temperature, the 
soakage of surface water, the water supply, and the drainage system. 
It may be further remarked that where the stock number from fifty 
to sixty head of cows a ground area of about 27 by 18 feet is required, 
the height being not less than 12 feet. A hollow brick wall is to be 
preferred, and glazed windows should be inserted on the north, south, 
and east sides. Each window should be fitted with a sliding casement, 
and protected on the outside by finely perforated gauze. The floor 
is best made of hard brick or encaustic tiles with a smooth surface, 
tilting slightly towards the gutters. 

Drainage. - The drainage from cheese-making dairies should 
receiN special attention. It contains the washings of cheese-cloths 
and appliances, and is greasy, caseous, acid, and ready for quick 
decay or putrefaction. It must not be discharged anywhere near 
the dairy or dwelling-house, but should be led through the walls of 
the dairy by means of well-trapped drains outside, into a cesspool 
some distance away. No closed or other drains from the outside 
should have access to the dairy; inside, the best material is to be 
found in shallow glazed channels or cementei open drains. Perhaps 
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the best means of dealing with the sewage from a cheese-making 
dairy is to collect it daily in a small tank, where · the 8uspendoo 
impurities may be chemically precipitated. by means of ferrous 
sulphate or some other- cheap chemical. 

Heat, Light, and Ventilation.-These are three important factors in 
a cheese-making dairy. Lack of warmth in spring and autumn often 
interferes with the manufacture, and the loss so incurred. would be 
more than covered by the installation of hot-water pipes, radiator, 
ora slow-combustion stove. The curing-room is best heated with 
hot-water pipes, laid close to the walls, and, to preserve an even 
temperature, the roof joints should be boarded and covered with felt, 
the roofing being composed of tiles in preference to slates. Abundance 
of light is essential, and ventilatora should be placed both below and. 
above tu permit the air to circulate properly. 

The Boiler-house.-In an ordinary sized dairy tho boiler-house 
should have a ground area of 21 by 15 feet; and if detached from 
the dairy, or abutting on to it, the Hoor and windows should be in' 
keeping with those of the latter building. For genera.l purpo!les, 

a small saddle-boiler with the necessary supply of ho~water tanks 
and other appliances, including a pump for drawing water from the 
well and keeping the boiler supplied, prove very effective. It presenta 
few difficulties in management, and is also economical as regards fuel. 
Further, in such an installation, cold and hot-water taps can easily 
be fixed in all parts of the dairy, and also in the dwelling-house if 
desired. 

Appliances.-The complete equipment of a cheese-making dairy 
is a somewhat costly matter, for the utensils required are very 
Dumerous. Space will, however, only admit of a reference to those 
of .the most importance. 

Milk Vat8 or Chee8e Tub8.-Several Dew and. improved types of 
cheese vats havo recently been placed on the market, and they can 
be obtained in all sizes from 40 to 400 gallons capacity. A good 
cheese vat (Fig. 230) should consist of an inner case made of tinned 
steel, and an outer one of iron, painted and grained, and fitted with 
pipes for a. steam connexion. It must also be fitted. with a. whey plug, 
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water cock, and whey filter. Supposing the number of cows varies 
from thirty to thirty-five or forty, the maximum capacity required 
will bo 150 gallons; and an up-to-date cheese vat of this size will 
cost something like £15 108. 

C.url Mill:-A Cheshire pattern curd mill should .admit of taking 
to pieces easily, so that the parts can be cleansed Without difficulty. 
A w~ll-known type. of curd mill is fitted with two spiked rollers, 
worklllg up to a spiked . breast. The hopper is best made of block 
tin, and the mill is mounted on a cast-iron stand, there being sufficient 
space underneath for a large pan to receive the broken curd. A mill 
can also be obtained adapted for fixing to the cheese vat or tub. 

Pre88es.-Improved types of lever presses (Fig. 231) are obta:nable 
in all sizes and at all prices. A patent compound lever is fitted to 
most up-to-date types, and the legs are furnished with rollers to 

FIG. 931.-Double Chamber Hard Cheese Press. 

facilitate movement in the dairy. Modern levers are a vast improve
men~ on the old stone presses. 

lloops.-Wooden hoops for Chedda.r-shaped cheeses should be ma~e 
of well-seasoned oak with wrought-Iron bands; they are made III 

various sizes, from 8 to 10 lb. capacity, costing from 8s. 6d. to 228. 
each. Tinned steel hoops (Fig. 232) are preferred to wooden ones by 
some, as they are more easily cleaned, lighter to handle, and the 
cheese i3 more readily removed than from the wooden hoops. 

Miscellaneous ..Il.ppliances.-In addition to the above, the utensils 
required in Cheddar cheese-making and oth~r systems includ? the 
ordinary milk-pails, coolers, shallow pans, milk and curd stralllers. 
curd shovels, tin whey syphons, curd breakers, cheese stools, brushes, 
tasters, curd cooler with draining racks, salt scales, weighing machine, 
thermometers, testing iron, dippers, measuring glasses, draining and 
cheese cloths, and acidimeter. 
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Treatment of the Milk.-Milk must be clean and free from taint in 
order to make the finest quality cheese. Ayrshire milk is perhaps 
best suited to cheese-making, although the majority of makers in 
this country use the milk of the Shorthorn. The following are IIOme 
important points which should be observed closely by every cheese
maker :-

1. Milk which has been produced in badly ventilated stables or 
carried in dirty pails becomes tainted, and for this reason the cheese 
made frolI'. such must be allowed to attain a greater degree of ripeness 
before vatting. 

2. Milk tainted with undesirable bacterial ferments will produce 
chees(l of inferior flavour. 

3. Milk yielded by cows that have been fed on clover and aftermath 
will result in "heaving" cheese. 

4. Acid preservatives must never be used in milk intended for 
.cheese-making. 

5. Milk that is rapidly cooled immediately after milking to a 
temperature of, say 55° F., will keep sweet twice as long as ordinary 
cooled milk. 

FIG. 232.~edd .. r or Cheshire Cheese Hoop. 

6. Acidity in milk is caused by lactic acid producing bacteria. 
which convert the milk-sugar (lactose) into lactic acid. 

7. Ii the evening's milk is not cooled properly it will become 
-excessively sour or acid by the morning. The temperature to which 
the evening's milk should be cooled is about 70° F.' in spring and 
.autumn, and a few degrees lower in the summer. 

8. Cooling prevents the growth of many bacteria, and the degree 
to which cheese-making milk is usually cooled on the farm is most. 
.suitable for the right kind of lactic acid producers. 

9. Large quantities of milk must be cooled to a lower temperat~re 
than small quantities, as they retain heat longer, and gather acidity 
-quicker. 

10. Where the home milk is supplemented with purchased milk. 
it is advisable to cool the latter, and, after mixing it with the morning's 
milk, the contents of the vat should be inoculated with a pure culture 
·of lactIe acid. 

11. In order to keep the contents of the vat free from dust and 
.dirt, it should be covered with a muslin cloth during the night. 

12. The cream that has risen during the night must be skimmed 
-off, heated to 100° F., and then stirred in with the morning's milk. 
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13. A special dairy" float" thermometer should be used in order 
to determine the temperature. 

Ripening the Milk.-Ripeness in milk is really a stage of fermenta
tion, and this must attain to a certain degree before the milk can be 
considered ripe or ready for renneting. For the hard-pressed varieties 
of cheese an acidity of from 0-20 to 0-22 per cent is desirable. Many 
cheese-makers have trained and sharpened their senses of taste and 
smell to such a pitch that they can tell, with a very fair degree of 
accuracy, the amount of lactic acid present in the milk. This may 
prove a fairly reliable guide for old and experienced hands; but for 
young and inexperienced cheese-makers there are safer and more 
reliable tesU! in the shape of acidimeters, etc. 

The Importance of Acidity.-k knowledge of the acid contents of 
milk intended for cheese-making is most desirable, for the proper and 
safe control of the different ferments cannot be gained unless this 
exact knowledge is acquired. Perhaps the most practical form of 

FIG. 2SS.-Dairy Acidimeter. 

acid test is the dairy acidimeter (Fig. 233). The main principle upon 
which tho working of an acidimeter is based is that it takes a certain 
amount of caustic soda to neutralize a certain amount of lactic acid; 
and an indicator known as phenol phthalein is required in order to 
show whee this neutralization has taken place. 

Materials and Apparatus. - The alkaline solution is prepared by 
dissolvinb" 4'5 grams of 98 per cent pure caustic soda in a litre of 
distilled water; unless one has a knowledge of analytical chemistry, 
it is preferable to obtain a properly prepared solution from a chemist. 
This should be of such strength that 1 cubic centimetre of it will 
exactly neutralize 0-01 gram of lactic acid. The apparatus required 
consist~ of a burette and stand, pipettes, porcelain basin; drop bottle 
for indicator, and stirring rods. The whole set can be obtained, 
together with one litre of standard caustic soda solution and 150 c.c. 
of phenol phthalein, at a cost of 15s. 6d. 

Hh 
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Example o( a Test.-The method of using the acidimeter can 
perhap~ be best explained by giving an example of its use ; 10 C.c. of 
the sample -to be tested are carefully measured out by means of 
the pipette, and then placed in the porcelain dish. Three or four 
drops of phenol phthalein are then added. A quantity of caustic BOds 
solution is placed in the burette, the reading being, l18y (for the 
purpose of our example), 15 C.c. It is then allowed to fall, drop by 
drop, into the milk, stirring the contents of the porcelain dish in 
the meantime. Presently a faint pinkish tinge will become visible, 
and as soon as this happens no more caWltiC soda solution must be 
allowed to mingle with the milk. The reading of the burette is then 
taken, say 17'2 c.c., from which it is concluded that 2'2 c.c. of 
alkaline solution have been required to neutralize the acid contents 
of the milk. Therefore, if 2'2 c.c. neutralize 10 C.c. of sample, and 
1 c.c. neutralizes 0'01 gram of lact:c acid, 2'2 c.c. will neutralize 
0-01 by 2'2 grams = 0'022 ; and if there is 0'022 In"ams of lactic acid 
in the sample (10 c.c.) of milk, there will be 0'22 grams in 100 c.c. 
Thus the acidlty of the milk is reckoned at 0·22 per cent. As 
a rule, taking the Cheddar system as an example, the average acidity 
of the milk on starting is 0'23 per cent; that of the whey, on cutting 
the curd, is 0'14 to 0'15 per cent; when the whey is drawn it i. 
0'19 per cent; in the curd, at the grinding stage, it is 0-8 per cent; 
and when ready for the press, 0-9 to 1'0 per cent. 

Rennet Tests (or Acidity.-The percentage of lactic acid in milk 
can also be readily determined by the means of a rennet test. 
A simple method of testing is as follow8 :-take 4 oz. of milk and 
1 drachm or 3! C.c. of rennet, and bring both to a temperature of 
84° F. Place the rennet in a cup, together with three or four short 
lengths of straw as indicators. When the temperature i. at the 
required degree, pour the m:lk into the rennet cup, and commenae 
stirring at once with the thermometer. Continue this stirring for 
15 seconds and remove the thermometer: the latter should then read 
84° F. When the straws stop moving and become suddenly stationary, 
make a note of the number of seconds that have elapeed since the 
rennet first came into contact with the milk to the moment at which 
the straws ceased moVing. The number of seconds indicate the 
rennet test, and give some idea of the rate at which acidity is 
progressing. 

The Marshall test is another simple means of ascertaining the 
acidity of milk. The chemicals used are very cheap, and the whole 
apparatus, together with a supply of materials requisite for about 
1,000 tests of milk, can be obtained for about 10,., with full instructions 
for use. 

Wisconsin Curd Test. -This is a very useful moje of te3ting the 
general quality of the milk intended for cheese-making. Wide
mouthed glass jars, fitted with tin caps, are nece8118ry, into each of 
which about a p:nt of the different I18mples of milk to be tested should 
be placed. The jars are then immersed in hot water in a tub, and the 
milk brought to a temperature of 98° F. Tendrope of rennet are 
next added to each jar and thoroughly mixed w:th the conteuts'. 
Presently, the milk will coagulate, and as soon as the curd becomes 
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fairly :firm it is cut into small pieces. The whey is poured oft' as 
fast as it separates from the curd, the latter being kept in 
a temperature of 980 F., for eight or nine hours. At the end of this 
time it is examined, and, if :firm and solid, the milk from which it was 
obtained may be depended upon as be:ng good and clean, and well 
fitted for cheese-making. If it is honeycombed with small holes, 
the milk may be put down as tainted with undesirable bacteria; 
it would in all probability give rise to serious trouble in the process of 
making tho cheese. In this manner bad milk can be detected, and 
its degree of fermentation indicated. 

The Use of Starters.-In all hard-pressed cheese-making systems 
it is a wise plan to make use of a starter for ripening the milk. 
Many successful makers agree that the use of a starter, or pure 
culture of lactic acid in a quantity of milk, not only hastens the 
ripening of that milk, but the flavour of the cheese will depend 
somewhat on the flavour of the culture used. Starters are of three 
kinds: (1) s:mple, natural, ripening, controlled principally by the 
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FIG. 2S4.-Drop of Sour Buttermilk·magnified. 

temperature; (2) naturally ripened agents, such as sour whey, 
buttermilk (Fig. 234), or ripened milk; and (3) pure cultures of 
lactic acid and desirable bacteria. 

Natural Starters.-Sour whey, held over from a previous day's 
making. was at one time one of the c?mmo~est for.ms of starter, ~r 
" kindler ". The disadvantage of usrng this medium, however, IS 

that in the event of the whey having acquired a strong, disagreeable 
odour this defect will be transmitted to the cheese manufactured 
from 'it. Sometimes whey starters are obtained from other sources, 
where the cheese is known to be turning out satisfactorily; but rarely 
can they be depended upon to give the best results. Pure-culture 
starters are much preferable. With the natural ripening process 
there is much uncertainty as to the nature and extent of the 
fermentations which have been set up in the milk overnight. 

Pure-culture Starters. --:- These are produced by cultivating the 
desired bacterial organisDlS in a suitable medium, and propagating 
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them from day to day in Pasteurized separated milk. It i. well 
recognized that the quality of the cheese is more uniform when 
a pure-culture starter is used than when the natural ripening prO<"es8 
or even home-made starters are employed. Many of the leading 
makers of Cheddar cheese have adopted this system, and it is being 
widely extended, both in the manufacture of butter and che_, 
through the educational methods practised at all the dairying institu
tions ano. colleges throughout the country. These in8titutiona, by 
the way, furnish the best sources of information as to the Ub98 and 
advantages of pure-culture starters; and supplies can usually be 
obtained through them. Not only does this ripening agency assist 
materially in the souring of milk and in the development of the correct 
amount of acidity, but it is possible, by its use, to make marketable 
cheese from bacterially-contaminated milk, which otherwise would 
have produced a tainted, valueless article. 

Heating the Milk.-The coagUlation of the casein is brought about 
by the action of rennet, but before this addition is made the mille 
must be brought to a suitable temperature. This proceSil is important, 
but it hai been greatly facilitated by the introduction of new and 
improved types of cheese vats, with the use of live steam as a heating 
agency. Reference has already been made to jacketed vessels, which 
permit of the inner vat being surrounded by water, into which live 
steam can be driven. The milk can be heated to a more exact 
degree by their use than by the old-fashioned system, and there is less 
danger of over-heating. In a steam-jacketed vessel of thi. kind 
care should be taken to turn off the steam when the temperature of 
the milk is several degrees below the renneting temperature; and 
the milk should be kept thoroughly well stirred in the meantime. 

The rate at which the temperature of the water is raised will 
determine the stage at which the steam is turned off. The slower the 
rate of heating. the nearer may the temperature of the water approach 
to that of renneting. Over-heating will prevent the proper action 
of rennet, for an excessive temperature will change its character, and 
the lime salts in the milk, which react with the rennet, will be rendered 
partly abortive or insoluble. If steam-jacketed vessels are not used, 
and the temperature is simply raised and regulate;! by heating small 
portions of the milk and returning them to the bulk 80 as to bring 
the latter to a uniform temperature, care must be taken not to heat 
any portion over, say, 120· F. It is preferable to heat several small 
quantities of milk to this temperature than to heat one portion to an 
excessive degree. 

Supposing, for example, 40 gallons of milk, at a temperature of 
75· F., are to be raised to a. temperature of 85· F., it will be 
necessary to know to what temperature a portion of thia 40 gallons 
-let lli! say 10 gallons-must be raised 80 as to produce this result 
in bulk. The required temperature may be arrived at by multiplying 
the total number of gallons of milk (40) by the number of degrees 
rise in temperature required (10), and dividing the result (400) by 
the numbel of gallons of milk to be heated (10); 400 divided by 
10 giveR 40, and this, added to the original temperature of the milk, 
gives 115°.. The requisite temperatllre to which the 10 gallons, must 
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be heated with therefore is 115° F. It is usual to take out about 
one-sixth of the quantity for this purpose. 

Rennet.-Rennet, which is a necessary ingredient in ordinary 
cheese-making, can be obtained in powder, liquid, and tablet form. 
It is used for the purpose of coagulating the milk, one of the enzymes 
of the extract, rennin, precipitating the casein in the form of a clot. 
The greater the acidity of the milk the quicker is the action of rennet; 
hence the first direct effect of acidity is to assist the rennet's action, 
while the soluble lime salts assist the action of this coagulati~ 
medium. Formerly, the rennet used was generally home-made, and 
even to-day Bome cheese-makers prefer this; in Buch cases the best 
quality of rennet is obtained from the stomachs of newly-born calves, 
and may be purchased in the form of dried vells at a cost of about 78. 
per dozen. These vells are cut into strips, soaked in strong brine 
for four or five days, and the liquid is then strained off. Many reliable 
rennet" can, however, be purchased in liquid form from manufacturers, 
and their use is now almost universal among makers of hard-pressed 
cheese. 

Rennet powder should be white, and easily soluble in water, 
without any traces of disagreeable odour. It should be uniform in 
strength, so that the quantity necessary for curdling a certain amount 
of milk can always be calculated to a nicety. Makers of good 
rennet powder consider that it will keep in any climate for any 
length of time. It is sold in tins contaiuing lIb. at a C03t of lOs. 
Each teaspoonful of rennet powder must be thoroughly dissolved in 
10z. of cold water, and sufficient powder for immediate use should 
be dissolved. Cheese rennet tablets are used in a similar manner 
to rennet powders, each tablet being suffic:ent to coagulate 15 gallons 
of milk. Tubes containing 20 tablets cost Is. ; tins with 100 tablets 
4s. each. The use of these tablets does away with weighing and 
measuring, and there is therefore no trouble in calculating the 
requisite quantity of rennet. A good brand of rennet extract is 
most essential. There are several preparations on the market, and 
they aro usually put up in earthenware jars at about 9s. 6d. per 
gallon, or in casks containing from 1 to 3 cwt. Graduated measuring 
glasses are necessary for use with liquid extract of rennet. In 
appearance it should be of a light straw colour, and is best kept in 
the dark in well-corked stone jars. 

Annatto.-Annatto is in certain cases used in order to colour 
cheese. It is a material obtained from the seed pods of a tropical 
bush called the Bixa orellana. A good extract of annatto should 
be p~re, strong, and perfectly harmless; there should be no s~diment, 
thus permitting it to be used to the last drop, and of course It should 
be absolutely free from aniline dyes. Annatto is liable to produce 
irregularities in cheese if not properly mixed with the milk at the 
right timo; similarly, there is the danger which may arise from its 
fermentation. and in tainted cheese the difficulty of "flying colour" 
may be encountered. About 2 oz. is usually sufficient to colour 
100 gallons of milk for, say, Cheshire cheese, or more may be used 
if a. comparatively deep colour is desired, as in Leicester cheese. 
when often 1 oz. to 10 gallons is used. Before using, the colouring 
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matter should be diluted with about six times its own bulk of water. 
Annatto extract of a good brand costs about 4 •. per quart bottle, 
or 148. a gallon jar. 

Salt.-Curd ripened without salt acquires a strongly bitter flavour, 
but this is neutralized if salt is used in sufficient quantities. Salt. 
also facilitates the expulsion of the whey, an:i, of courae, acta as 
a preservative. The moisture and acidity of the curd determine to 
a great extent the required proportion of salt which should be uged. 
In the Cheddar system lIb. of salt is usually addedi to every 60 lb. 
of curd. Needless to say, a good brand of d!.Liry salt is e3sential, 
for impurities introduced into the curd through this medium are 
detrimental to the cheese, usually giving rise to a. certain degree of 
bitterness, besides checking fermentation. The size of the grain' 
is of some importance, and it is generally held that for such cheese 
as retain the higher proportions of whey a coarse-grained salt ill 
preferable. For dry curd a finer salt will answer the purpose better. 

FIG.2S5.-Vertical 
Curd Knife. 

FIa.236.-Horizonlal 
Curd Knife. 

Treatment of Curd.-The shrinkage of the curd, and the consequent 
expUlsion of moisture, are brought about by the development of 
acidity, by the action of hea.t, the action of rennet, and pre88ure in 
presses. The proper and complete control of these facton is of 
the utmost importance in the manufacture of prime cheese. . 

The cutting of the curd into fine particle3 facilitates .. cooking .. 
by exposing a greater surface. Experiments have proved that 
-other conditions being the same-the smaller the curd is cut the 
less moisture there is when the whey is drawn and when hooped. It 
is recommended that cheese-makers should pOS'le83 a set of th!l dillerent. 
knives (Figs. 235 and 236), from! to t of an -inch, 80 as to be able 
to use them according to their desire to remove the whey quicker or 
slower. The golden mean for Cheddar cheese seems to be f to 
i in. knives, the important point being to leave the proper amonnt of 
moisture in the cheese when ready for the consumer. If the acidity 
is excessive, as in the case of over-ripe milk, normal conditions must 
be immediately re-established with counteracting agents. This is only 
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to be achieved by cutting fi'ner, and so getting the moisture properly 
adjusted in the curd prior to the expulsion of the whey. 

When cutting the curd, always aim to make the cubes of uniform 
size, an,1 follow any course that will help to secure this result. A 
curd thai: is allowed to become too firm can never be cut so well 
and evenly as one which is of the correct consistency, and if the cubes 
are irregular in size there will be different kinds of curd in the vat 
when the whey is removed. Similarly, if the curd is not properly 
firm before the whey is removed it will result in tender-bodied cheese 
that is described as "acid cut". 

A simple test to ascertain when the curd is ready to cut is when 
it breaks clean over the finger, or over the end of a thermometer 
passed lightly under the surface. 

The cooking of the curd largely determines its subsequent texture 
and body as cheese, and also the keeping properties of the latter. 
Various factors will influence the temperature to which the curd should 
be raised for cooking or "scalding" ; a.nd the season of the year, 
quality of the milk, and food of the cows, will all have their· controlling 
influences. As a rule the temperature varies from 940 to 1040 F., 
but it is a wise plan to avoid raising it above blood heat. Under the 
action of heat, so applied, the curd dries and shrinks, and this process, 
in conjunction with the proper development of acidity, gives it that 
property and consistency whereby the finest quality is developed 
in thtl product. It is of prime importance to control the fermentative 
and draining processes with a double rein, as it werc, for the best 
results are only secured when these are developed together, so that 
when the curd is just suflic:ently dry, the a~idity may be just 
sufficiently developed. If the proper texture in the curd cannot be 
secured, the heating temperature should be raised, and the same plan 
may be wisely adopted as the season advances and the milk becomes 
richer in fat. 

Modern curd mills have done away with a great deal of labour 
and inconvenience associated with the old plan of "crimming" by 
hand. The object of the process is to reduce the curd to particles 
of convenient size for receiving the salt, and for pressing it into 
a solid mass in the cheese-hoop in order to facilitate the expulsion of 
moisture, and also to cool it. 

HARD CHEESE-MAKING. 

A report issued by the United States Department of Agriculture 
mentions two hundred different kinds of cheese made in various parts 
of the world. In England, hard-pressed cheese is made under various 
systems of manufacture in different counties or districts. . 

Cheddar is perhaps the best-known type of cheese made. III ~he 
United Kingdom. It has a close, waxy texture, and should be rlCh 
and buttery in flavour, an~ full, mild, and" nutty". ~ good Cheddar 
cheese is close and firm III appearance and may welgh from 70 to 
100 lb. It will keep for nine or twelve months, and can be exported 
without damage. Originally it was made in Cheddar, Somerset, and 
after half a century or so the practice found its way into Scotland. 
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A brief description of the method of man"ufacture, as taught in all the 
dairying schools in the country, is as follows ;-

The evening's milk is cooled to 70' F. and vatted, the cream that 
rises to the surfaoe being skimmed olf in the morning; this cream 
is warmed and again mixed in with the contents of the vat, together 
with the .morning's supply of milk. About one-hall per cent of 
starter is then added for large quantities of milk, and from Ii to 
2 per cent for small quantities, and when the milk test shaWl from 
0"20 to 0"22 per cent of acidity, rennet is added at the rate of 1 drachm 
to every 3 gallons of milk at a temperature of 84° F. Two ouncee of 
colouring matter may be stirred into every 100 gallon. of milk at 
a temperature of 84° F. if thought desirable, but it must not be 
allowed to come into contact with the rennet before being used. Stir 
the rennet into the milk thoroughly, and agitate the surfaoe 80 as to 
prevent the cream rising. Then cover the vat lII'ith a clean cloth and 
leave tho contents to coagulate. In about forty or fifty minutes aftt>r 
renneting the curd should be cut both lengthways and crossways with 
the vertical knife and once each way with the horizontal knife, while 
some makers finish the cutting with the fine wire knife after the 
curd has been cut in .. blanket" form. Needless to say, a considcrable 
amount of care must be exercised in cutting the curd, for there may be 
a very serious loss of fat due to rough handling and untimely cutting. 

The acidity of the whey that drains out after cutting the curd. 
should be about 0"15 per cent. Stir and break up the curd continuously 
for about Ii hours while it is being" cooked" or scalded, IUld t,ben 
allow it to pitch; if, however, there is too much acidity in it do not let 
it settle at all. Scalding encourages the contraction and hardening of 
the curd, and so assists in the separation of the whey; the temperature 
of the scald must, however, be lower than usual for 8weet milk
generally produced on chalky soil&-and higher for acid milk, produced 
from clay land. As soon as the curd becomes springy Ilnd the 
particles do not adhere when pressed in the hand, it should be allowed 
to pitch for about fifteen minutes. The whey is then drawn olf when 
it shows 0"18 or 0"19 lIer cent of acidity. When the hot iron is applied 
to the curd it draws trtrings no longer than lin.; and aftt>r that the 
mass of pitched curd is cut up into 9 in. squaree and piled three 
deep at the end of the vat or cooler, strainer cloths, previonsly 
wrung out in hot whey, being flung over them. In about twenty 
minutes the curd will have become 8Olid, and after turning the pieces 
every fifteen minutes or 80, it should be milled when the hot iron 
draws threads 11 in. long. 

The curd should at this stage be in a Haky condition, smooth, 
compact, and fairly tough j about 11 hours usually elapse from the 
time of removing it from the vat to the time when it is milled. 
A ripe, creamy flavour will have developed, equal parts of whey 
and liqnid fat separating out on the curd being squeezed in the hand. 
Salt is then added at the rate of 1 oz. to 3 lb. of curd, the temperature 
of the latter at this stage being about 70· F. After salting, the curd 
is packed into moulds lined with coarse cloths, IUld a small pre38ure of 
2 cwt. applied gradnally, the weight being gradually increased until 
there is 10 cwt. pressure being exerted in abont two hours' time. 



HARD CHEESE-MAKING. 473 

Turn the cheese in the evening, and leave it under 20 cwt. for the 
night; then in the morning the cloth is removed and a little lard 
rubbed on. On the following day the cheese is bound with stout 
calico and placed in the ripening-room at a temperature of from 
58 to 62 degrees. 

Cheshire.-This variety is made under three different systems, the 
early ripening, medium, and late ripening. Medium ripening cheese 
is made from mixed milk heated to 86° F., colouring matter being 
added at the rate of 1 drachm to 3 gallons of milk. When the rennet 
test shows 22 to 23 seconds coagulation, rennet is added at the rate of 
1 p.rachm to 3! gallons of milk, stirring the same into the milk 
thoroughly for about five minutes. The milk is then allowed to settle 
for about five or six minutes, and the cream is gently stirred in. 
In from forty-five to fifty minutes the curd will usually be ready to 
cut. Cutting in this case must be performed very lightly and quickly, 
first lengthways and crossways with the vertical knife and next in the 
same fashion with the horizontal knife, afterwards being gently 
stirred so as not to bruise the curd. 

The scalding temperature is from 92° to 94° F.; the time twenty
five to thirty minutes, and the rate of scalding lOin four minutes. 
The curd should be gently stirred whilst it is being cooked, and also 
for a little while after finishing, and when it feels fairly dry it should 
be drawn and left to mat at one end of the vat; when it threads kin. 
on the hot iron, the whey is run oft' and the curd cut into blocks and 
placed one against the other at one end of the vat, under a rack and 
weight. On! in. threads being drawn-or when the curd tests at 
0'3 pe!' cent of acidity-3 in. cubes should be cut, placed on a rack 
in the bottom of the vat, and covered with a second rack and 
weighted, the cubes being subsequently turned every ten minutes 
until the curd tests to 0'4 per cent of acidity, or t in. threads can be 
drawn on the hot iron. 

At this stage the curd is ground and stirred thoroughly for five 
minutes. Salt should then be added at the rate of 10z. to 31b. of 
curd, and stirred in as thoroughly as possible. The temperaturEl 
should be from 75° to 80° F. After salting, the curd is filled in to 
cloth-lined moulds, and placed in a small room where a jet of steam 
can be turned on-or furnished with a properly constructed Cheshire 
cheese oven. In the morning a fresh cloth is put on, and a low 
pressure of 6 or 8 cwt. applied, the cheese being turned in the evening 
and returned to the press under 10 to 12 cwt. The coarse cloth is 
removed on the following morning and replaced by a fine one, and the 
chee&.:! is put back in the press under 20 to 2~ cwt. pressure. The 
next day it is taken out of the press, greased WIth hot butter or lard, 
and each end fitted with a "cap", and it is afterwards replaced in 
the press under 30 cwt. During the day the cheese ,must be turned 
again and the caps pressed ~n a~ tightly as possible, and in ~he 
evening or the following mornmg It should be tightl~ ba~daged Wlth 
strong calico 3! inches wide, and transferred to the riperung-room. 

Derbyshire Cheese. - This is a close-textured cheese, but not so 
waxy as Cheddar, and it is moderately so~t ~nd mellow, mild in 
flavour, and white in colour, each cheese wetghing about 30 lb. The 
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morning anJ evening milk are mixed and brought to a temperature 
of 84° F., the starter being added at tbe rate of from 1 to 1 per 
cent,. according to the rennet test. In a qual'ter of an hour', time 
or so, the milk should again be tested, and when the rennet tost 
indicates a 20 to 23 seconds coagulation, a drachm of rennet, diluted 
with threo or four times its volume of cold water, is stirred gently into 
every 3~ gallons of milk for about six minutes. 

In about fifty minutes, or as soon &8 the curd" breaks clean" over 
the end of the finger, it is usually ready for cutting. This must be done 
'as quickly and as lightly as possible. first lengthways and crosswaya with 
the vertical knife, and then lengthways with the horizontal knife, into 
! in. cubes. It is then stirred, from the bottom and the sides, for 
about eight or ten minutes, and afterwards scalded to a temperature of 
95° .at the rate of lOin 3i minutes, stirring gently in the meantime, 
until the curd becomes firm and the fragments do not contain mu('h 
moisture when split open. The sides of the vat are then rubbed down 
with tho hand, and the curd allowed to settle. The whey il drawn 
when! in. threads can be drawn out on the hot iron, and the cuni 
is scooped out of the vat on to a cloth spread over a drainer and 
gently stirred. 

After fifteen minutes, the curd is cut into eight pieces, and turned, 
so that the pieces are arranged two deep, and these are turned again 
at the end of a quarter of an hour and arranged four deep; in another 
fifteen minutes the pieces are once again turned and placed in 
a single pile. Hot iron tests should be made at intervals in order to 
ascertain at what rate the acidity is progressing; if this is taking 
place very quickly, the curd should be turned oftener, neither should 
it be piled so deeply nor kept so warm. The curd will eventually 
be ready for grinding when the hot iron draw@ 1 in. threads. 

After grinding and stirring for about ten minutes, 1 oz. of BBl~ 
is well stirred into every 41b. of curd, the latter being at thie stage 
at a temperature of from 74° to 75° F. It is then filled into moulds 
lined witlL damp cloths, and put under a very light press for three 
hours or so, increasing the weight gradually until some 8 cwt. is 
reached. In the evening of the same day the cheese should be turned 
into a freslL cloth and put back in the press under 15 cwt., the coarse 
cloth being removed on the following morning and caps fixed on the 
ends; afterwards the cheese is returnea to the press and put under 
a weigh~ of 25 cwt. Next day the caps are pasted down, and the cheese 
bandaged with strong calico. It may then be taken to the ripening
room and kept there at a temperature of 60° F. for four weeks, 
turning it each day during this time. After about another fortnight, 
in a faidy damp cellar, the cheese is usually ready for market. 

Leicester Cheese.-Flat, coloured, Leicester cheeses are very rarely 
made or even .consumed outside the eastern counties. They are 
disc-shaped as a rule, measuring from 17 to 21 inches across the 
top and from 5 to 7 inches deep. A good cheese of this variety i. 
almost aa rich as butter, and easily spreada on bread. It is not an 
easy variety of cheese to make, but the process is briefly as fo11ows:-

The evening and morning milk are mixed, after first skimming the 
cream from the former, and a pailful of warm milk is poured over 
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the cream to melt it, the latter being then carefully stirred into 
the content<; of the vat, and the whole is brought to a temperature 
of from 82° to 86° F., according to the season of the year. Two 
tablespoonfuls of colouring matter are usually allowed for a large 
cheese, and a bowl of sour whey is also sometimes added to cause a 
slight acidity. About an hour after renneting the curd is, as a rule, 
ready to break with breaker consisting of a stout wire circular rim, 
covered witll strong wire mesh, fixed on the end of a shaft. When 

·all the curd in the vat has been very carefully and slowly broken up 
into extremely fine pieces, it is covere:l over with a cloth and left 
to settle for a few minutes. The whey is then drawn off by means 
of a strainer of open fiax cloth, on which is placed a wooden hoop-rim 
drainer, with a horsehair-cloth bottom, the whole being pressed very 
gradually and gently into the curd, the whey being ladled off into 
a bowl. 

After the whey has been completely drained off, the old-fashioned 
method is to set the curd in a strainer within the vat, and press on the 
curd with the hands, changing its position several times, so that it 
eventually becomes dry enough for grinding. Another method is to 
put the curll into cloths, and weigh it, cutting it in the meantime 
into cubes about 4 inches square, alternately cutting and pressing 
until the curd is dry. After this the curd is milled and subsequently 
filled into the moulds, which are in turn placed in the press. 

Lancashire Cheese is very similar to Che:ldar, but rather more 
porous; it is a soft, open, and "meaty" textured cheese, not spongy 
nor yet crumbly. The evening's milk is strained into the vat over
night, and stirred once or twice to· prevent the cream rising to the 
surface; iln'Some cases it is cooled beforehand to 68° or 75° F., so that 
by the morning it will be at about 60° to 68° F. The morning's supply 
is then added, and the whole heated to about 80° F., at which tem
perature 1 drachm of rennet is added to every 2 or 3 gallons of milk, 
the rennet having previously been diluted with four times its volume 
of water. This is stirred into the milk for about three minutes, and 
coagulation will usually have been completed in from forty-five to 
fifty minutes; as soon as the curd breaks clean over the finger 
it is cut up into small pieces with knives, both vertical and horizontal, 
and left undisturbed for from ten to twenty minutes. Sometimes the 
curd is cut four times, at intervals of five minutes. 

The curd is then allowed to pitch, or settle, for about half an hour, 
and the whey is removed in the same manner as described in the 
Leicester system of manufacture. It is then place~ in a .drainer and 
afterwards put under pressure for twenty or thirty llllnutes; the 
curd being subsequently broken with the hands into large lumps and 
again put under pressure. This process is repeated four or five 
times, mor\! frequent breaking being required for rich curd than for 
poor. After this the curd is weighed and a little old curd from 
a previou> day's making added to it, when the whole is ground and 
salted at the rate of 1 oz. of salt to 3 or 41b. of curd. This is mixed 
in at a temperature of from 68° to 72° F., and the curd. :8 afterward~ 
filled loosely into moulds and kept in a room at a temperature of 
{l0° F. 
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The cheeses are made in various weights from 45 to 50 lb. down 
to a "loaf" cheese, weighing only 12 to 151b. At first a pre88ure 
of from 8 to 10 cwt. is used for an hour or tw~ and the che6ll~ ia 
then put into a dry cloth. It is then returned to the pres. u,nder 
from 15 to 20 cwt. pressure, and left there for about an hour, until 
the coat has formed. It is then bandaged and returned to the mould 
with the ends reversed. Subsequently, the outsides of th3 chees8 
are smeared with a little lard to prevent cracking, and it may then be 
removed to the curing-room; greased again with lard or butter in two 
days' time, and turned every day until ripe. The cheeses should be 
stored in a dry room where a temperature of from 60' to 65' F. 
can be maintained. 

Gloucester Cheese is very fine flavoured and only second in 
quality to Cheddar, to which it is similar, but less waxy in texture. 
Both single and double Gloucester cheeses are made, but only diller 
in size and thickness. The single cheeses measure about 14 inches 
across and are 4 inches deep, and the latter are thicker and larger and 
weigh as much as 40 lb. Double Gloucesters are often of double 
thickness. A typical cheese of this sort should have & fairly tough 
and solid skin, be free from cracks, with sharp well-defined edge8, 
and of & clear yellow colour. The process of manufacture ill 
practically the same as that adopted in the Derbyshire system, except 
that the Gloucester makers use a wire curd breaker instead of vertical 
and horizontal knives. 

Caerphilly' Cheese.-These cheeses are made almost exclusivcly 
for the miners of Wales and the northern counties. They have a fine 
and rather acid flavour, are entirely distinct from any other variety, 
and measure about 10 inches across and 3 to 4 inches in depth, the 
weight of a single cheese being from 7 to 10 lb. The milk is set 
at a temperature of 84° F., and, if too sweet, a starter is added at the 
rate of from! to 1 per cent. When a 23 seconds coagulation is given, 
1 drachm of rennet is stirred into every 4 gallons of milk for from 
four to five minutes-the scum. being skimmed off by means of a piece 
of muslin stretched over a small hoop. The milk is then allowed 
to settIp. for four minutes. Any cream that has risen in the interval 
is carefully stirred into the milk. 

In fifty minutes, or as soon as the curd breaks clean, it will be 
ready fo~ cutting. At first it should be cut lengthways and cro88ways 
with the vertical knife, and then lengthways with the horizontal knife, 
being finally cut into f in. cubes. The curd is then stirred from 
the .bottom and sides of the vat for five or six minutes, and afterwards 
scalded to 92° F. in forty-five minutes, or at the rate of 1° rise in every 
five or six minutes. When the fragments of curd contain no whey 
on being split open, a test should be made with the hot iron, and as 
soon as ! in. threads can be drawn the whey should be run off and 
the curd scooped into a cloth; the cloth tied and turned over on the 
knot, and a small weight placed on the top. After twenty minutes 
the curd is turned out and cut into 3 in. cubes, tied up again, and 
weighted. This process may be. repeated at intervals of about 
twenty minutes, unH 1 in. threads can be drawn out by the 
hot iron. 

.. 
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The curel is then ground into small pieces the size of walnuts, and 
1 oz. of salt is stirred into every 3t lb. of curd, the temperature at 
this stage being about 75° F. The moulds are prepared by lining 
them with a cloth, and the curd is filled into them, so that the smallest 
pieces lie at the top and the bottom and the largest in the middle. 
After about three hours, screw pressure should be exerted until the 
evening, when the cheese must be turned into a fresh cloth and put 
back in the press under 15 to 18 cwt. pressure. The cheese is turned 
the following morning and again placed in the press for two or 
three hours, and is afterwards taken out, greased all over with hob 
lard, and finally bandaged. In the ripening-room it should be turned 
twice daily for the first week, and afterwards once daily, until four 
to six weekR have elapsed, when the cheeses are usually ready for 
market. 

BLUE-VEINED CHEESE-~IAKING. 

Stilton.-A choice .Stilton cheese is unrivalled in flavour and 
quality; it has a fairly open texture and a brown, rough, crinkled 
coat, with veins of blue mould throughout. This cheese is now made 
from new milk alone, with no cream, from the 
previous evening milk; 2} drachms of rennet to. 
every 15 gallons of milk is stirred in at a tem
perature of 84° F. for about eight or ten minutes, 
and coagulation is allowed to proceed for about an 
hour. When the curd is firm enough, the whole 
is ladled out into straining cloths, about 1 yard 
square, and placed on a frame in a draining sink. 
Each of these cloths should hold from 3 to 4 gallons, 
and after the curd has stood in its whey for an 
hour or so, the cloths are lifted out of the s.ink and 
tied into bundles at the four corners, the bundles 
being gradually tightened at intervals of half an FIG. 237.-Stilton 
hour, according to the degree of acidity present, Cheese Hoop. 
which is usually from 0'13 to 0'14 per cent. . 

The curd is then turned out into the drainer and allowed to drain 
slowly until the whey shows 0'25 per cent of acidity, the bundles being 
piled on one another in the meantime. 

The curd is cut lit 0'25 per cent acidity into 4 in. cubes and left 
overnight to drain. Salt is added at the rate of 102:. to 41b., and 
the curll is then filled into Stilton moulds (Fig. 237) placed on 
calico cloths. The temperature of the curd should be about 65° F. 
The moulds are placed on a drainer, turned twice durin~ the first two 
hours, and again in the evening. They are turned dally for about 
nine days, the cheeses being skewered for the first t~ree or four 
days, and the outside of the moulds regularly washed wlth lukewarm 
water. 

When the cheese slides easily out of the mould it must be scraped 
with the flat side of a knife, a little hot water being used at the same 
time to moisten the outside of the cheese. It should then be bound 
with grey calico and scraped down again every day until the proper 
coat has formed. This takes place most satisfactorily at a temperature 
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of 60' F. White mould will commenoe to form as 800n a3 the coat 
appears, and no further scraping must then be done. White crinkled 
patches will begin to form, and these spread over the 8urface in a few 
days. The coat is completely formed in about a month. The choeses 
should bo turned daily and placed in a ripening- or curing-room at. 
a temperature of from 55· to 60· F. They will have become thoroughly 
maturo in about six months. 

Wensleydale Cheese.-This is a blue-veined variety which occupies 
a position midway between Cheddar and Stilton. The choesos are 
made in Stilton shape, and also Hat after the style of truckle Cheddars; 
about Ii lb. of curd being obtained from each gallon of milk. In 
texture it is very similar to Stilton, but the mould is more mixed 
throughout the cheese. Wensleydale cheese is softer and more mellow 
thau Stilton, and has a milder Havour. The coat is smooth, and it 
is one of the few blue-ve:ned cheeses that are subjected to pressure. 
The one great drawback in the manufacture is the unoertainty of 
the development of the desired mould. Another Yorkshire-dale cheese 
which haR attained a considerable local reputation is the Cotherlton. 

Perfectly sweet fresh milk is essential to the manufacture of 
Wensleydale cheese, tho evening's milk being taken direct to the 
dairy and cooled to 60· F. After mixing the morning milk and the 
cream with the evening milk, the whole is heated to so· or SS· }<'., 
according to the state of the weather, and 1 drachm of rennet mixed 
with a little cold water is stirred in for about five minutes. A 8mall 
quantity of starter (1 oz. to 12 gallons) should be added where mixed 
milk is used, and the temperature is lower than usual, but otherwise 
this is not necessary. 

About an hour after renneting the curd will be ready for cutting, 
once each way with the vertical knife and once acr03! with the 
horizontal knife, into i in. cubes, which are then allowed to settle for 
a little while, and gently stirred for about a quarter of an hour. 
After this it is left undisturbed for about thirty minutes, according 
to the weather. 

The curd is scalded while still in the whey for half an hour, and 
as soon as the acid test shows from 0-13 to 0-14 per cent it may 
be allowed to pitch and the whey be drawn olf; the curd is then cut 
up the centre and allowed to drain for about ten minutea, and is 
afterwards cut into strips, placed in a cheese cloth, and left on the 
rack for twenty minutes. This process of opening out, cutting, and 
turning is repeated every twenty minutes until 8ufficient acid has bcen 
develope(l in the curd to necessitate it being broken up and scalded. 
No pressure. is exerted on this curd, either with racks or with weights, 
but if the development of acidity progresses too rapidly it may be 
advisable to exert a slight pressure of, say, 12 or 141b. 

The curd may be ground in a mill or broken by hand. It is usually 
stirred. by hand for about five m:nutes, and left in the whey until the 
acid test shows from 0-15 to 0-16 per cent, at which stage it is 
removed on to a cooler, and in twenty minuteB is tied. up in clot,h.s 
and the whey let olf. In about a similar length of time it is cut into 
large-sized squares and piled up, which prooess is repeate:i twice, at 
intervals, until the acid test sholl'S 0-4 per cent. The curd is then 
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broken by hand and 1 oz. of salt is added to every 41b. The curd 
is then filled into cloths in moulds and allowed to remain overnight. 
Early on th.1 following morning the cheeses are placed in the press, 
removed again in a. few hours, turned and changed into a fine muslin 
cloth, and returned to the press under about 3 cwt. pressure. Sub
soquentJy they should be bandaged with a. plain linen bandage, and 
kept in the drying-room for from seven to ten days until a coat has 
formed. They should then be removed to the ripening-room and kept 
in a mo:st atmosphere, where they will usually become mature in four 
to six months. 

Dorset Blue Cheese, or" Blue Vinney", is a purely local variety, 
the mellowness of the curd depending almost entirely upon the 
cultivation of a proper mould, and the retention of sufficient moisture . 
.It is something like Oheddar in texture, but not so flaky, and it 
contains slightly more moisture than Gloucester cheese. 

This cheese is made from skimmed or separated milk. Usually it 
is mado from skim milk which has been set in creaming lea.ds 
immediately after it has been drawn "from the cow. If separated milk 
is used, sufficient whole milk should be added to raise the fat per
centage to 0·7 or o·s. The quantity of rennet required is 3 oz. per 
100 gallom of milk, and this should be added at a temperature of from 
75' to SOo F., according to the weather, the acid test of the milk at this 
stage showing a percentage of 0·25. When coagulation is complete the 
curd is cut, broken into fairly small cubes, and allowed to pitch; and 
the whey is drawn off when the curd has receded somewhat from the 
sides of the tub, and the whey is showing about 0'30 per cent of acidity. 
This curd is cut into fine cubes after drawing the whey, which is piled 
up in th') centre of the vat, repeating cutting and piling at intervals, 
until an acidity of 0'S5 has been reached. The curd must now be 
ground fairly small, and salted at the rate of lIb. of salt to every 50 lb. 
of curd. 

It should then be vatted in shallow vats and covered with coarse 
cloths, wrung out in warm water, and afterwards put in the press 
under a weight of from 3 to 41b. At the end O!f three hours the 
cloths should be changed, and the pressure gradually increased at 
intervals until a pressure of 3 cwt. is reached. This process will 
generally occupy about three days. If too little pressure is applied, 
the curd will become filled with holes, into which the cheese-fly can 
enter while on the other hand, if the pressure is excessive the 
mould will ~ot develop, and the cheese will assume a "flinty" con
ditioll. Afterwards the cheese is dipped into strong brine to soften 
the curd then it is wiped dry and placed in the ripening-room, where 
a temp:rature of about 60° F. should b~ maintained to prevent 
excessivo loss of moisture. The cheese Will usually be fit for sale 
in about six weeks or two months. 



CHAPTER III. 

SOFT CHEESE-MAKING. 

ORIGINALLY the practice of soft cheese-making was derived from 
."France. so that the student will find that the bulk of the varieties made 
In this country at the present day are of French name and origin, 
.although there are a few kinds that can really be termed English 
varieties. The beginner cannot, of course, hope to make everyone 
.of these different kinds of soft cheeses, but he should find very 
little difficulty in turning out a good cream cheese at the commence
ment; after which he may turn his attention to other kinds. The 
:principal varieties are as. follows :-

English.-Cream cheese (single and double), Colwick or Slipcote, 
Cambridge or York,. Small Wensleydale,. New Forest, and 
Godmanchester. 

Foreign.-,-French: Brie, Camembert, Coulommier, Gervai~, Pont 
l'Eveque, Bondon, Livarot, Gerome, Mont d'Or, Void, Gournay, 
Neufchatel. German and Belgian: Limbourg. Italian: 
Stracchino. . 

Principles of Soft Cheese-making.-The chief dilference between 
:3 soft and a hard cheese is that the former contains a very m\lJ!h 
larger percentage of moisture. This is because one of the first 
principles in the manufacture is to retain the whey in the curd instead 
·of expelling it, as in hard cheese-making. The whey that escap61 
.does so naturally and without much pressure, and in consequence the 
·cheese is 80ft in texture and ripens quickly. Neither ill the curd cut, 
but sliced or ladled out in large slices into specially prepared moulds. 

ofJ.'he lattel' are usually pierced with a number of holes which help 
to allow the whey to escape by natural drainage from the curd. 

Seeing that the chief object in soft cheese-making is to prevent, 
.8S far as possible, the too rapid escape of whey, care must be taken 
to maintain a temperature that will assist the maker in this respect. 
Such a temperature will be about 60° F., as a rule. If the temperature 
~f the dairy is too high or too low, the whey wm drain away too 
-q,uickly or too slowly, as the case may be. 

As regards the milk supply, one meal's milk may be used, pure 
and sweet, and rich in fat. Surplus milk of good quality may be 
used to great advantage for making into soft cheese, but it must not 
be at all acid; otherwise the acidity present will cause the rennet 
to producll a hard, firm curd. To produce a soft, tender curd the 
milk must be set at a comparatively low temperature, and very little 
rennet used. 
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The drainage must be even and contiiluous, and ,practically e'very
thing depends on this. If it is too rapid, as,when the tempera.~lIXe,is 
excessive. or the curd has been sliced or ladle,d out too small, the 
cheese will be dry and practically worthless.Sillrilarly, if the 
drainage is too slow, the curd will be of a spongy'" nature, ang.. 
the whey that remains will set up undesirable fermentation. Low 
temperature.. are usually responsible for slow drainage, and the 
product is invariably of poor flavour and quality in consequence. 
If, ill draining, a curd is produced that is too soft in texture, there 
will be a great deal of fat lost in working, and excessive fermentation 
will be set up. This sometimes produces swollen cheeses, as gas
producing organisms develop and give the cheese a "pin-holey" 
appearance. 

There are other points in the manufacture of soft cheeses which 
the student should attend to carefully. Perfect cleanliness is of the 
utmost importance. All the setting tubs, cloths, boards, straw mats, 
ladles, pipettes, etc., must be kept perfectly sweet and clean at all 
times. Chief of all, however, is the importance of an even temperature 
during tho manufacture. .A. pure brand of concentrated rennet 
extract should be used, diluting it with water and adding it to the milk 
when the temperature is settled. To prevent any loss, set the vessel 
containing the milk in a tub of warm water, while coagulating, the 
temperature of the water being 10 or 20 above that of the milk. 
The surface of the milk should be kept well stirred after adding 
rennet, but discontinued directly the milk coagulates, and the vessel 
is then covered with a muslin cloth. When the curd eventull-lly, 
"breaks clean ", i.e. with a clean, sharp fracture, over the end of 
the finger or the thermometer, it is ready to ladle out into the 
moulds. In ladling, cut the curd into slices; do not crush it, or fat 
will be lost. 

Equipment of a Soft Cheese-making Dairy.-Wooden Tubs.-These 
are necessary for receiving the vessel containing the milk. Tin or 
earthenware vessels are sometimes used, but they are not so satis
factory as wooden ones, since this material does not conduct heat so 
readily as tin or earthenware, and as the milk can be more easily 
kept at an even temperature. If there should be a fall in tem
perature during this stage, the cream will rise to the surface and be 
lost in slicing the curd. . 

Pipettes and Measuring Glasse8.-A supply of these are req~lred 
for measuring out small quantities of rennet. They can be obtamed, 
together with all the other necessary appliances, from any dairy 
utensil manufacturer. The pipettes and glasses should be graduated 
in cubic centimetres, and these in turn into tenths. Or the pipettes 
may be graduated in minims. 1 C.c. = 17 minims, and 8 drams of 
60 minims each = 1 oz., 1 dram being equivalent to 3l c.c. 

Thel'17lometeT8.-Accurate thermometers are essential. If tl1ey are 
only 10 01' 20 out it makes a considerable differeI?-ce. One. is best hung 
on the wall of the dairy and the other floated m tl1e Dllik. . 

Draining Table.-This may be of slate or wood, the latter bemg 
grooved so as to facilitate the quick drainage of the whey, and should 
also be on a slight slope. 

Ii 
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Draining ClothB.-A supply of bleached linen draining cloth, is 
essential. These should be about a yard square, and be chosen finl', 
medium, and coarse. For cream cheese a .. huckaback" cloth :s 
required. 

Boards.-These are required for setting the moulds on. They 
should be of hard flavourless wood, about 1 in. thick, and about 
14 inches long and 81 inches wide. 

M01lldB.-The best moulds are of tinned ironware, but the Cam
bridgo or York moulds are usually of wood. 

SCOOp8 or Ladle8 are required for ladling out the sliceJ of curti 
lllto the moulds. 

Straw Mat8.-Home-made straw mats (Fig. 238) of coarse rye 
or wheat straw strung together, for placing immediately beneath the 
freshly moulded curd, may be used j or they can be purchased at 
a small cost. The straws stamp an impression on the curd which ill 
supposed to add to its attractiveness. 

Packing MaterialB.-Soft cheeses are dainty 
table delicacies, and need to be packed and 
sent out in neat, tasteful packages, other
wise they are robbed of much of their charm. 
Grease-proof paper should be used for cream 
cheeses, while some makers put up their 
Camemberts and Pont l'Ev@ques, etc., in tin 
foil. In every ease a neat folding cardboard 
box should be employed for holding the cheese, 
and an ~xtra strong package if the chee!es are to 

FIG. 238.-sort Cheese be sent away by rail. Everything depends on 
M .. ,. the neat and tasteful way in which these little 

cheese3 are packed and marketed. 
The Making-room is of particular importance, and it should be 

equipped with a heating apparatus, so that the temperature can be 
easily controlled. One of the first essentials in successful soft cheese
making is to have a fairly warm even temperature, say of 62° to 65° F. 
If too warm the draining will be too rapid, and a small, hard, and 
dry cheese will be the result. If the temperature is too low fermenta
tion will be set np and the cheese will contract a bad flavonr. Only 
a single room is necessary where the manufacture is confined to 
such varieties as are sold and eaten fresh. But when longer
keeping kinds are made, a cool dry cellar or ripening-room will be 
necessary. 

Ripening Soft Cheeses.-As the cheeses ripen, fungi 1Iill grow on 
the surface. and the mycelium will penetrate into the curd, permitting 
enzyme.; to work in it. These will convert the insoluble curd into 
soluble and finely· flavonred cheese. The process is much the same 
in mlLOY of the different varieties, and there will be found a strong 
resemblance between Camembert, Coulommier, Bondon, and Brie. 
At first a whitish mould will develop as a thick, velvet-like" pile" 
on the surface, but daily turning will break down this tendency. 
The finished cheeses contain a large amount of moisture, and if they 
are allowed to become over-ripe the crust bursts and allowil fluid 
curd to escape. 
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The ripening of keeping varieties is not an easy matter. Unlike 
hard cheeses of the Cheddar type, there is a large percentage of water 
to deal with, and unless the cheese is made properly in the first place, 
with perfectly sweet and fresh milk, undesirable bacteria rapidly 
develop. Every student knows that bacteria are particularly active 
in milk-sugar or lactose. Now the moisture in a soft cheese is 
practically all whey, and this contains milk-sugar, so that bacterial 
fermentd have every chance to work. To produce a really successful 
Camembert cheese, the genuine Camembert mould (Penicillium 
Camemberti) must be imported from France to inoculate the milk. 
This is at first white, but afterwards turns a steely-grey as spores 
are formed. It never assumes the deep-blue tint of ordinary mould; 
neither does it penetrate into the curd" but grows on the surface, 
forming spores in about a fortnight, and dries up as a thin crust. 
Oidiuln lactis develops with it, and helps to ripen the cheese, and these 
two moulds render the crust slightly alkaline. It is the enzymes 
which are secreted by the moulds that make the cheeses soft all the 
way through. 

Tho secret of successful ripening of Camembert, Coulommier, etc., 
is to get the centre or core of the cheese properly ripened before the 
outsid" haa become too soft; if the whole of the cheese cuts like 
thick cream it is certainly of very choice flavour and quality. But 
most people seem to prefer it waxy and somewhat buttery, although 
a cheese of this . kind is not so highly flavoured. An ideal flavour 
is generally produced where a moderate growth of Oidium lacti8 is 
developed, and a brownish tint is given to the outer surface of the 
cheese. 

PRINCIPAL VARIETIES OF SOFT CHEESE. 

The student is advised not to attempt the manufacture of too many 
different varieties of soft cheese. The following brief details, how
ever, may serve as a guide, and for more complete instruction we 
would recommend Tisdale & Robinson's Practice of Soft Cheese
making and Preperation of Cream for Market, published by John 
North, 98 and 99 Fetter Lane, London, E.C., at Is. net. 

Cream Cheese is made from pure cream. Thirty cheeses, of from 
4 to 4~ oz. each, can usually be made from 1 gallon of cream, and these 
sell at about 6d. each. Cream cheese can be made with or without 
rennet, but the renneted cheese is sweeter and, naturally, more 
weight can be obtained. Thin cream is used in making the renne~ed 
variety, and 1 c.c. of it is added to each quart of cream. Coa~ation 
takes place in from eight to nineteen hours, and the curd IS then 
ladled out into finely textured cloths, a gallon of cream to each cloth, 
tied up by the four corners, and hung up to drain. These cloths 
should be opened daily, and the hardened cream on the outside scraped 
down with a knife and mixed with the rest. The more frequent the 
scraping down, the more rapid will be the drainage. . A small 
quantity of salt may be added after the curd has dram ed, and 
the cheese is then moulded in tin moulds (Fig. 239) lined with 
grease-proof paper. 
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Double Cream Cheese.-Very thick. or even Devonshire, cream, 
cooled to 63° F., is used for making this variety, and drainage takes 
place naturally without the introduction of rennet. The ch_ i. 
moulded while the curd is still moist and pasty, and in hot weather it 
is advisablo to add a little salt; scrape down more often, and exert 
somo pressure, by placing a board with a light weight on the top of 
the bag of cream. A good cheese can be produced in from five to 
six hours, and when it has been moulded in a moist and pasty con
dition the cheese will keep well for nine or ten days. 

Cambridge or York is another popular English variety. Three 
cheese3 can be made from 11 gallons of milk, or a dozen from j gallons. 
The moulds (Fig. 240) are of wood and may be square or oblong in 
shape, the latter measuring about 7i inche3 in length, :; inches in 
width, and 6 inches in depth. Fresh, whole milk is heated to 95' F., 
and rennet is stirred in at the rate of 1 C.c. to the gallon for not more 
than three minutes, great care being taken to maintain the temperature 
unchanged during coagulation and drainage. In about an hour the 
curd will form, and it may then be ladled into straw-mat lined mouilla 
and placed in the draining table. There is no salting or turning 
in making this variety, and the curd shrinks to a little more thaD 

FIG. 239.-Cream or Boolock Monlda. FIo. 240.-Cambridce Moold. 

one-third of its original volume in about twenty-four houra. After 
a similar period of time the cheese should be ready for use. It ought 
to weigh over lib., and should be consumed when perfectly fre~h. 
It sells at abont lOll. per cheese. 

Colwick or Slipcote.-Three cheeses of this variety can be m..de 
from 21 gallons of milk, and 2 C.c. of rennet are required for this 
quantity. The temperature for ranneting is from 84° to 86° F. 
Circular moulds are used, with perforated sides and bottoms to assist 
drainage, and a cheese of full size nsually weighs abont 11 lb. and is 
sold at from Sd. to 10d. The rennet should be stirred in for about 
six minutes, and the veasel containing the milk is then covered with 
a cloth. Meanwhile, the moulds are prepared and the curd is ladled 
into them about an hour after renneting. The curd is then tied up 
m a cloth, Stilton fashion, and the cloth is gradually tightened as the 
cheese drains. Usually the cheese may be turned out in about 
twelve hours' time, and may be ready even quicker by hastening the 
drainage process. 

Camembert.-Qf the French soft cheeses, this variety is by far the 
most difficult to make. It is usually made in September and May, 
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but in hot weather it will not ripen properly, and gives off a somewhat 
offensive odour. Three cheeses can be made from Ii gallons of milk, 
but often perfectly sweet separated milk is mixed witll tile new in tile 
proportion of 1 to 5. Tile milk is not cooled for this variety. It is 
simply strained into wooden tubs, and the rennet is added at tile rate 
of 1~ C.c. to Ii gallons of milk at a temperature of 84° or 86° F., and 
the curd is then ladled into moulds (Fig. 2(1) and placed on straw 
mats after about an hour's time. Sometimes tile cheese is finished at 
one operation, but tile two-curd system is preferable-half tile curd 
being filled into tile moulds in the evening, and the other half on tile 
following morning. This facilitates drainage, and tllere is less loss 
of fat, and no need to wait until tile curd has settled and cooled. 
Before renneting, the milk should be inoculated with a starter con
sisting of ! oz. of curd taken from below tile crust of a half-ripe 
French Camembert broken up into very small pieces, and added to 
! pint of sweet whey at a temperature of about 80° F. The mould 
then makes its appearance on the aurd naturally. In the morning, 
the evening curd will have shrunk considerably and its surface should 
be brokell up and the morning's curd added, the top of the cheese 
being carefully finislled off with a little unbroken curd that has 

FIG. 241.-Camembert Mould. FIG. 242.-Coulommier Mould. 

been placed on one side for tile purpose. The cheese is carefully 
turned when the two curds are respectively thirty-six and twenty-four 
hours old, and ! oz. of dry salt is spread evenly over the upper and 
older surfaces. A second salting is given about six to eight hours later. 

Coulommier.-Tllis is a small, flat cheese, circular in shape, and 
measuring about 5! inches in diameter, by 2! inches deep; I! gallons 
of milk make three cheeses, which are usually eaten fresh. 'riley 
improve by ripening for two or tllree weeks. Whole milk is used, 
and the rennet is stirred in at the rate of ! c.c. to every 3 gallons 
of milk, at a temperature of from 80° to 86° F. for about tItree minutes. 
Stirring i'l continued after a pause of anotller ten minutes, and tIte tub 
is tllen covered with a cloth and left for about tllree hours, until a thin, 
greyish whey drains out. Coulommier moulds (Fig. 242) are in two 
Ilalves, and both are fitted and placed on the straw mats. The curd 
is then carefully ladled into tllem, the top halves being removed as 
soon as tile curd has settled low enough, which will take place in 
about nine hours. A mat and a board sllould be tIten placed on the 
top or tile mould, which is turned, and turned again twice daily for 
from tllree to eight days, a little salt being rubbed in in the meantime, 



486 DAIRYING. 

as soon as they are sufficiently firm. If the cheeses are to be r;penl'<l, 
they should be kept in a dry, airy room at a temperature of 62' F. 
for a few days, and afterwards removed to the ripening-room and 
placerl upon latticed shelves. 

Pont I'Eveque.-This is quite a different type of cheese to the 
Camembert, and the ripening of it is not dependent upon the growth 
of moulds, but upon the action of the enzymes of the rennet. Tho 
cheeses weigh about lIb., and are of a brownish-red colour on the 
outsides. Two of them can be made from Ii gallons of milk, and 
11 C.c. of rennet are used. Care is. taken to prevent any formation 
of acid in the milk, the cheeses otherwise drying and hardening too 
quickly. 

The most important point in this process is to know when to hoop 
or mould the curd; if it is too hard and dry, drainage will proceed 
too quickly, while if the curd is too moist, or has become chilled, 
there will be an excess of moisture in the curd. The rennetill8 
temperature is 90° to 95° F., and as a rule coagulation is completed in 
about fifty minutes. The curd is then cut into small squares, and 
left for five minutes. Afterwards it is ladled into coar3e cloths 
and placed on wooden frames, about 2 gallons of curd being placed 
in each cloth. These cloths are then tied and tightened every ten 

FIG. 24S.-Pont l'Evilque Mould. FIG. 244.-Gervala Mould •. 

minutes for about two hours, the curd being subsequently broken up 
and filled into moulds (Fig. 243) placed on straw mats. The moulds 
are then reversed, and the cheeses are turned again after ten m;nutes, 
and transferred on to other mats and so placed that the second impres
sion of the straws is at right angles to the first.· They are then turned 
again hourly for about three hours and a little salt is rubbed over the 
surfaces the next day, or as soon as the cheess8 smell yeasty and 
are a little greasy on the ·outside. The object should be to secure 
a close, tight surface; otherwise the cheese will lose moisture by 
excessive drainage, and be spoiled. As soon as a white mould has 
appeared, the cheeses should be removed to a curing-room or cellar, and 
kept there at an even temperature of from 58' to 60' F. They will 
become thoroughly ripened in from five to six weeks. 

Gervais.-These cheeses are made from fresh whole milk, to which 
has been added half its volume of cream. A dozen cheedeit can be 
made from 2 quarts of new milk and I quart of cream, and ! C.c. of 
rennet is added at a temperature of from 60' to 65' F. Coarse hucka
back cloths must be used, into which the curdj is ladled, and these 
are hung up in the dairy to drain, but not in a draught. As drainage 
slackens, the stale and thickened curd is scraped down in the cloths, 
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and afterwards the whole is turned into a bowl and salted. Gervais 
or Bondon moulds (Fig. 244) are made in dozens, of tin, on a tin 
stancl or framework, and are lined with blotting-paper, and placed 
on straw mats on boards. Press the curd into the moulds firmly, and 
then remove the latter, leaving the cheeses standing on the straw mat. 

Apart from the above-mentioned varieties, there are also a number 
of proprietary soft cheeses on the market which are said to posooss 
special medicinal properties, owing to the fact that they contain, or 
are ripened by lactic acid ferments or pure cultures of B. bulgm·;cus. 



PART V. 

HORTICULTURE. 



PART v. 
HORTICULTURE. 

CHAPTER I. 

PLANT LIFE. 

Introduction.- In order to understand the reasons for the various 
()perations of agriculture and horticulture it is nec,",ssary to possess 
some k';lowledge of the structure and physiology of plants, that is, how 
the variOUS parts of plants are constructed, and the work which these 
parts perform. We must, for instance, know something of the sources 
whence the plant obtains its food; the processes by which the simple 
inorganic substances taken up by the plant from the soil and from 
the air are converted into the complex organic substances of which the 
plant is made up; the methods and the channels by which the raw 
materials and the elaborate foods are carried from place to place 
within the plant, and the influence which the various external factors 
of the plant's environment, in the widest sense, exert upon the life, 
nutrition, and growth of the plant. 

Root and Shoot.-If we examine a number of common flowering 
plants we shall find that two sharply distinguished kinds of organs 
may be recognized. The root (radicle) grows downwards into the 
soil, bearing rootlets and root-hairs; the shoot (plumule) grows 
upwards into the air, bearing leaves, branches, and flowers. A good 
method in which to begin: the study of plant life is to raise seedlings; 
for in the seed we have a young dormant plant of very simple form; 
and germination, which is simply the awakening into active life and 
growth of this dormant germ, brings us at once face to face with 
important questions as to the necessary conditions for promoting 
this wonderful propess. In most cases such questions can be 
answered, at any rate in part, with the aid of experiments and 
observations, most of which require no special or expensive apparatus. 

Structure of Bean Seed (Fig. 246).-It is best to examine large 
seeds, such as beans or peas. A bean seed is dry and hard when in 
the resting condition, but'if it is soaked in water for a few days it 
becomes soft and swollen, owing to the absorpEon of water; and if we 
plant the soaked seed in soil or sawdust, or even simply place it in 
a glass or other chamber in thoroughly moist air, it will germinate and 
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give rise to a bean seedling. Water is the first essential of germina
tion, as, indeed, it is for every active proce3! of life. The _ked 
seed will be seen to show on one side a long mark (hilum), which ia 
the scar formed where the seed broke from the placenta of the pod. 
If the soaked seed is wiped dry and squeezed, we 8ee a drop of water 
oozing from a very small hole (micropyle) at one end of this Bcar, 
this being very plainly seen in a scarlet runner or a french bean. We 
shall sec the primary use of this opening later, but, 80 far as the seed is 
concerned, it has an obvious use in allowing the entrance of water; 
it is easy to prove this, for if we take two batches of dry seed.l and 
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FIG. 245.-BroAd Bean Seed and Seedling. A. side riew of wbole seN: B •• Ide 
view of embryo after removal of leed-eoa&; C, fron" vjew of embrro. ahowinl' 
radicle in the middle and .. cotyledon on each aide; D. embryo .pli' apan. 
showing on the left a cotyledon with groove fOf' plumule. on the right 'be 
other cotyledon with radicle and plumu)e attached k» i&: E. embryo opened. 
showing' outside surfaces of cotyledons; F, early ._e in germination, 'be 
radicle has grown ont of "he mptured aeed--coat; at later a_e. abowinl' 
emergence of the plutoule; H. still )a~r ltage, IIhowing radjcle with roo&ld. 
and plumule with young foliage leaves. 

seal up the holes in one batch with sealing-wax, and weigh the two lots. 
placing both lots in water, we shall find that the closed seeds absorb 
water more slowly than the others. 

If we cut across a soaked Beed, or even pick at it with the 
finger-nail, we find it is covered by a coat, and on removing this 
we find that the contents of the Beed consist mainly of two large 
hemispheres (cotyledona) with their fiat faces in contact. The 
cotyledon~ aro joined together at one point, at which we notice two 
other bodies, one smooth and pointed, and soon seen to be the embryo 
root of the young plant. The other lies between the two cotyledons, 
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and appears as a curved body bearing at its free end a number of 
minutely embryo leaves, which can be seen very plainly with a lens. 
The first two leaves are very conspicuous" on account of the:r large 
size and plainly visible veins, and between- them is a minute bud. 
This leaf-bearing portion is the young plumule, and the young root 
is the radicle. 

Hence the bean seed contains an embryo seedling, including the 
two main portions seen in the full-grown plant-namely, root and 
shoot. After the seed has absorbed water, the contents swell and the 
coat bursts, and in whatever position the seed may have been placed 
the radicle grows directly downwards. A little later, the plumule 
emerges anu grows upwards, the stem increasing in length, while 
the young leaves develop, and become green on reaching the light. 

As time goes on, the growing root produces rootlets, exactly like 
the tap root in appearance, but differing in being more slender and in 
growing out almost horizontally. It will be noticed that these rootlets 

A 
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FIG. 246.-Seed and Seedling of Sunflower. A. seed (really 8 one· 
seeded fruit) ~ B. the same split open, showing the embryo 
(covered by the thin seed-coat): C, embryo after removal of 
one cotyledon, the minute plumule lies above the radicle; 
D-H, stages in germination (the cotyledons are raised into the 
air by the elongation of the hYP,ocotyI). 

!fre arranged regularly in rows, along the length of the main roof. 
(four rows in runner and french beans, usually five or six rows in 
broad beans). The shoot is for a time curved, its tip being bent 
downwards, but it gradually straightens out and the leaves expand; 
this hooked form of the young shoot-tip is seen in many seedlings, 
and serves to protect the young leaves as the shoot thrusts through 
the soil. When the bean seedling has made some growth, it will be 
noticed that in the angle made by each cotyledon with the young shoot 
there is a bud, as may be well seen in the broad bean. Now, this 
position in the angle, between leaf and stem, i.B exactly the position in 
which all buds are found on shoots, hence we Infer that the cotyledons 
are leaves-they are, in fact, the earliest leaves of the embryo.or young 
plant, only in the case Df the bean the cotyledons rema:n below 
ground. If we let a broad bean seedling grow until its plumule has 
become about 2 inches long, and then cut it off, we shall be making 
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a simple .experiment in pruning, for the result will be the Bame as in 
the prunmg ?f a tree, namely, that the two buds in the axils of the 
cotyled.ons wIll soon grow o.ut to replace the lost main shoot, though 
otherwise thes,,: two buds. might have remained undeveloped. Hence 
the bean seed Simply cons:sts of an embryo (plumule, radicle, and two 
cotyl~dons .or s~ed-leaves) covere~ by the seed-coat. It may be 
mentioneu m this conneXlon that the cotyledon leaves of the turnip 
appear above ground, and actually form the first leaves of the 
young plant. The seeds and seedlings of the sunflower and ma:zo 
are shown in Figs. 246 and 247. . 

Conditions necessary for Germination. - Still using bean seedlings 
as a type, let us see what conditions, be3ide3 the 8upply of water, are 

ABC 

G\©)~ 

FIG. 247.-Seed and Seedling 01 Maize. A. B. Iwo 
side. of tbe seed (a one·aided lroil wilb lroi&
wall-periearp. and seed-coat tUBed to form • 
single skin): Cf section of aeed Ihowiog 'he 
endosperm on tbe right and the embQo on lb. 
left i D-G, stages in germination. 

necessary in order that germination may take place. That !Oil is not 
essential is easily proved, for seeds will germinate in moist air, and (as 
we shall see later) we can grow healthy plants from seeds germinated 
with their roots immersed in water containing certain BaIts in solution. 
The only things necessary are warmth, air, and light, and the question 
is, are all these three conditions essential P The way to examine thilJ 
problem is simple: in each experiment we must provide all exCt!pt 
one of the conditions which appear to be required, having close by, 
for comparison, a control exper:ment-that is, one in which all the 
conditions are provided--1lnd note the result. • 

That some warmth is needed is shown by placing soaked seeds in 
diJierent temperatures. In winter, all we need to do is to let one 
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pot of seeds out of doors and a second pot indoors, while in summer we 
can surround one pot with ice. Results show that for each species of 
plant there is a certain minimum temperature, below which germina
tion will not take place. There is also an optimum temperatUl"e at 
which germination will take place best, and a maximum temperature 
above which germination will not take place at all. This is ::In 
important general rule which applies to all vital processes-the rule 
that for temperatllre and other controlling factors, such as light, 
there is a certain range, including a minimum, an optimum, and 
a maximum; below the minimum, or above the maximum, activity 
ceases, and in extreme cases death occurs. 

That .ail' is necessary for germination is easily proved. Place one 
lot of seeds at the bottom .of a jar filled with water, and drive off the 
dissolved air by boiling and allowing it to cool down before placing 
the seeds in it; and place a second lot of similar seeds in an open 
jar, with only a little water to keep them moist. By such methods as 
these we find that seeds must have air in order to germinate. A neat 
method is to take a set of five tall glass jars of similar diameter. Into 
one is placed a little wet sand to form a thin layer at the bottom, and 
each of the others is divided into fifths, by gumming strips of paper 
on the outside. Fill jar No.2 with sand to the first mark, jar No.3 
to the second, and so on, so that we shall have five jars containing 
different volumes of supernatant air-jar 5 containing one-fifth as 
much air as jar 1, jar 4 containing four-fifths, and so on. In each jar 
we place an equal number of soaked seeds (e.g. wheat or mangold), 
and tightly close the mouths with a stopper or cork greased with 
vaseline, in order to make it air-tight, and note the results after 
several days. The seedlings with the largest amount of air at their 
disposal make most growth, and the amount of growth, as measured 
by the length of the shoots, is proportionate to the volume of air 
supplied to the germinating seeds. 

Another interesting experiment may be made, by placing soaked 
seeds at different depths in soil, or sawdust, in a germination box 
with glass front, and noting that the deeply buried seeds either do 
not germinate at all, or grow badly, and soon die without reaching 
the surface; this is due, in part at any rate, to lack of air in the' 
deeper parts of the soil. There is also less circulation of air, and too 
much water, leading to damage by fungi and bacteria. 

Light is not essential for actual germination, though of co,?"se 
all-important for the subsequent healthy growth of the seedling. 
Two lot~ of seeds of the same species should be taken, one lot being 
grown in total darkness, and the other in the light-other conditions 
being as nearly alike as possible-and the differences between the 
germination of the two sets of seedlings noted after some days. 

We shall return to some of these experiments on germination 
later. Meanwhile we must consider some of the questions arising 
from th3 study of germination itself. The germination of a whel1t 
grain is shown in Fig. 248. 

Chemical Analysis of Plants: Water Culture.-Since the food ~f 
man and of animals is obtained, directly or indirectly, from plants, It 
becomes a question whence plants obtain their food. It must be borne 
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in min.d that we are considering at present only green p~ant.a. 
possesslDg the green substance. chlorophyll. It _as once thought 
that an plant8 simply suck up the substances which they contain from 
the soil. This of course would mean that all the thousands of 
substances found in plants (starch. sugars. oils. resin. etc .• etc.) must 
have been present in the. soil as such. which appears absurd to U8 

though it was beEeved for a very long time-in fact. until men bega~ 
to make simple experiments. 

Van Helmont (1577-1644) dried some soil. and placed 200 lb. of it in 
.a pot, stuck into the soil a willow branch weighing 15 lb .• covered the 
soil to exclude dust, and watered it daily with rain-water. In five' 
'years the willow had grown large and strong. and had increased in 
weight by 164 lb., but the soil in the pot, when once more dried, only 
;showed Ii loss of 2 oz. From this result, Van Helmont concluded that 
the increase in weight of the plant had been gained entirely from 
"Water; he came to the conclusion that all the materiala in plants, 

A 
FIG. 248.-Germlnation of Wheat Grain. A. longitudinal IleCtion through .. bea& 

grain showing embrJ'o; B. embr"o of wheat .rala. hhrhlJ' m ..... Ulecl: 
C. germination of .. hea' grain; D. later ..... e of germination. 

-though distinct from water, come from it. This experiment at any 
rate disposecl entirely of the old fallacy referred to, and i~ therefore 
·of the utmost importance. 

If we make a chemical analysis of any flowering plant. we shall 
find, that after driving off the water, which all tissues contain in 
"greater or smaller proportion, and incinerating the dry matter. the 
remaining ash contains a considerable number of chemical elements, 
.some of which occur in large quantities, and lOme 88 mere traces. 
Many such analyses have been published, 80 that details need not be 

"given here. We can find out, however, just which of these ash 
constituents are necessary for the healthy growth of the plant. By 
this means we find that for healthy growth the normal or complete 
solution must contain the nine elements potassium (K), calcium (Oa) • 

. .Magnesium (Mg), sulphur (8), phosphorus (P). iron (Fe), hydrogen 
(H). and oxygen (0). As to the all-important element, nitrogen. iti. 
.omitted at the moment. merely because it is not found in the Bah 
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constituent of plants, w:th which the above remarks are chiefly 
conct·rned. 

If the roots are supplied with a solution from which anyone of 
these nin') elements (and nitrogen) is omitted, the growth will be 
relatively poor and unhealthy, and cease altogether as soon as the plant 
has exhausted such store of the omitted· element as may already be 
pres en t in its own tissues (in the food -store of the seed, for instance). 
It may be noted that for some plants sodium and chlorine are beneficial, 
though not absolutely necessary, e.g. mangel and beet; while for 
grasses and cereals, silicon is similarly useful; but, of course, the 
elements sodium and chlorine are always present in the soil (as common 
salt, sodium chloride, Na 01); while silicon is found abundantly in all 
soils, except tho~e entirely composed of humus or peat. 

The methods of water-culture (or sterilized sand culture) thus 
enable us to determine exactly which of its elements the plant 
obtains fron, the soil, and it has, of course, an important bearing upon 
the use of manures and fertilizers, the object of which is to supply 
the soil with any elements in which it is lacking-either naturally or 
through the continued removal of crops. Again, it is found (both in 
water cultures, and in agricultural practice) that different plants, 
while all requiring the essential elements above mentioned, take their 
different foods in different proportions from the .soil. This applies 
especially to nitrogen, sulphur, phosphorus, lime, and potash; and 
fertilizers are chiefly intended to supply deficiencies in one or other 
of these five principal ingredients. 

In proceeding with plant analysis, we first dry the plant thoroughly 
in the sun, or in an oven with gentle heat, to expel the free water, 
and give us the "dry weight" of the plant. The proportion of 
water present varies greatly in different plants, and in different 
portions of the same plant"; or even in the same portions at different 
stages of growth. The proportion may be as high as over 90 per 
cent in fruits and vegetables, and even in the woody portions it is 
usually at least 50 per cent. When the dried plant is burnt, the 
organic substances of which it largely consists are cbnverted into 
inorganio substances, chiefly carbon dioxide and water, which escape 
in the process of burning; the nitrogen also disappears into the air. 
If the dried substance is charred, instead of being entirely burnt, 
we get charcoal, and if the carbon dioxide· given off in complete 
combustion is collected and weighed, we shall find wha.t a large 
portion of the dry weight is represented by carbon-usually as much 
as one-half. The incombustible residue, or ash, represents the mineral 
substances already named; though in the process of burning. these 
undergo changes, and therefore appear in the ash in different com
binations from .those present in the fresh plant-body itself. The 
amount of the ash increases with the age of the plant, a.nd varies in 
different plants, and in different parts of the same plant, and also at 
different stages of growth. • 

Microscopic Structure of Plants.-We may make a different kind 
of plant analysis, by examining with the microscope the structure of 
the variou~ parts, usually by cutting sections thin enough to be trans
parent. We find that all parts of a flowering plant are made up of 

xk 
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closed chambers called cel18, or of structures which have beeQ derived 
from cells-the important vessels of the wood, for instance, are 
developed from longitudinal rows of cells, that have united to form 
continuous tubes. Cells vary in size and form, but all agree in 
consisting (at any rate when young) of a mass of protoplasm; each 
cell contains a special protoplasmic body called the nucleus which 
is generally enclosed in a cell-wall. Protoplasm is formative matter, 
and is largely composed of the complex organic compounds called 
proteins; the cell-wall, as apart from protoplasm, consists of cellulo.e, 
which belongs to the carbo-h,ydrate •. 

The only parts of a plant which are a.live, or capable of growth 
and other vital processes, are those in which there .,re cella containing 
protoplasm-" the physical basis of life" as it has been called. Carbon 
is an essential constituent of all organic'substances, and the mere 
fact that the six elements just named make up the protoplasm, showlI 
that we must add carbon to the list of essential elements for plant 
growth. 

There are, therefore, ten essential elements for the life and growth 
of green plants. Carbon need not be supplied in the culture solution, 
and, in fact, it is not utilized by the roots of a plant even, if it i, 
supplied. Hence we conclude that carbon must be absorbed from the 
air in the form of carbon dioxide, which is everywhere preeent in th~ 
atmosphere. The amount of rain-water absorbed by the aerial parts 
of plants is usually 80 small as to be negligible. 

Growth of Root and Shoot.-In order that a plant may manufacture 
organic substances from the water and salts imbibed by the root, Bud 
the carbor. dioxide absorbed by the leaves, it is clear that these 
organg must. be well developed. Hence the root must grow and 
branch iu such a way as to come into contact with as much soil 8a 
possible, and in the most efficient and economical manner; while the 
leaf must be spread out to the air, so as. to absorb 88 much carbon 
dioxide as possible. The form and structure of roots and leaves are 
well adapted for these purposes, as well as for their other functions. 
We must therefore know something of the structure of the root 
and the leaf, and also of the stem which serves 88 a link between the 
two absorbing organs and fulfils many functions. 

We have seen that the primary root (radicle) of a seedling growa 
directly downwards into the soil, while the first set of branch-roots, 
arising from the radicle, grow out in a nearly horizontal direction. 
The third and subsequent orders of branch-roots grow away from their 
parent root, so that some may grow upwards, some downwards, others 
horizontally. If a bean seedling is grown in a transparent box, until 
the radicle has produced secondary roots about an inch long, and the 
positions of the radicle and its rootlets are marked from the outside 
of the glass, and if the box is then tilted to an angle of 45·, we shall 
find that, after a time, the main roots will turn in such a way that their 
further growth.returns to the original directions. If roots of the third 
order are present, however, these simply grow out at right angles to 
their parent-root, in whatever position the box is placed. When 
rotated on a clinostat, the root and shoot, if placed horizontally to 
begin with, .simply continue to grow horizontally; whereas if 
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a seedling, or a pot plant, be laid horizontally at rest the shoot will 
after a time curve upwards and the root downwards. The roots of the 
third orders, however, make no response to the gravitation stimulus
they simply grow out, away from their parent-root. 

The ma~n root (Fig. 249) is said ~o be positively geotropic (i.e. 
grows vertically downwards), the mam shoot negatively geotropic; 
the first branches of the root, and most stem branches and leav.e's 
respond to the gravitation stimulus by growing more or les~ 
horizon tally instead of in the vertical line, and are termed 
diageotropic; while the later branches of the root are not geotropic 

V&IIeular C,)'l1n4er 

FIG. 2~9.-P8rtl,. diagrammatic representation of the primary 
structure of a Dicotyledonous Root. shown in transverse 
section above and in longitudinal section below; one~balf 
of the transverse section is shown. The root bas five wood 
bundles and five phlrem bundles in aU. The numerous root
hairs arising from the epidermis (also called .. piliferous 
layer") are cut short: these hairs are in reality long 
filaments, their length being several times the diameter of 
the young root. 

at all, but are called exotropic. The main point with regard to the 
root is, that by these different directions of growth 'of main root and 
rootlets these thoroughly explore the soil, without getting into each 
other's way, and thus more efficiently fix the plant, and absorb 
soil-water. 

The absorption of soil-water, as well as the fixing of the plant, is 
further increased very greatly by the fact that just behind the tip 
of the root, and each of its branches, the surface layer of cells 
(epidermi8) produces large numbers of fine thread-like cells, or 
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root-hairs (F;g. 25~), which may incr~ase the su.dare of the root by 
as much as SIxty Lmes. The root-haIrs have thin wall. and readily 
absorb tho soil-water, which is passed upwards through the root 
itself into the stem, and then to the leaves and other parllS. The 
process of absorption depends upon the principle that when two 
liquids .of different densities (for instance, two solutions of different 
strengths) are separated by a thin membrane, the le'J8 concentrated 
solution passed through the membrane more rapidly than the stronger 
one. ThiH process, called osmosis, is easily illustrate:! by filling a jar 
,!"ith syrup, or with a strong' solution of sugar or of lIalt, tying ovel'" 
.Its mouth a piece of parchment or pig's bladder, and immersing it in 
,a basin of water. The membrane after a t:me is bulged out, bo("au8o 
the strong solution has absorbed water, and by tedting the water 
.outside we find that some of the solution has pasded out (exo.mo.i.). 

B c 

FIG. 250.-Root-baira. A. section of root .bowing .tructore of root-bain: B. root-hair hlgbl, 
magoilled in contact witb soil particl .. ; C. root-bair witb lOll par&lc .... adhering. 

The interpretat:on as applied to the root-hairs ill obvioull. The op 
inside the hair represents the sugar or olt solution, indeed it contains 
sugar and other substances serving the orne purpose of .. attracting .. 
water; tho membrane is represented by the thin coli-wall of tho 
hair; and the soil-water is the dilute solution on the out3ide of the 
membrane. As might be expected, we find that the solution 'may be 
forced into the conducting channels of root and stem under con
siderable pressure; set up in the first instance in the root-hairs by the 
process of absorption, or osmosis. 

If we take a bean seedling, with a radicle about 2 inches long, and 
dry it. by stroking it gently wtih filter-paper, and carefully make on 
it Indian-ink marks at intervals of one-tenth of an inch, and then let 
It grow in moist air (e_g. down the tube of a funnel set in a vessel of 
water, with wet filter-paper or damp cotton wool around the seed). 
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we shall find that after a few days the marks will have become spaced 
out very unequally-those nearest the tip of the root are widely spaced 
out, whilo those further back l'bmain unaltered. That is, growth, in 
length, is confined to a very shott region behind the root tip. We shall 
find also that the production of root-hairs begins some distance behind 
the tip, and that of the rootlets further back still. The explanation is 
that if hairs and rootlets were produced on parts growing actively 
in length, they would be injured by friction with the soil; hence 
growth in length is confined to a zone near the tip, and the hairs 
and rootlej,s are produced further back. 

Since the radicle, in making its response to the stimulus of 
gravitation, will grow downwards against considerable resistance, and 
the rootlets must also burrow through the soil, the delicate tip of the 
root must be protected against injury. The tip of the root is covered, 
for this purpose, by a conical mass of tissue, the root-cap, the outer 
tissue of which is continually worn away at the surface, and renewed 
from within. The tip of the stem does not require a special pro
tection of this kind, since it is covered by the youngest leaves, which 
curve over it, and prevent injury of the delicate growing tissue from 
drought, etc. 

Photosynthesis and Respiration.-The central fact in the physiology 
of the plant is photosynthesis-a series of processes by which the 
living protoplasm of green cells is enabled, by utilizing the energy 
of sunlight, absorbed by the chlorophyll, to rearrange the elementl< 
carbon, hydrogen, and oxygen of all the carbon dioxide of the air and 
water ill such a manner as to build up organic substances of 
increasing complexity. The carbo-hydrates (sugars) produced by 
photosynthesis are, later, combined with nitrogen, sulphur, and 
phosphorus absorbed from the soil, so as to form nitrogenous organic 
substances, producing proteins; and the whole series of building
up, or synthetic process, culminates in the forming of protoplasm 
itself. 

Somo of the points in this brief summary of an important chain 
of processes may now be explained in detail. We may again go 
back to the germinating seed, as a starting-point. In all seeds, 
a certain amount of organio food substance is stored up for the use 
of the young plant. In some seeds this food is contained in the embryo 
itself (usually in the cotyledons) ; while in others it is contained. in 
a special tissue, "the endosperm, lying within the se~d-co~t but outslde 
of the embryo itself. In the first case the seed IS slud to be non
endospermic (e.g. beans, peas, turnip); in the second case endosper.mic 
(e.g. wheat, buckwheat, mangold). Thefoo~ m~y be of vari0ll:s 
kinds. Proteins are always present, together wlth elther starch or otl 
or other less common substances. Tbere is also a certain amount of 
mineral matter and some water, even in apparently quite dry seeds--
not enough to allow germinatIon to take place, but ~nough to keep 
the young plant alive, for if a seed is thoroughly dried the embryo 
is killed. . 

Now these reserve foods in seeds are either absolutely, or relatively, 
insolubie in water since the passage from one part of a plant to 
another is blocked by innumerable partitions (cell-walls). It is obvious 
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that in order to be moved about in the plant, food substances must be 
soluble and able to diffuse through membranes. Starch, oil, and 
proteins are either only slightly soluble or quite insoluble, and in
diffusible; hence they cannot be transported, as such, to parts wher~ 
growth is taking place, and where food is required. The difficulty i. 
solved by the conversion o( these stored foods into other 8ubstancl's, 
which are readily soluble and diffusible, and the converting proce," 
is in each. case performed by a ferment or enzyme, 110 special kind of 
the ferment diastase. Other ferments change proteins into simpler 
substance, called peptones, and others again change oils into simpler 
substances, which are soluble and d:ffusible. Many familiar l,ro
cesses are due to these ferments. For instance, the first stagC! in 
brewing depend upon the presence of diastase in the barley grain ; 
the seeds are allowed to germinate, and the diastase converts the 
starch, stored for the young plant's use, into sugar. 

When a seed is soaked, and supplied with warmth and air, the 
cells produce the appropriate ferments, and the reserve subdtancea 
are acted upon by these, and made available for the use of the grow:ng 
root a.nd shoot. Hence, for a time (depending practically upon the 
size of the seed), the young plant may grow without any outside food • 
supply. For insta.nce, a bean seedling will grow for a long time, if 
supplied with only distilled water, and may even be brought to 
flowering a.nd the product:on of seeds, provided it is exposed to light, 
and given sufficient warmth and air. It is owing to this food-store 
that seeds provide such excellent material for experimenting on the 
growth of plants under the simplest conditions, and to some of the39 
we now turn. When a plant is growing, it is of courso doing work; 
and the organic substances which it contains must be undergoing 
waste, just as in the case of an animal doing work. This waste must 
be made good by a supply of food, otherwise starvat:on and death 
will ensue. 

The food contained in a seed, after having been converted into 
suitable forms, . represents a supply of force, or energy, in potential 
form; bnt this must now be converted into free energy, besides pro
viding material to repair waste. In a germinating seed, just as in an 
animal, the conversion of potential into free energy is brought about 
by the combination of oxygen with the tis3ue materials; the process 
being one of respiration or combustion, in which sugar, for instance, is 
oxidized, s!ltting free not only energy but also matter in the form of 
carbon dioxide and water. That germinating seeds consume the 
oxygen of the air, and give ont carbon dioxide, is easily shown by 
placing soaked seeds in a closed vessel; and, after a few days, 
testing with lime-water. 

To repair the waste of energy, and material, entailed in growth and 
vital processes generally, the plant must obtain a supply of material 
and energy from outside. In the case of green plants, the sourcea of 
material are the air and the water and BaIts in the soil, and the Bource 
of energy is the light. The importance of chlorophyll is apparent when 
we ascertain that a solution of it, made by steeping leaves in alcohol, 
shows a characteristic absorption spectrum, with dark bands in the red 
and blue regions. That is to say, the chlorophyll absorbs the red and 

• 
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blue raYB of light; and experiments with plants grown under coloured 
glo.sses, or under the purer coloured light obtained by using screens, 
such. as :flat bottles containing solutions of aniline dYl'3, prove that 
the hght rays absorbed by chlorophyll are just those which promote 
the process of photosynthesis. 

Altbough the subject of photosynthesis is a difficult one, the 
general condit:ons under which photosynthesis occurs are, fortunately, 
easy to demonstrate by experiment. In the great majority of 
plants, part of the sugar formed as a result of photosynthesis 
is temporarily changed into starch, the presence of which in 
the leaf is easily detected by using iodine solution. i.e. after 
placing the leaf in boiling water for a few minutes, and then 
steeping it in alcohol to remove the chlorophyll. During the daytime, 
therefore, starch accumulates in the leaf, and at night this starch 
is changed back into sugar (by the action of diastase), and part of 
it, as well as part of that formed during the daytime, is used by the 
leaf itself, while the rest travels to various other parts of the plani;, 
which require food either for growth or for storage. 

In starting any experiment on photosynthesis all we have to do 
is first to place the plant in darkness for a few days, so that any 
starch present in the leaves shall be changed into sugar, and we then 
begin our experiment with starch-free leaves. 

That light is necessary, is proved by placing a strip of tin-foil 
across a leaf, or a stencil with lette1'l3, or some other pattern; or a 
photographic negative, and, after exposure to light, and testing with 
iodine, we shall find that starch has been formed only where the light 
reached tho leaf. If a photographic negative is used, we get a starch
print, tho light parts of the negative showing up dark, and vice versa, 
after the leaf has been treated with iodine. That carbon dioxide is 
necessary is proved by placing a leaf halfway (through a split cork 
bung) into a jar containing some caustic potash (to absorb any 
carbon dioxide in the air). while the leaf-stalk ou t.side the bottle 
dips into water; the part of th3 leaf inside the bottle (in air deprived 
of carbon dioxide) produces no starch, the part outside (in ordinary 
air) does. That chlorophyll is essential is proved by experimenting 
with variegated leaves, the segments without chlorophyll making no 
starch, while the green parts do. . 

Transpiration.-Another process which is related to ,photosynthesIs 
is that of transpiration. Experiments on root absorption show, t?at 
the root-hair~ cannot absorb a strong solution of salts from the ~Oll ; 
and that in order to obtain the quantity of salts reqUired, 
the plant must take in an excess of water, beyon~ what is actually 
required in order to bathe the tissues,. and to proVlde th? amo~t of 
water used up in photosynthesis. This excess of water IS got rId of 
mainly in the form of wate~ vapour,. whic~ is gi~en ~f! by the leaves, 
mainly through the stomata lD the epIdermIS. This glVlng-off of water 
vapou~ by the leaves is called transpiration; but we ~lso have to 
consider the current of water (transpiration current) which :flows up 
the stem from roots to leaves. . 

Although the precise explanation of the rise of this current is 
rather difficult to understand, the main facts are simple enough, and 
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it is easy to show that the leaves give off considerable quantitiee of 
water in the form of vapour. This can be shown simply by placing 
a plant under a bell-jar and noting that the transpired water vapour ill 
condensed on the inside of the glass; or we can weigh the water 
given off by placing with the plant, under a glass, Bome weighed dry 
calcium chloride which absorbs water vapour readily from the air ; 
or we can place in contact with the leaf itself a piece of filter-paper 
soaked- in cobalt nitrate solution and then dried; the dried cobalt 
paper is blue, but becomes pink on being moistened. 

The actual current of water up the stem can be made visible and 
measured in various ways. To demonstrate the rise of water, and at 
the same time show the channels along which it flows, place the lower 
cut end of a stem in coloured water, which will ascend in the wood of 
the vascular bundles and finally reach the veins in the leaves. To 
measure the rate of the -current the simplest method is to use a 
potometer, consisting essentially of a vertical narrow glass tube open 
at the top, connected at the base with a vessel filled with water, into 
which the cut end dips, the junction bE'ing air-tight; 88 the stem 
draws up water from the larger vessel the column of water in the 
narrow tube sinks, and, if graduated, the quantity of water which is 
exhaled by the leaves in a given time can be recorded. With such 
an apparatus we can show that the rate of the transpiration current 
varies according to external conditions. All might be expected, we 
find that it is increased either by warmth, dryness of the air, or by 
wind. Up to a certain point, therefore, transpiration is regulated 
by the same conditions as evaporation from a free water 8urface. 
There is one additional factor, however, which controls transpiroltion 
though not ordinary evaporation, and this is light; in bright light. 
plants transpire freely, but in darkness transpiration practically 
ceases. This is due to the fact that in light the stomata on the leave.) 
are widely open, whereas in darkness they become nearly closed. 

Structure of Leaf, Root, and Stem.-Having thus gained some idea 
of the processes carried on in the living plant, we can better under
stand how the structure of the various parts is adapted to the functions 
which these parts have to perform. In fact, the structure of a plant 
is neither interesting nor intelligible until we know something of 
its functions, and on the other hand, we cannot properly understand 
functions without some knowledge of structure. 

From a broad point of view the leaf is the most important organ 
of the plant, some aquatic flowering plants having no roots, while 
others sholi' no distinction between stem and leaf. In the leaf, the 
all-important prooess of photosynthesis is carried on; from it is 
given off, as vapour, the excess of water absorbed from the soil ; 
while it also takes in oxygen and gives out carbon dioxide, and thus 
it is thl.' main seat of the gaseous exchange involved in respiration
at any rate so far as the above-ground portion of the plant is con
cerned. The leaf is thus the medium of gaseous excbange 
between- the air within the plant and the atmospbere. These 
exchanges are concerned in the three processes of photosynthes,is 
(enter carbon-dioxide, exit oxygen), respiration (enter oxygen, exit 
carbon dioxide), and transpiration (exit water vapour)_ 
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Tho leal (Fig. 251) is structurally well adapted to its functions. 
The typical thin, :flat type, consisting of green tissue supported and 
spread out to the light and air by a network of veins; the epidermis 
with its outer layer of impervious cuticle, to prevent excessive loss 
of waipr vapour; the stomata (Fig. 252) in the epidermis, each stoma 
being a slit-like opening between two sausage-shaped guard-cells; 
the intercellular air-spaces, communicating with the atmosphere by 
means or the stomata, and continuous also with the air~spaces in the 
stem and root; the green tissue (mesophyU) divided into an upper 
zontl consisting of vertically elongated cells (palisade tissue) and 
a lower zone of branched star-like cells (spongy tissue) separated 
by larg3 air-spaces; the fine veins running between the palisade 
and spongy zones, supplying the green cells with water and salts, 
and also carrying away from them the organic substances they 
manufacture by photosynthesis-all these details of structure show 
how beautifully the leaf is adapted to its important functions. 

FIG. 251.-Pn.rtly diagrammatic representation of the structure of a Foliage Leaf. 
showing transverse section, longitudinal section. and lower surface. 

The structure of the leaf should be thoroughly understood, and 
for this purpose microscopic examination is necessary, and the 
following preparations should be made and examined: (1) Pieces of 
epidermis may be separated from the upper and lower sides of a leaf 
and boiled in potash. The edges are then cut away witb. scissors, so 
that the structure will separate readily into its. three .parts-upper 
epidermis, lower .epidermis, and mesophyll Wlth vems; or (2) 
tangential sections may be cut, parallel with the :flat surface, at 
different depths, to show the appearance of the palisade and spongy 
celie cut horizontally; and (3) thin vertical sections thr?ugh. th.e leaf 
will give material for examination. The presence of alr wlthm the 
leaf is easily demonstrated by dipping a large leaf into freshly-boiled 
water in a tumbler; in many cases the air-bubbles, forc~ out by 
the expansion of the air in the inte~cellular. air-sp~ces! w:ill appear 
only on the lower side. In preparations stained WIth Iodine, If the 
leaf has been exposed to light previously, the starch will be seen as 
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small grains stained dark blue or nearly black in the chloroplasts 
of the mesophyll cells. 

The structure of the root should also be examined: (1) Mount in 
water the roots of cress or mustard seedling3, and note the root-cap 
covering the t:p of the root; the numerous long thin· root-lUJir_, 
beginning a short distance behind the root-tip; the central cylinder 
of va8cular ti88u,e, and the rootlet8, each arising from the contral 
cylinder and breaking out through the soft outer tissue (cortez) to 
reach the surface. (2) Transverse sections should be made and 
examined from different parts of the root of a bean, to show the 
arrangement of the wood (xylem) and soft-bast (phlrem) bundles, on 
alternate radii, and the increase in vascular tissue in the older parts 
as the result of secondary thickening. In seotions passing through 
the point of origin of a rootlet the latter will be seen to start from the 
vascular cylinder, immediately outside one of the xylem bundle&
this explains the regular arrangement of the rootlets in longitudinal 
rows, as seen externally in the roots of seedlings like those of bean. 

FIG. 252.-A. s\omata closed; B • • \omata open. 

The Btem (Figs. 253 and 254) serves primarily as II means for 
supportmg and spread:ng out the leaves to light and' air to the best 
advantage, besides bearing the flowers and acting as an intermediary 
between roots and leaves. In the young stem the bundle. form a ring 
around the pith, 80 that the t:ssue of the stem is divided into an inner 
portion (pith), an outer portion (cortez), and II number of rlldiatiQg 
lines known as medullary rays, extending from the pith, between the 
individual bundles; on the outside of the cortex is the epidermis, 
containing stomata. Each bundle consists of wood (xylem) on the 
inner side, and soft-bast (phloom) on the outer side; II bundle of 
fibrous tissue (hard-blast) is often present on the outer Bide of the 
phloom. The xylem vessels and the bast fibres show up clearly when 
sections of stem (or root) are treated with aniline solution, which 
stains them yellow, but leaves the other tissues (those with cellulose 
walls) unstained. 

Oambium. Between the xylem and the phloom there is an 
important tissue called the cambium, radial rows of thin-walled cells, 
containing abundant protoplasm. In dicotyledonous stems this tissue 
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is present from the beginning, but in the roots it is formed at a later 
stage, but in both it sooner or later becomes a continuous sheet, Been 
in cross-section as an outer ring, and its cells give rise to additional 
wood internally, and to additional bast externally, causing increasing 
thickness of the stem. The cambium is involved in various processes, 
such as pruning, grafting, propagation by cuttings, etc., owing to its 
power of producing fresh tissue. 

Root-Absorption j Essential Soil Substances.-We have seen that 
the plant obtains a large part of its food from the air; but the 
substances absorbed from the soil are of the greatest importance, and 

'Yesllela Vessels 

FIG. 25S.-Plutly diagrammatio transverse (upper) a.~d longitud~nal (l.ower) sections 
through a young dicotyledonous stem, sbowlIlg the vanOllS tissues. 

it is necessary to obtain a good grasp of the principles of root
absorption and of the conditions under which it is carried on. 
A soil must contain the same essential elements as a full culture 
solution, and these elements must be in a form available by the 
plant. Soil-water contains most of the essential elements in 
solution. The composition of the water present in a soil can be 
ascertained by analysis of drainage water; and can be tested for 
soluble matter by passing distilled water through them, and then 
applying to it tests for the essential ingredients. 
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Chemical Processes in the Soil.-{)nly substance8 in solution can 
be absorbed by the root-hairs. Substances ordinarily insoluble in 
pure water but required by plante are dissolved by various chemical 
processes which take place in the soil. Thus water containing carbon 
dioxide, which is always present in the soil, can dissolve carbonate of 
lime and various silicates. The acid secreted at the tip. of the 
root-hairs acts as a solvenf, and various soluble 8ubstances present 
in soil-water, by effecting chemical decomposition, bring intractable 
substances into soluble form. 

FIG. 254.-Diagrammatic c ....... section. 01 a Dioot,Jedonona.tem at dlfl'erent 
stages. In I tbe bundles of the ,"ounl' Bloem are diRt-inea from each 
otiher, being separated by lhe broad primal'J' medull....,. r&78. which 
consist of gronnd u88ue continuoos with the similar 'i88De in &be pith 
and in t.he cortex. In 11 tbe cambium b .. become a oomple&e ring .,., 
the formation of stripe of cambium (interfascicular cambium' in the 
rays. these strips being joined up to the cambium Ifucieular cambium' 
in tbe bondles themselves. In ill lbe colllpleWd oambiom rimr baa 
given rise to secondary wood in&emall7 (aho1fin. three anoual ringl of 
growth) and &0 secondal'J' pbJCI!m "&email,: the radial Un ... in 'be 
wood and phh:em represent the medullaJ'J' raJa, and • IaJer of cork b ... 
been formed on tibe ouuide of the a$em. 

Soluble salts are largely washed out by drainage. The chlorides. 
sulphates, and carbonates are mostly removed in this way; but the 
soil keeps a firm hold of potassium and a!DDlonium salte, and also 
of phosphates, as can be shown by allowing dilute solutions to filter 
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through the soil. The acids of ammonium and potassium salts are 
usually found combined with lime in the drainage water. The 
retentive power of soil for salts of potash, lime, phosphates, 
silicates, humates, etc., is partly due to chemical action between these 
substances and lime; partly to absorption by the porous and bulky' 
humus, and partly to capillary upward movement in the solution 
occupying the minute pores between the soil particles. 

The organic portion of the soil undergoes changes of great interest 
and importance, which have attracted more attention than the 
changes affecting the inorganic portion. The carbon in the organic 
matter of the soil is continually undergoing oxidation, carbon dioxide 
and organic acids being produced, and heat being evolved. The 
air in soil is always poorer in oxygen and richer in carbon 
dioxide than that above it. Organic acids make the soil "sour" 
and bad for plants, unless there is enough basic material (especially 
lime) to unite with and neutralize them. The nitrogen of tbe organic 
matter changes eventually into nitrates, and this change, which also 
occurs in the case of ammonia compounds, is called nitrification. 

Nitrification, like most other changes that occur in organic matter 
in nature, is due to the action of micro-organisms (bacteria) (Fig. 4). 
Many of these have the power of converting the nitrogen of proteids 
into ammonia, which unites with the carbon dioxide produced, forming 
carbonate of ammonia, and this' is ox~dized (under the influence of 
certain bacteria) into nitrites, and finally into nitrates, ready for 
immediate absorption by roots. Nitrification can only occur under 
favourable conditions, the chief of these being: (1) suitable food 
for the microbes, such as lime, potash, ,sulphates, phosphates, and 
carbon dioxide; (2) basic material to combine with the nitric acid; 
(3) suitable temperature; (4) sufficient moisture; (5) sufficient 
oxygen; (6) absence of strong light, which plU'alyses and eventually 
kills the nitrifying bacteria. . 

Nitrification is arrested if too much ammonium carbonate is present, 
as may happen when too much farm-yard manure has been applied. 
This stoppage is prevented by the presence of gypsum (sulphate of 
lime), which converts the carbonate of ammonia into sulphate. 
A chemical change, involving the breaking up of nitrates and the 
setting free of nitrogen, takes place under certain conditions in soils 
and manure heaps. This demtrification is due to the action of 
certain aerobic bacteria, which can only do their work of destruction 
in (1) the absence of oxygen, and (2) in the presence of large 
amounts of easily oxidized organic matter in the soil. . 

Nitrogen Fixation.-A most important process set up by certam 
soil bacteria is the fixation of free atmospheric nitrogen, and thp. 
formation of nitric acid. According to observation, the nitrogen
fixing organisms can only work in the absence of oxygen,. so that 
there must be other bacteri,a in order to help in removmg the 
oxygen from the soil. As is well known, ~ fertile. soil so~n 
becomes exhausted of immed:ate plant food, espeCially of mtrogen, If 
successive crops are grown upon it;. and the crop~ become 
gradually poorer until manures are supplied. .The most Important 
of all manures is riitrate of soda, and there IS strong reason for 
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believing that the deposits of this substance, found chiefly in 
rainless districts of South America, have been produced by 
bacteria of the nitrogen-fixing kind. These deposits have doubtless 
accumulated during millions of years, the nitric acid produced by 
the bacteria combining with soda, present in the soil, and the soluble 
nitrate thus formed being preserved from loss by the extreme 
dryness of the climate. These valuable deposits are being rapidly 
used up, while the rate at which they are formed is very slow, 
and the conditions necessary for the production of thick beds of 
nitrate-e.g. a practically rainless area of desert-are found in few 
parts of the world. Nitrate of potash occurs in deposits in certain 
rainless regions of India. 

Though the nitrogen-fixing bacteria occur everywhere in fertile 
soils, the nitrates produced are soon appropriated by plants, or 
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FIG. 255.-Bacterial Nodules of Leguminosre. A. part of a broad bean root with 
nodules; B. diagrammatic cross-section of a nodule i C and D, involution 
forms (bacteroids) of the infeRting organism from the bacteroidal tissue; 
C shows older and D younger stages in the development of the bacteroids. 

washed out by rain-water. Long ago, Cavendish discovered that 
when an electric discharge is passed through air brown fumes of 
nitrous acid are produced-Leo the oxygen of the air combines with 
the free nitrogen, and the resulting oxide, on being dissolved in 
water, yields nitrous and nitric acids. Cavendish added soda to 
the acid solution, and on evaporating the liquid obtained cryst~ls of 
nitre; hence the name nitrogen or "nitre-former" (see nitrolime). 
A. similar action takes place during thunderstorms, when nitrate of 
ammonia is formed in the air. 

Assimilation of Nitrogen by Leguminous Plants.-The free 
nitrogen of the atmosphere is not usually m8lde use of by the green 
plant. There is, however, at least one important order of flowering 

.\ plants, the LeguminosaJ, by which it is indirectly employed. It was 
for long recognized that leguminous plants will grow in soils 
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containing little or no combined nitrogen, and, as a matter of 
fact, that the soil was richer in nitrogen after the croil had been 
removed than previously. These facts, wh:ch were at first{extremely 
puzzling, have now been expla:ned. 

Numerous small nodules or tubercles (Figs. 255 and 256) are 
found on the roots of leguminous plants. When these tubercles' 
are examined they are found to be filled with small oval unicellular 
bodies called bacteroids. By some these are regarded as bacteria; 
by others as the "spores" of a fungus. They are always present in 
the soil and infect the roots of leguminous plants through the root
hairs. In these hairs they give rise to fine tubes which,tmaking their 
way into the cortical tissue, stimulate it into active growth and thus 
lead to the formation of tubercles. The tubercles are rich in starch, 
and, later, each is invaded by a branch from the vascular bundles of 
the root. The bacteroids found in the fully grown tubercle are 
developed inside the invading tubes. 

A 

FIG. 256.-Bacteria! Nodules. A. clover root showing nodules 
B. highly magnified nodule. 

B 

Analysis shows that the tubercles are very rich in nitrogenous 
substances, also in potash and phosphorus, and they seem to develop 
best in so:ls which are poor in nitrogen. They do not develop 
in plants grown in sterilized soil which has been heated so as to 
kill the organisms present in it. On the other hand, they develop 
on roots of plants which have been germinated in garden soil and 
then transferred into culture solutions. 

There can be no doubt that we have here an example of symbiosis. 
The fungus apparently makes use of the free nitrogen of the air, and 
brings it into combination, just as certain true bacteria do; and it 
is probable that, while the leguminous plant receives the benefit of 
the nitrogen compounds (nitrates) formed, the fungus is supplied 
with carbo-hydrates (sugar) manufactured by the green plant.' 

Available Plant Food in Soil.-We have seen that root-hairs can 
only absorb dissolved substances. Salts insoluble in pure water, and 
required by plants, are brought into solution in various ways, chiefly 
by tho carbon dioxide and by the changes due .to the variouB 
chemical processes already mentioned. It is easy to show that 
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root-hairs give out acid sap, and carbon dioxide, which account. 
'partly, at any rate, for the acid reaclion they exert on litmus. 
It also explains the eroding effects of root-fibres on slabs of marble. 

A complete chemical analysis of a soil, though showing the amount 
of plant food it contains, often gives little practical information 
.as to its fertility or its needs. It is necesl!8ry tD know the 
.amountij of the elements which are directly available for the use 
·of plants. One method, used to determine the amount of phosphoric 
.acid, for example, is to treat the soil with Ii 1 per cent solution of 
,citric acid, as is further treated of in the section devoted to manures. 

ExperimentB.-(I) Grow seedlings with their roots resting on 
wetted blue litmus paper, or dipping into blue litmus solution, and 
notice the change of colour, due to the acid substances excreted 
-by ·the root-hairs. 

(2) Grow seedlings in a 'layer of sawdust or soil resting on 
.a slab of polished limestone. After a week or so, when the roots 
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FIG. 257.-The par'" of .. Bntlercnp Flower. 

·.have reached the slab, remove the latter and examine the .urface 
.closely for the tracks eaten into it by the roots. . 

(3) To show that roots give out carbon dioxide, it is only necessary 
to grow seedlings for a short time with their roots dipping into 
'lime-water; set up a control experiment, with a jar containing 
-lime-water, but no plant. 

Fertility of Soil.-From what has been already said, it is easy 
to' understand that the fertility of a soil depends on the existence 
.of suitable relations between its (1) mechanical, (2) chemical, and 
.(3) biological properties. 

(1) N) matter how rich a soil may be in plant food, it cannot 
reach Ii high degree of fertility unlesa it has the proper fineness of 

-texture, porosity, water-holding power, and other physical properties 
-which are essential for allowing the roots of plants to grow readily, 
.and to be supplied with sufficient air and water. 

(2) It is also essential that the soil should contain a Buitable store 
..of plant food in an available condition. However suitable the 
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structure of the soil, it cannot give the best results if the plant food 
(or any essential part of it) is present in insufficient amount, or in an 
insoluble or unavailable form. 

(3) Since the conversion of one of the most important elements 
of plant food, nitrogen, from combination in complex and insoluble 
substances into the directly available nitrates is the work of certain 
bacteria, it is obvious that micro-organisms must be present in the 
soil ill order to make it highly fertile. 

Selective Absorption by Roots.-It is well known that on 
most soils it is better to change the kind of crop grown from year 
to year, instead of growing the same crop year after year. This 
is because different plants have different needs, and take their food 
ingredients in different proportions from the soil. For instance, 
cereals (wheat, rye, barley, oats) take from the soil less than half 
as much nitrogen, lime, and potash as "root-crops" (turnip, mangold, 
beet, potato). Hence crops with similar needs are raised alternately 

FIG. 258.-Flower of Pea. 

instead of in succession, on the same field; this alternation con
stituting a "rotation of crops". When a plant is grown in a solution 
containing sodium nitrate, it takes up all the nitrogen and only 
a trace of the sodium, because more nitrogen is used by the plant 
than sodium (see Rotations). 

Reproduction of Flowering Plants.-So far we have chiefly con
sidered nutrition and growth, as essentials for the life of the 
individual plant. The race may be perpetuated in the case of many 
plants by purely vegetative means. Perennial plants which have 
branching underground stems, tubers, bulbs, and other organs in 
which food is soored during the winter multiply by means of these 
organs; for instance, the younger branches of a creeping stem, 
either above or below ground, may be set free by dividing the 
stock or by the dying away of the older parts. Similarly, tube;s, 
bulbs, and corms become detached from the parent plant, and gIve 
rise to new plants. 

Ll 
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In the case of annuals, the production of leed is essential for the 
perpetuation of the race, and even in the case of perennialll the 
production of seed takes place Booner or later, though the nece88ity 
for seed production is here not 80 pressing. It is, however, in the 
long run quite as important. Apart from the fact that the leed 
forms the best possible method of propagat:on, reproduction by Beed 
differs from other methods of increase in the fact that it involves 
the fusion of two 'germ-cellB or gameteB from different 8Ources. 
Hence it is the most important method by which the race may be 
strengthened and useful variations transmitted from generation to 
generation. 

There is no need here to describe the various types ot in
florescence met with among the flowering phanerogams or plants, 
nor the various mechanisms by which flowers are naturally adapted 
for pollination by insects and the widd. The essential parts of 
a flower (Figs. 257, 258) are the pollen grfJinB and the ovules, or 

CONNECTIVE 

FIG. 259.-Strncture of Anther. A. an auther cut aero .. Ju.' afler the poll"" ....... ba". 
opened to shed the pollen: B. c ....... aeet;on 01 anther more bighly magnifted. 

more strictly, the actual germ-cells, male and female, produced by 
these two elements respectively. In the majority of flowera the 
essential organs of reproduction (which may either be present in 
the same flower or in different flowers) are enclosed in an envelope 
(perianth) composed of free or united leaves; if the perianth is 
differentiated into two portions, the outer is termed the calyx (com
posed of sepals), and the inner the corolla (composed of petals) . 

. The anther (Fig. 259) is usually borne on a stalk called the 
filament, the anther and filament together making up the stamen. 
The anther usually consists of four parallel chamherll, the pollen
BaC8, which -contain the pollen grainl ; a,nd when the latter are 
mature _the anther opens to set them free, usually by means of 
a longitudinal slit on each side of the a.nther. The pollen grain is 
a single cell, containing when mature two nuclei, a vegetative 
nucleus, and a generative nucleus. 

The ovule is usually egg-shaped and is attached by a stalk to 
the inner s:de of a closed chamber, the ovary, which is produced above 
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into an appendage, called the 8tigma, the surface of which is provided 
with receptive hairs. The ovary may contain one or many ovules, 
and the arrangement of the ovules in the ovary varies greatly in 
different flowers. A flower may cont;Lin a single ovary, or several 
ovaries; and when the ovary is single, it may either represent a single 
carpel 01" several fused carpels. A carpel may be defined as a modified 
leaf, tho ovule-bearing portion of the carpel being closed so as 
to form "the ovary, just as a stamen is a modified leaf-bearing 
pollen-sac. 

When the ovule is mature it consists of a contral mass of tissue 
(nucellu8) covered by a single or double coat (integument), which 
remains open at one point to form the m~croP1Jle. Within 
the nucellus, usually nearer the micropyle end of the ovule, is the 
embl'Yo-sac, containing a number of nuclei. The young embryo-sac 

Integument. 
of Ovule 

IJlO~..-l""'4--Egg cell 

+--»--1-- Nucellue 

Stalk of 
Ovule 

FIG. 260.-Diagl'ammatic longitudinal section of 
Ovary and Ovule of Buckwheat. showing a 
pollen tube which has reached the micropyle 
of the ovule. 

has a singk nucleus, which divides until eight nuclei are formed, 
four at either end-the two ends being distinguished as micropylar 
and antipodaL One nucleus from each polar group of four then 
moves to the centre of the sac, and these two nuclei fuse, forming 
the "secondary" or "fusion" nucleus. The three nuclei at the 
antipodal end are then cut off by cell-waU~ and need. not be 
considered further, while of the three nuclC! at the mICropylar 
end one (oosphere, or female germ-cell) becomes larger than the 
other two (synergids, or " help-cells "). 

When, by the agency of. wind or an inse~t, a P?llen g~ain is 
brought within the receptive tissue of the stigma, It germma~es, 
sending into the tissue of the stigma a slender tu~e, resembling 
a root-hair, and into this pollen tube pass the nucleI of the pollen 



516 HORTICULTURE. 

grain (Fig. 260). This tube burrows through the stigma and style 
until it reaches an ovule; meanwhile the generative nucleus haa 
divided into two, hence the tube contains three nuclei. When the 
"tube enters the micropyle of the ovule, it diacharges, probably by 
absorbing tho sap from the synergids, and its three nuclei pass into 
the embryo-sac. One of the generative nuclei fuses with the oosphere, 
the other with the" secondary" nucleus (fused polar nuclei) at the 
centre of the sac. Hence fertilization is a double process, involving 
fusion. between two pairs of nuclei. 

Thil fertilized oosphere then develops into the embryo-plant, while 
the fertilized "secondary" nucleus gives rise to a mass of tissue, 
known as the endosperm. In some cases ,the endosperm either 
shows little development or is absorbed by the growing embryo, 
before the growth of the ovula into a seed is completed-in 
such cases the seed is non-endosperm:c or exalbuminoue. In 
other cases the endosperm grows actively, 80 that the maturt' 
seed contains a more or less prom:nent mass of tissue in addition 
to the embryo-such seeds are endospermic or album:nous. In 
any case, during the development of the seed, var:oue food 
materials, brought from the leaves, are stored up in the endosperm 
or in the embryo itsalf, and finally the seed undergoes drying 
and is ready to be set free in its resting condition. It i. 
unnecessary to describe the various methods by which the seeds are 
dispersed, although they are both numerous and interesting. 

HEREDITY AND VARIATION. 

The actual process of fertilization in plants-which in the case of 
flowering plants leads to the formation of the seed-is precisely the 
same as in animals. It consists in the fusion of two nuclei, one froni 
each parent-in flowering plants the pollen or male element and the 
ovule or female element. Even where an individual plant has 
been produced directly from cuttin~ well as in certain 
exceptional cases where a seed is formed without pollination and 
fertilization, every nucleus of the individual consists half of nuclear 
matter, derived from the male parent and half from the female parent. 
The nucleus is the carrier of that mysterious potentiality which we 
call heredity-that is, the transmission of the characteristic. of the 
parents to the offspring. 

But while the offspring of parents show a general resemblance, 
they also show considerable differences upon close inspection and 
measurement; indeed, no two individuals are precisely alike. The 
capacity for variation is universal among living organi~ms, for all 
individual characteristics of all ancestors are not translDltted to the 
offspring, but every organism shows modification and poSBeil8es an 
individuality of its own. This modification reflects external conditions, 
or it may appear in response to changes in the environment; it may 
be an acquired .character shown merely.during the life of the-organism, 
-or it may be an innate and transmissible characteristic. 

Individuals which resemble one another closely .. owing to their 
having had a common parentage, may collectively form what is called 
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a race, a species, or a variety. Our estimate of the value of such 
groupings is based on the study' of individuals, and centre around 
average examples; but certain extremes may appear among 
multitudinous slight variations, and some of these extremes may 
insensibly shade off into other varieties, or they may even stand apart 
owing to having sharply defined characters. In any case, a group 
of individuals-whether termed a race, variety, or species-is to 
a larg3 extent a theoretical average with regard to character, and 
consists of a series of individuals showing minor variations 
arranged around an average type. If many individuals are examined 
with regard to anyone character, the result may be set out in the 
.form or a variation curve. In most cases the curve is normal or 
symmetrical, showing the highest frequency, or average (or" mode "), 
in tho centre, corresponding with the" law of probability" or " curve 
of frequency of error". Sometimes the "mode" is displaced to one 
sido, giving an unsymmetrical or skew curve. 

Variation.-Ever since man cultivated or domesticated plants and 
animals he has selected" isolated, and bred the most desirable forms, 
excluding or destroying those he considered undesirable. By this 
process new breeds or races have been obtained. Darwin saw that 
in nature similar processes have given similar results, and his theory 
of Natural Selection was based upon these facts. 

By the artificial selection of fluctuating variations it has been 
found possible to make great improvements or to maintain a standard. 
But, on tho other hand, there are many observers who deny 
permanence to these fluctuating characters, on the ground that 
they often are due to the environment, to nutrition, and so on 
and that there is no satisfactory evidence that they can be worked 
up and fixed as specific permanent characters-in other words, 
that the small fluctuating variations are not the basis upon which 
selection works, and that the heredity of fluctuations is an extremely 
difficult and slow procea&, and its results of questionable permanency. 

Mutation.-There is, in fact, a great diversity of opinion regarding 
tho magnitude of the variations, by means 'of which progress in 
selection, whether natural or artificial, is maintained, and much 
experimental work is in progress with the object of throwing light 
upon th(J questions involved. The work of Professor Jahannsen 
suggestd that while the average for the race or species can be moved 
in one direction or another by pure line breeding, it can only be 
so moved very slowly, and that the tendency to retrogression towards 
the average will tend to break up a "mixed population" (resulting 
from crossed and miscellaneous breeding) into distinct pure lines; 
that is, each form-type tends to be constant, and n~w: types must 
arise chiefly through mutations or else through hybrIdization. 

Professor de Vries advanced the view that all evolutionary progress 
is based upon the occurrence of ~ut~tions. A mutat~o~ is a variation 
which appears suddenly and whlCh IS f.ully transilllsslbl? A~ con
trasted with fluctuating variations, mutatIOns are te.rmed discontinu?us 
variations. According to de Vries, the selection of fluct!la~g 
variations cannot lead to permanent progress, because these vanations 
are only "linear" and thus cannot afford a basis or handle for the 
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origin of new form~. In other v.-ords, by fluctuating variation 
already existing bodies, organs, and parts can be enlarged or made 
smaller, greener, or less green, and so on-that is, developed II plua
ward" or "minus-ward "-but by this nothing new arises, and the 
differentiation of organs consists, on the whole, in the evolution of 
actually new characters, i.e. jumps. 

A mutation may be relatively large or relatively small, while 
variation only involves a single unit character or a group of unit 
characters. It is often larger than a fluctuation, but may be 8maller ; 
in fact, very careful analysis is often necessary before anyone can 
distinguish between a fluctuation and a small mutation, and much 
more work is required before it will be possible to estimate properly 
the respective value in evolution of mutation and fluctuation, or to 
what extent mutation is transmissible, and, in general terms, the 
extent an(l frequency and behaviour of mutants or forms arising 
through mutation. 

Mutation is apparently of great importance in connexion with 
crop improvement, since it directs attention to unusual individuals 
and types (rare and markled "sports ") and to the pOSBibility of 
securing permanent and immediate improvement by the isolation 
and· breeding from such forms. 

Genetics and Breeding.-The embryo, with its hereditary poSBi
bilities, derived from ages of ancestors, and determining the specific 
or racial type of the plant, is surrounded by an environment which i. 
a complex of physical and chemical factors, determining the growth 
of the individual. Heredity and environment are closely linked, 
since environment moulds heredity, while heredity affects the mode 
of response to environment. The study of the transmission through 
successive generations of racial and individual characters i. termed 
Genetics, and this finds direct practical application in the practice 
of breeding. 

A plant, or animal, arises from the union of two germs or gametea. 
In a flowering plant these are (1) a nucleus, with verllitUe or no 
accompanying protoplasm from the pollen tube, and (2) the egg-cell 
in the ovule. The resulting organism thus unites two lines of 
ancestry, and it will resemble neither parent exactly, nor will 
it as a rule be exactly intermediate between the two-especially 
when the parents show strongly contrasting characters. It may show 
distinctive characters of both parents, or perhaps some characters 
derived from more distant ancestors, along with others which may 
appear as modifications, or which may be apparently new. There are 
various distinct types of hybrid inheritance-blended, intensified, 
mosaic, heterogeneous, alternative, etc. According to Galton's law of 
ancestral heredity, aSBuming unity as the total heredity pOBseil8ion 
of the individual, values diminish in a geometrical series averaging 
thus:-parents, one-half each; grandparents, one-fourth; great
grandparents, one-eighth; and 80 on. 

Mendelism.-Such generalizations as Galton's are, of course, 
merely tho expression of the observed results of complex hereditary 
influences through several generations; they give little or no indica
tion of any particular method in hereditary, and no analysis of tlle 
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independent characters concerned. For instance, as a ;matter of 
fact, some ancestors may contribute only a few characters, or even 
apparently nothing distinctive. 

The newer studies in heredity began with the twentieth century, 
with the rediscovery of work done nearly fifty years earlier. This 
work is concerned mainly with alternative inheritance in hybrids
that is, inheritance in which the crossing of forms distinct with 
regard to any particular character, yield offspring which may resemble 
one parent only. The fundamental questions with which this work 
deals may be illustrated by giving an instance of the simplest form 
of the problem. If bearded wheat is crossed with beardless; Will 
the progeny be bearded or beardless, or intermediate, and what will 
happen ill succeeding generations? This line of investigation was 
first developed by Gregor Mendel, whose work was published in 1865, 
after ten years of research" and was practically lost s:ght of until 
rediscovered in 1900. 

Mendel found, by careful breeding experiments made with plants 
of the same species, but chosen from distinct horticultural varieties, 
that a 'certain characteristic of one parent made its appearance in all 
the offspring resulting from the cross, to the exclusion of the 
corresponding character of the other parent. He worked chiefly 
with the garden pea, which formed excellent material., for his purpose. 
He required material with marked contrasting characters, the hybrid 
offspring being 'easily protected from' foreign, pollen, and the 
off8pring being unaffected, as regards fertility, by the inbreeding 
processes necessary in the experiment. 

After testing for two years the constancy of thirty-four varieties 
of pea, he chose those which showed well-defined contrasting 
characters, and dealt with large numbers in order to avoid individual 
errors as far as possible. Three of his seven contrasting character
pairs in 'the case of the pea comprised (1) yellow and green colour 
of cotyledons, (2) white and coloured seed-coat, (3) tall and dwarf 
stature of plant. When a tall variety was crossed with a dwarf 
variety, all the offspring were tall. When the tall plants thus 
obtained were bred together, the offspring were either tall or short, 
in the proportion of three tall to one dwarf. Inbreeding was con
tinued, and in the third generation all the offspring of the I,I.warf peas 
resembled their immediate parents, while only one-third of the tall 
plants bred true, the remaining two-thirds giving rise to tall and 
dwarf individuals which. (like the offspring of all the tall plants that 
resulted from the first cross) were in the proportion of three to one. 

Exactly the same rule held good for the other six character-pai~s. 
The character which appeared in the hybrid of the first generation 
(termed the FI generation, or first filial generation) was termed the 
dominant of the pair, and that character which was masked or latent 
in the FI generation was termed the recessive. In the other two 
casllS mentioned the dominant characters were yellow colour of 
cotyledons and coloured s~ed-coat. . 

In each case one~fourth of the individuals of the F. generation 
showing the recessive character breed true in all subsequent genera
tions (Fo, F" and so on). Similarly, one-fourth of the total number 
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of F. individuals (one-third of the apparent dominants) breed true 
as dominants. The remainder (one-half) of these are hybrid or 
impure dominants, and break up in the F. generation exactly as did 
the whole number in the F. generation. This was repeated through 
successi,'') generations. lIenee the F. generation may be represented 
thus: D plus 2 D (R) plus R, in which D represents dominants, 
R recessives, and D (R) hybrid, or impure dominants, in which only 
the dominant character is evident. The impure dominants are here 
indistinguishable from pure dominants; but they show segregation ~n 
the next generat:on. • 

Recent work has resulted in the compiling of a long and ever
increasing list of characters in both plants and animals which behave 
in this way, and which are therefore termed allelomorphic or Mendelian 
characters. Whether or not a character is Mendelian can only be 
decided by actual experiment; in familiar language we must not 
judge individuals by their appearance, but by what they produce. 
In the breeding of plants and animals which diJIer markedly from one 
another in a number of respects, looked-for characters may not 
appear in the hybrids themselvefl, but may crop up in the second 
generation, when the hybrids breed among themselves; and this is 
an important practical point, for in the past there has often been 
a tendency to give IIJl work after a single apparently unsuccessful 
experiment. Either sex has little effect, for when the reciprocal 
cross is 'made by using the male parent of the first experiment as 
female parent in the second, like hybrids may result-in Mendel's 
experiments with a single character-pair the results were the same 
whichever parent furnished the pollen. 

Omitting the more complicated cases of Mendelian inheritance 
and breeding. mention may be made of the interpretation which 
Mendel himself placed on his results in his theory of the purity of the 
gametes. It is clear that, in the case of the hybrid between a tall (T) 
and a dwarf or short (8) pea, the male gametes in equal number 
will carry the characteristic tallness or dwarfne3s, but never both, 
and similarly with the egg-cells or female gametes. Assuming 
large numbers, these gametes ,on unit:ng, by the laws of chance 
(i.e. without selective fertilization)" would yield the following four 
kinds of offspring: tall with tall or TT (homozygote tall); tall with 
dwarf or T (8) (heterozygote), dwarf with tall or 8 (T) (hetero
zygote), dwarf with dwarf or 88 (homezygote dwarf). From which 
we get T plus 2 T (8) plus 8. 

The essential features of Mendelism are dominance and segrega
tion, and it has been shown that many Mendelian character-pairs 
(allelomorphs) may be expressed by the presence or absenc? of 
a single character instead of by two contrasting characters, mther 
presenoe or absence being dominant. On the principle of the purity 
of the gametes, and their combination according to the, laws of chance, 
it become~ a simple mathematical problem to determme the number 
of combinations resulting from a cross in which two or more character-
pairs are involved (Fig. '261).. ... 

The material basis underlYIng Mendelian mherItance-the 
behaviour of the chromosomes of the nucleus--need not be discussed 
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here, nor the more intricate cases which have been unravelled by 
the application of the Mendelian method to the analysis of the 
characters which make up the individual. It is clear, however, that 
a knowledge of Mendelism necessitates considerable modification both 
as to the older views of heredity and in the methods of selecting hybrid 
offspring. In alternative or Mendelian inheritance there can be no 
selection in the F\ generation, but in the F. generation selection 
for the pure recessives may be made. Since homozygous dominants 
are usually distinguished from heterozygous dominants only by the 
absence of segregation in subsequent generatiQns, it is necessary to 
isolate individuals and to test these by breeding. Clearly, when 
several character-pairs are involved, each of which requires con
sideration, selection with respect to dominant or rece88ive characters 
becomed a complex and laborious matter (see also remarks on the 
same subject in the sect:on on breeding live stock); 



CHAPTER II. 

HARDY FRUITS, FLOWERS, AND SOIL PREPARATION. 

No farmer can afford to disregard the cultivation of hardy fruits, 
as it not infrequently happens that fruit-trees or bush fruits prove 
quito as profitable as do other cultures on the farm, especially in the 
vicinity of large towns. Success will also largely depend upon the 
soil and climatic conditions, coupled with the knowledge and skill 
of the cultivator. 

Th"3 principal hardy (not hard) fruits adaptable for cultivation on 
ordinary farms are apples, pears, plums, cherries, gooseberries, 
raspberries, and strawberries. While a farmer cannot be expected 
to become an expert in fruit cultivation, he can nevertheless gain 
a very thorough knowledge of how to produce average yields of those 
fruits suited to his district, and when harvested to put them on the 
market to the best advantage. 

Soil and Situation.-The different kinds and species of fruit vary 
greatly as to their soil requirements, to overcome which difficulty 
grafting or budding is often resorted to. If the soil is shallow a stock 
is used whose roots possess a natural tendency to spread horizontally 
near to and below the surface of the soil, finally assuming a fibrous 
character. A deep, loamy soil inclined to be calcareous, and neither 
too dry nor too wet will suit the majority of fruit-trees, but rarely 
are such ideal conditions met with. 

The" site on which to plant fruit-trees must be carefully selected. 
Steep slopes and dry tracts of land are never productive of strong 
vigorous trees, neither should the ground be low-lying and highly 
charged with moisture, as is often the case along river-valleys, 
as in addition to a cold and waterlogged condition of the soil, fogs 
are p"revalent and hoar frosts are liable to prove fatal to fruits which 
mature early. It is. useless to attempt the cultivation of pears in 
localities of this kind, as the flower-buds are usually destroyed by 
May frosts. If the ground has a gradual slope towards the east or 
south, so as to faoa the sun at about 11 o'clock,. it is preferable, 
as during frosty weather the frozen plant has a better .chance 
of thawing before the more direct rays of the sun fall uP?D It; and 
which would otherwise, owing to the too sudden contractIOn of the 
cell-walls, cause rupturing to take place, followed by the premature 
death of the affected parts. 

The student must distinguish between the cultivation of fruit. for 
pleasure, or merely for obtaining fruit regardless of cost, ~nd. com
mercial fruit culture. In private gardens where the SOlI IS not 
naturally suitable for fruit culture it should be replaced, or improved, 
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by adding specially prepared composts to i~ very expensive pro
cedure, and one which is generally outside the province of the market 
grower. 

Shelter.-Shelter is of extreme importance where the more tender 
varieties of fruits are being grown. In using the word shelter it 
need not be inferred that a plantation of fruit-trees must be closed in 
on all sides, or even on one side; all that is necessary is that the 
growth of both young and old trees should be protected from lIudden 
checkA, and from the impact of cold winds from the norlh, north-east, 
and north-west. . A screen or .. wind break" is best effected by 
planting a belt of quick-growing trees such as poplars along the north 

FIG. 262.-Grafting. ..t. roo$ or .took of cruInce .. 
raised from cutting: E. method of heading back 
or cutting stock, showing tongue or notch D; 
C. correBpondingtoD~oe in scion: B. appearance 
of stock and Bcion when in posit.ion. 

side, some 60 or 100 feet distant from the plantation; this belt may 
then turn at the north-east and north-west cornel'll at the same 
distance away, then gradually widen out to the south-east and south
west, with a. iree exposure to the south. If the position of the 
orchard or fruit garden possesses natural shelter from cold winds, 80 

much the better, as bad results often follow through allowing screens. 
or belts of trees, to become too tall, especially if planted close to the 
plaDtation. Fruit-trees of all kinds revel in an abundance of air 
and sunshine, and tlie more open and exposed they are, without being 
subjected to treacherous winds, the better. 
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The Propagation of Fruit-trees is effected in many ways, but this 
work is best left in the hands of skilled nurserymel\, as the large 
number of worthless and unsightly trees to be found in gardens can 
·be traced to amateurs of an experimental turn of mind, but lacking 
practical knowledge. 

Apples may be grown on their o.wn roots, or grafted on either crab 
or Paradise stocks. Pears, if grown on their own roots, take many 
years to corne into bearing, whereas if grafted on a fibrous-rooted 
stock, like the quince, the habit of the tree is altered; it remains 
comparatively dwarf, matures early, and therefore bears fruit at an 

..::~~~~-
FIG. 26S.-Standard apple beaded or cut back early in the 

year in readiness for grafting 'in March or April; 
a comman practioe where a particular variety doe& not 
suoceed. Crown grafting as shown at A is resorted to. 
and in some cases two or even three grafts Bre inserted, 
but when tbe branches are numerous and the stock 
young and healthy one graft to each limb is usually 
Bufficient. B. showing method of inserting graft and 
oovering with clay or grafting wax. 

early age. Those varieties of apples and pears, which when grown on 
their own roots make a weak growth, are better grafted on more 
vigorous rooting stocks like the crab, and pear; while those possessed 
of strong root action should be grafted on the more fibrous rooting 
stocks, in order to check their exuberance and so bring them sooner 
into bearing. . 

Stone fruit, like plums or cherries, are usually budded 1D pre
ference to being grafted, as a better union is effected with less serious 
check to the plant. The choicer varieties of plums should be budded 
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upon the stocks of Mussel plum, Myrobella, and others, while. cherriee 
are usually budded on stocks of the wild cherry j stocks in both Ca8l!8 

being raised from seeds sown in the spring or autumn. Stock. on 
which apples are grafted are usually raised from seed, as are alllQ 
pear stocks, but quince stocks are more readily obtained from cuttings 
inserted in 'the soil during autumn, when, if the soil is warm 
and moist, they will be sufficiently well rooted to carry graftd in the 
following spring. Grafting is best performed in March or early 
April before the sap is elaborated throughout the branches, and to 
check this 'tendency in the case of larger stocks it is nece8B&ry 
to head or cut them back in January or February. 

FIG.2fil.-Bodding. B. B. stem of rose sbowing prominenl dormanl bod. 
suitable for buddiDg; Ct bod with surplus wood remoyed; D. under .. 
surface of same, showing baBe of bod E; F. posUion 01 bud .Iter 
insertion; G. metbod of securing bud in position; H. method of makin. 
incisioD in bark of sWell i X, bark gentl, priaec1 open. 

Budding is most successfully performed in July when the sap is 
flowing freely, and has attained some consistency. Students cannot 
become efficient in any of the above operations without practical 
experience, but some idea of the methods of procedure will be found 
on making reference to Figs. 262, 263, and 264. 

Bush Fruits, or as they are often called, .. soft" fruits, are easily 
grown, provided the climate and soil are suitable. Gooseberries revel 
in. a humid atmosphere anm a Eoil that is fairl,. retentive of moisture. 
In the south-west of Scotland, and along the west coast of England, 
gooseberries flourish to perfection. Lancashire has for generations 
been associated with the production of the finest qualities of 
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gooseberries, individual berries from plants given special treatment 
having attained 2 oz. in weight. ' 

Black currants grow freely in any moist soil, provided no stagna
tion is present; in fact, there is no position to equal the banks of 
a stream, where the soil is characterized as alluvial; they prefer partial 
shade to a position open to the sun. Red and white currants succeed 
in any ordinary garden soil, provided it is well exposed to the sun, 
and is not too dry, or parched in spring or early summer. Both 
red and black currants are readily propagated from cuttings of the 

> 
FIG. 265.-Cutting of Red Currant. showing development of dormant 

buds in spring. ..4.. strong growth made by terminal bud; 
B. almost equally strong growth made by second bud from 
apex; a and E. remaining buds. which have only bad just 
sufficient strength to push forth a few leaves. These latter 
buds may extend in length when tbe two leaders are headed 
back at the winter pruning, but they very orten bear fruit and 
remain stunted; F. a mass of roots produced during the autumn 
and spring following inBer~ion of the cutting. 

same season's growth, removed in autumn, With a heel of the pr~vious 
year's wood attached, and inserted in rows 1 foot apart and 6 lfiches 
from cuttinb to cuttinO" in the rows. As both red and white currants 
are grown upon a "leg ", or clean stem above the ground (Fig. 265), 
the lower buds must be removed from the cutting before insertion 
in the ground, leaving only three or four buds at the apex, after 
having first removed the terminal bud. In black currants young 
wood is encouraged from the base of the plant under ground, to 
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supply which it is necessary to leave on the basal buda of the cuttings, 
which late:.- give rise to suckers. 

Strawberry Growing may be regardeli as an industry especially 
restricted to fruit-growing counties such as Kent and Hampshire. 
Certain tracts of soil in the latter county are favourable to the 
productioll of early crops, which reach the market before the Kent 
supplies, or even earlier than those from market gardening centre8 
like Evesham. It is these early crops that pay the grower, but, as 
is the case with all land possessed of special advantagea, th. rent 
is proportionately high, and in many cases commands 88 much as 
£5 per acre. 

Rich, heavy loams, or clayey soils, are practically useless for 
strawberry growing, as the plants produce foliage at the expense of 
.fruit, and even should there be a fair show, the fruit is liable to 
become mildewed and useless, owing to the continuous shade and 
moisture to which it is subjected. New varieties of strawberries, like 
most other fruits, are produced by hybridization, and therefore from 
seeds, but this method of reproduction does not concern the grower, 
who each year, after the fruit is gathered, must peg down an ample 
supply of runners wherewith to make a new plantation. Should he 
prefer to purchase runners from other growers, he can do .80 at 
a cost of from 38. 6a. to 58. per 1,000. 

Strawberries grow freely on gravelly soils, provided there is 
a sufficiency of moisture, the plants being prolific without an over
abundance of foliage. In field culture, the plants are sometimes set 
out in squares, allowing room for the horse-hoe to pass between the 
rows and the plants in the rows, thus economizing labour. 

Raspberry Cultivation, like that of the strawberry, is largely 
restricted to those districts in which the fruit is known to lIourish 
with a minimum cost of labour. The soil must be deep and moist, 
and if cool throughout the hot days of summer, so much the better. 
Strong healthy canes are never produced on badly drained soils, or on 
those of a hot and dry nature. 

The fruit is borne on the young canes of the preceding year'. 
,growth; therefore it is essent:al that every inducement IIhould be 
,given to the wood to become thoroughly ripened during the autumn, 
by cutting away all old canes immed:ately the fruit ill gathered, and 
thereby admitting as much light and air as possible (Fig. 266). 

Autumn is the best time for planting or making new plantations; 
.and in selecting suckers, or young canes, for this purpose preference 
must be given to th08e that have an abundance of fibroull roots 
sttached, instead of short canes with little or no root lltock. They 
should bl! planted in rows 5 feet apart, with the canes 12 to 24 inches 
.a.part, according to soil and variety. After planting, cut the canes 
back to within from 6 to 12 inches of the ground, according to their 
strength, the weaker ones being cut almost to the ground. In the 
following year it will bEl necessary to support the plants by means of 
stout stakes or wire strained to posts, at each end of the rows. 

Blackberries. and Allied Fruits now commaud the attention of the 
market grower, and the logan-berry may be cited a! an example of 
.a fruit which has during late years sprung into favour, and ia 
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preferred by many to the raspberry, for dessert and culinary 
purposes. 

Blackberries require abundance of room, as when given a heavy 
retentive soil they develop shoots of considerable length. It is 
important that these shoots should become thoroughly matured aud 
ripened in autumn, and, as advised in the case of the raspberry, old 
fruiting wood should be removed. The ends of long branches should 
be shortened back, and those remaining tied to suitable supports to 
enable them to resist the rocking action of the wind. 

Manuring Fruit-trees. - Fruit-bearing trees require careful 
manuring, and no definite rules can be laid down as to how and when 

FIG. 266.-Raspberry. showing old fruiting canes, .4.. A. together 
with young oanes. B. B. upon which the next season's 
fruit will be borne. As Boon as the fruiting Beason is 
over the fruiting oanes must be out out olose to the 
ground as indicated by horizontal lines; this allows of 
the young soft wood beooming matured by admitting air 
and sunsbine. 

any particular tree or group of trees should be manured. Each tree 
must be dealt with individually, except in plantations of the same 
variety and age, and to all appearance equally prolific as regards 
fruit product:on. 

Young trees, if carefully planted from nursery rows, and w~ll 
grown before being removed to their permanent quarters, Wlll 
continue to make wood very freely; thus it is evident that no f,!,rther 
stimulation to growth is necessary. It is the greatest mlstake 
imaginable to manure young trees at the time of planting, by 

Mm 
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incorporating heavy dressings of farm-yard manure with the soil, or 
applying manures of a more concentrated character. In some CIL8CII 

the growth of young trees is' retarded by the injudicious application 
of manure, while in others the roots are 8timulated into exceMive 
activity, with the result that at a later date, usually the second 011 
third year after planting, it becomes necessary to lift the tree. 
bodily from the ground and sever the stronger roots by the aid of 
a saw or knife, in order to check superfluous wood-growth, and 10 
induce t.he formation of fruiting spurs along the extension of the 
branches. 

FlO. 007. -Appearance of 700ng 8tandard Tree. sbowing 
pruning of 'be branches the aeeond year .f&er graf'iolif. 
A. A. two or tbree .t"kes .bonld be naed to keep the 
tree in position and to prevent ita being rocked .. bont 
by tbe wind. 

The correct time to manure a fruit-tree is when it shows signs of 
exhaustion, due to excessive productivenClil. If bushes, cordons, 
or espaliers are lifted when. young, and the:r roots are carefully 
attended to, and, if necessary, new soil added, they are induced to 
make abundance of fibrous roots which facilitate feeding upon readily 
soluble manures. On the other hand, very little good can be effected 
by the surface-manuring of trees, the roots of which have penetrated 
deeply into the ground, and are lacking in 8econdary or fibrou8 roots. 
The disadvantage of placing layers of farm-yard manure around the 
base of the tree is, that its presence tends to fac:litate the breeding 
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of numerous injurious insect pests, and may also to some extent 
encourage the dissemination of fungoid diseases. 

Experience, assisted by careful and long experimenting, will alone 
produce efficiency in manuring. In the manuring of bush apples 
as much as 8 cwt. of nitrate of soda, 15 cwt. of basic slag, and 5 cwt. 
of sulphate of potash per acre may be used with advantage, wh,ile 
in the case of specially cultivated trees, these figures would be 
largely exceeded. All plantations of young trees should be given 

FIG. 268.-Typical Fruiting Branch of young Apple. The leader 
..4. is being partially stunted by a basal fruit spur B~ also by 
the general prolifio condition of the whole branch. Where 
branches have developed to their full length. then no better 
condition could exist than that shown in the diagram.. C. fruit 
spurs: D, fruit scars; E. long spur requiring shortening 
at F; G. fruit hud. 

a manurial dressing each year, a slowly soluble manure like basic 
slag being sown in December, sulphate of potash in February, and 
nitrate of soda early in April. If other manures are substituted 
to supply nitrogen, phosphates, or potash, they must be sown in 
keeping with their solubility. An additional dressing of soluble 
manure may be given as soon as the fruits are set; as when heavy 
dressings are given before the success of the crop is assured, harm 
instead of good may follow, to say nothing of financial loss. Theae 
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remarks apply only to well-managed plantations containing choice 
fruits, or where the ground under the trees is kept free from weeds 

,by periodical hoeings. 
The Planting of Fruit-trees io &n operation deserving ot the 

greatest 'care, as carelessly planted trees may take years to recover. 
November is the best month for planting, as the atmosphere is ch&rged 
with moisture, and little evapor&tion takes place from the leaves, or 
from the delicate roots of the trees which are exposed to the ai.r. 
Of even more importance is the fact that the ground has not yet lost 
its warmth, therefore young roots are developed before winter. Much 
planting or hardy fruits and other deciduous trees is porformed as 
late as February and March, but it stands to reason that it the 
trees have been exposed, as they often are, to a drying atmosphere, in 
transit from the nursery, they cannot well recover themselves when 
placed in a cold soil; while if a spring drought sets in in April 
or May, there is a very grave risk of their dying before new root. 
are formed. 

FIG. 269.-10 order to convert a strong wood growth Into a fruiting Ipur 1$ ia n_rr 
to check the lIow 01 sap hy twisting tbe extremitJ' 01 the .hoot ... at.d. Tbl. will 
have the elleet of stimulating lateral buds Into growtb ... In B. Otber lateral. 
will make their appearance towards the end of the Huon, The whole object I. to 
weaken the shoot and 80 induce tbe formation of froit bud.. At tbe winter prunin8 
tbe sboots will be sbortened or sparred back ... SbOWD In C. 

Trees intended for planting should be carefully selected in 
the nursery, in order that they may be free from insect Pll\lts and 
fungoid diseases, as when trees become infected with a Pe6t such 
as American blight or woolly aphis they are not easily cleaned. 

If the weather conditions are such as do not admit ot the trees 
being planted when received, the bundles must be immediately opened 
and the trees laid in an open trench in such a way as to admit of the 
roots being well covered with soil. Planting must never be performed 
when the soil is wet, or shows liability to knead like dough. Neither 
is it advisable to attempt planting during frosty weather, or when the 
soil is still frozen. . 

Previous to planting, the roots should be carefully examined, and 
all jagged. or damaged, portions removed with a sharp knite. In 
planting large areas, or numbers of trees of the same size, it is 
preferable to prepare the holes beforehand j these must be wide 
enough to contain the roots comfortably, and deep enough to covar 
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them. There is no greater mistake than that of planting directly on 
the 8urfaCl', and placing a mound of soil over the roots. The roots 
should be laid out as horizontally as possible; the soil worked into 
the crevices by slightly rocking the tree backwards and forwards and 
when the greater part of the soil has been returned, the whole mu'st be 
firmly trodden down with the feet, and, if the soil is comparatively 
dry, too much pressure cannot be used. In the case of standard trees 
staking is necessary, and is best performed before the soil is filled in' 
as the driving of one or more stakes into the ground after the soil i~ 
replaced may be attended with considerable damage to one or more 
prominent roots. The method of planting a standard tree is shown 
in Fig. .267. 

£ 

FIGi.o9'7f~;;;~h":'i,~:!::~I~b f:l't~~gi!p~r~e::~~: D 
its entire length, sufficient of the season's 
growth must be removed to ensure the 
development of what would otherwise be 
dormant buds were the whole or greater 
portion of the growth allowed to remain. 
Usually about two~third8 of the current year's 
growth is removed. From A to B represents 
two yean' growth. To obtain another or 
third length of stem remove the portion from 
D to E, and 80 on each Buccessive year until 
the required length is attained. when the 
branoh can be kept pruned back to a fruit 
bud or spur. F, F. scars remaining after 
removal of sboots a.t winter pruning. 
C, C, fruit buds. 

-c 

Pruning.-Many pronusmg young trees are often comple~l, 
ruined througb injudicious pruning. The principal object of prunmg 
is to produce healthy, well-developed, and shapely trees, of as pro
ductive a character as possible. 

The extent to which any tree is pruned, and the system of pruning 
adopted, depends upon the variety of fruit, and the constitution. of 
the individual tree, as varieties of the same species often reqUIre 
different treatment. For example, some pears fruit on long spurs, 
and some on short spurs, and the same applies to certain varieti~ of 
apples. Therefore, to shorten back these long spurs at the ~ter 
pruning would be to deprive the tree of its natural means ?f fruIting. 
With but few exceptions, apples, pears, and plums frUIt on sh.ort 
branches, or spurs, as shown in Fig. 268. To encourage the formatIon 
of theSe lateral spurs young vigorous wood-growths are benefited by 
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having their extremities twisted, pinched, or stopped during Bummer, 
preferably in the months of June or July, and finally cut hard back 
in winter (Fig. 269). Winter pruning is best done from December 
to February, when, in addition to pruning proper, it is essential to 
remove all dead and decaying branches, and those that tend to exclude 
light and air from· the centre of the tree. All lateral wood-growths 
should be shortened back close to the main stem, while terminal 
growths or leaders must be shortened as shown in Fig. 270. 
Fruiting spurs must be judiciously pruned as shown in Fig. 271. 

Plums require careful pruning, and in no case should the knifo' 
be too freely used. Many robust-growing plums, like Victoria, make 
8. very luxuriant growth during the first two or three years after 
planting, and require little regulation. This, however, when p08sible, 
is best dono by rubbing off the undesirable buds in spring, or by 

FIa.271.-An old 'roiling spur 01 Pear •• bowlng bow, 
by degrees, tbe spurs extend in length BDd away 
from the main branch. To induce 'be formation of 
.. sborter spur remove at the winter proniDI' 'be 
portion above..d. B. B. pointe at which the Ipur 
baa been previousl, shortened: C. C. C. C, scan 
remaining after removal of fmit: D. bud fonning 
below Bear. And whicb will uUim.wl, form a 
Irnil bnd. 

tying down the branches of strong robust growth in order to check 
the How of sap, and direct it into the lateral buds, thereby inducing 
them to make a weak growth, and ultimately developing into fruiting 
spurs. Another very effective remedy, and one which applies equally 
well to all stone fruits, is to raise them bodily out of the ground, 
carefully remove the strongest roots, and replant them. 

The sweet varieties of cherries produce their fruit buds in clUdtera 
(Fig. 272), and must therefore have their lateral growths shortened, 
or spurred back, to the main stem; in older trees spurs begin to 
form naturally without any artificial treatment. 

Morello cherries fruit best on the long young shoofu (Fig. 273) 
of the previous "seasou's growth. If it is necessary to use It knife 
in regulating stone fruits, the work Is more safely performed in 
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summer, as there is then less liability to gumming. In pruning black 
currants, all old wood must be periodically cut out close to the ground 
to encourage the growth of new wood. In red and white currants, 
lateral spurs should be encouraged as shown in Fig. 274. 

Root-pruning is a term used to describe the lifting and pruning
of a tree in order to check its naturally robust g-rowth of wODd, thereby 
causing fruit buds and fruiting spurs to be produced. The work 
is best performed when the leaves begin to fall, as the tree then has 
an opportunity of recovering itself, and making new wood, while the 
soil is still warm. It is very rarely that commercial fruit-grDwers 

FIG. m.-Branch 01 Cherry 
from old matured tree show~ 
ing two years' growth. 
A, naturally formed spurs 
with clusters of flower buds; 
B, wood bud. Where an 
extension of the shoot is 
desired. it will be necessary 
to prune to a wood bud as 
at'\? 

B 

A 

c 
FIG. 97S.-Shoot of Morello 

Cherry showing two 8ea~ 
sons' growth. A. B. young 
wood upon which fruit is 
borne and which must not 
therefore be shortened 
back: C-A.. wood of pre
ceding year's growth. 

engage in rODt-pruning, as the practice is expensive, varying, Df cD11:rse, 
with the age of the tree. In the third and fDurth years after plantmg, 
yDung apple- and pear-trees on strDng-rDDted stocks frequently 
develDp an excess of wDDdy grDwth, so. that if the tree is lif~ed 
bDdily frDm the grDund, and the strDngest rDDts are severed Wlth 
a pruning saw, and afterwards pared with a sharp knife (Fig. 275), 
it ShDUld prove a sufficient check for all time. 

In locating the large rDDts, the sDil should be carefully remDved, 
so. as nDt to. injure the rDDt fibres, the largest Df which should be 
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pegged to the ball of earth held by the roots. Where the soil ia of 
a harsh character and not conducive in promoting the healing up of 
the wounds and the formation of new wood, much 68Biste.nce will be 
afforded if several barrow-loads of old potting compost, or other 
Tooting medium, is incorporated with the soil which ill placed around 
the roots. 

Training Fruit-trees, like propagation, is very largely a matter 
for the nurseryman, although when the trained trees leave hie ,killed 

FIG. m4.-Fruiting Branch of Red Currant. When a bush .. 'uJl,. 
grown 'be main branches are awpped or pinched back in .. manner 
similar 'k) lbaS recommended for 1."'raIB. .A. terminal lateral 
growth produced ~rougb 8toppinl' Sbe lateral brancb; B, .. etron. 
compemive brauch which should have beeD lie.,. spurred back '" 
tbe main stem. After cbecking .. lateral growth C • .. Dew aboot.. 
D.ofteD breaks 'rom 'he hue of 'be lalerai: E •• short .'ubb,. 
growt.h or spnrwhieb need DO' be pruned: p, aeimilar8Por bearine 
'ruU. A' 'he winler pruniog co, back '" '''0 or ahree bade .. 
indicated bJ' cross linea. 

hands, they very soon begin to 68Bume all kinds of weird forms and 
shapes, due to a lack of knowledge on the part of the after-cultivator. 

Bushes are a very serviceable form of tree, when special 
attention cannot be given to the more regular forms of training, and 
are generally adopted by fruit-growers, except when ste.ndarda 
are planted to form orchards. A well-balanced bush can readily be 
formed by cutting back a maiden tree to within 1 foot or 18 inches of 
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the ground. allowing five or six buds to break. and later reducing 
them to three or four. which at the winter pruning should be cui> 
sufficiently hard back to promote a good growth of branches to 
build up a foundation. 

A pyramid tree is produced in much the same manner. evenly 
placed branche~ being more essential. while the upper side-shoots are 
prunod fairly close. in order to develop the lower branches. as well as 
the buds along the extension of each branch. The leader is reduced 
by about two-thirds of its length. 

Standards, or. H need be. half-standards. are best adapted for 
orchards. where it is intended to graze cattle underneath; or where. as 
is very often the case. an orchard is set aside for the rearing of poultry. 
or as an apiary. The market grower. however. cultivates the ground 
beneath the trees. the standards taking up .their position along with 
other varieties of fruits. vegetables. or flowers. 

FIG. 275.-Root Pruning. Appearance of root and stock of apple 
ODe year after pruning. Young vigorous 1;rees often make 
strong roots which penetrate into tbe subsoil and are devoid 
of tbe more useful fibrous roots which are conducive to fruit· 
bearing. and take their nourishment from tbe warmer and 
more nutritive surface soil. At A.I points at which old roots 
were severed. 

In training a young standard tree. all growths with a tendency 
to develop towards. or acrosS the centre must be removed. the 
pruning always being stopped at a bud or eye pointing outwards 
(Fig. 276). 

Cordons may have single. double. or triple stems. and may be 
allowed to assume a horizontal. oblique. or upright position. All 
lateral growth must be pruned back to the single or main stem, and 
so be converted into fruiting spurs. The leader should be allowed 
complete freedom of growth. or the general health of the tree is 
liable to suffer, as there is little to induce the flow of sap to the 
extr6mitie~ of the shoots if the leader is confined. 

In training an espalier, allow three well-placed shoots to grow 
upright during the first summer, and, as winter approaches, gradually 
tie the two side branches down to a horizontal position; shorten back 
each growth sufficiently to promote strength, and .an equal deve~~p
ment of fruiting spurs. When the tree has attlWled the reqUlSlte 
height. cut back the leader to two buds, in order to arrest its progress 
upwards (see Fig. 277). 
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In a. fan-shaped tree the main stems are uniform in lIize, and 
radiate from one common centre, to promote which growth a ma:den 
tree should be shortened back by two-thirds of its length, Bnd three 
well-placed shoots selected from the buds that break, the remaining 
buds being rubbed off. In the following spring when growth com
mences, shorten back each of the three shoots to within 6 inchel of the 
stem, and allow two buds from each to develop, thereby forming the 
main branches of the tree, which should be equidistant from one 
another. 

As standard and bush trees develop, large llranches have often 
to be removed in order to open the oentre of the tree. In all Buch 
cases the branch should be cut off close to the main etem, as 
otherwise a "snag" will result (Fig. 278). 

FIG. 276.-Wrong Bnd rigM methods of Proning. When the branch '" 
be removed is Dot cot; in tbe direction of .. bud .. Bn .... il formed. 
as shown by tbe line at A. If a cut is made $00 low down or below 
'be bud. 88 at B. the elaboration of up ia interfered with. and "'err 
often the bud does not develop, orilso .. err weakl". TbeiUoatratioD 
C shows a correct cnt, and ODe which mOBt Alwa,.. be performed 
wbenever a young .00f1 growth is remoyed. and 'be &erminal 
remai.ning destined ~ become .. leader. 

A symmetrically trained tree cannot be produced unless the root.. 
are well aud evenly developed, therefore atteution must first be 
directed towards a healthy condition of the root system. 

Arrangement of Fruit PlautatioD.-An orchard or fruit plantation 
should be arranged with a view to economy in working, and, if it is 
desired to intercrop between the trees with vegetables or flowers, 
this will add considerably to the cost. If, however, the selection and 
arrangement is well thought out, and the subs:diary crops are 
managed and marketed in the best poss:ble manner, the retUJ'll8 should 
be adequate to compensate the owner, by provid!ng him and his' 
employees with a livelihood until the permanent tree) in the plantation 
or orchard come into bearing. As the standard or bush trees begin 
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to require more space, the work of transplanting or clearing the bush 
fruits and other plants gradually proceeds, unt] eVElntually the 
whole of the space is occupied by the desired types of trees. 

The square system of planting (Fig. 279) is well suited for 
permanent plantations, and, although it admits of fewer trees per 
acre, it is more convenient for planting and working. The quincunx 
system (Fig. 280) allows of a much larger number of trees to the 
acre, and is usually adopted where it is intended to reduce the
number by thinning. The triangular system (Fig. 281) is not so 
well adapted to a permanent plantation, as it does not admit of equal 
thinning. Yet another system is the hexagonal (Fig. 282). 

Strong-growing varieties of apples and pears may be planted 
at 30 feet apart, medium-growing at 24 feet apart, and small-growing 
varieties, at 20 feet apart. For mixed plantations the 30 feet distance 
is to be preferred, as it allows for intercropping, and therefore appeals 
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FIG. m.-Young Espalier Tree with two pain of horizontal branches,..4. A, A. A. 
When laying in Buccessive branches remove all surplus buds from the 
leading branch, selecting three well.placed buds, to form a leader Band 
two lateral branches C. C. 

to th'l market gardener. Standard trees are planted 30 feet apart 
each way, with bush or pyramid apples, or half-standard ~lums, 
between the'm in the rows at 15 feet apart, and gooseberries or 
currants again between these at 5 feet apart. 

In marking out ground for fruit-trees, always select the longest 
boundary or fence in the field, and peg out a straight line parallel to 
this boundary, at a distance of 20 feet from it, and place pegs at 
distances of 30 feet apart along this line. Next proceed to mark off 
.a line at right angles to the last peg, and, as before, insert pegs 
every 30 feet. Now draw a line from peg No.1 parallel. to t~e first 
line, and again insert pegs at every 30 feet. Continue III thiS way 
until the whole of the ground is marked out into squares, ~he ~egs, 
.and later the trees presentin oo straight lines in several directions. 
Crowding must alw;ys be avoid~d in mixed planting, especially where 
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vegetables are grown, and in no case must 8uch crops approach the 
young trees nearer than 3 feet. 

Whether the ground should be marked off in 12 feet or 30 fee' 
squares must depend upon the system of planting and cultivation 
adopted. Those who are inexperienced must not attempt to plan 
or lay down a fruit orchard without first visiting a good fruit-growing 
district, where carefully cultivated orchards already exist; also they 
should secure the services of a really practical man accustomed to 
planting. 

Grass Orchards are not to be advocated, as they are considerably 
less profitable than where the ground below the trees is kept. 
cultivated; and further investigations have demonstrated that. tbe 
grass roots secrete certain substances that are injurioull to the 8urface 

FIG. 778.-A represents 'he bealing over of a woand af&ar 'be removal of ...... e 
branoh by aawing it; 011 as dOlle as ~ible lo lbe &ronll:. B. when lbe brancb Ie 
left; lo rot; lbe RnaI' preveDts ~be wouad bealinc. wbile "ery frequenUy 'be d_y 
is con'inaollS from 'be 8nag inlo lbe bean wood of 'be V-. 

roots of the trees. Thus the better plan is to groW' bush fruita 
between the standard apples and pears, and manage these bushes 
in a systematic fashion, so that they also, may receive their full 
shal'e of nourishment. 

Selection oC Fruit-trees. -It is seldom that farmers have· the 
tim.e to propagate fruit-trees, nor is it advisable that they 8hould_ 
Healthy, well-grown trees of all the best varieties can be purchased 
very cheaply nowadays from nurserymen who specialize in the work. 

There can be no greater mistake than purchasing fruit-trees at 
auction sales. as held at many country towns on market days, .. 
with very few exceptions the lata are composed of 8urplus trees 
remaining after selections have been made by other purchasers; while 
not unirequently the varieties are wrongly named, or are badly 
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developed. Moreover, very often the exposure to which the roots are 
necessarily subjected gives a check to the tree from which it never 
fully recovers. 

In asking for quotations, the exact type of tree, that is whether 
standard, half-standard, or bush, must be clearly defined, also the 
kind of stock on which they are grafted. Standards will usually 
have a clean stem some 6 or 7 feet in length between roots and 
branches; half-standards will possess about 3 or 4 feet of clean 
stem, and bushes from 12 to 18 inches. 

Standards and half-standards, to possess the vigour of growth 
expected from them, must be grafted on crab stocks, and for a similar 
reason standard and half-standard pears should he on pear stocks, 
bush applea on broad-leaved Paradise, and dwarf bush pears on 
quince stock. There are of course a few exceptions which need not 
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FIG. 279.-The Square System. 
X = standard fruit· trees, 
80 x 80 feet. 
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FIG. 28I.-The Triangular System. 

X = standard fruit - trees. 
Distance between the trees and 
between the rows=SO feet. 

FIG. 280.-The Quincunx System. 
X =st&ndard or dwarf fruit
trees, Lines usually arranged 
to alternate with dwarfs and 
standards. 
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FIG. 2B2.-The Hexagonal System. 

X = standard fruit-trees. All 
the trees are SO feet apart in 
every direction. 

here be mentioned, as for example it is sometimes necessary to graft 
weakly constituted varieties of apples and pears on crab and pear 
stocks, respectively. 

The price paid for. trees must necessarily depend largely upon ~he 
number purchased, retail prices bearing very little, if any, rela.ti~n 
to wholesale prices. Retail, standards and half-standard apples WIll 

cost from lB. 6d. to 28. 6d. each according to size; yearlIng trees, 
or maidens on broad-leaved Paradise stock, lB. to lB. 6d.; 
horizontally trained espaliers (two tiers), 3s. 6d.; single fruiting 
cordons, 18. 6d. to 2s. 6d.; double cordons (lateral), 28. 6d. to 
3s. 6d.; pyramids or fruiting bushes, 3s. 6d. to 58. 

The utmost care must be taken to see that the tree3 are clean 
and free from the many injurious pests and fungoid diseases to which 
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they are subject. The same advice hoids good for all kinda of fruit, 
particularly gooseberries and black currants. Injudicious selection 
may easily result in a plantation of trees becoming infested with 
gooseberry mildew, or big-bud in black currante. 

Varieties of Fruits. -Many farm orchards contain worthlees 
varieties of apples, partly due to the fact that years ago the many 
excellent varieties now on the market cUd not exist, neither were 
there so many exhibitions of fruit and other produce in county town II 
as there are to-day. Also, there was the too common practice of 
raising trees from "pips" or seeda, very few of which inherit the 
characteri! of the parent tree. Every stu.ent should visit, whenever 
possible, one or other of the principal fruit shows, of which many are 
held in provincial towns, as by so doing he will become acquain.ted 
with all the best types of hardy fruits in cultivation. 

Of apples, there are considerably over 1,000 named varieties, but 
of these very often the showiest as regards size and colour, have very 
little more flavour than a field turnip; thus appearance is Bot 
a criterion of quality. 

After all, the farmer, and even the market gardener, must of 
necessity make a very limited selection of those fruite he intenda to 
cultivate, and the list at the close of this chapter will serve al 
a guide. 

Every student should provide himself with a list such as that issued 
by the Royal Horticultural Society, and also have at hand a catalogue 
of one or other of the principal nurserymen, in which he will fin,l 
a reliable description appended to each variety. 

Care must be taken to find what variety suite the district in 
which it is intended to commence planting; and this information ill 
usually forthcoming by making careful inquiries among local growen 
and gardeners. 

When it is found that any particular variety of fruit ill unsuited 
to the district or locality, the sooner it is replaced by something else 
the better. In the case of apples and pears, the stockl mU8t not 
be grubbed out, but headed back in readiness for grafting in apring. 

Gathering and Marketing Fruit.-Apples and pears are OOllt 
gathered when ripe, or when they offer a slight resistance to picking, 
merely sufficient to break the peduncle or fruit-stem, without levering 
any of the adjoining spurs from the tree. If gathered too early, the 
fruit is liable to shrivel, although this defect is often caused by mis
handling during storage. Again, in low-lying districts, where early 
frosts are prevalent, flavour becomes affected, and thi8 is often 
followed by premature decay. 

Many fruits, gathered just before reaching maturity, are assisted 
in ripening by careful storage. A fine dry day should always be 
selected for gathering, first allowing heavy dews to lift, and the 
fruit to become thoroughly dry. 

Much of what would otherwise be first quality fruit ill spoiled 
through careless handling, and gathering when either under- or over
ripe. Keen competition, and the pressure brought to bear upon 
English growers by Continental and Colonial rivala, has contributed 
much towards a better system of grading, packing, and marketing 
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in this country. Whenever possible, app!es, pears, and plums should 
be gathered by hand and carefully place;! in pouches or baskets, and 
transferred, if necessary, into larger receptacles for removal to the 
packing shed. Fruits which may have fallen from the trees must be 
kept apart and marketed separately. 

Grading should be done rapidly, with care and good judgment, and 
is often performed by passing the fruit through rings of various 
diameters. First quality dessert apples and pears are sold in boxes 
of from two to four dozen. First quality cooking apples are packed 
in similar boxes, or in fiats, holding from 20 to 281b. or it may be 
40 to 46 lb., according to the market. Seconds and thirds are usuallv 
packed in bushel or half-bushel sieves. Where boxes are used, thes~ 
are generally non-returnable, which is a great boon to the purchaser. 

Tho boxes used by Kent growers have the following dimensions:
insido measurements-length 20 inches, depth 10 inches, width 
11 inches; outside measurements-length 21i inches, depth 12t inches, 
width III inches, with 1 in. battens. Lids, composed of two pieces 
21i by 5 by 1'\ inches nailed to end batten, and llt by 1 by 
y .... inches with l in. space between the centre of the two pieces. 
Bottom, two pieces 21# by 5 by fi inches, and! in. space between the 
boards in the centre; sides, two pieces, 21i by 4i by fir incttes and 
! in. space between boards in oentre; ends, one ¢eoe, 11 by 10 
by Jt inches. 

Some varieties of apples do not admit of boxing, and it suffices to 
say tha~ no fruit smaller than that which works out at 4! tiel'!!, or 
from 150 to 170 apples, should be boxed. 

Choice dessert apples, like Cox's Orange and Ribstone Pippin, are 
often marketed in trays holding twenty-four fruits, each of which is 
half·wrapped in coloured tissue paper, together with a further wrapping 
of aspen wood-wool. Choice dessert pearSi like Doyenne du Cornice, 
are similarly packed in trays holding from six to twelve fruits. Other 
choice pear~ are often packed either in half-bushels, or in half-bushel 
boxes, measuring 20 by 11 by 5 inche!!, and holding from 48 ~ 100 
fruits, in two layers. The commoner kinds are usually consigned 
to market in bushels. 

Ch6l·1"ies.-Choice fruits are placed in punnets, or in small boxes 
or baskets, according to the demand, and the season. Eltons, 
Napoleons, and large soft black cherries are marketed in 12 lb. pecks, 
and culinary and ordinary varieties in half-bushels, of about 24 lb. 
Chips prove very useful for packing Morellos. . 

Gooseberries.-A choice dessert variety like White Lion, will 
usually sell well in lIb. punnets, or in 6 lb. chips, as also Wjill the 
early dessert varieties. Later, the ordinary green, red, and yellow 
coloured berries will follow in 12 lb. pecks, and half-bushels of 
281b. 

Strawberries.-Early and choice fruits are best packed in .1Ib. 
punnets, which usually cost from 38. to 48. 6d. per gross, th~ higher 
pricel beino- provided with wire handles. These are placed in crates 
to hold 24, °32, and 48 punnets, the cost of such crates being. respec
tively about lB. lOd., 2&. 2d., and 28. 4d. each, or cheaper m large 
quantities. 
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The main crop of strawberries and raspberries, is marketed in 
non-returnable chip baskets, holding anything from " to 12 lb. of 
fruit, and varying in price from 128. to 24,. per gross. Every care 
possible must be taken to see that each consignment is marked., 10 

that the salesman knows who it is from. Fruits intended for jam 
must be marketed as such. 

Raspberrie8.-The choicest dessert fruit must be carefully gathered 
with the stalks attached into lIb. punnets, and placed in boxes holding 
.six or twelve punnets. Larger consignments, for culinary purposes, 
.should be placed in 4 or 61b. chips, and, if for jam-making, in tuba, 
(Jr, a better plan, if possible, is to consign direc1 to the jlUll 
manufacturer. 

Plume.-Ohoice dessert plums like Ooe's Golden Drop, Greengage, 
.Jefferson's, etc., should be marketed in punnets containing one layer 
.of fruit. Great bulks of plums, however, are best placed in haLf
.bushels of from 24 to 28 lb. 

Selected ripe Victorias, Prince of Wales, including greengages, 
.sell well in 12 lb. pecks. 

Appended is a list of hardy fruits and varieties lui table for 
.general cultivation. Full descriptions of these varieties will be 
found in any trade catalogue. The apples are in the order of 
.ripening. 

Apples (Dessert). 
Beauty of Bath. 
Mr. Gladstone. 
Irish Peach. 
Lady Sudeley. 
Devonshire Quarrenden. 
James Grieve. 
Worcester Pearmain. 
King of Pippins. 
Cox's Pomona. 
Blenheim Orange. 

Ribstone Pippin. 
Allington Pippin. 
Cox's Orange. 
Winter Quarrenden. 
Scarlet Nonpareil. 
Gascoyne'. Scarlet. 
Braddick'. Nonpareil. 
Court Pendd PlAt. 
Sturmer Pippin. 

Apples (Cooking). 
Duchess of Oldenburg. 
Lord Suffield. 
Ecklinville. 
Lord Grosvenor. 
Pott's Seedling. 
Grenadier. 
Frogmore Prolific. 
:stirling Castle. 
Warner's King. 
Lord Derby. 

Golden Spire. 
New Hawthomden. 
Tower of Glami8. 
New Northern Greening. 
BUmarck. 
AllrUton. 
Bramley's Seedling. 
Lane'. Prince Albert. 
Newton Wonder. 

Pears (Dessert). 
..J argonelle. 
·Clapp's Favourite. 
Wilham's Bon Chretien. 
-Comte de Lamy. 
Louise Bonne of J eraey. 
Beurre Hardy. 
.Dnrondeau. 

Doyenne du Cornice . 
Marie Louise d'Cccle. 
Marie Louise. 
Pitmaston Duches!. 
Emile d'Heyat. 
Benrre Diel. 
Josephine de llalines . 



Beurre Clairgeau. 
Catillac. 

Elton. 
Early Lyons. 
Empress Eugene. 
Early Rivers. 
Frogmore Bigarreau. 
Black Tartarian. 
Governor Wood. 
May Duke. 

Kentish. 
Wye Morello. 

-Greengage. 
Sultan. 
Cox's Emperor. 
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Pears (Cooking). 
Uvedale'a St. Germain. 
Verulam. 

Cherries (Dessert). 
Archduke. 
Bedford Prolific. 
Black Eagle. 
Black Heart. 
Bigarreau (Kent). 
Noble. 
Bigarreau Napoleon. 

Cherries (Cooking). 
Morello. 

Plums (Dessert). 
Prince Englebert. 
Kirke's Blue. 
Victoria. 

Rivers' Early Transparent. 
Jefferson. 

Coe's Golden Drop. 

Plums (Cooking). 
Early Prolific. 
Czar. 
Old Orleans. 
Sultan. 
Gisborne's. 

Bobby (I.). 
()rown Bob (I.). 
'Clayton (I.). 
<Cbampagne (s.). 
Dan's Mistake (I.). 
Ironmonger (s.). 
Lancashire Lad (I.). 

Cox's Emperor. 
Pond's Seedling. 
Prince Englebert. 
Victoria. 
Rivers' Monarch. 

Gooseberries. 
Red Varieties. 

Old Rough Red (s.). 
London (I.). 
Lord Derby (I.). 
Rifleman (I.). 
Speedwell (I.). 
Warrington (s.). 
Winham'a Industry (I.). 

Yellow Varieties. 
Broom Girl (I.). 
<Champagne Yellow (a.). 
Early Sulphur (s.). 
Golden Drop (s.). 

Keepsake (I.). 
Leader (I.). 
Leveller (I.). 
Stella (s.). 

White Varieties. 
Bright Venus (s.). 
Carele3S (I.). 
Cheshire Lass (s.). 

Admiration (I.). 
Greengage (s.). 
Green Gascoigne (s.). 
Langley Gage (s.). 

Lady Leice3ter (I.). 
Lancer, Howard's (I.). 
WhitesmitJ.1 (I.). 

Green Varieties. 
Ocean (I.). 
PI under (I.). 
Roseberry (s.). 

545 

n.) denotes la.rge fruiting varieties suitable f~r exbi~ition purposes, also for dessert and 
..cooking. (s.) rlenotes trees producing 8lDall bernes. which are usually of excel len' ftavonr. 

Nn 
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Currants. 
Bed Black Varietie •. 

Baldwin's (Carter's Champion). Boskoop Giant or Mammoth. 
Black Naples or White Bud Lee'. Prolific. 

(Maple, Green Bnd). 

Bed Red Varietie •. 
Scotch Red (Moore's Seedling, Raby CMtIe (Victoria, Late 

Champagne Red, Knight'. Dutch, Houghton Cutis). 
Early). La VeraaiIIaiae (Fay'. Prolific, 

New Dutch Red (Chiawick Red, Comet, La Fertile). 
Defiance). 

Best White Varietie •. 
White Transparent (Versailles). Shilling's Cut-leavei White. 
White Dutch (White Grape). 

Strawberries. 
Laxton's Noble. 
Royal Sovereign. 
The Laxton. 
Vicomtesse Hericart de Thury. 
British Queen. 
Counte88. 
Dr. Hogg. 
Leader. 
Louis Gauth:er. 
Monarch. 

Mentmore. 
President. 
Sir Charles Napier. 
Sir Joseph Paxton. 
Elton Pine. 
Fillbasket. 
Latest of All. 
Trafalgar. 
Valluft. 
Waterloo. 

Raspberries. 
Red Varieties. 

Banmforth's Seedling. 
Carter's Prolific. 
Hornet. 

Norwich Wonder. 
Red Antwerp. 
Superlative. 

White Varieties. 
GroES6 Blanche. 
Guinea. 

White Antwerp. 
White Magnum Bonum. 

Autumn Fruiting. 
Perpetual de Billard. Yellow Four Seaoons. 

Blackberries and Allied Fruits. 
Parsley-leave:! Blackberry. 
Cumberland Blackcap. 
Lucretia. 
The Lawson. 
Wilson Junior. 

Japaneso Wine-berry. 
The Logan-berry. 
The StraWberry-Raspberry. 
Newberry. 
King'. Acre berry. 

Storing Fruit.-A fruit-room should occupy a dry, airy, situation, 
above ground, but free from draughts, and should alwaYII maintain 
an even temperature and not too dry an atmosphere-a room thaHII 
comfortably warm in winter, and cool in the hottest day in summer. 
The temperature in winter should not fall below 35° F. if avoidable, 
while from October to March if it ranges from 45" to 47° F., so much 
the better. 
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Fruit has a tendency to shrivel when it is warmer than the 
surrounding air, thus it is important to guard against alternate 
sweating and drying, caused by variations in temperature. Only 
subdued light must be admitted to a fruit-room, some fruits keepina 
best in total darkness. 0 

The characteristic qualities of fruit are developed by keeping, and 
only those fruits which are sound, unblemished, and free from insect 
attacks should be stored; while periodical examinations must be 
made in order to remove those that are becoming spotted, or are 
over-ripe. Damaged, and over-ripe, fruits quickly spread decay, 
and the moisture arising from them has a disastrous effect upon the 
perfectly sound fruit among which they are placed. 

Whenever possible fruit should be placed in single layers, 
especially in the case of the softer varieties. Late apples of firm 
flesh, such as Sturmer Pippin, Norfolk Beaufin, Bramley's Seedling, 
and Wellington, may be heaped to a slight extent without becoming 
injured. Among the best late-keeping dessert apples, best suited 
for storage during the early months of the year, are Nonpareil, 
Sturmer Pippin, Court Penda Plat, and Cox's Orange Pippin; and 
among cooking apples, Bramley's Seedling, Norfolk Beaufin, AlfristOll, 
Lane's Pdnce Albert, and Newton Wonder. 

FLOWER CVLTURE • 

.An important subject like floriculture cannot well be ignored 
in connexion with general farming, as in recent years many farmers 
in the vicinity of large towns have turned their attention, not only 
to the cultivation of fruit and vegetables, but also to the productioll 
of flowers for market. Fortunately for the cultivator, the great 
majority of flowering or foliage plants, suitable for decorative 
purposes, are no mote difficult to raise than many of the ordinary 
farm crops. 

The cultivation of fruit, flowers, and vegetables for exhibition, 
entails considerable skill, experience, and jUdgment, but where plants 
are grown for commercial purposes there is no need to exceed 
the ordinary limits of cultivation. The success attending the cultiva
tion of flowers, as with other plants, depends very much upon thE> 
natural adaptability of the soil and climate to their growth. For 
example, it is observable that the cultivation of flowering plants such 
as lavender, carnations, violets, roses, and many species and varieties 
of bulbs, has been restricted to certain districts for this reason. There 
is no limit to the species and varieties of flowers capable of being 
grown for market; and, as with fruit, large consignments are received 
from the Continent, and wherever facilities exist which enable the 
grower to compete in the home market. For example, large 
quantities of lilies, daffodils, narcissi, and other early flowering plants, 
reach Covent Garden and the provindal markets from the Channel and 
Scilly Isles, the South of France, Holland, and from elsewhere. 

The cultivation of bulbs for cut flowers is fast increasing in the 
southern counties of England, and especially in Cornwall, where .the 
climatic condition~ are particularly favourable for early production. 
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Flowering shrubs, herbaceous perennials,' annuals, biennials, and 
a largo} aS$ortment of tuberous and bulbous plants all contribute 
largely to the cut flower trade. To acquire a knowledge of the many 
kinds of flowering plants grown to meet the demand for cut flowers, 
necessitates periodical visits to Covent Garden Market throughout 
the year. The writer has had an opportunity of doing this, and 
believes that it is the only p033ible means of becoming intimately 
acquainted with this section of the industry, and roost important 
if flower-growing is to be made a speciality. Few 8tudents, 
however, can enjoy these opportunitie3, 80 that it must 8uffice to lilly 
that whatever plants are selected for cultivation, a thorough knowledge 
of their management is absolutely necessary, while, in addition to this, 
the cost of production, and the marketable value oJ. the crop, must 
be carefully thought out, by studying the pr:ce8 of preceding years 
at the seasons in which the flower8 are best placed on the market. 

Many growers of flowers have reaped handsome profits by 
popularizing certain varieties which appeal to them as pos8e88ing 
such characteristics of flowers or foliage as will commend them to the 
public. As an example of such enterprise, Ph!l,iw.. Fronch61ti 
may be quoted, the bright-coloured capsular fruits of which enable 
it to rank among the roost attractive decorative plants for winter 
use. Chrysanthemums, alid sweet-peas, are instances of the great 
improvement effected by hybridization; as probably no plants produce 
a greater variety of colour, combined with gracefulne88 and effective
ness from the florist's standpoint than these; with the exception of 
the many species and varieties of orchids such as cattleyas, 
cypripediums, masdevallias, odontoglossums, vandas, and many of 
the beautiful flowering exotic plants, which require very 8pecial 
treatment-altogether outside the sphere of the market gardener. 

As in the" spacing of other plants, sufficient room must be given, 
to enable the plants to develop to reasonable dimensions, and in 
order to facilitate cleaning operations. The many beautiful varietics 
of asters, aconites, campanulas, chrysanthemums, delphinium8, 
gypsophila, helianthus, pyrethrums, phloxes, and solidagos, may be 
regarded as plants which may be suitably employed for the product:on 
of flowers for decorative purposes. Between the rOW8 of these hardy 
perennials, quick-growing annuals such as china asters, panRiee, 
poppies, wallflowers, stocks, and other annuals, or even biennials, 
may be grown as catch-crops, according to the time required for the 
perennials to come to maturity; or, if necessary, vegetables may be 
substituted. 

The many kinds of bulbs and tubers such as daffodils, narci8!li, 
tulips, and gladioli are best grown in beds of 8ufficient width to 
admit of the workers easily reaching the centre, for the purpose of 
cultivating the ground and gathering flower8-&lIeys, or paths, some 
15 or 18 inches wide, serving as divisions. 

Flower cultivation must always be regarded as intemive, cntailing 
a heavy labour bill, deep ploughing, and the incorporation of I,eavy 
dressings of farm-yard and artificial manures. In planting bulbs, 
the common practice is to remove, say, 4 inches of the surface soil, 
previous to placing the bulb in p08ition~odils, narciss:, and 
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tulips being placed in rows some 3 inches or so apart, while gladioli 
and the stronger-growing bulbs should be allowed 6 inches .. ~'he 
work of planting is effected by removing a similar depth of soil 
from the next bed, and placing it over the bulbs, and so on until the 
work is completed. The soil from the first bed is placed in such 
a position as will enable it to occupy the position of that removed 
from the last bed, much in the same way as is practised in trenching. 

Annuals are usually sown from February onwards, according to 
their capacity for withstanding frost, while in some instances sowings 
are made in November, when, if protected by hand-lights, strong plants 
are procurable in early spring, from which a profusion of bloom is 
obtained. In the South of England little difficulty is experienced in 
obtaining a wealth of chrysanthemum bloom of the earliest varieties 
from August to October, while, should the weather remain open, the 
later flowering varieties will bloom up to Christmas. Single, and 
cactus dahlias are also in good demand for autumn deO'Oration, but 
the supply is often arrested by a single night's frost. Where market 
gardeners engage in the cultivation of tomatoes under glass, or in 
cheaply erected span-roofed houses, large numbers of late-flowering 
Chrysanthemums are dug up from the open and planted into the soil 
previously occupied by the tomatoes, when, if well watered, and given 
plenty of air to prevent the damping of the foliage and flowering buds, 
un abundance of clean healthy blooms are obtained late into the year. 

The student is recommended to study the very elaborate and 
beautifully illustrated catalogues of those firms who specialize in the 
cultivation of decorative plants, and never to miss an opportunity 
of visiting nurseries or private gardens where the large majority 
of these plants are to be seen in flower. As with fruJit, there aa-e 
many beautiful plants, the flowers of which, however, are quite 
useless for market purposes, on account of their not being able. to 
retain their freshness and rigidity when cut, or to admit of that 
amount of handling which is an essential property of all flowers 
grown for the wholesale and retail trades. 

Potting.-The importance of studying the correct method of 
placing plants in pots cannot be overestimated. Tender seedlings 
are often pricked out into shallow pans or boxes before potting, alId, 
in doing this, care must be taken to make a sufficiently deep hole with 
the dibbel' to admit of the primary roots of the plant going straight 
down into the soil, and to avoid burying the plant too deeply. In aU 
cases the seedling leaves must be freely exposed above the surface. 
Begonias, gloxinias, and seedlings of similar texture are so delicately 
constituted that forked or pointed sticks are used to transfer them 
from the seedling pans to boxes, in order to avoid damage in handling. 
The pricking out of seedlings gives useful practice to students, as the 
work not only demands considerable care, but trains the eye to 
symmetry, and in addition there are many little de~ils of 
extreme importance, such as shading, ventilation, and watenng, to 
be attended to. 

When the plants have become sufficiently well rooted they are 
placed in pots, the soil of which is compounded in keeping with the 
requirements of the particular species and variety of plant (see 
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Artificial Soils). The ordinary flower-pot is porous, thereby admitting 
air to- thc roots of the plant. The evil results of attempting to grow 
plants successfully in glazed pots has becn frequently demonstrated, 
and it is in order to preserve thorough aeration that good gardeners 
insist upon having all pots thoroughly washed and cleansed 
before use. 

In potting the student will probably rece~ve his first lesson in 
drainage, as in order to admit of the free passage of water through 
the soil it is necessary to lay a concave potsherd over the hole in the 
bottom of ~o pot, and over this smaller .port~ons are laid, followed 
by a. few pieces of fibrous turf to complete the drainage and to 
prevent any pieces of fine soil working into the watercourse 
below, thus hinderIng the free passage of water (Fig. 283). 

FIG. 283.-Diagram 01 Pollio". 

In potting the following rules should be carefully observed:-
1. A potting compost must be neither too wet nor too dry. If too 

dry, much injury is done to the delicate root-hairs, and it is all!Q 
a difficult matter to thoroughly saturate the compost when placed in 
the pot. Should the compost be too wet and of a retentive character, 
it becomes kneaded together into a dough-like m888, which renders 
it hard and impenetrable when dry, usually accompanied by shrivelling 
and cracking. . 

2. The large majority of plants require to be potted in spring, 88 
they shoW' signs of making new growth. The soil surrounding the 
roots should be moist (not wet) at the time of potting, except where 
it is necessary to shake all the old or expended soil free from the 
roots, or where the roots are annual 88 with many bulbs and tllbers. 

3. Soft-wooded plants, and those of rapid growth like begoni88 
and geraniums, must not be potted too firmly. Hard-wooded plants 
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and those of slow growth, like azaleas and ericas, possessing fine 
wiry roots, require firm potting. 

4. Care must be taken not to over-pot delicate plants, and tubers 
starting into growth; rather give two or three moves into larger 
pots during the growing period. Many flowering plants, including 
a large number of bulbs, flower more freely when pot-bound, 01 

confined to a limited amount of root-~pace. 
5. Newly potted plants require to be watered with a rose-can 

until th(' surface soil has become consoEdated. 
6. When potting, never over-fill the pot with soil; leave from 

! to 1 inch as a receptacle for water. 
7. The main stem of the plant should be in the centre of the 

pot, and perpendicular to the surface of the soil, irrespective of any 
irregularities of branching, form of head, etc. 

8. Never stand plants in saucers of water, except in the case of 
fine semi-aquatic and rank-growing species; wherever possible 
allow a free access of air to the hole at the bottom of the po.t, by 
placing it free of the staging. 

9. Through exposure to the air, continuous watering, and 
especially when manurial stimulants are applied, the surface of the 
soil becomes covered with slimy and mossy growth. This must be 
periodically removed to admit of better aeration, while it may also be 
necessary to apply new soil in the form of a top dress:ng. 

Artificial Soils.-Artificial is a term applied to soils compounded 
in order to suit the requirements of plants, a healthy growth of 
which cannot be ensure:! in soils that exist in their natural form, 
even though subjected to ordinary methods of tillage and manuring. 
The compounding and mixing of soils more directly concerns the 
cultivation of exotic and other plants than it does the farmer or the 
market gardener, as, although in their case better results could be 
attainell by the importation and blending of soils of distinct characters, 
the cost of such a procedure might be ruinous financially. 

III the cultivation of vines, peaches, nectarines, melons, figs, and 
other choico fruits rich fibrous loam is largely employed in making 
up beds or borders for their reception. Roses, when on their own 
stocks, or those of the briar or wild rose, do not grow freely on light 
soils, therefore it is customary to incorporate clay with those of 
a light sandy character in order to make them more retentive of 
moisture, and to obtain a better medium in which the plants can 
secure a firm root-hold. Farmers often apply chalk to sandy soils 
to mak\) them more adhesive, while the paring and burning of heavy 
clays produces the opposite effect, and, further, where finely ground 
caustiJ lime is spread over heavy land, its action tends to lighten the 
soil and make it more easily workable, but these and any other 
methods adopted by the farmer are only means of improv:ng 
existing soils. 

The gardener before he can become a successful cultivator must 
know wha~ soil conditions are best suited to the growth of the many 
classe:. ot plants entrusted to his care. Heavy retentive loam, pe~t, 
sand, decayed leaf-mould or humus, sphagnum moss, togethe~ WIth 
old mortar or brick rubble, broken potsherds, charcoal, road-grlt, and 
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many other substances, enter in varying quantity into the composition 
of potting soils. 

Roses, when grow.n in pots, also chrysanthemums, terrestrial orchids. 
an.d even BOrne specIes of ferns, like Adiantum Farleyeme, thrive in 
BOlls largely composed of fibrous loam of a retentive or even clayey 
consistency, with which is incorporated a sprinkling of silver I18nd to 
assist porosity. Other species of Adiantum or maidenhair fern, and 
Davallia8 or hare's foot fern, revel in peaty BOils, 88 also do many 

Pith LJI.+----- Wood 
.~-I-__ Cambium 

LJ ___ Phloem 

Callus 

Root ariBing 

from Callus 

~"w-~r---Wood 
-~1' _ • .&.0.._- Cambium and 

Phloem 

Callus 

FIG. 284.-Diagramm"tic Longitudinal Section. through the base 01 
. " herbaceono lupper) and 01 " wood,. Uower' cuUi .... 

other plants such as heaths or ericas, azaleaa, and rhododendrons. 
Several species of orchids, notably cattleyas, vandas, and othel'll of 
similar habit of growth. thrive in little more than a compost of 
broken potsherds, sphagnum moss, and charcoal. 

Plants which require little water succeed in BOiIa of a dry character. 
a condition often attained by mixing ordinary loam with an abundance 
of old mortar rubbish and sand, to admit of the free p8888ge of water, 
an essential with regard to the cultivation of agaves, cacti, aloes, 
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phyllocacti, and many others possessing a thick leathery epidermis, 
to which a stagnant or waterlogged oondition of the soil is fatal. 

By carefully studying the habits of plants under cultivation, 
particularly with regard to root action, a very accurate guide can be 
formed as to their soil requirements. The student should make 
careful comparisons between the roots of aquatic and semi-aquatic 
plants and those which prefer and inhabit soils of a drier character. 
He should also note the behaviour of these roots when they are placed 
in soils of an unoongenial character. Further, it is necessary to 
distinguish between succulent stems of a herbaceous character and 
those of a woody texture as shown in Fig. 284. Such distinctions 
are invaluable to the propagator who knows from experience that 

FIG. 285. -Cutting or slip of Geranium with short internodes 
denoting well-seasoned or ripened wood. When a 
number of roots protrude from the callos as at .A the 
growing point should be pinched outin order to promote 
lateral growth from buds in the axils of the leaves. 
thereby tending to the produotion of a busby and evenly 
bala.nced plant. 

cuttings of fibrous, but not woody, textured plants such as 
geraniums (Fig. 285), and many other soft wooded types callus 
and produce roots quicker than those the wood of which is hard and 
often brittle, quite irrespective of whatever rooting medium they 
are placed in. . 

Trenching.-The beneficial effects of trenching are shown lD 

Fig. 286. 
Very few soils admit of deep trenching, this opera?on being 

largely restricted to garden soils that have been cultivated for 
a long series of years. The .importance of the in~rease of the .root 
area ol' plants due to trenching cannot be overestimated, espeCially 
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in seas.ons of drought, and some vegetables are known 10 penetrate 
the sOlI to a depth of as much as 3 feet, with a propo.rtionate 
development ·of growth above ground. Improvement in the quality 
and texture of a soil can only be effected gradually; therefore 

a 

b 

" 

FIG. 28j.--a. surface effect of plonghing and diaeinl'l: b, aection showtmE' dttptb of 
plough. pan. andsub80il; c,surface etrect of digging and raking; d, eection Ibowln. 
tbat a greater depth of soil is obtained by digging tban by tbe ploolifh; e. section. 
of digging, tbe lower demonstrating the surface effect of froat and the amelioration 
of tbe BOil; f. section or trenching, ahowing tbe greater depth of BOil obtained and 
drain tile in subsoil: a. plan in dia~ram of commencement of trenching operation. : 
h. section of D. .A 1 • .A 2. the two halves of the ground to he Irenched: from B to C 
the Boil is removed two spades wide and one spade deep at 8 and 4 and placed In 
a heap D; remove subsoilS and place in hea.p E: 6 ia tbeD dug one apit deep bu' 
left at the bottom and the npper subsoil ,. turned uoou il. and Ibe IUrf""" 1011 
9 upon the subsoil 5: the proceBB I. repeated until F 10 reached. when" will he 
found tha.t spaces exactly like ll. 4. and 5 are left; 'heBe are ftlled witb abe Mil and 
subsoil from G: .A 2 i. Ihen trenched and 'he s_ remaini .... a' H Illled .. lib Ih. 
heaps D and E. 

careful judgment is necessary before deep trenching is performed. 
For example, if an un fertile soil is brought to the surface it would 
prove more detrimental than helpful to growth. 

FIG. 'lHI.- Bastard Trenching. 

Ba8tard Trenching.-Bastard trenching differs from ordinary 
trenching inasmuch as the lower stratum of soil is not brought 
immediately to the surface, but remains in its original position, 
after having been incorporated with such manurial material 88 is 
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likely to ameliorate its condition. For example, in converting an 
old pasture into a kitchen or vegetable garden the subsoil 
(Fig. 287, D) would be broken up to the depth of a d:gging fork 
and well incorporated with manure. Over this the turf from A 
would be inverted and broken up with the spade as shown at E, 
while the section F would represent the top spit of soil (B) under
neath the turf (A). Section G now representing the top soi~ 
is the upper half of the subsoil C. Assuming that the operation has 
been carried out during the winter months, a good coating of 
manure would be applied to section G in spring. In this way 
a rapid improvement in the soil is effected, and at a later period 
section D would be brought to the surface. 



CHAPTER III. 

lIIsCELLANEOUS OPERATIONS. 

PLANTS in a state of cultivation, and when grown under unnatural 
conditions, require an adequate supply of moisture. Drought, as well 
as excessive moisture at the roots, will both prove equally harmful, 
as illustrated by the shrinkage in the yield of cereal and root crops 
harvested after a dry rainless summer; or in the case of " burnt-up" 
pastures. On the other hand the same crops, when produced on 
a saturated or waterlogged soil, soon sicken, as indicated by the 
foliage turning yellow, owing to the decay of the root. The student 
may have observed this happening in fields of wheat, when during 
wet weather the rain-water has not passed freely through the soil. 
A broken drain-pipe, or a drain that has become blocked, will often 
account for the flooding of quite large areas. 

Water is the most abundant and important ingredient of the 
plant, and cannot be dispensed with. It acts as a 801vent and 
transporting agent, in the conveyance of the various food materials 
that enter the plant by the roots. Water is essential for the 
manufacture of carbo-hydrates, and is required by the enzymes, upon 
the activity of. which the many chemical changes which take place 
in thc plant is dependent. 

Water is responsible for the turgescence of the celIs, thereby 
giving rigidity to the stem and leaves. Thus, when plants droop or 
"flag" and the leaves" wilt" it is a sign that they require water at 
the roots. In some instances, evaporation of moisture takes place 
80 rapidly from the leaves, that the roots fail to keep up the supply, 
notwithstanding that abundance of water is present in the 8Oil. This 
drooping of the leaf is often seen in the case of mangels, cucumbers, 
melons, and vegetable marrows; and other plants with large leaves 
from which watery vapour is readily exhaled. A similar illustration 
is afforded by cabbages on a hot sunny day, after weeks of dull 
weather, early in the season, when the plants were in an actlive 
state of growth. 

The water, having deposited various food constituents in the leaf. 
finds its way out, partly through the outer cell-walls exposed to the 
air, but chiefly through the stomata, which are situated on the upper 
and lower surfaces of the leaves. It has already been seen that lOme 
plants transpire much more readily than others. the degree of 
transpiration depending very largely upon the structure of the 
epidermis of the stem and leaves. 
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Plants are indigenous to certain kinds of climates and soils. Many 
are of aquatic character like the water lily, while otllers, like 
members of the Rush family, are semi-aquatic. .A. very large 
percentage, including the greater majority of cultivated plants, require 
soil of a moist, warm, and well-aerated cllaracter, while others tllrive 
in countries wllere the rainfall is low or absent, and the atmosphere 
is dry and arid; as, for example, agave, aloe, cereus, mesen
bryantllemum, sedum, etc" the leaves of which are thick, succulent, 
and leathery in texture. The common house leek is a plant of tllis 
cllaracter, and can certainly take care of itself througllout periods 
of drought, as it grows and flowers freely on the ·roofs of houses.. 
However slow the evaporation from the leaves, or the amount absorbed 
by the roots, water is continually flowing tllrough tile plant, and it is 
tile rate of this circulating current that determines, more than any 
other factor. the amount of water required. . 

There are many influences which affect transpiration, the principal 
being the heat or temperature of the soil and air, and the Iligller the 
temperature, the more rapid the transpiration. The more humid tile 
atmosphere, the slower will transpiration take place, and this is why 
gardenOl·s adopt the practice of "damping down ", or dispersing water 
by means of a syringe or watering-can in greenhouses during spring 
and summer, when plants are growing rapidly. It is also very largely 
for this reason that the floors of melon- and cucumber-Ilouses are kept 
continually damp. Light regulates the transpiration current, as, quite 
apart from any ill effects that may attend the scorching of plan1:& 
under glass by the action of the sun's rays, gardeners smear white
wash or "summer cloud ", or other adhesive colouring compound 
over the glass, in order to shade the occupants of tile house from 
strong light, and so check EllCcessive evaporation of moisture from 
the leaves. 

The best contrivance for this purpose is that of roller blinds, which 
admit of being let down or rolled up, according to the intensity of the 
sunlight. Deli('ate, moisture- and shade-loving plants, like filmy 
ferns, require very special care in order to protect the fronds from 
becoming dry through lack of moisture in the atmosphere, or tllrough 
exposure to strong light. Cacti, on the other Iland, enjoy the beSt 
health when exposed to the scorching rays of the sun, and allowed: 
a sparing supply of water, and this, only in the height of the growing 
season. 

Tha amount of water transpired is still further to be regulated in 
keeping with the concentration and chemical nature of .the soluble 
salts present in the soil, while many more minor influences might be 
recalled, but these should be ample to impress upon the student the 
great importance which attaches to the operation of watering 
cultivated plants, more especially those whose roots are confined in 
pots, ant.! grown under glass or other covering. 

Of field crops, 300 lb. may be taken as a fair average of the 
amount of water transpired per pound of dry matter produced in the 
plant. It is in estimating the transpiration of different crops that 
an approximate idea is obtained of the amount of water per acre 
necessary to produce an average yield. It must be remembered that 
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wheth€:I' the rainfall is light or heavy, the greater part of it falls in 
the colder months of the year, before most crops are 80wn, while 
those already in the ground are not in an active state of growth, and 
therefore do not require water during a period of temporary rest. 

In the South of England, where the rainfall rarely excee'ls 
26 inches per annum, the conservation of the water 8upply presents 
a problem of extreme practical importance, and farmers have come 
to realize the necessity of keeping the surface of retentive BOils 
well stirred with the hoe during dry weather, thereby forming a. 
.. mulch" over the capillary tubes of ·the BOil (Fig. 288), and pre
venting the escape of moisture from below. This surface layer of 
soil acts much in the same way as does straw, or a layer of manure. 
placed over dry soil., when in the course of a. few days moisture 
will be found to have collected on the underside of the covering 
or mulch. 

,., 

,. 

b c d • 
FIo.288.-Capillarity. Sbowing appros.imate power 01 difterenl 1011. 

&0 raiae water. 
a. Tube containing coone particles 01 cia, ral81nll ... ter 6 Incbes. 
b... .. fine " .. .. 61 .. 
c. ,. .. Ba.nd railing water 16 Inches. 

il. e. Tube. line loam 80 .. 

In watering pot plants, the fatal error is frequently made of g!ving 
dribblings of water to the plant whenever the surface appears dry, 
whereas the proper course is to give the BOil a thorough BO~ing ; 
when, if the surface is kept well aerated, the moisture will be drawn 
up toward.:! it from below, and the plant need not again be watered 
until the lower reserve of moisture has been exhausted. 

It had been suggested by :Mr. Strawson that watering may be 
regularly carried out .by means of long porous earthenware vessels 
kept filled with water. These are sunk in the ground, and the seeds 
are planted in the BOil outside, but in close proximity. to the porous 
vessel. :Mr. Strawson finds that the moisture slowly percolates 
through tha earthenware; and keeps up a continuous but sufficient 
amount of moisture without an excellB, and that seedlings 80 placed 
grow in a satisfactory manner. This system may be recommended for 
choice growths, and quite limited areas. . 
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VEGETABLES AND SALADS. 

A kitchen garden should not be larger than will adm:t of propN· 
attention being given to it, and the more intensive the cultivation the 
better will be the result. Where there is no cho:ce of soils, the best 
must be made of that which exists, but good deep 10aUls are rarely 
associated with heavy woodland, or upland farms. The yields of the 
various crops, or (if we regard an individual crop, such as onions), the 
size of the bulbs will be in keeping with the amount and quality of 
the manure supplied. If seed from the same packet be sown on poor, 
hungry soil. and on rich soil deeply trenched and well supplied with 
manure, the poor ground will only produce bulbs of the size of pickling 
onions; while the richer and well-manured soil will produce bulbs 
of from 2 to 3 lb. weight. 

A definite system of rotations is essential for garden crops, but, 
just a~ it is possible to grow mangels on the same ground for a number 
of years in succession, provided the necessary cultural dctails are 
attended to, so it is possible to grow a crop of onions on the same plot 
of ground for a number of consecutive years. Among the mauy 
advllntages in favour of rotations are; That;-

1. Some crops are a good preparation for others, as for example 
celery for onions. In this case the soil, having been earthed up in 
tho process of blanching, becomes mellow and deeply worked, thereby 
favouring the growth of a deep-rooting plant like the onion, the roots 
of which will penetrate to an average depth of 2 feet in trenched 
ground. 

2. A rotation assists in arresting or checking insect and fungoid 
attacks. For example, where carrots become badly infested with the 
grubs of the carrot fly, it would not be wise to sow the same ground 
with carrots in the following year, or should a crop of onions become 
attacke(l by onion mildew it would be equally foolish to attempt their 
cultivatioll in that soil in the following year. 

3. Deep-rooting crops, like the long varieties of carrots, beet
root, and parsnips, enrich the surface soil for the benefit of shallow
rooting plants, such as the dwarf varieties of these v~eta.b!es, together 
with turnips, and the many kinds of salads. 

Plant.~ of the same natural order, such as cabbages, brussels 
sprouts, cauliflower, and kale, which all belong to the Brassica family, 
usually require food constituents in similar quantities, and of similar 
character; therefore it would not be considered. good practice for 
these crop~ to follow one another in rotation. The same remaI'k 
applies b plants belonging to the natural order Leguminosle, that is 
pod-bearing plants, such as beans, peas, etc., which, in addition to 
requiring soil-foods of the same character, are so constituted as to 
be able to make use of atmospheric nitrogen. 

Many vegetables, although requiring a fair amount of nourishment, 
do not respond to heavy dressings of farm-yard manure. The .potato 
affords au instance of this, heavy dressings of dung !ending to 
encourago coarse growth, the haulm attaining enormous dimensions, 
as a result 01 which few tubers are found at the root. This vigour of 
stem and foliage is largely due to an excess of nitrogen, and 
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a deficiency of phosphates and potash. Members of the Brassica 
family revel in heavy soils well charged with manure, the planla being 
naturally gross feeders, and having to produce a wealth of foliage, 
without which well-developed "heads" of cabbage, caulillower, or 
broccoli would not be forthcoming. Potatoes may follow any of the 
above plants, or winter greens, including the many varieties of kale, 
all of which are removed from the ground sufficiently early in spring 
to admit of potatoes being planted, in which case no further manuring 
may be necessary. 

Garden vegetables include the artichoke, asparagus, bean, beetroot, 
borecole, broccoli, brussels sprouts, cabbage, carrot, caulillower, celery, 
leek, lettuce, onion, parsnip, pea, potato, radish, rhubarb, spinach, 
turnip, to which may be added a number of saladings such as chervil, 
-chicory, endive, mustard and cress, parsley, taragon, etc. 

The above vegetables are represented by many distinct varieties, 
.some of which are identical in character, but are catalogued under 
many different names, occasioning much confusion. Reliable 8elec
·tions of each vegetable will be found in seedsmen's catalogues, but to 
recognize the varieties by sight, the student is recommended to 
-examine carefully whatever varieties he may have an opportunity of 
inspecting, taking particular notice of those perfect types exhibited 
.at show8, and elsewhere. 

Success in vegetable culture, as in arable farming, can only be 
achieved by giving careful attention to soil preparation, anw to the 
Jllants during their growth, and by keeping the ground free of weeds, 
.and deeply stirred with the hoe. 

The Seed-bed.-The preparation of a good seed-bed is the first 
·essential o! success. If the soil is of a heavy retentive character it 
must be deeply dug, and well ridged up during autumn, if p088ible 
oy December in order that it may become mellow and easily workable 
in spring. A seed-bed must be firm and well aerated, the particles of 
.soil being well consolidated by treading or rolling, but not to luch 
an extent as will interfere with its porosity. A fine tilth, or loil 
-division, i~ necessary to facilitate shallow sowing, as the shallower 
.all seeds are sown within reason, the sturdier and stronger will be the 
.seedlings. A soil, in which the particles are fine, and in close contact 
-one with another, is retentive of moisture, and capillarity is greater 
in proportion to the closeness of the particles. 

The Brassicas, and, in fact, all plants which are transplanted from 
.a seed-bed to their permanent quarters, are either sown in narrow 
.rows, or broadcasted. Such beds should not be enriched with manure 
to such an extent that the seedlings are excited into rapid growth, 
neither should they be "hungry ", or without a reasonable amount. 
·of plant food in the form of humus, or decaying vegetable matter, such 
.as thoroughly decomposed leaf-mould j which, apart from supplying 
nourishment to the plant, provides a good rooting medium. Seedlings 
.mUdt never be allowed to remain in the bed until they become stunted 
·0'1' starved, the stems appearing tough and wiry in texture j as, like 
half-starved and hide-bound store cattle, they are not easily induced 
to repair or make good the damage which they have sustained through 
lack of nourishment. . 
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Seedlings of plants like carrots, beetroot, and parsnips, which do 
not admit of transplanting, must be thinned out as soon as 
opportunity affords, and, for preference, after rain or during 
showery weather. Where late thinning is practised, or the plants 
are allowed to become crowded" considerable injury will be done 
to the remaining plants. All plants of the Brassica tribe succeed 
better when transplanted, although some sheep farmers prefer 
to drill their cabbage seed. 

Sowing and Planting.-The time of year at which different plants 
can be sown depends upon a variety of circumstances, chief among 
which ara aspect, climate, and soil. Where the ground is sheltered 
from cold winds from the east and north-east, and slopes towards the 
south or south-west, and is naturally drained, it is possible to sow 
seeds of peas, and broad beans in November, and again in February, 
as, when they stand the winter, hardier plants are obtained than is 
possible from spring sowings. This is very essential in the case of 
broad beans. as the hardier the plants, the better will they resist the 
attacks of black fly (Aphi8 Tumicis). Early potatoes can be planted 
in warm borders in February, where lettuce and other saladings may 
also be transplanted or sown. Cauliflowers may be set out in May, 
turnips may also be sown in February, to be followed later by 
carrots. These methods are unattainable on soils of a heavy, cold, 
and tenacious character, having a north or north-east aspect. 

The student must observe carefully all these variable conditions, 
think out possibilities for himself, and be largely guided by local 
conditions. The months of March and April afford the best 
opportunities for sowing the great majority of garden vegetables, as 
the soil is then sufficiently dry on the surface to admit of its being 
forked. over, and raked down to a fine tilth, without becoming kneaded 
into a dough-like mass at or below the surface. Seedlings, like those 
of the beetroot, which are susceptible to frost must of course be sown 
later, say in May, when there is little or no risk of growth being 
retarded, or delicate seedlings being frozen. 

Successive crops can be sown from spring onwards, at the discretion 
of the cultivator, who must carefully consider the time required 
for any crop to attain a condition of usefulness, if not of maturity. 
Peas, for example, are often sown late in the hope of securing 
gatheringR in September, but usually these late sowings fall a prey to 
mildew, or, should they survive this, or other disease, very few pods 
are forthcoming and may only contain a few partially developed peas. 
Thus it will be seen that no hard and fast rules can be laid down as to 
when any particular crop should be sown. 

The distance apart at which to sow seeds, or transplant seedlings, 
must bo governed by the size or dimensions to which it is estimated 
that the plants themselves will attain, making provision for a free 
circulation of light and air around each individual plant; greater 
space being given between than in the rows, to facilitate cleaning 
operations. 

After - cultivation. - After-cultivation is a term implying that 
attention, which is necessary from the time a seedling appears above 
ground, or is transplanted., until the time of maturity or harvesting. 

00 



562 HORTICULTURE. 

It consists, principally, in hoeing, to prevent the growth of weeds, 
and to conserve moisture; and, when necessary, for supplying water 
to the roots, in order that the plants may not unduly BulIer during 
a temporary or prolonged drought, or in blanching, a8 in the case 
of celery and many salads. The treatment of the plant in 
combating insect and fungoid diseases is directly connected with 
after-culti va tion. 

If the student wishes to study in detail the more intricate method. 
which attend the forcing of vegetables, or their production for exhibi
tion purposes, he should consult such books and writings on the 
subject as are written by men possessed of Bound practical experience, 
as it is only by growing the various plants that he can Decome 
acquainted with their individual merits and requirements. 

Manuring (or Vegetables.-Carrots, parsnips, beetroot, and also 
potatoes, produce heavier crops o.f better quality if the soil was 
manured the previous year. As with farm crops, the best results are 
obtained when "artificials" are used in conjunction with farm-yard 
manure. Spring cabbage, cauliflowers, broccoli, and plants of like 
character respond well to dressings of yard manure up to say 10 ton8, 
supplemented with 5 cwt. superphosphate, or 8 cwt. basie slag, 4 cwt. 
kainit. or 1 cwt. sulphate of potash, and from 3 to 4 cwt. of nitrate 
of soda pel' acre; or, instead of nitrate of soda, an equivalent dre88ing 
of some other nitrogenous manure, such as sulphate of ammonia, or 
nitrate of lime, may be used. These quantities must be regarded as 
only approximate, but the student will observe that they exceed those 
advocated for farm crops. Most market gardeners give even more 
liberal dressings, while for root crops grown on farms equally heavy 
dressings are sometimes given in order to secure large heavy roots 
for show, a practice which serves little economical U8e. Cereals 
cannot be manured above a given point without injuring the quality 
of the grain and incurring the risk of the crops becoming .. laid " ; 
but with plants grown for their foliage, such as cabbage, aprouta. 
sprouting broccoli, etc., liberal manuring is essential. 

Mistakes are often made in over-manuring peas, with the result 
- that thc plants produce an excess of haulm at the expense of well

filled pods. 
In digging out trenches for celery, care must be taken to avoid 

bringing inferior subsoil to the surface, as when young planta are 
placed in this, it is practically impo88ible for them to grow with 
freedom. Celery requires a continuous supply of moisture at the 
roots, and occasional feeding with manurial stimulanta, until the 
plants have attained to a considerable size. There is no more rapid 
road to successful cultivation than for the student to make himself 
familia:- with the habits of the plants he intends to cultivate. 

The feeding of plants which are approaching maturity is a mistake. 
Immediately a plant has attained its maximum growth, and is 
possessed of a wealth of healthy foliage, all feeding should cease. To 
return again to the onion, it will be noticed that the plants produce 
long tubular leaves, which towards the end of July begin to tum 
yellow at the tips, showing that the plants are approaching the resting 
stage; the leaves have manufactured and stored the materials for 
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the development of their bulbs, and their 'gradual discoloration 
indicates that this concentrated food material is passing down to the 
bulb in order to build up the fleshy scales of which it is composed. 
Meanwhile the root fibres, which are of annual duration, become 
inactive and. like the leaves, finally decay, leaving the bulb complete 
in itself, a lJIlass of stored-up useful material for human food" which, 
if left to nature, would in the following Beason be furtheI' 
developed in the production of flowers and seeds, or in other words 
in tho reproduction of the plant. 

[The common practice of turning down the tops must be affected 
by the above considerations.-ED.] 

This illustration merely serves the purpose of impressing upon 
the student, the necessity of observing Nature as a guide to what 
should be practised in the cultivation of plants. 

MARKETING OF FRUIT, FLOWERS, AND VEGETABLES. 

The preparation and packing of fruit, flowers, and vegetables for 
market, is highly important. It will be invariably noticed at Covent 
Garden and other large market centres, that the most neatly and 
tastefully packed consignments of well-graded produce realize better 
prices than the badly packed and ill-graded lots, even though the 
latter be of really better quality than the former. The student is 
advised to get into touch with market growers, and study their 
methods if he can. A lesson may also be learnt from the Colonial 
and foreign produce, from Canada, New Zealand, Tasmania, France, 
and elsewhere; although of late years English growers have certainly 
improved wonderfully in their methods, and their fruit is packed 
quite as well as the best Californian produce. 

Packages and Materials.- Nearly all fruits lend themselves 
admirably to grading, and considerable advantage is gained even if 
only the small or defective specimens are discarded. As a rule, first 
and second grades can always be made, and very often three can be 
separated with advantage. Colour plays an important part in this 
connexion. as well as size. In large establishments special machinery 
is employed for grading all fruits, except perhaps the choicest and 
ripest samples. A light, spacious packing-shed is required in any 
case, with a few trays for sorting out the fruit, and some tables with 
rims at the edges. As regards the packages, strong durable willow 
baskets of various sizes, from a bushel or " sieve" to a " half-sieve" 
or pack, are commonly used. In Worcestershire, a tall square basket, 
known as the "pot", is used for plums (a pot holds 72 lb. of 
plums) ana various .vegetables and even for flowers. The flat, 
square basket is, however, a more popular form in many parts, 
for anything except flowers. Choice fruits, grapes, and tomatoes, 
etc., are often packed in white willow-handled baskets; "baby 
baskets" of the same type being commonly employed for t~e 
b&'lt quality English grapes. For vegetables, s~ch as cabbages, cauh
flowers, etc., wooden crates about 3 or 4 feet high are most comm.on, 
and for strawberries the ever-popular "chip" is nowadays essential. 
Flowers, and the lightor vegetables and salads, can be very safely 
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packed in light, non-returnable boxes lot by 71 by 3 inches deep to 
211 by 14 by 7 inches deep, which cost from 2d. to Sid. each . 

.AJJ.y kind of box, used for sending produce to market, must be as 
light as is consistent with strength and durability, cheap in proportion 
to the value of the produce carried, and non-returnable, or, if 
returnable, fitted with strongly-hinged lids. Wood-wool, or very 
fine wood shavings, is the best material for ensuring firmness 
in the contents of the package, keeping them fresh, and preventing 
any damage. To protect the produce from dust, tissue paper of 
various tints or colours is useful and effective. Various accellsories 
for packing, bunching, etc., include paper shavings, shredded paper, 
fresh and dried moss, bracken fern, willow shoots for tying radishes, 
etc., good manilla cord for securing boxes of heavy fruits, raffia or 
.. raffia. tape" for bunching flowers, etc. . 

Fruit.-Large choice apples and pears must be very carefully 
handled, each fruit being first wrapped in tissue paper, and then 
placed singly in position in shallow boxes, holding one layer of from 
twelve to twenty-four fruits; or a thin band of tissue paper may be 
rolled round each fruit. Wood-wool is placed at the top and the 
bottom of the box. Large consignments of early applell are packed 
in similar fashion, and the boxes are placed in crates, one on the 
top of the other. The firmer-fleshed apples are sometimes packed 
in small barrels, above a layer of wood-wool, with a sheet of paper 
between. The top is then laced over with cord, and the fruit ill 
covered. with bracken fern. In times of glut, plums are best sent 
direct to jam factories in .. half-flats" of 24: or 28 lb., each basket 
being lined with strong white paper, large enough to admit of ita 
being folded over the fruit when the basket is full. Coarse wood
wool is then placed on the top. Choice wall plums are displayed to 
the best advantage in punnets, in single layers; the bulk of the 
fruit being packed in half-bushel baskets, and the showy Victorias, 
and large greengages, in pecks of about 12 lb. 

Cherries Bre usually packed in half-bushela of 241b., and peck. 
of 121b., the large soft varieties like Napoleon and Elton in pecks, 
and the Morellos in chips. Early gooseberries sell best in 6 lb. chipB, 
later sorta in pecks of 121b., and half-bushels of 28 lb. Special 
dessert fruits are best packed in punnets of lIb. Punnets are most 
suitable for packing dessert raspberries, six or twelve being packed 
in a single box, and cooking cherries in non-returnable chips, holding 
from 4 to 61b. Strawberries give more trouble as regards packing 
and marketing than any other fruit. The introduction of light, 
smooth, and non-returnable chip baskets has, however, gone far to 
solve the difficulties, and the best type of basket is the square variety, 
with flat wooden handle, which can be easily branded with the name 
and address. of the grower or sender. These may hold anything from 
4 to 6 lb. of fruit. If the berries can be sent to market by road, they 
should be packed in punnets of lIb., placed in boxes holding a dozen 
or two dozen punnets. 

Vegetables. -Most vegetables lend themselves admirably to 
bunching, but of late years it has become more customary to send 
colewort heads and cabbages to market in bushel sieves, instead of iu 
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the form of bunched greens; and another practice that is fast ialling 
into disuse is that of loading vegetables loose upon vans. Radishes 
are expensive roots to prepare for market; the turnip-rooted kinds 
are usually tied in round bunches of from two to three dozen roots 
each, while the earlier large-rooted sorts, are tied in flatter bunches. 
Turnips and carrots, of even size, are bunched in dozens or two 
dozens, care being taken to tie the bunch so that the roots are all 
on a level. 

Celery and leeks look very well indeed when carefully washed and 
bunched. Only the best celery sticks are tied in flat single- or 
double-layer bundles, eight to sixteen or twenty sticks to the bundle, 
and the heads should be trimmed and cleansed first, and placell fla.t 
side upwards. Soft willows are used for this vegetable and also for 
leeks, the latter being bunched in dozens or more. Asparagus is 
sold in bundles of 25, 50, or 100 stems, the latter being a "fuR" 
bundle. In some parts small bundles of twenty stems are made first, 
and half a dozen of these tied into a large flat market bundle, tied 
with a single willow band. As a rule, it is safest to pack asparagus 
in flat-lidded baskets. Seakale looks well in flat-spreading bundles, 
when the heart and stalk are fully shown, the bunches being placed 
in a slanting position in plaited baskets, and the base of the sllems 
wrapped in a little~ft tissue paper. 

Flowers. - Mos flowers, particularly chrysanthemums, dahlias, 
daffodils, margueri s, narcissi, sweet-peas, wallflowers, mignonette, 
violets, etc., are be bunched, or made up into sprays. Some are 
garnished with their own foliage, violets especially, and a market 
bunch of these blooms will vary in size according to the scarcity or 
abundance of the supply. Small bunches are made for retailing, and 
large ones for market work, the latter being afterwards broken up 
into smaller bunches to suit a particular class of trade. Bunches of 
any of the above-mentioned cut flowers are most conveniently packed 
and marketed in dozen bunches in shallow boxes, lined with tissue 
paper, and fitted with tight-fitting lids, so as to prevent excessive 
evaporation of moisture. . 

Some flowers, such as roses, tuberoses, orchids, winter-flowering 
carnations, forced lilies of the valley, Roman hyacinths, narcissi, 
tulips, etc., are packed loosely, and sold at so much a dozen trusses, 
blooms, 01' spikes, as the case may be. Tulips, narcissi, and other 
bulbs should always be decorated with as much of their own foliage 
as it is possible to obtain. All bunched blooms are best put up in 
separate shades or colours. Ornamental foliage such as Asparagu8 
plumo8us, A. Sprengeri, crotons, adiantum, ferns of various kinds, 
smilax, Quercus rubra, oak, beech, chestnut, carrot leaves, and 
variegated ivy, are also usually marketed in bunches. In packing 
very large flowers, such as the spikes of Lilium auratum, L. Harrisii, 
etc .• deep boxes should be used, and the stamens of the white or 
lighter-coloured blooms removed, so as to prevent the discoloration 
of the petals by the shedding of pollen. 



CHAPTER IV. 

PLANT DISEASES. 

WHEN plants or animals are reared under artificial and intensive 
systems, disease or diseases begin to make their appearance, and 
BOoner or later contribute to the death of the plant or animal atIected. 
In-breeding, or the mating of closely related individuals, is largely 
conducive to delicacy or weakness of co.nstitution, accompanied with 
disease, as instanced in the case of thoroughbred horses, foxhounds, 
and wherever close-breeding is practised. . 

The florist knows from experience that a, BOon a, a wild flower, 
naturally inheriting a strong robust constitution, ia taken in hand 
by the hybridist, and grown under more intensive and altered con
ditions with a view to producing large flowers, or a greater wealth 
of seeds or fruit, disease becomes ,more prevalent than under natural 
conditions. Often the cellular structure of the whole plant is altered 
physically and chemically from what it originally was. So firmly 
established do some of these diseases become, that the cultivation 
of certain species and varietie3 of plants has even been abandoned. 1 

Modem science ·and research have contributed largely toward. 
a better and more thorough knowledge of plant diseases, thereby 
enabling the cultivator to combat them by arresting or even destroying 
the spores of the disease in its early stages. 

The horticulturist knows too well how troublesome are Buch 'plant 
diseases as rust in chrysanthemums and carnations, powdery mildew 
in the vine, leaf curl in the pelich, and many otherll too numeroul' 
to mention. 

As this is an agricultural rather than a horticultural textbook, we 
must restrict attent:on to those diseases which more directly atIed 
the farmer and market gardener, although there are BOme which are 
common to all cultivations. 

The potato is by far the most important vegetable crop grown 
in these Islands, and wherever a plot of ground ia set aside for 
domestic purposes potatoes receive first consideration. Sound con
stitution is one of the most desirable qualifications of a good potato ; 
and thOSol leading nurserymen, who have done BO much to introduce 
new varieties, and to improve those already in cultivation, have always 
to bear in mind that while combining early maturity and quality, yield 
and disease-resisting power must also be considered. 

As the potato continues to be propagated from tubers, and not from 
seed, year after year, BO does its constitution become impaired, and 

1 Similarly i* is DOW generally ... Uowed that diseaaea which affect human b~ingl are ror 
'be moe' par, asaocia~ wiUl civilized commuoiUea. 
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the more 80 when grown in the same or similar soils and climatic 
conditions. It is largely for these reasons that many plants derive 
benefit from a change of soil and climate, or as farmers call it 
a "change of seed". The same remarks apply to ourselves; how 
often does a change of air, and we may even say of soil, from a low
lying moist district, where the soil is heavy and tenacious, to a district 
of high elevation, on say either chalk or gravel, improve the health of 
those whose constitutions have become" run down ", and who are thul' 
rendered more susceptible to disease. 

We have also to consider the chemical constituents of which seeds 
are composed, and to what extent circumstances will influence their 
vitality and strength of constitution. Over-ripe or fully-matured 
potatoes contain an excess of starch, and are not so vigorous as less 
matured tubers, which contain more nitrogenous matter in their 
tissues. 

. A similar condition is noticeable in barley; as the best malting 
samples may be compared to bags of starch, and lack the vitality 
of coarser samples often described as feeding barleys. These have 
a higher nitrogen content, and, like the waxy or unmatured potato, 
are not so likely to fall victims to disease. . 

Th~ process of <lepopulation by disease, or, in other words, the 
"survival of the fittest ", is continually going on among animals and 
plants, and the more so as conditions of living become more intensive 
and strenuous. 

Insect and vegetable pests play an important part in the 
destruction of living cells, and, belonging to the latter class," we have 
fungi and bacteria, both of which are devoid of chlorophyll. 
Chlorophyll, it will be remembered, is present in all green leaves, 
which are veritable starch factories. . 

Fungi vary enormously in shape and size, and are made up of 
masses of fine threads or filaments, which may be arranged loosely 
like cotton-wool, as in moulds, or agglutinated together, as in the 
edible mushroom. Reproduction or "seeding" is carried on by the 
formation of small globular spores on the ends of some of the threads 
or filaments. These ~pores under suitable conditions are capable of 
growing into plants, exactly like their parents. Fungi are unable 
to live on mineral foods and carbon dioxide like green plants, 
but must have organic food such as is found in th~ tissues at 
living or dead animals and plants. Those which derive their food 
from dead matter are termed" saprophytes ", while" parasite" is 
the term applied to the fungi found on living bodies. It is the latter 
class with which the farmer has mostly to contend. 

Bacteria (Fig. 4); are minute plants most nearly allied to the 
fungi. They are the most minute living things known, and in shape 
are like small dots, spheres, rods, or short spirals. They are respon
sible for many diseases of both plants and animals. 

Club Root or Finger and Toe.-This disease (Fig. 289) attacks 
most, if not all, cruciferous crops, and is due to a fungus. Plants 
affected with this disease have misshapen roots, which on being cut 
open are more or less brown where they ought to be white, and, later 
in the season; they become rotten, and emit an objectionable smell. 
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Spores are produced, and these may be present in the lIoil in winter. 
If a crop is sown in the following spring, or even if crucileroul weed. 
abound, the spores burst, and a small germ of living matter escapes, 
capable of moving about among the moist eoil particles. Upon 
reaching a young plant, the germ enters the root-hairs, or other 
tender portion of the root, and 1ives on the substance of the cells, 
breaking down the cell-walls and producing a dark discoloration. 
Eventually the jelly-like matter develops minute round specks or 
spores, and as the root breaks up these are spread in the soil, where 
they may remain quiescent for a year, or longer. 

Acid and wet conditions of the soil are favourable to the develop
ment of the disease, and it is rarely found in soils containing plenty 
of lime. To prevent the disease, burnt lime should be applied at the 

A 

'. 
FIG. 289.-Club Root or Finger and Toe IP!a.modiovlu>rlJ brIJ.lical. .d. cJiseued 

cabbage plant; B, section of diseased roo&; C. diBeaeed ... ede i D. cella of roo' 
abnormall, enlarged and coniaining spore. of 'be funcua. 

rate of from 5 to ,7 ,tons per acre, six, or preferably eighteen 
months, before a cruciferous crop is grown. Acid manurel such a. 
superphosphate and diBBolved bones should not be applied, if the land i. 
liable to .. club root ", but basic slag, bone meal, or precipitated 
phosphate may all be used. 

Cruciferous weeds, such as charlock and shepherds' puree, should 
be eliminated. Working the land when out of conclition is also liable 
to encourage the disease, and as an instance of this it may be noticed 
that finger and toe is often prevalent on the headlands which are 
especially trampled by horses. Drainage helps to keep the disease 
in check, as the sour condition produced 'by wetness is favourable to 
its development. If land is liable to this disease, cruciferous crops 
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should be kept as far apart in the rotation as possible, e.g. potatoes 
and mangels may be grown alternately instead of swedes and cabbages 
thus doubling the period between the latter crops. ' 

Black Rot of Cabbages, Turnips, etc.-Luckily for the British 
farmer this disease is not very prevalent in this country. It is of 
bacterial origin, and causes the plants to rot. All cultivated plants 
belonging to the natural order Cruciferre are liable to the attack, 
but in this country rape seems most susceptible to the disease. The 
leaves are first attacked, and later the stem is involved. 

Mildew in Swedes, Turnips, Rape,etc.-The mycelium of this fungus 
spreads over the whole plant, and" spores" are produced in enormous 
quantities. Badly affected plants may give off a: putrid odour, and 
a mushroom-like smell is generally apparent when the leaf is rubbed. 
Early-sown swedes are most susceptible, especially when grown on 
soils which become parched during dry hot seasons. If swedes have 
grown rapidly, and have then received a sudden check, the mildew 
is almost sure to appear, and it is for this reason th31t swedes in some 
districts are not sown until the second week in June. Repeated 
hoeings will stimulate growth, and help the plants over critical 
periods when mildew attacks are prevalent. 

Heart Rot in Mangels and Swedes.-Tftis fungoid disease is not 
very common, and usually does not appear until the middle of August. 
The leaves when first attacked appear to wilt. Later, the mycelium 
of the fungus passes down into the crown of the root, spreads, and 
causes blackening, and, finally, the entire tissues are reduced to 
a decaying mass. 'Yellow mangels are said to be more susceptible 
than red. Little can be done beyond the removal and destruction 
of all diseased plants . 

.. Rust nand .. Mildew n in Wheat.-A wheat crop in the early 
summer may rapidly lose its green colour, and become yellowish ill 
a few days, if suffering from this \lisease. Reddish spots or patches 
on the leaves and stems may be seen, from which an orange-coloured 
powder is shed. This powder represents millions of summer spores 
or uredospores, which may be blown on to other wheat leaves, and 
such infected leaves in their turn become "rusty". This goes on 
throughout the summer, but, on the approach of autumn, a different 
kind of spore is produced, namely winter "resting" spores, or 
telutospores. These are brown or black in colour .• 'and the wheat 
is then said to be mildewed. " Mildewed" straw never exhibits 
the shining golden colour of healthy straw, but is greyish-brown, 
and dirty in appearance. These resting spores, which remain dormant 
during the winter, germinate in the spring, and produce several 
basidiospores, which may be blown on to the leaves of the barberry 
plant. When this happens, each spore sends a thread into the leaf ; 
the thread or filament branches, and soon forms a network of fungus 
threads within the leaf, around the centre of infection. After a time 
t.he skin of the barberry leaf is broken open by the inflorescence. of 
the underlying fungus, which in the meantime has been fonrung 
great numbers of recidiospores, or spring cluster cups spores. When 
the leaf skin or epidermis ruptures these escape, and each spore 
is capable of producing" rust ", provided it is blown on to the leaf 
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of a wheat plant. Here it will germinate, and, after sending fiiamentll 
into th<l centre of the leaf, grows, and eventually produces uredo
spores, as previously described. Thus the vicious cycle is completed. 

Rust or mildew can therefore produce four different kind. ol 
spores. all having definite functions and forms. Many scientislB, 
who have made a study of this disease, are of opinion thllot these 
different spores do not satisfactorily account for the spread of the 
disease. They consider that the disease is hereditary, that some of 
the fungoid filaments enter the seed., lie dormant during the winter, 

FIG. 290.-Americ&n GOOI!eberry Mildew (S"halrolheM mor .... _l. 
A. diseased berries; B. winter condition of shoote of green~frni~ 
gooseberry: C. winter stage of diseue Ihowilll' black wioser .rai&. 
(perithecia) enlarged; D. aac (ascus) wUb sporn; E, conidia 01 
mildew stage; F, perithecium with mycelium. 

and commence growth when the wheat germinates. We, ~owever, 
know that as yet no preventive measure has been discovered to combat 
this disease; but the production of immune varieties of wheat _mil 
to offer a hopeful solution of the difficulty. It is to be noted that 
the fungus does not direct7;y affect or injure the grain; but by 
damaging the leaves and stems, or, in other words, the starch factories 
of the plant, as well as by absorbing large quantities of the food which 
has been collected in the plant tissues, the fungue is ultimafleiy 
responsible for the starving of the grain, and a diminished yield. 
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Gooseberry Mildew.-Two forms of gooseberry mildew occur in 
Britain, namely, MicrosphaJra grossulariaJ and the more recent intro
duction, the American SphaJrotheca mors-ulIaJ. The life-history of 
both specieR is somewhat similar, but they differ in structure, the 
latter being considerably more injurious th3.n the former. When 
attacked by the American gooseberry mildew (Fig. 290) a greyish
white mildew appears upon the green parts of the plant producing 
summer sporules as chains of conidia, which are easily dispersed and 
rapidly spread the disease. Later in the year the pwtches darken" 
owing to the presence of myriads of black or brown ascus fruits, 
others remaining on the plant. 

Bunt of Wheat.-The fungus producing this disease is harmful, as 
wheri the wheat plant matures it converts the grains into kernels 
()onsisting mainly of fungus threads and spores (Fig. 291). The 

B 

FIG. 991.-Bunt or Smut (Ualilago). A. aftected ear; B. spol'es; 
C. germination of spore.s. 

latter are not shed in the field; but in harvesting, threshing, and 
winnowing, the outer cases are broken and the mass of dark
<loloured spores is released and scattered broadcast, so that healthy 
seeds become contaminated. In milling, moreover, bunted wheat 
communicates an objectionable colour as well as a fishy smell 
to flour. 

It is possible to detect diseased plants in the crop, as the leavoo 
are of a deeper green than those of healthy plants, and when t~e 
wheat is in bloom, the chaff-scales open out more widely and remam 
so throu",hout the season. Infection takes place in the seedling stage. 
The spo;'es, which are adhering to healthy grains, germinate, ~rod?ce 
filaments, which also produce other spores, and these germlllating 
in turn, send the:r filaments through the stomata. of the young 
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seedling. The fungal threads then extend up the wheo.t plant and do 
no apparent ha.rm until the plant is mature. 

Pickling the grai.n with copper sulphate, or steeping in formalin, 
kills the sporel! before they do any da~e. 

Loose Smut in Oats.-The presence of this fungoid disease in the 
oat crop cannot be detected until lDote in the season. When the 
plant flowers and the grain begins to form, a black powder seElpl' 
to tab th<) place of the healthy ear, and no grain will then be 
obtained. This powder or dust consists of millions of spores, formed 
by a fungus, which has remained parasitic in the O&t plant ever .ince 
it was a seedling. No outward evidence of its presence can be 
detected until the fruiting stage. The black dust is blown about. 
in the field, and spores thus become lodged on the skins of healthy 
grains formed on other oat plants in the field, and will adhere unti~ 
these oatil are sown the following spring. The fungus spores 
germinate, and are ready to enter the tender shoots of oats just below 
the ground and proceed up the stalk as they elongate. No mould 
is t.~ be seen on the stalk, nor does it appear abnormal when split 
open; nothing is seen of the fungus until it fructifies, and at that 
stage all the store of food that the oat plant hu prepared for the 
formation of grain is utilized by the parasite. 

Pickling or treating the grain with a dilute solution of copper 
sulphate, or formalin, h&e been found to kill the smut spores without 
injuring the seed. 

Loose Smut of Barley.-Like the loose smut of oats, this diselU!e 
is caused by a fungus, the presence of which is not evident in" the 
early staged of the plant's development. By the beginning of June, 
however, the affected plants may be e&eily seen in a field, and are 
more forward than the healthy plants. Their heads stand erect, while 
those of their healthy companions are still drooping, and the dark 
colour of the fungus spores shows through the chaffy scales. 
Practically the dise&8ed plants can be detected at from twenty to thirty 
paces. Happily at this stage not a single spore will have escaped, 
80 that if the plants are uprooted, and the diseased heads cut olI and 
removed, infection of the healthy plants will not take place. On the 
other hand, if they are not removed from the field the black du8t. 
becomes dry, in a week or two, and is blown abont the field. The 
healthy barley plants, not being 80 far forward, in fact only being in 
the flowering stage, are infected internally. It was at one time 
thought that the fungus attacked the barley in the seedling stage 
&8 in oats, but evidence since obtained favours the above new. 

From these details it will be seen that .. pickling" will not. 
eliminate thi" dise&ee, and that the farmer muet obtain his seed from 
a source which, in the month of June, W&e entirely free from it. If 
weeding out the dise&Sed plants is performed at all it must be before 
any spores are liberated. It is also noteworthy that if there are, say, 
three stalks growing from one barley grain, and one of them i. 
dise&Sed, the others will be diseased. 

Loose Smut in Wheat.-The description given of the loose smut 
in barley applies to the same disease in wheat, and infection tskes 
place at the flowering stage. 
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"Pickling" does not prevent the disease appearing, if the seed. 
has been obtained from a smutty field. It is easy to detect, and the 
infected plants may be weeded out, as in the case of affected barley. 

Potato Disease or "Blight" .-This is probably one of the most 
common diseases met with on the farm. During wet sultry summers 
potato plants frequently exhibit yellowish patches on their leaves, 
a slight mouldiness also becomes visible on the under-surface, and, 

FIG. 1192.-The Potato Disease (PhlltophthoT<J i.Vestans). .d. section or 
potato leaf showing spore-bearing branches growing through the 
breathing pores on the under-surface of the leaf; B, showing fungns 
feeding OD starch in diseased potato; C. conidium spore in water with 
the protoplasm divided to fonn zoospores: D, the zoospores escaping 
from the apex of the conidium: E. the zoospores in motion; F, the 
zoospores which bave ceased to move and are beginning to germinate; 
Ot under-surfaoe of diseased leaf: H, section of diseased potato showing 
destruction of tuber. 

by and by, the leaves and stems rot away. Potato blight is highly 
contagious, and under favourable conditioos will spread rapidly. A 
distinctiv13 animal odour accompanies the "blight", and when once 
experienced enables anyone to diagnose the disease on future 
occasions. 

An infected tuber (Fig. 292), and this is probably the chief 
vehicle by which the disease is carried on from year to year, shows 
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brownish patches when cut across. If theso brown patches are 
examined, the cells will be found to be partly broken down by 
fungal threads, passing through, and between them. If such a tuber 
is planted, and the summer proves wet and sultry, the fungus paS8E'1 
up the stem, without do~ng much apparent damage, and, passing into 
the leaves, forms a large number of threads, which completely ramify 
through the leaves, absorb the food stored in them, and causo the' 
death of the cells, and a yellowing 'of the leavee. T·hAJ ultimat~ 
branche~ of the fungus pass out by the leaf stomata, and each branch 
forms several side-shoots, on the end of each of which a spore forms. 
These spores are set free by the least breath of air, and are carried to 
neighbouring potato leaves. If sufficient moisture is present on 
these leaves, the spores burst, and a number of smaller spores, each 
providell with a pair of cilia, escape into the adherent water. By the 
movements of their cilia these spores spread over the leaf, and 
ultimately settle down, grow tubes, and pass into the leaf, which 
soon succumbs as before. 

Spraying. potatoes with Bordeaux Mixture, or Soda Bordeaux, has 
been attended with very satisfactory results. Great care must be 
taken in the preparation of these sprays, and both sides of the leave" 
of the plant must be reached. These mixtures cannot of courll9 
affect the fungus inside the plant, but they kill the portion which 
comes to the surface, as well as the spores which spread from plant to 
plant. Moreover, the mixture has a tonic effect on the plant, and 
causes the crop to continue in a healthy condition longer than if not 
sprayed. Since the leaves are the factories for the production of 
starch, the yield per acre will naturally be considerably increased if 
the plants reniain green instead of dying, or rather rotting down, 
prematurely. 

Winter Rot of Potatoes.-When the tubers are stored, it often 
happens that a large number of them are found to be rotten when the 
clamp is opened. The rotten tubers easily break when touched, and 
a watery evil-smelling liquid exudes. Some of them have whits 
mould growing from the rotten parts, or, instead of being perfectly 
white, the mould has a tinge of pink or purple. The cause of thiJt 
disease is a fungus, and probably a large number of the tubers are 
infectei when put in the clamp, and, if the potatoes are not thoroughly 
dry, the disease makes rapid progress. The spores which are formed 
on the ends of the woolly tufts are distributed bY' mitee and small 
insects moving about amongst the tubers in the clamp. It has been 
IlCJted that the worst attacks take place after a hot, dry season. The 
tubers become infected in the soil when they are quite small, and land 
which has produced a crop of potatoes so affected should be dressed 
with kainit or lime, both of which destroy the spores. Aeration, or 
ventilation of the potato clamp, is moat important, and if sulphur is 
thrown among the tubers at the rate of about 2 lb. per ton, it exerts 
a beneficial effect. 

II Scab" in Potatoes.-Potato scab is merely superficial, and does 
not impair the quality of the tuber to any serious extent. The 
market price, however, is depreciated when scab is at all extensive. 
The fungus usually attacks the tuber while young, forming scattered 
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rough patches on the surface, which gradually increase in size and 
number. 

The disease is carried in the "seed ", and the soil may also, 
become infected. If contaminated sets must be used they should 
first be steeped in formalin. Lime tends to discourage the fungoid 
attack, and acid manures should be applied to infected land. The 
same disease also attacks beet, swedes, carrots, and cabbages, but 
not cereals. 

Wart Disease or Black Scab (Synchytrium endobioticum, Percival) 
appears in the form of swollen, warty, excrescences on the tubers 
(Fig. 293), which contain the spores of the fungus responsible for 
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FIG. 298.-Wo.rt Disease of Pota.toes (Sy'Uchyi1'ium endobioticwn, 

Percival); recently known as ChT1J80phlvctis endobiotica), 
A, stem affected with disease; B. diseased tuber; C. spore
bearing cells. 

the disease. These spores are capable of infecting healthy .potatoe~, 
and may exist dormant in the soil for years. The disease IS 

somewhat analogous to finger and toe of turrup&, and the !!lost 
drastio measures in the matter of dressing the land with gas-lime. 
and burning all infected portions of haulm, are necessary. Diseased 
tubers must on no account be allowed to lie about, but should 
be cooked as soon as possible. Infected land should be given 
a rest from the potato crop for at least eight yea~s. . 

Clover Sickness.-In fields of clover we sometlmes nobce that 
patches die down, the affected areas gradual!y iI?creasin.g in size, so 
that tho crop is often much damaged. ThiS ailment 18 known as 
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"clover sickness ", but the above symptoms may also be due to either 
.an eelworm ,or a fungus. They are often associated together, but the 
.diseru<e may be due to the attack of one or other cause. 

The fungus causes the leaves to turn yellow and die down. Early 
-examination with a lens shows the presence of fungal threads, and. 
when the disease is further advanced, small black nodules may be 
found on the dying or dead plants. The fungus threads spread from 
plant to plant, and the diseased patches rapidly enlarge, uoitil tho 
whole crop may be involved. Later on, these nodules, which a~ 
really masses of filaments, produce spores which are set free, and may 
infect plant~ some distance away. 

A c 

FIG. 294.-Ergot W!avicep. "urpureal • .d. ergo&ed timotby wnue. 
B, ergoted whea~; C, erco&ed rye. 

Kainit and lime are recommended as dressings, but when a field 
.:has sufiered from clover sickness it should not be sown with the 
same crop again until after a considerable interyal of time (see 
Rotations). 

, The other cause of sickness in clover, the stem eel worm, is 
,a nematode or tIrread-worm. of microscopic size. Some of these 
worms are parasitic, and others non-parasiUc, and the forme~ have 
.a piercing organ in their mouths. The eel worms lay eggs 1U the 
~]llants which they infect, and both worms and eggs are extremely 
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tenacious of life. In fact, eggs which have been kept dry for months 
will hatch when placed under moist conditions, and young worIIlB, 
which have been dried up even for years will revive under suitable 
conditions. 

Sulphate of potash applied at the rate of from 3 to 4 cwt. per acre 
is found to be an effective dressing; and as wheat, beans, oats, onions, 
etc., are also attacked by this pest, it is very important to eradicate it. 

Ergot.-In rye, wheat, and many pasture grasses, dark purple
coloured bodies known as "ergots II are occasionally found (Fig. 294). 
occupying the place of the grain. In rye, and several of the grasses, 
these structures are much larger than the natural grains, and are 
readily seen as projecting horn-like appendages, while in wheat 
and some of the smaller grasses, they are the same size as the grains. 

Each ergot is really an agglomeration, or mass, of fungus threads, 
which when cut open appear white and waxy in character. The 
substance of the ergot contains several poisonous compounds. 
Ergotism, or poisoning resulting from the consumption of ergotized 
bread. is now rare, but abort:on in cattle is sometimes said to be 
caused by grazing on ergetized grasses. 

Pp 
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PART VI. 
POULTRY, RABBITS, AND BEES. 

CHAPTER I. 

DOllESTIC FOWLS. 

POULTRY-KEEPING is a most important branch of farm economy. 
It gives rise to an endless amount of discussion, and anyone who 
wishes to specialize in it must study it in every detail. He should 
endeavour to acquire practical experience at the same time as he 
studies, in well-known poultry centres, such as Heathfield, in Sussex, 
or other places where the industry has been established for many 
years past. 

Commercial Poultry - farming.-:-Egg-production is now specialized 
in by many commercial poultry-keepers in this country, and we have 
seen large areas of ground devoted to the rearing and management of 
special laying breeds of fowls, notably White Leghorns. We have 
also ample proof that abnormal returns have been secured. Needless 
to say much depends upon the site of the farm, light soil overlying 
chalk or gravel being almost essent:al to success. 

Larga " Mammoth" incubators of the hot-air type, with a capacity 
of 3,000 eggs, are employed, and when hatched, the chickens are 
removed to a brooder, 110 feet long and 12 feet wide, divided into 
twenty partitions 5 feet wide and 8 feet long, which contains 2,500 
chicks. The brooder is heated with hot-water pipes, while the south 
side is practically all windows. Later the birds are removed to colony 
houses, and finally to their permanent quarters, consisting of a long 
shed 180 feet long and 9 feet wide, divided every 10 feet by 
a partition, and containing altogether 400 birds. These sheds are 
placed in the centre of the ground, and divided in suc~ a way that 
the birds have access to the ground lying on the south side of the 
house from the month of October untiI March, while from April 
to September they are restricted to the north side. 

Each acrE' of ground is usually split up into narrow strips in order 
to admit of its being occupied and cropped alternately. Thus, after 
the birds are removed, each strip is immediately ploughed up, and 
sown with wheat and thousand-headed kale, as a means of keeping 
the soil sweet, and providing food for the birds. It is usual to stock 
one acre with a flock of 400 birds. 
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The secret oj' success is economy of labour, and this is still further 
emphasized in the feeding of the birds. This consists of dry-masb 
feeding from hoppers, from the time of hatching onwards, while tho 
houses are also provided with a continuous supply of fre~h wator. 

I" 

~~ 

e~ I .., 
y Y I ~ 
FIG. 295.-Port&ble Fowl·honae on Wheel •. 

From the above remarks it will be seen that this system applies 
wholly to intensive poultry-farming, and is not applicable to the 
ordinary type of mixed farm. 

The agricultural student need only devote his attention to thl' 
general management of poultry; and questions of detail may well 

FIG. 296.-Port&ble Fowl·honae on BllDnen. 

be left until he has more leisure to go into them. In poultry-keeping, 
the use of portable houses is advisable. Many of these are built 
on wheels or sledge-like runners, and can be drawn on to the pastures 
or stubbles some distance away from the farmstead, without much. 
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trouble. This gives the fowls an opportunity of picking Up! a large 
amount of natural food, and there is often a quantity of scattered 
grain on stubbles that has fallen to the ground during harvest. 
Poultry manure is not without its value i thus it may be obseI1Voo 
that meadows which are stocked with fowls, and afterwards laid up 
for hay, yield a better crop than usual. 

Thirty ordinary fowls, for example, will produce 1 ton of green 
manure in the course of a year, and assuming that 100 can be 
oonveniently penned over an acre of ground, the manurial benefit 
must be of considerable value. 

FIG. 297.-White Leghorn Cockerel. 

Equipment.- The equipment necessary for a poultry-farm depends 
on th~ branch of the industry which it is intended to ppctise. The 
production of table fowls, for instance, necessitates much more 
" plant" than the production of eggs. 

With regard to buildings, it is always preferable to use movable 
houses, on wheels (Fig. 295) or sledge-like runners (Fig. 296), so 
that they can be easily shifted. about the farm. . Houses built to 
accommodate about twenty to twenty-five birds, are the most suitable, 
as a rule. There may, however, quite possibly be buildings aJ:eady 
existing on the farm, which can easily be converted into amiable 
fowl-houses, food-stores, or incubator rooms. 

It is not desirable to keep a great many fowls round the farmstead, 
as the manuro they make is more useful on the land. 
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Costly or elaborate accommodation is quite unnecessary. The 
object will be attained if the houses are strongly built, and, above all 
things, weU ventilated . without. however, admitting draughts. 
Further. they must be built in such a way that neither cattle nor 
storms .will be able to damage them, or blow them over. Frequent. 
shifting of portable houses is . also a safeguard against rats. which 8000 

find harbour. beneath them. They, io fact. l08e their meaning if they 
are allowed to remain too long in one place. ' 

. There is no hard and fast rule as to how many birds can b. 
penned together in one house, as so much depends 00 the size of the 
house. and the ventilation. With plenty of ventilation a house 
10 feet long. 6 feet wide. and 6 feet high at the ridge. with two perches 

FIG. 298.-Whit.e Leghorn Hen. 

running lengthways, will comfortably house twenty-five adult 1owb. 
As a rule. it is the custom to allow 8 or 9. inches in length for each 
fowl on the perch. 

Houses are better built without flool'l5, 80 that the manure can 
drop to· the ground., .and labour is thus saved in cleaning. and there 
is no expense incurred in covering. or bedding down the floorB. 
Where a large number of chickens are raised a good supply of aitting-
boxes and chicken coops will be necessary. .. 

SiUing-boxe8.-These. are required for hens that are lDcubating 
eggs.. They are usually made to accommodate aill: hens •. each in 
a ·separate compartment. 
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Chicken CoopB.-These are used for the hen and her brood until 
the chickens are about six weeks old. The usual dimensions arc 
20 by 20 inches floor-space, 20 inches .high in :front, and 12 inches at 
the ba.ck. The coops must be fitted with night shutters and movable 
floors, and should be specially constructed so as to keep out rats and 
weasels. , 

Ckicken-houBeB.-Several of these will be required. In the Sussex 
rearing districts, they are termed" hutches" or " night arks". They 
are used for the chickens tD sleep in :from the time they leave the 

FIG. 299.-White Orpington Cock. 

hen until they are drafted into the fattening coops, or permanent 
quarters for laying. These arks are usually made about 6 .to ~ feet 
long, ' 3 feet wide, and 2 to 3 feet high, with plenty of ventilation at 
the top. They are generally built on legs so that the floor is several 
inches off the ground. The floors are made of spars of wood about 
1 inch wide and placed about an inch apart, which allows the manure 
to fall through on the grass below. 

CrateB.-Several crates for broody hens ar.e required for break~ng 
them from sitting when not requhei for this purpose. F~tteDlDg 
crates answer well, and it will be necessary to have a conSiderable 
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number of them if fattening is to be undertaken. They are 
usually made about 7l feet long, 18 inches wide, and 18 inches in 
height. Coxnpartments are divided off in each crate, eacb being 
capable of holding from four to six chickens, acoording to size. l.'11e 
tops, sides, backs, and floors are slatted, and they should be placed 
under cover. For outside use they have a boarded back and roolf, 
and are usually raised about 4 feet from the ground by meane of 
posts or stakes. 

Oramming Machine&.-These machines will be e88ential for the 
finishing off of table poultry, which cannot really be properly prepared 
for market without. 

FIo.900.-Wbite OrpingCoo Hen. 

Oorn and Meal Bina.-A number of these must be provided. Cheap 
ones can be made from large and strong packing casea, or paraffin 
casks, after they have been well burnt out. The Bame casu, cut in 
half, make useful tubs in which to mix soft food. 

Pails and Ba.ket •. -The former are required for water and the 
latter for carrying food and collecting eggs. . . 

(Jratu for Birds.-A crate fitted for carrylDg on the back IS 

very useful for moving birds. 
Egg-brne&.-Several of these will be required, in different aizes, 

for dispatching eggs to market. 
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.. Ped8."-If many slaughtered fowls are sent away, "peds," as 
they are called in Sussex, will be the best form of package in which 
to dispatch them. They are light, .strong, and very durable. 

Incubator8.-When a large number of chickens are reared early 
in the season. one incubator or more must be provided. Of these, the 
most useful are capable of normally holding 100 eggs, but may 
actually hold 110. The best place in which to work an incubator 
is a dry. airy cellar, or. failing that, a room, or shed, where there 

FlG. SOL-Buff Orpingwu Cockerel. 

is no chance of sudden noises injuring the eggs or disturbing t.he' 
chicks, Bnd in which a fairly even temperature can be eas11y 
maintained. . 

Brooders.-It will also be advisable to have one or two brooders 
or foster-mothers. both hot and cold. . 

Breeds of Poultry.-The student need only concern himself wlth 
those pure breeds of poultry or cross-bred fowls which appear to. be 
best suited for his purpose, or._.his farm. Tastes vary, and Iashion 
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changes from time to time; and we know from laying eompetition. 
that the productiveness of any particular breed is not particularly 
fixed or inherent in that breed. On the other hand, it appear. that 
certain non-sitting breeds are equally capable of laling &s many eggs 
in winter as some recognized laying strains, proVlded that sufficient 
care is taken in selecting them. The production of eggs cannot be 
recorded in the same way as the daily yield of milk from dairy cows j 

hence a plan of trapping the hen had to be devised, in order that .be 
might be credited with the number of eggs she laid during the year, 
and ill order · to distinguish her a ring with a stamped number i. 
made to encircle one leg. A selection can in this manDer be made. 

FIG. S02.-Buft Orpington Pullet. 

from which breeding may proceed with the definite object of Becuring 
the largest number of eggs from a given number of fowls. .Aa in the 
choice of a bull in the breeding of dairy cattle, 80 must the male bird 
represent an equally fertile ancestry as with the female. 

, Selecting Stock Birds.-In selecting 'fowls for stock purpOSelt. 
there are three important considerations to be kept in :view. Thede 
are (1) soil, (2) situation, and (3) market. Further, the queation 
.as to whether it is the intention to produce eggs or table fowls most 
be considered. Whichever branch is decided upon, the advice may be 
confidently given that it is much better to start on a amaU scale, 
than undertake a large business at the commencement. Subsequently. 
if it is found that the department pays it may be extended. 
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. Layer,.-If it is decided to take up egg-production. and keep pure
bred birds. the best plan is to select some non-sitters and some general 
purpose fowls. For the. former, Leghorns (Figs . 297 and 298), 
Minorcas, Anconas, or 'Campines 'may be chosen, and for the latter, 
Orpingtons (Figs . . 299,300, 301, and 302), Wyandottes,Rocks, 
Sussex (Fig. 303), OroadLangshans, or Faverolles. · It should be 
borne in mind .that. there is no best breed for laying. The question' 
is entirely .8. matter of strain. 

If pure-bred fowls are not required, the following will be found 
good laying crosses: Leghorn-Orpington, Leghorn-Faverolles, and 
Minorca-Croad;..Langshan, the male parent being .the first-named in 
each croSS. These crosses produce layers of good-sized, tinted eggs, 

FIG. 8OS.-Light Sussex Hen. 

and will succeed on cold soils and situations, better than pure non
sitting breeds. There is also the ' additional advantage that there is 
not so much trQuble with broody birds as with pure-bred, general 
purpose fowls. . 

. Table Fowls.-If it is inte.\lded to produce tabl~ poultry, the 
best result will be obtai~ed by crossing either Orpingtons, Sussex, 
Fav~rolles. Wyandottes, ·or Rocks, with Ind:an Game (Fig .. 305) . 
Any of· these · crosses will produce strong, quick-growing chickens 
which will carry a nice amount of flesh and fatten quickly. 

With regard to the age of stock birds, cockerels should never. be 
mated with puUets,- the pest results being secured by aUying a weU
developed early-hatched cockerel with. hens of two, or three ~ear~ old. 
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A cockerel of a non-sitting breed can be mated to eight or twelve: 
hens. and an Indian Game cockerel to six or nine hens. according to 
the time of year. With a two-year-old cock. it would be adviAble to 
mate with a smaller number of pullets. 

Ordinary farm-yard fowls can often be improved at small expense 
by purchasing pure-bred cockerels. and mat.ing them with hens 
selected for the special purpose in view. If intended to produce table 
fowls. hens should be chosen which are large and wide. with long, 
straight breastbones. For producing layers. medium-sized hens of 
bright and active habits should be chosen. When purchasing birds 
for stock purposes. great care should be always exercised to S98 that 
they are perfectly healthy. There should be no spota in the mouth 

FIG. 304.-014 Eogliah Game Cock. 

or throat. nor any frothiness round the eyes. nor discharge from the 
nostrils. nor rough scales on the shanb. New purchases Ithould 
always be kept apart from the rest of the stock for at least ten days 
in case any disease may show itself. 

Points of an Exhibition Fowl.-In order to distioguish ooe breed 
from another. the student cannot do better than attend some of the 
important poultry shows. The exhibition poultry. staged at theso 
shows, possess characteristics which will greatly aas~ him to make 
this distinction. In some breeds many of these pomta have been 
developed because they were found originally in characteristio 
specimens of the breed. as for instance in Dorkings and Game fowls. 
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As an example, the following are the chief points of a good 
specimen of a Dorking cock . (Fig. 306):

Head.-Large and broad. 
Oomb.-Moderately large and upright. 
N eck.-Rather · short, broad, and curved. 
Body.-Deep and massive, large long rectangular shape, when 

viewed sideways. 
Breast.-Broad and well rounded, with long straight breastbone. 
Back.-Broad and long. 
Tail.-Full and carried well out. 

FIG. 905.-Indian Game Hen. 

Legs.-White, stout, and strong, set well apart. 
Toes.-Five on each foot, well spread and straight, fifth toes 

separate from fourth, and directed upwards. . 
Incubation.-There are two methods of incubation-natural and 

artificial. The former is to be recommended where only a small 
number of chickens are hatched. In selecting eggs for incubation 
choose new-laid ones, of moderate size, and good shape; very round, or 
pointed eggs should be discarded, and also thin or rough-shelled ones. 
In storing for incubation, a temperature is needed of from 50° to 
60° F., and the eggs should be laid on their sides in bran, sawdust, or 
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80me other soft material, and covered with a cloth 'to prevent undue 
evaporation. They must be turned every day; otherwise the yolk! 
may adhere to the shells; and eggs that have travelled some distance 
should bo allowed to rest on their sides for eighteen to twenty-four 
hours before placing them in the incubator. The time taken to hatch 
the different kinds 'of eggs is as follows :-hen, .21; duck, 28; 
turkey, 26 to 29; goose, 28 to 30 j guinea-fowl, 25 to 26 daYB. A 
section through a hen's egg is shown in Fig. 308. 

Nat'lJlral Incubation.-The nest-box, which must be well ventilated 
.over the top, should be placed in a quiet shed preferably with an 

FlO. 806.-SilYer-ereJ' Dor~ Coell. 

-earth floor .lin cold weather~ and out of doors in a sheltered position 
in mild weather. , The box should have fine-meshed wire netting 
underneath to prevent rats from disturbing the hen or robbing the 

'nest, and should be placed on the bare earth. A sod of turf Dr 
..3 inches of ' soil should be put in and pressed well down, wilth the 
centre slightly· lower than the sides; and some hay or straW' must 
be placed on the top to form a nest, filling all the cornera ver~ 
-carefully so that the eggs · cannot roll from under the hen and become 
<chiJled~ .. " 
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The signt! of a hen becoming broody are, persistently remaining 
on the nest without laying, and when disturbed walking about clucking 
and with feathers ruffled. On noticing these signa place the hen on 
the nest at night on a few china eggs. If she appears to be sitting 
quietly and is anxious to get back to the nest when fed the next day 
the eggs she is to incubate should be placed under her the following 
night. · A wire-covered run should be placed in front of the sitting
box, into which the hen is put to feed. Or, instead of this· run, 
a wooden peg may be driven into the ground near to the sitting-box, 
one end of a piece of string about a yard long tied to it, and the 
other end of the string secured to the hen's leg, when she is taken off 
to feed. 

FlO. SO'l.-Silver·grey Dorking Hen. 

The hen should be carefully lifted off the eggs each day at the' 
same time for ten to twenty minutes, or even half an hour in warm 
weather, to feed ·and drink. If she breaks an egg and the others 
become soiled wash them at once in some warm water. The best food 
for the sitting hen is maize or plump barley, fresh water, grit and 
oyster shell. and some dry soil must always be provided in which she 
can have a dust bath to rid herself of vermin. In place of this latter, 
however, the hen can be dusted thoroughly with flowers of sulj)hur or 
some good insect powder, two or three times during the sitting period. 

Tho eggs may be tested for fertility at about the end of the seventh 
day after setting them. An egg-tester, or a piece of stout car~board 
about 6 or 8 inches square is required for this purpose, and 1f1 the 
centre of this a hole should be cut slightly smaller than the' &.J~e of 

Qq 
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The signa of a hen becoming broody are, persistently remaining 
on the nest without laying, and when disturbed walking about clucking 
and with :feathers tufHed. On noticing these signs place the hen on 
the nest at night on a :few china eggs. If she appears to be sitting 
quietly and is anxious to get back to the nest when :fed the next day 
the eggs she is to incubate should be placed under her the :following 
night. A wire-covered run should be placed in :front o:f the sitting
box, into which the hen is put to :feed. Or, instead of this· run, 
a wooden peg may be driven into the ground near to the sitting-box, 
one end of a piece of string about a yard long tied to it, and the 
other end o:f the string secured to the hen's leg, when she is taken off 
to feed. 

FIG. SO'7.-Silver-grey Dorking Hen. 

The hen should be carefully lifted off the eggs each day at the 
same time for ten to twenty minutes, or even half an hour in warm 
weather, to feed and drink. If she breaks an egg and the others 
become soiled wash them at once in some warm water. The best food 
for the sitting hen is maize or plump barley, fresh water, grit and 
oyster shell. and some dry soil must always be provided in which she 
can have a dust bath to rid herself of vermin. In place of this latter, 
however, the hen can be dusted thoroughly with flowers of sull'h~ or 
some good insect powder, two or three times during the sitting perlod. 

Tho eggs may be tested for fertility at about the end of the seventh 
day after setting them. An egg-tester, or a piece of stout car~board 
about 6 or 8 inches square is required for this purpose, and !f1 the 
centre of this a hole should be cut slightly smaller than the' !.J~e of 

Qq 
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an egg. Hold the egg over the hole on the side nearest the eye, 
before a bright light, and turn it slowly from one Bide to another. In 
a fertile egg II dark spot will be Been with lines radiating from it ; 
if, however, the egg is perfectly clear like a new-laid on~ 'it i. 
infertile, and should at once be removed from the nest. -

When the eggs commence to hatch the hen should not be moved 
from the nest until all the chickens are out, but it is advisable 
to pa.ss the hand carefully under her two or three times during the 
day and to remove any empty shelh!. If at this period she appear. 
restless the chickens should be taken from under her as Boon a. dry, 
and placed in a basket lined with soft hay, covered with a piee& of 
flannel, and put in a warm place until all are hatched. The hen must 
be given a good feed and some water to drink, and she should then be 
placed in a clean coop with a removable floor, and the chickens placed 
under her. In wet weather the floor should be used and covered 
with either dry soil, peat moss, or chaff. In fine weather the floor 
should be removed and only replaced for the night as a protection 
from rats. When the chickens are about twenty-four hours old they 
must be given their first feed. 

FIG. 808.-8ection tbroogb a Hen', Err • 

.A.rtificilUZ lnmlbation.-There are two kinds of incubating machines 
now on the market-hot-water and hot-air incubators. The former 
(Fig. 309) have the advantage that should the lamp go out the water 
will remaill hot for some time, thus lessening the danger of t.he 
eggs becoming chilled. It is always advisable to purchase incubators 
direct from the manufacturer, particular care being neoeBB&rY if 
you are tempted to invest in a second-hand machine. Whatever style 
of incubator is chosen the directions for working as supplied by the 
makers should be followed to the letter; probably the reason why 
so many people are disappointed with these machines is because they 
neglect this. The makers know best, however, what their machines 
are capable of doing, and how they ought to be worked. 

Tho best place in which to work an incubator is a dry airy cellar, 
free from draughts, su.dden noises, and vibratton of any kind. 'Unieaa 
tho incubatol' stands on legs of its own, it should be placed firmly 
on a strong bench or table at a convenient height from the ground. 
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care being taken to see that it stands perfectly level. Having care
fully fitted up the machine and filled the tank-if it has one-the lamp 
should be filled, the wick trimmed and lighted, and adjustments 
made according to the directions received with the machine. When 
the incubator has maintained an even temperature for two or three 
days the eggs may be put in the drawer. To obtain the best results. 
the eggs should not be more than a week old; in fact, the fresher 
they are the better. 

All the eggs should be marked with the date on which they were 
set, and also with a X on the opposite side. The drawer should be 
completely filled at the commencement; this is preferable to adding 
eggs later, as this is very liable to chill those already there. If fresh 
eggs are to be introduced, it is advisable to warm them in the drying
box for several hours previously. The machine should then be left 
entirely alone for the first twenty-four hours, so as to give the eggs 
every chance to warm up. Afterwards, they should be turned twice 
a day, morning and evening, a half-turn. being given each time. 

FIG. S09.-Sectional view of Hearson's Patent Champion Incubator. 

The eggs must be aired at least once a day, preferably in the 
morning, the time of exposure being from ten to thirty minutes, 
according to the temperature of the room. In doing this the drawer 
should always be taken out and placed on a table or bench so that 
there shall be no draughts on the eggs through the bottom of the 
drawer. On abont the seventh day, the eggs may be tested in the 
manner described in the paragraph on natural incubation, and again 
on about the twelfth to the fourteenth day, in order to remove a!1~ 
that may havl3 become addled. The appearance of the embryo chick 
at various stages of incubation is shown in Figs. 310-313. 

The eggs should not be turned after the nineteenth day, as this 
will give the chickens every chance to chip the shell on the top sid? 
If they chip it on the under side there is a chance of their 
being suffocated. It is not advisable to .open the drawer for the 
purpose of examining. the condition of the eggs at this stage oftener 
than, say, once every six hours; egg-shells may then be removed, and 
the chickens placed in the drying-box. A record of the temperature 
of the drawer and room should be kept throughout this period, 
observations being taken twice or thrice a day; in this way one can 
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often arrive at the cause of an unsuccessful hatch. Of course the 
machine should always be thoroughly cleaned, not forgett:ng the 
flues, after each hatch. The canvases ought to be scaldeil with 
boiling water at least once during the period of incubation, anil the 
perforated egg-frame should also be thoroughly cleanseil. 

Soil Conditions.-Eggs vary in quality according to the soil upon 
which they are produced. The method of feeding also has some ellect. 

A n 

FIG. SIO.-A. new-laid egg with parl of shell remov@d: R. egg alleT 
tbirtJ~8ix hours in incubator. embryo chick ma,niftdd. 

Chickens, like plants, are usually backward in growth when they are 
reared on soils exposed to cold winds, w~ch are often moist, and con
sequently of a very low temperature. Turkeys, for example, are 
very difficult to rear successfully, except on so:ls of a light, warm, 
and dry character, well sheltered from cold winds. 

A B 

FIa. SU.-A, aeven days aIle. incnbalion: B, embryo cbick magni8ed. 

Principles of Feeding.-The feeding of poultry necessitates very 
great care. When proper attention is given" eggs can be freely 
produced ill seasons when they are nsually scarce. Espec:aUy must 
economy be exercised in the use of meals and grains. On the majority 
of farms these foods are fairly plentiful and there is • tendency to 
use them too lavishly. Th:s entails both waste and disappointment, 
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for ~t is just as injurious .to ov~rfeed as to underfeed. COIlllpound., 
heatmg, foods m.ust. be glven m cold weather, while an adequate 
supply of albummolds or flesh-formers is essential in the case of 
young growing birds. The food of adult fowls, on the other hand, 
has. merely to replace worn-out tissues, and to restore energy. Hens 
whlCh are about to lay must have their concentrated diet gradually 
increased, but not with an excess of carbo-hydrates or starchy and 

A B 

FIG. 812.-4, ten days after inouba.tion; B. embryo chick with 
the vesicle removed. 

fatty foods (non-nitrogenous foods) ; otherwise the intestinal canal 
will be heavily stored with fat, and this will interfere with egg
production. As in the case of any animal which has to nourish a 
Imtus, laying hens have a strain put on them far beyond their own 
bodily requirements. 

A B 

FlO. 818.-A. eighteen dRoYS after incubation. with vesicle removed to show embryo 
ohick; B. twenty days after incubation. showing position of chick. 

Tho first meal of the day should consist of mixed meals, sufficiently 
saturated with water, or separated milk, to form a moist crumbly 
mass. When fowls are allowed plenty of freedom, and space over 
which to forage, the dietary must be modified accordingly, and. the 
ordinary feeding of green foods Buch as cabbage, mangels, and ~ther 
roots at mid-day, may be dispensed with at once. On cold wmter' 
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mornings the food should always be given in a warm state if pOllllible, 
while the supply of maize, barley, or other warming foods, .hould b. 
increased, or extra quantities of them substituted for others having 
less heat-producing properties. An hour or so before dusk, the 
birds should be given just that amount of tailing corn which they can 
conveniently clear up. Sharp grit, oyster shell, and a constant supply 
of wholesome water must always be within their reach. 

Chicken Rearing.-Chicken may be hatched either by artificial 
or natural means. In the former case, brooder8 or foster-mothore, 
as they are called, are employed. These are Bmall houses of which 
there are many different makes and styles on the market. Most of 
them are about 6 or 7 feet long and about 3 feet wide; and are 
divided into two compartments, one heated for sleeping, and the other 
cool for feeding, and for the exercise of the chicks. In some makes, 
a water-tank is placed in the roof of the sleeping compartment, 
and pipes passing through the tank or flues, conveying hot air from 
a lamp. Others have a hot-air tank or chaIllber with flues passing 
through, and there is another type that has the heat thrown ou to the 
chickens by means of a metal disc or radiator. 

Brooders.-In all the different makes of brooders, the principle is 
much the same, inasmuch as the lamp only radiates heat on to the 
chickens from above. The brooder which allows the heat to como 
directly from the lamp into the chamber containing the chicken. i. 
not to be recommended, and should never be used on any occasion. 
The fumes from the lamp are not only poisonou8, but there is tile 
great risk of the lamp smoking and killing the chickens. In hot
water brooders there is one advantage, inasmuch a8 if the lamp goo. 
out the water retains its heat for some time, and tlws lel!88n. thel 
risk of the chickens becoming chilled. Something may also be said 
in favour of hot-air brooders; when the chicken8 are old enough, and 
the 'Weather is mild, the ·lamp can be extinguished during the warm 
part of the day, and when it is lighted again the house very quickly 
warms up to the required temperature. 

The temperature of the sleeping compartment should be 90· F. 
for the first two days, afterwards falling to 85'. A week later it 
should be reduced to 80·, and the chickens are hardened off by Btill 
further lowering the temperature until by the time they are from 
five to eight weeks old-according to the state of the weather and the 
season of'the year-they can do without the lamp altogether. 

The chief point in connexion with a brooder is, in the first place, 
to have a good one. Then a well-sheltered spot should always be 
selected in which to work it early in the year, and the best results will 
usuiilly be obtained when it is placed nnder an open-fronted ahed. 
Moreover, it must be moved regularly on to fresh ground every day ; 
the lamp must be trimmed and filled daily, and the floor material 
changed. several times a week. There is a II firelese" brooder now 
on the market. This keeps the chickens warm by means of an 
arrangement of 80ft material suspended from the roof of the sleeping 
compartment and adjusted so that it just touches their backs; 011 
it is placed a quilt of down or feathers. In any type of brooder, 
as 800n as the chickens have been moved out, the machine should 
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be thoroughly cleaned and disinfected before the next lot are 
put in. 

Wet Feeding. -Chickens may be fed on either the" wet" or the 
" dry" system. The former method consists in feeding the chicks 
about thirty-six hours after they are hatched with finely chopped, 
hard-boiled egg and bread crumbs, moistened with milk. For the 
first threo days the food is given at intervals of two hours throughout 
the day, when biscuit meal is gradually substituted for chopped egg; 
and at a later stage, sharps, Sussex ground oats, coarse oatmeal, or 
barley may take the place of the biscuit meal, and granulated meat in 
small proportions can be added with advantage. Coarse oatmeal 
porridge, or boiled rice, may be occasionally substituted, when dried 
a little by the admixture of biscuit meal. After continuing with 
this dietary for three weeks or so, the chicks may be fed at intervals 
of four hours, the last meal of the day consisting of cracked wheat, 
barley, and maize, with millet, dari, canary seed, or a similar mixture 
of seeds. At six weeks old, four feeds a day will suffice, and these 
should comprise a mash in the morning, mixed grain at, say, 10 a.m., 
a mash at 2 p.m., with grain again before roosting time. When three 
months old, soft food in the morning, followed by two meals of grain 
at intervals throughout the day, will be all that is required, provided 
that attention is given to green food when the birds are confin.ed 
in pens. 

Dry Feeding.-In the dry feeding system, mixed broken grains 
and seeds, together with desiccated insects, are given for the first 
month by scattering the mixture among the loose litter, so 
simultaneously affording a natural form of exercise. At four weeks 
old, a mash is given each morning, and sometimes the more 
nitrogenous meat meals may be introduced. The latter stages of 
feeding differ very little from what has been already outlined, 
dry feeding being closely associated with. the earlier stages .f the 
bird's life. Dry feeding is more expensive than wet feeding, but 
it is, as a rule, productive of better results owing to the fact that it 
providos abundance of exercise, while there is less risk of diarrhooa, 
which is often prevalent among young chickens indiscriminately fed 
on sloppy foods, and given an excess of vegetable matter during the 
cold days of winter. 

Preparing (or Table.-Age is the chief consideration in choosing 
poultry for the table. Young fowls have a fresh facial appearance, 
the eyelids are free from lines and wrinkles, and there are long silky 
hairs under the wings, and pink-coloured veins. When a bird .is 
twelve months old these indications begin to disappear, and the skin 
assumes an even white colour. Older birds have a dry, shrivelled-up 
appearance about the face, and the skin of the claws is hard, and has 
a metallic lustre; while the scales are coarse and horny as compared 
with the smooth and supple skin of younger birds. Moreov~r, if 
the bones of the pelvis of young birds are examined, they wIll be 
found to be almost touching in a fowl that has not yet comme,?-ced 
laying; but in an older bird which has been laying for sOI?e time. 
they will be much wider apart. Age, size, weight, quality, and 
quantity of breast meat; straightness of keel; fineness of bone; good 
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colour of skin, and absence of olIal and surplus fat, are all important. 
points in choosing a fowl for the table. 

Killing and Plucking.-The most elIective method of killing 
a fowl is that of dislocating its neck. Grasp the two legs and, the 
tip of each wing in the left hand, with the back of the hand turned 
upwards; take hold of the head with the right hand so that the 
middle finger is under the bill, thus making the comb occupy the 
middle of the hand. The left hand, with its contents, is now held. firmly 
against tho operator's left hip, the right hand, grasping the head of the 
bird as directed, being held firmly against the right leg near the knee. 
By a sharp extension of the neck, at the same time bending the head 
suddenly backwards, the organ will be completely dislocated at one 
stroke, and the intervening cavity will quickly fill with blood which 
will soon congeal. 

The operation of plucking cannot be performed too soon after the 
bird is killed, for when the flesh has had time to lose its natural hoat, 

FIG. SU.-Fo .. ) prepared for Market. 

greater difficulty is experienced in detaching the feathers, and con
sequently there is more danger of tearing the flesh. After plucking, 
singe the bird, to remove the hair-like feathers, and remove the stubs 
with a short blunt knife. The hocks should be merely tied together, 
and then, while the birds are still warm, they should be placed breast. 
downwards in a shaping-board to cool. A shaping-board consist. 
merely of two pieces of wood nailed together in the shape of a trougb 
with a tr:angular bottom, and laid on its side. Pressure is applied 
by placing a piece of board on the back of the bird, and a weigh!: 
or a few bricks on, it. A brick should be placed on each side pf 
the bird. A fowl prepared for market is shown in Fig. 314. 

Tf'f.Using for RlXJ8ting (Fig. 315).-The dresser, when preparing 
poultry for roasting purposes, takes the plucked bird and makes 
a sharp incision inside each leg just below the hock, on the scaly part 
of the leg. This exposes the sinews, which can be easily removed 
by inserting a wooden skewer under them and using U as a lever. 
When removed in this manner they can be cut oII at the point. where 
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they protrude from the shank, and the toes may then be removed.. 
The next operation consists in·turning the bird on its breast, cutting 
the skin at the back of the neck close to the shoulders, and severing 
the neck where it joins the body, being careful at the same time not 
to cut the skin on the lower or breast side of the fowl. Next turn the 
severed end of the neck away from the body, and cut through: the 
skin on the breast side, at a point about 4- inches from the body, thus 
converting the skin of the front of the neck into a flap. The crop 
can then be easily removed. 

FIG. S15.-Fowl Trussed for Roasting. 

The removal of the merry thought is merely a mattero£ choice, 
but it is well to remember that if this is done greater ease in carving 
tho breast is secured, and larger slices of meat can be obtained. 
Tho inso:t:tion of the trussing knife between the bones and the flesh, 
enables the merry thought to be withdrawn, without even the smallest 
quantity of meat being attached to it. 

Next, the internal parts of the bird are loosened by inserting the 
finger in the opening at the base of the neck, and passing it round the 
whole of the organs. Should the bird be excessively fat, the lining 
of the interior can be easily loosened by rolling the body on the table 

FIG. S16.-Fowl Trussed for Boiling. 

under the hand. The fowl should now be placed on the table, with the 
tail uppermost, and a sharp incision made between the tail and the 
vent. Through this opening the finger of the trusser is inserted, and 
a loop of the bowel pulled out. The knife being placed under the 
loop, cuts the vent without the slightest difficulty, and leaves 
a sufficiently large opening for the hand to be inserted so as to seize 
the gizzard. If the loosening process has been carefully carried out, 
the whole of the intestines, the heart, and the lungs, can be removed 
in one whole mass. -
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This operat:on is both clean arid expeditious, and the trussing may 
now be completed by taking a needle about 8 inches long, threaded 
with thin, strong string. The legs should now be placed at right 
angles to the carcase, pressed down, and the needle passed through 
one of them, appearing on the other side of the body at a similar 
place in the other leg .. The bird must then be turned over, and the 
needle threaded through the second joint and pinion of each wing, 
when it will appear close to where it was first; put into the fowl .. 
The two ends of the string are then securely tied. The latter 
operation may be done more conveniently by suspending the fowl in 
the air after the first tie has been made, so that the lI'&ght will 
prevent the knot from slipping. 

To keep the legs in position, pass the needle, with the string still 
attached, through the "oyster" close to the backbone, over the legs, 
and back through the body, and under the end of the breastbone. 
The ends of the string can now be securely tied, and the operation is 
complete. 

Tru88ing tor Boiling (Fig. 316).-To truss a fowl for boiling the 
internal organs should be removed in a similar manner as advised 
in the previous paragraph on the preparation for roasting. The tips 
of the wings, together with the thumb pinion, should then be cut 
away, and also the loose strip of skin left after the remova~ of the 
quill feathers. The fowl having been drawn, a cross cut should be 
made at the back of the legs I inch above the hock, and another in 
front of about Ii inches below the joint. This will enable the feet 
to be brought right round into position at the back of the fowl. The 
skin of each side of the breast is then loosened by plLssing the fingers 
underneath, and, by grasping the shanks, the legs can be pushed up 
under the skin. The fowl is next turned over and the shoulden 
cracked by striking them sharply between the wings and the spine 
with a trussing knife. This will enable the wings to be brought 
closer to the body, after which the trussing is complete. 

The trussing needle threaded with strong string is now pasilcd 
through the leg just near the hock, appearing on the other side at the 
corresponding part of the other leg; then through the pinion and 
joint of each wing, and the two ends are securely tied. The pOdition 
of the hocks which are hidden nnder the skin should next be ascer· 
tained, and in order to secure the ends of the lega, the needle, still 
threaded with thin string, is passed through the body just above the 
hock, under the breastbone, and through the leg on the other side 
of the body, thoroughly tightened and tied securely. 



CHAPTER II. 

TURKEYS, GEESE, GUINEA-FOWLS, AND RABBITS. 

THE principal breeds of turkeys in this country are the Bronze, 
the Black, the Cambridge, and the White. Of recent years, the 
American Mammoth Bronze (Fig. 317) has become very popular 
{lwing chiefly to its size and hardiness of constitution, for it certainly 
cannot be regarded as the finest in quality of flesh_ Fully-matured 
birds of this type have been known to weigh 50 lb. 

White turkeys are supposed to be more delicate than others, but 
as a matter of fact there are many poultry-keepers who maintain that 
they are as hardy as others. The black-plumaged birds, of which 
there are two leading kinds, namely the Norfolk and the French, are 
of average size, the males. rarely exceeding 22 lb., and the females 
141b. in weight. 

Soil and Situati01~.-The breeding and rearing of turkeys is 
a branch of poultry-keeping that needs to be approached with a con
siderable amount of caution. If it is attempted, for example, on 
restricted areas, or on cold damp soils, the results will invariably prove 
disastrous. The land for rearing turkeys must be sweet and quite 
free from other poultry. The birds can stand a dry cold air., bilt 
a continuous damp atmosphere soon kills them off. Perhaps the most 
favourable conditions are found where the ground is undulating and 
the soil warm, and especially if a belt or plantation of open-branched 
trees is available for the birds to roost upon without fear of dis
turbance from foxes, as housing accommodation often proves a serious 
drawback unless a large open shed is available. The reason· why 
turkeys like a good run is because they thrive on all kinds of insect 
life which is abundant in the soil, and the supply of these insects 
naturally becomes exhausted when the birds are confined to restricted 
areas. 

Selecting Stock Birds.-It is not until the third year that a turkey 
comes to maturity; hence stock birds that are older than this are to 
be preferred for breeding purposes, since there will then be less risk 
{If their offspring inheriting a weakened constitution. If the hens 
are older, a first season cock may be used, but all cocks and hens more 
than five years old should be got rid of without delay. Hens may, 
however, be allowed to breed for a number 9£ years, one hen being 
allowed for every eight or ten birds to be reared. 

As a rule. turkeys prefer to select their own nests when laying, 
and in order to assist them a few boxes or barrels should be placed 
in eecluded spots. The hens must not be allowed to sit unml they 
have laid two batches of eggs. Eleven to fifteen eggs will be sufficient 
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for one sitting, and during the twenty-eight days of incubation, the 
hen must be supplied with food- and water, and never disturbed. 
Where an incubator is available it is a good plan to place the eggs in 
it two or three days before they hatch out, as turkey. are liable to 
crush their chicks just as they are hatching. and before they can 
move about briskly on • their legs. The chicks should be returned 

. to the mother bird when they are ready for the coops. Some breed or. 
consider it is better to hatch and rear under ordinary hans, giving 
from nine to a dozen eggs to each, according to the size of the egg. 
and tho hens. 

FIG. 917.-American Mammot b Bronze Tarke, Cockerel. 

Young turkeys must always be well protected from the wet until 
they have" shot the red" at about ten weeks old. Alter that age. 
as a rule, they give very little trouble, except that they require to 
be fed sparingly, and often. 

Feeding.-Turkeys are meat-eaters by nature, and if this class of 
food is not sufficiently plentiful, fresh meat scraps must be supplied, 
together with the more nutritious kinds of grains and meal. and boiled 
rice. Green food sometimes causes diarrhrea when given careles:5ly ; 
but a little of it is essential, and need Dot do any harm. In each feed 
of soft-std for turkeys, plenty of chopped onion or dandelion should 
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be included, and a supply of good sharp flint should also be ready at 
.hand, together with plenty of pure fresh water. 

When the young birds are from ten to twelve weeks old some of 
the above delicacies may be omitted for less expensive and yet equally 
nourishing forms of food, as turkeys must not be given foods that are 
too rich in fat. As the time for their preparation for the Christmas 
market draws near, separated milk enters largely into their dietary, 
being mixed with the more nutritious meals, which are so essential for 
the production of a good quality of flesh. The period of fattening 
should not be longer than three weeks, as the birds are impa.tient of 
confinement; and if kept longer they go back in condition, even if 
confined in open sheds. 

FIG. OlS.-Aylesbury Dl·ake. 

Ducks.-'-I}uck-hreeding pens should be made up before the new 
year, a full pen usually consisting of ten ducks and three drakes. 
This should secure abundance of fertile eggs for hatching from 
March to May if desirable. All stock ducks, with the exception of 
Indiau Runners, require water to swim in to ensure fertile eggs. 

As with fowls, all mashes should be given warm in cold weather 
and should contain maize or barley-meal. Grain is of little service 
to ducks, unless well soaked and partially cooked; and green food, 
water, and grit should be freely supplied. With but few exceptions 
young ducks may be fed with moist food much after the same manD;er 
as fowls, except that a mash must be substituted for hard grain, while 
care must be taken to keep the ducklings sheltered from hot sunshine, 
heavy rains, or cold piercing winds until they are sufficiently strong. 
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The beginner has often been amazed at finding a batch of duckling. 
stiff and lifeless, due to their downy coats having been drenched, and 
their bodieo chilled by exposure to.heavy rains. 

If table ducks are to be reared profitably, they should be kept. 
penned up practically from the day they are hatched, and, aif with 
porkers and other animals fed for the butcher at an early ag~, 
fattening must proceed gradually from birth and never be given 
a check through neglect of feeding, or the want of lueh comforts as 
conduce to development and the laying on of flesh. Although mixed 
meals, moistened with separated milk, are excellent for fattening, 
boiled rice is still better, provided it is carefully cooked over a slow 
fire, allowing one part of rice to three parts of water, ",hieh it will 
gradually absorb . . 

Ducks, like pigs, are often regarded as gluttonous, and must 
therefore be carefully fed, and on no account allowed stale food, 
and should clear up all the food in the trough at a meal; otherwise, 

FIG. 819.-Pekin Duck •• 

as with other animals. a very detrimental effect will be exerted upon 
the appetite, and interfere with those peaceful rests between meals 80 
essential for the production of flesh and weight. 

The fattening period proper usually commences when ducklingl 
are about five weeks old, and extends to the eighth week, by which 
time a weight of from 5 to 6Ib. is attained; adult Aylesbury drakes 
will sometimes weigh as much as 9 or 10 lb. and ducks 8 or 9 lb. 
at this age. 

B,·eed8.-All domesticated ducks are supposed to be descended 
from the Mallard or wild duck, commonly met with throughout 
Europe, Asia, and North America. Although there are some ten or 
so distinct varieties of domesticated ducks, only four of these, at the 
most, need concern the farmer. namely. the Aylesbury, Pekin, Rouen, 
and Indian Runner. 

The .Aylubwry (Fig. 318), or Large White Duck, is famous OD 

account of its rapidity of growth, being especially well adapted for 
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early marketing, and ready quite a fortnight in advance of. any 
othor breed. The flesh is white, but not so good in quality as that 
of many less familiar breeds, as for example the Cayuga and the 
Huttegen_ both of which are mostly preferred for private use. The 
plumago of the Aylesbury is pure white, the bill flesh-coloured, and 
the lega a bright orange. The body is boat-shaped, the keel or 
breastbone being almost parallel with the ground, thus indicating 
a capacity for carrying a large amount of breast meat, an important 
feature in all classes of table poultry. It is a fairly prolific layer, 
often producing 150 eggs in the course of a year. 

The Pekin (Fig. 319) cannot be got ready for the market .until 
quite a fortnight after the Aylesbury. It is a better layer than the 
Aylesbury, but some prejudice attaches to it in this country on account 
of its yellow flesh, which by the way is appreciated by the Americans 
for somo unaccountable reason, probably much in the same way as 
th.) rich golden or yellow carcases of Guernsey or Jersey bullocks are 
rojected by ourselves, yet appreciated by the inhabitants of the 
islands from which these breeds originated. 

The plumage of the Pekin is of a yellowish-white colour, and easily 
distinguishable from the Aylesbury, which is pure white, also the bill 
of the former is bright-yellow and the eye slate-blue, and whereas the 
Aylesbury is boat-shaplld the body of the Pekin is very erect, long, 
and wide, the legs being placed further back. Although the Pekin 
is slower in growth it ultimately attains a weight equal to that of 
the Aylesbury. 

The Rouen is the largest of domesticated ducks, the drakes often 
scaling up to. 121b. The ducklings are very hardy and easy to 
rear, but develop slowly, and are therefore best suited for the autumn 
and winter markets. Bouens are excellent layers, usually com
mencins to lay about the end of the year, and the eggs are generally 
fertile. The original colour and shape of the Rouen, both male and 
female, was that of the wild duck, but breeding and selection have 
developed a beauty of plumage which must be seen to be appreciated, 
and also improved the bodily development. The present type has 
a well-shaped body with a deep keel. 

The Indum Runner (Fig. 320), as its name implies, is of Indian 
origin, having first been introduced into Cumberland about seventy 
years ago. It is principally valued for its laying properties, the 
eggs being very similar in appearance to ordinary white hens' eggs, 
a feature in which it excels all other varieties. It is too small to 
be of value for table purposes, except for home consumption, although 
its flesh is of excellent texture and rich in quality. Its plumage is 
fawn and white in colour, the markings being very accurate. The 
body i" small, upright, and of penguiu-like carriage, which gives the 
bird an alert appearance. The legs are of deep-orange colour, and 
the beak is yellow in young birds, changing in the female to 
a dark-greenish hue as age develops, and to yellowish-green in 
the male. 

The head of the drake is bronze-green and that of the duck 
greyish-fawn, marked with streaks of white. The weight of the 
drake rarely exceeds SIb. and that of the duck 41b. 
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Geese.-Much might be written upon geese did space permit. 
At the samo time it must be allowed that they no longer occupy the 
position they at one time filled with regard to Ohristmas fare. They 
have been ousted to a great extent by the turkey. The principal 
breed.J of geese are the white Embden Bnd the grey Toulouse 
(Fig. 321). There are several other varieties 8uch as the Canadian, 
Danubran, Roman, and Saddle back, but the tv.-o first-named are mo~t 
generally found in this country. Geese largely subsist on gra88, and 
are therefore cheaply maintained, and are most suitable for marsh,. 
and low-lying situations where there is plenty of water. They are 
wonderfully independent, and their large size and courage are a pro
tection from predatory animals-the fox excepted. A set comprisell 

FIG. 820.-IndIAD RaDner Dock •• 

three geese and one gander, and one feature of the race i. their 
longevity, which may have been exaggerated. They should not. be uBed 
for breeding until they are two years old, and how long they may 
(!ontinuo for this purpose it is difficult to say. In any case, and 80 

far as the goose is concerned, there appears to be no defined limite, 
and cases have been cited of their laying and bringing out goslings for 
sixty or seventy years. The female begins laying in February, and 
the period of incubation is twenty-eight daY8. She generally may be 
relied UPOIl to lay a second time, and thu8 8. later brood is secured. 
The usual plan is to employ hens for hatching goose eggs. four egg. 
being giveu to one hen. The goslings hatch easily and soon are fit 
to go about alone. They grow very fast, but continue to follow their 
:foster-mother for some time. At this time they live mostly on grasa, 
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but may be allowed a little maize or other corn. The early broods 
may be brought (>ut as Michaelmas geese, for which. there is always 
.a good demand, and the later and smaller goslings are reserved for 
Christmas markets. The fattening period is not longer than four or 
.five weeks, and consists in a liberal supply of barley-meal, pollards, 
and in many cases maize-meal in equal proportions. They may be 
-closely confined in pens, but as they naturally love liberty it is 
.a question whether they will not do equally well if given extra food 
in their usual haunts. Too much exeroise or swimming in ponds is, 
however, better avoided during fattening. 

FIG. 821.-Toulouse Geese. 

The stubbling of geese after harvest used to be a general method 
of at least advancing the fattening process, but the rapid bre~king 
up of stubbles by steam- and horse-power has interfered with tho old 
custom of stubbling both geese and pigs. That geese are a profitable 
stock when kept in suitable situations callnot be doubted, if only 
becauso of their simple habits and fare. 

Guinea - fowls.-These · wandering and noisy creatures form a 
picturesque feature on many farms. They are extremely erratic, and 
love to perch high on trees, and are disturbing to those who sleep 
near them. They give the alarm as soon as any strange man or animal 
approaches, and in this way are a saieguard against thieves. They are 
uncertain layers, and difficult to catch, especially as they are possessed 

Rr 
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of considerable powers of flight. As to management, they, in moet 
cases, seem to manage their own affairs, and their nests 'are not e&8Y 
to find. 

Rabbit (Lepus cuniculus).-The genus Lepu. also includes the 
hare, but the rabbit differs from the hare in size of body and other 
external features, while its social habits are very different. 

The rabbit is extremely prolific, litters of from four to eight in 
number being produced each year, with as many young on each 
occasion. Twenty youngsters per annum may, however, be regarded 
as all average. The doe reproduces at about six months old, and 
the period of gestation is about thirty days. 

Breed8.-There are about fiftelln recognized breeds of rabbita, 
that is those possessing some distinctive characteristics j but for all 
practiclll purposes the Flemish Giant and the Belgian Hare need only 
be considered. The Belgian Hare received its name from its likene8s 
to tho common English hare as regards weight, shope, and lacing of 
the ears; while the general appearance of the coat, notwithstanding 
that the animal has no hare blood in its veins, is to all intents and 
purposes that of a true hare. The chief disadvantage of the breed is 
that it lacks hardiness, which is largely accounted for by continuous 
in-and-in breeding, which, although securing many "points" for 
exhibition purposes, has weakened the animal's constitution. 

An excellent table rabbit is obtained from the first cross between 
a Belgian Hare doe and a Flemish Giant buck, and if only for this 
purpose, the Belgian breed is invaluable. 

The Flemish Giant is so called on account of its size and heavy 
weight. While a Belgian Hare may weigh from 9 to 11 lb., a Flemish 
Giant doe will turn the scale at from 15 to 181b. For exhibition 
purposes, a dark, steel-grey colour is essential, and not black, &8 whole 
litters often are; the belly and underpart of the tail should be pure 
white. 

The Angora is a very distinct breed, and on the Continent ita long 
woolly hair has a commercial value. These rabbits cannot be kept 
clean unlesR the hair is regularly and systematically combed, which 
is a tedious operation. In colour they are either grey or fawn. 
Another variety that might be mentioned is the Himalayan. 

The Dutch rabbit is the smallest of the domesticated breedd, 
averaging 5 or 61b. in weight. The colours of animals of this breed 
are very varied, and alternate between blue, black, grey, and yellow. 

Feeding.-When for the market, feeding commences from birth, 
as it is then possible, in the case of the two first-mentioned breeds, 
to obtain a dressed carcase of from 3i to 41b. in twelve or fourteen 
months. If well nourished by the doe they will become gradually 
weaned and leave the nest in from sixteen to twenty days, and freely 
partake of the ordinary dietary, provide1 it does not contain whole 
grain or an excess of cold succulent foods. 

The morning meal may consist of chaffed clover hay, mixed with 
boiled potato peelings, or "chata ", with which fine bran or sharps 
is incorporated to render the mass dry and not too sloppy. Steamed or 
pulped roots, with meal or chaffed hay or greenstuff, may be given 
according to whatever is available or in season. 
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Serve all mashes warm, but not hot, and supply clean water to 
drink. Care must be taken not to give the sprouted shoots from 
mangels 01" other roots, as these are sweet, and will cause diarrhcea. 
Mature leaves of winter greens, swine-thistles, dandelion, plantain, 
chickweed, etc., may be given in moderation. 

The lad who can attend rabbits with care and keep them clean 
and well housed, will usually exhibit similar care and attention when 
administering to the wants of the more important animals on the 
farm. Too much stress cannot be laid upon the importance of bran 
and dry food; and an excess of green food often proves fatal. 



CHAPTER III. 

BEES AND BEE MANAGE1IENT. 

BEE-KEEPING is an important adjunct to poultry-farming, &8 when 
properly carried out quite a reasonable remuneration can be obtained, 
especially in districts where wild and cultivated flowers are plentiful. 
Of the Honey Bee (Apia mellifica) there are many varieties, Including 
the British Black Bee, Carniolan (Light or Banded Bee), Yellow 
Ligurian Bee, Syrian Bee, Tunisian, Palestinian, etc. 

Through the honey season every colony that is in a healthy and 
normal condition wiLl contain a queen, workers, and dronee (Fig. 322). 
The queen is the ruler and mother of the hive, and without her 
presence the whole colony is disturbed. Her principal duty and 
function is to lay eggs, of which she can deposit from 2,000 to 3,000 
in twenty-four hours. These eggs when kept warm, by the bees, 
produco tiny white grubs, which hatch in three days, and are fed 
on a hal:C-digested mixture of polley, honey, and water, prepared in 
tho stomachs of the workers. After six days the worker grub changes 
into a chrysalis, and in twelve more days the perfect bee is evolved. 
Drones are weaned on the fourth day, and require twenty-five days to 
mature, while the queen matures in five days less time than the 
workers, and it is well to remember that she leaves the cell eight 
days after being sealed in. In appearance the queen is larger than 
the other bees, has a tapering body, short wings, of a varying brownish 
colour, and possesses a sting, which she employs only when in conflict 
with other rival queens. The length of life of a queen is usually from 
two to threo years. 

The drones, or males, are hatched in the spring when virgin queens 
are to be mated, and at the end of the season the drones are expelled 
from the hive by the workers, except in the event of the hive becoming 
queenless or possessing an infertile queen. The appearance of drones 
in late autumn or early winter is therefore considered a bad s~n. 
Drones are larger than the worker bees, have stronger wings, and 
make a loud humming sound when in flight. They are devoid 
of stings. 

Tho workers, or labouring community of the hive, are really 
nnsexed females, which, by being bred and reared in cells of 
restricted dilJl.ensions, and fed on short rations, have their repro
ductive organs undeveloped. Any newly-laid egg, or even grub, if 
not more than three days old, may be destined to become a queen or 
a worker at the will of the bees. The workers are smaller than the 
other inhabitants, and are provided with curved stings, which, when 
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used, are left embedded in the flesh, and the bee dies from the 
consequent rupture. In the summer the workers live for about six 
weeks, while those hatched in the autumn survive until the following 
spring. 

Every lover of nature should make himself familiar with the 
life-history of bees, and study those contrivanoos with which Nature 
has provide,l them for the performance of their work. Bees store 
their honey, and .. brood" in honeycomb, composed of layers of 
hexagonal cells placed as close together as security admits of. These 
slabs or cellular wax or honeycomb. are nearly 1 inch thick, the 
cells penetrating from either side to the mid-rib. Worker cells, for 
the reception of "brood." and honey, are about t in. in diameter, 
while the drone cells are about! in. across. Queen cells are distinct 
from either of these, being elongated, teat-shaped, and usually 1 inch 
in length, and! in. broad. 

A 

B 
FIG. 822.-Bees. A, worker i B, Queen; C. drone. 

Those who are unfamiliar with frame hives should study their 
construction, and also their fittings and accessories; such as frames. 
crates, excluders, followers, sections, bee-escapes, feeders, embedder, 
smoker, quilts, etc., together with the methods adopted for fixing 
comb foundations (Le. thin sheets of wax with the forms of cell 
bottoms impressed upon them). 

Subduing and .Handling.-In subduing and handling bees a gauze 
veil, proper gloves, and a smoker, are all that is required. Blow two 
or three good volumes of smoke into the entrance of the hive, 
and remove the quilt carefully by pulling it, laterally; then puff 
a littlo smoko across the top of the frames. Having provided a frame
box, remove the frames by taking hold of the lugs, and handling them 
so that no strain is placed upon that part of the comb least supported 
by the frame. After examination, place each frame in· the frame
box, in such a position that they may be returned to the hive in 
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their former relative positions. If the bees are unduly irritated, 
due to abnormal heat or other cause, the work is better post.poned 
until a moro favourable opportunity presents itself. 

Carbolic acid is useful in subduing, while it also acts as a powerful 
disinfectant Owing to its caustic nature, however, it must be care
fully handled, and diluted before use, as, in addition to burning the 
skin, it i.~ highly poisonous. 

Swarming and Driving.-Bces usually swarm in dose warm 
weathel', and when the hives become crowded, large numbers will be 
seen lying on the alighting board, all outside work having ceased. 
A swarm is occasioned by the departure of the older queen when she 
finds that a young queen has been hatched. As soon as the queen 
makes her exit, her followers rush from the hive in a bo:ly and rise 
into the air, their excited condition being manifested by loud 
humming. In due course the queen alights on a twig, whea a cluster 
of bees immediately clinga to her person, others following suit, until 
they form a pear-shaped mass often as large as a man's bead. Wben 
ample time has been given for the swarm to settle, it sbould be secured 
by holding an inverted straw skep under it with the left band, wbile 
tho twig should be given a sharp jerk with the right hand, so that. 
the swarm will fall into the skep in a mass, the Hoor-board being tben 
placed over them. The skep is then turned the right way up and may 
be left on the ground near the tree, the Hoor-board being propped 
up so as to admit of any stragglers entering. The skep should be cool 
inside, and towards evening it may be removed to a cool spot, where 
a bar-framed hive is in readiness, with its comb foundations, quilts, 
and rooI all ready to hand. Place a wide piece of board, covered with 
a white cloth, from the Hoor-board of the hive on to the ground. Now 
lift the skep carefully from its foot-board and shake the bees from 
it on to the middle of the cloth, when, as soon as they have recovered 
from tho temporary shock, the queen will usually make her way up 
into the frame hive followed by the remainder of the bees. It may 
be necessary to raise a corner of the quilt of the hive for ventilation 
until the air becomes cool. 

Before swarming, the bees gorge themselves with sufficient food to 
last them for four days, and are therefore usually docile, but BOrne 
stocks are more vicious than others, particularly those which are 
cross-bred, and for this reason it is advisable to me a veil. 

,Strong healthy stocks usually throw 01I a second swarm or cas' 
eight or ten days after the first. Early second swarms may be 
utilized as new stocks, or may go towards the strengthening of the 
parent stock, in which case they must be left beside it for twenty-four 
hours and the queen removed. .All other and later casts are useless 
and even harmful. 

It is evident that swarming must necessarily interfere with the 
collection of honey, besides weakening the parent stock. It is there
fore sometime~ necessary to prevent, or at least to discourage it ; and 
this can be elIected in several ways, but principally by ventilation 
of the hive. by supplying boxes of empty frames of foundations 
below the brood hive, by' placing a sufficiency of shallow 8U1per 
frames above it, or by replacing brood and stores by frames of 
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foundations, while a common practice is that of cutting out or 
destroying the queen cells. 

The driving of bees is a simple and easily effected operation, 
usually practised by those who keep straw skeps or box hives, which 
have to be cleared in order to secure the honey.l 

Uniting.-In uniting swarms, the hives should be gradually 
brought together, and one of the two queens removed. If stores are' 
short, feed the stocks with thin bee-syrup before uniting, after 
which remove all spare combs that are not covered with bees, from 
both hives. Place the frames in one of the hives, leaving sufficient 
space for a full frame of bees and honey between each pair of 
frames. Meanwhile, subdue both stocks of bees by smoke. Now 
quietly remove the brood combs from one hive to the other, placing 
them in the spaces left vacant for their reception. Fine pea-Hour 
should be sprinkled over all the bees with a dredger, so that their 
change of companionship will be less noticeable, or, strongly scented 
peppermint syrup may be sprayed over them in preference to dusting 
them with Hour. 

Queen Rearing.-There is much in bee-keeping that can only 
be acquired by actual practice, and this is especially the case in 
the rearing of queen bees. A robust and prolific queen is essential 
in every hive, especially if a surplus of honey is to be obtained, !IS 

a worn-out or badly nourished queen can never produce the necessary 
workers; queens weaken in constitution after the second year. If 
the queen should be un fertile, or lay only drone eggs, or if the 
hive be queenless, a new queen must be introduced or the stock 
will die out. The beginner can only hope to successfully introduce 
a queen by swarming, and when this is not possible he should consult 
an expert as to the best course, or failure in the establishment will 
be inevitable. 

Feeding and Wintering Bees.-Throughout cold wet seasons, or 
when bees have been robbed of their stores, they will require feeding 
in early autumn with warm bee-syrup, prepared from pure cane sugar, 
and supplied by means of a rapid feeder. During the. winter the hives 
must be kept watertight, and free from draughts, as, although bees 
will withstand a certain amount of dry cold, they soon sicken and 
die if subjected to damp. It may even be necessary to feed with 
thin syrul' in early spring, preferably at night, through a bottle
feeder, to induce breeding. Care must always be taken in the 
handling of syrup and honeycomb, lest the bees be induced to 
commence robbing one another's hives, and especially is this so when 
feeding with honey, as its odour attracts marauders. 

Diseases.-Foul brood, or bee pest, is a disease of a very contagious 
character, and is easily diagnosed by the cappings of the brood combs 
becoming sunk in and perforated, while the larVal sicken, die, and 

1 The perfection to wbir.h handling hees is brought by experts is extmordinary. They 
lift them in handfuls. and appeal' devoid of nervousness. The expert i~. however. 
particular not to allow any bee to feel confined or squeezed. as in a wrist-band. or under 
'8 sleeve. The bees must feel free. and any cODstl'Aint causes them to use their stings. The 
temper of bees is also affected by thundery weather. and is bes*' on funny bright days~ 
Bees are also better·tempered when full. and one result of smoking them is said to be thllt 
they at once begin to feed and thus become quieter and better-tempered. 
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finally decompose, emitting a foul stench. In the case of mild attacke 
,a cure can often be effected by disinfecting the hive, by laying a cloth 
oiIOaked in a one in seven solution of formalin on the floor-board of 
the hive, and by washing out each diseased cell with pure formalin by 
.means of a small syringe, the larvlB then being romoved and burn&. 
In bad attacks the whole infected stockB should be destroyed by 

',burning, and the hive thoroughly fumigated and disinfected. 
Isle of Wight disease has proved very disastrous among bee

:keepers in the South of England, and no satisfactory cure has yet. 
'been prescribed, although prevention can be effected to some extent 
:by careful disinfection. 

Dy8entery is another common disease among bees, and is largely 
:attributablo to dampness in the hive, and to unsealed, thin, or 
fermenting stores of honey. It can therefore be largely remed!ed 

:by more comfortable housing, and by giving a liberal supply of 
sealed food, or, if in late autumn, by feeding with thin, warm, 
~bee-syrup, 

THE END. 



GENERAL INDEX. 

A OIDIMETEU test in cheese
making, 466 

Acidity in milk, 465 
Air, action of, in drains, 35 

aqueous vapour in, 29 
- carbon dioxide in, 29 
- composition of, 28 
- depth of, 13 

Albuminoids, 286 
Ammonium sulphate, 73 
Annatto in cheese-making, 469 
Anther, 514 
Aptera, 313 
Arachnids, 309 
Armed palisade worm, 305 
-- symptoms and treatment, 305 

Arthropods, 308 
Axles, 347 

B ACTEUIA, 15 
Barley cultivation, 104-5 

Basio cinder, 75 
-- auperphosphates, 77 

Bean seed, germination of, 492 
structure of, 491 

Beane, 92-3 
Bearings, 347 
Bees, 612 

diseases, 615 
driving, 614 
feeding, 615 
handling, 613 
life-history, .612 
management, 614-16 
queen rearing, 615 
sclf-mana""""ment, 612-13 
subduing, 613 
swarming, 614 
taking by skep, 614 
treatment, 615 
uniting, 615 
wintering, 615 

Beet eel worm, 308 
Beetles, 313 
Belgian hare, 610 
.. Black rot" of cabbages, turnips, 

etc., 569 
Blackherries and allied fruit", 530 
Blight, American, 301 
Bolts, 346 
Bot-fly, 323 
Brackets, 347 
BraSfe., 348 
Broody hens, 592 
-- -- signs of, 592 
-- -- treatment of, 593 

Broom rape, 185 
Bull breeding, 225 
Bumble bees, 313 
Bunt of wheat, 571 
Bush fruita, 526 
Butter, churning of, 456 

consistency of, 455 
making, 453 
-- utensils and water 

supply in, 453 
marketing, 457 
points in making, 453 
salting, 456 
temperature of cream for, 

455 
treatment of (lream for, 455 

of u tensits for 
. making, 455 
___ king and maki,!,g up, 456 

CABBAGE, 132 
-- direct drilling in field 

for, 134 
plan ting of, 134 
seed-heds for, 133 
U sporting " nature of, 

135 
uses of, 134 

55 
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Cabbage butterfly, large white, 318 
Caerphilly cheese, 476 
Cake-breakers, 389 
Calcium cyanamide, 73 
Calving or parturition, 227 
-- best time of year for, 229 
-- management in, 227, 228, 

230 
Cambium, 508 
Camembert cheese, 484 
Capillarity, 558 
Carbon dioxide, 503 
Carrot fly, 320 
Carrots, 130 
Carts and carriages, 380 
-- general pUrpOB~, 380 

Cast iron, 348 
- steel, 348 

Casting and forging, 346 
Cattle, classes of, 217 
-- general, 214-16 
-- management of, 217 

Celery, 562-3 
Centi peilef!, 309 
Cereals, 96 

as wasters of nitrogen, 100 
continuous corn-growing, 

100 
barley after wheat, 107 
exhausting utnre of, 98 
harves1ing of, 103 
origin of, 96 
render land foul, 98 
Ilpecies and varieties of, 

96-7 
Cestodes or tape-worm, 302 

description, etc., of, 302 
symptoms of, 303 

Chaff-cutter, 390 
Chaff-steamer and molasses mixer, 

391 
Charlock, .185 
Cheddar cheese, 471 
Cheese-making, appliances for, 462 

boiler-house for, 462 
countie3 suitable 

for, 459 
dairies suitable for, 

461 
drainage for, 461 
heat, light, and 

ventilation for, 
461 

hoops for, 463 
mill for, 463 • 
presses for, 463 
:rooms required~ 461 

Cheese-making, situation and a"P6"t 
for, 461 

test for (Wil-
ron.iu), 466 

treatment of, 470 
Cherri88, parking of, 543, 664 
Cheshire cheese, 473 
Chicken coops, 685 
Chicken-howoe., 585 
Chirory, 154 
filorophylI, 603 
Clay, 8 
Climate, 30 

as affected by aspect, 32 
contrasted with weather, 

31 
moisture, 31-2 
shelter, 33 

Clip fork 8tarker, 374 
Clod-crush era, 363 
Clover aickll888, 675 

dressingo for, 576 
Cloven, red, 140 
-- Swedish or al,ik", 141 
-- treFoil, 142 
-- white, 141 

Club root or .. finger and toe", 
567 

Coleoptera, 313 
Colloid. and compound particl." 14, 

19 
CoI09trom, 436. See td,o Calving 
Colwick or Slipcote cheeae, 481 
Compo!lts, 61 
Corn saw-fly, 313 
Com thrips, 324 
Coulommier cheeae, 485 
Cowhouses, 427 

COD8truction of, 429 
COlt of, 429 
floor-space in, 434 
gutte ... in, 430 
Iighl in, 432 
manageml'nt of, 428 
mangen for, 430 
neck-fastenings of, 434 
partitions in, 431 
.tallt and gan'!'Way', 433 
ventilation of, 433 
watering troughs for, 

431 
Co .... -keeping for amall-holden, 236 

-- cow-feeding for, 240 
CO'W8 best for, 238 
profita from, 239 
yield. of milk, 239 

Cream, analyais of, 447 
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Cream, conditions affecting separa
tion of, 452 

crea.mometers used for test-
ing, 445 

deep setting of, 448 
Devonshire clotted, 448 
method of ascertaining per-

centage of bntter fat in, 
453 

separators, 449-51 
auto-separator, 452 

-- economy of, 451 
-- points of, 451 
-- setting of, 447 

Cream cheese, 484 
Cruciferous crops, 132 
Cull ewes, 248 
Cultivators, 361-3 
Currants, 527 

DURY FARM, 419, 420 
-- altitude for, 420 

aspect for, 420. 
-- climate for, 420 
-- selection of, 420 
-- water supply, 421 

Dairying, 419 
buildings for a mixed 

farm, 419 
Dentition of cattle, 240 
Derbyabire cheese, 473 
Dietaries, 295, 297, 298, 300 
Diptera, 319 
Dissembling machine, methods of, 

348 
Dodder,185 
Dorset cheese, .. blue vinney," 479 
Drainage, effects of, 34, 36 

importance of, 35-6 
outfalls in, 37 

Drains, rivers as, 37 
-- types of, 36 

Drilb, 366-7 
Dry cows, treatment of, 226 
Dry farming, 47 

details of cultivation, 47 
-- disred and undisced stubble 

illustrated, 47 
-- principles of, 48 

Durks, breeds of, 6tl6 
Aylesbury, 607 

feeding of, 605 
Indian Runner, 607 
Pekin, 607 
Rouen, 607 

Ducks, Rouen, treatment of, 605-6 
Dung spreader, 377 

EAR COCKLE, 307 
Earthworm, 308 

Eelworms, 108, 306 
Electric power, 350 
Elevator, portable, 374 
Embryo-plant, 516 
Embryo-sac, 515 
Employees, number of, on farms, 

395 
Endosperm, 516 
Engines, types of, 343 
Ergot, 577 
Escutcheons, types of, 425 
Ewe flock, improvement of, 251 

keep for, 257 
management of, 247 

FALLOWING, 48, 111 
Farm book-keeping, 411 

accuracy in, 4U 
cash-book, 412 
cropping-book, 414 
dairy book, 414 
disadvantageg of elabora-

tion in, 415 
farm diary, 414 
farmer as book-keeper, 414 
granary and stores book, 

414 
herd and flock books, 414 
labour and wages b&:lk, 

413 
rules to be observed in, 412 
valuation of stock. in~ 412 
-- best time of· 'ear 

for, 413 
Farm buildings, 331 

adaptation of exhting, 335 
cooking apparatus for, 338 
east of erecting, 336-7. 
dairying for, 419, 427, 461 
designing of, 334 
dimendons of ordinary, 339 
drainage of, 335, 340 
extemporized, 335 
homesteads, 333 
hospital, 339 
implement shed, 339 
liquid manure in relation 

to, 338 



620 INDEX. 

Farm buildings, manure in relation 
to, 338 

materhh used in, 33', 340 
mud-walls for, 3U 
points in construction of, 

331, 337 
rickyard, 333 
stores, 338 
straw yard near, 336 
thatch for, 342 
typical plan of, 331-2 
unnecessary adjuncts to, 

337 
weather-boarding for, 3n 
weigh-bridge for, 3") 

Farm-yard manure, 57 
analytical composition of. 

59 
apportionment of, 6D 
compentl8tion for foods 

used, 88 
for young clover, 60 
left on the surface, 60 
purchase of, 87 
weakest constituent of, 58 

Farriery, 205 
Fattening of cattle, 231 
-- feeding cattle, 233 
-- management of, 231-3 
-- merits of food for, 23' 

Feed-preparing machines, 387 
Fertilization in plants,. 516 
Fertilizers, complication8 in using, 

52 
leguminous crops as, 5' 
soil exhaustion and, 50 
undue reliance on yard 

manure, 53 
Flax, cultivation of, 167 

- illustration of, 168 
Flower culture, fioriculture, 547 

artificial BOils used in, 551 
bulb8, planting of, 549 
intensive cultivation in, 5'8 
localities suitable for, 5U 
market gardening, U7 
marketing of, 565 
markets for, U8 
packing, methods of, 565 
plants snitable for, 550 
potting in, 549 
BOwing of seeds in, 5'9 
trenching for, 553 

bastard, 55' 
varieties suitable for, 5'8 

Foals, food and feeding of, 194 
rearing of, 192 

Foals, yearling. 193 
Foods and feeding, 284 

accumulation of fat in 
animal body, 285 

age and condition in diet
ing, 298 

albuminoid poilOning in, 
295 

cake and compound oake, 
297 

carbo-hydrate. in, 285 
chaff and caving. in, 292 
choice of, 296 
combustion of, 284 
comparative values of feed-

ing Ituff., 296 
effects of bad feeding, 295 
enrichinl\' straw, 2911 
fat in, 285 
fiavour in, 296 
gr&18 aa a food, 287 
green fodder, 293 
green food tlII"U' cake, 29' 
haulm in, 293 
hay in, 293 
market ftuctuationa in, 296 
mineral matter in, 287 
mixing foods for, 290 
nitrogen content in, 288 
nitrogen in, 288 
nutrient value of gr_, 

288 
occult properties of p .. -

tures, 289 
oila in, 285 
paatur81 ... food, 28!J 
plante found in putu""" 

289 
potatoea &I food, 294 

r.rotein. in, 286 
• roots .... food, 291 

selective instincts of ani-
mals for herbage, 290 

atraw &I food, 291 
value of g~ .. , 288 
waste in the body of, 285 
water in, 287 
winter feeding, SUggestiOM 

for, 290 
Foot, horae'., anatomy of, 205 

di __ of, 210 
illuatrat:on. of, 206-8, 

212 
Frame (machine), 3~ 
Frit-fty, 108, 321 
FJ'Uit cultn~ 
-- bndding of fruit-trees, 526 
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Fruit culture (conlinud)
commercial fruit culture, 

623 
gathering of fruit, 642 
grading, 643 
grafting, 625-6 
-- time of year for, 

526 
grass orchards of fruit

tr_,540 
hardy fruita, 623 

arrangement of 
plantation of. 538 

distances apart of 
trees in, 639 

names of, 644 
manuring of fruit-treee, 

629 
('orrect time for, 

530-1 
kinds of manures 

used in, 631 
marketing of fruit, 564 
prices of trees, 541 
propagation of, 525 
root pruning, 635 
"-- method of, 635 
-- use of, 535 

selection of trees, 540 
types for selection. 

541 
shelter required for trees, 

524 
soil and situation for treee, 

522 
storage of fruits, 546 
-- varieties suitable 

for, 547 
training of trees, 536 
wind-break for, 524 

Fruit-treee, list of, 540l 
Fuel, 346 

GAMETES or germ-eells, 51! 
Gape-worm of poultry, 306 

Garden implements, 379 
Geeee, feeding of, 608 

treatment of, 608 
varieties of, 608 

Gervais choose, 486 
Giant thread-worm, 305 
Gid in sheep, 304 
Gloucester cheese, 476 
Goats, analysis of milk of, 267 

breeding of, 267 
breeds of, 266 

Goats, feeding of, 267 
milk of; 267 

Gooseberries, packing of, 543 
Gooseberry mildew, 571 
Gout-fly, 109, 321 
Grain weevils, 316 
Grass land, difficulties in laying 

down, 165 
effect of grazing on, 164 
basic cinder on, 165 
how best to make, 165 
mixed character of, 289 
"er8U<l arable land, 166 
weeds in, 182, 184, 185 

Grass~, 150 
cultivated, 150 
effects of climate and sea-

BOns on, 163 
fodder cereah, 150 
how to secure a plant, 158 
illustrations of, 151-65 
manuring of, 161 
migration of seeds, ·162 
mixtures of, for feeding, 155 
pasture, 151-65 
rotation, 151 
BOWing hay seeds, 156 

Green-flit's, 320l 
Grist mills, 388 
Gronnd lime, 83 
Growing for seed, 137 
Guano not quite general, 67 
Guinea-fowls, 609 
Gun-metal, 3ol8 
Gypsnm,80 

HARD cheese-making, 458-79 
herbage in relation to, 459 
__ poisonous plants in, 

460 
Lan(ashire method of, 475 
milk, acidity in, 465 

heating of, 468 
normal,435 
ripening of, 465 
supply of, 459 
treatment of, 464 

natural starters in, 467 
prices of cheese, 459 
pure cultures in, 467 
aalt, 470 
starters in, 467 
whey in, 458 

Harrows, 36ol-5. 
Hartjen's pnenmatic sprayer, 178 
Ha,,!est bug, 310 
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Harvesting implements, 369 
Hay loadera, 373 
- presser, 377 
- stackers or elevators, 374 
- sweeps, 373 

Hedge-laying, 406 
Hedging and ditching, 405 
Hemiptera, 324 
Hessian fly, 319 
Hoeing, importance of, 121 
Hoes, 379 
Horned stock raising-
-- oounties suitable for, 217 
-- pasture in relation to, 214 
-- success with, 217 

Horse bot-fly, 323 
Horse labour, 395-6 

cost of, 398 
cost of maintenance, 

399 
cost per acre, 399 
during harvest, 397 

Horse-hoes, 368 
Horse-rakes, 374 
Horse-shoes, manufaeture of, 207 
Horses, 190 

agricultural, 190 
breaking of, 193 
breeding of farm, 190 
breeds of draught, 198 
dentitiOlI' of, 200 
eoonomy of horse-power in, 

197 
farm team, management of, 

194 
feeding times of, 196 
steam-power in relation to, 

197 
working life of, 190 

Humble bees, 313 
Hymenoptera, 313 

I CHNEUMON flies, 313 
Implements, farm and garden, 

356 et seq. 
Incubation, artificial, 594 

natural, 592 
Insects, 312 
-- classification of, 312 
-- life-history of, 312 

Itch mites, 310 

KAINIT.78 
Kale, 136 

Knotter of binder, 370 
Kohlrabi, 132 

L ABOUR, ooat of, per acre, 404 
-- effeot of live etock on oost 

of, 395 
-- -- improved implemente 

on cost of horse 
labour, 397 

Lactometer, 446 
Lambing, 255 

diffiouitie! in connexion 
with,256 

management of young 
lambs, 257 

-- pen, 255 
Lambs, change of food for, 258 
-- keep, 257 

Leaf structure, 604-6 
Leather jackets, 319 
Le~uminou. fodder orops, 138 
Leloester cheese, 474 
Lepidoptera, 317 
Light tractor engines, 3U 
Lime, 80-4 
Live stock, 189, 422 

as an aid to agriculture, 
215 

fertility of land in relation 
to, 215 

,ras~ land in relation to, 214 
Judging of, 280 
market choice of, 422 
pointe to be obsc"ed in, 282 
seleotion of dairy, 422 
selection of IU i table COWl, 

422 
Liver fluke, 301 

life-history of, 301 
symptoml and treat

ment of, 301-2 
Locking devic8l, 346 
Loose BlDU t in oa ta, 672 
-- remedy for, 672 
-- in barley, 672 
-- in wheat, 672 

Lubricating, 349 
Lucerne, 143 

MACHINERY, farm, generally, 
356 

Maize cultivation, 147 
Mange in dogs, 311 
-- in horses, 310 

Mangels and awedes, heart rot in, 
669 

Mangel-wurzel, 118 
-- after-cultivation of, 120 
-- cultivation of, 118 
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Mangel-wurzel, manuring of, 120 
renovation of land by, 50 

-- seasons for ~owing, 129 
-- storing of, 122 
-- types of, 119 

Manual labour on a fann, 394 
-- verSU8 machine, 393 

Manure distributors, 375 
-- drills, 376 
-- farm-yard, 57 

Manures, exhaustion of the soil by, 
50 

food, actual scale of 
manurial values, 89 

-" as a manurial agent, 
88 

- valuation of manurial 
residues, 88 

general, 57, 61 
green crop manuring, 65 
special, 69 

alleged exhaustion 
by, 70 

classification of, 
70 

unit values of, 84 
Mares, during pregnancy, 191 
-- management of brood, 191 
-- period of gestation of, 191 
-- service of, 191 

Materials (machinery), 348 
Mechanical power, 349 
Mendelism, 518-22 
Mioropyle, 515 
Mild steel, 348 
Mildew in swede3, turuip3, rape, etc., 

569 
Milk, albumen in, 437, 446 

analysis of. 435, 446 
ash in, 437, 446 
bacteria in, 439 
casein in, 436, 446 
effects of heat on, 442 
fat in, 436, 443, 446 
filtering and llooling of, 440 
float. 380 
influences affeoting quality and 

yield of, 438 
age of oow, 438 
feeding of, 438 
individuality, 438 
lactation period, 438 
milking of oow, 439 
seasons affeoting, 

438 
treatment of cow, 

439 

Milk, lactose in, 437, 446 
records, 427 
sugar in milk, 437; 446 
treatment of milk, 439 
water in, 436, 446 
yields of milk, 426 

Milking, mechanical methods of, 440 
-- other methods of, 440 

Millipedes, 309 
Mites, 309 
Mollusca, 326 
Motors in agriculture, 355 
Mowers, 371 
Mussel scale, 326 
Myriapods, 309 

NEUROPTERA, 313 
Nitrate of lime, 73 

!Nlitrate of soda, 72 
Nitrification, 509 

bacteria in use in, 509 
Nitrogen, assiIIl!ilation of, by 

legumes, 510 
fixation, 509 
nodules on roots of Legu

minoslJ',511 
Nitrolim, 73 

OAT cultivation, 108 
Oats, diseases of, 108 

Oil-engines, installation of, 353 
Oll and petrol engines, 350-1 

-- advantages of, over 

Oosphere, 515 
Orthoptera, 313 
Osmosis, 500 
Ovary, 514 
Ovules, 514-15 

steam-engines, 352 

Ox warble-fly, 322 

PARASITES, kinds of, 301 
Parsnip fly, 320 

Parsnips, 130 
Pedigree cattle breeding-
-- ages of heifers, 223 

art of, 218 
care of stock in, 225 
law of heredity, 220 
management of herds, 224 
new principles, 221 

-- systems of, 223 
Pepp,rcorns, 307 
Phosphorio acid and phosphates, 74-7 
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Photosynthesis, 601 
-- endosperm. 601, 516 

enzyme, 602 
light, 503 
proteins, 601 
water, 604 

Piecework, 400 
advantages 01.-400 
carting out manure by, 

401 
live stock. care of, by, 

401 
prices of, 401 
tillages by. 400 

Pig@. age for matin~. 272 
breeding of. 272 
breeds of. 271 
economy of, 269 
fattening of, 277 
fecundity of. 277 
feeding of fattenin~. 278 
feeding values of food for, 

279 
food of. 279 
generality of, 278 
housing of, 270 
illustrations of, 273-5 
management of, 280 
old lOWS, 273 
percentage of offal in. 269 
period of gestation in, 273 
quality of meat of, 277 
.. reckling." the, 276 
rule. to be observed in fat

tening, 278 
selecting lOWS for breeding, 

272 
size nf litters. ~7 4 
amaH-holder's, the, 269 
lOWS, &8 mothers, 274 

general management of, 
275 

management of farrow
ing, 273 

store, 276 
weights and market prices of, 

276 
young pigs, treatment of, 

275-6 
Plant diseases, contributory causes 

to. 667 
-- danger of, 666-7 
-- delicacy of artificial ayatemB, 

566 
Plant lice, 324 
PIant life, 491-616 

breeding, 618 

Plant life. chemical analysis, 495-4 
food a .. ailable for, 611 
gt'netiCII, 618 
rrmination, air I'P-

quired in, '95 
condition n_

I8ry for, 49. 
light for. 495 
temperature for. 

496 
he....wty. 616-22 
mutation. 617-18 
organ. of. 491 
reproduction of lIo ... r-

jog plante. 613 
respiration of. 601 
stem atructure of, 606 
atigma.615 
atructure of (micro-

1IC0pic). 497 
nriatiou in. 616-17 

Plough, parta of. 357-60 
-- aettinlt of, 361 

Ploughing-engines. 8U 
PlumB, packing of, 64t, 664 
Pointa of a cow. 215 

Ayrshire cow. 423-4 
dairy heifer. 422 

Poll .. n grains. 61f 
tubes, 615 

Pont I'Eveque cheeee, 486 
Portable enginea, 843 
Potash, 77 
Potato drill. 368 
-- raisen, 385 
-- sorten or reparatorP, 887 

Potatoes, 112 
blight. 673 
di.eaeea 01, 666-8, 673-5 
early, 113 
grading and storing of~ 

117 
planting and cultivation 

of. 113 
production and reproduc-

tion of, 113-14 
_b in,6H-6 
selection 01 aeed of, 113 
soils mitable for. 113 
spraying. 117, 674 
tray. for storing. 116 
winter rot of, 574 

Poultry, 681 
-- breeds of, 587 

-- illustratioD9 of. 
683-93 

brooden for. 687, 698 
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Poultry (contin,..,tf)-
commercial poultry-fann

ing,581 
corn and meal bins for, 586 
oramming machines for, 

586 
orates for, 585-6 
dressing of, 600-1 
egg-boxes for farming, 58G 
farming, equipment for, 

583 
feeding, dry, 599 
-- principles of, 5£6 
-- wet, 598 

fertility of eggs, tests for, 
593 

time for teat-
ing, 593 

houses suitable for, 583-4 
intensive fanning of, 581 
killing and p:ucking of, 599 
layers, 588 
mana.gement of, 581 
pails and baskets for, 586 
.. peds" for, 586 
plucking of, 599 
points of exhibition fowls, 

590 
preparation for table of, 

599 
rearing of, 598 
selection of stock birds, 588 
sitting-boxes for, 584 
soil conditions in farming, 

596 
table fowls, 589 
trussing of, for boiling, 

602 
-- for ro:.sting, 630 

Power, methods of transmHting, 347 
Prickly comfrey, 149 
Protozoa, 15 
Pruning, 533 
-- art of, 533 

trees requiring, 534 
Pulleys or aheaves, 347 
Pyke-lifter, 374 

RABBITS, breeds of, 610 
-- feeding of, 610 

litters of, 610 
period of gestation, 610 

Rake, aide-delivery type, 373 
Ram lambs, 259 
Rape, 136 

Raspberry, cultivation of, 528 
packing of, 544 
time of year for plant-

ing, 528 
Reaper or mower, 371 
Rennet, 466, 469 
Root absorption, 507 

selective, 513 
and ahoot, 491 

growth of, 498 
structure of, 504, 

506 
cleaner, 390 
orops, 111 
pulper, 390 
thinner, 37 S 

Root-hairs, 500 
Roses in pots, 552 

- soils for, 552 
Rotations of creps, 91 

catch-cropping, 95 
continuous cropping, 92, 100 
different lengths of, 92 
for two years, 93 
for three years, 93 
for four years, 93 
for five years, 93 
for six years, 94 
for eight years, 94 
for longer periods, 94 
theory of, 91 

Rust fly, 320 
Rye cultivation, 109 

SAI~FOIN, 145 
Salads, see VEGETABLES 

Salt, common, 79 
Sand,9 
Sarcoptic mange in horsea, 310 
Scale insects, 326 
Seaweed as manure, 62 
Seed dressers, 385 
Seeding implements, 366 
Seed-testing, 171 

age and ripeness of seed, 
172 

analysis of seeds, 173 
appM"atus for, 176 
illustrations of, 176-7 
importance of, 172 
laboratory for, 176 
numbers of seeds per lb., 

174 
on porous dishes, 177 
sampling for, 175 
time required for, 174 



826 INDEX. 

Self-binders, 369 
Set-screw, 346 
Shafts, spindles, 347 
Shearing machines for, 266 
Sheaves or pulleys, 347 
Sheep, 24:t 

breeding of, 244 
breeds, illustratiolUl of, 

244-61 . 
cake and com for, 259 
dentition of, 262 
dipping, 261 
drafting. 248 
fairs -for, 247 
period of gestation of, 248 
mating. time for, 248 
portable dippers for, 262 
sheep for small-holders, 260 
suitable counties for breed-

ing of, 245 
tegs on turnips, management 

of, 259 . -
- weaning time of, 257 

Sheep nostril fly, 324 ' 
Sheep scab, 311 
Sheep-shearing machines, 385 
Shepherds' houses, 256 
Shoeing, 209 . 

farm horses, methods of, 
209 

hackney and carriage 
horscs, 210 

hunters, 210 
preparation of foot for, 208 

Slugs, 326-7 
Soda, 78 
Soft cheese-making, 480 

-cloths, etc. , for, 482 
drainage in, 481 
equipment for, 481 
making-room, 482 
mats, etc., for, 482 
pipettee, etc., for, 481 

-- principles of, 480 
ripening of, 482 
varieties of, 480, 483 
wooden tubs, 481 

Soils, absorption of water· by, 19 
air in, 35 
analysis of, 13 
available plant food in, 15 
chemical prooeesea in, 508 
classification of, 25 
composition of, 5, 8 
constitution of, 13 
distribution of (geological), 

20-5 

Soils, exhaustion of, by til~, 14 
toxic principlo. in, 

49 
and in fertiliJll'rs, 

60-1 
fertility of, 612 
formation of, 4 
lime in, 9 
mineral fragments fa, 10 
o'lanic' matter in, U 
oragin of, a . 
phYiioal propertiea of, 18 
renovation of worn-out, 49, 

50 
rest not n_ry for, 49 
IUbetancea esaential in, 612 
unreclaimed, 34 
vpgetable matter in, 10 
virgin. 34 
water in, 35 

Soot, 64 
Spade, 378 
Spiders, 309 . 
Spraying, 177 

care of mach ina., 179 
dry, for potatoea (illus-

tration), 179 
importance of, 177 
jets, ayringea, etc., 177 
"arioua mixturM, waohea. 

and emulsion., 180-2 
wet, for charlock, 180 

Spraying machines, 375 
Stationary enginea, 345 
Steam ploughing and cultivating, 

354 
Steam-enginel, 350 
Steel, _-hardened, 348 
Steers, management of, 230 
Stem eelworm, 306 
Stilton cheese, 477 
Stock and horse men, 404 
Straw, constituents of, 292 
Strawcerry-growing, 528 
-- 1IOiI suitable for. 528 
-- packing of, 543. 564 

Strongylus filaria and 8. ru/He"" •• 
305 

Studs, 346 
Sturdy, ataggers, or gid in sheep. 

304 
Subsoils, 11, 27 
Sugar-beet. compared with mangel

wurzel, 124 
cultivation of, 125 
suocess of, in United 

Kingdom, 124 
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Sulphate of ammonia. 73 
Surface caterpillar. 318 
Swath turners, 372 

-- and collectors, 373 
Swede cultivation, 126 
Symbiosis, 511 

T.E.VI.I CWIIU,·US aDC~ T. eoMno
COeQUB, 304 

Tape-worm, 302 
Tedder or kicker, 372 
-- and side rake, 372 

Thatohing, 408 
laying of thatch, 410 
making a roof, 410 
pegging and cording, 

410 
preparation of straw 

for, 410 . 
Thrashing-machines, 381-4 
Thread-worms, 305 
Thysanoptera, ·324 
Ticks, 309-10 
Tillage-

Tin, 348 

clay-burning, 39 
future of, 44 
implements, 357 
objections to deep, 41 
objects of, 39 
ordinary, 39-44 
over or excessive, 44 
paring and burning, 39 
plonghing by, 39 
root action as, 46 
spade, by, 45 
weathering, effects on, 45 
what it includes, 34 

'l'obacco, after-oultivation of, 170 
cultivation of, 169 
harvesting and maturing 

of, 171 
manuring of, 170 

. raising seedlings, 170 
Traotion-engines, 343 
Transmitting power, methods of, 

347 
Transpiration, 503, 557 

current, 503 
Trees, choice of, 542 

- methods of training, 53'1 
- varieties of, 542, 544 

Trematoda or flukes, 301 
Trifolium, 139 
Turkeys, 603 

Turkeys, feeding of, 604 
selection of stook, 603 
soil and situation suitable 

for, 603 
treatment of young, 605 
varieties of, 603 

Turnip flea beetle or fly, 315 
Turnip saw-fly, 313 
Turnips, white and yellow, 128 

UNATTACHED labourers, 403 
-- operations performed 

by, 403' 
Undertype engines, 345 

VEGETABLES and salads, 559 
-- after-cultivation of, 561 

kitchen gardens for, 559 
manuring, care required 

in, '559, 562 
kinds and quan

tities suitable 
for, 562 

of root crops of, 
562 

marketing of, 563-5 
packing of, 563 
-- materials for, 563 

planting, months suitable 
for, 561 

rotations for, reasons of, 
559 

seed-bed for. 560 
seedling., treatment of, 561 
sowing and planting, 

months for, 561 
varieties included in, 560 

Vetches, 138 
-- winter, 138 

WAGES of agriculturallabourE'rs, 
402 

variations' in standard 
wages, 403 

Wagons, etc., 381 
Warble fly, 322 
Wart' disease or black scab in 

potatoes, 575 
Waste products, 63 
Water culture, 495, 497 
Watering, 557 
-- effect of, 557-8 

Strawson's method of, 
, 558 
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Water-power, 356 
Weeds-

illustrations of clover 
dodder, 184 

in arable land, 183 
in cereal crops, 183 
in pasture land, 182 
palMitic, 185 

Wensleydale cheese, 478 
Wheat cultivation, 101-2 
-- eelwonn, 307 
-- midge, 319 
-- rust and mildew in, 569 

Wheels, 348 
White mustard, 13/1 
Wind-power, 355 

Winnowing machines, 8115 
Wire-worms, 814 
Wool,265 
Woolly aphis, 325 
Wrought iron, 848 

YEARLINGS, management of, 
230 

Yellow rattle (semi-parasitic), 185 

ZOOLOGY, economic, 301 
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ADMEASUREMENT OF LAND. A READY RECKONER. 
By A. ARMAN. Revised and extended by C. NORRIS, Surveyor. Fifth 
Edition. Crown 8vo, cloth ..• ... •.• •.• ... •.. 21-

AGRICULTURAL ARITHMETIC. A Practical Arithmetic 
for Estate Agents, Farmers, Agricultural, Horticultural and Dairy 
Students, and for use in Rural Schools. By J. C. NEWSHAM, F.L.S .• 
Headmaster and Manager of the Hampshire County Council Agricultural 
and Horticultural School (Chairman Dairy Students' Union); Author 
of" The Horticultural Notebook"; and T. V. PHILPOTT, M.A. 264 pp. 
Crown 8vo, cloth ... •.• ••• . .• Just Pu"lis"~d. Nel as. 6c1. 

AGRICULTURAL FACTS AND FIGURES. A NOTE
BOOK FOR FARMERS AND FARM STUDENTS. By PRIMROSE 
MCCONNELL, B.Sc., F.G.S., Fellow of the Highland and Agricultural 

• Society. Author of "Elements of Farming." Eighth Edition. Fcap. 
8vo, 490 p~ leather, gilt edges. ... •.• ... ... Nd 7" 6c1. 

AGRICULTURAL GEOLOGY, THE ELEMENTS OF. A 
Scientific Aid to Practical Farming. By PRIMROSE MCCO)lNELL, Author 
of" Note-book of Agricultural Facts and Figures." 8vo, cloth. Nd 215. 

AGRICULTURAL SURVEYING. A Treatise on Land Sur
veying, Levelling, and Setting-out; with Directions for Valuing and 
Reporting on Farms aDd Estates. By Professor J. SCOTT. Crown 8vo, 
cloth... IS. 6c1. 

AGRICULTURAL SURVEYOR AND ESTATE AGENT'S 
HANDBOOK of Practical Rules, Formul:e, Tables, and Data. A 
Comprehensive Manual for the Use of Surveyors, Agents, Landowners, 
and others interested i.n the Equipment. the Management, or the Valua
tion of Landed Estates. TIl' TOM BRIGHT, Agricultural Surveyor and 
Valuer, Author of .. The Agricultural Valuers Assistant," etc. Second 
Edition, thoroughly Revised and Enlarged. 464 pp. With Illustrations. 
Fcap. 8vo, leather ... Nel 7" 6c1. 

AGRICULTURAL TENANCIES: A PRACTICAL HAND. 
BOOK UPON. For the use of Landlords, their Agents and Tenants. 
Together with the Text of the Agricultural Holdings Act, 1C}08 (English 
and Scottish), and the Small-Holdings and Allotments Act, 1<)08. By 
CHARLES EDWARD CURTIS, F.S.I., and ROBERT ABERCROMBY 
GORDON, M.A., LL.M. (Cantab.). 340 pp. Demy 8vo, cloth Net 10 •• 6c1. 

AGRICULTURAL VALUER'S ASSISTANT. A 
Practical Handbook on the Valuation of Landed Estates; including 
Example of a Detailed Report on Management and Realisation; Forms 
of Valuations of Tenant Right; Lists of Local Agricultural Customs; 
Scales of Compensation under the Agricultural Holdings Acts, and a Brief 
Treatise on Compensation under the Lands Clauses Acts, etc. By TOM 
BRIGHT, Agricultural Valuer. Author of .. The Agricultural Surveyor 
and Estate Agent's Handbook." Fifth Edition. Crown 8vo, cloth Net 6 •• 

AGRICULTURE: EXTENSIVE AND INTENSIVE. A 
Text-Book of Mixed Farming for Large and Small Farmers. By Professor 
JOHNWRIGHTSON,M.R.A.C.,F.C.S. In conjunction with J.e. NEWSHAM, 
F.L.S., Headmaster and Manager of the Hampshire County Council Agri
cultural and Horticultural School. [lnPre/oraNon. Price about N~s. 6d. 

AGRICULTURE: ,(HE FIELDS OF GREAT BRITAIN. 
A Text-Book of Agriculture. Adapted to the Syllabus of the Science 
and Art Department. For Elementary and Advanced Students. By 
HUGH CLEMENTS (Board of Trade). Second Edition, Revised, with 
Additions. I8mo, cloth ... 28. 6c1. 
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APPRAISE~ AUCTIONEER. BROKER, HOUSE 
AND ESTAT~ AGENT AND VALUER'S POCKET ASSISTANT. 
For the V<I;luation for Purchase, Sale, or Ren.ewal of Leases, Annuities, 
and ReversIOns, and of Property generally; With Prices for Inventories, 
etc. By JOHN WHEELER, Valuer, etc. Re-written and greatly Extended 
by C. NORRIS. Seventh Edition. Royal 32mo, cloth... ... 55. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. A 
Manual of Instruction and Counsel for the Young Auctioneer. By 
ROBERT SQUIBBS, Auctioneer. Second Edition, Revised. Demy 8vo, 
cloth 125. 6d. 

BARN IMPLEMENTS AND MACHINES. Treating of the 
Application of Power to the Operations of Agriculture and of the various 
Machines used in the Threshing-barn, in the Stockyard, Dai"ry, etc. By 
Professor JOHN SCOTT. With 1231llustrations. Crown 8vo, cloth 2$. 

BEES FOR PLEASURE AND PROFIT. A Guide to the 
Manipulation of Bees, the Production of Honey, and the General Manage
ment of the Apiary. By G. GORDON SAMSON. Third Edition, Revised 
and Enlarged; with aNew Chapter on Beekeeping in Hot Climates. 
\Vith numerous lllustrations. Crown 8vo, wrapper Net IS. 

BOOK,KEEPING FOR FARMERS AND ESTATE 
OWNERS. A Practical Treatise, presenting, in Three Plans, a System 
adapted for all classes of Farms. By J. M. WOOD~IAN, Chartered Ac
countant. Fourth Edition. Crown 8vo, cloth ... ... 25. 6d. 

COCONUT CULTIVATION AND PLANTATION 
MACHINERY. A Practical Handbook for Planters and Students. By 
H. L. COGHLAN and J. W. HINCHLEY. 140 pages. With Illustrations. 
Small Crown 8vo, cloth Just Published. 35. 6d. 

CORN FACTOR'S GUIDE AND CALCULATOR. Com-
piled for the purpose of showing at a glance the comparative cost of all 
kinds of Corn, Cake, Flour, and Seeds of every description, together with 
the Prices they should be sold at to obtain a Profitable Return on Sales. 
By E. WALTER How. Fcap. 8vo. l.eather.... ... Net 25. 6d. 

DAIRY, PIGS, AND POULTRY. By R. SCOTT BURN. 
\Voodcuts. Crown 8vo, cloth 25. 

DAIRYING, BRITISH. A Handy yolu~e on the Work of t!Ie 
Dairy-Farm. For the Use of Students In Agricultural Colleges, Dairy 
Colleges, and Dairy Schools, and for Farmers, and Dair)'crs elsewhere. 
By Prof. J. P. SHELDON. With lllustrations. Third Edition, Revised. 
Crown 8vo, cloth 25. 6d. 

DAIRYING (BRITISH AND COLONIAL), THE SCIENCE 
AND PRACTICE OF. For School, Farm and Factory. By G. 
SUTHERLAND THOMSON, F.R.S. Ed., N.D.])., B.D.F.D., Prizeman, 
Agriculture, Aberdeen University and Glasgow Agricultural College, 
Author of "Milk and Cream Testing." 476 pages. Fully JIlustrated. 
Demy 8vo, cloth... ... ... ... ... Just Publislred. 95. 

DAIRYING. MILK, CHEESE, AND BUTTER. A Practical 
Handbook on their Properties and the Processes of their Production. 
lftcluding a Chapter on Cream and the Methods of its Separation from 
:VIilk. By JOHN OLIVER, late Principal of the \Vestern Dairy Institute, 
Berkeley. \Vith Coloured }'Iates and 200 lllustrations. Crown 8vo, cloth 

75. 6d. 
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DAIRYING INDUSTRY. THE. Part. I. The Milk and Cream 
Supply-CiIY, Farm and Fa<;tory. By G. SUTHERLAND THOMSON, 
F.R.S. E. With numerous Plates. Demy 8yo, cloth, 260 pp. Net .01. 64. 

DRAINING AND EMBANKING. A Practical Treatise. By 
JOHN SCOTT, late Professor of Agriculture and Rural Economy at the 
Royal Agricultural College, Cirencester. With 68 Illustrations. Crown 
8yo, cloth ... .1. 64. 

EVERY MAN HIS OWN BUILDER. A Book (or Every 
Man who Owns a piece of Land, giving Concise Directions How to 
Build a House from the Foundations to the Roof. By G. GORDOIf 
SAlIISON, Author of'" How to Plan a House" and" Houses, Villas and 
Bungalows for Britishers and Americans Abroad." Second Edition, 
Revised. 352 pp., 292 Illustrations. Demy 8yo, cloth. Nd 5" 

FARM BUILDINGS: Their Arrangement and Construclton, with 
Plans and Estimates. By Professor J. SCOTT. Crown 8yo, cloth. 3 •• 

FARM ENGINEERING. A COMPLETE TEXT.BOOK. Com· 
prising Draining and Embanking, Irrigation and Water Supply, Farm 
Roads, Fences and Gates, Farm Buildings, Barn Implements and 
Machines, Field Implements and Machines, Agricultural Surveying, etc. 
By Professor JOHN SCOTT. In One VoL, 1,150 pp., half·bound, with 
over 600 Illustrations... 13 •• 

FARM GAS ENGINES. By H. R. BRATE. 200 pp., with 36 
Illustrations. Crown 8vo, cloth ... Nd 41. 64. 

FARM MANAGEMENT. Treating in outline or the General 
Work of the Farm; Stock; Contract Work, Labour, etc. BI. 
R.SCOTT BURN. Crown 8vo, cloth... .., ... ... 3 •• 6 • 

FARM ROADS. FENCES AND GATES. A Practical 
Treatise on the Roads, Tramways, and Waterways of the Farm; the 
Principles of Enclosures i and on Fences, Gates, and Stiles. By Professor 
JOHN SCOTT. Crown 8vo, cloth ... ... 64. 

FARMERS'. GRA ZIERS', AGRICULTURAL STUDENTS' 
SURVEYORS'. LAND AGENTS', AUCTIONEERS', etc., TABLES 
AND MEMORANDA. With a New System of Farm Bookkeeping. 
By Sn;)NEY FRANCIS. Fifth Edition. 273 pp., waistcoat.pocket size, 
limp leather ••• 64. 

FARMING AND FARMING ECONOMY. Historical and 
Practical. By R. SCOTT BURN. Crown 8vo, cloth a •• 

FARMING, MODERN, OUTLINES OF. By R. SCOTT BURN. 
Soils, Manures, and Crops-Farming and Farming Economy-Cattle, 
Sheep, and Horses-Management of Dairy, Pigs, and Poultry-Utilisa
tion of Town Sewage, Irrigation, etc. 1,250 pp., half.bound, profusely 
Illustrated I u. 

FARMING, PRACTICAL. In Relation to Soils, Manures, and 
Crops, with a Chapter on Homestead Construction, including a Number 
of Plans and Sections. By EDMUND T. SHEPHERD, Professional 
Associate of the Surveyors' Institution. Demy 8vo, cloth N,/ 4 •• 64. 

FARMING. SYSTEMATIC SMALL; or, the Lessons o( My' 
Farm. Being an Introduction to Modern Farm Practice for Small 
Farmers. By R. SCOTT BURN, Author of" Outlines of Modern Farm
ing," etc. Crown 8vo, cloth ... 6 •• 
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FERTILISERS AND FEEDING STUFFS. Their Ploperties 
and Uses. A Handbook for the Practical Farmer. By BERNARD DYER, 
D.Sc., F.I.C. With the Full Text of the Fertili3ers and Feeding Stuffs 
Act of 1906, the Regulations and Forms of the Board of Agriculture, 
and Notes on the Act by A. J. DAVID, B.A., LL.M. Sixth Edition, 
Revised. 160 pages, crown 8vo, cloth ... ... ... Net IS. 

FIELD IMPLEMENTS AND MACHINES: With Principles 
and Details of Construction and Points of Excellence, their Management, 
etc. By Professor JOHN SCOTT. With 138 Illustrations. Crown 8vo, 
cloth ... ... ... ... ... ... ... ... ... 25. 

FORCING GARDEN J or, How to Grow Early Fruits, Flowers, 
and Vegetables. \Vith Plans and Estimates for Building Glass
houses, Pits, and Frames. With Illustrations. By SAMUEL \VOOD. 
Crown 8vo, cloth ... 35. 6d. 

FORESTRY, PRACTICAL: and its Bearings on the Improve
ment of Estates. By CHARLES E. CURTIS, F.S.I., Professor of Forestry, 
Field Engineering, and General Estate Management, at the College of 
Agriculture, Downton. Third Edition, Revised and Enlarged. Crown 
8vo, cloth .. . Net 35. 6d. 

FORESTR Y: COMPLETE YIELD TABLES FOR BRITISH 
WOODLANDS AND THE FINANCE OF BRITISH FORESTRY. 
By P. TRENTHAM MAW, P.A.S.I., a member of the Land Agents' 
Society, &c. 120 pp. Royal oblong 8vo, cloth. ... ... Net 75. 6d. 

FRUIT TREES. THEIR SCIENTIFIC AND PROFITABLE 
CULTURE. From the French of M. Du BREUIL. Sixth Edition 
carefully Revised by GEORGE GLENNY. With 187 Woodcuts. Crow~ 
8vo, cloth ... 35. 6d. 

GARDEN RECEIPTS. Edited by CHARLES W. QUIN. Fourth 
Edition. Crown 8vo, cloth IS. 6d. 

GARDENING (COTTAGE); or, Flowers, Fruits, and Vegetables 
for Small Gardens. By E. HOBDAY. Crown 8vo, cloth IS. 6d. 

GARDENING (KITCHEN) MADE EASY. Showing the best 
means of Cultivating every known Vegetable and Herb, etc., with direc
tions for management all the year round. By GEO. M. F. GLENNY. 
IIlustrated. Crown 8vo, cloth ... ... IS. 6d. 

GARDENING, MARKET AND KITCHEN. By C. W. SHAW. 
Crown 8vo ..• 35. 6d. 

GARDENING, MULTUM.IN.PARVO; or, How to Make One 
Acre of Land Produce /,620 a year, by the Cultivation of Fruits and 
Vegetables j also, How to Grow Flowers in Three Glasshouses, so as to 
realise /,176 per annum clear profit. By SAMUEL WOOD, Author of 
"Good Gardening," etc. Seventh Edition. Crown 8vo, sewed ..• ISo 

GOOD GARDENING. A PLAIN GUIDE; or, How to Grow 
Vegetables, Fruits, and Flowers. By S. WOOD. Fifth Edition 
With considerable Additions and numerous Illustrations. Crown 8vo, 
cloth... 35. 6d. 

GRAFTING AND BUDDING: By CHARLES BALTET. With 
Illustrations. Crown 8vo. cloth... 25. 6d. 
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GRAZING. THE COMPLETE GRAZIER. AND 
FARMERS' AND CATTLE BREEDERS' ASSISTANT. A Com· 
pendium of Husbandry. Originally written by WILLIAM YOUA1'T. 
Considerably Enlarged, and mainly Re-written in 1893 and 1903 by 
WILLIAM FREAM, LL.D., Assistant Commissioner, Royal Commission 
on Agriculture, 1893. Fifteenth Edition, thoroughly Revised and 
brought up to the Present Re~uirements of Agricultural Practice, by 
WILLIAM E. BEAR, formerly EdItor of The Mark Lane Erpress. Super 
Royal8vo, 1,100 pp., 450 Illustrations, handsomely bound £1 II •• 6d. 
BOOK I. ON THB VARIBTIES, BRBBDIHG, RBARING, FATT&NIHO AND MANAG&MItNT OP' 

CATTLE-BOOK II. ON THB ECONOMY AND MANAGBMENT or TRII DAIRY-~ Ill. 0 .. TN. 
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MANAGBMENT 01' POULTRy-BOOK VIII. ON FARM OPPICIIS AND IMPLB ... NTlor HusaAlioR. 
-BOOK IX. ON THE CULTURE AND MANAGaMBNT 01' GRASS LANDS-BoOK X. ON TH. CUL-
TIVATION AND ApPLICATION OF GRASSES, PULSB AND MOOTS-BOOK Xl. O. MANU .... . 
GSNKRAL AND THBIR ApPLICATION TO CRops-BooK. XIl.-MoNTHI.V CAL.NDAU O. FAIl .. . 
WORK THROUGHOUT THE YEAR. 

HAY AND STRAW MEASURER I New Tables for the Use 
of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c. My JOHN 
STEELE. Crown 8vo, cloth ... :a •• 

HORTICULTURAL NOTE.BOOK. A Manual of 
Practical Rules, Data, and Tables, for the Use of Students, Gardeners, 
Nurserymen, and others interested in Flower, Fruit, ·and Vegetable 
Culture, or in the Laying-out and Management of Gardens. By J. C. 
NEWSHAM, F.R.H.S., of the Hampshire C. C. Horticultural School With 
numerous Illustrations. Second Edition. Fcap. 8vo, cloth Nel .... 6d. 

HOUSE PROPERTY; Handbook of: a Popular and Practical 
Guide to the Purchase, Mortgage, Tenancy, and Compulsory Sale of 
Houses and Land, including Dilapidations and Fixtures, with Examples 
of all kinds of Valuations, Information on Building and on the right use 
of Decorative Art. By E. L. T ARBUCK, Architect and Surveyor. Seventh 
:Edition. 12010, cloth ... 5 •• 

INTEREST CALCULATOR. Containing Tables at r, rl, 2,21, 
3, 31, 3i, 4, 41, 4i, and 5 per cent. By A. M. CAMPBELL, Author of 
"The Concise Calendar." Crown 8vo, cloth... ... Ntl :as. 6d. 

INWOOD'S TABLES FOR PURCHASING ESTATES 
AND FOR THE VALUATION OF PROPERTIES. Including 
Advowsons, Assurance Policies, Copyholds, Deferred Annuities, Free
holds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests, 
Mortgages, Perpetuities, Renewals of Leases, Reversions, Sinking Funds, 
etc., etc. 30th Edition, Revised and Extended by WILLIAM SCHOOLING, 
F.R.A.S. 366 pp., Demy 8vo, c:loth... ... •.• ... Nel 8 •• 

IRRIGATION AND WATER SUPPLY. A Practical 
Treatise on Water Meadows, Sewage Irrigation, Warping, &c.; on the 
Construction of Wells, Ponds, and Reservoirs, &c. My Professor 
J. SCOTT. Crown 8vo, cloth... I .. 6d. 

IRRIGATION. PIONEER. A Manual of Information (or 
Farmers in the Colonies. By E. O. MAWSON, M.lnst.C.E., Executive 
Engineer, Public Works Department, Bombay. With Chapters on Light 
Railways by E. R. CALTHROP, M.lnst.C.E., M.I.M.E. With Plates and 
Diagrams. Demy8vo, cloth Ne/IO" 6d. 
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LAND VALUER'S BEST ASSISTANT. Being 
Tables on a very much Improved Plan, for Calculating the Value of 
Estates. With Tables for Reducing Scotch, Irish, and Provincial Cus
tomary Acres to Statute Measure, etc. By R. HUDSON, C.E. New 
Edition. Royal 32mo, leather, elastic band ..• ... •.. 45. 

LANDED ESTATES MANAGEMENT. Treating in Out
line the Varieties of Lands, Methods of Farming, the Setting-out 
of Farms, etc.; Roads, Fences, Gates, Irrigation, Drainage, etc. By 
R. S. BURN. Crown 8vo. cloth 25. 6d. 

LAW FOR FARMERS, LAND AGENTS, &c. See 
EVERY MAN'S OWN LAWYER. A Handybook of the Principles of 
Law and Equity. B)' a Barrister. Fifty-first (1914) Edition, Revised 
and Enlarged. Including Abstracts of the Legislation of 1913. Con
taining also many Acts of especial interest to Farmers and Land Owners. 
Large Crown 8vo, 850 pp. ... [Published Annually. Net 65. 8d. 

MEAT PRODUCTION: A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. By J. EWART. Crown 8vo. 25. 6d. 

MILK AND CREAM TESTING AND GRADING 
DAIRY PRODUCTS FOR SCHOOL, FARM, AND 
FACTORY. By G. SUTHERLAND THOMSON, F.R.S.Ed., late 
Government Dairy Expert, South Australia. With an Introduction by 
SAMUEL LOWE. 224 pp., with lllustrations. Crown 8vo, cloth l\'e/ 45. 6d. 

MILLERS'. CORN MERCHANTS'. AND FARMERS' 
REA D Y R E C K 0 N E R. Second Edition, revised. with a 
Price List of Modem Flour Mill Machinery. By W. S. HUTTON, C.E. 
Crown 8vo, cloth •.. ... 25. 

OIL PALM CULTIVATION. Some Essential Notes. By 
FRANK MARSHALL MILLIGAN, F.R.G.S., Plantation Expert in the 
Congolese Section of the French West African Colony and the Gold 
Coast. 112 pages, with lIIustrations. Small Crown 8vo, cloth. 

Just Published. Net 25. 6d. 
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