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ADVERTISEMENT

TO THE THIRD EDITION.

Tue rapid sale of two editions of this little book
have induced me to take some pains in improving
the present edition. I have extended it from ten
chapters to twelve, adding an entirely new chapter
upon Milk and its products. I have besides en-
larged the previous chapters with many new sections,
and with new practical illustrations, drawn in part
from recent researches in the laboratory, and in part
from the results of those experiments in the field
which, within the last two years, have been so much
more extensively made, and with so much greater
accuracy, than at any former period.

Notwithstanding these numerous additions, my
Publishers have been able, by a slight alteration in
the type, to make a considerable reduction in the
price of this edition,—a circumstance which, I trust,
will aid in promoting what I chiefly desire—the diffu-
sion of sound though elementary scientific knowledge




Vil ADVERTISEMENT.

among the intelligent agricultural population of the
Empire.

It has been exceedingly gratifying to me to learn,
that, besides the other reprints of this work in vari-
ous forms, which have appeared in the United States,
one gentleman in New York has been at the ex-
pense of printing an edition of ten thousand copies,
and distributing them gratuitously among the schools
in the State. A translation is also on the eve of
publication, under the revision of the President of
the Royal Academy of Agriculture of Stockholm,
for the use of the agricultural schools recently esta-
blished in Sweden. It isnot too much to expect, that,
in our country schools also, the Rudiments of Agri-
culture should bye and bye be taught.

Duruam, December 1843,



INTRODUCTION.

TuE scientific principles upon which the art of
culture depends, have not hitherto been sufficiently
understood or appreciated by practical men. Into
the causes of this I shall not here inquire. I may
remark, however, that if AGRICULTURE is ever to be
brought to that comparative state of perfection to
which many other arts have already attained, it will
only be by availing itself, as they have done, of the
many aids which science offers to it ; and that if the
practical man is ever to realize upon his farm all the
advantages which Science is capable of placing within
his reach, it will only be when he has become so far
acquainted with the connection that exists between
the art by which he lives and the sciences, especially
of Chemistry and Geology, as to be prepared to listen
with candour to the suggestions they are ready to
make to him, and to attach their proper value to the
explanations of his various processes which they are
capable of affording.



X INTRODUCTION.

The following little Treatise is intended to pre-
sent a familiar outline of the subjects of Agricultural
Chemistry and Geology, as treated of more at large
m my Lecrtures, of which the first two parts are
now before the public. 'What, in this work, has ne-
cessarily been taken for granted, or briefly noticed,
is, in the LEecTurEs, examined, discussed, or more
fully detailed.

Duruam, 8th April 1842,

CORRIGENDA.

P. 113, line 4 from bottom, for © 17 read © 2"
i !Uﬁ'”- & DY geppe] -..':n_}n
P. 126, lines 12, 13, for “ L8 to L.10" read L4 to L5.”
I 14 i g / M : o | ﬂ
I :‘:".'t'{ =ik EALe L Crd @ -

;



.

CONTENTS,

CHAPTER I.

PAGE

What Chemistry and Geology may do for Agriculture.—Distinction between
Organic and Inorganie Substances.—The Ash of Plants.—Constitution of
the Organic parts of P]ants.—Pranrnpnn and properties of Carbon, Oxy-
gen, Hydrogen, and Nitrogen.—Meaning of Chemical Combination, .

CHAPTER IIL.

Form in which these different substances enter into Plants— Properties of the
Carbonie, Humie, and Ulmic Acids—of Water, of Ammonia, and of Ni-
tric Acid. Constitution of the Atmosphere, . :

CHAPTER III.

Structure of plants—Mode in which their nourishment is obtained—Growth
and substance of plants—Produetion of their substance from the food they
imbibe—Mutual transformations of starch, sugar, and woody fibre,

CHAPTER 1V.

OF the Inorganic Constituents of Plants—Their immediate source—The quan-
tity contained in plants varies with many eircumstances—The nature or

quality of the inorganic constituents—Quantity of each constituent in cer-
tain cOmmon crops,

B [ ® - & -

CHAPTER V.

Of Soils—their Organic and Inorganic Portions—Saline Matter in Soils—Exa-
mination and Classification of Soils—Diversities of Soils and Subsoils,

CHAPTER VI.

Direct relations of _l'}enlng'}; to Agriculture—Origin of Soils—Causes of their
diversity— Relation to the rocks on which they rest—Constancy in the Re-
lative Position and Character of the Stratified Rocks—Relation of this faet

E-lun {:Iﬂfli{:ﬂl Agriculture — General Characters of the Soils upon these
cks, . - A -

14

32

=
-t



X1l CONTENTS.

CHAPTER VIL

PAGE
Soils of the Granitic and Trap Rocks—Accumulations of transported Sands,
Gravels, and Clays—Use of Geological Maps in reference to Agriculture—
Physical Characters and Chemical Constitution of Soils—Relation between
the nature of the Scil and the kind of Plants that naturally grow upon it, 72

CHAPTER VIIL

x Of the improvement of the soil—Mechanical and Chemieal Methods—Drain-
ing—Subsoiling—Ploughing, and Mixing of Soils—Use of Lime, Marl,
and Shell-sand. Manures—Vegetable, Animal, and Mineral Manures, 04

CHAPTER IX.

Animal Manures—Blood, Hair, Bones, Urine, Cow and Horse Dung, Night
Soil, Pigeon's Dung, Guano—Relative values and mode of action of Ani-
mal Manures—Difference between Animal and Vegetable Manures—Cause
of this difference—Mineral Manures—Nitrates of Potash and Soda—Sul-

hates of Sodaand Magnesia, Gypsum, Common Salt, Kelp, Wood, Straw,

ane, and Dutch ashes—Loeal value of Saline Manures, and circumstances
necessary to ensure their success—Use of Lime, Shell, Sand, and Marl.
Their Chemical effect upon the Soil—Special Manures—Mixed Saline Ma-
nures—Irrigation of the Soil—Paring and Buming—Planting and laying
down to grass, . . . . 121

4 CHAPTER X.

The products of Vegetation—Importance of Chemical quality as well as
uantity of Produce—Influence of different manures and Soils on the quan-
tity and quality of the Crop—Relative quantities of Starch and Gluten in
our different Crops—Effect of Circumstances on the quantity of Stareh in
the Potato—Influence of the time of Cutting—Quantity of 0il or Fat in
Emduce of different Kinds—Absolute quantity of Food yielded by different

ID]}E] s = ®

175

e

o CHAPTER XI.

Of Milk and its products—The properties and composition of Milk—Circum-
stances which affect its quantity and quality—Composition of Cream—
Churning, Quality, '[.':mﬂ]msitiun. and Preservation of Butter—Theory of
the Action of Rennet—Manufacture, Quality, and Varieties of Cheese, 193

CHAPTER XIL

On the Feeding of Animals, and the purposes served by the food they con-
sume—Practical and theoretical values of different Kinds of Food—Caon-

cluding Observations, 212



ELEMENTS

AGRICULTURAL CHEMISTRY,
&c.
CHAPTER L

What Chemistry and Geology may do for Agriculture.—Distinction
between Organic and Inorganic Substances.—The Ash of Plants
—Constitution of the Organic parts of Plants—Preparation and
properties of Carbon, Oxygen, Hydrogen, and Nitrogen.—Mean-
ing of Chemical Combination,

THE object of the practical farmer is to raise from a
given extent of land the largest quantity of the most va-
luable produce at the least cost, in the shortest period of
time, and with the least permanent injury to the soil.
The sciences either of chemistry or geology throw light

on every step he takes or ought to take, in order to effect
this main object.

SECTION L—WHAT CHEMISTRY AND GEOLOGY MAY HOPE ToO
DO FOR AGRICULTURE.

But there are certain definite objects, which, in their

connection with agriculture, these two sciences hope to
attain. Thus they propose,

A



s WHAT CHEMISTRY AND GEOLOGY

1. To collect, to mneet:gate, and, if possible, to ex-
plain all known facts—This is their first duty, How
many things which are received as facts in agriculture
prove to be more or less untrue when investigated and
tested by experiment! How many ascertained facts ap-
pear mexplicable to the uninstructed—how many even
opposite and contradictory—which known principles may
clear up and reconcile !

2. From observations made in the field or in the la-
boratory to deduce principles which may be more or
less applicable in all circumstances—Such principles
will explain useful practices, and confirm their propriety.
They will also account for contradictory results, and
will point out the circumstances under which this or
that practice may most prudently and most economically
be adopted.

Armed with the knowledge of such principles, the in-
structed farmer will go into his fields as the physician
goes to the bedside of his patient,—prepared to under-
stand symptoms and appearances he has never before
seen, and to adapt his practice to circumstances which
have never before fallen under his observation.

To deduce principles from collections of facts is at-
tended with much difficulty in all departments of know-
ledge. In agriculture, it is at present an unusually diffi-
cult task. Observations and experiments have hitherto
been generally made with too little care, or recorded with
too little accuracy to justify the scientific man in confi-
dently adopting them as the basis of his reasonings. A
new race, however, of more careful observers and more
accurate experimenters is now springing up. By their
aid, the advance of sound agricultural knowledge cannot
fail to be greatly prnmuted

3. To . mrr.!;rest improved and, perhaps, previously
unthought of methods of vmproving the soil—A true
explanation of twenty known facts or results or useful
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practices, should suggest nearly as many more. Thus
the explanation of old errors will not only guard the
practical man from falling into new ones ; but will sug-

est direct improvements he would not otherwise have
thought of. So also the true explanation of one useful
practice will point out other new practices which may
safely and with advantage be adopted.

4. To analyse soils, manures, and vegetable pro-
ducts.—This is a most laborious department of the duties
which agriculture may hope that chemistry will undertake
in her behalf. The examination of soils taken at ran-
dom will seldom repay the cost of time and skill which it
requires, nor 1 general will the analysis of a soil throw
very much light upon the mode in which its productive-
ness may be most economically promoted. Cases do oc-
cur, however, here and there, in which the rigorous ana-
lysis of the soil may account for remarkable facts, and
may suggest important improvements.

Of the manures we employ too much cannot be known,
—nor of the substances we reap for food in our crops of
grain and roots. An accurate knowledge of the former
will defend the practical farmer against the often absurd
pretensions of the manure manufacturer, and the imposi-
tions of quackery. It will guard him, at the same time,
against an improvident waste of any of those natural ma-
nures which are produced upon his farm, and will thus les-
sen the necessity for purchasing foreign manures by intro-
ducing a greater economy of those he already possesses.

In regard again to the products of the soil, few things
are now more necessary than a rigorous analysis of all
their parts. If we know what a plant contains, we know
what it takes from the soil, and consequently what the
soil must contain if the plant is to grow upon it in a
healthy manner. On the other hand, in applying vege-
table substances to the feeding of stock, it is of equal im-
portance to know what they severally contain, in order
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that a skilful selection may be made of those kinds of
food which may best suit the purposes they are intended
to serve, and that they may each be given in such quan-
tities as the growing, the full-grown, the fattening, and
the milking animal, may respectively require.

5. To test the apinions of theoretical men.—Erroneous
opinions lead to grave errors in practice. Such incorrect
opinions are not unfrequently entertained and promul-
gated even by eminent scientific men. They are in this
case most dangerous and most difficult to overturn, so that
against these unfounded theories the farmer requires pro-
tection, no less than against the quackery of patent ma-
nures. Itis only on a basis of often repeated, skilfully
conducted, and faithfully recorded experiments, that true
theories can ever be successfully builtup. Hence the im-
portance of experiments in practical agriculture*

Such are the principal objects which chemistry, aided
by geology, hopes to attain. In no district, however,
will the benefits she is capable of conferring upon agri-
culture be fully realized, unless her aid be really sought
for, her ability rightly estimated, and her interference
earnestly requested. In other words, what we already
know, as well as what we are every day learning, must
be adequately diffused among the agricultural body, and
in every district means must be adopted for promoting
this diffusion. It is in vain for chemistry to discover or
suggest, unless her discoveries and suggestions be ade-
quately made known to those whose benefit they are most
likely to promote.

SECTION 1I.—OF THE VEGETABLE AND EARTHY OR THE
ORGANIC AND INORGANIC PARTS OF PLANTS.

In the prosecution of his art, two distinct classes of

* See the Author's Suggestions for Experiments in Practical
Agriculture, Nos, 1. to IV.
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substances engage the attention of the practical farmer
—the living crops he raises, and the dead earth from
which they are gathered. If he examine any fragment
of an animal or vegetable, either living or dead, a piece of
wood for example, he will observe that it exhibits pores of
various kinds arranged in'a certain order—that it has a
species of internal structure—that it has various parts or
organs—in short, that it is what physiologists term o2-
ganized. If he examine, in like manner, a lump of earth
or rock, he will perceive no such structure. To mark
this distinction, the parts of animals and vegetables, either
living or dead—whether entire or in a state of decay—
are called organic bodies, while earthy and stony sub-
stances are called inorganic bodies.

Organic substances also are more or less readily burned
and dissipated by heat in the open air; inorganic sub-
stances are generally fixed and permanent in the fire.

But the crops which grow upon the land as well as the
soil in which they are rooted, contain a portion of both of
these classes of substances., In all fertile soils, there
exists from 3 to 10 per cent. of vegetable or other matter
of organic origin; while, on the other hand, all vege-
tables, as they are collected for food, leave, when burned,
from one-half to twenty per cent. of inorganic ash.

If we heat a portion of soil to redness in the open air,
the organic matter will burn away, and, in general, the
soil, if previously dry, will not be materially diminished
in bulk. But when a handful of wheat, or of wheat straw,
or of hay, is burned in the same manner, the proportion
that disappears is so great, that in most cases a compa-
ratively minute quantity only remains behind. Every
one is familiar with this fact who has seen the small bulk
of ash that is left when weeds, or thorn bushes, or trees,
are burned in the field, or when a hay or corn stack is
accidentally consumed. Yet the ash thus left is a very
appreciable quantity, and the study of its true nature
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throws much light, as we shall hereafter see, on the
practical management of the land on which any given
crop 1s to be made to grow.

Thus the quantity of ash left by a ton of wheat straw
1s sometimes as much as 860 lbs., and by a ton of oat
straw as much as 200 Ibs. ;—while a ton of the grain of
wheat leaves only about 40 1bs. ; of the grain of oats about
90 lbs.; and of oak wood only 4 or 5 Ibs. The quanti-
ties of inorganic matter, therefore, though comparatively
small, amount, nevertheless, to a considerable weight in
an entire crop. The nature, source, and uses of this
earthy matter will be explained in a subsequent chapter.

SECTION III,—CONSTITUTION OF THE ORGANIC PART OF
PLANTS AND ANIMALS,

The organic part of plants, when in a perfectly dry
state, constitutes therefore from 85 to 99 per cent. of
their whole weight. Of those parts of plants which are
cultivated for food, it is only hay and straw, and a very
few others, that contain as much as 10 per cent. of inor-
ganic matter.

This organic part consists of four substances, known
to chemists by the names of carbon, hydrogen, oxygen,
and nitrogen. The first of these, carbon, is a solid sub-
stance ; the other three are gases, or peculiar kinds of air.

I. CArRBoN.— When wood is burned in a covered
heap, as is done by the charcoal burners,—or is distilled
in iron retorts, as is in making wood-vinegar,—it is charred,
and is converted into common wood charcoal. This char-
coal is the most usual and best known variety of carbon.
It is black, soils the fingers, and is more or less porous,
according to the kind of wood from which it has been
formed. Coke obtained by charring or distilling coal is
another variety. It is generally denser or heavier than
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the former, though less pure. Black lead is a third va-
riety, still heavier and more impure. The diamond is the
only form in which carbon occurs in nature in a state of
perfect purity.

This latter fact, that the diamond is pure carbon—
that it is essentially the same substance with the finest
and purest lamp-black—is very remarkable ; but it is only
one of the numerous striking circumstances that every
now and then present themselves before the inquiring
chemist.

Charcoal, the diamond, lamp-black, and all the other
forms of carbon, burn away more or less slowly when
heated in the air, and are converted into a kind of gas
known by the name of earbonic acid. The impure varie-
ties leave behind them a greater or less proportion of ash.

2. HyproGEN.—If oil of vitriol (sulphuric acid) be
mixed with twice its bulk of water, and be then poured
upon iron filings, the mixture will speedily begin tu boil

Fig. 1. up, and bubbles of gas will rise to the
surface of the liquid in great abun-

dance. These are bubbles of hydro-
gen gas.

If the experiment be performed ina
bottle, the hydrogen which is produ-
ced will gradually drive out the at-
mospheric air it contained, and will it-
self take its place. If a bit of wax
taper be tied to the end of a wire, and
when lighted be introduced into the
bottle, (fig. 1), it will be instantly ex-
tinguished ; while the hydrogen will
take fire, and burn at the mouth of

ey the bottle with a pale yellow flame.
If the taper be inserted before the common air is all ex-
pelled, the mixture of hydrogen and common air will
burn with an explosion more or less violent, and may
even shatter the bottle and produce serious accidents.
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This experiment, therefore, ought to be made with care.
Fig. 2. It may be more safely perform-
ed in a common tumbler, (fig.
2), covered by a plate or a
piece of paper, till a sufficient
quantity of hydrogen is collect-
ed, when, on the introduction
of the taper, the light will be
o extinguished, and the hydrogen

will burn with a less violent explosion.

This gas is also an exceedingly light substance, rising
through common air as wood does through water. Hence,
when confined in a bag made of silk, or other light tis-
sue, it is capable of sustaining heavy substances i the
air, and even of transporting them to great heights. For
this reason it is employed for filling and elevating balloons.

Hydrogen gas is not known to occur anywhere in na-
ture in any sensible quantity. It is very abundant, as
we shall hereafter see, in what by chemists is called a
state of combination.

3. OxyGEN.—When strong oil of vitriol is poured up-
on black oxide of manganese, and heated in a glass re-
tort (fig. 3) ; or when red oxide of mercury, or chlorate




PROPERTIES OF NITROGEN. 9

of potash, is so heated alone; or when saltpetre, or the
same oxide of manganese, is heated alone in an iron bot-
tle :—in all these cases a kind of air is given off, which,
when collected and examined by plunging a taper into it,
is found to be neither common air nor hydrogen gas. The
taper, when introduced, burns with great rapidity, and
with exceeding brilliancy, and continues to burn till either
the whole of the gas disappears, or the taper is entirely
consumed. If a living animal is introduced, its circula-
tion and its breathing become quicker—it is speedily
thrown into a fever—it lives as fast as the taper burned
—and, after a few hours, dies from excitement and ex-
haustion. This gas is not light like the hydrogen, but
is about one-ninth part heaver than common air.

In the atmosphere, oxygen exists in the state of gas.
It forms about one-fifth of the bulk of the air we breathe,
and is the substance which, in the air, supports all ani-
mal life and the combustion of all burning bodies. Were
it by any cause suddenly removed from the atmosphere
of our globe, every living thing would perish, and all com-
bustion would become impossible.

4. NitroGeN.—If a saucer be half-filled with milk
of lime, formed by mixing slaked quick-lime with water,
a very small tea-cup containing a little burning sulphur

Fig. 4. then placed in the middle
(fig. 4), and a common large
tumbler inverted over the
whole, the sulphur will burn
for a while, and will then
gradually die out. On al-
lowing the whole to remain
e for some time, the fumes of
the sulphur will be absorbed by the milk of lime, which
will rise a certain way into the tumbler. When the ab-
sorption has ceased, a quantity of air will remain in the
upper part of the tumbler., This air is nitrogen gas.
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If the whole be now introduced into a large basin of
water, the tumbler being held steadily in the left hand,
the cup and saucer may be removed from beneath. The
saucer may then be inverted and introduced with its un-
der side into the mouth of the tumbler, which may thus
be lifted out of the water and restored to its upright po-
sition, the saucer serving the purpose of a cover. By
carefully (fig. 5) removing this cover with one hand, a

Fig. 5.

-t?'._'n'llﬂﬂ-.llll.‘—ﬁ T

lighted taper may be introduced by the other. It will
then be seen that the taper is extinguished by this air
and that no other effect follows,—the air itself’ does nnti.
take fire as hydrogen does. Or if a living animal be in-
troduced into it, breathing will instantly cease, and it will
drop without signs of life.

This gas possesses no other remarkable property. It
is a very little lighter than common air, and is known to
exist in large quantity in the atmosphere only. Of the
air we breathe it forms nearly four-fifths of the entire

bulk. e
These three gases are incapable of being distinguished
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from common air, or from each other, by the ordinary
senses ; but by the aid of the taper they are readily re-
cognised. Hydrogen extinguishes the taper, but itself
takes fire ; nitrogen simply extinguishes it ; while in oxy-
gen the taper burns with extraordinary brilliancy and
rapidity,

Of this one solid substance, carbon, and these three

gases, hydrogen, oxygen, and nitrogen, all the organic
part of vegetable and animal bodies is made up.
» Into organic substances, however, they enter in very
different proportions. Thus, of all the vegetable pro-
ductions which are gathered as food by man or beast, in
their dry state, the

Carbon forms nearly one-half,

Oxygen rather more than one-third,

Hydrogen little more than 5 per cent.,

Nitrogen from 2 to 4 per cent.

This will appear from the following table, which ex-
hibits the actual constitution by analysis of some varieties
of the more common crops when perfectly dry.

Carbon. Hydrogen. Oxygen. Nitrogen.  Ash.
50

Hay, . . 458 387 15 90
Red Clover Hay, 474 50 378 21 77
Potatoes, . 440 58 447 15 40
¥ heat, . 461 58 434 23 24
Wheat Straw, . 484 53 3891 31 70
Oats, . : 507 64 a67 22 40
Oat Straw, ) | 54 390 4 51

— e— — —— —

« The above numbers represent the weights of each ele-
ment in pounds, contained in 1000 Ibs. of the dry hay,
of potatoes, &c.; but in drying by a gentle heat 1000 lbs.
of hay from the stack, lost 158 lbs. of water, of clover
hay, 210 lbs., of potatoes wiped dry externally, 759 Ibs.,*

Potatoes contain about four-fifths of their weight of water, or
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of wheat, 145 1bs., of wheat straw, 260 1bs., of oats, 151
lbs., and of oat straw, 287 lbs.

SECTION IV.—OF THE MEANING OF CHEMICAL COMBINATION.

If the three kinds of air above spoken of be mixed to-
gether in a bottle, no change will take place ; and if char-
coal in fine powder be added to them, still no new sub-
stance will be produced. If we take the ash left by a
known weight of hay or wheat straw, and mix it with the
proper quantities of the four elementary substances,—
carbon, hydrogen, oxygen, and nitrogen—as shown in
the above table, we shall be unable by this means to form
either hay or wheat straw. The elements of which ve-
getable substances consist, therefore, are not merely
mixved together—they are united in some closer and more
intimate manner. To this more intimate state of union,
the term chemical combination is applied—the elements
are said to be chemically combined.

Thus, when charcoal is burned in the air, it slowly
disappears, and forms, as already stated (p.7,) a kind of
air known by the name of carbonic acid gas, which rises
into the atmosphere and disappears. Now, this carbonic
acid is formed by the union of the carbon (charcoal),
while burning, with the oxygen of the atmosphere, and
in this new air the two elements, carbon and oxygen, are
chemically combined.

Again, if a piece of wood or a bit of straw, in which
the elements are already chemically combined, be burned
in the air, these elements are separated, and made to as-
sume new states of combination, in which new states they
escape into the air and become invisible. When a sub-
stance is thus changed by the action of heat, it is said to

five tons of roots contain nearly four tons of water, Turnips con

tain sometimes upwards of nine-tenths of their weight of water,
4
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be decomposed, or if it gradually decay and perish by
exposure to the air and.moisture, it is said to undergo
slow decomposition.

When, therefore, two or more substances unite toge-
ther, so as to form a third possessing properties different
from both, they enter into chemical union—they form a
chemical combination or chemical compound. When,
on the other hand, one compound body is so changed as
to be converted into two or more substances different
from itself, it is decomposed. Thus carbon, hydrogen,
and oxygen undergo a chemical combination in the inte-
rior of the plant during the formation of wood, while
wood, again, is decampnsed, when by the vinegar-maker
it is converted among other substances into charcoal and
wood-vinegar. So the flour of grain is decomposed when
the brewer or distiller converts it into ardent spirits.
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CHAPTER IIL

Form in which these different substances enter into Plants. Pro-
perties of the Carbonic, Humie, and Ulmic Acids—of Water, of
Ammonia, and of Nitric Acid. Constitution of the Atmosphere.

SECTION I.—FORM IN WHICH THE CARBON, ETC., ENTER
INTO PLANTS.

IT is from their food that plants derive the carbon,
hydrogen, oxygen, and nitrogen, of which their organic
part consists. This food enters partly by the minute
pores of their roots, and partly by those which exist in
the green part of the leaf and of the young twig. The
roots bring up food from the soil, the leaves take it in
directly from the air.

Now, as the pores in the roots and leaves are very
minute, carbon (charcoal) cannot enter into either in a
solid state; and as it does not dissolve in water, it can-
not, in the state of simple carbon, be any part of the
food of plants. Again, hydrogen gas neither exists in
the air nor usually in the soil—so that, although hydro-
gen is always found in the substance of plants, it does not
enter them in the state of the gas above described (p. 8.)
Oxygen, on the other hand, exists in the air, and s di-
rectly absorbed both by the leaves and by the roots of
plants ; while nitrogen, though it forms a large part of
the atmosphere, is not supposed to enter direct/y into

plants in any considerable quantity.
The whole of the carbon and hydrogen, and the
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greater part of the oxygen and nitrogen al_su, enter into
plants in a state of chemical combination with other sub-
stances :—the carbon chiefly in the state of carbonic acid,
and of certain other soluble compounds which exist in the
soil ; the hydrogen and oxygen in the form of water ;
and the nitrogen chiefly, it is supposed, in those of am-
monia or nitric acid. It will be necessary, therefore,
briefly to describe these séveral compounds.

SECTION II.—0F THE CARBONIC, HUMIC, AND ULMIC ACIDS.

1. CarBoxic Acip.—If a few pieces of chalk or
limestone be put into the bottom of a tumbler, and a lit-
tle spirit of salt (muriatic acid) be poured upon them, a
boiling up or effervescence will take place, and a gas
will be given off, which will gradually collect and fill the
tumbler ; and when produced very rapidly, may even be
seen to run over its edges. This gas is carbonie acid.
It cannot be distinguished from common air by the eye ;
but if a taper be plunged Pl 4. -
into it, the flame will im-
mediately be extinguish-
ed, while the gas will re-
main unchanged. This
kind of air is so heavy,
that it may be poured
fromone vessel intoano-
ther, and its presence
recognised by the taper;
orit may be poured upon
a”lighted candle, which
it will instantly extin-
guish. (Fig.6.) Ithas
also a peculiar odour, B
and is exceedingly suffocating, so that if a living animal be
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introduced into it, life immediately ceases. It is absorbed
by water, a pint of water absorbing or dissolving a pint
of the gas.

Carbonic acid exists in the atmosphere ; it is given
off from the lungs of all living animals while they breathe ;
it is also produced largely during the burning of wood, of
coal, and of all other combustible bodies, so that an un-
ceasing supply of this gas is perpetually being poured
into the air. Decaying animal and vegetable substances
also give off this gas, and hence it is always present in
greater or less abundance in the soil, and especially
in such soils as are rich in vegetable matter. It is pro-
duced during the fermentation of malt liquors, or of the
expressed juices of different fruits—the apyple, the pear,
the grape, the gooseberry—and the briskness of such fer-
mented liquors is due to the escape of carbonic acid gas.
From the dung and compost heap it is also given off;
and when put into the ground in a fermenting state,
farm-yard manure affords a rich supply of carbonic acid
to the young plant.

Carbonic acid consists of carbon and oxygen only,
combined together in the proportion of 28 of the former
to 72 of the latter—or 100 lbs. of carbonic acid contain
28 1bs. of carbon and 72 lbs. of oxygen.

2. Humic aAxp Urmic Acips.—The soil always
contains a portion of decaying vegetable matter (called
humus by some writers), and such matter 1s always ad-
ded to it when it is manured from the farm-yard or the
compost heap. During the decay of this vegetable mat-
ter, carbonic acid, as above stated, is given off in large
quantity, but other substances are also formed at the
same time. Among these are the two to which the names
of humic and wlmic acids are respectively given. Both
of these acids contain much carbon, they are both capa-
ble of entering the roots of plants, and both, no doubt, in

| fayourable circumstances, help to feed the plant.
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If the common soda of the shops be dissolved in wa-
ter, and a portion of a rich vegetable soil, or a bit of
peat, be put into this solution, and the whole then boil-
ed, a brown liquid is obtained. If to this brown liquid,
spirit of salt (muriatic acid) be added till it is sour to the
taste, a brown flocky powder falls to the bottom. This
brown substance is /Aumic acid. But if in this process
we use spirit of hartshorn (liquid ammonia), instead of
the soda, u/mic acid is obtained.

These acids exist along with other substances in the
rich brown liquor of the farm-yard, which is so often al-
lowed to run to waste ; they are also produced in greater
or less quantity during the decay of the manure after it
is mixed with the soil, and no doubt yield to the plant a
portion of that supply of organic food which it must ne-
cessarily receive from the soil.

Both of these acids, though sparingly soluble in water,
yet dissolve readily in water containing ammonia (p. 19),
and there is good reason for believing that in the soil
such solutions are frequently produced, and that in this
form the humic and ulmic acids materially contribute to
the nourishment of plants,

SECTION I1I.—0F WATERy AMMONIA, AND NITRIC ACID.

l. WaTer.—If hydrogen be prepared in a bottle, in
the way already described (p. 7), and a gas-burner be
fixed into its mouth, the hydrogen may be lighted, and
will burn as it escapes into the air (fig. 7). Held over
this flame a cold tumbler will become covered with dew,
or with little drops of water. This water is produced
during the burning of the hydrogen ; and as its produc-
tion takes place in pure oxygen gas as well asin the open
air—a portion of the oxygen disappearing—the water
formed must contain the hydrogen and oxygen which

B
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disappear, or must consist of hydrogen and oxygen
only.

- This is a very interesting fact ; and were it not that
chemists are now familiar with
many such, it could not fail to Fig. 7.
appear truly wonderful that :
the two gases, oxygen and hy-
drogen, by uniting together,
should form water—a sub-
stance so very different in its
properties from either. Wa-
. ter consists of 1 of hydrogen to
8 of oxygen, or every 9 lbs. of
~ water contain 8 lbs. of oxygen
. and 1 1b. of hydrogen.

Water is so familiar a sub-
stance, that it is unnecessary
to dwell upon its properties.
When pure, it has neither, co-
lour, taste, nor smell. At 32°
of Fahrenheit’s *# scale (the
freezing point), it solidifies into
ice ; and at 212° it boils, and is converted into steam.
There are two others of its properties which are especi-
ally interesting in connection with the growth of plants.

1s¢, If sugar or salt be put into water, they disappear,
~ or are dissolved. Water has the power of thus dissolv-
ing numerous other substances in greater or less quantlt}r
Hence, when the rain falls and sinks into the soil, it dis-
- solves a portion of the soluble substances it meets with
~ in its way, and rarely reaches the roots of plantsin a pure
- state. So, waters that rise up in springs are rarely pure.
They always contain earthy and saline substances in so-

* This is the scale of the common thermometer used in this coun-
try.
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lution, and these they carry with them, when they are |

sucked in by the roots of plants.

It has been above stated, that water absorbs (dissolves) |

its own bulk of carbonic acid: it dissolves also smaller
quantities of the oxygen and nitrogen of the atmosphere ;
and hence, when it meets any of these gases in the soil,
it becomes impregnated with them, and conveys them
into the plant, there to serve as a portion of its food.

2d, Water is composed of oxygen and hydrogen ; and
by certain chemical processes, it can readily be resolved
or decomposed artificially into these two gases. The
same thing takes place naturally in the interior of the
living plant. The roots absorb the water ; but if in any
part of the plant hydrogen be required to make up the
substance which itis the function of that part to produce,
a portion of the water is decomposed and its hydrogen
worked up, while the oxygen is set free, or converted to
some other use. So, also, in any case where oxygen is
required, water is decomposed, the oxygen made use of,
and the hydrogen liberated. Water, therefore, which
abounds in the vessels of all growing plants, if not di-
rectly converted into the substance of the plant, is yet a
ready and ample source from which a supply of either of
the elements of which it consists may at any time be ob-
taied.

It is a beautiful adaptation of the properties of this all-
pervading compound—water—that its elements should be
so fixedly bound together as rarely to separate in exter-
nal nature, and yet to be at the command and casy dis-
posal of the vital powers of the humblest order of living
plants.

2. AMMONTA.—If the sal-ammoniac of the shops be
mixed with quicklime, a powerful odour is imimediately
perceived, and an invisible gasis given off, which strongly
affects the eyes. This gas 1s ammonia. Water dissolves
or absorbs it in very large quantity, and this solution

——— g
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forms the common hartshorn of the shops. The white
solid smelling-salts of the shops are a compound of am-
monia with carbonie acid, and a little water.

The gaseous ammonia consists of nitrogen and hydro-
gen only, in the proportion of 14 of the “former to 3 of
the latter, or 17 lbs. of ammonia contain 3 Ibs. of hydro-
gen.

The chief natural source of this compound is, in the
decay of animal substances. During the putrefaction of
dead animal bodies ammonia is invariably given off. From
the animal substances of the farm-yard it is evolved dur-
ing their decay or putrefaction, as well as from all solid
and liquid manures of animal origin. It is also formed
in lesser quantity during the decay of vegetable substan-
ces in the soil; and in volcanic countries, it escapes from
many of the het lavas, and from crevices in the heated
rocks.

It is produced artificially by the distillation of animal
substances (hoofs, horns, &e.), or of coal. Thousands
of tons of the ammonia present in the ammoniacal liquors
of the gas-works, which might be beneficially applied as
a manure, are H.ﬂllll&]]‘i.’ carried down by the rivers, and
lost in the sea.

Of the ammonia which is given off during the putre-
' faction of animal substances a part rises into the air, and
~ floats in the atmosphere, till it is either decomposed by
natural causes, or is washed down by the rains. In our
climate, cultivated plants derive a considerable proportion
of their nitrogen from ammonia. It is supposed to be one
of the most valuable fertilizing substances contained in
farm-yard manure ; and as it is usually present in greater
proportion by far in the liquid than in the solid contents
of the farm-yard, there can be no doubt that much real
wealth is lost, and the means of raising increased crops
thrown away, in the quantities of liquid manure which
are almost everyw here permltted to run to waste.
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3. Nitric Acip—is a powerfully corrosive liquid
known in the shops by the familiar name of aquafortis.
It is prepared by pouring oil of vitriol (sulphuric acid)
upon saltpetre, and distilling the mixture. The aqua-
fortis of the shops is a mixture of the pure acid with
water.

Pure nitric acid consists of nitrogen and oxygen only ;
—the union of these two gases, so harmless in the air,
producing the burning and corrosive compound which
this acid is known to be.

It never reaches the roots of plants in this free and
corrosive state. It exists in many soils, and is naturally
formed in compost heaps, and in most situations where
vegetable matter is undergoing decay in contact with the
air ; but in these cases it is always found in a state of
chemical combination. With potash, it forms nitrate o
potash (saltpetre), with soda, nitrate of soda, and with
lime, nitrate of lime ; and it is generally in one or other
of these states of combination that it reaches the roots of
plants.

Nitric acid is also naturally formed, and in some coun-
tries probably in large quantities, by the passage of elec-
tricity through the atmosphere. The air, as has been al-
ready stated, contains much oxygen and nitrogen mived
together, but when electric”sparks are passed through a

quantity of air, minute portions of the two gases unite to- |
gether chemically, so that every spark which passes forms |
a small quantity of nitric acid. A flash of lightning is |

only a large electric spark; and hence every flash that
crosses the air produces along its path a sensible propor-
tion of this acid. Where thunder-storms are frequent,
much nitric acid must be produced in this way in the air.

It is washed down by the rains—in which it has frequent-
ly been detected—and thus reaches the soil, where it

combines with potash, soda, or lime, and produces one or |

other of the nitrates above mentioned.

———————
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It has long been observed that those parts of India are
the most fertile in which saltpetre exists in the soil in the
greatest abundance. Nitrate of soda has been found in
this country, also, wonderfully to promote vegetation in
many localities ; and it is a matter of frequent remark,
that vegetation seems to be refreshed and invigorated by
the fall of athunder-shower. There is, therefore, no reason
to doubt that nitric acid is really beneficial to the gene-
ral vegetation of the globe. And since vegetation is
most luxuriant in those parts of the globe where thunder
and lightning are most abundant, it would appear as if
the natural production of this compound body in the air,
to be afterwards brought to the earth by the rains, were
a wise and beneficent contrivance by which the health
and vigour of universal vegetation is intended to be pro-
moted.

It is from this nitric acid, thus universally produced
and existing, that plants appear to derive a large,—pro-
bably, taking vegetation in general, the largest,—propor-
tion of their nitrogen. - In all climates they also derive a
portion of this element from ammonia ; but less from this
source in tropical than in temperate climates.*

SECTION IV.—OF THE CONSTITUTION OF THE ATMOSPHERE.

The air we breathe, and from which plants also derive
~ a portion of their nourishment, consists of a mixture of
oxygen and nitrogen gases, with a minute quantity of
carbonic acid, and a variable proportion of watery vapour.
Every hundred gallons of dry air contain about 21 gal-
lons of oxygen and 79 of nitrogen. The carbonic acid
amounts only to one gallon in 2500, while the watery

* For fuller information on this point, see the Author’s “ LEc-
rures on Agricultural Chemistry and Geology,” Part I,
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vapour in the atmosphere varies from 1 to 2§ gallons (of
~ steam) in 100 gallons of common air.

The oxygen in the air is necessary to the respiration of
animals, and to the support of combustion (the burning
of bodies). The nitrogen serves principally to dilute the
strength, so to speak, of the pure oxygen—in which gas,
if unmixed, animals would live and combustibles burn
with too great rapidity. The small proportion of carbo-
nic acid in the atmosphere affords an important part of
their food to plants, and the watery vapour aids in keep-
ing the surfaces of animals and plants in a moist and
pliant state ; while, in due season, it descends also in re-
freshing showers, or studs the evening leaf with spark-
ling dew.

There is a beautiful adjustment in the constitution of
the atmosphere to the nature and necessities of living be-
ings. The energy of the pure oxygen is tempered, yet
not too mueh weakened, by the admixture of nitrogen gas.
The carbonic acid, which, when undiluted, is noxious,
especially to animal life, is mixed with the other gases in
so minute a proportion as to be harmless to animals, while
it is still beneficial to plants; and when the air is over-
loaded with watery vapour, it is provided that it shall de-
scend in rain. These rains at the same time serve an-
other purpose. From the surface of the earth there are
continually ascending vapours and exhalations of a more
or less noxious kind :; these the rains wash out from the
air, and bring back to the soil, at once purifying the at-
mosphere through which they descend, and refreshing
and fertilizing the land on which they fall.
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CHAPTER. IIL

Structure of plants—Mode in which their nourishment is obtained
—Growth and substance of plants—Production of their substance
from the food they imbibe—Mutual transformations of starch,
sugar, and woody fibre,

From the compound substances deseribed in the pre-
ceding chapter, plants derive the greater portion of the
carbon, hydrogen, oxygen, and nitrogen, of which their
organic part consists. The living plant possesses the
power of absorbing these compound bodies, of decompos-
ing them in the interior of its several vessels, and of re-
compounding their elements in a different way, so as to
produce new substances,—the ordinary products of ve-
getable life. Let us briefly consider the general struc-
ture of plants, and their mode of growth.

SECTION I.—OF THE STRUCTURE OF PLANTS AND THE MODE
IN WHICH THEIR NOURISHMENT 1S OBTAINED.

A perfect plant consists of three several parts,—a root
which throws out arms and fibres in every direction in-
to the soil,—a trunk which branches into the air on every
side, and leaves which, from the ends of the branches and
twigs, spread out a more or less extended surface into
the surrounding air. Each of these parts has a peculiar
structure and a special function assigned to it.

The stem of any of our common trees consists of three
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parts,—the pith in the centre, the wood surrounding the
pith, and the bark which covers the whole. The pith
consists of bundles of minute hollow tubes, laid horizon-
tally one over the other; while the wood and inner bark
are composed of long tubes bound together in a vertical
position, so as to be capable of carrying liquids up and
down between the roots and the leaves. When a piece
of wood is sawn across, the ends of these tubes may be
distinctly seen. The branch is only a prolongation of
the stem, and has a similar structure.

The root, immediately on leaving the trunk or stem,
has also a similar structure ; butas the root tapers away,
the pith gradually disappears, the bark also thins out, the
wood softens, till the white tendrils, of which its extremi-
ties are composed, consist only of a colourless spongy
mass, full of pores, but in which no distinction of parts
can be perceived. In this spongy mass the vessels or
tubes which descend through the stem and root lose
themselves, and by these tubes the spongy extremities are
connected with the leaves.

The leaf'is an expansion of the twig. The fibres which
are seen to branch out from the base through the interior
of the leaf, are prolongations of the vessels of the wood.
The green exterior portion of the leaf is, in like mannér,
a continuation of the bark in a very thin and porous
form. The green of the leaf, though full of pores, espe-
cially on the under part, yet also consists of, or contains,
a collection of tubes or vessels, which stretch along the
surface of the leaf, and communicate with those of the
inner bark.

Most of these vessels in the living plant are full of sap,
and this sap is in almost continual motion. In spring and
autumn the motion is more rapid, and in winter it is some-
times scarcely perceptible ; yet the sap, except when fro-

zen, is supposed to be rarely quite stationary in any part
of the tree.
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From the spongy part of the root the sap ascends
through the vessels of the wood, till it is diffused over
the interior of the leaf by the fibres which the leaf con-
tains. From hence, by the vessels in the green part of
the leaf, it is returned to the bark, and through the ves-
sels of the inner bark it descends to the root.

Every one understands why the roots send out fibres
mm every direction through the soil,—it is in search of
water and of liguid food, which the spongy fibres suck
in and send forward with the sap to the upper parts of
the tree. Itis to aid the roots in procuring this food,
that, in the art of culture, such substances are mixed
with the soil, as are supposed to be necessary, or, at least
favourable, to the growth of the plants we wish to raise.

It is not so obvious that the leaves spread out their broad
surfaces into the air for the same purpose precisely as
that for which the roots diffuse their fibres through the
soil. The only difference is, that while the roots suck in
chiefly liguid, the leaves inhale almost solely gaseous
food. [In the day time—whether in the sunshine or in
the shade—the leaves are cnnfz’nuaﬁ y absorbing carbonic
acid from the air and giving off oxygen gas. That is
to say, they are continually appropriating carbon from the
air.*  When night comes, this process ceases, and they
begin to absorb oxygen and to give off carbonic acid.
But this latter process does not go on so rapidly as the
former, so that, on the whole, plants when growing gain
a large portion of carbon from the air. The actual quan-
tity, however, varies with the season, with the climate,
and with the kind of plant. The proportion of the whole
carbon it contains, which has been derived from the air,
is greatly modified also by the quality of the soil in which
the plant grows, and by the comparative abundance of

* Since carbonic acid, as shown in the previous chapter (p. 16),
consists only of carbon and oxygen. Of these the leaves retain the

carbon and reject the oxygen.
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liquid food which happens to be within reach of its roots.
It has been ascertained, however, that in our climate, on
an average, not less than from one-third to four-fifths of
the entire quantity of carbon contained in the crops we
reap from land of average fertility, is really obtained from
the air.

We see then, why, in arctic climates, where the sun
once risen never sets again during the entire summer,
vegetation should almost rush up from the frozen soil—
the green leaf is ever gaining from the air and never los-
ing, ever taking in and never giving off carbonic acid,
since no darkness ever interrupts or suspends its labours.

How beautiful, too, does the contrivance of the ex-
panded leaf appear ! The air contains only one gallon of
carbonic acid in 2500, and this proportion has been ad-
justed to the health and comfort of animals to whom this
gas is hurtful. But to catch this minute quantity, the
tree hangs out thousands of square feet of leaf—in per-
petual motion, through an ever-moving air ; and thus, by
the conjoined labours of millions of pores, the substance
of whole forests of solid wood is slowly extracted from
the fleeting winds. The green stem of the young shoot,
and the green stalks of the grasses, also absorb carbonic
acid as the green of the leaf does, and thus a larger sup-
ply is afforded when the growth is most rapid, or when
the short life of the annual plant demands much nourish-
ment within a limited time.

SECTION IT.—OF THE GROWTH AND SUBSTANCE OF PLANTS,

In this way the perfect plant derives its food from the
soil and from the air ; but perfect plants arise from seeds ;
and the study of the entire life—the career, so to speak,

—-of‘ a plant, presents many interesting and instructive
subjects of consideration.
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When a portion of flour is made into dough, and this
dough is kneaded with the hand under a stream of water
upon a fine sieve, as long as the water passes through
milky, there will remain on the sieve a glutinous sticky
substance resembling birdlime, while the milky water will
gradually deposit a pure white powder. This white pow-
der 18 starch, the adhesive substance which remains on
the sieve is gluten. Both of these substances exist, there-
fore, in the flour ; they both also exist in the grain. The
starch consists of carbon, hydrogen, and oxygen only ; the
gluten, in addition to these, contains nitrogen also.

When ground into flour, these substances serve for
food to man; in the unbruised grain they are intended
to feed the future plant in its earliest infancy.

When a seed is committed to the earth, if the warmth
and moisture are favourable, it begins to sprout. It
pushes a shoot upwards, it thrusts a root downwards, but,
until the leaf expands, and the root has fairly entered the
‘soil, the young plant derives no nourishment other than
water, either from the earth or from the air. It lives on
the starch and gluten contained in the seed. But these
substances, though capable of being separated from each
other by means of water, as above stated, yet are neither
of them soluble in water. Hence they cannot, without
undergoing a previous change, be taken up by the sap,
and conveyed along the pores of the young shoot they
are destined to feed. But it is so arranged in nature that,
when the seed first sprouts, there is produced at the base
of the germ, from a portion of the gluten, a small quan-
tity of a substance called diastase. This substance exer-
cises so powerful an effect upon the starch as immediately
to render it soluble in the sap, which is thus enabled to
take it up and convey it by degrees, just as it is wanted,
to the shoot or to the root.* As the sap ascends, it be-

* Tn malting barley, it is made to sprout a certain length, and

the growth is then arrested by heating and drying it. Mashed bar-
J
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comes sweet,—the starch thus dissolved changes into
sugar. When the shoot first becomes tipped with green,
this sugar again is changed into the woody fibre, of which
the stem of perfect plants chiefly consists. By the time
" that the food contained in the seed is exhausted,—often,
as in the potato, long before,—the plant is able to live
by its own exertions, at the expense of the air and the
soil. |

This change of the sugar of the sap into woody fibre
is observable more or less in all plants. When they are
shooting fastest the sugar is most abundant; not, how-
ever, in those parts which are actually shooting up, but in
those which convey the sap to the growing parts. Thus the
sugar of the ascending sap of the maple and the alder dis-
appears in the leaf and in the extremities of the twig ; thus
the sugar-cane sweetens only a certain distance above the
ground, up to where the new growth is proceeding ; and
thus also the young beet and turnip abound most in su-
gar,—while in all these plants the sweet principle dimi-
nishes as the year’s growth draws nearer to a close.

In the ripening of the ear also, the sweet taste, at first
so perceptible, gradually diminishes, and finally disap-
pears ; the sugar of the sap is here changed into the
starch of the grain, which, as above deseribed, is after-
wards destined, when the grain begins to sprout, to be
reconverted into sugar for the nourishment of the rising
germ.

In the ripening of fruits a different series of changes
presents itself. The fruit is first tasteless, then becomes

ley, before sprouting, will not dissolve in water, but when sprouted,
the whole of the starch (the flour) it contains dissolves readily by a
gentle heat. The diastase formed during the germination effects
this. DBy further heating in the brewers’ wort, this starch is con-
verted into sugar by the agency of the same diastase, as it is also in
the growing plant. We can thus imitate by art what takes place
naturally in the living vegetable,
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sour, and at last sweet. In this case the acid of the un-
ripe is changed into the sugar of the ripened fruit.

The substance of plants,—their solid parts that is,—
consist chiefly of woody fibre, the name given to the fi-
brous substance, of which wood evidently consists, It is
interesting to inquire how this substance can be formed
from the compounds, carbonic acid and water, of which
the food of plants in great measure consists. Nor is it
difficult to find an answer.

It will be recollected that the leaf drinks in carbonic
acid from the air, and delivers back its oxygen, retaining
only its carbon, (p. 26). It is also known that water
abounds in the sap. Hence carbon and water are abun-
dantly present in the pores or vessels of the green leaf.
Now, woody fibre consists only of carbon and water che-
mically combined together,—100 Ibs. of dry woody fibre
consisting of 50 lbs. of carbon, and of the elements of 50
Ibs. of water. It is easy, therefore, to see how, when the
carbon and water meet in the leaf, woody fibre may be
produced by their mutual combination.

If, again, we inquire how this important principle of
plants may be formed from the other substances, which
enter by their roots—from the ulmic acid (p. 17) for ex-
ample—the answer is equally ready, This acid also con-
sists of carbon and water only—50 Ibs. of carbon with
37L of water forming ulmic acid—so that when it is in-
troduced into the sap of the plant, all the materials are
present from which the woody fibre may be produced.

Nor is it more difficult to understand how starch may
be converted into sugar, and this again into woody fibre ;
or how, conversely, sugar may be changed into starch in
the ear of corn, or woody fibre into sugar during the rip-
ening of the winter pear after its removal from the tree.
Any one of these substances may be represented by car-
bon and water only. Thus,—
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50 lbs. of carbon, with 50 of water, make 100 of woody fibre.

LM B Y e 87% of wlinic acid.

. " 5oy ) of cane sugar,
Sl & 724 o e istm‘cﬁ, o7 Ui,
50 Ibs. ol e eeere 1 06 Of vinEgQT,

In the interior of the plant, therefore, it is obvious that,
whichever of these substances be present in the sap, the
elements are at hand out of which any of the others may
be produced. In what way they really are produced, the
one from the other, and by what circumstances these
transformations are favoured, it would lead into too great
detail to attempt here to explain.*

We cannot help admiring the varied purposes to which
in nature the same elements are applied,—and from how
few and simple materials, substances the most varied in
their properties, are in the living vegetable daily pro-
duced.

* For fuller and more precise explanations on these interesting
topics, see the Author’s LecTures on Agricultural Chemistry and
Greology, Part 1,
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CHAPTER 1V.

Of the Inorganic Constituents of Plants—Their immediate source—
The quantity contained in plants varies with many circumstances
—The nature or quality of the inorganic constituents~—Quantity
of each constituent in certain common crops.

SECTION I.—SOURCE OF THE EARTHY MATTER OF PLANTS
—SUBSTANCES OF WHICH IT CONSISTS.

WHEN plants are burned, they always leave more or
less of ash behind. This ash varies in quantity in diffe-
rent plants, in different parts of the same plant, and some-
times in different specimens of the same kind of plant, es-
pecially if grown upon different soils; yet it is never
wholly absent. It seems as necessary to their existence
in a state of perfect health, as any of the elements which
constitute the organic or combustible part of their sub-
stance. They must obtain it, therefore, along with the
food on which they live. It is, in fact, a part of their na-
tural food, since without it they become unhealthy. We
shall speak of it, therefore, as the wmorganic food of
plants. ‘

We have seen that all the elements which are neces-
sary to the production of the woedy fibre, and of the
other organic parts of the plant, may be derived either
from the air—from the carbonic acid and watery vapour
taken in by the leaves—or from the soil, through the me-
dium of the roots. 1n the air, however, only rare parti-
cles of inorganic or earthy matter are known to float, and
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these are in a solid form, so as to be unable to enter by
the leaves. Hence the earthy matter which constitutes
the ash must all be derived from the soil.

The earthy part of the soil, therefore, serves a double
use. It is not, as some have supposed, a mere substra-
tum, in which the plant may so fix and root itself as to be
able to maintain its upright position against the force of
winds and tempests; but it is a storehouse of food also,
from which the roots of the plant may select such earthy
substances as are necessary to, or are fitted to promote,
its growth.

The ash of plants consists of a mixture of several,
sometimes of as many as eleven, different earthy sub-
stances. These substances are the following :—

1. Potash~The common pearl-ash of the shops is a
compound of potash with carbonic acid :—or it is a casr-
bonate of potash. By dissolving the pearl-ash in water,
and boiling it with quicklime, the carbonic acid is sepa-
rated, and potash alone, or caustic potash, as it is often
called, is obtained.

2. Soda.—The common soda of the shops is a carbo-
nate of soda ; and by boiling it with quicklime, the car-
bonic acid is separated, as in the case of pearl-ash, and
pure or caustic soda remains.

3. Lime—This is familiar to every one as the lime-
shells, or unslaked lime of the lime-kilns. The unburn-
ed limestone is a carbonate of lime ; the carbonic acid in
this case being separated from the lime by the roasting in
the kiln. |

4. Magnesia.—This is the calcined magnesia of the
shops. The uncalcined is a carbonate of magnesia, from
which heat drives off the carbonic acid.

3. Silica—This is the name given by chemists to the
substance of flint, of quartz, of rock crystal, and of sili-
ceous sands and sandstones.

C
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6. Alumina is the pure earth of alum, obtained by dis-
solving alum in water, and adding liquid ammonia (harts-
horn) to the solution. It forms about two-fifths of the
weight of porcelain and pipe-clays, and of some other vesry
stiff kinds of clay.

7. Ouxide of Iron.—The most familiar form of this sub-
stance is the rust that forms en metallic iron in damp
places. It is a compound of iron with oxygen, hence the
name oxide.

8. Owxide of Manganese is a brown powder, which
consists of oxygen in combination with a metal resem-
bling iron, to which the name of manganese is given. It
exist in plants, and in soils enly in very small quantity.

9. Sulphur—This substance is well known, and is
present in nearly all the parts of vegetables. It general-
ly exists in the ash of plants in the state of sulphuric
acid (oil of vitriol ), which is a compound of sulphur with
oxygen. It does not always exist i living plants, how-
ever, in this state.

Sulphuric acid forms with potash a sulphate of po-
tash,—with soda, sulphate of soda or Glaubers salts,
—with lime, sulphate of lime or gypsum,—with magnesia.
sulphate of magnesia or Epsom salts,— with alumina,
sulphate of alumina, which exists in alum,—and with
oxide of iron, sulphate of iron, or green vitriol. When
the sulphate of potash is combined with sulphate of alu-
mina, it forms common alum.

10. Phosphorus is a soft pale yellow substance which
readily takes fire in the air, and gives off, while burning,
a dense white smoke. The white fumes which form this
smoke are a compound of phosphorus with oxygen ob-
tained from the air, and are called phosphorie acid. In
the ash of plants the phosphorus is found in the state of
phosphoric acid, though it probably does not all exist

the living plant in that state.
!
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Phosphoric acid forms phosphates with potash, soda,
lime, and magnesia. When bones are burned, a large
quantity of a white earth remains (bone earth), which is
a phosphate of lime, consisting of lime and phosphoric
acid. Phosphate of lime is generally present in the ash
of plants ; phosphate of magnesia is contained most abun-
dantly in the ash of wheat and of other varieties of grain.

11. Chlorine.—This is a very suffocating gas, which
gives its peculiar smell to chloride of lime, and is used
for bleaching and disinfecting. It is readily obtained by
pouring muriatic acid (spirit of salt) upon the black oxide
of manganese of the shops. In combination with the
metallic bases of potash, soda, lime, and magnesia, it
forms the chlorides of potassium, sodium (common salt),
calcium and magnesium,* and in one or other of these
states it generally enters into the roots of plants, and ex-
ists in their ash.

Such are the inorganic substances usually found mixed
or combined together in the ash of plants. It has already
been observed, that the quantity of ash left by a given
weight of vegetable matter varies with a great many con-
ditions. This fact deserves a more attentive consideration.

SECTION Il.—OF THE DIFFERENCE IN THE QUANTITY OF
ASH.

1. The quantity of ash yielded by different plants is
unlike. Thus 1000 Ibs. of the following vegetables in
their ordinary state of dryness leave

* Potash, soda, lime, and magnesia, are compounds of the metals
here named with oxygen. It is a very striking fact, that the suffo-
cating gas chlorine, when combined with sodium, a metal which
takes fire when placed upon hot water, should form the agreeable
and necessary condiment common sall. "
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The grain of Wheat leaves about 2 1bs. of ash.

Barley, 20 lbs. Wheat straw, 50 Ibs,
Oats, 35 1bs. Barley straw, 50 lbs.
Rye, 10 1bs, Oat straw, 60 lbs.
Indian corn, 15 lbs, Rye straw, 30 lbs.
Beans 30 1bs, Indian corn, 40 lbs
Peas, 28 lbs. Pea straw, 50 lbs.

Meadow hay, . . . 60 to 100 Ibs.

Clover hay, . .. . 90 Ibs.

Rye-grass hay, & ¢ 85 lbs.

Potatoes, . . . 8 to 10 lbs.

Turnips; + « .+ +» 8 to 10 1bs.

Carrots, . . 10 Ibs.*
So that the quantity of inorganic food required by diffe-
rent vegetables is greater or less according to their na-
ture; and if a soil be of such a kind that it can yield only
a small quantity of this inorganic food, then those plants
only will grow well upon it to which this small supply
will prove sufficient. Hence, trees may often grow where
arable crops fail to thrive, because many of the former
require and contain very little inorganic matter. Thus
the weight of ash left by 1000 lbs. of

Elm wood is 19 Ibs. Birch wood is 31 lbs,
Poplar, 20 lbs. Pines, 3 lbs,
Willow, 4% 1bs. Oak, 2 1lbs.
Beech, 4 1bs,

The elm and the poplar contain about as much inor-
ganic matter as the grain of wheat, but very much less
than any of the straws or grasses. How much less also
does the oak contain than either the elm or the poplar !
2. The quantity of inorganic matter varies in different
parts of the same plant. Thus while 1000 lbs. of the
turnip 700t sliced and dried in the air leave 70 lbs of ash,
the dried leaves give 130 Ilbs.; and while the grain of
wheat yields only 12 Ibs., whea,t straw will yield 60 lbs.
of earth} matter. So, thﬂ-llﬂ‘h the willow and other
woods leave little ash, as above stated, yet 1000 lbs. of

* See Lecturgs on Agricultural Chemistry and Geology, p. 775.
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the willow leafleave 82 lbs., of the beech leaf 42 lbs.,
of the birch leaf 50 Ibs., of the different pine leaves 20
1bs. to 30 1bs., and of the leaves of the elm as much as
120 1bs. of incombustible matter, when burned in the air.

Most of the inorganic matter, therefore, which is with-
drawn from the soil in a erop of corn is returned to it
again, by the skilful husbandman in the fermented straw,
—in the same way as nature, in causing the trees pe-
riodically to shed their leaves, returns with them to the
soil a very large portion of the soluble inorganic substances
which had been drawn from it by their roots during the
season of growth.

Thus an annual top-dressing is naturally given to the
land where forests grow ; and that which the roots from
spring to autumn are continually sucking up, and care-
fully collecting from considerable depths, winter strews
again on the surface, so as, in the lapse of time, to form
a rich and fertile soil. Such a soil must be propitious to
vegetable growth, since it contains or is made up of those
very materials, of which the inorganic substance of former
races of vegetables had been almost entirely composed.

3. It varies in quantity in different portions of the same
part of the plant. Thus if a tall stalk of wheat straw be
~ cut into four equal parts, and these be burned separately,

the lowest portion will leave the smallest, the highest por-
tion the greatest per centage of ash. Thus if the bottom
of the stalk leave 31 or 4 per cent., the next portion will
leave 5 or 6, the third 6 or 7, and the highest perhaps 8 or
9. Thisis a very interesting and curious fact, and one not
hitherto noticed by experimenters, though evidently of
great interest in connection with the inorganic food of
plants.

The oat straws, again, which I have hitherto examined
contain most inorganic matter in their lowest parts, and
the same appears to be the case with the straw of rye.

4. The quantity of inorganic matter often differs in
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different specimens and varieties of the same plant.
Thus 1000 lbs. of wheat straw, grown at different places,
gave to four different experimenters 43, 44, 35, and 155
lbs. of ash respectively. Wheat straw, therefore, does
not always leave the same quantity of ash. The same is
true also of other kinds of vegetable produce.

To what is this difference owing ? Is it to the nature
of the soil, or does it depend upon the variety of wheat
or other produce experimented upon? It seems to de-
pend partly upon both.

Thus, on the same field, in Ravensworth dale, York-
shire, on a rich clay abounding in lime, the Golden
Kent and Flanders Red wheats were sown in the spring
of 1841. The former gave an excellent crop, while the
latter was a total failure, the ear containing 20 or 30
grains only of poor wheat. The straw of the former left
165 1bs. of ash from 1000 lbs., that of the latter only
120 lbs. Something, therefore, depends upon the va-
riety.

ﬁfgain, 1000 Ibs. of the straw of the same variety of
oat grown by the Messrs Drummond of Stirling, in
1841, upon

Aberdeen granite, left 96 Ibs. of ash.

On clay-slate, 7 s
On greenstone, P R S
On limestone, {2 R
On gypsum, 1 T

(On siliceous sand, [+ et
On light loamy soil, 88 ...

The quantity of ash, therefore, depends in some mea-
sure also upon the nature of the soil.

5. But the degree of ripeness which the plant has at-
tained, has also an influence on the proportion of ash
which it leaves. Thus the straw of the same wheat
grown on the same limestone soil near Wetherby, in
Yorkshire, gave me, when cut, five weeks before it was
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ripe, 40 lbs., when fully ripe, 55 Ibs,, from 1000 Ibs. of
dry straw. To compare the ash, therefore, of any two
samples of straw, they ought to be gathered in the same
state of ripeness.

A similar observation also has been made in regard to
the wood of trees. The quantity of ash they leave varies
with the season of the year at which they are burned.

On the whole, the truth, so far as it can as yet be
made out, seems to be this—that every plant must have
a certain quantity of inorganic matter to make it grow in
the most healthy manner ;—that it is capable of living,
growing, and even ripening seed with very much less
than this quantity ;—but that those soils will produce the
-most perfect plants which can best supply all their wants,
—and that the best seed will be raised in those districts
where the soil, without being too rich or rank, yet can
yield both organic and inorganic food in such proportions
as to maintain the corn plants in their most healthy con-
dition.

This latter observation, in regard to the quality of
seed, is of great practical importance, and must be borne
in mind when we come hereafter to enquire whether seeds
can be so prepared or doctored as to grow quicker, with
more certainty, and with greater luxuriance, and to yield
larger returns of grain.

SECTION III,—OF THE QUALITY OF THE ASH OF PLANTS.

But much also depends upon the guality as well as
upon the guantity of the ash. ~ Plants may leave the same
weight of ash when burned, and yet the nature of the two
specimens of ash,—the kind of matter of which they re-
spectively consist,—may be very different. The ash of one
may contain much lime, of another much potash, of a
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third much soda, while in a fourth much silica may be
present. Thus 100 lbs. of the ash of bean straw con-
tain 531 lbs. of potash, while that of barley contains
only 3L Ibs. in the hundred. On the other hand, the
same weight of the ash of barley straw contains 731
Ibs. of silica, while in that of bean straw there are only
7% lbs.

The quality of the ash seems to vary with the same
conditions by which its quantity is affected. Thus—

1. 1t varies with the kind of plant. 100 lbs. of the
ash of wheat, barley, oats, and beans, for example, contain
respectively,

Wheat.Barley.| Oats. |Beans.

Potash, . ‘ 19 12 6 194
Soda, . - 203 | 12 5 38

Lime, . ! : 8 41 3 73

Magnesia, . ‘ 8 8 21 71

Alumina, - 2 1 3 13
Oxide of iron, ; 0 | trace. 14 0
Silica, Y 3¢ | 50 | 76%| 6
Sulphuric acid, . 4 21 14 4

Phosphoric acid, . 34 9 3 13%
Chlorine, . ; 1 1 i 2
100 | 100 | 100 | 100

A comparison of the several numbers opposite to each
other in these four columns, shows how unlike the quan-
tities of the different substances are, which are contained
in an equal weight of the ash of these four varieties of
grain. The ash of wheat contains 19 Ibs. of potash in
the 100 Ibs., while that of oats contains only 6 Ibs. In
wheat ash are 201 per cent. of soda, in that of beans 38,
and in that of oats only 5 per cent. Wheat and beans
contain more sulphuric acid also than either of the other
grains in the above table, while beans and barley contain
a still greater predominance of phosphoric acid.
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It is thus evident that a crop of wheat will carry off
from the soil—even suppose the whole quantity of ash
left by each to be the same in weight—very different
quantities of potash, soda, &c. from what would be carried
offby a crop of oats. It will take more of these alkalies,
more of sulphuric acid, and more of certain other sub-
stances, from the soil. It will, therefore, exhaust the
soil more of these, as barley, oats, and beans will of
other substances — hence ome reason why a piece of
land may suit one of these crops and not suit another.
That which cannot grow wheat may yet grow oats.
Hence, also, two successive crops of different kinds of
grain may grow where it would greatly injure the soil to
take two in succession of the same kind, especially of either
wheat or barley ; and hence we likewise deduce one na-
tural reason for a rotation of crops. The surface soil
may be so far exhausted of one inorganic substance, that
it cannot afford it in sufficient quantity during the present
season to bring a given crop to healthy maturity ; and
yet this substance may, by natural processes, be so far
restored again, during the intermediate growth of certain
other crops, as to be prepared in a future season fully to
supply all the wants of the same crop, and to yield a
plentiful harvest.

2. The kind of inorganic matter varies with the part
of the plant. Thus the grain and the straw of the corn-
plants contain very unlike quantities of the several inor-
ganic constituents, as will appear by comparing the fol-
lowing with the preceding table :—
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THE ASH OF WHEAT AND OTHER STRAWS.

B e e RIS,

Wheat | Barley Oat Bean
‘ Btraw. | Straw. | Straw. | Straw.
Potash, 3 3% 15 53
Soda, 3 1 trace. 1
Lime, . .. i 104 23 20
Magnesia, 1 14 & 6%
Alumina, 23 3 trace. i
Oxide of iron, 0 1 3
Oxide of manganese, s KEECE. =
Silica, . . 81 734 80 |5
Sulphuric acid, . 1 2 2 DY (|
Phosphorie acid, b 3 i | i3
Chlorine, 1 14 trace, 24
100 100 | 100 100

Not only are the quantities of the several inorganic
substances contained in these different kinds of straw
very unlike—especially the proportions of potash, lime,
silica, and phosphoric acid in each—but these quantities
are also very different from those exhibited by the num-
bers in the preceding table, as contained in the several
varieties of grain. In this difference we see, further, one
reason why the same soil which may be favourable to the
growth of the straw of the corn plant may not be equally
propitious to the growth of the ear. Wheat straw con-
tains little either of potash or of soda ; the ash of the
grain contains a large proportion ; while the ash of the
oat-straw, on the other hand, contains a much larger pro-
portion of potash than that of its own ear does. It is
clear, therefore, that the roots may, in certain plants and
in certain soils, succeed in fully nourishing the straw
while they cannot fully ripen the ear; or contrariwise,
where they feed but a scanty straw, ma} yet be able to
give ample sustenance to the filling ear.*

* And occasionally do give ; for a plump grain and even a well-
filled ear are not unfrequently found where the straw is unusually
deficient.
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3. The quality of the ash varies also with the kind
of soil in which the plant is made to grow. This will
be understood from what is stated above. Where the
soil is favourable, the roots can send up info the straw
every thing which the plant requires for its healthy
growth. When it is poorly supplied with some of
those inorganic constituents which the plant desires, life
may indeed be prolonged, but a stunted or unhealthy
crop will be raised, and the kind, and perhaps the
quantity, of ash left on burning it, will necessarily be
different from that left by the same species of plant grown
under more favouring circumstances. Of this fact there
can be no doubt, though the extent to which such varia-
tions may take place without absolutely killing the plant,
has not yet been by any means made out. :

4. It varies also with the period of a plant's growth,
or the season at which it is reaped. Thus, in the young
leaf of the turnip and potato, a greater proportion of the
norganic matter they contain consists of potash than in
the old leaf. The same is true of the stalk of wheat ;
and similar differences prevail in almost every kind o.
plant at different stages of its growth.

The enlightened agriculturist will perceive that all the
facts above stated have a perceptible connection with the
ordinary processes of practical agriculture, and tend to
throw considerable light on some of the principles by
which they ought to be regulated. One illustration of
this is exhibited in the following section.

SECTION IV.—QUANTITY OF INORGANIC MATTER CONTAINED
IN AN ORDINARY CROP OR SERIES OF CROPS.

_ :I"he importance of the inorganic matter contained in
living vegetables, or in vegetable substances when reaped
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and dry, will appear more distinetly if we consider the ac-
tual quantity carried off from the soil in a series of crops.

In a four-years’ course of cropping in which the crops
gathered amount per acre to— '

Ist year, Turnips, 25 tons of bulbs, and 7 tons of tops.

2d year, Barley, 38 bushels of 63 lbs, each, and 1 ton of straw.
3d year, Clover and Rye-Grass, 1 ton of each in hay.

4th year, Wheat, 25 bushels of 60 lbs,, and 1§ tons of straw.

The quantity of inorganic matter carried off in the
four crops, supposing none of them to be eaten on the
land, amounts to—

Potash, . 281 lbs, Silica, A ; 318 lbs,
Soda, . 130 — Sulphuric acid, . 111 —
Lime, . . 242 — Phosphoric acid, 66 —
Magnesia, 42 — Chlorine, . : 39 —
Alumina, . 11 — —_—
Total, 1240 —

or, in all, about 11 ewt.—of which gross weight the dif-
ferent substances form very unlike proportions.

A still clearer idea of these quantities will be obtained
by a consideration of the fact, that if we carry off the
entire produce, and add none of it again in the shape of
manure, we must or ought in its stead, if the land is to
be restored to its original condition, add to each acre
every four years :—

Pearl or pot-ash, . ; - 390 1bs, at a cost of L.3 10 0O
Crystallized carbonate of soda, . 440 —_ 2 50
Common salt, A : - 65 — 0 240
Gypsum, . ; ; : o 40 — 01 @
Quick (burned) lime ; : 160 — 0 0 8
Epsom salts, : ; : s 200 — 1 5 0
Alum, . - . . . a4 —- 0 8 0
Bone-dust, . : ‘ : . 260 — 016 0

Total, 1729 — L8 7 8

Several observations suggest themselves from a consi-

deration of the above statements.
2
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Flirst, that if this inorganic matter be really necessary
to the plant, the gradual and constant removal of it from
the land ought, by and by, to impoverish the soil of this
inorganic food.

Second, that the more of what grows upon the land
we again return to it in the form of manure, the less will
this deterioration be perceptible.

Third, that as many of these inorganic substances are
readily soluble in water, the liquid manure of the farm-
yard, so often allowed to run to waste, must carry with it
to the rivers much of the saline matter that ought to be
returned to the land.

And, lastly, that the utility and often indispensable ne-
cessity of certain artificial manures, though, in some dis-
tricts, perhaps, due to the natural poverty of the land in
certain inorganic substances, is yet more frequently owing
to a want of acquaintance with the facts above stated, and
to the long continued neglect and waste which has been
the natural consequence.

In certain districts, the soil and subsoil contain within
themselves an almost unfailing supply of some of these
inorganic substances, so that the waste of these is long in
being felt; in others, again, the land becomes sooner ex-
hausted, and hence usually requires a more careful, and,
when exhausted, a more expensive cultivation, in order
to replace the several substances in which it has become
deficient.

One thing is of essential importance to be remembered
by the practical farmer—that the deterioration of land is
often an exceedingly slow process. In the hands of sne-
cessive generations, a field may so imperceptibly become
less valuable, that a century even may elapse before the
change prove such as to make a sensible diminution in the
valued rental. Such slow changes, however, have been
seldom recorded ; and hence the practical man is occa-
sionally led to despise the clearest theoretical principles,
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because he has not happened to see them verified in his
own limited experience; and to neglect, therefore, the
suggestions and the wise precautions which these princi-
ples lay before him.

The special agricultural history of known tracts of land
of different qualities, showing how they had been cropped
and tilled, and the average produce in grain, hay, and
stock, every five years, during an entire century, would
be invaluable materials both to theoretical and to practi-
cal agriculture.

General llustrations of this sure though slow decay,
may be met with in the agricultural history of almost
every country. In none, perhaps, are they more striking
than in the older slave States of North America. Mary-
land, Virginia, and North Carolina,—once rich and fer-
tile,—by a long continued system of forced and exhaust-
ing culture, have become generally unproductive, and vast
tracts have been abandoned to hopeless sterility. Such
lands it is possible to reclaim, but at what an expense of
time, labour, manure, and skilful management! It is to
be hoped that the newer States will not thus sacrifice their
future power and prospects to present and temporary
wealth,—that the fine lands of Kentucky, which now
yield Indian corn and wheat, crop after crop, without in-
termission and without manure, will not be so eropped till
their strength and substance is gone, but that a better
conducted and more skilful husbandry will continue, with-
out diminishing the present crops, to secure a permanent
fertility to that naturally rich and productive country.
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CHAPTER V.

Of Soils—their Organic and Inorganic Portions—Saline Matter in
Spils—Examination and Classification of Soils—Diversities of
Soils and Subsoils,

SoiLs consist of two parts; of an organic part, which
can readily be burned away when the soil is heated to
redness, and of an inorganic part, which is fixed in the
fire, and which consists entirely of earthy and saline sub-
stances.

SECTION 1,—OF THE ORGANIC PART OF SOILS.

The organic part of soils is derived chiefly from the
remains of vegetables and animals which have lived and
died in or upon the soil, which have been spread over it
by rivers and rains, or which have been added by the
hand of man, for the purpose of increasing its natural fer-
tility.

This organic part varies very much in quantity in dif-
ferent soils. In some, as in peaty soils, it forms from 50
to 70 per cent. of their whole weight, and even in some
rich long cultivated soils it has been found, in a few rare
cases, to amount to as much as 25 per cent. In general,
however, it is present in much smaller proportion, even in
our best arable lands. OQOats and rye will grow upon a
soil containing only 1l per cent., barley when 2 to 3
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per cent, are present, while good wheat soils generally
contain from 4 to 8 per cent. In stiff and very clayey
soils 10 to 12 per cent. may occasionally be detected. In
very old pasture lands and in gardens, vegetable matter
occasionally accumulates, so as to overload the upper soil.
To this organic matter in the soil the name of Aumus
has been given by some writers. It contains or yields to
the plant the ulmic and humic acids described in a pre-
vious chapter, (p. 17.) It supplies also, by its decay, in
contact with the air which penetrates the soil, much car-
bonic acid, which is supposed to enter the roots, and mi-
nister to the growth of living vegetables. During the
same decay ammonia is likewise produced,—and in larger
quantity, if animal matter be present in considerable
abundance,—which ammonia is found to promote vegeta-
tion in a remarkable manner. Other substances, more or
less nutritious, are also formed from it in the soil. These
enter by the roots, and contribute to nourish the growing
plant, though the extent to which it is fed from this
source is dependent, both upon the abundance with which
these substances are supplied, and upon the nature of the
plant itself, and of the climate in which it grows.
~ Another influence of this organic portion of the soil,
whether naturally formed in it, or added to it as manure,
is not to be neglected. It contains,—as we have seen
that all vegetable substances do, (p.36),—a considerable
quantity of inorganic, that is, of saline and earthy mat-
ter, which is liberated as the organic part decays. Thus
living plants derive from the remains of former races bu-
ried beneath the surface, a portion of that inorganic food
which can only be obtained in the soil, and which, if not
thus directly supplied, must be sought for by the slow ex-
tension of their roots through a greater depth and breadth
| of the earth in which they grow. The addition of ma-
nure to the soil, therefore, places within the easy reach
of the roots not only organic but inorganic food also.
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SECTION 11.—OF THE INORGANIC PART OF SOILS,

~ The inorganic part of soils,—that which remains be-
hind, when every thing combustible is burned away by |
heating it to redness in the open air,—consists of two |
portions, one of which is soluble in water, the other inso- |
luble. The soluble consists of saline substances, the
insoluble of earthy substances.

1. The saline or solublz portion.—In this country the
surface soil of our fields, in general, contains very little
soluble matter. If a quantity of soil be dried in an oven,
a pound weight of it taken, and a pint and a half of pure
boiling rain-water poured over it, and the whole well
stirred and allowed to settle,—the clear liquid, when
poured off and boiled to dryness, may leave from 2 to 20
grains of saline matter. This saline matter will consist
of common salt, gypsum, sulphate of soda (Glauber’s
salts), sulphate of magnesia (Epsom salts), with traces
of the chlorides of calcium, magnesium, and potassium,
and of the nitrates of potash, soda, and lime. It is from
these soluble substances that the plants derive the greater
portion of the saline ingredients contained in the ash they
leave when burned.

Nor must the quantity thus obtained from a soil be
considered too small to yield the whole supply which a
crop requires. A single grain of saline matter in every
pound of a soil a foot deep, is equal to 500 lbs. in an
acre. This is more than is carried off from the soil in
ten rotations (40 years), where only the wheat and bar-
ley are sent to market, and the straw and green crops are
regularly returned to the land in the manure.*

* A further portion, it will be recollected, is carried off in the
cattle that are sent to market, or is lost in the liquid manure that
is wasted, or is washed out by the rains from the soil or from the
manure—all these are here neglected,

D
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In some countries, indeed in some districts of our own
country, the quantity of saline matter in the soil is so
great, as in hot seasons to form a white incrustation on
the surface. It may often be seen in the neighbourhood
of Durham ; and is more especially to be looked for in
districts where the subsoil is sandy and porous, and more
or less full of water. In hot weather the evaporation on
the surface causes the water to ascend from the porous
subsoil ; and as this water always brings with it a quan-
tity of saline matter, which it leaves behind when it rises
in vapour, it is evident that the longer the dry weather
and consequent evaporation from the surface continue,
the thicker the incrustations will be, or the greater the
accumulations of saline matter on the surface. Hence,
where such a moist and porous subsoil exists in countries
rarely visited by rain, as in the plains of Peru, of Egypt,
or of India, the country is whitened over in the dry sea-
son with an unbroken covering of the different saline sub-
stances above mentioned.

When rain falls, the saline matter is dissolved, and de-
scends again to the subsoil,—in dry weather it reascends.
Thus the surface soil of any field will contain a larger
proportion of soluble inorganic matter in the middle of a
hot season than in one of even ordinary rain; and hence
the fine dry weather which, in early summer, hastens the
growth of corn, and later in the season favours its ripen-
ing, does so probably, among its other modes of action,
by bringing up to the roots from beneath a more ready:
supply of those saline compounds which the crop requires
for its healthful growth.

9. The earthy or insoluble portion.—The earthy or
' nsoluble portion of soils rarely constitutes less than 95
' Ibs. in a hundred of their whole weight. It consists
| chiefly of silica in the form of sand—of alumina mixed
with silica, in the form of elay—and of /ime in the form
of carbonate of lime. 1t is rarely free, however, from



CLASSIFICATION OF SOILS. 51

one or two per cent. of oxide of iron; and where the soil
is of a red colour, this oxide is often present in a still
larger proportion. A trace of magnesia also may be al-
most always detected, and a minute quantity of phosphate
of lime. The principal ingredients, however, of the earthy
part of all soils are sand, clay, and lime ; and soils are
named or classified according to the quantities of each of
these three they may happen to contain.

If an ounce of soil be boiled in a pint of water till it is
perfectly softened and diffused through it, and if, after
shaking, the heavy parts be allowed to settle for a few
minutes, the sand will subside, while the clay—which is
in finer particles, and is less heavy—will still remain
floating. If the water and fine floating clay be now
poured into another vessel, and be allowed to stand till
the water has become clear, the sandy part of the soil
will be found on the bottom of the first vessel, and the
clayey part on that of the second, and they may be dried
and weighed separately.

If 100 grains of dry soil leave no more than 10 of clay,
it is called a sandy soil ; if from 10 to 40, a sandy loam ;
it from 40 to 70, a loamy soil ; if from 70 to 85, a elay
loam ; from 85 to 95, a strong clay soil ; and when no
sand is separated at all by this process, it is a pure agri-
cultural clay.

The strong clay soils are such as are used for making
tiles and bricks ; the pure agricultural clay is such asis
ml:wmx;mnly employed for the manufacture of pipes (pipe-
clay). '

Soils consist of these three substances, sand, clay, and
lime, mized together. The pure clayis a chemical com-
pound of silica and alumina, in the proportion of about
60 of the former to 40 of the latter. Soils of pure clay
rarely occur—it being well known to all practical men,
that the strong clays (tile clays) which contain from 5 to
15 per cent. of sand, are brought into arable cultivation
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with the greatest possible difficulty. It will rarely, al-
most never, happen, therefore, that arable land will con-
tain more than 30 to 35 per cent. of alumina.

It a soil contain more than 5 per cent. of carbonate of
lime, it is called a marl; if more than 20 per cent., it is
a calcareous soil. Peaty soils, of course, are those in
which the vegetable matter predominates very much.

The quantity of vegetable or other organic matter is
determined by drying the soil well upon paper in an oven,
taking care that the heat is not so great as to char the
paper, and then burning a weighed quantity in the air:
the loss is nearly all organic matter. In stiff clays this
loss will comprise a portion of water, which is not wholly
driven off from such soils by drying upon paper in the
way described.

To estimate the lime, a quantity of the soil should be
heated in the air till the organic matter is burned away.
A weighed portion, 100 or 200 grains, should then be
diffused through half a pint of cold water mixed with half
a wine glassful of spirit of salt (muriatic acid), and al-
lowed to stand for a few hours, with occasional stirring.
When minute bubbles of gas cease to rise from the soil,
the water is poured off, the soil dried, heated to redness
as before, and weighed : the loss is nearly all lime.*

SECTION I1I.—OF THE DIVERSITIES OF SOILS AND
SUBSOIL.S.

Though the substances of which soils chiefly consist
are so few in number, yet every practical man knows how
very diversified they are in character, how very different
in agricultural value. Thus, in some of our southern

* Unless the soil happen to contain a large quantity of magnesia,
or of oxide of iron in combination with organic acids, which is rare-
ly the case, :
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counties, we have a white soil, consisting apparently of
nothing else but chalk ; in the centre of England a wide
plain of dark red land ; in the border counties of Wales,
and on many of our coal-fields, tracts of country a,lmpst
perfectly black, while yellow, white, and brown sands give
the prevailing character to the soils of other districts.
Such differences as these arise from the different propor-
tions in which the sand, lime, clay, and the oxide of iron
which colours the soils, have been mixed together.

But how have they been so mixed—differently in dif-
ferent parts of the country. By what natural agency 7—
for what end ?

Again, the soil on the surface rests on what is usually
denominated the subsoil. This, also, is very variable in
its character and quality. Sometimes it is a porous sand
or gravel, through which water readily ascends from be-
neath, or sinks in from above; sometimes it is light and
loamy like the soil that rests upon it ; sometimes stiff and
imperviuus to water.

The most ignorant farmer knows how much the value
of a piece of land depends upon the characters of the sur-
tace soil,—the intelligent improver understands best the
importance of a favourable subsoil. ¢ When 1 came to
look at this farm,” said an excellent agriculturist to me,
“it was spring, and damp growing weather : the grass
was beautifully green, the clover shooting up strong and
healthy, and the whole farm had the appearance of being
very good land. Had I come in June, when the heat had
drunk up nearly all the moisture which the sandy subsoil
had left in the surface, I should not have offered so much
rent for it by ten shillings an acre.” He might have said
also, ““ Had I taken a spade, and dug down 18 inches in
various parts of the farm, I should have known what to
expect 1n seasons of drought.”

But how come subsoils thus to differ—one from the
other—and from the surface soil that rests upon them ?
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Are there any principles by which such differences can be
accounted for—by which they can be foreseen—by the
aid of which we can tell what kind of soil may be expect-
ed in this or that district, even without visiting the spot,
and on what kind of subsoil it is likely to rest?

Geology explains the cause of all such differences, and
supplies us with principles by which we can predict the
general quality of the soil and subsoil in the several parts
of entire kingdoms ;—and where the soil is of inferior
quality and yet susceptible of improvement, the same
principles indicate whether the means of improving it are
likely, in any given locality, to be attainable at a reason-
able cost.

It will be proper shortly to illustrate these direct re-
lations of geology to agriculture.



CHAPTER VL

Direct relations of Geology to Agriculture—Origin of Soils—Causes
of their diversity—Relation to the rocks on which they rest—
Constancy in the relative Position and Character of the Stratified
Rocks—Relation of this fact to Practical Agriculture—General
Characters of the Soils upon these rocks.

GEoLOGY is that branch of knowledge which embodies
all ascertained facts in regard to the nature and internal
structure, both physical and chemical, of the solid parts
of our globe. This science has many close relations with
practical agriculture. It especially throws much light on
the nature and origin of soils,—on the causes of theirdi-
versity—on the unlike effect produced by the same ma-
nure on different soils,—on the kind of materials by ad-
mixture with which they may be permanently improved,
—and on the sources from which these materials may be
derived.

It tells before hand also, and by a mere inspection of
the map, what is the general character of the land in this
or that district, where good land is to be expected, where
improvements are likely to be effected, and where the in-

tending purchaser may hope to lay out his money to the -
greatest advantage.

SECTION I.—OF THE ORIGIN OF SOILS.

If we dig down thlruugh the soil and subsoil to a
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sufficient depth, we always come sooner or later to the
solid rock. In many places the rock actually reaches the
surface, or rises in cliffs, hills, or ridges, far above it.
The surface (or crust) of our globe, therefore, consists
everywhere of a more or less solid mass of rock, overlaid
with a covering, generally thin, of loose materials. The
upper or outer part of these loose materials forms the
soil.

The geologist has travelled over great part of the
earth’s surface, has examined the nature of the rocks
which everywhere repose beneath the soil, and has found
them to be very unlike in appearance, in hardness, and
in composition—in different countries and districts. In
some places he has met with a sandstone, in other places
a limestone, in others a slate or hardened rock of clay.
But a careful comparison of all the kinds of rock he has
observed, has led him to the general conclusion, that they
arve all either sandstones, limestones, or clays of diffe-
rent degrees of hardness, or a mixture in different pro-
por tions of two or move of these kinds of matter.

When the loose covering of earth is removed from the
surface of any of these rocks, and this surface is left ex-
posed, summer and winter, to the action of the winds
and rains and frosts, it may be seen gradually to crumble
away. Such is the case even with many of those which,
onaccount of their greater hardness, are Empln} ed asbuild-
ing-stones, and which, in the walls of houses, are kept ge-
nerally dry; how much more with such as are less hard,
or lie beneath a covering of moist earth, and are continu-
ally exposed to the action of water. The natural erumb-
ling of a naked rock thus gradually covers it with loose
materials, in which seeds fix themselves and vegetate, and
which eventually form a soil. The soil thus produced
partakes necessarily of the chemical character and com-
position of the rock on which it rests, and to the crumb-
ling of which it owes its origin. If the rock be a sand-
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stone the soil is sandy—if a claystone, it is a more or less
stiff clay—if a limestone, it is more or less calcareous—
and if the rock consist of any peculiar mixture of -those
three substances, a similar mixture is observed in the
earthy matter into which it has erumbled.

Led by this observation, the geologist, after comparing
the rocks of different countries with one another, com-
pared next the soils of various districts with the rocks on
which they immediately rest. The general result of this
comparison has been, that in almost every country the
soils have as close a resemblance to the rocks beneath
them, as the loose earth derived from the crumbling of
a rock before our eyes bears to the rock of which it late-
ly formed a part. The conclusion, therefore, is irresis-
tible, that soils, generally speaking, have been formed by
the crumbling or decay of the solid rocks,—that there was
a time when these rocks were uncovered by any loose
materials,—and that the accumulation of soil has been the
slow result of the natural degradation or wearing away,
of the solid crust of the globe.

SECTION II.—CAUSE OF THE DIVERSITY OF SOILS.

The cause of the diversity of soils in different districts,
therefore, is no longer obscure. If the subjacent rocks in
two localities differ, the soils met with there are likely to
differ also, and in an equal degree,

But why, it may be asked, do we find the soil in some
countries uniform, in mineral* character and general fer-
tility, over hundreds or thousands of square miles, while
in others it varies from field to field,—the same farm often
presenting many well marked differences both in mineral
character and in agricultural value ? The cause of this is

E 3 L 4 & . & » i
_* That is, containing the same general proportions of sand, clay,
lime, &c., or coloured red by similar quantities of oxide of iron.
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to be found in the mode in which the different rocks are
observed to lie—upon or by the side of each other.

1. Geologists distinguish rocks into two classes, thes
stratified and the unstratified. The former are found
lying over each other in separate beds or strata, like the
leaves of a book when laid on its side, or like the layers
of stones in the wall of a building. The latter—the un-
stratified rocks — form hills, mountains, or sometimes
ridges of mountains, consisting of one more or less
solid mass of the same material, in which no layers or
strata are anywhere distinctly perceptible. Thus, in the
following diagram (No. 1), A and B represent unstrati-
Jied masses, in connection with a series of stratified de-
posits, 1, 2, 3, lying over each other in a horizontal posi-
tion. On A one kind of soil will be formed, on C ano-
ther, on B a third, and on D a fourth,—the rocks being
all different from each other.

No. 1.

A CM 2]
— —_‘L‘B"'Z‘l—-—_;-——-———-

S L
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If from A to D be a wide valley of many miles in ex-
tent, the undulating plain at the bottom of the valley,
resting in great part on the same rock (2), will be covered
by a similar soil. On B the soil will be different for a
short space ; and again at C, and on the first ascent to
A, where the rock (3), rises to the surface. In this case,
the stratified rocks lie horizontally; and it is the undu-
lating nature of the country which, bringing different
kinds of rock to the surface, causes a necessary diversity
of soil.

2. But the degree of inclination which the beds pos-
sess is a more frequent cause of variation in the charac-
ters of the soil in the same district, and even at very short
distances. This is shown in the annexed diagram (No.
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2), where A, B, C, D, E, represent the mode in which
the stratified rocks of a district of country not unfrequently
occur in connection with each other.

No. 2.

C _____——I—,—-.._AE__.

Proceeding from E in the plain, the soil would change
when we came upon the rock D, but would continue uni-
form till we reached the layer C. Each of these layers may
stretch over a comparatively level tract of perhaps hun-
dreds of miles in extent. Again, on climbing the hill-
side, another soil would present itself, which would not
change till we arrived at B. Then, however, we begin
to walk over the edges of the beds, and the soil may vary
with every new stratum we pass over, till we gain the
ascent to A, where the beds are much thinner, and where,
therefore, still more frequent variations may present them-
selves.

Everywhere over the British islands valleys are hol-
lowed out, as in the former of these diagrams (No. 1),
by which the different rocks beneath are in different places
exposed and differences of soil produced ; or the beds
are more or less inclined, as in the latter diagram (No.
2), causing still more frequent variations of the land to
appear. By a reference to these facts, nearly all the
great diversities which the soils of the country present
may be satisfactorily accounted for.

SECTION ITI.—OF THE CONSTANCY IN THE CHARACTER AND
SUCCESSION OF THE STRATIFIED ROCKS,

Another fact alike important to agriculture and to geo-
logy, is the natural order or mode of arrangement in which
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the stratified rocks are observed to occur in the crust of
the globe. Thus,if 1, 2, 3, in diagram No. 1, represent
three different kinds of rock, a limestone, for example, a

sandstone, and a hard clay mck (a shale or slate) lymg
over each other, in the order here represented ; then, in
whatever part of the country, nay, in whatever part of the .
world these same rocks are met with, they will always be
found in the same position. The bed 2 or 3 will never
be observed to lie over the bed 1. '

This fact is important to geology, because it enables
the science to arrange all the stratified rocks in a certain
invariable or der,—whmh order indicates their relative age
or antiquity,—since that rock which is lowest, like the
lowest layer of stones in the wall of a building, must ge-
“nerally have been the first deposited, or must be the old-
est. It also enables the geologist, on observing the kind
of rock which forms the surface in any country, to predict
at once, whether certain other rocks are likely to be met
with in that country or not. Thus at C (diagram, No.
1), where the rock 3 comes to the surface, he knows it
would be in vain, either by sinking or otherwise, to seek
for the rock 1, the natural place of which is far above
it ; while at D he knows that by sinking he is likely to
find either 2 or 3, if it be worth his while to seek for
them.

To the agriculturist this fact is important, among other
reasons,—

1. Because it enables him to predict whether certain
kinds of rock, which may be used with advantage in
improving his soil, are likely to be met with within a rea-
sonable distance or at an accessible depth. Thus if the
bed D (diagram No. 2) be a limestone, the instructed
farmer at E knows that it is not to be found by sinking
into his own land, and, therefore, brings it from D : while
to the farmer upon C, it may be less expensive to dig
down to the bed D in one of his own fields, than to cart
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it from a distant spot, where it occurs on the surface.
Or if the farmer requires clay or marl, or sand, to ame-
liorate his soil, this knowledge of the constant relative
position of beds enables him to say where these materials
are to be got, or where they are to be looked for, and
whether the advantage to be derived is likely to repay
the cost of procuring them.

9, It is observed that when the soil on the surface
‘of each of a series of rocks, such as C, or D, or E (dia-
gram No. 2), is uniformly bad, it is almost uniformly
of better quality at the point where the two rocks
meet. Thus C may be dry, sandy, and barren; D may
be cold, unproductive clay; and E a more or less un-
fruitful limestone soil ; yet at either extremity of the tract
D, where the soil is made up of an admixture of the de-
cayed portions of the two adjacent rocks, the land may
be of average fertility—the sand of C may adapt the ad-
jacent clay to the growth of turnips, while the lime of
E may cause it to yield large returns of wheat.* Thus,
to the tenant in looking out for a farm, or to the capita-
list in seeking an eligible investment, a knowledge of the
mutual relations of geology and agriculture will often
prove of the greatest assistance. Yet how little is such
really useful knowledge diffused among either class of
men—how little are either tenants or proprietors guided
by it in their choice of the localities in which they de-
sire to live !

And yet here and there the agricultural practice of
more or less extended districts, if not really founded up-
on or directed by, is yet to be explained only by princi-
ples such as those I have above illustrated. I will men-
tion only one example. The chalk in Yorkshire, in
Suffolk, and in other southern counties, consists of a
vast number of beds, which, taken altogether, form a de-
posit of very great thickness. Now, the upper beds of

¥ See page 60,
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the chalk form poor, thin, dry soils, producing a scanty
herbage, and only under the most skilful culture yield-
ing profitable crops of corn. The lower beds, on the
contrary, are marly ; produce a more stiff, tenacious, and
even fertile soil ; and are found in a remarkable degree
to enrich the soils of the upper chalk, when laid on as a
top-dressing in autumn, and allowed to erumble under the
action of the winter's frost. Hence in Yorkshire, Wilt-
shire, Hampshire, and Kent, where the lower chalk lies
immediately under the surface, or is found at no great
depth beneath it, it is dug out of the sides of the hills,
or pits are sunk for it, and it is laid upon the land with
great benefit to the soil. But in parts of Suffolk, where
the soil rests upon the wpper chalk, there is no other
chalk in the neighbourhood, or to be met with at any
reasonable depth, which will materially improve the land.
The farmers, therefore, from long experience, find it to be
more economical to bring chalk by sea from Kent to lay
on their lands in Suffolk, than to cover them with any
portion of the same material from their own farms. The
following imaginary section will fully explain the fact
here mentioned :—

No. 3. ?
Suffolk, Mouth of the Thames. Kent.

In this diagram, 1 represents the London clay; 2, the
plastic clay, which is below it; 8, the upper chalk with
flints, rising to the surface in Suffolk ; and 4, the lower
chalk without flints, which is too deep to be reached in
Suffolk, but which rises to the surface in Kent,—where
it is abundant, is easily accessible, and whence it is trans-
mitted across the estuary of the Thames into Suffolk.

3. The further fact that the several stratified rocks
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are remarkably constant in their mineral character, ren-
ders this knowledge of the order of relative super-posi-
tion still more valuable to the agriculturist. Thousands
of different beds are known to geologists to occur on va-
rious parts of the earth’s surface—each occupying its
own unvarying place in the series. Most of these beds
also, when they crumble or are worn down, produce soils
possessed of some peculiarity by which their general
agricultural capabilities are more or less affected,—and
these peculiarities may generally be observed in soils
formed from rocks of the same age—that is, occupying
the same place in the series—in whatever part of the
world we find them. Hence if the agricultural geolo-
gist be informed that his friend has bought, or is in treaty
for a farm or an estate, and that it is situated upon such
and such a rock, or geological formation, or is in the im-
mediate neigchbourhood of such an other,—he can imme-
diately give a very probable opinion in regard to the
agricultural value of the soil, whether the property be in
England, in Australia, or in New Zealand. If he knows
the nature of the climate also, he will be able to estimate
with tolerable correctness how far the soil is likely to re-
pay the labours of the practical farmer—mnay, even whe-
ther it is likely to suit better for arable land or for pas-
ture ; and if for arable, what species of white crops it
may be expected to produce most abundantly.

These facts are so very curious, and illustrate so beau-
tifully the value of geological” knowledge—if not to A
and B, the holders or proprietors of this and that small
farm,—yet to enlightened agriculturists,—to scientific
agriculture in general,—that I shall explain this part of
the subject more fully in a separate section. To those
who are now embarking in such numbers in quest of new
homes in our numerous colonies, who hope to find, if not
a more willing, at least a more attainable soil in new
countries, no kind of agricultural knowledge can at the
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outset,—I may say, even through life,—be so valuable
as that to which the rudiments of geology will lead them.
Those who prepare themselves the best for becoming far-
mers or proprietors in Canada, in New Zealand, or in
wide Australia, yet leave their native land in general
without a particle of that preliminary practical knowledge,
which would qualify them to say, when they reach the
land of their adoption, “ on this spot, rather than that

—in this district, rather than that,—will I purchase my
allotment, because, though both appear equally inviting,
yet I know, from the geological structure of the country,
that here I shall have the more permanently productive
soil ; here I am more within reach of the means of agri-
cultural improvement ; here, in addition to the riches of
the surface, my descendants may hope to derive the
means of wealth from mineral riches beneath.” And
this oversight has arisen chiefly from the value of such
knowledge not being understood—often from the very
nature of it being unknown even to otherwise well in-
structed practical men. Itis not to men well skilled
merely in the details of local farming, and who are there-
tore deservedly considered as authorities, and good teach-
ers in regard to local or district practice, that we are to
look for an exposition, often not even for a correct appre-
ciation, of those general principles on which a universal
system of agriculture must be based—without which, in-
deed, it must ever remain a mere collection of empirical
rules, to be studied and laboriously mastered in every new
district we go to—as the traveller in foreign lands must
acquire a new language every successive frontier he pas-
ses. England, the mistress of so many wide and unpeo-
pled lands, over which the dwellings of her adventurous
sons are hereafter to be scattered, on which their toil is
to be expended, and the glory of their motherland by
their exertions to be perpetuated—England should espe-
cially encourage all such learning, and the sons of Eng-
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lish farmers should willingly avail themselves of every
opportunity of acquiring it.

SECTION IV.—O0OF GEOLOGICAL FORMATIONS, AND THE GE=
NERAL CHARACTERS OF THE SOILS THAT REST UPON THEM.

The thousands of beds or strata of which I have
spoken as lying one over the other in the crust of the
.globe, have, partly for convenience, and partly in conse-
quence of certain remarkably distinctive characters ob-
served among them, been separated by geologists into
three great divisions—the primary, which are the lowest
and the oldest; the secondary, which lie over them ;
and the fertiary, which are uppermost, and have been
most recently formed. The strata in these several divi-
sions have again been subdivided into groups, called for-
mations. The following table exhibits the names and
thicknesses of these formations, and the mineralogical
characters of the rocks of which they severally consist.

I. TERTIARY STRATA.,

1. The London and Plastic clays, 500 to 900 feet
thick, consist of stiff, almost impervious, dark-coloured
clays,—the soil formed from which is chiefly in pasture.
The lower beds are mixed with sand, and produce an
arable soil, but extensive heaths and wastes rest upon
them in Berkshire, Hampshire, and Dorset.  The erops of
corn and roots yielded by the stiff clay soils of these strata
have hitherto, in many districts, been found insufficient to
pay the cost of raising them.

IT. SECONDARY BTRATA.

The Chalfk, about 600 feet in thickness, consists in
the upper part (see diagram, No. 3, p. 62) of a purer
chalk with layers of flint, in the lower of a marly chalk

E
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without flints. The soil of the upper chalk is chiefly in
sheep-walks, that of the lower chalk is very productive of
corn.

3. The Green-Sand, 500 feet thick, consists of 150
feet of clay, with about 100 feet of a greenish, more or
less indurated, sand above, and 250 feet below it. The
upper sand forms a very productive arable soil, and the
clay impervious, wet and cold lands chiefly in pasture.
The lower sand is generally unproductive.

It is an important agricultural remark, that where
the clay (plastic clay) comes in contact with the top of
the chalk, an improved soil is produced, and that where
the chalk and the green sand mix, extremely fertile
patches of country present themselves. (See page
61).

4. The Wealden formation, nearly 1000 feet thick,
consists of 400 feet of sand, covered by 300 of clay, and
resting upon 250 of marls and limestones, The clay
forms the poor, wet, but improvable pastures of Sussex
and Kent. On the sands below the clay rest heaths and
brushwood ; but where the marls and limestones come
to the surface, the land is of better quality, and is sus-
ceptible of profitable arable culture.

5. In the Upper Oolite, of 600 feet in thickness, we
have a bed of clay (Kimmeridge clay) 500 feet thick,
covered by 100 feet of sandy limestones. The clay lands
are difficult and expensive to work, and are therefore
chiefly in old pasture. The sandy limestone soils above
the clay are also poor, but where they rest immediately
upon, and are intermixed with the clay, excellent arable
land is produced.

6. The Middle Oolite of 500 feet consists also of a
clay (Oxford clay) dark blue, adhesive, and nearly 1000
feet thick, covered by 100 feet of limestones and sand-
stones. These latter produce good arable land where the
lime happens to abound ; the clays form close heavy com-
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pact soils, most difficult and expensive to work. The
extensive pasture lands of Bedford, Huntingdon, North-
ampton, Lincoln, Wilts, Oxford, and Gloucester, rest
chiefly upon this clay, as do also the fenny tracts of Lin-
coln and Cambridge.

7. The Lower or Bath Oolite, of 500 feet in thick-
ness, consists of many beds of limestone and sandstone,
with about 200 feet of clay in the centre of the forma-
tion. The soils are very various in quality, according as
the sandstone or limestone predominates in each locality.
The clays are chiefly in pasture,—the rest is more or less
productive, easily worked, arable land. In Gloucester,
Northampton, Oxford, the east of Leicester, and in York-
shire, this formation is found to lie immediately beneath
the surface, and a little patch of it occurs also on the
south-eastern coast of Sutherland.

8. The Lias is an immense deposit of blue clay
from 500 to 1000 feet in thickness, which produces
cold, blue, unproductive, clay soils. It forms a long
stripe of land, of varying breadth, which extends from
the mouth of the Tees, in Yorkshire, to Lyme Regis,
in Dorset. It is chiefly in old, and often very valuable
pasture.

9. The New Red Sandstone, though only 500 feet in
thickness, forms the surface of nearly the whole central
plain of England, and stretches north through Cheshire
to Carlisle and Dumfries. It consists of red sandstones
and marls,—the soils on which are easily and cheaply
worked, and form some of the richest and most productive
arable lands in the island. In whatever part of the
world the red soils of this formation have been met with.
they have been found to possess in general the same va-
lnable agricultural capabilities. i

10. The Magnesian Limestone, from 100 to 500 feet
in thickness, forms a stripe of generally poor thin soil,
extending from Durham to Nottingham, capable of im-
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provement as arable land by high farming, but bearing
naturally a poor pasture, intermingled with sometimes
magnificent furze.

11. The Coal Measures, from 8300 to 3000 feet thick,
consist of beds of sandstones and dark blue shales, or
hard clays, intermingled (inter-stratified) with beds of
coal. Where the sands come to the surface, the soil is
thin, poor, hungry, sometimes almost worthless. The
shales, on the other hand, produce stiff, wet, almost un-
manageable clays ;—not unworkable, yet expensive to
work, and requiring draining, lime, skill, capital, and a
zeal for improvement, to be applied to them, before they
can be made to yield the remunerating crops of corn
they are capable of producing.

12. To the Miillstone Grit of 600 feet or upwards in
thickness the same remarks apply. It lies below the
coal, but is often only a repetition of the sandstones and
shales of the coal measures, and forms in many cases
soils still more worthless. Where the sandstones prevail,
large tracts lie naked, or bear a thin and stunted heath :
where the shales abound, the naturally difficult soils of
the coal-shales again recur. These rocks are generally
found at the surface, around the outskirts of our coal-
fields.

13. The Mountain Limestone, 800 to 1000 feet thick,
is a hard blue limestone rock, separated here and there
into distinet beds by layers of sandstones, of sandy slates,
or of blue shales like those of the coal measures. The
soil upon the limestone is generally thin, but produces a
naturally sweet herbage. When the limestone and clay
(shale) adjoin each other, arable land occurs, which is
naturally productive of oats, and where the climate is fa-
vourable, may, by skilful treatment, be converted into
good wheat land. In the north of England a consider-
able tract of country is covered by these rocks: but in
Ireland they form nearly the whole of the interior of the
island.



OLD KED SANDSTONE SOILS. 69

14. The Old Red Sandstone varies in thickness from
500 to 10,000 feet. It possesses many of the valuable
agricultural qualities of the new red (No. 9) consisting,
like it, of red sandstones and marls, which ecrumble down
into rich red soils. Such are the soils of Brecknock,
Hereford, and part of Monmouth ; of part of Berwick
and Roxburgh ; of Haddington and Lanark ; of southern
Perth ; of either shore of the Moray Firth ; and of the
county of Sutherland. In Ireland, also, thesg ruc'ks
abound in Tyrone, Fermanagh, and Monaghan ; in Wa-
terford, in Mayo, and in Tipperary. In all these places,
the soils they form are generally the best in their seve-
ral neighbourhoods, though here and there,—where the
sandstones are harder, more siliceous and impervious to
water,—tracts, sometimes extensive, of heath and bog
oceur,

III,—PRIMARY STRATA.

15. The Upper Silurian System is nearly 4000 feet
in thickness, and forms the soils over the lower border
counties of Wales. It consists of sandstones and shale,
with occasional limestones ; but the soils formed from
these beds take their character from the general abun-
dance of clay. They are cold, usually unmanageable
muddy clays, with the remarkably inferior agricultural
value of which the traveller is immediately struck, as he
passes westward from the red sandstones of Hereford to
the upper silurian rocks of Radnor.

16. The Lower Silurian rocks are also nearly 4000
feet in thickness, and in Wales lie to the west of the up-
per silurian rocks. They consist of about 25,000 feet of
sandstone, on which, when the surface is not naked, bar-
ren heaths alone rest,

Beneath these sandstones lie 1200 feet of sandy and
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earthy limestones, from the decay of which, as may be
seen on the southern edge of Caermarthen, fertile arable
lands are produced.

17. The Cambrian system, of many thousand yards i
thickness, consists in great part of clay-slates, more or less
hard, which often crumble very slowly, and almost always
produce either poor and thin soils, or cold, difficultly
manageable clays, expensive to work, and requiring high
farming to bring them into profitable arable cultivation.
Cornwall, western Wales, and the mountains of Cumber-
land, in England ; the high country which stretches from
the Lammermuir hills to Portpatrick, in Scotland ; the
mountains of Tipperary, and a large tract on the extreme
south of Ireland, on its east coast, and far mland from
the bay of Dundalk,—are covered by these slate rocks.
Patches of rich, well cultivated land occur here and
there on this formation, with much also that is improv-
able ; but the greater part of it is usurped by worthless
heaths and extensive bogs.

18. The Mica-Slate and Gneiss systems are of un-
known thickness, and consist chiefly of hard and slaty
rocks, crumbling slowly, forming poor, thin soils, which
rest on an impervious rock, and which, frem the height
to which this formation generally rises above the level
of the sea, are rendered more unproductive by an un-
propitious climate. They form extensive heathy tracts
in Perth and Argyle, and on the north and west of Ire-
land. Here and there only,—in the valleys or sheltered
slopes, and by the margins of the lakes,—spots of bright
green meet the eye, and patches of a willing soil fertile in
corn.

A careful perusal of the preceding sketch of the gene-
ral agricultural capabilities of the soils formed from the
several classes of stratified rocks, will have presented to
the reader many illustrations of the facts stated in the
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preceding section : he will have drawn for himself—to
specify a few examples—the following among other con-
clusions.

1. That some formations, like the new red sandstone,
yield a soil almost always productive : others, as the
coal measures and millstone grits, a soil almost always
naturally unproductive.

2. That good—or better land at least, than generally
prevails in a district,—may be expected where two forma-
tions or two different kinds of rock meet,—as when a
limestone and a clay mingle their mutual ruins for the
formation of a common soil.

3. That in almost every country extensive tracts of
land on certain formations, will be found laid down to na-
tural grass, in consequence of the oviginal difficulty and
expense of working. Such are the Lias, the Oxford,
the Weald, the Kimmeridge, and the London clays. In
raising corn, it is natural that the lands which are easi-
est and cheapest worked should be first subjected to the
plough. It is not till implements are improved, skill in-
creased, capital accumulated, and population presses, that
the heavier lands will be rescued from perennial grass,
and made to produce that greatly increased amount of
food for both man and beast, which they are easily capa-
ble of yielding.
~ The turnip soils of Great Britain are in many districts,
it may be, but indifferently farmed ; and the State has
reason to complain of much individual neglect of known

and certain methods of increasing their productiveness ; |

but the neat great achievement which British agricul-
ture has to effect; is to subdue the stubborn clays, and
to convert them into what many of them are yet destin-

*‘f to become, the richest corn-bearing lands in the kin g-
AT .
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CHAPTER VIL

Soils of the Granitic and Trap Rocks—Accumulations of transport-
ed Sands, Gravels, and Clays— Use of Geological Maps in refe-
rence to Agriculture—Physical characters and Chemical consti-
tution of soils—Relation between the nature of the Soil and the

kind of Plants that naturally grow upon it.

It was stated in the preceding lecture (see p. 58), that
rocks are divided by geologists into the stratified and the
unstratified.* The stratified rocks cover by far the
largest portion of the globe, and thus form a variety of
soils, of which a general description has just been given.
The unstratified rocks are of two kinds—the granites and
the trap rocks ; and as a considerable portion of the area,
especially of the northern half, of our island is covered
by them, it will be proper shortly to consider the pecu-
liar characters of each, and the differences of the soils

produced from them.

SECTION I,—SO0ILS OF THE GRANITES AND TRAPF ROCKS.

1. The granites consist of a mixture, in different pro-

* The unstratified are often called erystalline rocks, because they
frequently have a glassy appearance, or contain regular crystals of
certain mineral substances ; often also igneous rocks, because they
appear all to have been originally in a melted state, or to have been

produced by fire.
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ortions of three minerals, known by the names of quariz,
Selspar, and mica. The latter, however, is generally pre-
sent in such small quantity, that in our general descrip-
tion it may be safely left out of view. Granites, there-
fore, consist chiefly of quartz and felspar, in proportions
which vary very much, but the former, on an average,
constitutes perhaps from one-third to one-half of the
whole.

Quartz has already been described—(see p. 33)—as
being of the same substance as flint, or the silica of the
chemist. When the granite decays, this portion of it
forms a more or less coarse siliceous sand.

Felspar is a white, greenish, or flesh-coloured mineral,
~ often more or less earthy in its appearance, but generally
hard and brittle, and sometimes glassy. It is scratched
by, and thus is readily distinguished from quartz. When
it decays, it forms an exceedingly fine tenacious clay,—
(pipe clay.)

Granite generally forms hills and sometimes entire
ridges of mountains. When it decays, the rains and
streams wash out and carry down the fine felspar clay,
and leave the quartz-sand on the sides of the hills.
Hence the soil in the bottoms and flats of granite coun-
tries consists of a cold, stiff, wet, more or less Impervious
clay, which often bears only heath, bog, or a poor and
unnutritive pasture. The hill sides are either bare or
covered with a thin, sandy, and ungrateful soil, of which
little can be made by the aid even of skill and industry.
Yet the opposite sides of the same mountains often pre-
sent a remarkable difference in this respect, those which
are most beaten by the rains having the light clay most
thoroughly washed from their surfaces, and being there-
fore the most barren.

2. The trap rocks, comprising the greenstones and ba-
salts, both sometimes called whin-stones, consist essen-
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tially* of felspar and hornblende or augite. In contrast-
ing the trap rocks with the granites, it may be stated ge-
nerally, that while the granites consist of felspar and
quartz, the traps consist of felspar and hornblende (or
augite). In the traps, both the felspar and the horn-
blende are reduced by the action of the weather, to a
more or less fine powder, affording materials for a soil ;
in the granites the felspar is the principal source of all
the earthy matter they are capable of yielding. If we
compare together, therefore, the chemical composition of
the two minerals, (hornblende and felspar), we shall see
in what respect these two varieties of soil ought to differ.

Thus they consist respectively of
Felspar. Hornblende.

Silica, f a 65 42
Alumina, ‘ . 18 14
Potash and soda, : ; 17 trace.
Lime, : : trace. 12
Magnesia, - . do. 14
Oxide of iron, ‘ . do. 141
Oxide of manganese, ; do. 3
100 97

A remarkable difference appears thus to exist, in che-
mical constitution, between these two minerals—a differ-
ence which must affect also the soils produced from them.
A granite soil, in addition to the siliceous sand, will con-
sist chiefly of silica, alumina, and potash, derived from
the felspar. A #rap soil, in addition to the silica, alu-
mina, and potash from its felspar, will generally contain
also much lime, magnesia, and oxide of iron, derived from
its hornblende. If the variety of trap consist chiefly of
hornblende, as is sometimes the case, the soil form-
ed from it will derive nearly 21 cwt. each, of lime, mag-
nesia, and oxide of iron, from every ton of decayed rock.

* The reader is referred for more precise information to the au-
thor's * LEcTURES,” pp. 374 to 387,

4



GREENSTONE AND OTHER TRAP SOILS. 75

A hornblende soil, therefore, contains a greater number
of those inorganic constituents, which plants require for
their healthy sustenance, and therefore will prove more
generally productive than a soil of decayed felspar. But
when the two minerals, hornblende and felspar, are mixed,
as in the greenstones, the soil must be still more favourable
to vegetable life. The potash and soda, of which the
hornblende is nearly destitute, is abundantly supplied by
the felspar ; while, the hornblende yields lime and mag-
nesia, which are known to exercise a remarkable influ-
ence on the progress of vegetation.

Thus theory shews, that while granite soils may be
eminently unfruitful, trap soils may be eminently fertile.
And such is actually the result of observation and expe-
rience in every part of the globe. Unproductive gra-
nite soils cover nearly the whole of Scotland north of the
Grampians, as well as large tracts of land in Devon and
Cornwall, and on the east and west of Ireland. On the
other hand, fertile trap soils extend over thousands of
square miles in the lowlands of Scotland, and in the
north of Ireland ; and where in Cornwall they occasion-
ally mix with the granite soils, they are found to redeem
the latter from their natural barrenness.

While such is the general rule in regard to these two
classes of soils ; it happens on some spots that the pre-
sence of other minerals in the granites, or of hornblende
or mica in larger quantity than usual, gives rise to a gra-
nitic soil of average fertility, as is the case in the Seilly
isles ; while, in like manner, the trap rocks are sometimes,
as 1n parts of the isle of Skye, so peculiar in constitu-
tion as to condemn the land to almost hopeless infertility.

In some districts the decayed traps, under the local
names of Rotten Rock, Marl, &e., are dug up, and ap-
plied with advantage, as a top-dressing, to other kinds of
land ; and as by admixture with the decayed trap, the
granitic soils of Cornwall are known to be improved in
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quality, so an admixture of decayed granite with many
trap soils, were it readily accessible, might add to the fer-
tility of the latter also.

The lavas which often cover large tracts of country,
where active or extinet volcanoes exist, are composed es-
sentially of the same mineral substances as the trap rocks.
These latter, indeed, are in general only lavas of a more
ancient date. Like the traps, the lavas not unfrequently
abound in hornblende or augite, and consequently in lime.
They also crumble, with various degrees of rapidity,
when exposed to the air, and in Italy and Sicily often
form soils of the most fertile description. Like the traps
also, when in a decayed state, they may be advantage-
ously employed for the improvement of less fruitful soils.
. In St Michaels, one of the Azores, the natives pound
- the volcanic matter and spread it on the ground, where
it speedily becomes a rich mould capable of bearing luxu-
riant crops.

SECTION 11—OF THE SUPERFICIAL ACCUMULATIONS OF TRAN-
SPORTED MATERIALS ON DIFFERENT PARTS OF THE EARTH’S

SURFACE.

It is necessary to guard the reader against disappoint-
ment when he proceeds to examine the existing relation
between the soils and the rocks on which they lie, or to
infer the quality of the soil from the known nature of the
rock in conformity with what has been above laid down,
—by explaining another class of geological appearances
which present themselves not only in our own country
but in almost every other part of the globe.

The unlearned reader of the preceding section and
chapter may say—I know excellent land resting upon
the granites, fine turnip soils on the Oxford or London
clays, tracts of fertile fields on the coal measures, and
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poor, gravelly farms on the boasted new red .Sandstﬂn_e :
I have no faith in theory—I can have none in theories
which are so obviously contradicted by natural appearan-
ces. Such, it is to be feared, is the hasty mode of rea-
soning among too many locally* excellent practical men,
—familiar it may be, with many useful and important
facts, but untaught to look through and beyond isolated
facts to the principles on which they depend.

Every one who has lived long on the more exposed
shores of our island, has seen, that when the weather is
dry, and the sea winds blow strong, the sands of the
beach are carried inland and spread over the soil, some-
times to a considerable distance from the coast. In some
countries this sand-drift takes place to a very great ex-
tent, travels over a great stretch of country, and gradual-
ly swallows up large tracts of fertile land.

Again, most people are familiar with the fact, that dur-
ing periods of long continued rain, when the rivers are
flooded and overflow their banks, they not unfrequently
bear with them loads of sand and gravel, which they
carry far and wide, and strew at intervals over the sur-
face soil.

So the annual overflowings of the Nile, the Ganges,
and the river of Amazons, gradually deposit aceumula-
tions of soil over surfaces of great extent ;—and so also
the bottoms of most lakes are covered with thick beds of
sand, gravel, and clay, which have been conveyed into
them from the higher grounds by the rivers through
which they are fed. Over the bottom of the sea, also,
the ruins of the land are spread ;—torn by the waves from
the crumbling shore, or carried down from great dis-

* By locally excellent, I mean those who are the hest possible
farmers of their own district and after their own way, but who would
fuil in other districts requiring other methods. To the possessor of
agricultural principles the modifications required by difference of
crop, soil, and climate, readily suggest themselves, where the mere
practical man is bewildered, disheartened, and in despair.
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tances by the rivers which lose themselves in the sea,—
and form beds of mud, or banks of sand and gravel of
great extent, which cover and conceal the rocks on which
they lie.

To these and similar agencies, a large portion of the
existing dry land of the globe has been, and is still ex-
posed. Hence in many places, the rocks, and the soils
naturally derived from them, are buried beneath accumu-
lated heaps or layers of sand, gravel, and clay, which
have been brought from a greater or less distance, and
which have not unfrequently been derived from rocks of
a totally different kind from those of the districts in which
they are now found. On these accumulations of trans-
ported materials, a soil is produced which often has no re-
lation in its characters to the rocks which cover the coun-
try, and the nature of which soils, therefore, a familiar
acquaintance with the rocks on which they rest would not
enable us to predict.

To this cause i1s due that discordance between the first
indications of geology, as to the origin of soils from the
rocks on which they rest, and the actually observed cha-
racter of those soils in certain districts—of which dis-
cordance mention has been made as likely to awaken
doubt and distrust in the mind of the less instructed stu-
dent in regard to the predictions of agricultural geology.
There are several circumstances, however, by which the
careful observer is materially aided in endeavouring to
understand what the nature of the soils is likely to be in
any given district, and how they ought to be treated, even
when the subjacent rocks are thus overlaid by masses of
drifted materials. Thus—

1. It not unfrequently happens, that the materials
brought from a distance are more or less mixed up with
the fragments and decayed matter of the rocks which are
native to the spot,—so that, though modified in quality,
the soil, nevertheless, retains the general characters of



HOW OBVIATED. 79

that which is formed in other places from the decay of
these rocks alone.

2. Where the formation is extensive, or covers a large
area, as the new red sandstones and coal measures do in
this country,—the mountain limestones in Ireland, and
the granites in the north of Scotland,—the transported
sand, gravel, or clay, strewed over one part of the forma-
tion, has not unfrequently been derived from the rocks of
another part of the same formation, so that, after all, the
soils may be said to be produced from the rocks on which
they rest, and may be judged of from the known consti-
tution of these rocks.

3. Or if not from the rocks of the same formation, they
have most frequently been derived from those of a neigh-
bouring formation—from rocks which are to be found at
no great distance, and generally on higher ground. Thus
the ruins of the millstone-grit rocks are often spread
over the surface of the coal measures—of these, again,
over the magnesian limestone, of the latter over the new
red sandstone, and so on. The effect of this kind of
transport upon the soils, is merely to overlap, as it were,
the edges of one formation with the proper soils of the
formations that adjoin it, in the particular direction from
which the drifted materials are known to have come.

It appears, therefore, that the occurrence on certain
spots, or tracts of country, of soils that have no apparent
relation to the rocks on which they immediately rest,
tends in no way to throw doubt upon, to discredit or to
disprove, the conclusions drawn from the more general
facts and principles of geology. It is still generally true
that soils are derived from the rocks on which they rest.
The exceptions are local, and the difficulties which these
local exceptions present, require only from the agricultu-
ral geologist a more careful study of the structure of each
district—of the direction of the highlands—the nature of
the slopes—the course and width of the vallies—and the
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extent of the plains,—before he pronounces a decided opi-
nion as to the degree of fertility it either naturally pos-
sesses, or by skilful cultivation may be made to attain.

Geological maps point out with more or less precision
the extent of country over which the chalk, the red sand-
stone, the granites, &c., are found immediately beneath
the loose materials on the surface ; and these maps are of
great value In indicating also the general quality of the
soils over the same districts. It may be true, that here
and there the natural soils are masked or buried by
transported materials, yet the political economist may,
nevertheless, with safety estimate the general agricultu-
ral capabilities and resources of a country by the study
of ‘its geological structure—the capitalist judge in what
part of it he is likely to meet with an agreeable invest-
ment—and the practical farmer in what country he may
expect to find land that will best reward his labours, that
will admit of the kind of culture to which he is most ac-
customed, or, by the application of better methods, will
manifest the greatest agricultural improvement.

SECTION III.—OF THE PHYSICAL CHARACTERS OF SOILS.

The influence of climate on the fertility of a soil is of-
ten very great. This influence depends very much upon
what are called the physical properties of soils.

1. Some soils are heavier and denser than others, sands
and marls being the heaviest, and peaty soils the lightest.
In reclaiming peat lands, it is found to be highly benefi-
cial to increase their density by a covering of clay, sand.
or limestone gravel. .

2. Again, some soils absorb the rains that J‘all1 and re-
tain them in larger quantity and for a longer period than
others. Strong clays absorb and retain nearly three times
as much water as sandy soils do, while peaty soils absorb
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a still larger proportion. Hence the more frequent ne-
cessity for draining clayey than sandy soils; hence also
the reason why, in peaty lands, the drains must be kept
carefully open, in order that the access of springs and
of other water from beneath, may be as much as possible
prevented.

3. When dry weather comes, soils lose water by eva-
poration with different degrees of rapidity. In this way a
siliceous sand will give off the same weight of water in
the form of vapour, in one-third of the time necessary to
evaporate it from a stiff clay, a peat, or a rich garden
mould, when all are equally exposed to the air. Hence
the reason why plants are so soon burned up in a sandy
soil. Not only do such soils 7efain less of the rain that
falls, but that which is retained is also more speedily dis-
sipated by evaporation. When rains abound, however, .
or in very moist seasons, these same properties of sandy
soils enable them to sustain a luxuriant vegetation at a
time when plants will perish on clay lands from excess of
moisture.

4. In drying under the influence of the sun, soils con-
tract and diminish in bulk in proportion to the quantity
of-clay or of peaty matter they contain. Sand does not
at all diminish in bulk in drying, but peat shrinks in one-
fifth, and agricultural clay nearly as much. The roots
are thus compressed, and air is excluded, especially from
the hardened clays, and thus the plant is placed in a con-
dition unfavourable to its growth. Hence the value of
proper admixtures of sand and clay. By the latter (the
clay), a sufficient quantity of moisture is retained, and for
a sufficient length of time ; while, by the former, the roots
are preserved from compression, and a free access of air
is permitted.

5. In the hottest and most drying weather, the soil has
seasons of respite from the scorching influence of the
sun, During the cooler season of the night, even when

=
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no perceptible dew falls, it has the power of again ex-
tracting from the air a portion of the moisture it had lost
during the day. Perfectly pure sand possesses this
power in the least degree ; it absorbs little or no moisture
from the air. A stiff clay, on the other hand, will in «
single mght absorb sometimes as much as a 30th part
of its own weight, and a dry peat as much as a 12th of
its weight ; and, generally, the quantity thus drunk in
by soils of various qualities, is dependent upon the pro-
portions of clay and vegetable matter they severally con-
tain. We cannot fail to perceive from these facts, how
much the productive capabilities of a soil are dependent
upon the proportions in which its different earthy and
vegetable constituents are mixed together.

6. The temperature of a soil, or the degree of warmth,
it is capable of attaining under the influence of the sun’s
rays, materially affects the progress of vegetation. Every
gardener knows how much botfom heat forces the growth,
especially of young plants:; and wherever a natural
warmth exists in the soil, independent of the sun, as in
the neighbourhood of volcanoes, there it exhibits the
most exuberant fertility. One main influence of the sun
in spring and summer is dependent upon its power of
thus warming the soil around the young roots, and ren-
dering it propitious to their rapid growth. But the sun
does not warm all soils alike,—some become much hot-
ter than others, though exposed to the same sunshine.
When the temperature of the air in the shade is no higher
than 60° to 70°, a dry soll may become so warm as to
raise the thermometer to 90° or 100°. Mrs Ellis states,
that among the Pyrenees the rocks actually smoke after
rain under the influence of the summer sun, and become
so hot, that you cannot sit down upon them. In wet
soils the temperature rises more slowly, and never attains
the same height as in a dry soil by 10° or 15°. Hence
it is strictly correct to say, that wet soils are cold ; and
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it is easy to understand how this coldness is removed by
perfect drainage. Dry sands and clays, and blackish
garden mould, become warmed to nearly an equal degree
under the same sun ; brownish-red soils are heated some-
what more, and dark-coloured peat the most of all. It
is probable, therefore, that the presence of dark-coloured
vegetable matter renders the soil more absorbent of heat
from the sun, and that the colour of the dark-red marls of
the new and old red sandstones may, in some degree, aid
the other causes of fertility in the soils which they pro-
duce.

In reading the above observations, the practical reader
can hardly fail to have been struck with the remarkable |
similarity in physical properties between stiff clay and
peaty soils. Both retain much of the water that falls in
rain, and both part with it slowly by evaporation. Both
contract much in drying ; and both absorb moisture
readily from the air in the absence of the sun. In this
similarity of properties, we see not only why the first
steps in improving both kinds of soil must be very nearly
the same ; but why, also, a mixture either of clay or of
vegetable matter will equally impart to a sandy soil many
of those elements of fertility—of which they are alike
possessed. '

SECTION IV.—OF THE CHEMICAL CONSTITUTION OF SOILS.

Soils perform at least three functions, in reference to
vegetation. They serve as a basis in which plants may
fix their roots and sustain themselves in their erect posi-
tion,—they supply inorganic food to vegetables at every
period of their growth,—and they are the medium in
which many chemical changes take place, that are es-
sential to a right preparation of the various kinds of food
which the soil is destined to yield to the growing plant.
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We have spoken of soils as consisting chiefly of sand,
lime, and clay, with certain saline and organic substances
in smaller and variable proportions. But the study of
the ash of plants (see chap. iv.) shews us, that a fertile
soil must of necessity contain an appreciable quantity of
at least eleven different substanees, which in most cases
exist in greater or less relative abundance in the ash both
of wild and of cultivated plants.

Two well known geological facts lead to precisely the
same conclusion. We have seen that the soils formed
from the unstratified rocks,—the granites and the traps,
—while they each contain certain earthy substances in
proportions peculiar to themselves, yet contain also in
general a #race of most of those different kinds of matter
which are found in the ash of plants. Again, it is equally
certain, that the stratified rocks are only the more or less
slowly accumulated fragments and ruins of more ancient
unstratified masses—which, under various agencies, have
gradually crumbled to dust, been strewed over the sur-
face in alternate layers, and afterwards again consolidated.
The reader will readily grant, therefore, that in all rocks,
and consequently in all soils, #races of every one of these
substances may generally be presumed to exist.

Actual chemical analysis confirms these deductions in
regard to the constitution of soils. It shews that, in
most soils, the presence of the several constituents of the
ash of plants may be detected, though in very variable
proportions. And following up its investigations, in re-
gard to the effect of this difference in the proportion of
the generally less abundant constituents of the soil, it
establishes certain other points of the greatest possible
importance to agricultural practice. Thus, it has found,
for example,

1. That as a proper adjustment of the proportions of
elay and sand is necessary, in order that a soil may pos-
sess the most favourable physical properties—so the
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mere presence of the various kinds of inorganic food in a
soil is not sufficient to make it productive of a given crop,
but that they must be so adjusted in quantity, that the
plant shall be able readily—at the proper season—and
within a given time—to obtain an adequate supply of each.

Thus a soil may contain far more of a given ingre-
dient, such as potash, soda, and lime, than the crop we
have sown may require, and yet, being diffused through
a large quantity of earth, the roots may be unable to col-
lect it fast enough to supply the wants of a rapidly grow-
ing plant. A crop of winter wheat which remains nine
or ten months in the field has much more leisure to col-
lect from the soil those substances which are necessary to
its growth, than a crop of barley, which, in cold climates
(Sweden) is only from 6 to 71 weeks in the soil, and
which in warm countries (Sicily) may be reaped twice in
the year.

2. That when a soil is particularly poor in certain of
these substances, the valuable cultivated corn crops,
grasses, and trees, refuse to grow upon themin a healthy
manner, and to yield remunerating returns. And,

3. That when certain other substances are present in
too great abundance, the soil is rendered equally unpro-
pitious to the most important crops.

In these facts the intelligent reader will perceive the
foundation of the varied applications to the soil which are
everywhere made under the direction of a skilful practice
—and of the difficulties which, in so many localities, lie
in the way of bringing the land into such astate, as shall
fit it readily to supply all the wants of those kinds of ve-
getables, which it is the special object of artificial culture
easily and abundantly to raise.

Chemical analysis is a difficult art,—one which de-
mands much chemical knowledge, and skill in chemical
practice (manipulation, as it is called), and calls for both
time and perseverance—if valuable, trustworthy, and mi-
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nutely correct results are to be obtained. I believe it is
only by aiming after such minutely correct results that
chemical analysis is likely to throw light on the peculiar
properties of those soils which, while they possess much
general similarity in composition and in physical proper-
ties, are yet found in practice to possess very different
agricultural capabilities. Many such cases occur in every
country,and they present the kind of difficulties in regard to
which agriculture has a right to say to chemistry—* These
are matters whmh I hope and expect you will satisfac-
torily clear up.” But while agriculture has a right to
use such language, she has herself preliminary duties to
perform. She has no right in one breath to deny the
value of chemical theory to agricultural practice, and in
another to ask the sacrifice of time and labour in doing
her chemical work. Chemistry is a wide field, and many
zealous lives may be spent in the prosecution of it with-
out at all entering upon the domain of practical agricul-
ture. It may be that here and there it may fall in with
the humour or natural bias of some one chemist to apply
his knowledge to this most important art, but hitherto
the appreciation of such efforts has, in general, been so
small—the reception of scientific results and suggestions
by the agricultural body so ungracious—that little won-
der can exist that so many have quitted the field in dis-
gust—that the majority of capable men should studious-
ly avoid it.

Hence it has happened that, in England, the analysis
of soils has rarely been undertaken, except as a matter of
professional business, where so much time was, by a fair
calculation, given for so much money, and an analysis
made, of that degree of accuracy unl}r which the time
allotted to it permitted the analyst to attain.

In order, therefore, to illustrate the deductions which,
as above stated, may be drawn from an accurate chemi-
cal analysis, I shall exhibit the constitution of three dif-
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ferent soils, as determined by Sprengel, a German agri-
cultural chemist, whose own taste, as well as his profes-
sional funetion, have long directed his attention, and with
much success, to scientific agriculture.

No. 1 is a very fertile alluvial soil from East Friesland,
formerly overflowed by the sea, but for 60 years cultivat-
ed with corn and pulse crops without manure.

No. 2 is a fertile soil near Gottingen, which produces
excellent crops of clover, pulse, rape, potatoes, and tur-
nips, the two last more especially when manwred with
gypsum.

No. 3 is a very barren soil from Luneberg.

When washed with water in the manner described in
pages 51 and 52, they gave respectively, from 1000 parts
of soil—

No.1l. No.2. No. 3.

Soluble saline matter, ; . 18 1 1
Fine earthy and organic matter (clay), 937 839 599
Siliceous sand, . 3 45 160 400

1000 1000 1000

The most striking distinction presented by these num-
bers is the large quantity of saline matterin No. 1. This
soluble matter consisted of common salt, chloride of po-
tassium, sulphate of potash and sulphate of lime (gyp-
sum), with a trace of sulphate of magnesia, sulphate of
iron, and phosphate of soda. The presence of this com-
paratively large quantity of these different saline sub-
stances,—originally derived, no doubt, in great part from
the sea,—was probably one reason why it could be so
long cropped without manure.

The unfruitful seil is much the lightest of the three,
containing 40 per cent. of sand; but this is not enough
to account for its barrenness, many light soils containing

aillarger proportion of sand, and yet being sufficiently fer-
tile.
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The finer portions, separated from the sand and solu-
ble matter, consisted, in 1000 parts, of—

No. 1. No. 2. No. 3.

Organic matter, i . 97 50 40
Silica, : ‘ ’ 648 833 i78
Alumina, ; i . 57 51 91
Lime, . " ‘ 59 18 4
Magnesia, ; . s 84 & 1
Oxide of iron, : . 61 30 81
Oxide of manganese, . : 1 3 3
Potash, . - i 2 trace, trace.
Soda, . : ; i 4 do. do.
Ammonia, s ‘ trace. do. do.
Chlorine, : - : 2 do. do.
Sulphuric acid, 3 : 2 ) do.
Phosphoric acid, . . 4} 14 do.
Carbonic acid, . : . 40 4} do.
Loss, . . . 14 — 41

1000 1000 1000

1. The composition of No. 1. illustrates the first of
those general deductions above stated, that a considerable
supply of @/l the species of inorganic food is necessary
to render a soil eminently fertile. Not only does this
soil contain a comparatively large quantity of soluble sa-
line matter, but it contains also nearly 10 per cent. of or-
ganic matter, and what, in connection with this, is of
great importance, 6 per cent. of lime. The potash and
soda, and the several acids, are also present in sufficient
abundance.

2. In the second,—a fertile soil, but one which ecan-
not dispense with manure, there is little soluble saline
matter, and in the insoluble portion we see that there are
mere traces of potash, soda, and the important acids. It
contains also 5 per cent. only of organic matter, and less
than 2 per cent. of lime; which smaller proportions, to-
gether with the deficiencies above stated, remove this
soil from the most naturally fertile class to that class
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which is susceptible, in hands of ordinary skill, of being
brought to and kept in, a very productive condition.

3. In the fine part of the third soil, we observe that
there are many more substances deficient than in No. 2.
The organic matter amounts apparently to 4 per cent.
and there seems to be nearly half a per cent. of lime.
But it will be recollected that this soil contains 40 per
cent. of sand (p. 87) ; so that in every hundred of soil
there are only 60 of the fine matter, of which the com-
position is presented in the table ; or 100 lbs. of the na-
tive soil contain only 2% Ibs. of organic matter and ; lb.
of lime.

But all these wants would not condemn the soil to
hopeless barrenness ; because in favourable circumstan-
ces, and where it is worth the cost, they might all be
supplied. But the oxide of iron amounts to 8 per cent.
of this fine part of the soil ; a proportion of this substance
which, in a soil containing so little organic matter, ap-
pears, from practical experience, to be incompatible with
the healthy growth of cultivated crops. To this soil,
therefore, there require to be added, not only those sub-
stances of which it is destitute, but such other substan-
ces also as shall prevent the injurious effect of the large
proportion of oxide of iron.

In these three soils, therefore, we have examples, first,
of one which contains within itself all the elements of
fertility ; second, of a soil which is destitute, or nearly
so, of certain substances, which, however, can be readily
added by the ordinary manures in general use, and to
which the elements of gypsum are especially useful, in aid-
ing it to feed the potato and the turnip ; and third, of a
soil not only poor in many of the necessary species of the
inorganic food of plants, but too rich in one (oxide of iron)
rfl}ich, when present in excess, is prejudicial to vegetable
ife.

This illustration, therefore, will aid the general reader
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in comprehending how far rigid chemical analysis is fit-
ted to throw light upon the capabilities of soils, and to
direct agricultural practice.

SECTION V.—O0F THE RELATION THAT EXISTS BETWEEN
THE CHARACTER OF THE SOIL AND THE KIND OF FLAN1S
THAT GROW UPON TT.

The importance of this study of the chemical consti-
tution of soils will, perhaps, be most readily appreciated
by a glance at the very different kinds of vegetables
which, under the same circumstances, different smls na-
turally produce.

There are none so little skilled in regard to the capa-
bilities of the soil, as not to be aware that some lands na-
turally produce abundant herbage or rich crops, while
others refuse to yield a nourishing pasture, and are deaf
to the often repeated solicitations of the diligent husband-
man. There exists, therefore, a universally understood
connection between the kind of soil and the kind of plants
that naturally grow upon it. It is interesting to observe
how close this relation in many cases is.

1. The sands of the sea-shore, and the margins of salt
lakes, are distinguished by their peculiar tribes of salt-
loving plants ;—the drifted sands more remote from the
beach produce their own long waving coarser grass ;—
while, further inland, new vegetable races appear.

2. Peaty soils laid down to grass, or existing as na-
tural meadows, produce one soft woolly grass almost ex-
clusively (the Holcus lanatus). When limed again,
these same soils become propitious to green crops and

roduce much straw, but refuse to fill the ear. The grain
is thick-skinned, and therefore light in flour. There is,
in short, a greater tendency to produce woody fibre than
the more useful substance starch.
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3. On the margins of water-courses in which silica
abounds, the mare’s-tail ( Zguisetum ) springs up in abun-
dance : while, if the stream contain much carbonate of
lime, the water-cress appears and lines its sides and the
bottom of its shallow bed, sometimes for many miles from
its source.

4. The Cornish heath (Evrica vagans) shews itself
only above the serpentine rocks: the red broom-rape
(Orobanche rubra), only on basaltic rocks; the Ane-
mone pulsatilla on the dry banks of chalky mounds as in
the neighbourhood of Newmarket ;—while the red clover
and the vetch delight in the presence of gypsum ; and
the white clover in that of alkaline matter in the soil.

5. Then, again, plants seem to alternate with each
other on the same soil. Burn down a forest of pines in
Sweden, and one of birch takes its place for a while.
The pines after a time again spring up, and ultimately
supersede the birch. The same takes place naturally.
On the shores of the Rhine are seen ancient forests of
oak from two to four centuries old, gradually giving
place at present to a natural growth of beech ; and others
where the pine is succeeding to both. In the Palatinate,
the ancient oak-woods are followed by natural pines; and
in the Jura, the Tyrol, and Bohemia, the pine alternates
with the beech.

These and other similar differences depend upon the
chemical constitution of the soil. The slug may live well
upon, and therefore infest a field almost deficient in lime ;
the common land snail will abound at the roots of the
hedges, only where lime is plentiful and can easily be ob-
tained for the construction of its shell. So it is with
plants. Each grows spontaneously where its wants can
be most fully and most easily supplied. If they cannot
move from place to place like the living animal, yet their
seeds can lie dormant, until either the hand of man or
the operation of natural causes produces such a change
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in the constitution of the soil as to fit it for ministering
to their most important wants. .

And such changes do naturally come over the soil.
The oak, after thriving for long generations on a parti-
cular spot, gradually sickens ;—its entire race dies out,
and other races succeed it. The operation of natural
causes has gradually removed from the soil that which
favoured the oak, and has introduced or given the predo-
minance to those substances which favour the beech or
the pine. May not the decay of the larch trees, now so
extensively observed in Scotland, be, in some localities,
due, in whole or in part, to a similar change in the soil 7

In the hands of the farmer, the land grows sick of this
crop—it becomes tired of that. These facts are indica-
tions of a change in the chemical constitution of the soil.
This alteration may proceed slowly and for many years ;
and the same crops may still grow upon it for a succes-
sion of rotations. At length, the change is too great for
the plant to bear; it sickens, yields an unhealthy crop,
and becomes ultimately extinct.

The plants we raise for food have similar likes and dis-
likes with those that are naturally produced. On some
kinds of food they thrive ; fed with others, they sicken or
die. The soil must therefore be prepared for their spe-
cial growth.

In an artificial rotation of crops, we only follow nature.
One kind of crop extracts from the soil a certain quantity
of all the inorganic constituents of plants; but some of
these in much larger proportions than others, A second
kind of crop carries off in preference a larger quantity
of those substances which the former had left; and thus
it is clearly seen, both why an abundant manuring may
so alter the constitution of the soil as to enable it to
grow almost any crop; and why, at the same time, this
soil may, in succession, yield more abundant crops, and
in greater number, if the kinds of plant sown and reaped
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be so varied as to extract from the soil, one after the
other, the several different substances which the manure
we have originally added is known to contain.

The management and tilling of the soil, in fact, is a
branch of practical chemistry, which, like the art of dye-
ing or of lead-smelting, may advance to a certain degree
of perfection without the aid of pure science ; but which
can only have its processes explained, and be led on to
shorter, more simple, more economical, and more perfect
processes, by the aid of scientific principles.
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CHAP. VIII.

Of the improvement of the soil. Mechanical and Chemical Me-
thods—Draining—=Subsoiling—Ploughing, and Mixing of Soils.
Use of Lime, Marl, and Shell-sand. Manures—Vegetable, Ani-
mal, and Mineral Manures,

THE soil 18 possessed of certain existing and obvious
qualities, and of certain other dormant capabilities ; how
are these qualities to be improved,—these dormant capa-
bilities to be awakened ¥

SECTION I.—0OF THE GENERAL IMPROVEMENT OF THE SOIL.

There are few soils to which something may not still
be done in the way of improvement, while by far the
greatest breadth of the land, in England and Ireland at
least, is susceptible of extensive amelioration. In its pre-
sent condition, the art of cultivating the land in England
generally, differs from nearly all other arts practised among
us, in this,—that he who undertakes it later in life—who
brings to it a mind already matured, a good ordinary
education, a sound judgment, and a fair share of prudence
—who turns to it as a new pursuit—is often seen to take
the lead among the agriculturists of the district in which
he settles. He comes to the occupation free from the
trammels of old customs, old methods, and old prejudices,
and hence is free to adopt a sounder practice and more

rational methods of cultivation. Such men, most com-
3
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monly from lack of prudence, have not always prospered
in their worldly affairs, but they have in very many dis-
tricts been the beginners of improvements, the introducers
of better systems of culture, and consequently public be-
nefactors to the country.

What ought to be the course of such a man in embark-
ing any serious amount of capital in this new pursuit ?
What that of an intelligent practical farmer on establish-
ing himself in a new district 7 Suppose each to be equally
well read in the theory and general practice of agricul-
ture, they will—

1. Examine the quality of the land—its soil and its
subsoil—the exposure and the climate—the access to
markets and to manures—and generally they will enquire
what are the more common sources of disappointment to
the industrious farmer.

2. Consider what, in the abstract, theory would indi-
cate as the most proper treatment for such land so situated,
and the amount of produce it ought to yield.

3. Enquire what is the actual produce of the land,
what the actual practice in the district, and especially
the cause or reason of any local peculiarities which may
be found to prevail. There are often good reasons for
local peculiarities which new settlers injure themselves
by overlooking, and find out too late for their own inte-
rest. The prudent man may look with suspicion upon
such local customs, but he will be satisfied that there is
no sufficient reason for their adoption, before he finally
reject them to follow the indications of theory alone.

lIn illustration of this I may mention, that a friend of
mine in Ayrshire, in agreeing to become the tenant of a
farm which appeared to have been exhausted b y the pre-
vious occupant, founded his hopes of success on ploughing
deeper, and thas bringing a new soil to the surface, and
his anticipations have not been disappointed by the result.
On the other hand, I know of an instance in Berkshire,
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where, under the direction of a new agent, deeper plough-
ing was introduced, and the crop proved in consequence
an entire failure. In this case sound theory indicated a
deeper ploughing, but local experience had proved that
shallow ploughing alone could preserve the crops from
the fatal ravages of insect tribes. The local custom here,
therefore, was founded upon a good reason—one sufficient
to deter the prudent man from hasty or extensive expe-
riments, though not enough to prevent him from seeking
out some method of so extirpating the insect destroyers
from his land as to enable him afterwards to avail him-
self of its greater depth of soil.

Suppose it now to be determined that the land is ca-
pable of being made to yield a larger produce—the ques-
tion recurs, how is this improvement to be best, most
fully, and at the same time most economically brought
about ?

There are two distinct methods by which these ends
may be, in some measure, attained,—by the use of me-
chanical, and by the application of chemical, means.
Mechanical operations produce changes chiefly in the
physical properties of the soil,—chemical means alter its
elementary constitution. Ploughing, draining, mixing,
&ec. belong to the former class of operations ; manuring
and irrigation belong to the latter It will be proper to
consider these methods separately.

3ECTION Il.—0N MECHANICAL METHODS OF IMPROVING
THE SOIL.

1. Draining.—The first step to be taken, in order to
increase the fertlllty of nearly all the improvable lands
of Great Britain, is to drain them. So long as they re-
main wet, they will continue to be cold. The heat of
the sun's rays, which is intended by nature to warm the
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soil, will be expended in evaporating the water from its
surface ; and thus the plants will never experience that
genial warmth about their roots, which so much favours
their rapid growth. Where too much water is present
in the soil also, that food of the plant which the soil
supplies is so much diluted, that either a much greater
quantity of fluid must be taken in by the roots,—much
more work done,—or the plant will be scantily nourished.
The presence of so much water in the stem and leaves
keeps down their temperature also, when the sunshine
appears. An increased evaporation takes place from
their surfaces, a lower natural heat, in consequence, pre-
vails in the interior of the plant, and the chemical changes
on which its growth depends proceed with less rapidity.

By the removal of the water, the physical properties
of the soil also, are in a remarkable degree improved.
Dry pipe-clay can be easily reduced to a fine powder,
but it naturally, and of its own accord, runs together
when water is poured upon it. So it is with clays in the
field. The soil expands, becomes close and adhesive,
and excludes the air from the roots of the growing plant,
—the access of which air appears to be almost an essen-
tial element in the healthy growth of the most important
vegetable productions.

Open an outlet for the water below, and as it trickles
away, the air from above will follow it and take its place
among the pores of the soil, carrying to every root the
salutz}r}r influences it is appointed to bear with it, wher-
ever 1t penetrates. When freed from water also, the stiff
soll becomes more mellow ; and when once stirred up to
a‘cmlsiderable depth, more universally porous,—so that
air can make ifs way everywhere, and the roots can
easily extend themselves in every direction. The
presence of vegetable matter,—whether existing natu-
rally in a soil thus physically altered, or artificially ad-
ded to it,—becomes of double value. When drenched

G
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with water, this vegetable matter either decomposes very
slowly, or produces acid compounds more or less un-
wholesome to the plant, and even exerts injurious che-
mical reactions upon the earthy and saline constituents
of the soil. In the presence of air, on the contrary, this
vegetable matter decomposes rapidly, produces carbonic
acid in large quantity, as well as other compounds on
which the plant can live, and even renders the inorganic
constituents of the soil more fitted to enter the roots, and
thus to supply more rapidly what the several parts of the
plant require.

Nor is it only stiff and clayey soils to which draining
can with advantage be applied. It will be obvious to
every one, that when springs rise to the surface in sandy
soils, a drain must be made to carry off the water,—it
will also readily occur, that where a sandy soil rests upon
a hard or clayey bottom, drains may also be necessary ;
but it is not unfrequently supposed, that when the subsoil
is sand or gravel, that drains can only in special cases be
necessary.

Every one, however, is familiar with the fact, that
when water is applied to the bottom of a flower-pot full
of soil, it will gradually find its way to the surface, how-
ever light the soil may be. Soitis in sandy soils or sub-
soils in the open field. If water abound at the depth of a
few feet, or if it so abound at certain seasons of the year,
that water will rise to the surface, and as the sun’s heat
dries it off by evaporation more water will follow to sup-
ply its place. This attraction from beneath will always
go on when the air is dry and warm, and thus a double
evil will ensue—the soil will be kept moist and cold, and
instead of a constant circulation of air downwards, there
will be a constant current of water upwards. Thus will
the roots, the under soil, and the organic matter it con-

tains, be all deprived of the benefits which the access of
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the air is fitted to confer. The remedy for these evils is
to be found in an efficient system of drainage.

It is a curious and apparently a paradoxical observation,
that draining often improves soils on which the crops are
liable to be burned up in seasons of drought. Yet upon
a little consideration the fact becomes very intelhgible.
Let a, b be the surface of the soil,
and ¢, d the level at which the wa-
ter stagnates,—below which there is
no outlet by drains or natural open-
¢ # ings. The roots will readily pene-

trate to ¢, d ; but they will in gene-
ral refuse to descend farther, because of the unwholesome
substances which usually collect in water that is stagnant.
Let a dry season come, and their roots having little depth,
the plants will be more or less speedily burned up. And
if water ascend from beneath the line ¢, ¢, to moisten the
upper soil, it will bring with it those noxious substances
into which the roots have already refused to penetrate,
and will cause the crop to droop and wither. But put in
a drain, and lower the level of the water to e, f; and the
rains will wash the subsoil, and the roots will descend
deep into it, so that if a drought again come, it may
parch the soil above ¢, d, as before, without injuring the
plants, since now they are watered and fed by the soil
beneath.

On this subject I shall add one important practical re-
mark, which will readily suggest itself to the geologist
who has studied the action of air and water on the vari-
ous clay-beds that occur here and there, as members of
the series of stratified rocks. There are no clays which
do not gradually soften under the united influence of air,
of frost, and of running water. It is false economy, there-
fore, to lay down tiles without soles—however hard and
stiff the clay subsoil may appear to be. In the course of
ten or fifteen years the stiffest clays will generally soften

it I/
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so much as toallowthe tile to sink to some extent; and many
very much sooner. The passage for the water is thus gra-
dually narrowed ; and when the tile has sunk a couple of
inches, the whole may have to be taken up. Thousands
of miles of drains have been thus laid down, both in the
low country of Scotland and in the southern counties of
England, which have now become nearly useless ; and yet
the system still goes on. It would appear even as if the far-
mers and proprietors of each district—unwilling to be-
lieve in or to be benefited by the experience of others—
were determined to prove the matter in their own case
also, before they will consent to adopt that surer and
safer system which, though demanding a slightly greater
outlay at first, will return upon the drainer with no after
calls for either time or capital. If my reader live in a
district where this practice is now exploded, and if he be
inclined to doubt if other counties be farther behind the
advance of knowledge than his own, I would invite him
to spend a week in crossing the counties of Durham and
Northumberland, where he may find opportunities not
only of satisfying his own doubts, but of scattering here
and there a few words of useful advice among the more
intelligent of our practical farmers.

It will be granted by every one that the tiles are more
apt to sink in one clay than in another, and into a sandy
than into a clayey subsoil. But it is one of the evils at-
tendant upon the habit of laying tiles without soles, that
if a softer piece of clay occur, or a patch of sandy subsoil,
there are no soles at hand to be employed on these spots.
Workmen, too, are often inattentive, and lay in the tiles in
sandy places without thinking of the risk. The intelligent
farmer will acknowledge that these are reasons whya supply
of solesshould always beat hand even though he should not
think it necessary to use them in all his drainings. Itisa
circumstance to be regretted, that, at some tile works, no
soles are ever made. Where such is the case, it may be
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inferred that soles are rarely asked for ; but no obstacle
should be thrown in the way of those who wish to drain
their land in the most durable and permanent manner.

2. Subsoiling.—The subsoil plough is an auxiliary to
the drain. Though there are few subsoils through which
the water will not at length make its way, yet there are
some so stiff either naturally or from long consolidation,
that the good effect of a well-arranged line of drains is
lessened by the slowness with which they allow the su-
perfluous rains to pass through them. In such cases, the
use of the subsoil plough is most advantageous in loosen-
ing the under layers of clay, and in allowing the water to
find a ready escape downwards or to either side until it
reach the drains.

It is well known that if a piece of stiff clay be cut into
the shape of a brick, and then allowed to dry, it will con-
tract and harden—it will form an air-dried brick almost
impervious to any kind of gas. Wet it again, it will swell
and become still more impervious. Cut up while wet, it
will only be divided into so many pieces, each of which
will harden when dry, or the whole of which will again
attach themselves and stick together if exposed to pres-
sure. But tear it asunder when dry, and it will fall into
many pieces, will more or less crumble, and will readily
admit the air into its inner parts. So it is with a clay
subsoil.

After the land is provided with drains, the subsoil be-
ing very retentive, the subsoil-plough is used to open it
up—to let out the water and to let in the air. If this is
not done, the stiff under-clay will contract and bake as it
dries, but it will neither sufficiently admit the air, nor
open 50 free a passage for the roots. But let this opera-
tion be performed when the clay is still too wet, a good
effect will follow in the first instance ; but after a while
the cut clay will again cohere, and the farmer will pro-
nounce subsoiling to be a useless expense on his land.
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Defer the use of the subsoil-plough till the clay is dry—
it will then fear and break instead of cutting it, and its
openness will remain. Once give the air free access, and,
after a time, it so modifies the drained clay, that it no
longer has an equal tendency to cohere.

Mr Smith of Deanston very judiciously recommends,
that the subsoil-plough should never be used till at least
a year after the land has been thoroughly drained. This
in many cases will be a sufficient safeguard—will allow a
sufficient time for the clay to dry; in other cases, two
years may not be too much. But this precaution has by
some been neglected ; and subsoiling being with them a
failure, they have sought, in some supposed chemical or
other quality of their soil, for the cause of a want of suc-
cess which is to be found in their own neglect of a most
necessary precaution. Let not the practical man be too
hasty in desiring to attain those benefits which attend the
adoption of improved modes of culture ; let him give every
method a fair trial ; and above all, let him make his
trial in the way and with the precautions recommended
by the author of the method, before he pronounce its con-
demnation.

3. Deep ploughing, like subsoiling, aids the effect of
the drains, and so far—where it goes nearly as deep
even more completely—effects the same object. But n-
dependent of this, it has other uses and merits, and where
it has been successfully applied, has improved the land by
the operation of other causes.

Subsoiling only lets out the water, and allows access
to the air and a free passage to the roots. Deep plough-
ing, in addition to these, brings new earth to the surface,
forms thus a deeper soil, and more or less alters both its
physical qualities and its chemical constitution.

If the plough be made to bring up two inches of clay
or sand, it will stiffen or loosen the soil, as the case may
be; or it may affect its colour or density. It is clear
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and simple enough, therefore, that, by deep ploughing,
the physical properties of the soil may be altered.

But there are certain substances contained in every
soil, whether in pasture or under the plough, which gra-
dually make their way down towards the subsoil. They
sink till they reach at least that point beyond which the
plough does not usnally penetrate. Every farmer knows
that lime thus sinks, though many are not aware that the
coltsfoot which infests their fields is a sure indication that
the lime still lingers in the subsoil, and might be brought
again to the surface by a deeper ploughing. In peat-soils
top-dressed with clay, as is done in Lincolnshire, the clay
thus sinks. In sandy soils, also, which have been clayed, |
the clay sinks : and in all these cases, I believe, the sink-
ing takes place more rapidly when the land is laid down
to grass. Where soils are marled, the marl sinks ; and
the rains, in like manner, gradually wash out that which
gives their fertilizing virtue to the under chalk-soils (see
page 62), and render necessary a new application from
beneath to renovate its productive powers.

If this be the case with earthy substances such as those
now mentioned, which are insoluble in water, it will be
readily believed that those saline ingredients of the soil
which are easily soluble, will be still sooner washed out
of the upper and conveyed to the under soil. Thus the
subsoil may gradually become rich in those substances of
which the surface-soil has been robbed. Bring up a por-
tion of this subsoil by deep ploughing, and you restore to
the land a portion of what it has lost,—substances, per-
haps, which may render it much more fruitful than before.
Such is an outline of the theory of deep ploughing, and
it is entirely unexceptionable.

In Germany, theory has pointed out the growing of an
occasional deep-rooted crop in light soils to effect the
same end. The deep roots bring up again to the surface
the substances which had naturally sunk.
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But suppose the land to have originally contained some-
thing noxious to vegetation, which in process of time has
been washed down into the subsoil, then to bring this
again to the surface would be materially to injure the
land. This also is true, and a sound discretion must no
doubt be employed, in judging when and where such evil
effects are likely to tollow.

Such cases, however, are more rare than many suppose.
There are few subsoils which a full and fair exposure to
a winter’s frost will not in a great degree deprive of all
their noxious qualities, and render fit to ameliorate the
general surface of the poorer lands. If the reader doubt
this fact, let him visit Yester, and give a calm considera-
tion to the effects produced by the use of deep-ploughing
on the home-farm of the Marquis of Tweeddale. Let
him also study the practice of deep-ploughing as it is fol-
lowed by the Jersey farmers, and he will be still further
persuaded of the value of deep-ploughing, in some locali-
ties at least.

In many cases, the farmer fears, as he does in the
county of Durham, to bring up a single inch of the yel-
low clay that lies beneath his soil. In the first inch
lodges, among other substances, the iron worn from his
plough, which, in some soils, and after a lapse of years,
amounts to a considerable quantity. Till it is exposed to
the air, this iron is hurtful to vegetation, and one of the
benefits of a winter's exposure of such subsoils to the air,
is the effect produced upon the iron it contains.

It is the want of drainage, however, and of the free ac-
cess of air, that most frequently renders subsoils for a time
injurious to vegetation. Let the lands be well drained—
let the subsoils be washed for a few years by the rain-
water passing through them—and there are few of those
which are clayey in their nature that may not ultimate-
ly be hruught to the surface not only with safety but with
advantage to the upper soil.
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4. Ploughing—Other benefits, again, attend upon
the ordinary ploughings, hoeings, and working of the
land. Its parts are more minutely divided—the air gets
access to every particle—it is rendered lighter, more open,
more permeable to the roots. The vegetable matter it
contains decomposes more rapidly by a constant turning
of the soil, so that wherever the fibres of the roots pene-
trate, they find organic food provided for them, and an
abundant supply of the oxygen of the atmosphere to aid
in preparing it. The production of ammonia and of ni-
tric acid also (see pages 19 to 22), and the absorption of
one or both from the air, take place to a greater extent,
the finer the soil is pulverised, and the more it has been
exposed to the action of the atmosphere. All soils con-
tain, likewise, an admixture of fragments of those miner-
als of which the granitic and trap rocks are composed,
which, by their decay, yield new supplies of inorganic
food to the growing plant. The more frequently they
are exposed to the air, the more rapidly do these frag-
ments crumble away and decompose. The general ad-
vantage, indeed, to be derived from the constant working
of the soil, may be inferred from the fact, that Tull reap-
ed twelve successive crops of wheat from the same land
by the repeated use of the plough and the horse-hoe.
There are few soils so stubborn as not to shew themselves
grateful in proportion to the amount of this kind of labour
that may be bestowed upon them.

It 1s chiefly because the spade or the fork divide and
separate the soil more completely or to a greater depth
that larger crops have been obtained in many districts by
the introduction of the spade husbandry than by the or-
dinary mode of culture with the plough.

5. Miving.—1t has been already shewn that the
physical properties of the soil have an important in-
fluence upon its average fertility. The admixture of
pure sand with clay soils produces an alteration which
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is often beneficial, and which is wholly physical. The
sand merely opens the pores of the clay, and makes it
more permeable to the air.

The admixture of clay with sandy or peaty soils, how-
ever, produces both a physical and a chemical alteration.
The clay not only consolidates and gives body to the
sand or peat, but it also mixes with them certain earthy
and saline substances useful or necessary to the plant,
which neither the sand nor peat might originally contain
in sufficient abundance. It thus alters its chemical con-
stitution, and fits it for nourishing new races of plants.

Such is the case also with admixtures of marl, of shell-
sand, and of lime. They slightly consolidate the sands
and open the clays, and thus improve the mechanical
texture of both kinds of soil, but their main operation is
chemical ; and the almost universal benefit they produce
depends upon the new chemical element they introduce
into the constitution of the soil.

It is a matter of almost universal remark, that in our
‘climate soils are fertile—clayey or loamy soils, that is—
only when they contain an appreciable quantity of lime.
In whatever way it acts, therefore, the mixing of lime in
any of the forms above mentioned, with a soil in which
little or no lime exists, is one of the surest practical me-
thods of bringing it nearer in composition to those soils
from which the largest returns of agricultural produce
are usually obtained. Some of the chemical effects of
the lime upon the soil will be explained in a subsequent
section.

SECTION I(I.—OF THE CHEMICAL METHODS OF IMPROVING
THE SOIL BY THE USE OF MANURES.

None of the above methods of improving the soil are
mechanical only—they all involve some chemical altera-
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tions also, which are readily to be explained by a know-
ledge of elementary chemical principles. But the manur-
ing of the land is more strictly a chemical operation, and
may therefore with propriety be separated from those
methods of improving its quality which involve at the
same time important and expensive mechanical opera-
tions,

In commencing the tillage of a piece of land, the con-
scientious farmer may have three objects in view in re-
gard to it.

1. He may wish to reclaim a waste, or to restore a ne-
glected farm to an average condition of fertility.

2. Finding the land in this average state, his utmost
ambition may be to keep it in its present condition ; or,

3. By high farming he may wish to develope all its
capabilities, and to increase its permanent productiveness
in the greatest possible degree.

The man who aims at the last of these objects is not
only the best tenant and the best citizen, but he is also
his own best friend. The highest farming, skilfully and
prudently conducted, is also the most remunerating.*

But whichever of these three ends he aims at, he will
be unable to attain it without a due knowledge of the va-
rious manures it may be in his power to apply to his land
—what these manures are, or of what they consist—the ge-
neral and special purposes they are each intended to serve

* A singular illustration of this fact is mentioned as observed in
Holstein, where marl is extensively applied to the land. Those
fields which are marled, yield a much larger produce than hefore—
while the adjoining fields, which are left unmarled, give a less return
than when all were unmarled, so that the holder of the latter is com-
pelled to improve by marling his fields also. (Sprengel).

It 1s also a curious but important observation, that when light
lands, poor in vegetable matter, are reclaimed from a state of waste
—they pay better for the manure added to them every succeeding

year—that is, the richer in organic matter they become. (Von
Vooght,
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—which are the most effective for this or that crop—how
they are to be obtained in the greatest abundance, and at
the least cost—how their strength may be economized—
and in what state and in what seasons they may be most
beneficially applied to the land. Such are a few of the
questions which the skilful farmer should be ready to
ask himself, and should be able to answer.

By a manure is to be understood whatever is capable
of feeding or of supplying food to the plant. And as
plants require earthy and saline as well as vegetable food,
gypsum and nitrate of soda are as properly called ma-
nures as farm-yard dung, bone-dust, or night-soil.

Manures naturally divide themselves into such as are
of vegetable, of animal, and of mineral origin.

I. OF YVEGETABLE MANURES.

There are two purposes which vegetable manure is ge-
nerally supposed to serve when added to the soil. It
loosens the land, opens its pores, and makes it lighter;
and it also serves to supply organic food to the roots of
the growing plant. It serves, however, a third purpose.
It yields to the roots those saline and earthy matters,
which it is their duty to find in the soil, and which exist
in decaying plants in a state more peculiarly fitted to en-
ter readily into the circulating system of new races.

Decayed vegetable matters, therefore, are in reality
miwed manures, and their value in enriching the land
must vary considerably with the find of plants, and with
the parts of those plants of which they are chiefly made
up. This depends upon the remarkable difference which
exists in the guantity and /ind of inorganic matter pre-
sent in different vegetable substances, as indicated by the
ash they leave (see pages 35 to 43). Thus if 1000 Ibs.
of the saw-dust of the willow be fermented and added to
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the soil, they will enrich it by the‘ addition of nnl_y 41 lbs.
of saline and earthy matter, while 1000 l_bs. of tl}e dry
leaves of the same tree, fermented and laid on, will add
82 lbs. of inorganic matter. Thus, independent of the
effect of the vegetable matter in each, the one will pro-
duce a very much greater effect upon the soil than the
other.* _

There are three states in which vegetable matter is
collected by the husbandman for the purpose of being
applied to the land—the green state ; the dry state; and
that state of imperfect decay in which it forms peat.

1. Green Manuring.—When grass is mown in the
field, and laid in heaps, it speedily heats, ferments, and
rots. But, if turned over frequently and dried into hay,
it may be kept for a great length of time without under-
going any material alteration. The same is true of all
other vegetable substances—they all rot more readily in
the green state. The reason of this is, that the sap or
juice of the green plant begins very soon to ferment in
the interior of the stem and leaves, and speedily com-
municates the same condition to the moist fibre of the
plant itself. 'When once it has been dried, the vegetable
matter of the sap loses this easy tendency to decay, and
thus admits of long preservation.

The same rapid decay of green vegetable matter takes
place when it is buried in the soil. Thus the cleanings
and scourings of the ditches and hedge-sides form a com-
post of mixed earth and fresh vegetable matter, which
soon becomes capable of enriching the ground. When
a green crop is ploughed into a field, the whole of its
surface 1s converted into such a compost—the vegetable
matter in a short time decays into a light, black mould,

* It is owing to this large quantity of saline and other inorganic
matter which they contain, that fermented leaves alone form too
strong a dressing for flower borders, and that gardeners therefore
generally mix them up into a compost.
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and enriches in a remarkable degree and fertilizes the
soil.

Hence the practice of green manuring has been in use
from very early periods., The second or third crop of
lucerne was ploughed in by the ancient Romans—as it
still is by the modern Italians. In Tuscany, the white
lupin is ploughed in,—in Germany, borage,—and in
Holstein, spurry. In French Flanders, two crops of
clover are cut, and the third is ploughed in. In some
parts of the United States the clover is never cut, but is
ploughed in as the only manure. In Sussex, and in parts
of Scotland, furnip seed has been sown at the end of har-
vest, and after two months again ploughed in, with great
benefit to the land. Turnip leaves and potato tops de-
cay more readily, and more perfectly, and are more en-
riching when buried in the green state. It is a prudent
economy, therefore, where circumstances admit of it, to
bury the potato tops on the spot from which the potatoes
are raised. Since the time of the Romans, it has been the
custom to bury the cuttings of the vine stocks at the roots
of the vines themselves; and many vineyards flourish for
a succession of years without any other manuring.

Buckwheat, rye, winter tares, clover, and rape, are all
occasionally sown for the purpose of being ploughed in.
This should be done when the flower has just begun to
open, and if possible at a season when the warmth of the
air and the dryness of the soil are such as to facilitate
decomposition.

That the soil should become richer in vegetable matter
by this burial of a crop than it was before the seed of that
crop was sown, and should also be otherwise benefited,
will be understood by recollecting (see page 27) that per-
haps three-fourths of the whole organic matter we bury,
has been derived from the air—that by this process of
ploughing in, the vegetable matter is more equally dif-
fused through the whole soil, than it could ever be by any
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merely mechanical means ;—and that by the natural de-
cay of this vegetable matter, ammonia and nitric acid are,
to a greater extent (pages 20 and 21), produced in the
soil, and its agricultural capabilities in consequence mate-
rially increased.

These considerations, while they explain the effect and
illustrate the value of green manuring, will also satisfy
the intelligent agriculturist that there exist methods of
improving his land without the aid either of town or of
foreign manures—and that he overlooks an important na-
tural means of wealth who neglects the green sods and
crops of weeds that flourish by his hedgerows and ditches.
Left to themselves, they will ripen their seeds and sow
them annually in his fields—collected in compost heaps
they will materially add to his yearly crops of corn.

Sea-weeds.—Among green manures, the use of fresh
sea-ware deserves especial mention, from the remarkably
fertilizing properties it is known to possess, as well as from
the great extent to which it is employed on all our coasts.
The agricultural produce of the isle of Thanet, in Kent,
is said to have been doubled or tripled by the use of this
manure ;—the farms on the Lothian coasts are said to let
for 20s. or 30s.more rent per acre when they have a right of
way to the sea, where the weed is thrown ashore :*—and
in the Western Isles the sea-ware, the shell-marl, and the
peat-ash, are the three great natural fertilizers to which
the agriculture of the district is indebted for the compa-
rative prosperity to which it has in some of the islands
already attained.
~ Sea-weeds decompose with great ease when collected
in heaps or spread upon the land. During their decay
they yield not only organic food to the plant, but saline
matters also, to which much of their efficacy both on the
grass and the corn crops is no doubt to be ascribed.

* ' wy |1 p
In this locality 16 loads of sea-weed are reckoned equal to 20
tons of farm-yard manure,



119 FERMENTATION OF DRY STRAW.

2. Manuring with dry Vegetable Matter—Almost
every one knows that the saw-dust of most common woods
decays very slowly—so slowly, that it is rare to meet
with a practical farmer who considers it worth the trouble
of mixing with his composts. This property of slow de-
cay is possessed in a certain degree by all dry vegetable
matter. Heaps of dry straw when alone, or even when
mixed with earth, will ferment with comparative difficul-
ty, and with great slowness. It is necessary, therefore,
to mix it, as is usually done, with some substance that fer-
ments more readily, and which will impart its own condi-
tion to the straw. Animal matters of any kind, such as
the urine and droppings of cattle, are of this character ;
and it is by admixture with these that the straw which is
trodden down in the farm-yard is made to undergo a more
or less rapid fermentation.

The object of this fermentation is twofold—first, to re-
duce the particles of the straw to such a minute state of
division, that they may admit of being diffused through
the soil ; and second, that the dry vegetable matter may
be so changed by exposure to the air, and other agencies,
as to be fitted to yield without difficulty both organic and
inorganic food to the roots of the plants it is intended to
nourish.

We have seen that this decomposition takes place very
speedily, and of its own accord, when the vegetable mat-
ter is green, but that it can be induced or brought on in
the case of dry straw by the agency of animal matter.
The same means will cause the fermentation of any other
vegetable substance which is in a minute state of division.
Even saw-dust made into a compost heap with soil or
sods, and watered regularly and copiously with the liquid
manure of the farm-yards, may be thus converted into a
fertilizing vegetable mould.

Differences of opinion have prevailed, and discussions
have taken place, as to the relative efficacy of long and
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short—or of half fermented and of fully rotten dung,
But if it be added solely for the purpose of yielding food
to the plant, or of preparing food for it, the case is very
simple. The more complete the state of fermentation—
if nor carried too far—the more immediate will be the
agency of the manure ; hence the propriety of the appli-
cation of short dung to turnips and other plants it is de-
sirable to bring rapidly forward; but if the manure be
only half decayed, it will require time in the soil to com-
plete the decomposition, so that its action will be more
gradual and prolonged.

Though in the latter case the immediate action is not
so perceptible, yet the ultimate benefit to the soil, and to
the crops, may be even greater, supposing them to be such
as require no special forcing at one period of the year.
This is easily understood. While it is undergoing fer-
mentation in the farm-yard, the straw loses part of its
substance either in the state of gaseous matter, which
escapes into the air, or of saline matter, which is washed
out in the liquid form. Thus after complete fermenta-
tion the quantity of matter present is really less, and con-
sequently, when added to the soil, though the immediate
effect upon the crop be greater, the whole effect may be
very considerably less also.

This will appear more clearly when it is considered,
that the quantity of recent dung—mixed straw and cow
d.ung—-is by experiment equal on an average to 2 or 21
times that of the dry food and fodder taken together,
while, when fully rotten, the weight of the dung may not
exceed that of the dry food and fodder consumed by the
cattle.

Thus+ it has been found that one ton of dry food and
stray give a quantity of farm-yard dung which weighs—

When recent, . . 2 to 21 tons.
After 6 weeks, . . 1 to?2! tons.
After 8 weeks, ; 145 to 9’ tons,
When half rotten, . 1§ to 13 tons,
When fully rotten, . 1 to 1} tons,

i1
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A part of this loss is no doubt to be ascribed to the
evaporation of a portion of the water of the recent dung ;
but the larger part to an actual escape of the substance
of the manure itself. The farmer, therefore, who applies
the manure from a given weight of food and straw, in a
fresh state, adds more to his land than if he first allows
it to become perfectly fermented. Were he to chop his
straw, and put it in as it comes fresh from the field, he
would add still more ; but its action as a manure would
be slow, and while it would beneficially open stiff and
heavy soils, it would injure others, by rendering them too
light and porous.

Saw-Dust—With a view to this slow amelioration, dry
vegetable matter of any kind may, if in a sufficient state
of division, be added with benefit to the soil. Even saw-
dust applied largely to the land, has been found to im-
prove it, though little at first, yet more during the second
year after it was applied, still more during the third, and
most of all in the fourth season after it was mixed with
the soil. That any dry vegetable matter, therefore, does
not produce an immediate effect, ought not to induce the
practical farmer to despise the application to his land—
either alone, or in the form of a compost—of every thing
of the kind he can readily obtain. If his fields are not
already very rich in vegetable matter, both he and they
are likely to be ultimately benefited by such additions to
the soil.

Rape-Dust—It is from the straw of the corn-bearing
plants, or from the stems and leaves of the grasses, that
the largest portion of the strictly vegetable manures ap-
plied to the soil is generally obtained or prepared. But
the seeds of all plants are much more enriching than the
substance of their leaves and stems. These seeds, how-
ever, are in general too valuable for food to admit of their
application as a manure. Still the refuse of some, as that
of different kinds of rape-seed after the oil is expressed,
and which is unpalateable to cattle, is applied with great
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benefit to the land. Drilled in with spring wheat, or
scattered as a top-dressing in spring at the rate of 5 cwt.
an acre, it gives a largely increased and remunerating re-
turn. Applied at a cost of 40s. per acre to spring wheat,
it has been found in Yorkshire to raise the produce from
29 to 39 bushels per acre, and to give one-fifth more
straw. It is applied with equal success to the cultiva-
tion of potatoes, if it be put in the place of a part only
of the manure. Ifused alone, itis apt to give very large
and luxuriant tops with only an inferior weight of tubers.
It should, therefore, be mixed with other manure, and
generally it may be substituted for it at the rate of about
1 ewt. of rape-dust for each ton of farm-yard manure.

Malt-Dust consists of the dried sprouts of barley,
which, when the sprouted seed is dried in the process of
malting, break off and form a coarse powder. This is
found to be almost equal to rape-dust in fertilizing power.
One hundred bushels of barley yield 105 to 110 of malt
and 4 to 5 of dust. In this neighbourhood (Durham)
it is sold at one shilling a bushel.

Bran.—The bran and pollard of wheat are highly re-
commended as manures, Drilled in with the turnip seed
at the rate of 5 or 6 ewt. an acre, or at a cost of £1,
2s. 6d., it brought the young plants rapidly forward, and
gave one-third more in weight of bulbs than the other
parts of the field, which had been treated in the same
way in every respect, except that no addition of bran had
been made to them.

Charcoal Powder possesses the remarkable property
of absorbing noxious vapours from the air and soil, and
unpleasant impurities as well as saline substances from
water. It also sucks into its pores much oxygen from
the air. Owing to these and other properties, it forms a
valuable mixture with liquid manure, night-soil, farm-
yard manure, ammoniacal liquor, or other rich applica-
tions to the soil. It is even capable of itself of yielding
slow supplies of nourishment to living plants, and it is
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said, in many cases, even when unmixed, to be used with
advantage in practical agriculture. In moist charcoal the
seeds of the gardener are found to sprout with remark-
able quickness and certainty, but after they have sprouted,
they do not continue to grow well in charcoal alone.

Soot, whether from the burning of wood or of coal, is
of vegetable origin, and consists chiefly of a finely divid-
ed charcoal, possessing the properties above-mentioned.
It contains, however, ammonia and certain other sub-
stances in small quantity, to which its well known, and
especially its @mmediate, effects, upon vegetation are in
part to be ascribed. In many localities it increases the
growth of the grass in a remarkable degree and as a top
dressing to wheat, it sometimes produces effects equal to
those which follow the useof thenitrates of potash or soda.*

3. The use of Peat—In many parts of the world—
and in none more abundantly, perhaps, than in our own
islands—vegetable matter continually accumulates in the
form of peat. This peat ought to supply an inexhaustible
store of organic matter for the amelioration of the adjacent
soils. We know that by draining off the sour and un-
wholesome water, and afterwards applying lime and clay,
the surface of peat bogs may be gradually converted into
rich corn-bearing lands. It must, therefore, be possible
to convert peat itself by a similar process into a compost
fitted to improve the condition of other soils.

The late Lord Meadowbank, who made many experi-
ments on this subject, found, that after being partially
dried by exposure to the air, peat might be readily fer-
mented, and brought into the state of a rich fertilizing
compost by the same means which are adopted n the or-
dinary fermenting of straw. He mixed with it a portion
of animal matter, which soon communicated its own fer-
menting quality to the surrounding peat, and brought it
readily into a proper heat. He found that one ton of hot
fermenting manure, mixed in alternate layers with two of

* Jowrnal of the Royal Adgricultural Socicty of England. 11 p. 259,
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half-dried peat, and covered by a layer of the same peat,
was sufficient to ferment the whole. IHe observed after-
wards also, that the vapours which rise from naturally
fermenting farm-yard manure or animal matters, would
alone produce the same effect upon peat, placed so as
readily to receive and absorb them.

As ammonia is one of the compounds specially given
off by putrefying animal substances, it is not unlikely that
a watering with ammoniacal liguor would materially pre-
pare the peat for undergoing fermentation. At all events,
it seems possible to prepare any quantity of valuable peat
compost by mixing the peat with a little soil,and with a still
smaller quantity of fermented manure than was employed
by Lord Meadowbank, provided the liquid manure of the
farm-yard be collected in a cistern, and be thrown at in-
tervals, by means of a pump over the prepared heaps.

One important use also to which I think peat may be
applied is, after it is partially dried, to build it into covered
heaps, and half burn or char it till it become readily re-
ducible into a fine powder. In this state it would be of
great value as a mixture to preserve the virtues of liquid
manures of allkinds, of night-soil,and of ammeoniacal liquor.

Tanners’ Bark.—I may here also advert to the use
of tanners’ bark, a form of vegetable matter which, like
peat, is difficult to work up, and is therefore often per-
mitted largely to go to waste. Like peat it may be dried
and burned for the ash, which is light, portable, and
forms a valuable top-dressing. But the economist will
prefer to ferment it in a compost, in the way above de-
scribed for peat. In the farm-yard occasional waterings
of the compost with liquid manure will bring it into a
heat, and when the ammoniacal liquor of the gas-works
can be procured at a cheap rate, it may be employed for
a similar purpose. The hard thick fragments of bark,
however, cannot be so soon decomposed as the already

finely divided peat, and must be expected therefore to
demand more time.
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SECTION 1V,—RELATIVE VALUE OF DIFFERENT VEGETABLE
MANURES,

There are two principles on which the relative values
of different vegetable substances, as manures, may be
estimated — first, by the relative quantity and kind of
tnorganic matter they respectively contain ; and second,
by the relative proportions of nitrogen present in each.

1. Valued according to the guantity of inorganic mat-
ter they contain—the worth of the several kinds of
straw and hay would be represented by the following
numbers :—

Wheat straw, . : » : 70 to 360
Oat straw, . : ; 100 to 180
Hay, . . . . 100 to 200
-Barley straw, - ; . 100 to 120
Pea straw, A . g . 100 to 110
Bean straw, : . ‘ 60 to 80
Rye straw, : : : . 50 to 70
Dry potato tops, ‘ ' ‘ 100

Dry turnip tops, : . . 260

Rape cake, - . ; 120

that is, @ fon weight of each of these substances, when
made into manure—provided nothing is washed out by
the rains—will return to the soil the above quantities of
inorganic matter n pounds. Generally, perhaps, these
numbers will give the reader a tolerably correct idea of
the relative permanent effects of the above different kinds
of vegetable matter, when laid upon the soil. But, by a
reference to the facts stated in pp. 39 to 43, in regard to
the quality of the inorganic matter contained in plants,
he will satisfy himself, that the effect of these manures
on particular crops is not to be judged of solely by the
absolute quantity of earthy and saline matter they con-
tain ; that which the turnip top, for example, or the bean-
stalk, returns to the soil, may not be exactly what will
best promote the growth of wheat.
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2. On the other hand, if the feftilizing value of vege-
table substances is to be calculated by the relative quan-
tities of nitrogen they severally contain, we should place-
them in the following order ; the number opposite to each
substance representing that weight of it in pounds which
would produce the same effect as 100 pounds of farm-
yard manure, consisting of the mixed droppings and litter
of cattle. :

Equivalent
quﬂ.ntltlﬂﬁ 1n
pounds.

Farm-yard manure, . - ; 100
Wheat straw, 3 : 3 80 to 170
Oat straw, - . . 150
Barley straw, . ; ; 180
Buckwheat straw, - Y . 85
Pea straw, . . : 45
Wheat chaff, : 3 : 5
Green grass, : ; : 80
Potato tops, . : ; 75
I'resh sea-weed, ; : 80
Rape dust, . ; : a
Fir saw-dust, ; : ; 250
Oak saw-dust, ! ! 5 180
Coal soot, : . ; 30

This table again presents the same substances in a
somewhat different order of value ; showing, for example,
not only that such substances as rape-dust and soot should
produce a much more remarkable effect upon vegetation
than the same weight even of farm-yard manure, but also
that certain dry vegetables, such as chaff and pea-straw,
will yield, when not unduly fermented, a more enriching
manure than barley, oat, or wheat straw. It agrees also
with the known effect of green manuring upon the land,
since 80 pounds of meadow grass ploughed in will be
equal in virtue to 100 of furm-yard manure.

Some writers ascribe the entire action of these manures
to the nitrogen they contain. This, however, is taking a
one-sided view of their real natural operation. The ni-
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trogen, during their decay, is liberated chiefly in the form
of ammonia,—an evanescent substance, producing an im-
mediate effect in hastening or carrying farther forward
the growth of the plant, but not remaining permanently
in the soil. The reader, therefore, will form an opinion
consistent alike with theory and with practice, if he con-
clude—

L. That the tmmediate effect of a vegetable manure in
hastening the growth of plants is dependent, in a great
degree, upon the quantity of nitrogen it contains and
gives off during its decay in the soil, but—

2. That their permanent effect and value is to be es-
timated chiefly by the quantity and quality of the inor-
ganic matter they contain—of the ash they leave when
burned.

The effect of the nitrogen may be nearly expended in
a single season ; that of the earthy and saline matters may
not be exhausted for several years.

Nor is the carbon of vegetable substances without its
important uses to vegetation. I'rom the statements con-
tained in the earlier chapters of the present work, it may
be inferred that, however much influence we may allow
to the nitrogen and to the earthy matter of plants in aid-
ing the growth of future races, the soundest view is that
which considers each of the elements present in decayed
plants to be capable of ministering food to such as are
still alive. We may not be able as yet to estimate the
precise importance of each element to any particular kind
of crop, or so to adjust the quantities of each in our ma-
nures, as to promote the growth of that crop in the greatest
possible degree, yet the principle itself is a sound one,
and will guide us to safe and correct results.



CHAPTER IX.

Animal Manures—DBlood, Hair, Bones, Urine, Cow and Horse Dung,
Night Soil, Pigeon’s Dung, Guano—Relative values and mode of
action of Animal Manures—Difference between Animal and Ve-
getable Manures—Cause of this difference—Mineral Manures—
Nitrates of Potash and Soda—Sulphate of Soda, Gypsum, Com-
mon Salt, Kelp, Chalk, and Quicklime—Chemical action of these
manures—Special Manures—Mixed Manures—Burning and Irri-
gation of the Soil—Planting and laying down to grass.

TuEe animal substances employed as manure consist
chiefly of the flesh, blood, bones, horns, and hair of ani-
mals, of fish—which in some places are found in sufficient
quantity to be laid upon the land—and of the solid and
liquid excrements of animals and birds.

f

SECTION I.—OF UNDIGESTED ANIMAL MANURES,

Animal substances, in general, act more powerfully as
manures than vegetable substances ; it is only the seeds
of plants which can at all compare with them in efficacy.

The flesh of animals is rarely used as a manure, except
in the case of dead horses, or cattle which cannot be used
for food. Tish are chiefly applied in the form of the re-
fuse of the herring and pilchard fisheries, though occa-
sionally such shoals of sprats, herrings, and even mac-
kerel, have been caught on our shores, as to make it ne-
cessary to employ them as manure. These recent animal
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substances are found to be too strong when applied di-
rectly to the land; they-are generally, therefore, made
into a compost, with a large quantity of soil. Five bar-
rels of fish, or fish refuse, made into twenty loads of
compost, will be sufficient for an acre. The refuse of
fish oils, of the fat of animals that has been melted for
the extraction of the tallow, of skins that have been
boiled for the manufacture of glue—horns, hair, wool,
woollen rags, and all similar substances, when made
into composts, exercise, in proportion to their weight, a
much greater influence upon vegetation than any of the
more abundant forms of vegetable matter.

Even the bodies of insects are in many parts of the
world important manures of the soil. In warm climates,
a handful of soil sometimes seems almost half made up
of the wings and skeletons of dead insects—the peasant
in Hungary and Carinthia occasionally collects as many as
thirty cart-loads of dead marsh flies in a single year—
and in the richer soils of France and England, where
worms and other insects abound, the presence of their
remains in the soil must aid its natural productiveness.

Blood is rarely applied to the land directly—though,
like the other parts of animals, it makes an excellent
compost. In some countries it is dried, and in the state
of powder is applied as a top dressing to the growing
crops ; but this mode of using it is not very widely adopt-
ed. As it comes from the sugar refineries, however, in
which, with lime-water and animal charcoal, itis employ-
ed for the refining of sugar, it has obtained a very exten-
sive employment, especially in the south of France. This
animal black, or animalized charcoal, as it is sometimes
called, contains about twenty per cent. of blood, and has
risen to such a price in France, that the sugar refiners
actually sell it for more than the unmixed blood and ani-
mal charcoal originally cost them. This has given rise
to the manufacture of artificial mixtures of charcoal, fecal
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matters, and blood, which are also sold under the name
of animal charcoal. The only disadvantage attending
these artificial preparations is, that they are liable to be
adulterated, or, for cheapness, prepared in a less efficient
manner.

Horn, hair, and wool, depend for their efficacy pre-
cisely on the same principles as the blood and flesh of
animals. They differ chiefly in this, that they are dry,
while blood and flesh contain 80 to 90 per cent. of their
weight of water. Hence, a ton of horn shavings, of hair,*
or of dry woollen rags, ought to enrich the soil as much
as ten tons of blood. In consequence, however, of their
dryness, the horn and wool decompose much more slow-
ly than the blood. Hence the effect of soft animal mat-
ters is more immediate and apparent, while that of hard
and dry substances is less visible, but continues for a
much longer period of time.

Bones, again, while they resemble horn in being dry,
differ from it in containing, hesides the animal matter, a
large quantity of earthy matter also, and hence they in-
troduce a new agent to aid their effect upon the soil.
Thus, the bones of the cow consist in 100 1bs. of

Phosphate of lime, : . . 551
Phosphate of magnesia, : : A le
Soda and common salt, . g g 31
Carbonate of lime, : s - . 9%
Fluoride of caleium, : : ; 1
Gelatine (the substance of Lorn), ; 333
100

While 100 Ibs. of bone-dust, therefore, add to the soil
as much organic animal matter as 33 Ibs. of horn, or as
:5'.{]0 or 400 Ibs. of blood or flesh, they add, at the same
time, two-thirds of their weight of inorganic matter,

* In China, the hair, which every ten days is shaven from the
heads of the entire population, is collected and sold for manure
throughout the empire.
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consisting of lime, magnesia, soda, common salt, and phos-
phoric acid (in the phosphates)—all of which, as we
have seen, must be present in a fertile soil, since the
plants require a certain supply of them all at every period
of their growth. These substances, like the inorgaanic
matter of plants, may remain in the soil, and may exert
a beneficial action upon vegetation after all the jrforganic
or gelatinous matter has decayed and disappeared.

From what is above stated, therefore, the reader will
gather these general conclusions.

1. That animal substances which, like flesh and blood,
contain much water, decay rapidly, and are fitted to ope-
rate #mmediately and powerfully upon vegetation, but are
only temporary or evanescent in their action.

2. That when dry, as in horn, hair, and wool, they de-
compose, and consequently act more slowly, and continue
to manifest an influence, it may be, for several seasons.

3. That bones, acting like horn, in so far as their ani-
mal matter is concerned, and, like it, for a number of sea-
sons more or less, according as they have been more or
less finely crushed—may ameliorate the soil by their
earthy matter for a still longer period—permanently im-
proving the condition and adding to the natural -capabi-
lities of the land.

SECTION II.—OF DIGESTED ANIMAL MANURES.

Practical men have long been of opinion that the di-
gestion of food, either animal or vegetable,—the passing
it through the bodies of animals,—enriches its fertilizing
power, weight for weight, when added to the land. Hence,
in causing animals to eat up as much of the vegetable
pl‘ﬂductiﬂns of the farm as possible—of the straw and tur-
nip tops, for example, as of the grain and bulbs—it is sup-
posed that not only is so much food saved, but that the
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value of the remainder in fertilizing the land is greatly
increased. In a subsequent section we shall see how far
theory serves to throw light upon these opinions.

I, LIQUID EXCRETIONS.

The digested animal substances usually employed as
manures are, the urine of the cow and the sheep, the so-
lid excrements of the horse, the cow, the sheep, and the
pig, the droppings of pigeons and other birds, and night
soil. The liquid manures act chiefly through the saline
substances which they hold in solution, while the solid
manures contain also insoluble matters, which decay slow-
ly in the soil, and there become useful only after a time.
The former, therefore, will influence vegetation more
powerfully at first; the action of the latter will be less
evident, but will continue to operate for a much longer
period.

1. Urine—Human urine consists, in 1000 parts of,
Waeter,

\ : ; . s . 459
Urea, and other organic matters containing nitrogen, 49
Phlosphates of ammonia, soda, lime, and magnesia, : i
Sulplates of soda and ammonia, : . ; i
Sal ammoniac and common salt, : , : 6

1000

A thousand pounds of urine, therefore, contain 68 1he.
of dry fertilizing matter of the richest quality, worth «¢
the present vate of selling avtificial manures in this
country, at least 10s. a ewt. As each person voids al-
most 1000 Ibs. of urine in a year, the national waste in-
curred in this form amounts, at the above valuation. to
Gs. a head. And if five tons of farm-yard manure }}El‘
acre, added year by year, will keep a farm in good heart
four cwt. of the solid matter of urine would pl‘nbnblj;
have an equal effect; or the urine alone discharged intq
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the rivers by a population of 10,000 inhabitants would
supply manure to a farm of 1500 acres, yielding a return
of 4500 quarters of corn, or an equivalent produce of
other crops.

The wrine of the cow is said to contain less water than
that of man, though of course much must depend upon
the kind of food with which it is fed. Considering, then,
the large quantity of liquid manure thatis yielded by the
cow (1200 or 1500 gallons a year), we may safely esti-
mate the solid matter given off by a healthy animal in
this form in twelve months, at 900 to 1000 pounds
weight,—worth, if it were in the dry state, from L.8 to
L.10 Sterling. In the liguid state, the urine of one cow
collected and preserved as it is in Flanders, is valued in
that country at about L.2 a year. Any practical farmer
may calculate for himself, therefore, how much real wealth,
taking it even at the Flemish value, is lost in his own farm-
yard—how much of the natural means of reproductive
industry passes into his drains, or evaporates into the air.

This liquid manure is invaluable, when collected in
tanks, for watering the manure and compost heaps, and
thus hastening their decomposition ; but great part of it
may also be sprinkled directly upon the fields of grass
and upon the young corn, with the best effects. It must,
however, be permitted to stand till fermentation com-
mences, and must afterwards be dilutedwith a considerable
quantity of water, before it will be in the best condition for
laying upon the land. This dilution, indeed, where the
receiving tanks are large enough, should be made at an
earlier period, for it has been found, that when unmixed
with water, cow’s urine, which is six weeks old, contains
only one-sizth of the ammonia present in the same urine
when diluted with an equal bulk of water. The rain that
falls in the farm-yard, therefore, will only do good pro-
vided the liquid is not allowed to run to waste.

9. Urate—In order to obtain the virtues of animal urine
4
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in a concentrated form, the custom has been adopted of
mixing burnt gypsum with it, in the proportion of 10 lbs.
to every 7 gallons, allowing the mixture, occasionally
stirred, to stand some time, pouring off the liquid, and
drying and crushing the gypsum. This is sold by ma-
nure manufacturers under the name of wrafe. It never
can possess, however, the virtues of the urine, since it
does not contain the soluble saline substances, which
the gypsum does not carry down with it. Except the
gypsum, indeed, 100 Ibs. of urate contain no greater
weight of saline and organic matter than 10 gallons of
urine. If it be ‘true, then, as the manufacturers state,
that 3 or 4 cwt. of urate are sufficient manure for an
acre, the practical farmer will, I hope, draw the conclu-
sion,—not that i1t 1s well worth his while to venture his
money in trying a portion of it upon a piece of his land,
—but that a far more promising adventure will be to go
to some expense in saving his own liquid manure, and af-
ter mixing it with burned gypsum, to lay it abundantly
upon all his fields. .

3. Sulphated Urine—A better method than that of
using gypsum has been lately adopted by the Messrs
Turnbull, manure manufacturers in Glasgow. They mix
as much sulphuric acid with the urine as is sufficient to
combine with and fix the whole of the ammonia which
may be produced during the decomposition of the urine.
The mixture is then evaporated to dryness, and is sold
and applied to the land in the state of a dry powder.
The present price of the powder is about 18s. per cwt.

This sulphated urine, containing as it does all the sa-
Ime substances of the liquid urine, with the addition of
sulphuric acid, ought to prove a most valuable manure.
It may be expected successfully to compete with guano,
even at its present comparatively high price, and if, as
we may expect, this artificial powder should be materiall y
lowered in price, it is likely to come into extensive use.
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It will, no doubt, promote the growth of nearly all Crops ;
but, from the sulphuric acid it contains, may exercise a
special influence on beans, peas, and clovers. Asa top-
dressing it may be applied alone ; but when used for root
crops, it ought to be mixed with and to take the place of
not more than one-half of the farm-yard manure usually
applied. Used in this way, at a cost of 1.2 an acre, Mr
Finnie of Swanston informs me, it has this year (1843)
given him four tons of turnips per imperial acre more
than an equal cost of guano.

As a top-dressing for wheat, and probably also for
other corn crops, it may be advantageously mixed with
an equal weight of sulphate of soda or of common salt,
and with at least as much wood ashes, if they can be had.
The soda salts are especially desirable where the land lies

remote from the sea.

IT.—SOLID EXCRETIONS.

Cow, Horse, and Pig’s Dung.—So much of the sa-
line and soluble organic matters in the excretions of the
cow pass off in the liquid form, that cow-dung is correctly
called cold, since it does not readily heat and run into fer-
mentation. Mixed with other manures, however, or well
diffused through the soil, it aids materially in promoting
vegetation, The horse being fed generally on less liquid
food, and discharging less urine, vields a hotter and richer
dung, which is admirably fitted for bringing other sub-
stances into fermentation, but answers best for the land
when mixed with other varieties of manure. The dung
of the swine is soft and cold, like that of the cow, con-
taining, like it, at least 75 per cent. of water. As this
animal lives on more varied food than any other reared
for the use of man, the manure obtained from it is also
very variable in quality. :‘Eppiied alone, as a manure to
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roots, it is said to give them an unpleasant taste, and even
to injure the flavour of tobacco. It answers best for
hemp, and, it is said, also for hops ; but mixed with other
manures, it may be applied to any crop. In some dis-
tricts pig's dung is considered one of the richest and most
valuable that can be applied to the land.

Night-soil is probably the most valuable, and yet, in
Europe at least, the most disliked and neglected of all
the solid animal manures. It varies no doubt in richness
with the food of the inhabitants of each district,*—chiefly
with the quantity of animal food they consume,—but
when dry, no other solid manure, weight for weight, can
probably be compared with it in general efficacy. It
contains much soluble and saline matter, and as it is
made up from the constituents of the food we eat, of
course it contains most of those elementary substances
which are necessary to the growth of the plants on which
we principally live.

Attempts have been made to dry this manure also, so
as to render it more portable,—to destroy its unpleasant
smell, so as to reconcile practical men to a more general
use of it,—and by certain chemical additions, to prevent
the waste of ammonia and other volatile substances,
which are apt to escape and be lost when this and other -
powerful animal manures begin to putrefy through decay.
In Paris, Berlin, and other large cities, the night-soil,
dried first in the air with or without a mixture of gyp-
sum or lime, then upon drying-plates, and finally in
stoves, is sold under the name of poudrette, and is ex-
tensively exported in casks to various parts of the coun-
try. In London also it is dried with various mixtures,
while in others of our large towns an animalized char-

* This is said to be so well known in some of the towns in the
centre of Europe, where a mixed population of Protestants and
Roman Catholics live together, that the neighbouring farmers give
a larger price for the house dung of the Protestant families.

I
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coal is prepared by mixing and drying night-soil with
gypsum and ordinary wood-charcoal in fine powder.

The half-burned peat above deseribed (p. 117) would
answer well for such a purpose, while few simple and
easily attainable substances would make a better compost
with night-soil, and more thoroughly preserve its virtues,
than half-dry peat, saw-dust, or rich vegetable soil, mixed
with more or less marl or gypsum. It is impossible to
estimate the proportion of waste which this valuable ma-
nmure undergoes by being allowed to ferment, without
mixture, in the open air.

Taffo.—In China it is kneaded into cakes with clay,
which are dried in the air, and, under the name of affo,
form an important article of export from all the large
cities of the empire.

Pigeons’-dung.—The dung of nearly all birds is dis-
tinguished by eminent fertilizing properties. Some va-
rieties are stronger than others, or more immediate in
their action, and all are improved for the use of the
farmer by being some time kept, either alone or in com-
post. In Flanders the manure of one hundred pigeons
is considered worth 20s. a-year for agricultural purposes.®

The dung of birds possesses the united virtues of both
the liquid and solid excretions of other animals. It con-
tains every part of the food of the bird, with the excep-
tion of what is absolutely necessary for the support and
for the right discharge of the functions of its own body.
It is thus fitted, therefore, to return to the plant a greater
number of those substances on which plants live, than
either the solid or the fluid excrements of other animals :
in other words, to be more propitious to vegetable growth.

Guano is the name given by the natives of Peru to
the dung of sea-fowl, which in former periods used to be

* The estimation in which it was held in ancient Palestine may
be inferred from the statement, that, during a siege of Samaria, the
fourth part of a cab of doves’ dung was sold for 5 pieces of silver.
—1i1. Kings, vi. 25.
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deposited in vast quantities on the rocky shores and isles
of the Peruvian coast. The numerous shipping of mo-
dern times has disturbed and driven away many of the
sea-fowl, so that comparatively little of their recent drop-
pings is now preserved or collected. Ancient heaps of
it, however, still exist in many places, more or less co-
vered up with drifted sand, and also more or less de-
composed. These are now largely excavated for expor-
tation, not only to different parts of the coast of Peru,—
as seems to have been the case from the most remote
periods,—but also to Europe, and especially to England.
It is at present sold in this country, at a price which va-
ries from 9s. to 12s. a cwt., according to the quality.
It is capable of entirely replacing farm-yard dung,—that
is to say, turnips may be manured successfully with gu-
ano alone ;—and it has been shown by recent experi-
ments, that the British farmer may obtain a fair profit
by using it in this way at the price now asked for it.
Numerous trials have been made on crops of almost
every kind during the past year (1843) and generally
with much success. It may be used either as a top-
dressing, in which case it is more generally successful
with oats and barley than with wheat ; or it may be put
in with the turnip-seed or with the potato cutting, being
previously mixed with a quantity of fine dry soil, char-
coal powder, or gypsum. It is applied in various pro-
portions, from one to three, or four, or five hundred weights
per acre. Three cwt. of Guano, without other manure,
gave Mr Fleming of Barochan 181 tons of potatoes per
acre, and 5 ewt., with 20 bushels of wood ashes, gave
him 32 tons of yellow turnips.

SECTION III.—0OF THE RELATIVE VALUE OF THE DIFFERENT
ANIMAL MANURES.

Ihe fertilizing power of animal manures, in general is
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dependent, like that of the soil itself, upon the happy ad-
mixture they contain of a great number, if not of all,
those substances which are required by plants in the uni-
versal vegetation of the globe. Nothing they contain,
therefore, is without its share of influence upon their ge-
neral effects ; yet the amount of nitrogen present in each
affords the readiest and most simple criterion by which
their relative agricultural values, compared with those of
vegetable matters and with each other, can be pretty near-
ly estimated.

In reference to their relative quantities of nitrogen,
therefore, they have been arranged in the following or-
der, the number opposite to each representing the weight
in pounds which is equivalent to, or would produce the
same sensible effect upon the soil as 100 lbs. of farm-
yard manure.

Farm-yard manure, - - - 100
Solid excrements of the cow, - 125
s R s s s e TN TR - i
Liquid ditto of the cow, - - 91
P —— - horse, - - 16
Mixed ditto of the cow, - - 94
e e i OTHe - - 54
I T T e - 36
A r ey 55 T - - 64
Dry flesh, - - - 3
Pigeons’ dung, - - - 5
Flemish liquid manure, - - 200
Liquid blood, - - - 15
Dry blood, - - - 4
Feathers, - - = - 3
Cow hair, - - - 3
Horn shavings, - - - 3
Dry woollen rags, - - 24

[t is probable that the numbers in this table do not
err very widely from the true relative value of these dif-
ferent manures, in so far as the organic matter they se-
verally contain is concerned. The reader will bear n
mind, however,
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1. That the most powerful substances in this table,
woollen rags for example,—2% lbs. of which are equal
in virtue to 100 lbs. of farm-yard manure,—may yet
shew less immediate and sensible effect upon the ecrop
than an equal weight of sheep’s dung, or even of urine.
Such dry substances are long in dissolving and decom-
posing, and continue to evolve fertilizing matter, after
the softer and more fluid manures have spent their force.
Thus, while farm-yard manure or rape-dust will 1mme-
diately hasten the growth of turnips, woollen rags will
come into operation at a later period, and prolong their
growth into the autumn.

2. That besides their general relative value, as repre-
sented in the above table, each of these substances has a
further special value not here exhibited, dependent upon
the kind and quantity of saline and other inorganic mat-
ters which they severally contain. Thus three of dry
flesh are equal to five of pigeons’ dung, in so far as the
organic part is concerned ; but the latter contains also a
considerable quantity of bone earth and of saline matter
scarcely present at all in the former. Hence pigeons’
dung will benefit vegetation in circumstances where dry
flesh would in some degree fail. So the liquid excretions
contain much important saline matter not present in the
solid excretions,—not present either in such substances
as horn, wool, and hair,—and, therefore, each must be
capable of exercising an influence upon vegetation pecu-
liar to itself,

Hence the practical farmer sees the reason why no one
stmple manure such as hair or flesh ean long answer on
the same land; and why in all ages and countries the
habit of employing mixed manures and artificial composts
has been universally diffused. When mixed manures are
not employed, the kind of manure used must after a time
be changed. A species of rotation of manures must be
mtroduced, in order that a second or third species of ma
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nure may give to the land those substances with which
the first was unable to supply it.

SECTION 1IV.—NATURAL DISTINCTION OR DIFFERENCE BE-
TWEEN ANIMAL AND YEGETABLE MANURES, AND THE CAUSE
OF THIS DIFFERENCE.

In what do animal manures differ from vegetable ma-
nures,—what is the cause of this difference,—how does
the digestion of vegetable matter improve its value as a
manure ?

1. The characteristic distinction between animal and
vegetable manures is this,—that the former contain a
much larger proportion of nitrogen than the latter. This
will be seen at once, by comparing together the tables
given in the preceding sections (pp. 119 and 132,) in
which the numbers represent the relative agricultural
values of certain animal and vegetable substances com-
pared with farm-yard manure. The lowest numbers re-
present the highest value, and the largest amount of ni-
trogen, and these low numbers are always opposite to the
purest animal substances.

2. In consequence of their containing so much nitro-
oen, animal substances are further distinguished by the
rapidity with which, when moist, they putrefy or run to
decay. During this decay the nitrogen they contain
gradually assumes the form of ammonia, which is percep-
tible by the smell, and which, when proper precautions
are not taken, is apt in great part to escape into the air.
Hence the loss by fermenting manure too completely,—
or without proper precautions to prevent the escape of
volatile substances. And as animal manure, when thus
over-fermented, or permitted to give off its ammonia into
the air, is found to be less active upon vegetation than
before ; it is reasonably concluded, that to this ammonia
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their peculiar virtue, when rightly prepared, is in a great
measure to be ascribed.

Vegetable substances general do not decay so ra-
pidly,—do not emit the odour of ammonia when ferment-
ing,—nor, when prepared in the most careful way, does
vegetable manure exhibit the same remarkable action upon
vegetable life as is displayed by almost every substance
of animal origin.

3. Whence do animal substances derive all this nitro-
gen? Animals live only upon vegetable productions con-
taining little nitrogen; can they then procure all they
require from this source alone ? Again, does the act of
digestion produce any chemical alteration upon the food
of animals, that their excretions should be a better ma-
nure,—should be richer in nitrogen than the substances
on which they feed 7 Does theory throw any light upon
the opinion generally entertained among practical men
upon this point ?

These two apparently distinct questions will be ex-
plained by a brief reference to one common natural prin-
ciple.

Animals have two necessary vital functions to perform,
—to breathe and to digest. Both are of equal import-
ance to the health and general welfare of the animal.
The digester (the stomach) receives the food, melts it
down, extracts from it those substances which are best
suited to supply the wants of the body, and sends them
forward into the blood. The breathers (the lungs) sift the
blood thus mixed up with the newly digested food, com-
bine oxygen with it, and extract carbon,—which carbon,
in the form of carbonic acid, they discharge by the mouth
and nostrils into the air.

Such is a general description of these two great pro-
cesses,—their effect upon the food that remains in the

body and has to be rejected from it, is not difficult to
perceive.
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Suppose an animal to be full grown. Take a full grown
man. All that he eats as food is intended merely to re-
novate or replenish his system, to restore that which is
daily removed from every part of his body by natural
causes. JIn the full grown state, every thing that enters
the body must come out of the body in one form or ano-
ther. The first part of the food that escapes is that por-
tion of its carbon that passes off from the lungs during
respiration. This portion varies in weight in different
individuals—echiefly according to the quantity of exercise
they take. From 5 to 9 ounces a-day is the average
quantity given off from the lungs of a full grown man,
though in periods of violent bodily exertion 13 to 15
ounces of carbon are breathed out in the form of car-
bonic acid.

Suppose a full grown man to eat a pound and a half of
bread, and a pound of beefin 24 hours, and that he gives
off by respiration 8 ounces of carbon (3500 grains) during
the same time. Then he has

Carbon, Nitrogen.
Taken, in his food, about 4500 grains, and 500 grains, while
He'has given off in res-
piration,

% 3500 and little or no nitrogen,

Leaving tobe converted
intohisownsubstance, » 1000 grs. and 500 grs.
or to be rejected, ~— i

Our two conclusions, therefore, are clear. The vege-
table food, by respiration, is freed from a large portion
of its carbon, which is discharged into the air,—nearly
the whole of the nitrogen remaining behind. In the food
consumed the carbon was to the nitrogen as 9 to 1; in
that which remains, after respiration has done its work,
the carbon is to the nitrogen in the proportion of only 2
to 1.

It is out of this residue, 7ich in nitrogen, that the se-
veral parts of animal bodies are built up. Hence the
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reason why they can be formed from food poor in nitro-
gen, and yet be themselves rich in the same element.

It is this same residue also which, after it has perform-
ed its functions within the body, is discharged again in
the form of solid and liquid excretions. Hence the
greater richness in nitrogen,—the greater fertilizing power
possessed by the dung of animals than by the food on
which they live.

Two other remarks I shall add for the benefit of the
practical man.

1. The manure of the cow, taking it mixed, is not so
rich in nitrogen as that of man. It is true that the cow,
owing to its larger bulk and larger lungs, gives off per-
haps four or five times as much carbon by respiration as
an active full grown man. But the weight of its daily
food still farther exceeds that of a healthy man. Sup-
pose the daily food of a cow to weigh ten times as much
as the food we have supposed a man to eat, and to con-
tain carbon and nitrogen in nearly the same proportion,—
and that it gives off 40 ounces of carbon each day from
its lungs, then we have

Carbon. Nitrogen.

In the food,............ 45000 grains, 5000 grains,
Given off by the lungs,..17500 do,

To be rejected............27500 grains, 5000 grains,

In the mixed manure rejected by such a cow, therefore,
the carbon would be to the nitrogen in the proportion of
o4 to 1, while in night-soil it was as 2 to 1. Thus the
mixed dung and urine of the cowis less rich as an imme-
diately acting manure than the mixed night-soil and urine
of man, and as much of the nitrogen as well as of the sa-
line matter of the food is contained in the urine of the
cow, if this be allowed to escape, the solid cow dung will
be still colder and less fertilizing. The dry manure is
richer than the dry food, weight for weight, but not in
the same proportion as if the cow respired a quantity of
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carbon more nearly corresponding to the weight of food
usually conveyed into its stomach.

2. Since the parts of animals—their blood, muscles,
tendons, and the gelatinous portion of their bones—con-
tain much nitrogen, young beasts which are growing,
must appropriate to their own use, and work np into flesh
and bone, a portion of the nitrogen contained in the non-
respired part of their food. But the more they thus ap-
propriate, the less will pass off into the fold yard; and
hence it is natural to suppose that the manure, either li-
quid or solid, which is prepared where many growing cat-
tle are fed, the food being the same, will not be so rich
as that which is yielded by full grown animals. I am not
aware how far this deterioration has been observed in
practice, but it may with some degreee of certainty be
expected to take place, unless, by giving a richer food to
the young cattle, the difference to the farm-yard be made
up.*

SECTION ¥V ,—OF MINERAL MANURES.

The general nature and mode of operation of such
mineral substances as are capable of acting as manures,
will be in some measure understood from what has al-
" ready been so fully stated in regard to the necessity of
inorganic food to living plants, and to the kinds of such
»food which they specially require. ‘A slight notice,
‘therefore, of the more important of these manures now in
use will here be sufficient.

* Though I have dwelt as long upon these interesting, and, T be-
lieve, novel considerations, as the limits of this little work will per-
mit, yet, for fuller details, and to perhaps a clearer exposition of the
prmmples above advanced, than I have here been able to give, I
must refer the reader to my * Lectures on A gricultural Chemistry

and Geology,” Part 111,



CARBONATES, NITRATES, AND SULPHATES. [39

1. Carbonates of Potash and Soda—The common
pearl ash and soda of the shops have not in this state
been much employed in agriculture. Both, however,
greatly promote the growth of strawberries in the garden,
and the latter is now cheap enough (10s. a cwt.) to ad-
mit of its being tried as a top dressing on clovers and
grass lands, on such as are old and mossy especially,
with every prospect of advantage. It should be dissolv-
ed in much water, and be put on with a water-cart. Mix-
ed at the rate of a cwt. an acre, with bone or rape dust,
or even with guano, it may be expected to improve both
the turnip and the potato crops.

2. Nitrates of Potash and Soda.—Saltpetre and ni-
trate of soda have been deservedly commended for their
beneficial action, especially upon wyoung vegetation.
They are distinguished by imparting to the leaves a
beautiful dark green colour, and are applied with advan-
tage to grass and young corn, at the rate of 1 cwt. to
L cwt. per acre. They are said even to benefit young
fir-trees. The nitric acid they contain yields nitrogen to
the plant, while potash and soda are also put within reach
of its roots, and no doubt serve many beneficial purposes.

3. Sulphate of Soda, or Glauber’s salt, has lately
been recommended in this country for clovers, grasses,
and green crops. Mixed with nitrate of soda it produces
remarkable crops of potatoes,* and in some localities,
when used alone, it has greatly benefited the turnip crop.

4. Sulphate of Magnesia, or Epsom salts, might also
be beneficially applied in agriculture, probably to clovers
and corn crops. As it can be had in pure crystals at
10s. a ewt., and in an impure state at about 6s. a cwt.,
it may readily be submitted to trial. It is said to have

recently been found of great advantage as a top dressing
for the young wheat.

E 2 L] ¥ 8 . B [
See the author’s “ Suggestions for Experiments in Practical
Agriculture,” Nos. 1, 2, 3,and 4.
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9. Sulphate of Lime, or Gypsum, is in Germany ap-
plied to grass lands with great success, over large tracts
of country. In the United States it is used for every
kind of crop. It is especially adapted to the pea, the
bean, and the clover crops.

These three sulphates all afford sulphur to the grow-
ing plant, while the lime, soda, and magnesia which they
severally contain, are themselves in part directly appro-
priated by it, and in part employed in preparing other
kinds of food, and in conveying them into the ascending
sap.

Though there can be no question that these and simi-
lar substances are really useful to vegetation, yet the in-
telligent reader will not be surprised to find, or to hear,
that this or that mineral substance has not succeeded in
benefiting the land in this or that district. If the builder
has already bricks enough at hand, you need to carry
him mortar only to enable him to go on with his work :
s0, if the soil contain gypsum or sulphate of magnesia in
sufficient natural abundance, it is at once a needlesz and
a foolish waste to attempt to improve the land by adding
more ; it is still more foolish to conclude that these same
saline compounds are unlikely to reward the patient ex-
perimenter in other localities.

6. Common Sealt has undoubtedly, in very many dis-
tricts, a fertilizing influence upon the soil. The theo-
retical agriculturist knows that a small quantity of it is
absolutely necessary to the healthy growth of all our
cultivated crops, and he will therefore, early try by a
preliminary experiment upon one of his fields, whether
or not they require the addition of this species of vege-
table food. It is in inland and sheltered situations, and
on high lands often washed by the rains, that the effect
of common salt is likely to be most appreciable. The
spray of the sea, borne to great distances by the winds,
is in many districts, where prevailing sea-winds are
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known, sufficient to supply an ample annual dressing of
common salt to the land.*

7. Kelp.—Among mineral substances, kelp ought not
properly to be included, since it is the ash left by the
burning of sea-weed. It, however, partakes of the na-
ture of mineral substances, and may, therefore, be pro-
perly considered in this place. It contains potash, soda,
silica, sulphur, chlorine, and several other of the mnorga-
nic constituents of plants which are required by them for
food. It is nearly the same also—with the exception of
the organic matter which is burned away—with the sea-
weed which produces such remarkably beneficial effects
upon the soil. In the Western Isles a method is prac-
tised of half-burning or charring sea-weed, by which it
is prevented from melting together, and is readily ob-
tained in the form of a fine black powder. The use of
this variety ought to combine the beneficial action of the
ordinary saline constituents of kelp, in feeding or prepar-
ing food for the plant, with the remarkable properties
observed in animal and vegetable charcoal. In Jersey, the
sea-weed is dried and burned in the kitchen grates, and
the ash is considered to be efficacious in destroying grubs.

8. Wood-ash, among other compounds, contains a por-
tion of common pearl-ash in an impure form, with sul-
phate also, and silicate of potash. These are all valua-
ble in feeding and in preparing the food of plants, and
hence the extensive use of wood-ash as a manure in every
country where it can readily be procured. Wood- ash,
applied alone, is especially beneficial to clovers, beans, |
and other leguminous plants. Mixed with bones in nearly
equal bulk, it is extensively employed in this country as
a manure for turnips. \

9. Liwiviated wood-ash. When the common wood-ash
is washed with water as long as any thing dissolves, and

- ’ H ; L - ® &
At Pennicuik, the rain that falls is said to contain so much

common salt as alone to convey 640 Ibs, to every acre in a vear.
(Dr Madden.) : i
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the solution is then boiled to dryness, the common potash
of commerce is obtained. But a large portion of the ash
remains behind undissolved, and in countries where much
wood is burned for the manufacture of potash, this liei-
viated or washed refuse accumulates. It consists of sili-
cate of potash mixed with silicate, phosphate, and car-
bonate of lime, and when applied to the land is remarka-
bly adapted for oats. It suits better for clay lands, and
when laid on in considerable quantity (1 or 2 tons to the
acre) its effects have been observed to continue for 15
or 20 years.

10. Straw ashes. In this country, straw is seldom
burned for the ash. In Germany, rye-straw is not un-
frequently burned, and the ash employed as a top dres-
sing. The dry straw is strewed over the field, then
burned, and the ash ploughed in on the spot. In many
countries, among others in the United States, the straw
. is often burned, and the ash scattered to the wind.
- When it is too much trouble to ferment the straw in the
- farm-yard, labour might surely be spared to strew the
ash upon the fields from which the crop was taken. The
-soil would not fail to give a grateful return.

11. Ash of the Husk of Oats, Barley, and Rice.—
' The husk, seeds, or shellings of oats and barley, being
supposed to contain no mnourishment, are often burned
for the purpose of heating the kiln on which the grain is
dried. When thus burned these husks leave a conside-
rable quantity of a white or gray ash. The oat husk I
find to leave about 51 per cent. of its weight. This ash
has hitherto been neglected by the millers, being gene-
rally thrown into the stream by which their mills are
worked. It is desirable that in future it should be care-
fully preserved. It may be expected to prove a valuable
top-dressing to meadow lands, to young corn crops, and
especially to bog-oats. - One miller in the north informs
me that he makes about two bushels a day of ash from
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the husk of the oats he grinds. The waste of this ash,
long persevered in, can scarcely have failed slowly to im-
pﬂvensh the land.

In China, India, and other countries where rice is
grown, the husk of this grain also is burned; but the
ash is rarely afterwards returned to the soil. In China
it is said to be employed in the making of certain articles
of manufacture.

12. Cane-ash. The sugar-cane, when brought from
the mill in the state of #rash, is burned for the purpose
of boiling down the syrup. This ash is rich in those si-
licates, without which the cane cannot thrive. Without
having personally examined any of our West India plan-
tations, I may safely hazard the opinion, that some, at
least, of the exhaustion now complained of by the planters
is owing to the neglect of this valuable ash, and that the
large importation of foreign manures, now had recourse
to, might be in some measure dispensed with, by care-
fully collecting and returning it to the soil.

13. Dutch ashes are the ashes of peat burned for the
purpose of being applied to the land. They vary in con-
stitution with the kind of peat from which they have been
prepared. They often contain traces of potash and soda,
and generally a quantity of gypsum and carbonate of
lime, a trace of phosphate of lime, and much siliceous
matter. In almost every country where peat abounds,
the value of peat ashes as a manure has been more or
less generally recognised.

SECTION VI.—WHY SALINE MANURES ARE REQUIRED BY
THE S0IL.

I'he use of saline substances as manures is of compa-
ratively recent introduction. In many districts, however,
they are indispensable, if we wish to maintain I:lm present
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condition, or to restore the ancient fertility of the land.
This will appear from the following considerations.

1. These saline substances exist in all plants, and must
therefore abound, to a certain extent, in all soils in which
plants can be made to grow.

2. The rains gradually wash out,—especially from ara-
ble soils, and in inland districts,—a portion of the saline
matter they contain. If the soil is to be retained in its
present condition, this natural waste must, by some means
or other, be supplied.

3. The crops we carry off the land remove a portion of
this saline matter from the soil, and thus gradually impove-
rish it, if the saline substances be not again brought back.

4. Even when we return to the soil, in the form of
farm-yard manure, all the straw of our corn crops and
the dung of our cattle, the land still loses all that we carry
to market, and all that escapes from our farm-yards and
dung-heaps in the form of liquid manure. Even where
tanks for liquid manure are erected, the farmer can never
return to the land a// the saline substances contained na-
turally even in his straw. The rains that fall, were there
no other cause of waste, would wash away some portion
of what he would desire to carry back into his field.

The necessary waste of saline matter, arising from the
above causes, must be supplied from some source or an-
other. When, for a long period of time, the land has
maintained its fertility without receiving any artificial
supply, it must contain within itself naturally a very large
proportion of these substances,—must derive from springs
a continued accession of such matter, or from waters that
flow down from a higher level, and bring with them the
washings of the upper soils,—or it must obtain from abun-
dant sea-spray a sufficiency to supply the wants of the
plants that grow upon it.

The practical man will readily acknowledge, that, when
a sufficiency of saline matter is not conveyed to his land
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from these or similar sources, he must necessarily supply
it by art. He will understand also, that the salme ma-

nures he adds to the soil operate by yielding to the plant
what it could not otherwise so readily obtain—and that
a saline substance which has been found to benefit his
neighbour’s land may possibly do no good to his own,
because his own may already contain a sufficient supply
of that substance.

SECTION VI11.—MODE OF DETERMINING THE LOCAL VALUE OF
SALINE MANURES.

In order, therefore, to determine whether Ais land will
really be benefited by the application of those saline sub-
stances, from which, in other districts, or upon other soils,
much benefit has been derived, the intelligent farmer will
commence a series of preliminary trials or small experi-
ments.

That many of the saline substances described in
section v. are capable of being profitably applied to
most soils by the practical farmer, can no longer be doubt-
ed. At the same time no prudent man will at once ex-
pend any large sum upon them until either he himself, or
one of his immediate neighbours who cultivates a similar
soil, has previously proved their efficacy on a smaller
scale. It is no doubt the duty of every practical farmer
—a duty he owes not only to his country but to himself
—to be alive to the benefits which are to be derived from
every improved method of culture that may be introduced ;
but it 1s no less his duty to avoid every reasonable risk
of pecuniary loss which might be injurious to himself.

Suppose, therefore, I were to enter upon a farm which
I was desirous of rendering as productive as possible, by
the application of every new manure or every new me-
thod of culture that might prove to be suited to the kind
of soil T possessed, I would begin by trying the effect of

K
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each manure or method upon a single acre, and I would
extend my trials or alter my methods according to the
success I met with.

Among saline manures, for example, I would try ni-
trate of sﬂda, or carbonate of soda, or wood ashes, or sul-
phate of soda, or gypsum, or sulphated urine, or guano,
or a mixture of these substances—on a single acre or half
acre of my various crops,—never expending in this way
during any one year move than I could easily afford to
lose if my trials should fail ;—and 1 would not begin to
use any of these substances largely till I was satisfied
that there was a reasonable prospect of remuneration.

~ And having once begun upon this assurance, I would
cease applying them for a while as soon as the crops no
~ longer gave me a fair return for my outlay—the proba-
| bility then being, that the soil for the present had obtain-
' ed enough of the peculiar substance I had been employ-
. ing, and stood more in need of some other.
- Thus, if, as happened to a friend of mine, a dressing
of salt produced 35 bushels from the first wheat crop,
- and yet when applied to the next crop of the same grain
on the same field produced only 20 bushels, I should
conclude, that, for the present, my land was sufficiently
salted, and that I had better apply something else. I
would therefore begin my experiments anew upon my
salted land. I would try some of the other substances
above named, employing always the same caution and eco-
\nomy as before, and carefully keeping an account of my
tprocedure, and of my profit and loss from each experiment.
g‘ I should thus have always several experimental patches
‘upon my farm—and I should not only avoid the risk of
serious disappointment and pecuniary loss, but I should
enliven my urdmarj farm routine by the interest I should
necessarily feel in watching their results —1I should
gradually acquire habits of reﬂectmn, and of careful ob-
' gervation a,lsn, which would be of the greatest possible
' gervice to me in all my future operations.
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SECTION VIII.—OF THE CIRCUMSTANCES WHICH ARE NECES-
SARY TO INSURE THE SUCCESS OF SALINE MANURES.

The application of saline substances to the soil is not
always attended with sensible benefit to the crop. The
same substance which, in one district, or in one season,
has produced an increased return, may fail in another dis-
trict or in a different season. The ecircumstances which
are necessary to insure success in the application of saline
manures are chiefly the following :—

1°. They must contain one or more substances which
are necessary to the growth of the plant.

20, The soil must be more or less deficient in these
substances,

3°, The weather must prove so moist or the soil be so
springy as to admit of their being dissolved, and convey-
ed to the roots.

4°. They must not be applied in too large a quantity,
or allowed to come in contact with the young shoots in |
too concentrated a form—the water that reaches the roots
or young leaves must never be too strongly impregnated |
with the salt, or if the weather be dry, the plant will be
blighted or burned up. '

9% The soil must be sufficiently light to permit the
salt easily to penetrate to the roots, and yet not so open
as to allow it to be readily washed away by the rains.
In reference to this point the nature of the subsoil is of
much importance. A retentive subsoil will prevent the
total escape of that which readily passes through a sandy
or gravelly soil, while an open subsoil again will retain
nothing that has once made its way through the surface,

SECTION IX.~—OF SPECIAL MANURES.

An interesting branch of the present part of our sub-
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ject, is the use of what are called special manures. Cer-
tain substances have been observed to exercise a special
action.

1. Upon all plants—Thus, ammonia promotes the
growth, or prolongs the green and growing state of most
plants. Nitrate of soda appears also to have a similar
effect—while the addition of lime to the soil, especially
in well drained and high lands, almost aniformly hastens
the ripening of the seed, and produces an earlier harvest,

2. On particular parts of plants ; —as when the
gardener improves his roses by mixing manganese with
the soil, or by other substances attempts to vary the hue
of his cultivated flowers. This principle is sometimes
attended to in practical agriculture, when certain sub-
stances are mixed with the ‘manure, which are believed
to be specially required by the stalk of corn, where a
field produces a defective straw,—or by the ear, where
the grain refuses to fill.

3. On particular kinds of plants.—Farm-yard manure
rarely comes amiss to any soil or any crop; but gypsum
exercises a peculiar action upon red clover, while wood-
ashes, lime, and other alcaline manures cause white clover
to spring up spontaneously, where it had before refused
to grow even when sown.  So lixiviated wood-ashes are
favourable to oats, and phosphate of magnesia has been
extolled as a specific for potatoes. '

All such faets as these are exceedingly valuable ; many
of the alleged specifics, however, are only locally so.
Thus, bones which produce such wonderful effects in
Great Britain, especially upon turnips and upon some old
grass lands, as those of Cheshire, are said to be much
less conspicuously effective in Germany ; while gypsum,
so much and so generally prized by the German and
American farmer, 1s more rarely found to answer the ex-
pectations of the English agriculturist. .

The truth is, that if the crop we wish to raise specially
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requires any one substance not present in sufficient quan-
tity in the soil, that substance will there prove a specifie
for that crop; while, in another soil in which it is al-
ready abundantly present, this substance will produce
little beneficial effect. Failures, therefore, may every
now and then be expected in the use of so called specific
meanwures, the evil of which 1s not limited to THE IMME-
DIATE LOSs experienced by the incautious experimenter.
They serve also to dishearten those, who, through their
much faith have been disappointed in their expectations,
and thus to retard the progress of a truly rational expe-
rimental agriculture.

SECTION X.—OF MIXED SALINE MANURES.

The same remark applies also to artificial mized ma-
nures, when held forth as specifics for any or for all
crops on every soil. The animal and vegetable manures
which oceur in nature, are all mixtures of a considerable
number of different substances, organic and inorganic.
We are imitating nature, therefore, and are in reality so
far on the right road when we compound our artificial
mixtures. The soil may be deficient in two, three, or more
substances, and, to render it fertile, it may be necessary
to add all these ; while, if it be defective in one only, we
are more likely to administer the right one, if we add a
mixture of several at the same time. It is safer and
surer, therefore, to add a mixture of several saline sub-
stances to our soils.

There are only two ways, however, in which we can
safely make up mixtures that are likely to be useful,—
either by actual experiment upon the kind of land we
wish fo improve, or by an exact imitation of the proce-
dure and by attention to the requirements of nature.

l. Thus three years ago I recommended the trial
of sulphate of soda (Glauber's salts) as a manure, and.
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{

|

|
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in 1841, Mr Fleming of Barochan, besides making an
experiment with the sulphate alone, tried a mizture of it
with nitrate of soda in equal weights, 11 cwt. of the mix-
ture to the acre. The effect of this mixture as a top-
dressing npon potatoes was extraordinary. Zhe stems
were siv and seven feet in length, and the produce up-
wards of 30 tons per imperial acre. In 1842, tried on
a larger scale, the produce was not so extraordinary ;
but, though a very dry season, the produce was 18 tons
per acre of early American potatoes,—while the dung
alone, 40 cubic yards per acre, gave less than 13 tons.*
These results are sufficiently striking to justify my read-
ers in trying this mixture on any soil. If their fields be
like the land of Mr Fleming, the trial may prove emi-
nently successful ; if different in constitution, or if the
season be unpropitious, the result may be less favourable.
The mixture, though it succeed in the hands of fifty ex-
perimenters, will still not be entitled to be considered as
a specific. It must first be found never to fail.

The cost of this mixture, as applied per acre, was as
follows :—

75 lbs. nitrate of soda, at 22s. per cwt,, « LO14 9
75 lbs, dry (uncrystallized) sulphate of soda, at 95, 0 6 3

g LT 1

The increased produce, from this application, strewed
about the young plants when they came above ground,
was 8 fons per acre in 1841, and 5 tons per acre in
1842,

2. The superior effect of mixtures, above that of the se-
veral substances they contain when employed separately,
is shewn in an interesting manner, by the following re-
sults, obtained by the same experimenter.

An entire field was manured for potatoes with 40 cubic

* For the particulars of this and other remarkable results of ex-
periments, see the author’s “ Suggestions for Experiments in Prac-
tical Agriculture,” Nos, 11T, and IV,
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yards of dung, and when the potatoes, {aarly Americans,
were a few inches above the ground, different measured
portions of the field were top-dressed with different saline
substances with the following results per imperial acre.

Tons, Cwts.

Dung alone, gave - 12 1.;3
2 ¢wt. Sulphate of soda, 12 15
11 — Nitrate of soda, 16 —

1} — Sulphate,
4 — Nitrate,
Here, though the sulphate alone produced no increase,
it materially increased the effect of the nitrate when the
two were applied together. So, on the same field, the
sulphate of soda alone gave no increase, and

-

mixed, 18 -

Tons.
14 ewt. Sulphate of ammonia alone gave only 144
But 1} — Sulphate of soda, and Ay , 3
; — Sulphate of ammonia, mixed, gave 163
Also, though
Tons,

1L cwt. Nitrate of soda gave only 16
And 14 — Sulphate of magnesia, only 13}
1 — Of each mixed gave 224

Thus, experiment as well as theory indicate that the
application of several saline substances mived together
is move likely to increase the produce of the soil than
much larger addition of either of them if applied alone.

3. The above are illustrations of the kind of mixtures |
which may be recommended to the practical man on the !
faith of results obtained by actual trial. But we may
also 1mitate nature in compounding any of those manures
known to be valuable which she furnishes in such variety,
where we can do it effectually, and at a reasonable cost.

Thus, the guano, described in a previous page, is a
highly fertilizing substance, and as the supply in this
country may only be of short duration, and the price at
which it was sold when first introduced into this country
was a great bar to its extensive employment, 1 was in-
duced to recommend the following mixture,—as likely to
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resemble it in fertilizing virtue, because containing the
same ingredients as determined by analysis ;—to be in-
exhaustible in supply, because prepared from the produce
of our own manufactories;—and to be at least one-half
cheaper than the imported guano.

315 Ibs. (7 bushels) of bone-dust at 2s. 9d. a bushel, L019 0
100 Ibs. sulphate of ammonia, ' : 018 0
5 1bs. of pearl ash, or 20 lbs, of wund ashes, 0. 1 .0
100 Ibs. of common salt, g 0 2 0
11 1bs. of dry sulphate of soda, 01 0
531 1bs. L2 LoD
This quantity ought to be equal in efficacy to 4 ewt. of

guanao.

Numerous variations of this mixture have been manu-
factured in different parts of the country, and these have
been applied to the land with, as mi ght be expected, very
discordant results. Containing so many ingredients, it is
likely to be. more widely useful than such “substances as
gypsum, or nitrate of soda applied alone,—but inasmuch
as it does not contain a/l the inorganic constituents found
in plants, it cannot supply every thing required by any
kind of crop, and therefore may be expected sometimes
to fail. The mixture, in its present shape, can never be-
come a specific.

Though we should never be able to manufacture an
artificial guano equal to the native, one good effect to the
practical man has already arisen from the publication of
the above recipe, and from the manufacture and sale of
artificial guano,—that the price of the natural guano has
fallen remarkably in price, and with it rape dust, bone
dust, and other costly manures of a similar kind. Thus
chemistry possesses an intelligible money value even to
the working farmer.*

4. The same remark applies with still greater force to
a mixed manure, for which a patent was lately taken out

* Artificial guanos are now selling at about L.6 a-ton.
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by Mr Daniell of Tiverton, and which is said to consist
of saw-dust, coal-tar, soda, lime, and sulphur. It is re-
commended as a specific, especially for wheat, of which
it is said to be able to raise crop after crop without inter-
mission. That the expectations which such an announce-
ment is fitted to awaken will be sorely disappointed, there
can beno question. If the reader will consider what has
been already stated (chap. iv. sect. 3,) in regard to the
ash of plants, and especially of wheat, he will see that
this manure cannot restore to the soil all that the erop
carries off, and therefore, that the application of it to any
soil, year by year, cannot make it capable of yielding a
succession of crops of grain, without the certainty of ex-
haustion. There is no new principle to be discovered in
regard to the compounding of artificial manures,—that
mivture only can be specific for any given crop on
EVERY S0IL which contains all the substances that the
crop carries off, and AT LEAST in equal proportion.
The manure manufacturer is only deceiving others for
his own benefit who persuades the practical man to rely
upon the unfailing efficacy of mixtures compounded upon
any other principle.

SECTION XI.—USE OF LIME, SHELL-5AND, AND MARL.

The use of lime is of the greatest importance in prac-
tical agriculture. It has been employed, in Europe at
least, in one or other of its forms of shells, shell-sand,
marl, chalk, limestone, quicklime, &ec. from the most re-
mote periods.

Native limestone, and all the unburned varieties of
chalk, shells, &e., consist of carbonate of lime (p. 33),
more or less pure. When burned in the kiln, the car-

]tumc EI,CIEI.*IS driven off, and lime, burned lime, or quick-
lime remains.
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Quicklime, when exposed to the air, gradually falls
into the state of an exceedingly fine white powder. It
will do so more rapidly if water be thrown upon it, when
it also heats much, swells, and becomes about one- fuurth
heavier than before. ~After being exposed to the air for
some time in this white powdery state, it is found to have
again absorbed from the air a portion of carbonic acid,
though a long period generally elapses before it is all re-
converted into carbonate. In compost heaps, where
much carbonic acid is formed during the fermentation, or
in a soil which abounds in vegetable matter, the conver-
sion of quicklime into carbonate of lime is much more
rapid and complete than in the open air.

Lime, therefore, is laid on the land in two states.

1s¢, In the muld state—that of carbonate—in marls, in
chalk, in shell-sand, in lime long slaked and exposed to
the air, and in lime composts.

2d, In the caustic, or quick state, as it comes hot from
the kiln, or after it is simply slaked.

Limes are laid on also in a more or less pure form.
Marl contains from 5 to 85 per cent. of carbonate of lime,
generally in the state of a very fine powder. Shell-sand
consists of minute fragments of shells, usually mixed with
from 20 to 50 per cent. of siliceous sand. The limestones
which are burned are more or less impure, though, when
the impurity is very great, they do not burn well, and are
therefore, usually rejected.

Some limestones contain much magnesia, by which
their agricultural qualities are materially affected. These
are known by the name of magnesian limestones. There
are few limestones in which a small quantity of mas;rnesn
may not be detected, and this minute proportion is likely
to be beneficial rather than otherwise ;* but when it is pre-
sent to the amount of 10 per cent. or upwards, limestones

* This will be understood by considering that the ash of all
plants contains a certain proportion of magnesia,
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appear to have for some time a poisonous influence upon
vegetation, if added in the same large doses in which
other varieties may be safely spread upon the land.

The quantity of quicklime laid on at a single dressing,
and the frequency with which it may be repeated, must
depend upon the kind of land, upon the depth of the
soil, upon the quantity and kind of vegetable matter it
contains, and upon the species of culture to which it is
subjected. If land be wet, or badly drained, a larger appli-
cation i3 necessary to produce the same effect, and it
must be more frequently repeated. When the soil is
thin, again, a smaller addition will thoroughly impreg-
nate the whole, than where the plough usually descends
to the depth of 8 or 10 inches. On old pasture lands,
where the tender grasses live in two or three inches of
soil only, a feeble dressing, more-frequently repeated, ap-
pears to be the more reasonable practice, though in re-
claiming and in laying down lands to grass, a heavy first
liming is often indispensable.

In arable culture, larger doses are admissible, hoth
because the soil through which the roots penetrate must
necessarily be deeper, and because the tendency to sink
beyond the reach of the roots is genarally counteracted
by the frequent turning up of the earth by the plough.
Where vegetable matter abounds, much lime may be use-
fully added, and on stiff clay lands after draining, its
good effect is most remarkable. On light land, chiefly
because there is neither moisture nor vegetable matter
present in equal quantity, very large applications of lime
are not so usual, and some prefer adding it to such lands
in the state of compost only.

The largest doses, however, which are applied in prac-
tice, alter in a very immaterial degree the chemical con-
stitution of the soil. We have seen that the best soils
generally contain a natural proportion of lime, not fixed in
quantity, yet scarcely ever wholly wanting. But an or-
dinary liming, when well mixed up with a deep soil, will
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rarely amount to one per cent. of its entire weight. It
requires about 300 bushels of burned lime per acre to add
one per cent. of lime to a soil of twelve inches in depth ;
if only mixed to a depth of six inches, this quantity would
add about two per cent. to the soil.

The most remarkable visible alterations produced by
liming are—upon pastures, the greater fineness, closeness,
and nutritive character of the grasses—on arable lands,
the improvement in the texture and mellowness of stiff
clays, the more productive crops and the earlier period
at which they ripen, compared with those grown upon
soils to which no lime has ever been added.

But these effects gradually diminish year by year, till
the land returns again nearly to its original condition.
On analysing the soil when it has reached this state, the
lime originally added is found to be in great measure,
or altogether gone. In this condition the land must either
be limed again, or must be left to produce sickly and un-
remunerating crops.

This removal arises from several causes.

1°. The lime naturally sinks,—more slowly perhaps
in arable than in pasture or meadow land, because the
plough is eontinually bringing it to the surface again.
But even in arable land, it gets at last beyond the reach
of the plough, so that either a new dose must be added
to the upper soil, or a deeper ploughing must bring it
again to the surface.

20, The crops carry away aportion of lime from the
soil—Thus the following crops, including grain and
straw, or tops and bulbs, carry off respectively,

Of lime,
25 bushels, wheat, about b 9 lbs.
38 — barley, : ’ 15
50 — oats, . - 9
25 tons of turnips, about . 140
9 — potatoes, ; 270
A 5RO SR RlavER Y, . 196
2 — rye grass, . 33
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The above quantities are not constant, and much of
the lime is no doubt returned to the land in the straw,
the tops and the manure,—yet still the land cannot fail
to suffer a certain annual loss of lime from this cause.

3°. The rains wash out lime from the land.—The rain-
water that descends upon the land hoelds in solution car-
bonic acid which it has absorbed from the air., But wa-
ter charged with carbonic acid i1s capable of dissolving
carbonate of lime, and thus year after year the rains, as
they sink to the drains, or run over the surface, slowly
remove a portion of the lime which the soil contains.
Acid substances are also formed naturally in the land,
by which another portion of the lime is rendered easily
soluble in water, and, therefore, readily removeable by
every shower that falls. It is a necessary consequence
of this action of the rains, that lime must be added more
frequently or in larger doses where much rain falls than
where the climate is comparatively dry.

SECTION XIL.—CHEMICAL EFFECTS OF LIME UPON THE SOIL.

There are four circumstances of great practical im-
portance in regard to the action of lime, which cannot be
too carefully borne in mind. These are— '

1°, That lime has little or no effect upon soils in which
organic, animal, or vegetable matter is deficient.

2°. That its apparent effect is inconsiderable during
the first year after its application, compared with that
which it produces in the second and third years.

3% That its effect is most sensible when it is kept near
the surface of the soil, and gradunally becomes less as it
sinks towards the subsoil. And

4°. That under the influence of lime the organic mat-
ter of the soil disappears more rapidly than it other:
wise would do, and that, as this organic matter becomes

4
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less in quantity, fresh additions of lime produce a less
sensible effect.

The nature of the special chemical action of lime up-
on the soil in the caustic and mild states are chiefly the
following :

L. Inthe Caustic state.—a. When laid upon the land in
the caustic state, the first action of the lime is to combine
immediately with every portion of free acid matter it may
contain, and thus to sweeten the soil. Some of the com-
pounds it thus forms being soluble in water, either enter
into the roots and feed the plant,—supplying it at once
with lime and with organic or other inorganic matter,—or
are washed out by the springs and rains ; while other com-
pounds which are insoluble, remain more permanently
in the soil.

b. Another portion decomposes certain saline com-
pounds of iron, manganese, and alumina, which naturally
form themselves in the soil, and thus renders them un-
hurtful to vegetation. A similar action is exerted upon
certain compounds of potash and soda, and of ammonia,
—if any such are present,—by which these substances
are set at liberty, and placed within the reach of the plant.

¢. Its presence in the caustic state further disposes the
organic matter of the soil to undergo more rapid decom-
position—it being observed, where lime is present in
readiness to combine with the substances produced during
the decay of organic matter, that this decay, if other cir-
cumstances be favourable, will proceed with much greater
rapidity. The reader will not fail to recollect, that dur-
ing the decomposition of organic substances in the soil
many compounds are formed which are of importance in
promoting vegetation.

d. It is known that the nitrogen which exists in decay-
ing vegetable matter,—in the humus of the soil,—1s In a
state in which it is sparingly soluble, and naturally be-

comes available to the plants with extreme slowness. But
3
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when heated with slaked lime, this nitrogen in our
hands readily assumes the form of ammonia. It is not
unlikely, therefore, that hot lime produces a similar change
in the soil, though more slowly—hastening, as above stat-
ed, the general decomposition of the whole organic mat-
ter, but specially separating the nitrogen, and causing at
least a portion of it to assume the form of ammonia,
which the roots of plants can readily absorb.

e. Further, quicklime has the advantage of being so-
luble in cold water, and thus the complete diffusion of it
through the soil, is aided by the power of water to carry
it in solution in every direction.

IL. In the state of Carbonate—When it has absorbed
carbonic acid, and become reconverted into carbonate,
the original caustic lime has no chemical virtue over
chalk, rich shell-sand, or marl, or erushed limestone. It
has, however, the important mechanical advantage of be-
ing in the form of a far finer powder, than any to which
we could reduce the limestone by art—in consequence of
which it can be more uniformly diffused through the soil,
and placed within the reach of every root, and of almost
every particle, of vegetable matter that is undergoing de-
cay. I shall mention only three of the important pur-
poses which, in this state of carbonate, lime serves upon
the land.

a. It directly affords food to the plant, which, as we
have seen, languishes where lime is not attainable. It
serves also to convey other food to the roots in a state in
which it can be made available to vegetable growth.

b. It neutralizes (removes the sournessy, of)all acid
substances as they are formed in the soil, and thus keeps
the land in a condition to nourish the tenderest plants.
This is one of the important agencies of shell-sand, when
laid on undrained grass or boggy lands—and this effect
it produces in common with wood-ashes, and many similar
substances.

¢. During the decay of organic matter in the soil, it
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aids and promotes the production of nitric acid—so in-
fluential, as I believe, in the general vegetation of the
globe (see page 21). With this acid it combines and
forms nitrate of lime—a substance very soluble in water
—entering readily, therefore, into the roots of plants,
and producing upon their growth effects very similar to
those of the now well known nitrate of soda. The suc-
cess of frequent ploughings, harrowings, hoeings, and
other modes of stirring the land, is partly owing to the
facilities which these operations afford for the production
of this and other natural nitrates.

SECTION XII1.—OF THE IRRIGATION OF THE LAND.

The irrigation of the land is, in general, only a more
refined method of manuring it. The nature of the pro-
cess itself, however, is different in different countries, as
are also the kind and degree of effect it produces, and
the theory by which these effects are to be explained.

In dry and arid climates, where rain rarely falls, the
soil may contain all the elements of fertility, and require
only water to call them into operation. In such cases,—as
in the irrigations practised so extensively in eastern coun-
tries, and without which whole provinces in Africa and
Southern America would lie waste,—it is unnecessary to
suppose any other virtue in irrigation than the mere sup-
ply of water it affords to the parched and cracking soil.

But in climates such as our own, there are several
other beneficial purposes in reference to the soil, which
irrigation may, and some of which at least it always does
serve.

1. The occasional flow of pure water over the surface,
as in our irricated meadows, and its descent into the
drains, where the drainage is perfect, washes out acid and
other noxious substances naturally generated in the soil,
and thus purifies and sweetens it. The beneficial effect
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of such washing will be readily understood in the case
of peat-lands laid down to water meadow, since, as every
one knows, peaty soils abound in matters unfavourable to
general vegetation. These substances are usually in part
drawn off by drainage, and in part destroyed by lime and
by exposure to the air, before boggy lands can be brought
into profitable cultivation.

2. But it seldom happens that perfectly pure water 1s
emploved for the purposes of irrigation. The water of
rivers is often diverted from its course, more or less
loaded with mud and other fine particles of matter,
which are either gradually filtered from it as it passes
over and through the soil, or in the case of floods subside
naturally when the waters come to rest. Or in less fre-
quent cases, the drainings of towns, and the waters from
common sewers, or from the little streams enriched by
them, are turned with benefit upon the favoured fields.
These are evidently cases of gradual and uniform manur-
ing. And even where the water employed is clear and
apparently undisturbed by mud, it almost always contains
both organic and saline substances grateful to the plant
in its search for food, and which it always contrives to
extract more or less copiously as the water passes over
its leaves or along its roots. The purest spring waters
are rarely, perhaps never, free from impregnations of mi-
neral and vegetable or animal matter. Every fresh ac-
cess of water, therefore, affords the grass in reality another
liquid manuring.

3. Flowing water also drinks in from the air as it passes
along a portion of the oxygen and carbonic acid of which
the atmosphere in part consists. These gaseous substances
it brings in contact with the leaves at every moment, or
carries down fo the roots in a form in which they can be
readily absorbed by the parts of the plant. It is not un-
likely that, in consequence of this mode of action, even

absolutely pure water would act beneficially if employed
in irrigating the soil. L
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4. Further, the constant presence of water keeps all
the parts of the plant in a meist state, allows the pores
of the leaves and stems to remain open, retards the for-

- mation of hard woody fibre, and thus enables the growing

. vegetable, in the same space of time, to extract a larger

| supply of food, espeecially from the air. In other words,
1t promotes and enlarges its growth.

In the refreshment mntmually afforded to the plant by

" a plentiful supply of water—in the removal of noxious
. substances from the soil—in the frequent additions of
[ enriching food, sa,line, or ga,ni{:, or gaseous, to the land—

, almost entlrely to consist.

SECTION XIV.—OF PARING AND BURNING, AND OF BURNED
CLAY.

A mode of improvement often resorted to on poor land
is the paring and burning of the surface. The eflicacy of
burned clay, also, even in superseding manure on good
lands, has been highly extolled by seme practical men.

1. The effect of paring and burning is easily understood.
The matted sods consist of a mixture of much vegetable
with a comparatively small -quantity of earthy matter.
When these are burned the ash of the plants only is left,
intimately mixed with the calcined earth. To strew this
mixture over the soil is much the same as to dress it with
peat or wood ashes, the beneficial effect of which upon
vegetation is almost umvewally l‘EEDngELd And the
beneficial influence of the ash itself is chiefly due to the
ready supply of inorganic food it yields to the seed, and
to the effect which the pntash and =oda it contains exer-
cise either in preparing organic food in the soil, or in as-
sisting its digestion and assimilation in the interior of the
plant.
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Another part of this process is, that the roots of the
weeds and poorer grasses are materially injured by the
paring, and that the subsequent dressing of ashes is un-
favourable to their further growth.

It is besides alleged, and I believe with truth, that poor
old grass land, when ploughed up, is sometimes so full
of insects that the success of any corn or green crop be-
comes very doubtful. When pared, these insects collect
in the sod and are destroyed by the subsequent burning.

Paring and burning is a quick method of bringing land |
into tillage, and will secure one or two good crops. But
it is exhausting, and the prudent man will rarely have |
recourse to it for the purpose of reclaiming land which is |
to be kept in constant tillage. Itis very much less practised
now than it was twenty or thirty years ago.

2. Much greater uncertainty hangs over the alleged
virtues of burned clay. That benefits are supposed to
have been derived from its use there can be no doubt;
though in many cases the better tillage of the land—ge-
nerally prescribed, along with the use of burned clay—
may have had some share in producing the good results
actually experienced during its use.

By the burning, in kilns or otherwise, any organic mat-
ter the clay may contain will be consumed, and the tex-
ture of the clay itself will be mechanically altered. It
will erumble down like a burned brick into a hard friable
powder, and will never again cohere into a paste as be-
fore the burning. It will, therefore, render clay soils
more open, and may thus, when mixed with them in large
quantity, produce a permanent amelioration in the mecha-
nical texture of many stiff wheat soils. It cannot itself
in most cases undergo any chemical change that is likely
s0 to alter its constitution as to make it a more useful
chemical constituent of the soil than before. Any saline
matter we may suppose to be set free could in general

be far more cheaply added in the form of a top dressing
to the soil.
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Bricks, however, are generally more porous than the
clay from which 1;h»'£z_‘,r are formed ; burned clay is so also.
And all porous substances suck in and condense much
air and many vapours in large quantities into their pores.
In consequence of this property, porous substances, like
charcoal and burned clay, are supposed, when mixed with
the soil, to be continually yielding air to decaying vege-
table matter on the one hand, and as continually re-ab-
sorbing it from the a.tmﬂsphere on the other, and by this
means to be of singular service in supplying the wants of
- plants in the earlier seasons of their growth. The vapours

l of nitric acid and of ammonia, which float in the air, they

are also supposed to imbibe, and, by the beneficial action
| of the substances believed to be thus conveyed by burned
t clay into the soil, the fertilizing virtues ascribed to it are
| attempted to be explained.

PRI the clay contain much red oxide of iron, the vege-

table matter contained in the clay, will, during the burn-
ing, change it into black oxide. When water and air
are admitted to this black oxide on the cooling of the
clay, ammonia may be produced. It has been calculated
that for every ten pounds of oxide of iron thus present in
the clay, one pound of ammonia may be produced ; and
hence one reason, it is said, why some burned clays act
more efficaciously than others (Sprengel). Again, if the
clay contain much lime, the burning will cause this lime
to act upon the silicates of putath or soda also present
in it, in such a way as to render them more readily solu-
ble, more easy of decomposition by the carbonic acid of

tain more available to the nourishment of the plant
Hence, another reason why all burned clays are not

equally efficient.

,the air or the soil, and any potash or soda they may con-

' It must be confessed, however, that on all these pmntq

considerable obscurity still rests. It is the part of science,
therefore, to decline offering more than a conjectural



IMPROVEMENT OF THE SOIL BY PLANTING. 163

opinion till the facts to be explained are themselves more
fully and more satisfactorily demonstrated.

SECTION XV.—PLANTING AND LAYING DOWN TO GRASS.

1. Planting—It has been observed that lands which
are unfit for arable culture, and which yield only a trifling
rent as natural pasture—are yet in many cases capable of
growing profitable plantations—and of being greatly in-
creased in permanent value by the prolonged growth of
wood. Not only, however, do all trees not thrive alike
on the same soil, but all do not improve the soil on which
they grow in an equal degree.

Under the Scotch fir, for example, the pasture which
springs up after a lapse of years is not worth 6d. more
per acre than before the land was planted—under the
beech and spruce, it is worth even less than before, though
the spruce affords excellent shelter ;—under the ash, it
gradually acquires an increased walue of Zs. or 3s. per
acre. In oak-copses, it hecomes worth 5s. or 6s., but
only during the last eight years (of the twenty-four), be-
fore it is cut down. But under the larch, after the first
thirty years, when the thinnings are all cut, land not
worth originally more than 1s. per acre becomes worth
8s. to 10s. per acre for permanent pasture.*

a. The main cause of this improvement is to be found
in the nature of the soil, which gradually accumulates be-
neath the trees by the shedding of their leaves. The shelter
from the sun and rain which the foliage affords, prevents
the vegetable matter which falls from being so speedily
decomposed, or from being so much washed away, and
thus permits it to collect in larger quantities in a given
time, than where no such cover exists. The more com-
plete the shelter, therefore, the more rapid will the ac-

* The result of trials made on the mica slate and gneiss soils (see
page 70) of the Duke of Athol.
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cumulation of soil be, in so far as it depends upon this
cause.

b. But the quantity of leaves which annually fall have
also much influence upon the extent to which the soil is
capable of being improved by any given species of tree,
as well as the degree of rapidity with which those leaves,
under ordinary c11cumstancns, undergo decay. The broad
membranous leaf of the beech and ua,k decay more quickly
than the needle-shaped leaves of the pine tribes, and this
circumstance may assist in rendering the larch more va-
luable as a permanent improver.

c. We should expect likewise, that the quantity and
quality of the inorganic matter contained in the leaves,—
brought up year by year from the roots, and strewed af-
terwards uniformly over the surface where the leaves are
shed,—would materially affect the value of the soil they
form. The leaves of the oak contain about 5 per cent.
of saline and earthy matter, and those of the Scotch fir
less than 2 per cent.; so that, supposing the actual weight
of leaves which falls from each kind of tree to be equal,
we should expect a greater depth of soil to be formed in
the same time by the oak than by the Scotch fir. The
leaves of the larch in the dry state contain from 5 to 6
per cent. of saline matter, so that they may be expected
to enrich the surface on which they fall in at least an
equal degree with those of the oak. Much, however, de-
pends upon the annual weight of leaves shed by each kind
of tree, in regard to which we possess no precise infor-
mation.

The improvement of the land, therefore, by the plant-
ing of trees, depends in part upon the quantity of organic
iﬂud which the trees can extract from the air, and after-
wards drop in the form of leaves upon the soil, and in
. part upon the kind and quantity of inorganic matter
. which the roots can bring up from beneath, and in like

‘ manner strew upon the surface. The quantity and qua-
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lity of the latter will, in a great measure, determine the 1
kind of grasses which will spring up, and the consequent
value of the pasture in the feeding of stock. In the larch
forests of the Duke of Athol, the most abundant grasses
that spring up are said to be the Holeus mollis, and the
Holeus lanatus (the creeping and the meadow soft-
grasses. )

2. Laying down fo grass—On this point two facts
seem to be pretty generally acknowledged.

First, That land laid down to artificial grasses for one,
two, three, or more years, is in some degree rested or re-
cruited, and is fitted for the better production of after
corn crops. Letting it lie a year or two longer in grass,
therefore, is one of the received modes of bringing back
to a sound condition a soil that has been exhausted by
mjudicious cropping.

Second, That land thus laid down with artificial grasses
deteriorates again after two, three, or five years, more or
less,and only by slow degrees acquires a thick sward of rich
and nourishing herbage. Hence the opinion, that grass-
land improves in quality the longer it is permitted to lie,
—the unwillingness to plough up old pasture,—and the
comparatively high rents which, in some parts of the
country, old grass-lands are known to yield.

Granting that grass-lands do thus generally increase
in value, three important facts must be borne in mind, be-
fore we attempt to assign the cause of this improvement,
or the circumstances under which it is likely to take place
for the longest time and to the greatest extent.

1. The value of the grass in any given spot may in-
crease for an indefinite period—but it will never improve
beyond a certain extent—it will necessarily be limited, as
all other crops are, by the quality of the land. Hence
the mere laying down to grass will not make all land
good, however long it may lie. The extensive commons,
heaths, and wastes, which have been in grass from the
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most remote times, are evidence of this. They have in
most cases yielded so poor a herbage as to have been
considered unworthy of being enclosed as a permanent
pasture.

2. Some grass-lands will retain the good condition they
thus slowly acquire for a very long period, and without
manuring, in the same way, and upon nearly the same
principle, that some rich corn-lands have yielded succes-
sive crops for 110 years without manure. The rich grass-
lands of England and especially of Ireland, many of
which have been in pasture from time immemorial, without
receiving any known return for all they have yielded, are
illustrations of this fact.

3. But that others, if grazed, cropped with sheep or
meadowed, will gradually deteriorate, unless some proper
supply of manure be given to them,—which required
supply must vary with the nature of the soil, with the
kind of stock fed upon it, and with the kind of treatment
to which it has been subjected.

In regard to the acknowledged benefit of laying down
to grass, then, two points require consideration: What
form does it assume,—and how 1is it effected ?

1.. The improvement takes place by the gradual accu-
mulation of dark-brown soil on the surface, rich in vege-
table matter : and which soil thickens or deepens in pro-
portion to the time which elapses from its being first laid
down to grass. It is a law of nature, that this accumu-
lation takes place more rapidly in the temperate than in
tropical climates, and it would appear as if the consequent
darkening of the soil were intended to enable it to absorb
more of the sun’s warmth, and thus more speedily to
bring forward vegetation, where the average temperature
is low, and the summers comparatively short.

If the soil be very light and sandy, the thickening of
the vegetable matter is sooner arrested ; if it be moderate-

ly heavy land, the improvement continues for a longer
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period ; and some of the heaviest clays in England are
known to bear the richest permanent pastures. On ana-
lysing the soils of the richest of these pastures in our
islands, whatever be the degree of tenacity of the clays
or loams (the subsoils) on which they rest, or their
deficiency in vegetable matter,—they are said to be ge-
nerally characterized by containing from 8 to 12 per cent.
of organic, chiefly vegetable matter, from 5 to 10 only of
alumina, and from 1 to 6 per cent. of lime.*

If such be the case, the soil formed on the surface of
all our rich old pasture lands is possessed of a remarka-
ble degree of uniformity,—both in physical character and
in chemical composition. This uniformity they gradual-
ly acquire, even upon the stiff clays of the lias and Ox-
ford clay, which originally, no doubt, have been, as many
clay lands still are,—left to natural pasture, from the dif-
ficulty and expense of submitting them to arable cul-
ture.

2. How do they acquire this new character, and why
is it the work of so much time ?

@. When the young grass throws up its leaves into the
air, from which it derives so much of its nourishment, it
throws down its roots into the soil in quest of food of an-
other kind. The leaves may be mown or cropped by ani-
mals, and carried off the field but the roots remain in
the soil, and as they die, gradually fill its upper part with
vegetable matter. It is not known what average pro-
portion the roots of the natural grasses bear to the leaves;
no doubt it varies much, both with the kind of grass and
with the kind of soil. When wheat is cut down, the
quantity of straw left in the field, in the form of stubble

* This must not be understood to apply to all rich pasture land
The soils beneath some of the most celebrated foreign pastures have
heen found to contain as little as one per cent. of alumina—and the
published analysis of our British pasture soils are in general to he
received with suspicion,
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and roots, is sometimes greater than the quantity carried
off in the sheaf. Upon a grass-field two or three tons of
hay may be reaped from an acre; and if we suppose only
a tenth part of this quantity to die every year in the form
of roots or parts of roots, or of excretions from roots, we
can easily understand how the vegetable matter in the
soil should gradually accumulate. In arable land this ac-
cumulation is prevented by the constant turning up of the
soil, by which the vegetable fibres, being exposed to the
free access of air and moisture, are made to undergo a
more rapid decomposition.

b. But the roots and leaves of the grasses contain in-
organic earthy and saline matter also. Dry hay leaves
from an eighth to a tenth part of its weight of ash when
burned. Along with the dead vegetable matter of the
soil, this inorganic matter accumulates also on the sur-
face, in the form of an exceedingly fine earthy powder;
hence one cause of the universal fineness of the surface
mould of cld grass-fields. And the earthy portion of this
inorganic matter consists chiefly of silica and lime, with
scarcely a trace of alumina; so that, even on the stiffest
clays, a surface soil may be ultimately formed, in which
the quantity of alumina will be comparatively small.

¢. There are still other agencies at work, by which the
surface of stiff soils is made to undergo a change. As the
roots of the grasses penetrate into the clay, they more or
less open up a way into it for the rains. Now, the rains in
nearly all lands, when they have a passage downwards,
have a tendency to carry down the clay along with them.
They do so, it has been observed, on sandy and peaty
soils, and more quickly when these soils are laid down to
grass. Hence the mechanical action of the rains,—slowly
in many localities, yet surely,—has a tendency to lighten
the soil, by removing a portion of its clay. They con-
stitute one of those natural agencies by which, as else-

where explained, important differences are ultimately es-
J
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tablished, almost every where, between the surface crop-
bearing soil and the subsoil on which it rests.

d. But further, the heats of summer and the frosts of
winter aid this slow alteration. In the extremes of heat
and of cold, the soil contracts more than the roots of the
grasses do ; and similar though less differences take place
during the striking changes of temperature which are ex-
perienced in our climate in the different parts of almost
every day. When the rain falls, also, on the parched field,
orwhen a thaw comes on, the earth expands while theroots
of the grasses remain nearly fixed ; hence the soil rises up
among theleaves, mixeswith the vegetable matter,and thus
assists in the slow accumulation of a rich vegetable mould.

The reader may have witnessed in winter how, on a field
or by a way-side, the earth rises above the stones, and ap-
pears inclined to cover them ; he may even have seen, in
a deserted and undisturbed highway, the stones gradually
sinking and disappearing altogether, when the repetition
of this alternate contraction and expansion of the soil for
a succession of winters, has increased in a great degree
the effects which follow from a single accession of frosty
weather.

So it is in the fields. And if a person skilled in the
soils of a given district can make a guess at the time
when a given field was laid down to grass, by the depth
at which the stones are found beneath the surface, it is
because this loosening and expansion of the soil, while
the stones remain fixed, tends to throw the latter down
by an almost imperceptible quantity every year that pas-
ses.

e. Such movements as these act in opening up the
surface-soil, in mixing it with the decaying vegetable mat-
ter, and in allowing the slow action of the rains gradually
to give its earthy portion a lighter character. But with
these, among other eauses, conspires also the action of
living animals. Few persons have followed the plough
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without oceasionally observing the vast quantities of
earth-worms with which some fields seem to be filled.
-On a close-shaven lawn many have noticed the frequent
little heaps of earth which these worms during the night
have thrown out upon the grass. These and other mi-
nute animals are continually at work, especially beneath
an undisturbed and grassy sward—and they nightly
bring up from a considerable depth, and discharge on
the surface, their burden of fine fertilizing loamy earth.
FEach of these burdens is an actual gain to the rich sur-
face soil, and who can doubt that, in the lapse of years,
the unseen and unappreciated labours of these insect
tribes must both materially improve its quality and in-
crease its depth 7#*

/- In most localities also, the winds may be mentioned
among the natural agencies by which the soil on grass
lands is slowly improved. They seldom sweep over any
great extent of land without bearing with them particles of
dust and sand, which they dropin sheltered places, or leave
behind them when sifted by the blades of grass or by the
leaves of an extensive forest. In hot summers, in dry
springs, and even in winter, when the snow is drifting, the
ploughed lands and dusty roads are more or less bared
of their lighter particles of soil, which are strewed by the
winds as a natural top dressing over the neighbouring un-
tilled fields.

In some countries the agency of the winds is more con-
spicuous than among ourselves. Thus on the banks of
the Kuruman and Orange rivers in South Africa, the
winds blow during the spring months— August to No-
vember in that climate—from the Kulagare desert, bear-
ing with them light particles of dust, which make the air

* In the Prize Essays of the Highland Society, i. p. 191, the
reader will find the testimony of a practical man that such was in
reality the case, as observed by himself on part of his own farm in
Roxburghshire.
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seem as if dense with smoke, and which are so exquisitely
fine as to penetrate through seams and cracks which are
almost impervious to water.*

There are natural causes, then, which we Anow to be
at work, that are sufficient to account for nearly all the
facts that have been observed, in regard to the effect of
laying lands down to grass. Stiff clays will gradually
become lighter on the surface, and, if the subsoil be rich
in all the kinds of inorganic food which the grasses re-
quire, will go on improving for an indefinite period with-
out the aid of manure. Let them, however, be deficient,
or let them gradually become exhausted of any one kind
of this food, and the grass lands will either gradually de-
teriorate after they have reached a certain degree of ex-
cellence—or they must be supplied with that one ingredi-
ent—that one kind of manure of which they stand in need.
It is doubtful if any pasture-lands are so naturally rich as
to bear to be cropped for centuries without the addition of
manure, and at the same time without deterioration.t

On soils that are light, again, which naturally contain
little clay, the grasses will thrive more rapidly, a thick
sward will be sooner formed, but the tendency of the rains
to wash out the clay, may prevent them from ever attain-
ing that luxuriance which is observed upon the old pas-
tures of the clay lands.

On undrained heaths and commons, and generally on
any soll which is deficient in some fertilizing element,
neither abundant herbage, nor good crops of any other
kind, can be expected to flourish. Laying such lands
down, or permitting them to remain in grass, may pre-
pare them for by and by yielding one or two average
crops of corn, but cannot be expected alone to convert
them into valnable pasture.

Finally, plough up the old pastures, on the surface of

* Moffat’s Missionary Labowrs, p. 333.
T See p. 242,
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which this light and most favourable soil has been long ac-
cumulating—and the heavy soil from beneath will beagain
mixed up with it—the vegetable matter will disappear
rapidly by exposure to the air during the frequent plough-
ings,—and, if again laid down to grass, the slow changes
of many years must again be begun through the agency of
the same natural causes, before it become capable a se-
cond time of bearing the same rich herbage it was known
to nourish while it lay undisturbed.

Many have supposed, that by sowing down with the
natural grasses, a thick and permanent sward may at
once be obtained—and on light loamy lands rich in ve-
getable matters, this method may, to a certain extent, suc-
ceed ; but on heavy lands, in which stiff elay abounds, and
vegetable matter is defective, disappointment will often
follow the sowing of the most carefully selected seeds.
By the agency—among other causes—of those above ad-
verted to, the soil gradually changes, so that it is unfit,
when first laid down, to bear those grasses which, ten or
twenty vears afterwards, will spontaneously and luxuriant-
ly grow upon it. Nature is not regulated by one prin-
ciple in the growth of cern, and by another in growing
grass,—the apparent difference in her procedure arises
from real differences in our practice.
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CHAPTER X.

The products of Vegetation—Importance of Chemical quality as
well as quantity of Produce—Influence of different Manures and
Soils on the quantity and quality of the Crop—Relative quanti-
ties of Starch and Gluten in our different Crops—Effect of Cir-
cumstances on the quantity of Starch in the Potato—Influence
of the time of Cutting—Quantity of Oil or Fat in produce of

different kinds—Absolute quantity of Food yielded by different
Crops.

Tue first object of the practical farmer is, to rea
from his land the largest possible return of the most valu-
able crops, without permanently injuring or exhausting
the soil. With this view he adopts one or other of the
methods of treatment above adverted to, by which either
the physical condition or the chemical constitution of the
soil is altered for the better. It may be useful to show
how very much both the quantity and the quality of a
crop 18 dependent upon the mode in which it is cultivated
and reaped, and how much control, therefore, the skilful

agriculturist really possesses over the ordinary produc-
tions of nature.

SECTION I.—OF THE INFLUENCE OF MANURE ON THE QUAN-
TITY OF THE WHEAT AND OTHER CORN CROPS.

Every one knows that some soils naturally produce
much larger returns of wheat, oats, and barley, than
others do, and that the same soil will produce more or
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less according to the mode in which the land has been
prepared—by manure or otherwise—for the reception of
the seed. The following table shows the effect produced
upon the quantity of the crop by equal quantities of dif-
ferent manures applied to the same soil, sown with an
equal quantity of the same seed.

Return in bushels from each bushel of

Manure applied. Wheat. Barley.md' Oats. Rye.
Blood, . . o 16 124 14
Night-soil, : : — 13 144 134
Sheep’s dung, : S [ 16 14 13
Horse-dung, g : 10 13 14 11
Pigeons’ dung, . T 10 12 9
Cow-dung, : 3 7 11 16 9
Vegetable manure, | . J 7 13 6
Without manure, — 4 5 4

It is probable that on different soils the returns ob-
tained by the use of these several manures may not be
always in the same order, yet, generally speaking, it will
always be found that blood, night-soil, and sheep, horse,
and pigeons’ dung, are among the most enriching ma-
nures that can be employed.

We have already seen a theoretical reason for believ-
ing that night-soil ought to be among the most enriching
manures, and the result of actual trial here shows that it
is one of the most practically valuable which the farmer
can employ.

Two other facts will strike the practical man on look-
ing at the above table.

1. That, exclusive of blood, sheep’s dung gave the
oreatest increase in the barley crop. The favourite Nor-
folk system of eating off turnips with sheep previous to
barley, besides other benefits which are known to attend
the practice, may owe part of its acknowledged utility to
this powerful action of sheep’s dung upon the barley crop.

2. The action of cow-dung upon oats is equally strik-
ing, and the large return obtained by the use of vegetable

4
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manure alone—thirteen-fold—may perhaps explain why,
in poorly farmed districts, oats should be a favourite and
comparatively profitable crop, and why they may be cul-
tivated with a certain degree of success on lands to which
no rich manure is ever added.

SECTION I(.—INFLUENCE OF THE KIND OF MANURE ON THE
CHEMICAL QUALITY OF THE GRAIN.

But the quality of the grain also, as well as its guan-
tity, is materially affected by the kind of manure by which
its growth is assisted. The apparent quality of wheat and
oats is very various ; but in samples which appear equal
in quality, important chemical differences may exist, by
which it is believed that the nourishing properties of the
grain are materially affected.

It has been stated in a previous chapter (p. 28), that
when flour is made into dough, and this dough washed
upon a sieve or upon a linen cloth with water as long as the
latter passes through milky,—the flour is separated into
two parts,—the sfarch, which subsides from the milky
water, and the g/ufen, which remains behind upon the
sieve. The quantity of gluten thus left varies more or
less with almost every sample of flour, and the nutritive
properties of each sample are supposed to depend very
much upon the quantity of gluten it thus leaves. It has
also been supposed by some, that those varieties of grain
which contain the largest amount of gluten yield also the
greatest return of fine flour, and the heaviest weight of
bread ; but recent researches by no means confirm either
of these latter suppositions.

The weight of gluten contained in 100 Ibs. of dry
wheat has been found to vary from 8 to 34 lbs., and this
proportion is said to be affected in a very remarkable
manner by the kind of manure which has been applied ta

M
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the land. Thus the proportions of starch and gluten in
100 lbs. of the grain of the same wheat, grown on the
same land, differently manured, were found by Hermb-
stadt to be as follows :—

Manure. Starch. Gluten,
Blood, . 2 41 lbs. 34 lbs,
Sheep-dung, . - 42 — 33 —
Horse-dung, . : 62 — 14 —
Cow-dung, E ; 62 — 12 —
Vegetable manure, . 66 — 10 —

Potato-flour, which consists altogether of starch, makes
a fine light bread, easily raised. Samples of wheaten-flour,
which contain little gluten, approach in this respect to po-
tato-flour. When the quantity of gluten is large, greater
care 1s required to make a good light bread; but the
bread from such flour is generally found to be more nu-
tritive in its quality. A flour peculiarly rich in gluten is
required for the manufacture of macaroni and vermicelli ;
such is said to be the quality of the grain naturally pro-
duced in southern Italy. By the above table it would
appear, that the use of richer animal or poorer vegetable
manures, should enable the farmer to raise, at his plea-
sure, either a rich macaroni wheat, or one poor in gluten
suited for the makers of fancy bread. Something, how-
ever, depends both upon the soil and upon the climate,
while experiments, recently made in this country, do not
encourage the idea, that we are as yet able to control the
quality of our wheat,—to raise a crop containing this or
that quantity of gluten at our pleasure.

Thus the same wheat top-dressed with the same rich
manure—sulphated wrine (p. 127), mixed with different
saline substances, gave Mr Burnet of Gadgirth,—

Produce Fine flour Gluten in

Manure, per acre. from the grain.  the flour.

No manure, - - - 314 bush. 76 per cent. 94 p. ct.
Sulphated urine and wood-ashes, 40 66 104
Do. and sulphate of soda, - 49 63 93
Do. and common salt, - 49 65 94

Do. and nitrate of soda, - 48 54 10
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In these results we see, first, that the produce of fine
flour from the grain bears no proportion to the quantity
of gluten in the flouritself; and, second, that the rich top-
dressings did not very largely increase the proportion of
gluten in the flour.

The whole produce of gluten in the crop was increas-
ed, because the crop was increased in quantity ; but in
none of the experiments was the per centage of gluten
largely augmented. We require further trials, therefore,
to satisfy us, that, in our climate, the farmer can, by va-
rying his mode of culture, so greatly alter the proportion
of gluten in his grain as the experiments of Herbmstiidt
have hitherto induced theoretical writers to believe.

An equally striking effect is not stated by Hermbstiidt
to have been produced upon other kinds of grain by vary-
ing the manure. Thus the proportions of starch and glu-
ten in the dry grain of barley and oats, differently ma-
nured, were found to be as follows :—

BARrLEY. OaTs.
Starch. Gluten. | Starch. Gluten.

Blood, - - - 664 64 60 54
Night-soil, - - 66 64 G0 5

Sheep-dung, - 664 64 61 41
Horse-dung, - 66 64 614 41
Cow-dung, - - 69 34 62 34
Vegetable manure, 69 3 664 2}
Unmanured, - - 691 3 66 2}

Though the proportion of gluten in both of these kinds
of grain varies in the above table, according as one or
other of the manures was employed, yet neither the ave-
rage quantity of gluten present in them, nor the varia-
tions to which the quantity is liable, are at all equal in
amount to what were observed in the case of wheat.

The malting of barley is known to be affected by va-
rious circumstances. Unless the grain be dry, it does
not sprout readily, and hence it is customary for maltsters
to sweat their barley on the kiln before ml:llting it. The
grain should also be so uniform in ripeness as to sprout
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uniformly, so that no part of it may be beginning to shoot
when the rest has already germinated sufficiently for
the malter's purpose. On this perfect sprouting of the
whole depends in some degree the swelling of the malt,
which is of considerable consequence to the manufacturer.

But the melting quality of the grain, which is of more
consequence to the brewer and distiller, is understood to
be modified chiefly by the proportion of gluten which the
barley contains. That which contains the least gluten,
and therefore the most starch, will melt the most easily
and the most completely, and will yield the strongest beer
or spirit from the same quantity of grain. Hence the
preference given by the brewer to the malt of particular
districts, evenwhere the sample appears otherwise inferior.
Thus the brewers on the sea coast of the county of Durham,
will not purchase the barley of their own neighbourhood,
while Norfolk grain can be had at a moderate increase of
price. But that which refuses to melt well in the hands
of the brewer, will cause pigs and other stock to thrive
well in the hands of the feeder, and this 1s the chief out-
let for the barley which the brewer and distiller reject.

So far as a practical deduction can be drawn from the
effects of different manures, as shown in the above table,
upon the proportion of gluten in barley, it would appear
that the larger the quantity of cow-dung contained in the
manure applied to barley land—in other words, the
greater the number of stock folded about the farm-yard,
the more likely is the barley to be such as will bring a
high price from the brewer.

The folding of sheep produces a larger return (p. 176),
from the barley crop—while the folding of cattle gives
grain of a better quality.

SECTION 1I11.—INFLUENCE OF THE NATURE OF THE SOIL
ON THE QUANTITY AND QUALITY OF THE CROP.

Every farmer knows that the quantity of his crop de-
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pends in a considerable degree upon the quality of his
land. The same skill and industry will not succeed
raising crops of equal weight upon every soil. It is fa-
miliarly known also, in regard to some crops, that the
quality of the produce is no less affected by the nature
~of the land. The potato, for example, is generally mealy
upon light and well limed, and waxy upon heavy, wet,
and boggy, soils. So the furnip delights in a light, dry,
and open soik and on such soils gives more abundant
crops, and of better quality.

Some pastures are celebrated for their fattening qua-
lity, and in this respect one field is found to surpass ano-
ther even when the grasses upon each are apparently of
similar species. The fact that straw and fodder reaped
from sandy marls are all characterized by their remark-
‘able nourishing property, shews that such differences de-
pend upon the quality of the soil in which the plant is
made to grow. :

The varying quality of barley raised in different loca-
lities proves the same thing. On stiff clays barley may
yield a greater produce (North Hampshire), but it is of
a coarser quality. On light chalky soils it is thin skin-
ned, rich in colour, and, though light in weight, well
adapted for malting,—while on loamy lands and on
sandy marls it assumes a greater plumpness, yet still re-
tains its malting quality.

Similar differences affect the same variety of wheat
when grown upon different soils. In the previous section
it was shewn that the quantity of gluten contained in
wheat varies in some degree with the manure applied to
the land, but a similar variation occurs on unlike soils,
when manured or otherwise treated in every respect alike.
Thus, it is said that « the appearance of the wheat grown
m the county Down is better than that of any other in
the Belfast market, but that it is inferior in oluten to that

grown on the calcareous soils of Carlow, Kilkenny, and
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Antrim.”*  The miller also knows by experience the re-
lative qualities of the wheat grown on the several farms
in the neighbourhood of his mill, and thus even when his
eye can detect no difference of quality between two sam-
ples, a knowledge of the places where they were grown
enables him to decide which of the two it will be most
for his interest to buy.

Rye also flourishes upon light and sandy soils in ge-
neral, but when grown upon sandy marls it is found (m
Germany) to yield much brandy.

The oat varies in quality likewise with the soil on
which it is grown. I lately visited a farm in Forfarshire,
part of which was a sharp gravelly soil on a slope, and
a part flat boggy land, resting on marl. Oats were usually
grown on both soils, and I asked what difference the tenant
observed in the quality of the grain he obtained from each.
¢« In appearance,” he answered, ¢ there is no difference ;
I could take the samples to market and get the same
price for each. If I wanted them for seed, I would buy
either of them indifferently at the same price ; but for
meal for my own eating, I would give two shillings a boll
more. for the oats of the sharp land. The sharp land
meal,” he added, “ gives a dry knotty brose ; that from the
bog land may do for porridge, but it makes bad soft
brose.”

The pea and the bean are distinguished by similar pe-
culiarities, when grown in lig ht and in heavy soils.
There are certain spots in the nmghbﬁurhﬁnd of all large
towns, which are known to produce the best boiling peas,
—such as boil soft and mealy. Thus the grav ell} slope
of Hopwas Hill, near Tamworth, on the Lichfield road,
grows the best sidder or boiling green peas for the Bu-
mingham market ; the Vale of Tamworth in general
arowing only pig peas,—hard boilers used only for feed-

* Quarterly Journal of Agriculture, March 1842, p. 478.
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ing. It is a remarkable circumstance, also, that on the
corn exchange, the dealers seldom buy British peas, with-
out first sending a sample to be boiled,—while foreign
peas are generally bought without any trial. They are
almost invariably boilers. For split peas, used in mak-
ing soups and pease-meal, it is obvious that this boiling
quality is of great importance. :

The explanation of all these differences is simple.
The relative proportions of gluten and starch in all the
grasses, vegetable juices, and seeds, is wariable. The
plant is fitted to flourish and to perform all its na-
tural functions without being dependent upon any fixed
amount of supply of those elements out of which its glu-
ten is produced—though the boiling, feeding, malting,
or distilling qualities of its stem, seeds, or roots will be
materially affected by variations in this supply.

Again, the proportion of gluten seems to be dependent
upon the quality of the soil, not only because, as we have
seen reason to believe, the nitrogen it contains is chiefly
imbibed by the roots of the plant, but because this gluten
is always associated with a certain small quantity of sul-
phur, phosphorus, and earthy matter—which substances
also can only he derived from the soil. Where these
elements abound in the neighbourhood of the roots, the
plant may produce much gluten ; where they are absent,
it cannot ;—so that the feeding and other important qua-
lities of the plant depend no less upon the presence of
these substances in the soil, than upon that of any of the
organic elements of which its several parts are principally
made up.

SECTION 1V.—OF THE RELATIVE QUANTITIES OF STARCH AND
GLUTEN CONTAINED IN OUR USUALLY CULTIVATED CROPS.

We have -':lll'ﬂﬂd}' seen to what numerical extent the
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gluten in wheat appears to vary in our climate with the
soil and mode of culture. Experiments have not yet
been made with the view of determining the extent to
which the gluten varies in other kinds of grain. The
following table, however, exhibits the best approximate
view we are yet able to give of the awverage proportions
of starch and gluten contained in 100 lbs. of our common
grain crops as they are met with in the market.

Starch, &c.  Gluten, &ec.

YWheat flour, 4 55 lbs. 10 to 15 lbs,
Barley, . - 60 . 122
Ogla, o0 g M Sah . “ldle
Rye, . . . 60 ; 144 ?
Indian corn, - 50 : 12
Beans, - X 40 - 28
Peas, . ; ; 50 P 24
Potatoes, . ‘ 12 . 21
Turnips, . : 107 : 1} 7

Many of these numbers are open to correction ; and
if the reader recollects what has been stated in the pres
vious section in regard to the variable quality of the dif-
ferent crops we raise, he will see that the numbers in all

tables such as this are only to be regarded as approxi-
mations.

SECTION V.—INFLUENCE OF SOIL, VARIETY AND MANURE ON
THE QUANTITY OF STARCH IN THE POTATO,

The potato is a crop of so much importance in this
country that it may be interesting to introduce a few more
detailed remarks in regard to the variations which the
quantity of starch has been found to undergo.

1. Influence of soil—The quantity of starch is larger
in potatoes growing upon land long in arable culture
than in such as is newly brought into cultivation or broken
up from grass. Thus Mr Stirrat states, that from one
peck of potatoes growing on land near Paisley, which had
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been almost constantly under crop for the last thirty
years, he obtained 7 lbs. of starch, while another peck
grown on his bleach green, newly broken up, gave him
only 4 lbs.*

2. Influence of variety—On the same soil, different
varieties produce different proportions of starch. Thus
in 1842, Mr Fleming of Barochan obtained from four va-
rieties of potato grown on his farm, the following per
centage of starch.

Connaught Cups, . 21 per cent.
Irish blacks, . : 164 —
White Dons, . 13 —
Red Dons, ) . 10§ —

These differences in the per centage of starch become
very striking when we calculate the relative quantities
per acre yielded by these varieties. Thus, under simi-
lar treatment, they gave respectively,

Produce per acre
Of potatoes, Of starch.

Cups, - 134 tons. 2.9 tons.
Red Dons, - 14 — 1h =
White Dons, : 18 — 24 —

So that the lightest crop gave the most starch,—though

five tons an acre heavier, the white Dons gave half a
ton less starch than the Connaught Cups.

3. Lffect of Manures—The kind of manure applied
affects also, in a sensible degree, the proportion of starch
yielded by the potato. Thus Mr Fleming finds his po-
tatoes raised during the present year 1843, to give the
following per centage of starch :

L. Cups with dung alone, gave 14.5 per cent.

— and guano, : . 14.4
2. White Dons with guano alone, . 9.0
- and dung, . 10,2

* See the Author’s Lecrunes, p. 764.
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3. Rough reds with guano alone, 15.7
and dung, d 151

4. Perth reds with gnano alone, . 15.3
and dung, : 15.5

These experiments show, first, that, in so far as the
proportion of starch is concerned, either dung alone or
half guano and half dung may be used with equal advan-
tage. The experiment upon the Cups shows this. Se-
cond, that a mixture of dung and guanois in this respect
better than guano alone.* All the other trials shows this,
—while they show further, also, how much the propor-
tion of starch depends upon the variety of potato we grow.

These varying proportions of starch are of much mo-
ment to the practical farmer at the present time, in as
much as the certainty of the growth of the potato when
used ns seed, appears to be greater the smaller the per
centage of starch.

SECTION VI.—INLUENCE OF THE TIME OF CUTTING ON
THE QUANTITY AND QUALITY OF THE FPRODUCE.

The period at which hay is cut, or corn reaped, mate-
rially affects the quantity (by weight) and the quality of
the produce. It is commonly known that when radishes
are left too long in the ground they become hard and
woody—that the soft turnippy stem of the young cabbage
undergoes a similar change as the plant grows old,—and
that the artichoke becomes tough and uneatable if left
too long uncut. The same natural change goes on in
the grasses which are cut for hay.

* This arises from the tendency the potato has when manured with
guano alone to rush up to stalk,—the effect of the guano being
more or less exhausted before the plant reaches maturity, or has time

to form its tubers. When mixed with dung, the latter carries on the
growth which the former may have left unfinished.
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In the blades and stems of the young grasses there is
much sugar, which, as they grow up, is gradually changed,
first into starch, and then into woody fibre (page 29).
The more completely the latter change is effected—that
is, the riper the plant becomes—the less sugar and starch,
both readily soluble substances, its various parts contain.
And though it has been ascertained that woody fibre is
not wholly indigestible, but that the cow, for example,
can appropriate a portion of it for food as the grass she
has eaten passes through her stomach; yet the reader
will readily imagine, that those parts of the food which
dissolve most easily, are also likely—other things being
equal—to be most nourishing to the animal.

Itis ascertained, also, that the weight of the hay or of
the straw we reap, is actually less when they are allowed to
become fully ripe ; and therefore, by cutting soon after
the plant has attained its greatest height, a larger quan-
tity, as well as a better quality of hay, will be obtained,
while the land also will be less exhausted.

The same remarks apply to crops of corn,—both to
the straw and to the grain they yield. The rawer the
crop is cut, the heavier and more nourishing the straw.
Within three weeks of being fully ripe, the straw begins
to diminish in weight, and the longer it remains uncut
after that time, the lighter it becomes and the less nou-
rishing.

On the other hand, the ear, which is sweet and milky
a month before it is ripe, gradually consolidates, the su-
gar changing into starch, and the milk thickening into
the gluten and albumen* of the flour. As soon as this
change is nearly completed, or about a fortnight before
ripening, the grain contains the largest proportion of
starch and gluten ; if reaped at this time, the bushel will

% : . . . '
Albwmen 1s the name given by chemists to the white of the egy ;
a small quantity of this substance is present in every kind of grain,
It is closely related to gluten.
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be heavier, and will yield the largest quantity of fine flour
and the least bran.

At this period the grain has a thin skin, and hence
the small quantity of bran. But if the crop be still left
uncut, the next natural step in the ripening process is, to
cover the grain with a better protection, a thicker skin.
A portion of the starch of the grain is changed into woody
fibre,—precisely as in the ripening of hay, of the soft
shoots of the dog-rose, and of the roots of the common
radish. By this change, therefore, the quantity of starch
is lessened and the weight of husk increased ; hence the
diminished yield of flour, and the increased produce of
bran.

Theory and experience, therefore, indicate about a fort-
night before full ripening as the most proper time for
cutting corn. The skin is then thinner, the grain fuller,
the bushel heavier, the yield of flour greater, the quantity
of bran less ; while, at the same time, the straw is heavier,
and contains more soluble matter than when it is left un-
cut until it is considered to be fully ripe.*

SECTION VIL.—OF THE QUANTITY OF OIL OR FAT IN
GRAIN, ROOT, AND HAY CROPS,

It.is generally known that lint-seed, rape-seed, hemp-
seed, poppy-seed, and the seeds of many other plants,
abound so much in oil, that it can be squeezed out by
strong pressure, as is done in the mills of the oil manu-
facturers. The kernels of some nuts also, as those of the
walnut, the hazel, and the beech, contain much oil, and
even some trees, as certain species of the palm, yield it
in large quantities.

* On this subject, the reader will consult with advantage two ex-
cellent practical papers in the Quarterly Jowrnal of A griculture for
June 1841 and for September 1842, by Mr John Hannam of North
Deighton, Y orkshire,
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It has only recently been discovered, however, that all
our cultivated grains contain an appreciable quantity of
oil or fatty matter—that it is present also in our root
crops, and that even in straw and hay it exists in sensible
proportion.

Soil, climate, mode of culture, manure, and the variety
of the plant we grow, all affect the proportion of oil its
seed, stems, or roots contain. To extract the oil we have
only to reduce the part of the plant into minute frag-
ments, to boil these in ether, filter the solution, and after-
wards distill off the ether, when the oil or fat will remain
behind. It is usually more or less of a yellow colour,
and when heated, not unfrequently emits an odour pecu-
liar to the plant. Thus the oil from the oat emits, when
heated, the well-known odour of burnt oatmeal.

The proportion of oil contained in 100 Ibs. of some of
our more commonly cultivated plants is as follows:

Wheat flour (fine),
Barley,

{Jats,

Indian corn,

Beans and peas,
Potatoes and turnips,
Wheat straw,
Meadow hay,

Clover hay, “

In a subsequent chapter we shall consider the im-
portant part which this fatty matter performs in the arti-
ficial rearing and fattening of stock.

(]
—_
E:‘
E.nrl'-‘n
L=,
]

9 Ibs,

CH I BD 2 0D O O BD
i 5
o
u

SECTION VIIL—ON THE ABSOLUTE QUANTITY OF FOOD
YIELDED BY DIFEERENT CROPS.

The quantity of food capable of yielding nourishment
to man, which can be obtained from an acre of land of
average quality, depends very much upon the kind of
Crﬂl} we raise.
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In seeds of corn, when fully ripe, little sugar or gum
is generally present, and it is chiefly by the amount of
starch and gluten they contain, that their nutritive power
1s to be estimated. In bulbs, such as the tumlp and po-
tato, sugar and gum are almost always present in consi-
derable quantity in the state in which these roots are con-
sumed, and this is especially the case with the turnip.
These substances, therefore, must be included among the
nutritive ingredients of such kinds of food.

If we suppose an acre of land to yield the following
quantities of the usually cultivated crops, namely—

Of wheat, 25 bushels, or 1500 lbs,
Of barley, 35 ... or 1800 ...
Of oats, B . R0

Of pease, 20/ .. or 160055
Of beans, 36 . or Y005

Of Indian corn, 30 ... or 1800 ...
Of potatoes, 12 tons, or 27000 ...
Of turnips, 30 ... or67000...
Of wheat straw, — 3000 ...
Of meadow hay, 13 ... or 3400 ..
Of clover hay, 2 ... or 4500...

The weight of dry starch, sugar, and gum,—of gluten
and albumen—of oil or fat and of saline matter, reaped

in each crop, will be represented very nearly by the fol-
lowing numbers :— | _
Woody  Starch, Gluten and  Oil or Saline

Fibre. Sugar, &ec. Albumen. Fat. Matter.

Wheat, . 220 825 Ibs. 180 lbs. 45 30
Barley, . 20 1080 210 50 36
Oats, . 420 1050 290 2 100 75
Pease, : 130 G600 380 352 45
Beans, . 160 G40 450 40 50
Indian corn, 270 900 180 150 30
Potatoes, . 1350 3240 600 ? 90 24

Turnips, . 2000 6700 800 ? 3352 600
Wheat straw, 1500 900 40 GO 15
Meadow hay, 1020 1360 240 120 220

Clover hay, 1120 1800 420 200 400
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If it be granted that the quantities above stated are fair
average returns of the different kinds of produce from the
same quality of land—that the acre, for example, which
produces 25 bushels of wh;:;at, will also produce 12 tons of
potatoes, and so on—then it appears t%mt the !a,nd wl}uch, by
cropping with wheat, would yield a given weight of starch,
gum, and sugar, would, when cropped with barley or oats,
yield one-fourth more of these substances, with potatoes,
about four times as much, and with turnips eight times
the same quantity. In other words, the piece of ground
which, when sown with wheat, will maintain one man,
would support one and a quarter if sown with barley or
oats, four with potatoes, and eight with turnips—in so
far as the nutritive power of these crops depends upon
the starch, sugar, and gum they contain.

Again, if we compare the relative quantities of gluten,
we see that wheat, barley, and Indian corn yield, from the
same breadth of land, nearly equal quantities of this kind
of nourishment—peas and beans upwards of twice, pota-
toes upwards of thrice, and turnips upwards of four times
as much as wheat or Indian corn.

On which-ever of thesetwo substances, then—the starch
or the gluten,—we consider the nutritive property of the
above kind of food to depend, it appears that the turnip is
by far the most nutritive crop we can raise. It is by no
means the most nutritive, weight for weight, but the large-
ness of the crop—here taken at 30 tons,—affords us from
the same field a much greater weight of food than can
be reaped in the form of any of the other crops above men-
tioned.

The oil or fat they contain also is not without its value
in relation to the nutritive properties of the different
crops. In this respect the turnip would appear to be
likewise superior to all the other usual forms of vegeta-
ble produce. |

In these two facts the practical farmer will see the pe-
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culiar adaptation of the turnip-husbandry to the rearing
and fattening of stock. Could the turnip be rendered an
agreeable article of general human consumption, the pro-
duce of the land might be made to sustain a much larger
population than under any of the other kinds of cropping
above alluded to.

The relative nourishing powers of different vegetable
substances, or their value for food, is supposed by some to
depend entirely upon the relative proportions of gluten
they contain. According to this view, the pea and the
bean are much more nourishing, weight for weight,—than
wheat, or any other grain, since 100 lbs. of beans would
afford as much sustenance (gluten) to an animal as 230
of wheaten flour, or Indian corn, or as 200 of oats or of
rye.

. We shall be able to form a correct judgment in regard
to the value of this opinion, as well as to understand the
importance of the sa/ine matter of the food when we come
to consider the several purposes which the food is des-
tined to serve in the animal economy—what the animal
must derive from its food in order to nourish its growing
body, to maintain its existing condition when full grown,
or to admit of a healthy increase in its bulk.
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CHAPTER XI.,

Of Milk and its products. The properties and composition of Milk
—Circumstances which affect its quantity and quality—Compo-
gition of Cream—Churning, Quality, Composition, and Preserva-
tion of Butter—Theory of the Action of Rennet—Manufacture,
Quality, and Varieties of Cheese,

Or the indirect products of agriculture, milk, butter,
and cheese are among the most important. They are in
reality necessaries of life in all civilized countries, and
are almost the sole productions of many agricultural dis-
tricts. The various branches of dairy husbandry present
also many interesting subjects of enquiry on which mo-
dern chemistry throws much light.

SECTION L.—OF THE PROPERTIES AND COMPOSITION OF MILK.

Milk is a white opaque liquid, possessed of a slight
but peculiar odour. It is heavier than water, usually
in the proportion of 103 to 100. When left at rest for a
number of .hours, it separates into two portions—the
cream, which rises to the surface, and the thinner cream-
less milk on which it floats. When the whole milk or
the cream alone is agitated in a churn, the fatty part of
the milk separates in the form of butter, while the milk
itself—butter milk—becomes slightly sour.

If left to itself for several days milk sours and curdles,
and if' 1n this state it be placed upon a linen cloth—the
liquid part, or whey, will pass through, while the curd or
cheesy part will remain on the cloth. The same effect

N
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is produced more rapidly by adding vinegar to the milk,
or muriatic acid (spirit of salt), or rennet. In Holland
the milk is sometimes curdled for the manufacture of
cheese by the addition of muriatic acid; but in most
countries rennet is employed for this purpose.

When exposed to the air for a length of time, milk
begins to putrefy and to ferment. It becomes disagree-
able to the taste, emits an offensive smell, and ceases to
be a wholesome article of food.

The milk of nearly all animals contains the same in-
gredients—cheesy matter or casein, butter, milk-sugar,
and saline matter, but in different proportions. The best
known varieties of milk consist nearly of

Woman. Cow, Ass, Goat. Ewe.

Casein, ; T TN T SOP T EI 1 e ta X

Butter, . 1R S | | 33 . 42

Milk Sugar . 6.5 . 48 70 IR 3 M it

Saline'Matter, . 05 . " 06 .0 030 DGR

Water, : 87.9. ». <8000 W01 86.7 . 85.6
100 100 100 100 100

The milk of the ass appears from the above table to re-
semble woman’s milk, in containing little cheesy matter
and much sugar. It contains also much less butter than
any of the other varieties above mentioned, and hence
probably its peculiar fitness for invalids.

SECTION II.—OF THE CIRCUMSTANCES BY WHICH THE QUAN-
TITY AND QUALITY OF THE MILK ARE MODIFIED.

Both the quantity and quality of milk are affected by
a great variety of circumstances. Every dairy farmer
knows that his cows give more milk at one season of the
year than at anuther, and that the quality of the milk
also—its richness in butter or in cheese—depends, among
other conditions, upon the kind of food with which his
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cows are fed. It will be proper to advert to these cir-
cumstances a little in detail.

1. The Quantity and Quality of the Milk are affect-
ed by the Breed.—Small breeds generally give less milk,
but of a richer quality. Good ordinary cows in this
country yield an average produce of from 8 to 12 quarts
a-day. Thus the dairy cows of

Devonshire give 12 qts. a-day.

Lancashire, . 8 to 9 qts a day.
Cheshire and :
Ayrshire, Bt o Gy

during ten months of the year; but crossed breeds are,
in many districts, found more productive of milk than the
pure stock of any of the native races.

The influence of breed both on the quantity and on
the quality of the milk, appears from the following com-
parative produce of milk and butter of one cow of each
of four different breeds, in the height of the season, and

when fed on the same pasture. The

Milk. Butter.
Holderness gave 29 qts. and 38% oz

Alderney, 19 — 25 o0z
Devon, h 17 — 28 oz
Ayrshive, . 20 — 34 oz

Not only was the quantity of milk very different in the
four cows, but the produce of butter also ;—the Holder-
ness in quantity both of milk and of butter being greatly
superior to all the other breeds.

The milk of the Holderness and of the Alderney breeds
was equally »ich in butter, as was the case also with
that of the Devon and the Ayrshire, since 1 Ib. of butter
was yielded by

12 qts, of milk from the Holderness cow.

12 qts. — Alderney cow,
9% qts. — Devon cow.
94 qts. — Ayrshire cow,

2. But the individual form and constitution of the cow
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causes both the yield and the richness to vary much
among animals of the same breed. Every dairy farmer
knows that some Ayrshire, or Holderness, or Devon
cows are better milkers than others. And even when
they yield nearly the same quantity of milk, the richness
or produce in butter may be very unlike. Thus, four
cows of the Ayrshire breed, fed on the same pasture,
cgave in the same week—the

Milk. Butter.
First, : . 84 qts. which yielded 33 Ibs.
Second and third, each, 86 qts. — 5% 1bs.
Fourth, : 88 gts. — 7 1bs.

so that the fourth, though it produced only four quarts
more milk, gave twice as much butter as the first.

3. The kind of food also exercises, as all cow-feeders
know, much influence upon the quantity and upon the
richness of the milk*. When fed on grass and brewer’s
grains, the cow yields a larger quantity of milk. It has
been known also, from the most remote times, that when
fed upon one pasture, a cow will yield more butter, upon
another more cheese. The reason of this is to be sought
for, first, in the nature or state of the soil, and second, in
the kinds of grass that grow upon it. On this subject
few theoretical researches or accurate experiments have
yetbeen made. It is believed that the leguminous plants,—
clover, tares, &c.—and the cultivated seeds of such plants,
—beans and peas, — ought to promote the production of
cheese :—while oil-cake, oats, Indian corn, and other kinds
of food, which contain much oily matter, ought to favour
the yield of butter.

4. The milk is affected also by a variety of other cir-
cumstances. Its quantity depends very much upon the
distance from the time of calving, diminishing as the calf
gets older. This is no doubt a natural adaptation to the
wants of the calf, which, in a state of nature, gradually
ceases to require support from its mother. A cow which,

* Hence the Ayrshire adage. “ The cow gives the mill: by the mou.”
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during the first fifty days after calving, may yield 24
guarts of milk a-day, may yield no more than 6 quarts a-
day after six months have elapsed.

The quality of the milk is better from cows that are in
good condition and have already been two or three times
in calf—it is richer in warm climates, in dry seasons, and
when not too frequently milked. In autumn it is richer
upon the whole, giving a less proportion of butter, but a
greater of cheese (Aiton,) while it becomes poorer in
both when the cow i1s in calf. The first milk which
comes from the udder is also poorer than that which is
last drawn, the strippings or stroakings—and, lastly,
the quality of the milk is very much affected by the
treatment and moral state of the animal. Gentle treat-
ment, and a state of repose are favourable to the richness
of the milk ; while any thing that frets, irritates, or harasses
the animal injures its quality.

SECTION 11I,—OF THE COMPOSITION OF CREAM AND THE
CHURNING OF BUTTER.

1. Cream.—When milk is left at rest for a length of
time, the fatty matter which floats in it in the form of
minute globules, rises to the surface in the form of cream.
The rapidity with which it thus rises to the surface de-
pends upon the temperature to which it is exposed—be-
ing quicker in warm than in cold weather. Thus, for

example, when milk is set aside it may be perfectly
creamed in

Hours.
36 when the temperature of the air is 50° F.,
24 ; : 55° —
18 to 20 : . 68° —
10 to 12 ; i

/ . i
while, at the temperature of 34° to 37° F.,—a little

higher than the freezing point of water,—milk may be

kept for three weeks without throwing up any notable
quantity of cream.
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The cream thus thrown up contains the greater part
of the fatty matter of the milk, mixed with a considera-
ble proportion of curd and much water. A sample of
Swedish eream, which was about one-fiftieth part heavier
than water, consisted in 100 parts of about

Fatty matter or butter, . 4}

Cheesy matter, : 34

Whey, : c 82
100

This, however, is not to be considered as an average
sample of cream such as we have in Britain. One
hundred pounds of it would only have yielded 4% Ibs. of
butter, while cream of good quality in this cnuntr_}-', when
skilfully churned, will yield about one-fourth of its weight
of butter, or one wine gallon of cream weighing 81 lbs,
will give nearly 2 lbs. of butter.

2. Churning.—When milk or cream are agitated for
a length of time, the fatty matter gradually separates from
the milk, and collects in lumps of butter. There are se-
veral circumstances in connection with the churning to
which it is of interest to attend.

a. In the churning of cream it is usual to allow the
cream to stand in cool weather for several days, until it
becomes distinetly sour. In this state the butter comes
sooner, and more freely. The butter, when collected in
lumps, is well beat and squeezed from the milk., In
some places it is usual also to wash it in cold water as
long as it renders the water milky ; in other places the
remaining milk is separated by repeated squeezings and
drying with a clean cloth.

b. Clouted ¢ream may be churned with advantage in
the sweet state—the butter separating from it with great
ease. Clouted cream is obtained by gradually heating
the milk in deep pans almost to boiling, but so as never
to break the skin or clout that forms on the surface
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The cream is said to be more completely separated by
this process than by any other, and a larger quantity of
butter to be obtained from the milk.

¢. The whole milke may also be churned, after being
allowed to stand till it has attained the proper degree of
sourness, which is indicated by the formation of a stiff
brat on the surface, which has become uneven. This
method is more laborious, requiring more time ; but it has
the advantage, as many practical men have found, of
yielding butter five per cent. greater in quantity than
the cream alone, and of a quality which never varies in
winter or in summer. It also requires no greater pre-
cautions or more trouble to be taken in warm than in cold
weather.

d. Temperature—This latter advantage is derived from
the circumstance, that the temperature at which the whole
milk ought to be churned is always higher than that of the
air in our climate, throughout nearly the whole course of
the year. The temperature at which milk can be churned
most economically is about 65° F., a degree of heat which
the air seldom attains in our warmest summer mornings.
The dairy-maid has simply to add hot water enough to
the milk to raise it to 65° F., and to repeat this every
morning of the year, if she churns so often. Cream,
again, should be no higher than from 53° to 55° F., a
temperature beyond which the air often rises. It becomes
necessary, therefore, to cool milk-rooms, and, by churn-
ing early in the morning, to endeavour to keep the cream
down to the proper temperature. Thus in winter, the
dairy-maid must add hot water to bring the temperature
up to 95°% and in summer, must apply cold to keep it
down. Her task, therefore, is a more difficult one than
where the whole milk is churned. She sometimes fails,
therefore, and on these occasions the quality of the but-
ter suffers.

e. The time required for churning the whole milk in the
ordinary churn is from three to four hours, while the cream
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alone can be churned in about an hour and a-half. A
churn, however, has lately been introduced into this
country from France, which is said to churn both milk
and cream in a much shorter period of time. It is made
of tin, is of a barrel-shape, and is placed in a trough of
water, which is heated to the temperature the milk or
cream ought to be brought to. In this churn the butter
was extracted from eream at the temperature of

Butter was harder, but no
better than the following.
58° F. in 10 to 20 minutes, Butter excellent.

\ Soft at first, but of good

( colour and quality.

56° F. in 60 minutes,

60° F.In 5 to 7 minutes,

The whole milk in this churn gave the butter in one
hour to one hour and a-half. Mr Burnet of Gadgirth,
to whom I am indebted for the above particulars, informs
me further, that he obtains in this churn a larger quan-
tity of butter from the cream than from the whole milk.
Thus from 508 quarts of milk, the produce of five cows
in one week in July (1843), he obtained on churning the
whole milk, 36 lbs. 11 oz. The cream, on the other:
hand, from an equal quantity of milk from the same cows
for another week, gave him 37 lbs. 4 oz., being a diffe-
rence of 9 ounces, or about 3 per cent. in favour of the
cream.

It is necessary to add, however, that several other per-
sons who have tried this churn have not been so suc-
cessful in the use of it as Mr Burnet. Where they have
obtained the butter much sooner than usual, they have
found reason to complain of the quality. Perhaps m
these cases it has not been skilfully used.

f- The largest quantity of butter and the richest milk
from a given weight of the same food, is yielded by the
milk of the smaller races. The small Alderney, West
Highland, and Kerry cows give a richer milk even than
the small Ayrshire. But the small Shetlander is said
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to surpass them all. These breeds are all hardy, and
will pick up a subsistence from pastures on which other

breeds would starve.

SECTION 1V.—OF THE QUALITY, COMPOSITION, AND PRE-
SERVYATION OF BUTTER.

1. The quality of butter varies with numerous circum-
stances. The kind of natural pasture or of artificial food
upon which the cow is fed, the season of the year, the
breed and individual constitution of the animal, all affect
the quality of the butter.

But from the same cow fed on the same food, a richer
butter and of a finer and higher flavour will be obtained
by churning the last drawn portions of the milk. So the
first cream that rises gives the finest flavoured butter,—
while any cream or milk will give a butter of better qua-
lity if it be properly soured before it is churned, and be
then churned slowly and at a low temperature.

2. The Composition of Butter—Butter, as it is usu-
ally brought to the market, contains more or less of all
the ingredients of milk. It consists, however, essentially
of the fat of milk intimately mixed with about one-sixth
of its weight of water, and a small quantity of casein, of
saline matter, and of the sugar of milk. The quantity
of casein, cheesy matter, or curd, seldom amounts to one
per cent. of the whole weight of the butter.

If the butter be melted in hot water several times,
shaken with renewed portions as long as they become
milky, and left then to repose, it will collect on the sur-
face m the form of a fluid yellow oil, which will concrete
or harden as it cools. If when cold it be putinto a linen
bag and be submitted to strong pressure in a hydraulic
or other press, at the temperature of 60° F., a slightly
yellow transparent oil will flow out, and a solid white fat
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will remain behind in the linen cloth. The solid fat is
known by the name of Margarine, and is identical with
the solid fat of the human body, with that of the goose and
with that which causes the thickness of olive oil when eX-
posed to the cold. It is very similar also to the solid fat
of palm oil. The liquid or butter oil is a peculiar kind
of fat not hitherto discovered in any other substance.

The proportion of these two kinds of fat in butter va-
ries very much, and hence the different degrees of hard-
ness which different samples of butter present. The
solid fat is said to abound more in winter, the liquid fat
in summer. A winter and summer butter manufactured
in the Vosges were found to contain per cent. of

Summer, Winter.

Margarine, - 40 65
Butter oil, - 60 35
100 100

These proportions, however, will be found to vary more
or less in almost every sample of butter we examine.

3. The Preservation of Butter—Fresh butter can-
not be kept for any length of time without becoming ran-
cid. The fats themselves undergo a change as well as
the small quantity of milk sugar which the butter con-
tains. The main cause of this change is the casein
or curd which is usually left in the butter. The
proportion of this cheesy matter I have found in two
samples of fresh butter to be only one-half and three-
fourths of a per cent., or from half a pound to three-
quarters of a pound in 100 pounds of butter, and yet this
small quantity is sufficient, if the butter be exposed to the
air, to iInduce those chemical decompositions to which the
disagreeable smell and taste of rancid butter are owing.

I do not enler here into the theory of the action of this
casein, nor into an explanation of the nature of the che-
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mical changes themselves.* It is sufficient to state, that
this evil action of the cheesy matter may be entirely pre-
vented.

a. By salting immediately after the butter is made, and
before the cheesy matter has had time to become altered
by exposure to the air.

b. By taking care that any water which may remain in
or around the butter be always kept perfectly saturated
with salt.

¢. By carefully excluding the air from the casks or
other vessels in which the butter is packed.

So long as the cheesy matter is kept from the air, and
i a saturated solution of salt, it will neither undergo any
rapid alteration itself, nor will it soon induce any offensive
alteration in the butter.

About half a pound of salt is used to 12 or 14 Ibs. of
butter, and though many wash their butter, it is a rule
with others never to wash it or dip it into water when in-
tended to be salted, but to work it with cool hands till
the milk is thoroughly squeezed out, and then to proceed
with the salting. Theoretically, I should consider this
latter as the better plan, since it exposes the cheesy mat-
ter less to the air, and consequently to less risk of inci-
pient decomposition.

SECTION V.—OF THE SOURING OF MILK, OF MILK SUGAR, AND
OF THE ACID OF MILK.

I. When milk is left to itself for a sufficient length of
time, it becomes sour and curdles. This takes place
sooner 1n warm weather, and in vessels which have not
been cleaned with sufficient care.

Why does milk thus become sour ?

_ ¥ The reader will find these fully explained in the author’s pub-
lished LecTures, p. 825 to 830,
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a. Sugar of Milk—I have already stated that milk
contains a quantity of a peculiar kind of sugar, found only
in milk, to which, therefore, the name of milk sugar is
given. It differs from common cane sugar in being hard-
er, less sweet, and much less soluble in water. Of this
sugar, milk contains genevally a larger proportion than
it does o f either fat or curd.* A gallon of milk, therefore,
would }wld a greater weight of sugar than it does of
either butter or cheese. In thls country the sugar is usu-
ally neglected, or given to the pigs inthe whey in cheese
districts—in Switzerland and elsewhere it is extracted as
a profitable article of commerce.

b. Acid of Millk—When milk becomes sour, a pecu-
liar acid is formed in it, to which, from its having been
first observed in milk, the name of Lactic acid or acid of
milk has been given. To this acid the sourness of milk
is owing. The same acid is produced when flour, oat-
meal, pease-meal, &c., or when cabbage and other green
vegetables are mixed with water, and allowed to become
sour.

c¢. But how 1s the acid produced ?—As the acid of
milk increases in quantity, the sugar of milk diminishes.
The acid, therefore, is formed from or at the expense of
the sugar. There is no fermentation, and, therefore, no
loss of matter. The sugar is merely transformed into
the acid, and by a process, the outline of which it is very
easy to understand. Like cane sugar, grape sugar, and
gum, (p. 31) both may be represented or may be sup-
posed to consist of carbon and water, and in the same
proportions. Thus,

Carbon. Water.
Milk: sugar consists of . 1 6 and 6
Lactie acid, ; i : : 6 and 6

The same particles of matter, therefore, which compose

* See p. 194,
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the sugar, are made to assume a new arrangement, and,
instead of a sweet sugar, to form a souracid. In the in-
terior of the milk, nature takes down and builds up her
materials at her pleasure,—using the same molecules to
form now this and now that kind of substance,—as the
child plays with its wooden bricks, erecting a hut or a
temple with the materials of a ruined palace or a fallen
bridge. So nature seems to play with her materials,—
working up all, wasting none,—yet so skilfulin allher ope-
rations as to excite our wonder, so secret as not unfre-
quently to escape our observation, and so quick as often to
show that she has been working, only by the striking effects
she has produced. To the simple peasant and to the in-
structed philosopher, it is equally a matter of wonder and
almost equally unintelligible, that the same number of
material particles arranged in one way should affect the
organs of taste with the sweetness of sugar, in another
with the sourness of lactic acid.

SECTION VI,—OF THE CURDLING OF MILK, OF CASEIN, AND OF
THE ACTION OF RENNET.

As milk becomes sour, it also thickens or curdles. If
it be then slightly heated, the curd runs together more or
less, and separates from the whey. If the whole be now
thrown upon a linen cloth and gently pressed, the clear
whey will run through and the curd will remain on the
cloth. This curd when salted, pressed, and dried, forms
the cheese which we consume so extensively as an article
of food.

In consequence of what chemical change does this se-
paration of the curd take place ? _

1. It is to be borne in mind, that this curdling does not
take place naturally till the milk has become sour. The
acid of the milk, therefore—the lactic acid—has some
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connection with the separation of the curd. It is, in
fact, the cause of the curdling.

2. But, in order to understand how this is, we must
turn for a moment to the properties of the curd itself.
When the curd is separated carefully from the whey, it
may be washed or even boiled in water, without being
sensibly lessened in quantity. Pure curd is nearly in-
soluble in pure water.

But if a little soda be added to the water in which the
curd is heated, it will dissolve and disappear. Pure
curd s soluble in a solution of soda.

If to the solution of the curd in soda and water a
quantity of the acid of milk be added, this acid will com-
bine with the whole of the soda,—will take it from the
curd, which will thus be again separated in an insoluble
state.  The curd isinsoluble in water, rendered sour by
the acid of malk.

These facts explain very clearly the curdling of milk.
As it comes from the cow, milk contains a quantity of
soda not combined with any acid,by which soda the curd is
held in solution. As the milk becomes sour, this soda
combines with the lactic acid produced, and thus the curd
becoming insoluble separates from the whey—or the milk
thickens and curdles.

Now the effect which is thus produced by the natural
formation of lactic acid in the milk, may be brought
about by the addition of any other acid to it—such as vine-
gar, or spirit of salt. And, in fact, vinegar is used now,
in some countries, and in ancient times was used more ex-
tensively for curdling milk ; while in some of the cheese
districts of Holland spirit of salt (muriatic acid) is said
to be employed for the same purpose.

3. But in most dairy countries rennet is the substance
used for the curdling of milk. What is rennet, and how
does it act ?

a. The stomach of the calf, of the kid, of the lamb, and
even of the young pig, when covered with salt, or steep-
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ed for some time in water perfectly saturated with salt,
and then dried, forms the dried maw-skin or bag which
is used for the preparation of rennet. If the dried skin
of nine or ten months old be steeped in salt and water, a
portion of its substance dissolves, and imparts to the wa-
ter the property of coagulating milk. ‘The water thus
impregnated forms the rennet or yirning of the dairy-
maid. In some districts it is usual to steep several skins
at once, and to bottle the solution for after use; in
others, a portion of the dry skin, sufficient to make the
quantity of rennet required, is cut off the night before,
and steeped in water till the milk is ready in the morning.

b. The rennet thus prepared coagulates more or less rea-
dily, according to its strength. On what principle does
it act?

If a piece of the fresh membrane of the calf’s stomach
or intestine, or even if a piece of fresh bladder, be exposed
to the air for a short time, and be then immersed into a so-
lution of milk sugar, it gradually causes the sugar to dis-
appear, and to change into lactic acid—the acid of milk.
If the salted and dried membrane be employed instead,
it will produce the same effect, only with greater rapidity.

But, by long exposure to the air in drying the surface,
the salted membrane undergoes such a change, that a
portion of it becomes soluble in water, yet still retains or
acquires, even in a higher degree, the property of chang-
ing milk sugar into the acid of milk. It is this soluble
portion which exists in the liquid rennet.

Now the same effects which the membrane produces
upon the sugar of milk alone, it produces also upon the
sugar as 1t is contained naturally in the milk—in other
words, the rennet, when added to the warm milk, changes
the sugar winto the acid of milk. This it effects more or
less rapidly according to ecircumstances, and hence the
different length of time which elapses in different dairies
before the milk is fully thickened.
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¢. The addition of rennet, therefore, is only a more rapid
way of making the milk sour, or of converting its sugar into
lactic acid. The acid produced, as in the natural souring of
milk, combines with the free soda, and renders the cheesy
matter insoluble, which, in consequence, separates—ﬁl
other words, the milk curdles. The milk, it is true, does
not become sensibly sour, because the production of acid,
in a great measure ceases, as soon as the soda is fully sa-
turated with the acid, and if any excess be produced, it is
taken up and absorbed or separated in and by the curd,
so as to leave the whey comparatively sweet. Even
the rennet that is added is carried off by the curd, which
is thus often injured in quality if too much rennet have
been added, or if its smell or taste have been unpleasant.
The sugar that remains in the whey is thus enabled to
retain its sweetness—that is, to remain unchanged into
acid—Ilonger than it could have done had any excess of
rennet remained in it after the separation of the curd.

The chemical change produced by rennet in curdling
milk, therefore, is precisely the same as that which takes
place when milk sours naturally, In both cases the lac-
tic acid which is formed causes the milk to curdle.

SECTION VII.—OF THE MANUFACTURE, THE QUALITY, AND
THE VARIETIES OF CHEESE.

1. The manufacture of cheese is, generally speaking,
conducted in the same manner in all countries. The milk
is curdled by the addition of rennet, vinegar, muriatic
acid (spirit of salt), lemon-juice, tartaric acid, cream of
tartar, salt of sorrel,—by sour milk even, as in parts of
Switzerland, or by the decoction of certain plants or
flowers, as of those of the wild thistle, employed for the
ewe cheeses of Tuscany.

The curd is then more or less carefully separated from
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the whey, tied up in a cloth, and expu'aod to gentle pres-
sure. In general, the curd at this stage is broken small,
and mixed with a due proportion of salt before it is allow-
ed to consolidate and dry. For the thin cheeses of Glou-
cester and Somerset, however, this practice is not adopt-
ed, the whole of the salt that is necessary being after-
wards rubbed in and made to penetrate through the ex-
terior of the cheese.

After it is removed from the press, the cheese is rub-
bed with or covered with a layer of salt, at a later pe-
riod is more or less frequently anointed with butter, is
kept for a week or two in a rather warmish place, and is
often turned. These are minute details to be attended
to, where cheese of good quality is desired,—with which
the skilful and experienced dairy-maid is familiar, but
upon which it is unnecessary here to dwell.

2. The quality of the cheese varies with a greaty va-
riety of circumstances,—partly natural and unavoidable,
but partly also to be controlled by art.

Thus there arenatural differences inthe milk arising from
the kind of grass or other food on which the cows are fed,
which necessarily occasion corr eqpﬂndmn' differences in the
quality of the cheese made from it. The milk of different
animals also gives cheese of unlike qualities. The ewe-milk
cheeses of our own country, of Italy, and of France, and
those of goat’s milk made on Mont D'Or and elsewhere,
are distinguished by qualities not possessed by cow’s milk
cheeses prepared exactly in the same way. The milk of
the buffalo likewise gives a cheese of peculiar qualities,
arising, as in the cases of the ewe and the goat, from
some natural peculiarity in the composition of the milk
itself.

But every dairy farmer knows that from the same milk,
cheeses of very different flavours, and of very unlike values
i the market may be made,—that the mode of manages
ment has not much less to do with the peculiar quality

0
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of his dairy produce than the breed of cattle he uses, or
the pasture on which his cows are fed. Very slight cir-
cumstances, indeed, affect the richness, flavour, and other
valuable properties of his cheese.

Thus if the new milk, when the rennet is added, be

warmer than 95° F., the curd is rendered hard and tough,
if colder, it is soft and difficult to free from the whe:,
If heated on the naked fire, as is often done, in an iron
pot, the milk may, by a very slight inattention, become
Sfire-fanged, and thus impart an unpleasant flavour to
the cheese. If the curd stand long unbroken after the
milk is fairly coagulated, it becomes hard and tough. If
the rennet have an unpleasant flavour, or if too much be
added, the flavour and keeping qualities of the cheese
are affected. If acids are used instead of rennet, the pro-
perties of the cheese are altered. It is less rich if'the
whey be hastily and with much pressure squeezed out
of the curd; or if the curd be minutely broken up
and thoroughly mixed and stirred up with the whey, or
washed by it, as is the custom in Norfolk,—instead
of being cut with a knife, so that the whey may flow
slowly and gently out of it, asis done in Cheshire or Ayr-
shire, —or instead of being placed unbroken upon the
cloth, as in making Stilton cheese, so that the whey may
drain and trickle out spontaneously, and may carry little
of the fatty matter along with it.

The kind of salt also which is used, the way in which
the cheese is salted, the size of the cheese itself, and,
above all, the mode in which it is cured, have very much
influence upon its after qualities. Hence a fair share of
natural ability as well as long experience are necessary in
the superintendant of a la.rn'{, dairy establishment, when
the best quality of cheese which the milk will yield is to
be manufactured uniformly, and at every season of the

year.
3. The varieties rfckeea-e which are manufactured are
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very numerous ; but the greater propor tion of these va-
rieties owe their pecuhar quahtms to the mode of ma-
nagement which is followed in the districts or dairies
frﬂm which they come. Natural varieties, however, arise
under the same general management and from the same
milk, according to the state in which the milk is used.
Thus we have,

a. Cream cheeses, which are made from cream alone,
put into a cheese vat, and allowed to curdle and drain of
its own accord, and without pressure,—or, as in Italy,
by heating the cream, and curdling with sour whey or
with tartaric acid. These cheeses are too rich to be kept
for any length of time.

b. Cream and milk cheeses, when the cream of the
previous night’s milking is mixed with the new milk of
the morning, before the rennet is added. The Stiflton
cheeses and the small, soft Brie cheeses, so muech es-
teemed in France, are made in this way.

¢. Whole or full-milk cheeses, which, like those of Glou-
custer, Wiltshire, Cheshire, Cheddar, and Dunlop, are
made from the uncreamed milk. These cheeses, like the
preceding, however, will be more or less rich according to
the way in which the curd is treated, and according as
the milk is curdled while warm, as in some parts of Hol-
land,—or is mixed, as in Cheshire and Ayrshire, with the
milk and eream of the previeus evening.

d. Half-milk cheeses, such as the single Gloucester,
are made from the new milk of the morning, mixed with
thl:: skimmed milk of the evening before.

. Skimmed mille cheeses—w hlch may either be made
ﬂ om the milk once skimmed, like the Dutch cheeses of
Le} den, twice skimmed, like those of Friesland and Gron-
ingen, or skimmed for ¢hiree or four days in succession,
like the horny cheeses of Essex and Sussex, which often
require the axe to break them—and are sometimes used
for certain purposes in the arts.
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J- Whey cheeses made from the curd which is skimmed
off the whey when it is heated over the fire. This is by
no means a poor kind of cheese, and good imitations of
Stilton are said to be sometimes made by a mixture of
this curd with that of the whole milk.

g. Butter milk cheeses made either by simply strain-
ing the milk through a cloth, by gently heating the
butter milk, which causes the curd to separate, or, as
is sometimes done, by the addition of remnet. This
kind of cheese is not unworthy of attention, as it is often
richer than that made from milk only once skimmed.
Though it cannot, of course, have the richness, it is said
to possess some of the other characteristic qualities of
good Stilton cheese.

h. Vegetable cheeses are made by mixing vegetable
substances with the curd. The green Wiltshire is co-
loured by a decoction of sago leaves, marigold, and
parsley, and the Schabzieger cheese of Switzerland is a
mixture of the dry skimmed milk curd, with one-twentieth
of its weight of the dried leaves of the mellilot trefoil.

i. The Potato cherses of Saxony and Savoy consist
of dry boiled potatoes mixed with a-half or a-third of
their weight, or with any other proportion of the fresh
curd, or simply with sour or with skimmed milk. The
mixture is allowed to undergo a species of slight fermen-
tation before it is made up into shapes. Such cheeses,
when well cured, are said to form a very agreeable article
of diet, and to be capable of being kept for a long period
of time.”

* For further details in regard to milk and its produets, the rea-
der is referred to the Author’s LEcTURES, p. 780 to 860,
3
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CHAPTER XII

On the Feeding of Animals, and the purposes served by the food
they consume—Practical and Theoretical Value of different kinds
of Food—Concluding Observations.

Tue food of plants we have seen to consist essentially
of two kinds, the organic and the inorganic, both of
which we have insisted upon as equally necessary to the
living vegetable—equally indispensable to its healthy
growth. A brief glance at the purposes served by plants
in the feeding of animals, will not only confirm this view,
but will also throw some additional light upon the kind
of inorganic food which the plants must be able to pro-
cure, in order that they may be fitted to fulfil their as-
signed purpose in the economy of nature.

Man, and all domestic animals, may be supported, may
even be fattened, upon vegetable food alone : vegetables,
therefore, must contain all the substances which are ne-
cessary to build up the several parts of animal bodies,
and to supply the waste attendant upon the performance
of the necessary functions of animal life. Let us consi-
der, first, what the most important of these functions are.

All animals, besides several minor functions, perform
two main and leading functions necessary to the continu-
ance of life. They breathe and they digest, and a cer-
tain amount and kind of food are required to enable them
properly to perform these several functions. Thus,

L. The food must supply carbon for respiration.

A man of sedentary habits, or whose occupation re-
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quires little bodily exertion, may respire about 5 ounces
of carbon in twenty-four hours—one who takes moderate
exercise, about 8 ounces—and one who has to undergo
violent bodily exertion, from 12 to 15 ounces.

If we take the mean quantity of 8 ounces, then, to
supply this alone, a man must eat 18 ounces of starch or
sugar every day. If he take it in the form of wheaten
bread, he will require 13 lbs. of bread, if in the form of
potatoes, about 71 lbs nf raw potatoes to supply the waste
caused by his respiratory organs alone.

When the habits are sedentary, 5 1bs. of potatoes may
be sufficient ; when violent and continued exercise is ta-
ken, 12 to 15 lbs. may be too little. At the same time,
it must be observed, that where the supply is less, the
quantity of carbonic acid given off will either be less also,
or the deficiency will be supplied at the expense of the
body itself. In either case the strength will be impaired,
and fresh food will be required to recruit the exhausted
frame.

2, The food must repair the daily waste of the mus-
cular parts of the body.

When the body is full grown, a portion from almost
every part of it is daily abstracted by natural processes,
and rejected either in the perspiration or in the solid and
fluid excrements. This portion must be supplied by the
food, or the strength will diminish—the frame will gra-
dually waste away. One main end of digestion is to sup-
ply this waste.

The muscles of animals, of which lean beef and mut-
ton are examples, are generally coloured by blood, but
when well washed with water, they become quite whlte,
and, with the exception of a little fat, are found to con-
sist of a white fibrous substance, to which the name of
ftbrin has been given by chemists. The clot of the blood
consists chiefly of the same substance ; while skin, hair,
horn, and the organic part of the bunes, are composed of

4
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varieties of gelatine. This latter substance is familiarly
known in the form of glue, and though it differs in its
sensible properties, it is remarkably analogous to fibrin
in its elementary constitution, as both of these substances
are to the white of the egg (albumen), to the curd of
milk (casein ), and to the gluten of flour. They all con-
tain nitrogen, and all consist of the four elementary bo-
dies (organic elements), very nearly in the following pro-
portions i—

Carbon, : 2 g 5 55
Hydrogen, . : F 7
Nitrogen, . : i . 18
Oxygen, ' : : : 20

100

They all contain, likewise, a small proportion of sul-
phur and of phosphorus.

The quantity of one or other of these removed from
the body in 24 hours, either in the perspiration or in the
excretions, amounts to about five ounces, containing 350
orains of nitrogen, and this waste a¢ least must be made
up by the gluten or fibrin of the food.

In the 12 1b. of wheaten bread we have supposed to
be eaten to supply carbon for respiration, there will be
contained also about 3 ounces of glufen.—a substance
which is nearly identical with fibrin, and is capable of
taking its place in the animal body. Let the other two
ounces which are necessary to supply the daily waste be
made up in beef, of which half a pound contains 2 ounces
of dry fibrin, and we have

o bs For waste of
For respiration. muscle, &e.

15 Ib. of bread yielding 18 oz. starch and 3 oz. of gluten.
3 oz of beef yielding 2 oz. of fibrin,
Total consumed by
respiration and the = gluten or
ordinary waste, 18 oz starch and 5 oz.{ fibrin.

If, again, the 71 Ibs. of potatoes be eaten, then in these
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are contained about 21 ounces of gluten or albumen, so
that there remain 21 ounces to be supplied by beef, eggs,
milk, or cheese.

The reader, therefore, will understand why a diet, which
will keep up the human strength, is easiest compounded of
a mixture of vegetable and animal food. It is not merely
that such a mixture is more agreeable to the palate, or even
that it is absolutely necessary,—for, as already observed,
the strength may be fully maintained by vegetable food
alone ;—it is, because without animal food in one form or
another, so large a bulk of the more common varieties of
vegetable food must be consumed in order to supply the
requisite quantity of nitrogen in the form of gluten. Of
ordinary wheaten bread alone, about 3 lbs. daily must be
eaten to supply the nitrogen,* and there would then be a
considerable waste of carbon in the form of starch, by
which the stomach would be overloaded, and which, not
being worked up by respiration, would pass off in the ex-
cretions. The wants of the body would be equally sup-
plied, and with more ease, by 1§ Ib. of bread, and 4 ounces
of cheese.

Of rice, again (if our present analyses of this grain be
correct), no less than 4 lbs. daily would be required to
impart to the system the required proportion of gluten ;
and it is a familiar observation of those who have been
in India and other countries, where rice is the usual food
of the people, that the degree to which the natives distend,
and apparently overload their stomachs with this grain,
is quite extraordinary.

The stomachs and other digestive apparatus of our do-
mestic animals are of larger dimensions, and they are able,
therefore, to contain with ease as much wrretab]e food, of

almost any wholesome variety, as will :uppl} them with

* The flour being supposed to contain 15 per cent. of dry gluten
(a large proportion), on which supposition all the above culr.uhtmm,

are made.
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the quantity of nitrogen they may require. Yet every
feeder of stock knows that the addition of a small portion
of oil-cake, a substance rich in nitrogen, will not only
fatten an animal more speedily, but will also save a large
bulk of other kinds of food.

3. The food must supply the saline and earthy mat-
ters contained in the body.

The full-grown animal daily rejects a quantity of saline
and earthy matter ; while the growing animal appropriates
also every day a fresh portion in the formation of its in-
creasing parts. The food must yield all this, or the func-
tions will be imperfectly performed.

a. The blood and other fluids of the body contain much
saline matter of various kinds, sulphates, muriates, phos-
phates, and other saline compounds of potash, soda, lime,
and magnesia. All these have their special functions to
perform in the animal economy, and of each of them an
undetermined quantity daily escapes from the body in the
perspiration, in the urine, or in the solid excretions. This
quantity, therefore, must be daily restored by the food.

No precise experiments have yet been made, with the
view of determining how much saline matter is daily ex-
creted from the body of a healthy man, or in what pro-
portions the different inorganic substances are present in
it 5 but it is satisfactorily ascertained, that without a cer-
tain sufficient supply, the animal will languish and decay,
even though carbon and nitrogen, in the form of starch
and gluten be abundantly given to it. It is a wise and
beautiful provision of nature therefore, that plants are so
organized as to refuse to grow in a soil from which they
cannot readily obtain a supply of soluble inorganic food,
since that saline matter, which ministers first to their own
wants, 1s afterwards surrendered by them to the animals
they are destined to feed.

Thus, the dead earth and the living animal are but
parts of the same system,—links in the same endless
chain of natural existences. The plant is the connect-
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ing bond by which they are tied together on the one
hand,—the decaying animal matter which returns to the
soil, connects them on the other.

b. The solid bones of the animal are supplied from the
same original source,—the vegetable food on which they
live. The bones of the cow contain 55 per cent. of phos-
phate of lime, of the sheep 70, of the horse 67, of the
calf 54, and of the pig 52 lbs. in every hundred of dry
bone. All this must come from the vegetable food. Of
the bone-earth also, a portion,—perhaps a variable por-
tion, varying with the health, the food, and the age of
the animal,—is every day rejected ; the food, therefore,
must contain a daily supply, or that which passes off will
be taken from the substance of the bones, and the ani-
mal will become feeble.

It i1s kindly provided by nature, that a certain propor-
tion of this ingredient of bones is always associated with
the gluten of plants in its various forms,—with the fibrin
of animal muscle and with the curd of milk. Hence,
man, in using any of these latter, along with his vegetable
food, obtains from them, with comparative ease, the quan-
tity of the earth of bones which is necessary to keep his
system in repair ; while those animals, which live upon
vegetables alone, extract all they require along with the
gluten of the plants on which they feed.*

The provision is very beautiful by which the young
animal—the muscle and bones of which are rapidly grow-
ing—is supplied with a larger portion of nitrogenous
food and of bone-earth, than are necessary to maintain
the healthy condition of the full-grown animal. The
milk of the mother is the natural food from which its
supplies are drawn. The sugar of the milk supplies the
comparatively small quantity of carbon necessary for the

* On referring to page 40, the reader will perceive that barley
contains a large quantity of phosphoric acid, and will thence under-
stand why it should be better fitted for feeding young and growing
stock than other kinds of grain.
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respiration of the young animal; as it gets older, the
calf or young lamb crops green food for itself to supply
an additional portion. The curd of the milk (easein)
yields the materials of the growing muscles, and of the
animal part of the bones,—while dissolved along with the
curd in the liquid milk is the phosphate of lime, of which
the earthy part of the bones is to be built up. A glance
at the constitution of milk will show us how copious the
supply of all these substances is,—how beautifully the
constitution of the mother’s milk is adapted to the wants
of her infant offspring. Cow’s milk consists in 1000 parts
by weight of—

L Butter. . : - 27 to 35
Cheesy matter (casein), r .45 to 90
Milk-sugar, . : 36 to 50
Chloride of potassiwm, and a little )

chloride of sodium, - e g b5 10
Phosphates, chiefly of lime, ol k¥
Other salts, ; : 3 G
Water, . 2 g 86821 to8l5

1000 1000

The quality of the milk, and, consequently, the pro-
portions of the several constituents above mentioned,
vary with the breed of the cow,—with the food on which
it is supported,—with the time that has elapsed since the
period of calving,—with its age, its state of health, and
with the warmth of the weather :*¥ but in all cases this
fluid contains the same substances, though in different
quantities,

Milk of the quality above analysed contains, in every
ten gallons, 4% Ibs. of casein, equal to the formation of
L8 lbs. of ordinary muscle,—and 3% ounces of phosphate
of lime (bone-earth), equal to the production of 7 ounces
of dry bone. But from the casein have to be formed the

* In warm weather the milk contains more butter, in cold wea-
ther more cheese and sugar,
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skin, the hair, the horn, the hoof, &c., as well as the
muscle, and in all these is contained also a minute quan-
tity of the bone-earth. A portion of all the ingredients
of the milk likewise passes off in the ordinary excretions,
and yet every one knows how rapidly young animals
thrive, when allowed to consume the whole of the milk
which nature has provided as their most suitable nou-
rishment.

And whence does the mother derive all this gluten
and bone-earth, by which she can not only repair the na-
tural waste of her own full-grown body, but from which
she can spare enough also to yield so large a supply of
nourishing milk ?

She must extract them from the vegetables on which
she lives, and these again from the soil.

The quantity of solid matter thus yielded by the cow
in her milk is really very large, if we look at the pro-
duce of an entire year. If the average yield of milk be
3000 quarts, or 750 gallons in a year—every ten gallons
of which contain bone-earth enough to form about 7
ounces of dry bone—then the milking of the cow alone
exhausts her of the earthy ingredients of 33 Ibs. of dry
bone. And this she draws necessarily from the soil 7

If this milk be consumed on the spot, then all returns
again to the soil in the annual manuring of the land.
Let it be carried for sale to a distance, or let it be con-
verted into cheese and butter, and in this form exported
—there will then be yearly drawn from the land from
this cause alone a quantity of the materials of bones
equal to 30 lbs. of bone-dust. After the lapse of centu-
ries, it is conceivable that old pasture lands, in cheese
and dairy countries, should become poor in the materials
of bones—and that in such districts, as is now found to
be the case in Cheshire, the application of bone-dust
should entirely alter the character of the grasses, and re-
novate the old pastures.

4. The food must supply the waste or increase of Fat.
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—Every one knows that in some animals there i1s much
more fat than in others, but in all a certain portion ex-
ists, more or less intermingled with the muscular and
other parts of the body. This fat is subject to waste,
as the muscles are, and therefore must be restored by the
food. All the vegetable substances usually cultivated
on our farms contain, as we have seen (p. 190), a not-
able quantity of fatty matter, which seems to be intend-
ed by nature to replace that which disappears naturally
from the body.

A full-grown animal, in which the fat may be regard-
ed as in a stationary condition, requires no more fat in
its food than is necessary to restore the natural loss. In
siuch an animal the quantity of fatty matter found in the
excretions is sensibly equal to that which is contained in
the food. .

But to a growing animal, and especially to one which
is fattening, the supply of fatty matter in the food must
be greater, than to one in which no increase of fat takes
place. It is indeed thought by some, that, in the ab-
sence of oil in the food, an animal may convert a portion
of the starch of its food into fat,—may become fat while
living upon vegetable food in which no large proportion
of fatty matter is known to exist. It can hardly be doubt-
ed, indeed, I think, that the organs of the living animal
are endowed with this power of forming in a case of
emergency—that is, when it does not exist ready formed
in the food—as much fatty matter as is necessary to oil
the machinery, so to speak, of its body. But the natural
source is in the food it eats, and an animal, if inclined to
Jatten at all, will always do so most readily when it lives
upon food in which oil or fat abounds. :

It does not however follow, because fat abounds in the
food, tha_,t the animal should become fatter,—since if starch
be deficient in the food, the fat, containing no nitrogen,
may be decomposed and worked up for the purposes of
respiration, This working up of the fat existing in the
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body, is supposed to be the cause of the rapid falling
away and emaciation of the body, in fat dnlmals when
the usual supply of food is lessened or for a time altoge-
ther withheld. The fat is indeed considered by some as
nothing more than a store laid up by nature in a time of
plenty to meet the wants of respiration when a season of
scarcity arrives,—that a fat animal is like a steam frigate
heavily laden with fuel, which it burns away during its
voyage for the purpose of keeping up the steam.

It is by reference to this supposed purpose of the fat
of the body, and to the possibility of using it up for the
purposes of respiration, that the benefits of repose, of
qheher, of moderate warmth, and even of a state of tor-
por, in conducing to the more speedy fattening of cattle
and sheep, are explained. Exercise causes more fre-
quent respirations, and hence a greater waste of that part
of the food which should be laid on in the ferm of fat.
Cold also has the same effect, since more heat must be
produced in the interior of the animal,—in other words,
more frequent respiration must take place, in order to
make up for the greater loss of heat by exposure to the
external air.

Thus, as was stated at the commencement of the pre-
sent section, the study of the nature and functions of the
food of animals throws additional light upon the nature
also and final uses of the food of plants. It even teaches
us what to look for in the soil—what a fertile soil must
contain that it may grow nourishing food—what we must
add to the soil when chemical analysis fails to detect its
actual presence, or when the food it produces is unable
to supply all that the animal requires.

The principles above explained, therefore, show that
the value of any vegetable production, considered as the
sole food of an animal, is not to be judged of—cannot, in
short, be accurately determined—by the amount it may
contain of any one of those substances, all of which to-
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gether are necessary to build up the growing bnd_}r of the
young animal, and to repair the natural waste of such as
have attained to their fullest size.

Hence the failure of the attempts that have been made
to support the lives of animals by feeding them upon pure
starch or sugar alone. These substances would supply
carbon for respiration, but all the natural waste of nitro-
gen, of saline matter, of earthy phosphates, and probably
also of fat, must have been withdrawn from the existing
solids and fluids of their living bodies. The animals, in
consequence, pined away, became meagre, and sooner or
later died.

So some have expressed surprise that animals have re-
fused to thrive, have ultimately died, when fed upon ani-
mal jelly or gelatine (from bones) alone,—mnourishing
though that substance as part of the food undoubtedly is.
When given in sufficient quantity, gelatine might indeed
supply carbon enough for respiration, with a great waste
of nitrogen, but it is deficient in the saline ingredients
which a naturally nourishing food contains.

Even on the natural mixture of starch and gluten in
fine white bread, dogs have been unable to live beyond
50 days, though others fed on household bread, contain-
ing a portion of the bran—in which earthy matter more
largely resides—continued to thrive long after. It isim-
material whether the general quantity of the whole food
be reduced too low, or whether one of its necessary in-
gredients only be too much diminished or entirely with-
drawn. In either case, the effect will be the same—the
animal will become weak, will dwindle away, and will
sooner or later die.

SECTION 1I.—OF THE PRACTICAL AND THEORETICAL VALUES
OF DIFFERENT KINDS OF FOOD.

From what has been stated in the preceding section,
it appears, that, for various reasons, different kinds of
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food are not equally nourishing. This fact is of great
importance, not only in the preparation of human food,
but also in the rearing and fattening of stock. It has,
therefore, been made the subject of eaperiment by many
practical agriculturists, with the following general re-
sults.

1. If common hay be taken as the standard of compa-
rison, then to yield the same amount of nourishment as
10 Ibs. of hay, experiment says that a weight of the
other kinds of food must be given, which is represented
by the number opposite to each ia the following table :—

Hay, ; . 10 Carrots, . : 25 to 30
Clover-hay, - § to 10 Turnips, . . 50

Green clover, . 45 to 50 Cabbage, . ; 20 to 30
Wheat-straw, : 40 to 50 Pease and beans, dto 5
Barley-straw, . 20 to 40 Wheat, . . 5to 6
Oat-straw, ; 20 to 40 Barley, . . 5to 6
Pea-straw, ; 10 to 15 Oats, ; . 4to 7
Potatoes, g 20 Indian corn, - 5

Old potatoes, ; 407? Oil-cake, - 2to 4

It is found in practice, as the above table shows, that
twenty stones of potatoes or three of oil-cake will nourish
an animal as much as ten stones of hay will, and five
stones of oats as much as either. Something, however,
will depend upon the quality of each kind of food which
we know wvaries very much and with a variety of circum-
stances, and something also upon the age and constitu-
tion of the animal. The skilful rearer, feeder, and fat-
tener of stock, knows also the value of a change of food,
or of a mixture of the different kinds of vegetable food he .
may have at his command.

2. The general nutritive value of different kinds of
food has also been represented theoretically, by suppos-
ing it to be very nearly in proportion to the quantity of
nitrogen, or of gluten, which vegetables contain. Though
this cannot be considered as a correct principle, yet, as
the ordinary kinds of food on which stock is fed contain
in general an ample supply of carbon for respiration.
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with a comparatively small proportion of nitrogen, these
theoretical determinations are by no means without their
value, and they approach, in many cases, very closely
to the practical values above given, as deduced from ac-
tual trial. Thus, assuming, that 10 lbs. of hay yield a
certain amount of nourishment, then of the other vege-
table substances it will be necessary, according to theory,
to give the following quantities, in order to produce the
same general effect in feeding :

Hay, ; . 10 Turnips, . : 60
Clover-hay, . . 8 Carrots, . : 35
Vetch-hay,* 4 Cabbage, . - 30 to 40
Wheat-straw, 52 Pease and beans, 2t0 3
Barley-straw, g 52 Wheat, 5
Oat-straw, 55 Barley, fi
Pea-straw, 6 Oats, 5
Potatoes, 28 Indian corn, G
Old potatoes, 40 Oil-cake, 2

If the feeder be careful to supply his stock with a mix-
ture or occasional change of food, he may very safely re-
gulate, by the numbers in the above tables, the quantity
of one which he ought to substitute for a given weight of
any one of the others—since the theoretical and practical
results do not in general very greatly differ.

3. As has been already stated, however, it is not strict-
ly correct that this or that kind of vegetable is more fit-
ted to sustain animal life, simply because of the larger
proportion of nitrogen or gluten it contains ; but it is
wisely provided, that, along with this nitrogen, in all plants,
a certain proportion of starch or sugar, and of saline and
earthy matter, all of which, as we have seen, are requir-
ed in a mixture which will most easily sustain an animal
in a healthy condition—so that the proportion of nitrogen
m a substance may be considered as a rough practical
index of the proportion of the more important saline and
earthy ingredients also.

* Both cut in flower.
lil
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4. It 1s very doubtful, however, how far this proportion
of nitrogen can be regarded as any index of the fattening
property of vegetable substances. If the fat in the body
be produced from the oil in the food, it is certain that
the proportion of this oil in vegetable substances is by no
means regulated by that of the gluten or other analogous
substances containing nitrogen. The stock farmer who
wishes to lay on fat only upon his animals, must there-
fore be uwula,tcd by another principle. He must select
those kmds of food, such as linseed, oil cake, and proba-
bly turnips, in which fatty matters appear to {lhﬂlﬂld

But large quantities of fat accumulate in the bodies of
most animals, only in an unnatural, and, perhaps, in some
measure an unhealthy condition. In a state of nature
there are mmpamtwel} few animals upon which large ac-
cumulations of fat take place. A certain-portion, as we
have seen, is necessary to the healthy animal, butit is an
mteresting fact, that so much as this 1s present in most
kinds of vegetable food. In wheat or flour it is associat-
ed with the gluten, and may be extracted from it after the
starch of the flour has been separated from the gluten
by washmg with water. And in so far as this necessary
-:111.:mt1t} of fatty matter is concerned, it is probable that
the proportion of the nitrogen may here also be taken as
a practical indication of the ability of the food to supply
the natural waste of fat in an animal which is either
growing in general size only, or is only to be maintained
in its Phlstlnﬂ‘ condition.

While, th Dl‘[‘fﬂrﬁ, it appears from the study of the prin-
ciples upon which the feeding of animals depends, that a
mixture of various prineiples is necessary in a nutritive food,
it is interesting to find that all the kinds of vegetable food
which are rzused either by art or by natural growth, are
in reality mixtures of these several substances, more or
less dd’il}fﬂd to fulfil all the conditions required from a
“nutritious diet, according to the state of health and growth
in which the animal to be fed may happen to be.




MIXTURE OF FOOD BEST FOR ALL ANIMALS. 227

An important practical lesson on this subject, therefore,
is taught us by the study of the wise provisions of Nature.
Not only does the milk of the mother contain all the ele-
ments of a nutritive food mixed up together—as the egg
does also for the unhatched bird—but in rich natural pas-
tures, the same mixture uniformly occurs. Hence, in crop-
ping the mixed herbage, the animal introduces into its sto-
mach portions of various plants—some abounding more in
starch or sugar, some more in gluten or albumen,—some
more in fatty matter,—while some are naturally richer in
saline, others in earthy constituents; and out of these
varied materials the digestive organs select a due pro-
portion of each and reject the rest. Wherever a pasture
becomes usurped by one or two grasses—either animals
cease to thrive upon it, or they must crop a much larger
quantity of food to supply the natural waste of all the
parts of their bodies. :

It may indeed be assumed as almost a general princi-
ple, that whenever animals are fed on one kind of vege-
table only, there is a waste of one or other of the ne-
cessary elements of animal food, and that the great les-
son on this subject taught us by nature is, that by @ ju-
dicious admizture, not only s food economised, but the
labouwr vmposed wpon the digestive organs is also mate-
rially diminished.

SECTION VIII,—CONCLUDING OBSERVATIONS.

In the little work now brought to a close, I have pre-
sented the reader with a slight, and, I hope, plain and fa-
miliar sketch of the various topics connected with Prac-
fical Agriculture, on which the sciences of chemistry and
geology are fitted to throw the greatest light.

We have studied the general characters of the organic
and inorganic elements of which the parts of plants are
made up, and the several compounds of these elements
which are of the greatest importance in the vegetable
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kingdom. We have examined the nature of the seed,—
seen by what beautiful provision it is fed during its early
germination—in what form the elements by which it is
nourished are introduced into the circulation of the young
plant when the functions of the seed are dlscharged
and how earth, air, and water, are all made to minister to
its after growth. We have considered the various che-
mical changes which take place within the growing plant,
during the formation of its woody stem, the blossoming
of its flower, and the ripening of its seed or fruit,—and
have traced the further changes it undergoes, when the
functions of its short life bemg discharged, it hastens
to serve other purposes, by mingling with the soil, and
supplying food to new races. The soils themselves in
which plants grow, their nature, their origin, the causes
of their diversity in mineral character, and in natural
productiveness, have each occupied a share of our atten-
tion—while the various means of improving their agricul-
tural value by manuring or otherwise, have been practi-
cally considered, and theoretically explained. Lastly, we
have glanced at the comparative worth of the various
products of the land, as food for man or other animals, and
have briefly illustrated the principles upon which the feed-
ing of animals and the relative nutritive powers of the ve-
getables on which they live are known to depend.

In this short and familiar treatise I have not sought
so much to satisfy the demands of the philosophical agri-
culturist, as to awaken the curiosity of my less instruet-
ed reader, to show him how much interesting as well as
practically useful information chemistry and genlﬂgv, are
able and willing to impart to him, and thus to allure him
in quest of further knowledge and more accurate details
to my larger work,* of which the present exhibits only a
brief outline.

* Lecrurgs on Agricultural Chemistry and Geology.

THE END.
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