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g LETTERS ON

ately adapted to any purpose, and readi-
ly repaired or altered.

Again; in investigating the compo-
sition of solid bodies—of minerals—we
are under the necessity of bringing them
into a liquid state, either by solution or
fusion. Now vessels of glass, of por-
celain, and of all non-metallic substan-
ces, are destroyed by the means we em-
ploy for that purpose—are acted uf)au by
many acids, by alkalies, and the alkaline
carbonates. Crucibles of gold and sil-
ver would melt at hich temperatures.
But we have a combination of all the

ualities we can desire, in platinum.

his metal was only first adapted to
these uses about fifty years since. It is
cheaper than gold, harder and more
durable than silver, infusible at all
temperatures of our furnaces, and is
left intact by acids and alkaline carbon-
ates. Platinum unites all the valuable
properties of gold and of porcelain, re-
sisting the action of heat, and of almost
all chemical agents.

As no mineral analysis could be made
perfectly without platinum vessels, had
we not possessed this metal, the compo-
sition of minerals would have yet re-
mained unknown; without cork and
caoutchouc we should have required
the costly aid of the mechanician at
every step. Even without the latter of
these adjuncts, our instruments would
have been far more costly and fragile.
Possessing all these gifts of nature, we
economize incu]culal:ﬁy our time—to us
more precious than money !

Such are our instruments. An equal
improvement has been accomplished in
our laboratory. This is no longer the
damp, cold, fire-proof vault of the metal-
lurgist, nor the manufactory of the
druggist, fitted up with stills and retorts.
On the contrary, a light, warm, com-
fortable room, where beautifully con-
structed lamps supply the place of fur-
naces, and the pure and ﬂgumus flame
of gas or of spirits of wine supersedes
coal and other fuel, and gives us all the
fire we need ; where health is not in-
vaded, nor the free exercise of thuught
impeded ; there we pursue our inquiries,
and interrogate nature to reveal her
secrets.

To these simple means must be added
the balance, and then we possess every
thing which is required for the most ex-
tensive researches.

The great distinction between the
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manner of proceeding in chemistry and
natural philosophy, is, that one weighs,
the other measures. The natural phi-
losopher has applied his measures to
nature for many centuries, but only for
fifty years have we attempted to advance
our philosophy by weighing.

For all great discoveries chemists are
indebted to the balance—that incom-
parable instrument which gives per-
manence to every observation, dispels
all ambiguity, establishes truth, detects
error, and guides us in the true path of
inductive science.

The balance, once adopted as a
means of investigaling nature, put an
end to the school of Aristotle in phy-
sics. The explanation of natural phe-
nomena by mere fanciful speculations,
gave place to a true natural philnsu'fhy.
Fire, air, earth, and water, could no
longer be regarded as elements. Three
of them could henceforth be considered
only as significative of the forms in
which all matter exists. Every thing
with which we are conversant upon the .
surface of the earth is solid, liquid, or
aeriform ; but the notion of the element-
ary nature of air, earth, and water, so
universally held, was now discovered
to belong to the errors of the past.

Fire was found to be but the visible
and perceptible indication of changes
proceeding within the so-called ele-
ments.

Lavoisier investiﬁated the composi-
tion of the atmosphere and of water,
and studied the many wonderful offices
performed by an element common to
both in the scheme of nature, namely,
oxygen: and he discovered many of
the properties of this elementary gas.

After his time, the principal problem
of chemical philosophers was to deter-
mine the composition of the solid mat-
ters composing the earth. To the
eighteen metals previously known,
were soon added twenty-four discover-
ed to be constituents of minerals. The
great mass of the earth was shown to
be composed of metals in combination
with oxygen, to which they are united
in one, two, or more definite and un-
alterable grupnrtiuns, forming com-
pounds which are termed metallic
oxides, and these again, combined with
oxides of other bodies, essentially dif-
ferent to metals; namely, carbon and
silicium. If to these we add certain

compounds of sulphur with metals, in



















































INFLUENCE OF CLIMATE ON HEALTH.

in this respect, as a furnace, which we
supply with fuel. It signifies nothing
what intermediate forms food may as-
sume, what changes it may undergo in
the body, the last change 'is uniformly
the conversion of its carbon into car-
bonic acid, and of its hydrogen into
water. The unassimilated nitrogen of
the food, along with the unburned or
unoxidized carbon, is expelled in the
urine or in the solid excrements. In
order to keep up in the furnace a con-
stant temperature, we must vary the
supply of fuel according to the external
temperature, that is, m:t:urdjug to the
supply of oxygen.

n the animal body the food is the
fuel ; with a proper supply of oxygen
we obtain the ]LEEJ given out during its
oxidation or combustion. In winter,
when we take exercise in a cold atmo-
sphere, and when, consequently, the
amount of inspired oxygen increases,
the necessity for food containing carbon
and hydrogen increases in the same
ratio; and by gratifying the appetite
thus excited, we obtain the most effi-
cient protection against the most pierc-
ing cold. A starving man is soon frozen
to death. The animals of prey in the
arctic regions, as every one knows, far
exceed in voracity those of the torrid
zone,

In cold and temperate climates, the
air, which incessantly strives to con-
sume the body, urges man to laborious
efforts in order to furnish the means of
resistance to its action, while, in hot
climates, the necessity of labour to pro-
vide food is far less urgent.

Our clothing is merely an equivalent
for a certain amount of food, The
more warmly we are clothed, the less
urgent becomes the appetite for food,
because the loss of heat by cooling, and
consequently the amount of heat to be
supplied by the food, is diminished.

If we were to go naked, like certain
savage tribes, or if in hunting or fishing
we were exposed to the same degree of
cold as the Samoyedes, we should be
able with ease to consume 10 pounds
of flesh, and perhaps a dozen of tallow
candles into the bargain, daily, as
warmly clad travellers have related
with astonishment of these people. We
should then also be able to take the
same quantity of brandy or train oil
without bad effects, because the carbon
and hydrogen of lil!f:e substances would
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only suffice to keep up the equilibrium
between the external temperature and
that of our bodies.

_ According to the preceding exposi-
tions, the quantity of food is regulated
by the number of reapimtinns.%y the
temperature of the air, and by the
amount of heat given off to the sur-
rounding medium.

No isolated fact, apparently opposed
to this statement, can affect the truth
of this natural law. Without tempo-
rary or permanent injury to health, the
Neapolitan cannot take more carbon
and hydrogen in the shape of food than
he expires as carbonic acid and water ;
and the Esquimaux cannot expire more
carbon and%ydm en than he takes into
the system as food, unless in a state of
disease or of starvation. Let us exa-
mine these states a little more closely.

The Englishman in Jamaica perceives
with regret the disappearance of his
appetite, previously a source of fre-
quently recurring enjoyment; and he
succeeds, by the use of cayenne pepper
and the most powerful stimulants, in
enabling himself to take as much food
as he was accustomed to eat at home.
But the whole of the earbon thus intro-
duced into the system is not consumed ;
the temperature of the air is too high,

| and the oppressive heat does not allow

him to increase the number of respira-
tions 'blr active exercise, and thus to
Fm;omun the waste to the amount of
ooi taken ; disease of some kind, there-
fore, ensues.

On the other hand, England sends
her sick to southern regions, where the
amount of the oxygen inspired is
diminished in a very large proportion.
Those whose diseased digestive organs
have in a greater or less degree lost the
power of bringing the food into the
state best adapted for oxidation, and
therefore are less able to resist the
oxidizing influence of the atmosphere
of their native climate, obtain a great
improvement in health. The diseased
organs of digestion have power to place
the diminished amount of food in equili-
brium with the inspired oxygen, in the
mild climate ; while in a colder region
the organs of respiration themselves
would have been consumed in furnish-
ing the necessary resistance to the action
of the atmospheric oxygen.

In our climate, hepatic diseases, or
those arising from excess of carbon, pre-
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vail in summer; in winter, pulmonary
diseases, or those arising from excess
of oxygen, are more frequent.

The cooling of the body, by whatever
cause it may be produced, increases the
amount of food necessary. The mere
exposure to the open air, in a carriage
or on the deck of a ship, by increasing
radiation and vaporization, increases the
loss of heat, and compels us to eat more
than usual. The same is true of those
who are accustomed to drink large
quantities of cold water, which is given
off at the temperature of the bud;,r, 98-5
degrees. It increases the appetite, and
persons of weak constitution find it
necessary, by continued exercise, to
supply to the system the oxygen re-

uired to restore the heat abstracted by

e cold water. Loud and long con-
tinued speaking, the crying of infants,
moist air, all exert a decided and appre-
ciable influence on the amount of food
which is taken.

We have assumed that it is especially
carbon and hydrogen which, by com-
bining with oxygen, serve to produce
animal heat. In fact, observation ]ilruves
that the hydrogen of the food plays a
not less important part than the carbon.

The whole process of respiration
appears most clearly developed, when
we consider the state of a man, or other
animal, totally deprived of food.

The first effect of starvation is the
disappearance of fat, and this fat can-
not be traced either in the urine or in
the scanty fmces. Its carbon and hy-
drogen have been given off through the
skin and lungs in the form of oxidized
products ; it 1s obvious that they have
served to support respiration.

In the case of a starving man, 32§ oz.
of oxygen enter the system daily, and
are given out again in combination with
a part of his body. Currie mentions
the case of an individual who was unable
to swallow, and whose body lost 100
Ibs. in weight during a month; and,
according to Martell, (Trans. Linn. Soc.,
vol. xi., p. 411,) a fat pig, overwhelmed
in a slip of earth, lived 160 days without
food, and was found to have diminished
in weight, in that time, more than 120
Ibs. The whole history of hybernating
animals, and the well-established facts
of the periodical accumulation, in va-
rious animals, of fat, which, at other
periods, entirely disappears, prove that
the oxygen, in the respiratory process,
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consumes, without exception, all such
substances as are capable of entering
into combination with it. It combines
with whatever is presented to it; and
the deficiency of hydrogen is the only
reason why carbonic acid is the chief

roduct ; for, at the temperature of the
End:,r, the affinity of hydrogen for oxy-
ren far surpasses that of carbon for the
same element.

We know, in fact, that the gramini-
vora expire a volume of carbonic acid
equal to that of the oxygen inspired,
while the carnivora, the only class of
animals whose food contains gli, inspire
more oxygen than is equal in volume
to the carbonic acid expired. Exact
experiments have shown, that in man
cases only half the volume of oxygen 1s
expired in the form of carbonic acid.
These observations cannot be gainsaid,
and are far more convincing than those
arbitrary and artificially produced phe-
nomena, sometimes cal]tf experiments ;
experiments which, made, as too often
they are, without regard to the necessary
anc( natural conditions, possess no value,
and may be entirely dispensed with;
especially when, as in the present case,
nature affords the opportunity for obser-
vation, and when we make a rational
use of that opportunity.

In the progress of starvation, however,
it is not only the fat which disappears,
but also, by degrees, all such of the
solids as are capable of being dissolved.
In the wasted bodies of those who have
suffered starvation, the muscles are
shrunk and unnaturally soft, and have
lost their contractility ; all those parts
of the body which were capable of
entering into the state of motion have
served to protect the remainder of the
frame from the destructive influence of
the atmosphere. Toward the end, the
particles of the brain begin to undergo
the process of oxidation, and delirium,
mania, and death closes the scene ; that
is to say, all resistance to the oxidizing
power of the atmospheric oxygen ceases,
and the chemical process of erema-
causis, or decay, commences, in which
every part of the body, the bones ex-
cepted, enters into combination with
oxygen.

The time which is required to cause
death by starvation depends on the
amount of fat in the bo E, on the de-
gree of exercise, as in labour or exer-

tion of any kind, on the temperature of
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the air, and, finally, on the presence or
absence of water. Through the skin
and lungs there escapes a certain
quantity of water, and as the presence
of water is essential to the continuance
of the vital motions, its dissipation
hastens death. Cases have oceurred,
in which a full supply of water being
accessible to the sufferer, death has not
occurred till after the lapse of twenty
days. In one case, life was sustained
in this Wag' for the period of sixty days.

In all chronic diseases death is pro-
duced by the same cause, namely, the
chemical action of the atmosphere.
When those substances are wanting,
whose function in the organism is to
support the process of respiration ;
when the diseased organs are incapable
of Flerfotming their proper function of
Em ucing these substances; when they

ave lost the power of transforming the
food into that shape in which it may,
by entering into combination with the
oxygen of the air, protect the system
from its influence, then, the substance
of the organs themselves, the fat of the
body, the substance of the muscles, the
nerves, and the brain, are unavoidabl
consumed. The true cause of deat
in these cases is the respiratory process,
that is, the action of the atmosphere.

A deficiency of food, and a want of
power to convert the food into a part of
the organism, are both, equally, a want
of resistance ; and this is the negative
cause of the cessation of the vital pro-
cess. The flame is extinguished, be-
cause the oil is consumed ; and it is the
oxygen of the air which has consumed it.

n many diseases substances are pro-
duced which are incapable of assimila-
tion. By the mere deprivation of food,
these substances are removed from the
body without leaving a trace behind ;
their elements have entered into com-
bination with the oxygen of the air.

From the first moment that the fune-
tion of the lungs or of the skin is inter-
rupted or disturbed, compounds, rich 1n
carbon, appear in the urine, which ac-
quires a brown colour. Overthe whole
surface of the bod ux{gen is absorbed,
and combines with all the substances
which offer no resistance to it. In those
parts of the body where the access of
oxygen is impeded—for example, in the
arm-pits, or in the soles of the feet—
pecuﬁn compounds are given out, re-
cognisable by their appearance, or by
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their odour. These compounds con-
tain much carbon.

Respiration is the falling weight, the
bent spring, which keeps the clock in
in motion; the inspirations and expi-
rations are the strokes of the pendulum
which regulate it. In our ordinary
timepieces, we know with mathemati-
cal accuracy the effect produced on
their rate of going, by changes in the
length of the pendulum, or in the ex-
ternal temperature. Few, however,
have a clear conception of the influence
of air and temperature on the health of
the human ba-rfy ; and yet the rescarch
into the conditions necessary to keep it
in the normal state, is not more difficult
than in the case of a clock.

LETTER VIIL

My pear sir: Having attempted in
my last letter to explain to you the
simple and admirable office subserved
by the oxygen of the atmosphere in its
combination with earbon in the animal
body, I will now proceed to present you
with some remarks upon those mate-
rials which sustain its mechanisms in
motion, and keep up their various func-
tions—namely, the Aliments.

If the increase of mass in an animal
body, the development and reproduc-
tion of its organs, depend upon the
blood, then those substances only which
are capable of being converted into
blood can be properly regarded as nour-
ishment. In order then to ascertain
what parts of our food are nautritious,
we must compare the composition of
the blood with the composition of the
various articles taken as food.

T'wo substances require especial con-
sideration as the chief ingredients of
the blood ; one of these separates imme-
diately from the blood when it is with-
drawn from the circulation.

It is well known that in this case blood
coagulates, and separates into a yellow-
ish liquid, the serum of the blood, and
a gelatinous mass, which adheresto arod
or stick in soft, elastic fibres, when co-
agulating blood is briskly stirred. This
is the fibrine of the blood, which is
identical in all its properties with mus-
cular fibre, when the latter is purified
from all foreign matters,
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The second principal ingredient of
the blood is contained in the serum, and
gives to this liquid all the properties of
the white of eggs, with which it is in-
deed identical. When heated, it coagu-
Jates into a white elastic mass, and the
coagulating substance is called albumen.

Fibrine and albumen, the chief in-
agredients of blood, contain, in all, seven
chermieal elements, among which nitro-
oen, phosphorus, and sulphur are found.
They contain also the earth of bones.
The serum retains in solution sea-salt
and other salts of potash and soda, in
which the acids are carbonic, phos-
Ehnric, and sulphuric acids. The glo-

ules of the blood contain fibrine and

albumen, along with a red colouring
matter, in which iron is a constant ele-
ment. Besides these, the blood con-
tains certain fatty bodies in small quan-
tity, which differ from ordinary fats in
several of their properties.

Chemical anaﬁrsm has led to the re-
markable result, that fibrine and albu-
men contain the same organic elements
united in the same proportion ; that is,
that they are isomeric, their chemical
composition—the proportion of their ul-
timate elements—being identical. But
the difference of their external proper-
ties shows that the particles oI‘Pwhich
they are composed are arranged in a
different order. (See ante, page 19).

This conclusion has lately been beau-
tifully confirmed by a gisting"uished
physiologist, (Dénis,) who hassucceeded
i converting fibrine into albumen ; that
is, in giving it the solubility, and coagu-
lability by heat, which characterize the
white of egg.

Fibrine and albumen, besides having
the same composition, arree also in this,
that both dissolve in concentrated mu-
riatic acid, yielding a solution of an
intense purple colour. This solution,
whether made with fibrine or albumen,
has the very same reactions with all
substances yet tried.

Both albumen and fibrine, in the pro-
cess of nutrition, are capable of being
converted into musecular fibre, and mus-
cular fibre is capable of being recon-
verted into blood. These facts have
long been established by physiologists,
and chemistry has merely proved that
these metamorphoses can be accom-

lished under the influence of a certain
orce, without the aid of a third sub-
stance, or of its elements, and without

28

CHEMISTRY.

the addition of any foreign element, or
the separation of any element previously
present in these substances. -

If we now compare the composition
of all organized parts with that of fibrine
and albumen, the following relations
present themselves : ,

All parts of the animal body which
have a decided shape, which forms
parts of organs, contain nitrogen. No
part of an organ which possesses motion
and life is destitute of nitrogen; all of
them contain likewise carbon and the
elements of water; the latter, however,
in no case in the proportion to form
water. :

The chiel ingredients of the blood
contain nearly 17 per cent. of nitrogen,
and from numerous analyses it appears
that no part of an organ contains less
than 17 per cent. of nitrogen,

The most convincing experiments and
observations have proved that the animal
body is absolutely incadpable of produ-
cing an elementary body, such as car-
bon or nitrogen, out of substances which
do not contain it; and it obviously fol-
lows, that all kinds of food fit for the

roduction either of blood, or of cellu-
ar tissue, membranes, skin, hair, mus-
cular fibre, &c., must contain a certain
amount of nitroren, because that ele-
ment is essential to the composition of
the above-named organs; because the
organs cannot create it from the other
elements presented to them ; and, finally,
because no nitrogen is absorbed from
the atmosphere in the vital process.

The substance of the brain and
nerves contains a large quantity of al-
bumen, and, in addition to this, two
peculiar fatty acids, distinguished from

other fats by containing phosphorus,
(phosphoric acid.i:‘ One oF these con-
tains nitrogen. rémy.)

Finally, water and common fat are
those ingredients of the body which
are destitute of nitrogen. oth are
amorphous, or unorganized, and only
so far take part in tﬁ: vital process as
that their presence is required for the
due performance of the vital functions.
The inorganic constituents of the body
are iron, lime, magnesia, common salt,
and the alkalies.

The nutritive process is seen in its
simplest form in carnivorous animals,
This class of animals lives on the blood
and flesh of the graminivora; but this

' blood and flesh are, in all their proper-
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ties, identical with their own. Neither
chemical nor pri:‘i'siﬁlugical differences
can be discovered.

The nutriment of carnivorous ani-
mals is derived originally from blood ;
in their stomach it becomes dissolved,
and capable of reaching all other parts
of the body; in its passage it is again
converted into blood, and from this
blood afe reproduced all those parts of
their organization which have under-

ne change or metamorphosis.

With the exception of hoofs, hair,
feathers, and the earth of bones, ever
part of the food of carnivorous anim
1s capable of assimilation.

In a chemical sense, therefore, it may
be said that a carnivorous animal, in
supporting the vital process, consumes
itself. That which serves for its nutri-
tion is identical with those parts of its
organizatign which are to be renewed.

The process of nutrition in gramini-
vorous animals appears at first sight
altogether different. Their digestive
organs are less simple, and their food
consists of vegetables, the great mass
of which contains but little nitrogen.

From what substances, it may be
asked, is the blood formed, by means
of which their organs are developed?
This question may be answered with
certainty.

Chemical researches have shown,
that all such parts of vegetables as can
afford nutriment to animals contain cer-
tain constituents which are rich in

nitrogen ; and the most ordinary expe-

rience proves that animals require for|g

their support and nutrition less of these
parts of plants in proportion as they
abound in the nitrogenized constituents.
Animals cannot be fed on matters desti-
tute of these nitrogenized constituents.
These important products of vegeta-
tion are especially abundant in the
seeds of the different kinds of grain, and
of peas, beans, and lentils ; in the roots
and the juices of what are commonly
called vegetables. They exist, how-
ever, in all plants, without exception,
and in every part of plants in larger or
smaller quantity. 2
These nitrogenized forms of nutri-
ment in the vegetable kingdom may be
reduced to three substances, which are
easily distinguished by their external
characters. Two of them are soluble

in water, the third is insoluble.
When the newly expressed juices of |

NUTRITION.

vegetables are allowed to stand, a sepa-
ration takes place in a few minutes. A
gelatinous precipitate, commonly of a
green tinge, is deposited, and this, when
acted on by liquids which remove the
colouring matter, leaves a grayish white
substance, well known to druggists as
the deposit from vegetable juices.
This is one of the nitrogenized com-
pounds which serves for the nutrition
of animals, and has been named vege-
table fibrine. The juice of grapes is
especially rich in this constituent, but it
is most abundant in the seeds of wheat,
and of the cerealia generally. It may
be obtained from wheat flour by a me-
chanical operation, and in a state of
tolerable purity ; it is then called gluten,
but the glutinous property belongs, not
to vegetable fibrine, but to a éreigﬂ
substance, present in small quantity,
which is not found in the other cerealia.

The method by which it is obtained
sufficiently proves that it is insoluble in
water ; although we cannot doubt that it
was originally dissolved in the vegetable
juice, from which it afterwards sepa-
rated, exactly as fibrine does from
blood.

The second nitrogenized compound
remains dissolved in the juice after the
separation of the fibrine. It does not
separate from the juice at the ordinary
temperature, but is instantly coagulated
when the liquid containing it is heated
to the boiling point.

When the clarified juice of nutritious
vegetables, such as cauliflower, aspara-
us, mangelwurzel, or turnips, is made
to boil, a coagulum is formed, which it
is absolutely impossible to distinguish
from the substance which separates as
a coagulum, when the serum of blood,
or the white of an egg, diluted with
water, are heated to the boiling point.
This is vegetable albumen. It is found
in the greatest abundance in certain
seeds, in nuts, almonds, and others, in
which the starch of the gramines is
replaced by oil.

The third nitrogenized constituent of
the vegetable food of animals is vege-
table caseine. It is chiefly found in the
seeds of peas, beans, lentils, and similar
leguminous seeds. Like vegetable
albumen, it is soluble in water, but dif-
fers from it in this, that its solution is
not coagulated by heat. When the
solution 1s heated or evaporated, a skin
forms on its surface, and the addition

c2
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of an acid causes a coagulum, just as in
animal milk.

These three nitrogenized compounds,
vegetable fibrine, albumen, and caseine,
are the true nitrogenized constituents
of the food of graminivorous animals;

all other nitrogenized compounds occur-

ring in plants, are either rejected by
animals, as in the case of the character-
istic principles of poisonous and medi-
cinal plants, or else they occur in the
food m such very small proportion,
that they cannot possibly contribute
to the increase of mass in the animal

body.

’.[%m chemical analysis of these three
substances has led to the very interest-
ing result, that they contain the same
organic elements, united in the same
proportion by weight; and, what is
still more remarkable, that they are
identical in composition with the chief
constituents of blood, animal fibrine
and albumen. They all three dissolve
in concentrated muriatic acid with the
same deep purple colour, and even in
their physical characters, animal fibrine
and albumen are in no respect different
from vegetable fibrine and albumen. It
is especially to be noticed, that by the
phrase, identity of composition, we do
not here intend mere similarity, but that
even in regard to the presence and
relative amount of sulphur, phosphorus,
and phosphate of lime, no difference
can be observed. How beautifully and
admirably simple, with the aid of these
discoveries, appears the process of nu-
trition in animals, the formation of their
organs, in which vitality chiefly resides!
TEase vegetable principles, which in
animals are used to form blood, contain
the chief constituents of blood, fibrine
and albumen, ready formed, as far as
regards their composition. All plants,
besides, contain a certain quantity of
iron, which reappears in the colouring
matter of the blood. Vegetable fibrine
and animal fibrine, vegetable albumen
and animal albumen, hardly differ, even
in form ; if these principles be wantin
in the food, the nutrition of the animaﬁ
is arrested ; and when they are present,
the graminivorous animal obtains in its
food the very same principles on the
presence of which the nutrition of the
carnivora entirely depends.

Vegetables produce in their organism
the blood of BEI animals, for the carni-
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vora, in consuming the blood and flesh
of the graminivora, consume, strictly
speaking, only the vegetable principles
which have served for the nutrition of
the latter. Vegetable fibrine and albu-
men take the same form in the stomach
of the graminivorous animal as animal
fibrine and albumen do in that of the
carnivorous animal.

From what has been said, & follows
that the development of the animal
organism and its growth are dependent
on the reception of certain principles
identical with the chief constituents of
blood. '

In this sense we may say that the
animal organism gives to blood only its
form ; that it is incapable of creating
blood out of other substances which do
not already contain the chiel consti-
tuents of that fluid. We cannot, in-
deed, maintain, that the animal organism

has no Eﬂw&r to form other compounds,
for we know that it is capable of pro-
ducing an extensive series of com-

pounds, differing in composition from
the chief constituents of blood; but
these last, which form the starting-point
of the series, it cannot produce.

The animal organism is a higher kind
of vegetable, the development of which
begins with those substances with the
production of which the life of an ordi-
nary vegetable ends. As soon as the
latter has borne seed, it dies, or a period
of its life comes to a termination.

In that endless series of compounds,
which begins with carbonic acid, am-
monia, and water, the sources of the
nutrition of vegetables, and includes the
most complex constituents of the animal
brain, there is no blank, no interruption.
The first substance capable of affording
nutriment to animals is the last product
of the creative energy of vegetables.

The substance of cellular tissue and
of membranes, of the brain and nerves,
these the vegetable cannot produce.

The seemingly miraculous in the pro-
ductive agency of vegetables disap-
pears in a great degree, when we
reflect that the production of the con-
stituents of blood cannot appear more
surprising than the occurrence of the
fat of beef and mutton in cocoa-beans,
of human fat in olive oil, of the prinei-
pal ingredient of butter in palm oil, and
of horse fat and train oil in certain oily

seeds.
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LETTER IX.

My peAr sir: The facts detailed in
my last letter will satisfy you as to the
manner in which the increase of mass
in an animal, that is, its growth, is ac-
complished ; we have still to consider
a most important question, namely, the
function performed in the animai’ sys-
tern by substances destitute of nitrogen ;
such as sugar, starch, gum, pectine, &e.

The most extensive class of animals,
the graminivora, cannot live without
these substances ; their food must con-
tain a certain amount of one or more of
them, and if these compounds are not
supplied, death quickly ensues.

his important inquiry extends also
to the constituents of the food of carni-
vorous animals in the earliest periods of
life; for this food also contains sub-
stances which are not necessary for
their support in the adult state. The
nutrition of the young of carnivora is
obviously accomplished by means simi-
lar to those by which the graminivora
are nourished; their development is
dependent on the supply of a fluid,
which the body of the mother secretes
in the shape of milk.

Milk contains only one nitrogenized
constituent, known under the name of
caseine : besides this, its chief ingredi-
ents are butter (fat) and sugar of milk.
The blood of the young animal, its mus-
cular fibre, cellular tissue, nervous
matter, and bones, must have derived
their origin from the nitrogenized con-
stituent of milk—the caseine; for but-
ter and sugar of milk contain no nitro-
gen.

Now, the analysis of caseine has led
to the result, which, after the details I
have given, can hardly excite your sur-
prise, that this substance also is identi-
cal in composition with the chief con-
stituents of blood, fibrine and albumen,
Nay, more—a comparison of its proper-
ties with these of vegetable caseme has
shown—that these two substances are
identical in all their properties; inso-
much, that certain plants, such as peas,
beans, and lentils, are capable of pro-
ducing the same substance which 1s
formed from the 'b]Dl:lFl of the mother,
and Emplﬂ}'eq in }riel&mg the blood of
the young animal.
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The young animal, therefore, re-
ceives, in the form of caseine—which
1s distinguished from fibrine and albu-
men by its great solubility, and by not
coagulating when heated—the chief
constituent of the mother’s blood. To
convert caseine into blood no foreign
substance is required, and in the con-
version of the mother's blood into ca-
seine, no elements of the constituents
of the blood have been separated.
When chemically examined, caseine is
found to contain a much larger propor-
tion of the earth of bones than blond
does, and that in a very soluble form,
capable of reaching every part of the
body. Thus, even in the earliest period
of its life, the development of the or-
gans, in which vitality resides, is, in the
carnivorous animal, dependent on the
supply of a substance, identical in or-
ganic composition with the chief con-
stituents of its blood.

What, then, is the use of the butter
and the sugar of milk? How does it
happen that these substances are indis-
pensable to life ?

Butter and sugar of milk contain no
fixed bases, no soda or potash. Sugar
of milk has a composition closely allied
to that of the other kinds of sugar, of
starch, and of gum; all of them con-
tain carbon and the elements of water,
the latter precisely in the proportion to
form water.

There is added, therefore, by means
of these compounds, to the nitrogenized
constituents of food, a certain amount
of carbon; or, as in the case of butter,
of carbon and hydrogen; that is, an
excess of elements, which cannot pos-
sibly be employed in the production of
blood, because the nitrogenized sub-
stances contained in the food already
contain exactly the amount of carbon
which is required for the production of
fibrine and albumen.

The following considerations will
show that hardly a doubt can be enter-
tained, that this excess of carbon alone,
or of carbon and hydrogen, is expended
in the production of animal heat, and
serves to protect the organism from the
action of the atmospheric oxygen, which
is required for the production of fibrine
and albumen.

In an adult carnivorous animal, which
neither gains nor loses weight, percepti-
bly, from day to day, its nourishment,
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the waste of organized tissue, and its
consumption of oxﬁgen. stand to each
other in a well-defined and fixed re-
lation.

The carbon of the carbonic acid given
off, with that of the urine ; the nitrogen
of the urine, and the hydrogen given off
as ammonia and water ; these elements,
taken together, must be exactly equal
in weight to the carbon, nitrogen, and
hydrogen of the metamorphosed tissues,
and, since these last are exactly replaced
by the food, to the carbon, nitrogen, and
hydrogen of the food. Were this not
the case, the weight of the animal could
not possibly remain unchanged.

But, in the young of the earnivora,
the weight does not remain unchanged ;
on the contrary, it increases from day to
day by an appreciable quantity.

This fact presupposes that the assimi-
lative process in the young animal is
more energetic, more intense, than the
process of transformation in the existing
tissues. If both processes were equally
active, the weight of the body could not
increase ; and were the waste by trans-
formation greater, the weight of the
body would decrease.

Now, the circulation in the young
animal is not weaker, but, on the con-
trary, more rapid ; the respirations are
more frequent ; and, for equal bulks, the
consumption of oxygen must be greater
rather than smaller in the young than
in the adult animal. But, since the
metamorphosis of organized parts goes
on more slowly, there would ensue a
deficiency of those substances, the car-
bon and K}rdrﬂgen of which are adapted
for combination with oxygen ; because,
in the carnivora, it is the new com-
pounds, produced by the metamorphosis
of organized parts, which nature has
destined to furnish the necessary resist-
ance to the action of the oxygen, and
to produce animal heat. What is want-
ing for these purposes an Infinite Wis-
dom has supplied to the young animal
in its natural food.

The carbon and hydrogen of butter,
and the carbon of the sugar of milk, no
part of either of which can yield blood,
fibrine, or albumen, are destined for the
support of the respiratory process, at an
age when a greater resistance is opposed
to the metamorphosis of existing organ-
isms ; or, in other words, to the produc-
tion of compounds which, in the adult
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state, are produced in quantity amply
sufficient for the purpose of respiration,

The young animal receives the con-
stituents of its blood in the caseine of
the milk. A metamorphosis of existing
organs goes on, for bile and urine are
secreted ; the matter of the metamor-
phosed parts is given off in the form
of urine, of carbonie acid, and of water;
but the butter and sugar of milk also
disappear; they cannot be detected in
the faces.

The butter and sugar of milk are given
out in the form of carbonic acid and
water, and their conversion into oxidized
products furnishes the clearest proof that
far more oxygen is absorbed than is re-

uired to convert the carbon and hy-
rogen of the metamorphosed tissues
into carbonic acid and water.

The change and metamorphosis of
organized tissues going on in the vital
process in the young animal, conse-
quently yield, in a given time, much less
carbonand hydrogen in the formadapted
for the respiratory process than corres-

onds to the oxygen taken up in the
ungs. The substance of its organized
parts would undergo a more rapid con-
sumption, and would necessarily yield
to the action of the oxygen, were not
the deficiency of carbon and hydrogen
supplied from another source.
he continued increase of mass, or
growth, and the free and unimpeded
development of the organs in the young
animal, are dependent on the presence
of foreign substances, which, in the
nutritive process, have no other function
than to protect the newly formed organs
from the action of the oxygen. It is
the elements of these substances which
unite with the oxygen; the organs them-
selves could not do so without being
consumed ; that is, growth, or increase
of mass in the body—the consumption
of oxygen remaining the same—would
be utterly impossible.

The preceding considerations leave
no doubt as to the purpose for which
Nature has added to the food of the
young of carnivorous mammalia sub-
stances devoid of nitrogen, which their
organism cannot employ for nutrition,
strictly so called, that is, for the produc-
tion of blood ; substances which may be
entirely dispensed with in their nourish-

ment in the adult state. In the youn
of carnivorous birds, the want of al
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motion is an obvious cause of diminished
waste in the organized parts; hence,
milk is not provided for them.

The nutritive process in the carnivora
thus presents itself under two distinet
forms; one of which we again meet
with in the graminivora.

In rraminivorous animals, we observe
that, during their whole life, their exist-
ence depends on a supply of substances
having a composition identical with that
of suEar of milk, or closely resembling
it. Every thing that they consume as
food contains a certain quantity of starch,
gum, or sugar, mixed with other matters.

The function performed in the vital

process of the graminivora by these sub-
stances is indicated in a very clear and
convincing manner, when we take into
consideration the wvery small relative
amount of the carbon which these
animals consume in the nitrogenized
constituents of their food, which bears
no proportion whatever to the oxygen
absorbed through the skin and lungs.
A horse, for example, can.be kept in
tfectly good condition, if he obtain as
ood 15 Ibs. of hay and 4% lbs. of oats,
daily. If we now calculate the whole

amount of nitrogen in these matters, as
ascertained by analysis, (1-5 per cent. in
the hay, 2-2 per cent. in the oats,) in the
form of blood, that is, as fibrine and
albumen, with the due proportion of
water in blood, (S0 per cent.,) the horse
receives daily no more than 41 oz. of
nitrogen, corresponding to about 8 lbs.
of blood. But along with this nitrogen,
that is, combined with it in the form of
fibrine or albumen, the animal receives
only about 144 oz. of carbon.

Without going further into the caleu-
lation, it will readily be admitted, that
the volume of air inspired and expired
by a horse, the quantity of oxygen con-
sumed, and, as a necessary consequence,
the amount of carbonic acid given out
by the animal, 18 mu-:h+ greater than in
the respiratory process in man. Bulan
adult man consumes daily about 14 oz.
of carbon, and the determination of
Boussingault, according to which a
horse expires 79 oz. daily, cannot be
very far from the truth. ;

In the nitrogenized constituents of his
food, therefore, the horse receives rather

less than the fifth part of the carbon
which his organism requires for the sup- |
port of the resPimlcéry process ; and we |
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see that the wisdom of the Creator has
added to his food the $ths which are
wanting, in various forms, as starch,
sugar, &c., with which the animal must
be supplied, or his organism will be de-
stroyed by the action of the oxygen.

It is obvious that, in the system of
the graminivora, whose food contains so
small a portion, relatively, of the con-
stituents of blood, the process of meta-
morphosis in existing tissues, and conse-
quently their restoration or reproduction,
must go on far less rapidly than in the
carnivora. Were this not the case, a
vegetation a thousand times more luxu-
riant than the actual one would not suf-
fice for their nourishment. Sugar, gum,
and starch would no longer be neces-
sary to support life in these animals,
because, in that case, the products of
the waste, or metamorphosis of the or-
ganized tissues, would contain enough
of carbon to support the respiratory
process,

LETTER X.

My pear sir: Let me now apply the
rinciples announced in the preceding
etters to the circumstances of our own

species. Man, when confined to ani-
mal food, requires for his support and
nourishment extensive sources of food,
even more widely extended than the
lion and tiger, because, when he has
the opportunity, he kills without eating.

A nation of hunters, on a limited

space, is utterly incapable of increasing
its numbers beyond a certain poiat,
which is soon attained. The carbon
necessary for respiration must be ob-
tained from the animals, of which only
a limited number can live on the space
supposed. These animals collect from
plants the constituents of their organs
and of their blood, and yield them, in
turn, to the savages who live by the
chase alone. They, again, receive this
food unaccompanied by those com-
pounds, destitute of nitrogen, which,
during the life of the animals, served
to support the respiratory process. In
such men, confined to an animal diet,
it is the carbon of the flesh and of the
blood which must take the place of
starch and sugar.
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But 15 Ibs. of flesh contain no more
carbon than 4 lbs. of starch, and while
the savage with one animal and an
equal weight of starch could maintain
li?e and health for a certain number of
days, he would be compelled, if con-
fined to flesh alone, in order to procure
the carbon necessary for respiration,
during the same time, to consume five
such animals.

It is easy to see, from these consi-
derations, how close the connection is
between agriculture and the multiplica-
tion of the human species. The cul-
tivation of our crops has ultimately no
other object than the production of a
maximum of those substances which
are adapted for assimilation and respira-
tion, in the smallest possible space.
Grain and other nutritious vegetables
yield us, not only in starch, sugar, and
gum, the earbon which protects our
organs from the action of oxygen, and

roduces in the organism the heat which
15 essential to life, but also in the form
of vegetable fibrine, albumen, and
caseine, our blood, from which the other
parts of our body are developed.

Man, when confined to animal food,
respires, like the carnivora, at the ex-
pense of the matters produced by the
metamorphosis of organized tissues;
and, just as the lion, tiger, hy®na, in
the cages of a menagerie, are compelled
to accelerate the waste of the organized
tissues by incessant motion, in order to
furnish the matter necessary for respira-
tion, so the savage, for the very same
object, is forced to make the most
laborious exertions, and go through a
vast amount of muscular exercise. He
is compelled to consume force merely
in order to supply matter for respiration.

Cultivation is the economy of force.
Science teaches us the simplest means
of obtaining the greafest effect with the
smallest expenditure of power, and
with given means to produce a maxi-
mum of force. The unprofitable ex-
ertion of power, the waste of force in
agriculture, in other branches of in-
dustry, in science, or in social economy,
is characteristic of the savage state, or
of the want of knowledge.

In accordance with what I have al-
ready stated, you will perceive that the
substances of which the food of man is
composed may be divided into two
classes; into nitrogenized and non-
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nitrogenized. The former are capable
of conversion into blood ; the latter are
incapable of this transformation.

Out of those substances which are
adapted to the formation of blood are
formed all the organized tissues. The
other class of substances, in the normal
state of health, serve to support the pro-
cess of respiration. The former ma
be called the plastic elements of nutri-
tion ; the latter, elements of respiration.

Among the former we reckon—

Vegetable fibrine.
Vegetable albumen.
Vegetable caseine.
Animal flesh.
Animal blood.

Among the elements of respiration in
our food are—

Fat. Pectine.
Starch. Bassorine.
Gum. Wine.
Cane Sugar. Beer.
Grape Sugar. Spirits.
Sugar of milk.

The most recent and exact researches
have established as a universal fact, to
which nothing yet known is opposed,
that the nitrogenized constituents of
vegetable food have a composition iden-
tical with that of the constituents of the
blood.

No nitrogenized compound, the com-
osition of which differs from that of
brine, albumen, and caseine, is capable

of supporting the vital process in
animals. .

The animal organism unquestionably
possesses the power of forming, from
the constituents of its blood, the sub-
stance of its membranes and cellular
tissue, of the nerves and brain, and of
the organic part of cartilages and bones.
But the blood must be supplied to it
ready formed in every thing but its
form—that is, in its chemical composi-
tion. If this be not done, a period is
rapidly put to the formation of blood,
and, consequently, to life.

This consideration enables us easily
to explain how it happens that the tis-
sues yielding gelatine or chondrine, as,
for example, tgee gelatine of skin or of
bones, are not adapted for the support
of the vital process ; for their composi-
tion is different from that of fibrine or
albumen. It is obvious that this means
nothing more than that those parts of
the animal organism which form the

blood do not possess the power of effect-
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;x:.}g a transformation in the arrangement
the elements of gelatine, or of those
tissues which contain it. The gelati-
nous tissues, the gelatine of the bones,
the membranes, the cells, and the skin,
suffer in the animal body, under the
influence of oxygen and moisture, a
progressive alteration ; a part of these
tissues is separated, and must be re-
stored from the blood; but this altera-
tion and restoration is obviously con-
fined within very narrow limits.

While, in the body of a starving or
sick individual, the fat disappears, and
the muscular tissue takes once more the
form of blood, we find that the tendons
and membranes retain their natural
condition ; the limbs of the dead body
retain their connections, which depend
on the gelatinous tissues.

On the other hand, we see that the
gelatine of bones devoured by a dog
entirely disappears, while only the bone
earth is found in his excrements. The
same is true of man, when fed on food
rich in gelatine, as, for example, strong
soup. The gelatine is not to be found
either in the urine or in the fieces, and
consequently must have undergone a
change, and must have served some
purpose in the animal economy. It is
clear that the gelatine must be expelled
from the body in a form different from
that in which it was introduced as food.

When we consider the transformation
of the albumen of the blood into a part
of an organ composed of fibrine, the
identity in composition of the two sub-
stances renders the change easily con-
ceivable. Indeed we find the change
of a dissolved substance into an insoluble
organ of vitality, chemically speaking,
natural and easily explained, on account
of this very identity of composition.
Hence the opinion is not unworthy of
a closer investigation, that gelatine,
when taken in the dissolved state, is
again converted, in the body, into cel-
lular tissue, membrane, and cartilage ;
that it may serve for the reproduction
of such parts of these tissues as have
been wasted, and for their growth.

And when the powers of nutrition in
the whole body are affected by a change
of the health, then, even should the
power of forming blood remain the
same, the arganin force by which the
constituents of the blood are trans-
formed into cellular tissue and mem-
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branes must necessarily be enfeebled
by sickness. In the sick man, the in-
tensity of the vital force, its power to
produce metamorphoses, must be dimi-
nished as well in the stomach as in all
other parts of the body. In this condi-
tion, the uniform experience of practical
physicians shows that gelatinous matters
in a dissolved state exercise a most
decided influence on the state of the
health. Given in a form adapted for
assimilation, they serve to husband the
vital force, just as may be done in the
case of the stomach, by due preparation
of the food in general.

Brittleness in the bones of gramini-
vorous animals is clearly owing to a
weakness in those parts of the organism
whose function it is to convert the con-
stituents of the blood into cellular tissue
and membrane ; and if we can trust to
the reports of physicians who have
resided in the East, the Turkish women,
in their diet of rice, and in the frequent
use of enemata of strong soup, have
united the conditions necessary for the
Furmation both of cellular tissue and of

at.

LETTER XI.

My pear sir: In the immense, yet
limited expanse of the ocean, the animal
and vegetable kingdoms are mutually
dependent upon, and successive to each
other. The animals obtain their con-
stituent elements from the plants, and
restore them to the water in their original
form, when they again serve as nourish-
ment to a new generation of plants.

The oxygen which marine animals
withdraw in their respiration from the
air, dissolved in sea-water, is returned
to the water by the vital processes of
sea plants ; that air is richer in oxygen
than atmospheric air, containing 32 to
33 per cent., while the latter contains
only 21 per cent. Oxygen also com-
bines with the products of the putrefac-
tion of dead animal bodies, changes
their carbon into carbonic acid, their
hydrogen into water, and their nitrogen
assumes again the form of ammonia.

Thus we observe in the ocean a circu-
lation takes place without the addition
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or subtraction of any element, un-
limited in duration, although limited in
extent, inasmuch as in a confined space
the nourishment of plants exists in a
limited quantity.

We well know that marine plants can-
not derive a supply of fwmus for their
nourishment through their roots. Look
at the great sea-tang, the Fucus Gigan-
tius: this plant, according to Cook,
reaches a ht:ghl of 360 feet, and a single
specimen, with its immense ramifica-
tions, nourishes thousands of marine
animals ; yet its root is a small body,
no larger than the fist. What nourish-
ment can this draw from a naked rock,
upon the surface of which there is no
perceptible change ? It is quite obvious
that these plants require only a hold—
a fastening to prevent a change of place
—as a counterpoise to their specific
gravity, which is less than that of the
medium in which they float. That
medium provides the necessary nourish-
ment, and presents it to the surface of
every part of the plant. Sea-water con-
tains not only carbonic acid and am-
monia, but the alkaline and earthy
phosphates and carbonates required b
these plants for their growth, and whic
we always find as constant constituents
of their ashes.

All experience demonstrates that the
conditions of the existence of marine
plants are the same which are essential
to terrestrial plants. But the latter do
not live, like sea plants, in a2 medium
which contains all their elements, and
surrounds with appropriate nourishment
every part of their organs; on the con-
trary, they require two media, of which
one, namel{', the soil, contains those
essential elements which are absent
from the medium surrounding them,
that is, the atmosphere.

Is it possible that we could ever be
in doubt respecting the office which the
soil and its component parts subserve
in the existence and growth of vegreta-
bles ?—that there should have been a
time when the mineral elements of
plants were not regarded as absolutely
essential to their vitality ? Has not the
same circulation been observed on the
surface of the earth, which we have
just contemplated in the ocean,—~the
same incessant change, disturbance, and
restitution of equilibrium?

Experience in agriculture shows that

'if by a miracle, when dre
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the production of vegetables on a given
surface increases with the supply of
certain matters, originally parts of the
soil which had been taken up from it by
plants—the excrements of man and
animals. These are nothing more than
matters derived from vegetable food,
which, in the vital processes of animals,
or after their death, assume again the
form under which they originally ex-
isted, as parts of the soil. Now, we
know that the atmosphere contains none
of these substances, and therefore can
replace none ; and we know that their
removal from a soil destroys its fertility,
which may be restored and increased
by a new supiﬂy. tn

Is it possible, after so many decisive
investigations into the origin of the ele-
ments of animals and vegetables, the
use of the alkalies, of lime and the phos-
phates, any doubt can exist as to the
principles upon which a rational agricul-
ture depends? Can the art of agricul-
ture be based upon any thing but the
restitution of a disturbed equilibrium?
Can it be imagined that any country,
however rich and fertile, with a flourish-
ing commerce, which for centuries ex-
ports its produce in the shape of grain
and cattle, will maintain its fertility, if
the same commerce does not restore, in
some form of manure, those elements
which have been removed from the soil,
and which cannot be replaced by the
atmosphere ! Must not the same fate
await every such country which has
actually befallen the once prolific soil
of Virginia, now in many parts no longer
able to grow its former staple produe-
tions—wheat and tobacco?

In the large towns of England the
produce both of English and forei
agriculture is largely consumed; ele-
ments of the soil indispensable to plants
do not return to the fields—contrivances
resulting from the manners and customs
of English people, and peculiar to them,
render it difficult, perhaps impossible
to collect the enormous quantity of the
phosphates, which are daily, as solid
and {‘iqui(l excrements, carried into the
rivers. These . husﬂhates, although
present in the soil in the smallest quan-
tity, are its most important mineral con-
stituents, It was observed that many
English fields exhausted in that manner,
immediately doubled Lhesi:egrodune, as

with bone
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earth imported from the continent. But
if the e:ﬁort of bones from Germany is
continued to the extent it has hitherto
reached, our soil must be gradually ex-
hausted ; and the extent of our loss may
be estimated, by considering that one

und of bones contains as much phos-
phoric acid as a hundred-weight of
orain,

The imperfect knowledge of nature,
and the properties and relations of mat-
ter, possessed by the alchemists, gave
rise, in their time, to an opinion that
metals as well as plants could be pro-
duced from a seed. The regular forms
and ramifications seen in crystals, they
imagined to be the leaves and branches
of metal plants; and as they saw the
seed of plants grow, producing root,
stem, and leaves, and again blossoms,
fruits and seeds, apparently without
receiving any supply of appropriate
material, they deemed it worthy of
zealous inquiry to discover the seed of

old, and the earth necessary for its

evelopment. If the metal-seeds were
once obtained, might they not entertain
hopes of their growth? Such ideas
could only be entertained when nothing
was known of the atmosphere, and its
participation with the earth, in admi-
mistering to the vital processes of plants
and animals. Modern chemistry in-
deed produces the elements of water,
and, combining them, forms water
anew ; but it does not create those ele-
ments—it derives them from water ; the
new-formed artificial water has been
water before.

Many of our farmers are like the
alchemists of old,—they are searching
for the miraculous seed—the means
which, without any further supply of
nourishment to a soil scarcely rich
enough to be sprinkled with indigenous

lants, shall produce crops of grain a
undredfold.

The experience of centuries, nay, of
thousands of years, is insufficient to
ruard men against these fallacies; our
only security from these and similar
absurdities must be derived from a cor-
rect knowledge of scientific principles.

In the first period of natural philo-
sophy, organic life was supposed to be
derived from water only ; afterward, it
was admitted that certain elements
derived from the air must be super-
added to the water; but we now know

v

that other elements must be supplied
by the earth, if plants are to thrive and
multiply.

The amount of materials contained in
the atmosphere, suited to the nourish-
ment of plants, is limited ; but it must
be abundantly sufficient to cover the
whole surface of the earth with a rich
vegetation. Under the tropics, and in
those parts of our globe where the most
genial conditions of fertility exist,—a
suitable soil, a moist atmuapﬁere, and a
higih temperature,—vegetation is scarce-
ly limited by space ; and, where the soil
is wanting, it 15 gradually supplied by
the decaying leaves, bark, and branches
of plants. It is obvious there is no defi-
ciency of atmospheric nourishment for
plants in those regions, nor are these
wanting in our own cultivated fields:
all which plants require for their de-
velopment is conveyed to them by the
incessant motions ef the atmosphere.
The air between the tropics contains no
more than that of the arctic zones; and
yet how different is the amount of pro-
duce of an equal surface of land in the
two situations !

This is easily explicable. All the
plants of tropical climates, the oil and
wax palms, the sugar-cane, &c., contain
only a small quantity of the elements of
the blood necessary to the nutrition of
animals, as compared with our cultivated
plants. The tubers of the potato in
Chili, its native country, where the
plant resembles a shrub, if collected
from an acre of land, would scarcely
suffice to maintain an Irish family for a
single day. (Darwin.% The result of
cultivation in those plants which serve
as food is to produce in them those con-
stituents of the blood. In the absence
of the elements essential to these in the
soil, starch, sugar, and woody fibre are
perhaps formed ; but mno vegetable
fibrine, albumen, or caseine. If we
intend to produce on a given surface of
soil more of these latter matters than
the plants can obtain from the atmo-
sphere or receive from the soil of the
same surface in its uncultivated and
normal state, we must creafe an artificial
atmosphere, and add the needed ele-
ments to the soil.

The nourishment which must be sup-
plied in a given time to different plants,
in order to admit a free and unimpeded
gl‘ﬂ‘n‘th, is very utﬁequal.
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On pure sand, on calcareous soil, on
naked rocks, only a few genera of
plants prosper, and these are, for the
most part, perennial plants. They re-
quire, for their slow growth, only such
minute quantities of mineral substances
as the soil can furnish, which may be
totally barren for other species. Annual,
and especially sammer plants, grow and
attain their perfection in acomparatively
short time ; they therefore do not pros-
per on a soil which is poor in those
mineral substances necessary to their
development. To attain a maximum
in height in the short period of their
existence, the nourishment contained in
the atmosphere is not sufficient. If the
end of cultivation is to be obtained, we
must create in the soil an artificial
atmosphere of carbonic acid and am-
monia; and this surplus of nourish-
ment, which the leaves cannot appro-
Eriate from the air, must be taken up

y the corresponding organs, that is,
the roots, from the soil. But the am-
monia, together with the carbonic acid,
are alone insufficient to become part of
a plant destined to the nourishment of
animals. Inthe absence of the alkalies,
the phosphates and other earthy salts,
no vegetable fibrine, no vegetable
caseine, can be formed. The phos-
phoric acid of the phosphate of lime,
indispensable to the cerealia and other
vegetables in the formation of their
seeds, is separated as an_excrement, in
great quantities, by the rind and barks
of ligneous plants.

How different are the evergreen
plants, the oleaginous plants, the mosses,
the ferns, and the pines, from our an-
nual es, the cerealia and legumi-
nous vegetables! The former, at every
time of the day during winter and sum-
mer, obtain carbon through their leaves
by absorbing carbonic acid, which is not
furnished by the barren soil on which
they grow ; water is also absorbed and
retained by their coriaceous or fleshy
leaves with great force. They lose
very little by evaporation, compared
wif‘vl other plants, On the other hand,
how very small is the quantity of mi-
neral substances which they withdraw
from the soil during their almost con-
stant growth in one year, in comparison
with the quantity which ome crop of
wheat of an equal weight receives in
three months !
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It is by means of moisture that plants
receive 3;3 necessary alkalies and salts
from the soil. In dry summers a phe-
nomenon is observed, which, when the
importance of mineral elements to the
life of a plant was unknown, could not
be explammed. The leaves of plants
first developed and perfected, and there-
fore nearer the surface of the sail,
shrivel up and become yellow, lose
their vitality, and fall off while the
plant is in an active state of growth,
without any visible cause. Thjs phe-
nomenon is not seen in moist years,
nor in evergreen plants, and but rarely
in plants which have long and deep
roots, nor is it seen in perennials in
autumn and winter.

The cause of this premature decay is
now obvious. The perfectly developed
leaves absorb continually earbonic acid
and ammonia from the atmosphere,
which are converted into elements of
new leaves, buds, and shoots; but this
metamorphosis eannot be effected with-
out the aid of the alkalies, and other
mineral substances. If the soil is moist,
the latter are continually supplied to
an adequate amount, and the plant re-
tains its lively green colour; but if this
supply ceases from a want of moisture
to dissolve the mineral elements, a se-
paration takes place in the plant itself.
The mineral constituents of the juice
are withdrawn from the leaves already
formed, and are used for the formation
of the young shoots ; and as soon as the
seeds are developed, the vitality of the
leaves completely ceases. These wi-
thered leaves contain only minute
traces of soluble salts, while the buds
and shoots are very rich in them.

On the other hand, it has been ob-
served, that where a soil is too highl
impregnated with soluble saline materi-
als, these are separated upon the sur-
face of the leaves. This happens to
culinary vegetables especially, whose
leaves become covered with a white
crust. In consequence of these exuda-
tions the plant sickens, its organic acti-
vity decreases, its growth is disturbed ;
and if this state continues long, the plant
dies. This is most frequently seen in
foliaceous plants, the large surfaces of
which evaporate considerable quantities
of water. Carrots, pumpkins, peas, &ec.,
are {requently thus diseased, when, after
dry weather, the plant being near its
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full growth, the soil is moistened by
short showers, followed again by dry
weather, The rapid evaporation car-
ries off the water absorbed by the root,
and this leaves the salis in the plant in
a far greater quantity than it can assimi-
late. These salts effloresce upon the
surface of the leaves, and if they are
herbaceous and juicy, produce an eflect
upon them as if they had been watered
with a solution containing a greater
E:Hﬂlilj' of salts than their organism can
ar.

Of two plants of the same species,
this disease befalls that which is nearest
its perfection ; if one should have been
Planted. later, or be more backward in
its development, the same external
cause which destroys the one will con-
tribute to the growth of the other.

LETTER XIL

My pEar sir: Having now occupied
several letters with the attempt to un-
ravel, by means of chemistry, some of
the most curious functions of the ani-
mal body, and, as I hope, made clear
to you the distinctions between the two
kinds of constituent elements in food,
and the purposes they severally sub-
serve in sustaining life, let me now di-
rect your attention to a scarcely less
interesting and equally important sub-
ject—the means of obtaining from a
given surface of the earth the largest
amount of produce adapted to the food
of man and animals. ’

Agriculture is both a science and an
art. The knowledge of all the condi-
tions of the life of vegetables, the origin
of their elements, and the sources of
their nourishment, forms its scientific
basis. ‘

From this knowledge we derive cer-
tain rules for the exercise of the arr,
the principles upon which the mechani-
cal operations of farming depend, the
usefulness or necessity of these for pre-
paring the soil to support the growth
of plants, and for removing every
obnoxious influence. No experience,
drawn from the exercise of the art, can
be opposed to true snient'!ﬁc principles,
because the latter should include all the
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results of practical operations, and are
in some instances solely derived there-
from. Theory must correspond with
experience, because it is nothing more
than the reduction of a series of pheno-
mena to their last cause.

A field in which we cultivate the same
plant for several successive years be-
comes barren for that plant in a period
varying with the nature of the seil: in
one field it will be in three, in another
in seven, in a third in twenty, in a fourth
in a hundred years. One field bears
wheat, and no peas; another beans and
turnips, but no tobacco : a third gives a
plentiful crop of turnips, but will not
bear clover. What is the reason that
a field loses its fertility for one plant,
the same which at first flourished there ?
What is the reason one kind of plant
succeeds in a field where another fails ?

These questions belong to Science,

What means are necessary to pre-
serve to a field its fertility for one and
the same plant’—what to render one
field fertile for two, for three, for all
plants?

These last questions are dpnf by Art,
but they cannot be answered by Art.

If a farmer, without the guidance of
just scientific principles, is trying ex-
periments to render a field fertile for a
plant which it otherwise will not bear,
his prospect of success is very small.
Thousands of farmers try such experi-
ments in various directions, the result
of which is a mass of practical experi-
ence forming a method of cultivation
which accomplishes the desired end for
certain places; but the same method
frequently does not succeed—it indeed
ceases to be applicable to a second or
third place in the immediate neighbour-
hood. How large a capital, and how
much power, are wasted in these ex-
periments! Very different, and far
more secure, is the path indicated by
SCIENCE ; it exposes us to no danger of
failing, but, on the contrary, it furnishes
us with every guarantee of success. If
the cause of failure—of barrenness in
the soil for one or two plants—has been
discovered, means to remedy it may
readily be found.

The most exact observations prove
that the method of cultivation must vary
with the geognostical condition of the
subsoil. In basalt, greywacke, porphy-
1y, sandstone, limestone, &c., are cer-
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tain elements indispensable to the
growth of plants, and the presence of
which renders them fertile. This fully
explains the difference in the necessary
methods of culture for different places;
since it is obvious that the essential ele-
ments of the soil must vary with the
varieties of composition of the rocks,
from the disintegration of which they
originated.

Wheat, clover, turnips, for example,
each require certain elements from
the soil; they will not flourish where
the appropriate elements are absent.
Science teaches us what elements are
essential to every species of plants by
an analysis of their ashes. If there-
fore a soil is found wanting in any of
those elements, we discover at once the
cause of its barrenness, and its removal
may now be readily accomplished.

The empiric attributes all his success
to the mechanical operations of agricul-
ture: he experiences and recognises
their value, without inquiring what are
the causes of their ulllily, their mode
of action: and yet this scientific know-
ledge is of the highest importance for
regulating the application of power and
the expenditure of capital—for insuring
its economical expenditure and the pre-
vention of waste. Can it be imagined
that the mere passing of the ploughshare
orthe harrow l.hmugi the soil—the mere
contact of the iron—ean impart fertility
miraculously ? Nobody, perhaps, se-
riously entertains such an opinion.
Nevertheless, the modus operandi of
these mechanical operations is by ne
means generally understood. The fact
is quite certain, that careful ploughing
exerts the most favonrable influence;
the surface is thus mechanically divided,
changed, increased, and renovated ;
but the ploughing is only auxiliary to
the end sought.

In the eflects of time, in what in
agriculture are technically called fal-
lows—the repose of the fields—we re-
cornise by science certain chemical
actions, which are continually exer-
cised b{l the elements of the atmosphere
upon the whole surface of our globe.
By the action of its oxygen and its car-
bonic acid, aided by water, rain, changes
of temperature, &c., certain elementary
constituents of rocks, or of their ruins,
which form the soil capable of cultiva-
tion, are rendered soluble in water, and
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consequently become separable from all
their insoluble parts.

These chemical actions, poetically
denominated “the tooth of time,"” de-
stroy all the works of man, and gra-
dually reduce the hardest rocks to the
condition of dust. By their influence
the necessary elements of the soil be-
come fitted for assimilation by plants;
and it is precisely the end which is ob-
tained by the mechanical operations of
farming. They accelerate the decom-
position of the seil, in order to provide
a new generation of plants with the
necessary elements in a condition fa-
vourable to their assimilation. It is
obvious that the rapidity of the decom-
position of a solid body must increase
with the extension of its surface ; the
more points of contact we offer in a
given time to the external chemical
agent, the more rapid will be its action.

The chemist, in order to prepare a
mineral for analysis, to decompose it,
or to increase the solubility of its ele-
ments, proceeds in the same way as the
farmer deals with his fields—he spares
no labour in order to reduce it to the
finest powder; he separates the impal-

able from the coarser parts by wash-
ing, and repeats his mechanical bruising
and trituration, being assured his whole
process will fail if he is inattentive to
this essential and preliminary part of it.

The influence which the increase of
surface exercises upon the disintegration
of rocks, and upon the chemical action
of air and moisture, is strikingly illus-
trated upon a large scale in the opera-
tions pursued in the gold mines of
Yaquil, in Chili. These are described
in a very interesting manner by Dar-
win. The rock containing the gold ore
is pounded by mills into tge finest pow-
der; this is subjected to washing, which
separates the lighter particles from the
metallic ; the gold sinks to the bottom,
while a stream of water carries away
the lighter earthy parts into ponds,
where it subsides to ti:)e bottom as mud.
When this deposit has gradually filled
up the pond, this mud is taken out and
piled in heaps, and left exposed to the
action of the atmosphere and moisture.
The washing completely removes all
the soluble part of the disintegrated
rock ; the insoluble part, moreover, can-
not undergo any further change while
it is covered with water, and so ex-
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cluded from the influence of the atmo-
sphere at the bottom of the pond. But
being exposed at once to the air and
moisture, a powerful chemical action
takes place in the whole mass, which
becomes indicated by an effloresence of
salts covering the whole surface of the
heaps in considerable quantity. After
being exposed for two or three years,
the mud 1s again subjected to the same
process of washing, and a considerable
quantity of gold is obtained, this having
been separated by the chemical process
of decomposition in the mass. The
exposure and washing of the same mud
is repeated six or seven times, and at
every washing it furnishes a new quan-
tity of gold, although its amount di-
minishes every time.

Precisely similar is the chemical
action which takes place in the soil of
our fields; and we accelerate and in-
crease it by the mechanical operations
of agriculture. By these we sever and
extend the surface, and endeavour to
make every atom of the soil accessible
to the action of the carbonic acid and
oxygen of the atmosphere. We thus
produce a stock of soluble mineral
substances, which serve as nourishment
to a new generation of plants, and which
are indispensable to their growth and

prosperity.

LETTER XIIIL

My pear sik: Having in my last
letter spoken of the general principles
upon which the science and art of ag-
riculture must be based, let me now
direct vour attention to some of those
pnrtit.u‘{ars which will more forcibly
exhibit the connection between chemis-
try and agriculture, and demonstrate
the impossibility of perfecting the im-
portant art of rearing food for man and
animals without a profound knowledge
of our science. ;

All plants cultivated as food require
for their healthy sustenance the alkalies
and alkaline earths, each in a certain
proportion ; and in addition to these,
the cerealia do not succeed in a soil
destitute of silica in a soluble condition.
The combinations of this substance
found as natural productions, namely,
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the silicates, differ greatly in the degree
of facility with which they undergo de-
composition, in consequence of the
unequal resistance opposed by their
integral parts to the dissolving power
of the atmospheric agencies. Thus the
granite of Corsica %zgeneratea into a
powder in a time which scarcely suf-
fices to deprive the polished granite of
Heidelberg of its lustre.

Some soils abound in silicates so
readily decomposable, that in every one
or two years, as much silicate of potash
becomes soluble and fitted for assimila-
tion as is required by the leaves and
straw of a crop of wheat. In Hungary,
extensive districts are not uncommon
where wheat and tobacco have been
grown alternately upon the same soil
for centuries, the land never receiving
back any of those mineral elements
which were withdrawn in the grain and
straw. On the other hand, there are
fields in which the necessary amount
of soluble silicate of potash for a single
crop of wheat is not separated from the
insoluble masses in the soil in less than
two, three, or even more years.

The term fallow, in agriculture, de-
signates that period in which the soil,
left to the influence of the atmosphere,
becomes enriched with those soluble
mineral constituents. Fallow, however,
does not generally imply an entire ces-
sation of cultivation, but only an inter-
val in the growth of the cerealia. That
store of silicates and alkalies which is
the principal condition of their success
is obtained, if potatoes or turnips are
grown upon the same fields in the in-
termediate periods, since these crops do
not abstract a particle of silica, and
therefore leave the field equally fertile
for the following crop of wheat.

The preceding remarks will render it
obvious to you, that the mechanical
working of the soil is the simplest and
cheapest method of rendering the ele-
ments of nutrition contained in it acces-
sible to plants.

But it may be asked, Are there not
other means of decomposing the soil
besides its mechanical subdivision?—
are there not substances, which, by their
chemical operation, shall equally well
or better render its constituents suitable
for entering into vegetable organisms?
Yes: we certainly possess such sub-
stances, and one ;i‘ them, namely, quick-
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change ; all its component parts, as-
suming the form of lifeless compounds,
are thrown off by the skin, lungs, and
urinary system, altered more or less by
the secretory organs. This change in
the living body is intimately connected
with the process of respiration ; it is, in
truth, occasioned by the oxygen of the
atmosphere in breathing, which com-
bines with all the various matters within
the body. Atevery inspiration a quan-
tity of oxygen passes into the blood in
the lungs, and unites with its elements ;
but although the weight of the oxygen
thus daily entering into the body,
amounts to 32 or more ounces, yet the
weight of the body is not thereby in-
creased, Exactly as much oxygen as
is imbibed in inspiration passes off in
expiration, in the form of carbonic acid
and water; so that with every breath
the amount of carbon and hydrogen in
the body is diminished. But the ema-
ciation—the loss of weight '!3( starvation
—does not simply depend upon the
separation of the carbon and hydrogen ;
but all the other substances which are in
combination with these elements in the
living tissues pass off in the secretions.
The nitrogen undergoes a change, and
is thrown out of the system by the kid-
neys. Their secretion, the urine, con-
tains not only a compound rich in
nitrogen, namely, urea, but the sulphur
of the tissues in the form of a sulphate,
all the soluble salts of the blood and
animal fluids, common salt, the phos-
phates, soda, and potash. The carbon
and hydrogen of the blood of the mus-
cular fibre, and of all the animal tissues
which can undergo change, return into

the atmosphere. The nitrogen, and all
" the soluble inorganic elements, are car-
ried to the earth in the urine.

These changes take place in the
healthy animal body during every mo-
ment of life; a waste and %uss of sub-
stance proceeds continually ; and if this
loss is to be restored, an! the original
weight and substance repaired, an ade-
quate supply of materials must be fur-
nished whenee the blood and wasted
tissues may be regenerated. This sup-
ply is obtained from the food.

In an adult person in a normal or
healthy condition, no sensible increase
or decrease of weight occurs from da
to day. In youth the weight of the
body increases, while in old age it de-
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creases. There can be no doubt that
in the adult, the food has exactly re-
placed the loss of substance; it has
supplied just so much carbon, hydro-
gen, nitrogen, and other elements, as
have Passed through the skin, lungs,
and urinary organs. In youth the sup-
ply is greater than the waste. Part of
the elements of the food remain to aug-
ment the bulk of the body. In old age
the waste is greater than the supply,
and the badyﬁiminishes. It is unques-
tionable, that, with the exception of a
certain quantity of carbon and hydrogen,
which are secreted through the skin and
lungs, we obtain, in the solid and fluid
excrements of man and animals, all the
elements of their food.

We obtain daily, in the form of urea,
all the nitrogen taken in the food both
of the young and the adult; and further,
in the urine, the whole amount of the
alkalies, soluble phosphates and sul-
phates contained in all the various ali-
ments. In the solid excrements are
found all those substances taken in the
food which have undergone no altera-
tion in the digestive organs, all indi-
gestible matters, such as woody fibre,
the green colouring matter of leaves,
(chlorophyle,) wax, &e.

Physiology teaches us that the pro-
cess of nutrition in animals, that 1s, iﬂeir
increase of bulk, or the restoration of
wasted parts, proceeds from the blood.
The purpose of digestion and assimila-
tion is to convert the food into blood.
In the stomach and intestines, there-
fore, all those substances in the food
capable of conversion into blood are
separated from its other constituents;
in other words, during the passage of
the food through the intestinal canal
there is a constant absorption of its nitro-
gen, since only azotized substances are
capable of conversion into blood; and
therefore the solid excrements are desti-
tute of that element, except only a
small portion, in the constitution of
that secretion which is formed to faci-
litate their passage. With the solid
excrements, the phosphates of lime and
magnesia, which were contained in the
food and not assimilated, are carried
off, these salts being insoluble in water,
and therefore not entering the urine.

We may obtain a clear insight into
the chemical constitution of the solid
excrements without further investiga-
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tion, by comparing the fmces of a do
with his food. e give that animﬁ
fleeh and bones—substances rich in
azotized matter—and we obtain, as the
last product of its digestion, a perfectly
white excrement, solid while moist,
but becoming in the dry air a powder.
This is the phosphate of lime of the
bones, with scarcely one per cent. of
foreign organic matter.

Thus we see that in the solid and
fluid exerements of man and animals,
all the nitrogen—in short, all the con-
stituent ingredients of the consumed
food, soluble and insoluble, are re-
turned ; and as food is primarily
derived from the fields, we possess in
those excrements all the ingredients
which we have taken from 1t in the
form of seeds, roots, or herbs.

One part of the crops employed for
fattening sheep and cattle is consumed
by man as animal food ; another part
is taken directly—as flour, potatoes,
green vegetables, &c.; a thir gmrtinn
consists of vegetable refuse, and straw
employed as litter.  None of the mate-
rials n¥ the soil need be lost. We can,
it is obvious, get back all its consti-
tuent parts which have been withdrawn
therefrom, as fruits, grain, and animals,
in the fluid and solid excrements of
man, and the bones, blood, and skins of
the slaughtered animals. It depends
upon ourselves to collect carefully all
these scattered elements, and to restore
the disturbed equilibrium of composi-
tion in the soil. We can calculate ex-
actly how much and which of the com-
ponent parts of the soil we export n a
sheep or an ox, in a quarter of barley,
wheat, of potatoes, and we can discover,
from the known composition of the
excrements of man and animals, how
much we have to supply to restore what
is lost to our fields.

If, however, we could procure from
other sources the substances which give
to the exuvie of man and animals their
value in agriculture, we should not
need the latter. It is quite indifferent
for our purpose whether we supply the
ammonia (tfle source of nitrogen) in the
form of urine, or in that of a salt de-
rived from coal-tar; whether we derive
the phosphate of lime from bones, apa-
tite, or fossil excrements, (the copro-

ithes. _
> ’I?}?e} principal problem for agricul-
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ture is, how to replace those substances
which have been taken from the soil,
and which cannot be furnished by the
atmosphere. If the manure supplies
an imperfect compensation for this loss,
the fertility of a field or of a country
decreases; if, on the contrary, more
are given to the fields, their fertility
increases.

An importation of urine, or of solid
excrements, from a foreign country, is
equivalent to an importation of grain
and cattle. In a certain time, the ele-
ments of those substances assume the
form of grain, or of fodder, then be-
come flesh and bones, enter into the
human body, and return again day
by day to the form they originally pos-
sessed. _

The only real loss of elements we
are unable to prevent is of the phos-
phates, and these, in accordance with
the customs of all modern nations, are
deposited in the grave. For the rest,
every part of that enormous quantity of
food which a man consumes during his
lifetime, (say in sixty or seventy years,)
which was c{erimd from the fields, can
be obtained and returned to them. We
know with absolute certainty, that in
the blood of a young or growing ani-
mal there remains a cerlain quantity of
phosphate of lime and of the alkaline
phosphates, to be stored up and minister
to the growth of the bones and general
bulk of the body, and that, with the
exception of this very small quantity,
we receive back, in the solid and flmid
excrements, all the salis and alkaline
bases, all the phosphate of lime and
magnesia, and consequently all the in-
organic elements which the animal
consumes in its food.

We can thus ascertain precisely the
quantity, quality, and composition of
animal excrements, without the trouble
of analyzing them. If we give a horse
daily 44 pounds weight of oats, and
15 pounds of hay, and knowing that
oats give 4 per cent. and hay 9 per
cent. of ashes, we can calculate that
the daily excrements of the horse will
contain 21 ounces of inorganic matter
which was drawn from the fields. By
analysis we can determine the exact
relative amount of silica, of phosphates,
and of alkalies, contained in the ashes
of the oats and of the hay.

You will now understand that the
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constituents of the solid parts of animal
excrements, and therefore their qualities
as manure, must vary with the nature
of the creature's food. If we feed a
cow upon beet-root, or potatoes, without
hay, straw, or grain, there will be no
silica in her solid excrements, but there
will be phosphate of lime and magnesia.
Her fluid excrements will contain car-
bonate of potash and soda, together
with compounds of the same bases with
inorganic acids. In one word, we have,
in the fluid excrements, all the soluble
parts of the ashes of the consumed
food ; and, in the solid excrements, all
those parts of the ashes which are in-
soluble in water.

If the food, after burning, leaves
behind ashes containing soluble alka-
line phosphates, as is the case with
bread, seeds of all kinds, and flesh, we
obtain from the animal by which they
are consumed a urine holding in solu-
tion those phosphates. If, however,
the ashes of food contain no alkaline
phosphates, but abound in insoluble
earthy phosphates, as hay, carrots, and
potatoes, the urine will be free from
alkaline phosphates, but the earthy

hosphates will be found in the faces.

he urine of man, of carnivorous and
raminivorous animals, contains alka-
ine phosphates; that of herbivorous
animals is free from these salts.

The analysis of the excrements of
man, of the piscivorous birds, (as the
guano,) of the horse, and of cattle, fur-
nishes us with the precise knowledge
of the zalts they contain, and demon-
strates that, in those excrements, we
return to the fields the ashes of the
plants which have served as food—the
soluble and insoluble salts and earths
indispensable to the development of
cultivated plants, and which must be
furnished to them by a fertile soil.

There can be no doubt that, in sup-
plying these excrements to the soil, we
return to it those constituents which the
crops have removed from it, and we
renew its capability of nourishing new
crops: in one word, we restore the
disturbed equilibrium ; and, consequent-
ly, knowing that the elements of the
food derived from the soil enter into the
urine and solid excrements of the ani-
mals it nourishes, we can with the
greatest facility determine the exact
value of the different kinds of manure.
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Thus the excrements of pigs which we
have fed with peas amr potatoes are
principally suited for manuring crops
of potatoes and peas. In feeding a cow
upon hay and turnips, we obtain a ma-
nure containing the inorganic elements
of ses and turnips, and which is,
therefore, preferable for manuring tur-
nips. The excrement of pigeons con
tains the mineral elements of grain:
that of rabbits, the elements of herbs
and kitchen vegetables, The fluid and
solid exerements of man, however, con-
tain the mineral elements of grain and
seeds in the greatest quantity.

LETTER XV.

My pear sir: You are now ac-
uainted with my opinions respecting

the effects of the appﬁcmiun of mineral
agents to our cultivated fields, and also
the rationale of the influence of the
various kinds of manures; you will,
therefore, now readily understand what
I have further to say of the sources
whence the carbon and nitrogen, indis-
pensable to the growth of plants, are
derived.

The growth of forests, and the pro-
duce of meadows, demonstrate that an
inexhaustible quantity of carbon is fur-
nished for vegetation by the earbonic
acid of the atmosphere.

We obtain from an equal surface of
forest, or meadow-land, where the ne-
cessary mineral elements of the soil
are present in a suitable state, and to
which no carbonaceous matter what-
ever is furnished in manures, an amount
of carbon, in the shape of wood and
hay, quite equal, and ofttimes more
than is produced by our fields, in grain,
roots, and straw, upon which abundance
of manure has been heaped.

It is perfectly obvious that the atmo-
sphere must firnish to our cultivated
fields as much carbonic acid as it does
to an equal surface of forest or meadow,
and that the carbon of this carbonic
acid is assimilated, or may be assimilated
by the plants growing there, provided
the conditions essential to its assimila-
tion, and becoming a constituent ele-
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only in proportion to its absorbing
surface ; but if we create in the soil a
new source of carbonic acid, by decay-
ing vegetable substances, and the roots
absorb in the same time three times
as much carbonic acid from the soil
as the leaves derive from the atmo-
sphere, the plant will increase in weight
fourfold. This fourfold increase ex-
tends to the leaves, buds, stalks, &c.,
and in the increased extent of surface,
the plant acquires an increased power
of absorbing nourishment from the air,
which continues in action far beyond
the time when its derivation of car-
bonic acid through the roots ceases.
Humus, as a source of carbonic acid
in cultivated lands, is not only useful
as & means of increasing the quantity
of carbon—an effect which in most
cases may be very indifferent for agricul-
tural purposes—but the mass of the
plant having increased rapidly in a
short time, space is obtained for the
assimilation of the elements of the
soil necessary for the formation of new
leaves and branches.

Water evaporates instantly from the
surface of the young plant; its quantity
is in direct proportion to the tempera-
ture and the extent of the surface. The
numerous radical fibrillim replace, like
sn many pumps, the evaporated water;
and so long as the soil is moist, or

enetrated with water, the indispensa-

le elements of the soil, dissolved in
the water, are supplied to the plant.
The water absorbed by the plant
evaporating in an aériform state, leaves
the saline and other mineral constitu-
ents within it. The relative proportion
of these elements taken up by a plant,
is greater, the more extensive the sur-
face and more abundant the supply of
water; where these are limited, the
plant soon reaches its full growth, while
if their supply is continued, a greater
amount of elements necessary to en-
able it to appropriate atmospheric nour-
ishment being obtained, its development
proceeds much further. The ?uantit}r,
or mass of seed produced, will corres-
pond to the quantity of mineral consti-
tuents present in the plant. That plant,
therefore, containing the most line
phosphates and earthy salts, will pro-
duce more or a Erealer weight of seeds
than another which, in an equal time,
has absorbed less of them. %’

CHEMISTRY.

quently observe, in a hot summer, when
a further supply of mineral ingredients
from the suircea&ea through want of
water, that the height and strength of
plants, as well as the development of
their seeds, are in direct proportion to
its absorption of the elementary parts
of the soil in the preceding epﬂcﬁ‘s of
its growth,

he fertility of the year depends in
general upon the temperature, and the
moisture or dryness of the spring, if all
the conditions necessary to the assimi-
lation of the atmospheric nourishment
be secured to our cultivated plants. The
action of humus, then, as we have ex-
plained it above, is chiefly of value in
caining fime. In agriculture, this must
ever be taken into account; and in this
respect humus is of importance in
favouring the growth of vegetables,
cabbages, &c.

But the cerealia, and plants grown for
their roots, meet on our fields, in the
remains of the preceding crop, with a
quantity of decaying vegetable sub-
stances corresponding to their contents
of mineral nutriment from the soil, and
consequently with a quantity of carbon-
ic acid adequate to their accelerated
development in the spring. A further
supply of carbonic acid, therefore,
would be quite useless, without a cor-
responding increase of mineral ingre-
dients.

From a morgen of good meadow
land, 2,500 pounds weight of hay, ac-
cording to the best agriculturists, are
obtained on an average. This amount
is furnished without any supply of or-
ganic substances, without manure con-
taining carbon or nitrogen. By irriga-
tion, and the application of ashes or
gypsum, double that amount will be
grown. But assuming 2,500 pounds
weight of hay to be the maximum, we
may calculate the amount of carbon and
mtrogen derived from the atmosphere
by the plants of meadows. i

According to elementary analysis,
hay, dried at a temperature of 100°
Reaumur, contains 45'8 per cent. of car-
bon, and 15 per cent. of nitrogen. 14
per cent. of water retained by the hay,
dried at common temperatures, is driven
off at 100°. 2500 pounds weight of
hay, therefore, corresponds to 2150
pounds, dried at 100°. This shows

e conse- jus, that 984 pounds of carbon, and
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32-2 pounds weight of nitrogen, have
been obtained in the produce of one
morgen of meadow-land. Bupposing
that this nitrogen has been absorbed by
the plants in the form of ammonia,
the atmosphere contains 39-1 pounds
weight of ammonia to every 3,640
pounds weight of carbonic acid (= 984
carbon, or 27 per cent.;) or, in other
words, to every 1,000 pounds weight of
carbonic acid, 10 pounds of ammonia,
that is, to about 457y the weight of
the air, or zzis5 of its volume.

For every 100 parts of carbonic acid
absorbed by the surface of the leaves,
the plant receives from the atmosphere
somewhat more than one part of am-
monia.

With every 1,000 pounds of carbon,
we obtain—

From a meadow . 32 7-10 pounds of nitrogen.
From cultivated fields—

In wheat . . 215 o B
Oats T ] “ L
Rye . . 152 “ 5
Potatoes . 341 L "
Beet-root . 391 L a
Clover . 4 L H
Peas . 62 L] “

Boussingault obtained from his farm
at Bechelbronn, in Alsace, in five {eurs,
in the shape of potatoes, wheat, clover,
turnips, and oats, 5383 of carbon, and
250-7 nitrogen. In the following five
years, as beet-root, wheat, clover, tur-
nips, oats, and rye, 8,192 of carbon,
and 284-2 of nitrogen. In a further
course of six years, potatoes, wheat,
clover, turnips, peas, and rye, 10,949
of carbon, 8566 of nitrogen; in six-
teen years, 27,424 carbon, 858-5 nitro-
Een: which gives, for every 1,000 car-

on, 313 nitrogen.

From these interesting and unques-
tionable facts, we may deduce some
conclusions of the higﬁest importance
in their application to agriculture.

1. We observe that the relative pro-

ortions of carbon and nitrogen stand
in a fixed relation to the surface of the
leaves. Those plants in which all the
nitrogen may be said to be concentrated
in the seeds, as the cerealia, contain on
the whole less nitrogen than the legu-
minous plants, peas and clover.

2. The produce of nitrogen on a
meadow which receives no nitrogenize
manure, is greater than that of a field
of wheat which has been manured.

3. The produce of nitrogen in clover

?
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and peas, which agriculturists will ac-

knowledge require no nitrogenized

manure, is far greater than that of a
otato or turnip-field, which is abun-
antly supplied with such manures.

Lastly,—and this is the most curious
deduction to be derived from the above
facts,—if we plant potatoes, wheat,
turnips, peas, and clover, (plants con-
taining potash, lime, and silex) upon
the same land, three times manured,
we gain in sixteen years, for a given
quantity of carbon, the same proportion
of nitrogen which we receive from a
meadow which has received no nitro-
genized manure.

On a morgen of meadow-land, we
obtain in plants, containing silex, lime,
and potash, 984 carbon, 32-2 nitrogen.
On a morgen of cultivated land, in an
average of sixteen years, in plants con-
taining the same mineral elements,
silex, lime, and potash, 857 carbon,
26-8 nitrogen.

If we add the carbon and nitrogen
of the leaves of the beet-root, and the
stalks and leaves of the potatoes, which
have not been taken into account, it
still remains evident that the cultivated
fields, notwithstanding the supply of
carbonaceous and nitrogenized ma-
nures, produced no more carbon and
nitrogen than an equal surface of
meadow-land supplieg only with mi-
neral elements.

What, then, is the rationale of the
effect of manure—of the solid and fluid
excrements of animals !

This questibn can now be satisfac-
torily answered : that effect is the re-
storation of the elementary constituents
of the soil which have been gradually
drawn from it in the shape of grain and
cattle. If the land I am speaking of
had not been manured during those 16
years, not more than one-half, or per-
haps than one-third part of the carbon
and nitrogen wnuidp have been pro-
duced. We owe it to the animal excre-
ments, that it equalled in production
the meadow-land; and this, because
they restored the mineral ingredients
of the soil removed by the crops. All
that the supply of manure accomplish-
ed, was to prevent the land from be-

d | coming poorer in these than the mea-

dow which produces 2500 pounds of

hay. We withdraw from the meadow

in this hay as large an amount of mi-
E
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neral substances as we do in one har-
vest of grain, and we know that the
fertility of the meadow is just as de-
pendent upon the restoration of these
ingredients to its soil, as the cultivated
land is upon manures. Two meadows
of equal surface, containing unequal
quantities of inorganic elements of nour-
ishment—other conditions being equal
—are very unequally fertile ; that
which possesses most, furnishes most
hay. If we do not restore to a meadow
the withdrawn elements, its fertility
decreases. But its fertility remdins
unimpaired, with a due supply of ani-
mal excrements, fluid and solid, and it
not only remains the same, but may be
increased by a supply of mineral sub-
stances alone, such as remain after the
combustion of ligneous plants and other
vegetables; namely, ashes. Ashes
represent the whole nourishment which
vegetables receive from the soil. By
furnishing them in sufficient quantities
to our meadows, we give to the plants
growing on them the power of condens-
ing and absorbing carbon and nitrogen
by their surface. May not the eflect
of the solid and fluid excrements, which
are the ashes of plants and grains,
which have undergone combustion in
the bodies of animals and man, be de-
pendent upon the same cause ! Should
not the fertility, resulting from their
application, be altogether independent
of the ammonia they contain? Would
not their effect be precisely the same
in promoting the fertility of cultivated
plants, if we had evaporated the urine,
and dried and burned the solid excre-
ments ! Surely the cerealia and legu-
minous plants which we cultivate must
derive their carbon and nitrogen from
the same source whence the graminea
and leguminous plants of the meadows
obtain them! No doubt can be enter-
tained of their capability to do so.

In Virginia, upon the lowest caleula-
tion, 22 ﬁ:bs. weight of nitrogen were
taken on the average, yearly, from
every morgen of the wheat-fields. This
would amount, in 100 years, to 2,200
Ibs. weight. If this were derived from
the soil, every morgen of it must have
contained the equivalent of 110,000
Ibs. weight of amimal excrements, (as-
suming the latter, when dried, at the
temperature of boiling water, to con-
tain 2 per cent.)
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In Hungary, as I remarked in a
former Letter, tobacco and wheat have
been grown upon the same field for
centuries, without any supply of nitro-

nized manure. Is it possible that
the nitrogen essential to, and entering
into the composition of these crops,
could have been drawn from the soil?

Every year renews the foliage and
fruits ng our forests of beech, oak, and
chestnuts ; the leaves, the acorns, the
chestnuts, are rich in nitrogen; so are
cocoa-nuts, bread-fruit, and other tro-
pical productions. This nitrogen is
not supplied by man. Can it indeed
be derived from any other source than
the atmosphere?

In whatever form the nitrogen sup-
plied to plants may be contained in the
atmosphere, in whatever state it may
be when absorbed, from the atmosphere
it must have been derived. Did not
the fields of Virginia receive their
nitrogen from the same source as wild
plants?

Is the supply of nitrogen in the ex-
crements of animals quite a matter of
indifference, or do we receive back
from our fields a quantity of the ele-
ments of blood corresponding to this
supply ?

he researches of Boussingault have
solved this problem in the most satis-
factory manner. If, in his grand ex-
periments, the manure which he gave
to his fields was in the same state, that
is, dried at 110° in a vacuum, as it was
when analyzed, these fields received,
in 16 years, 1300 pounds of nitrogen.
But we know that by drying all the
nitrogen escapes which is contained in
solid animal excrements, as volatile car-
bonate of ammonia. In this calcula-
tion the nitrogen of the urine, which,
by decomposition, is converted into car-
bonate of ammonia, has not been in-
cluded, If we suppose it amounted to
half as much as that in the dried ex-
crements, this would make the quantity
of nitrogen supplied to the fields 1950
pounds.

In 16 years, however, as we have
seen, only 1517 pounds of nitrogen
was contained in their produce of grain,
straw, roots, et cetera; that is, far less
than was supplied in the manure ; and
in the same period the same extent of
surface of good meadow-land, E]une
hectare = a Hessian morgen,) which
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received no nitrogen in manure, 2060
pounds of nitrogen.

It is well known that in Egypt, from
the deficiency of wood, the excrement
of animals is dried, and forms the prin-
cipal fuel, and that the nitrogen from
the soot of this excrement was, for
many centuries, imported into Europe
in the form of sal ammoniac, until a
method of manufacturing this substance
was discovered at the end of the last
century by Gravenhorst, of Brunswick.
The fields in the Delta of the Nile are
supplied with no other animal manure
than the ashes of the burnt excre-
ments, and yet they have been pro-
verbially fertile from a period earlier
than the first dawn of history, and that
fertility continues to the present day
as admirable as it was in the earliest
times. These fields receive, every
year, from the inundation of the Nile,
a new soil, in its mud deposited over
their surface, rich in those mineral ele-
ments which have been withdrawn by
the crops of the previous harvest.
The mud of the Nile contains as little
nitrogen as the mud derived from the
Alps of Switzerland, which fertilizes
our fields after the inundations of the
Rhine. If this fertilizing mud owed
this property to nitrogenized matters;
what enormous beds of animal and
vegetable exuvie and remains ought
to exist in the mountains of Africa,
in heights extending beyond the limits
of perpetual snow, where no bird, no
animal finds food, from the absence of
all vegetation !

Abundant evidence in support of the
important truth we are discussing, may
be derived from other well-known facts.
Thus, the trade of Holland in cheese
may be adduced in proof and illustra-
tion thereof. We know that cheese
is derived from the plants which serve
as food for cows. The meadow-lands
of Holland derive the nitrogen of
cheese from the same source as with
us; that is, the atmosphere. The
milech cows of Holland remain day
and night on the grazing-grounds, and
therefore, in their fluid and solid ex-
crements, return directly to the soil all
the salts and earthy elements of their
food: a very insignificant quantity only
is exported in the cheese. The fer-
tility of these meadows can, therefore,
be as little impaired as our own fields,
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to which we restore all the elements
of the soil, as manure, which have
been withdrawn in the crops. The
only difference is, in Holland they re-
main on the field, while we collect
them at home and carry them, from
time to time, to the fields.

The nitrogen of the fluid and solid
excrements of cows is derived {rom
the meadow-plants, which receive it
from the atmosphere; the nitrogen of
the cheese also must be drawn from
the same source. The meadows of
Holland have, in the lapse of cen-
turies, produced millions of hundred-
weights of cheese. Thousands of
hundredweights are annually export-
ed, and yet the productiveness of the
meadows is in no way diminished,
although they never receive more ni-
trogen than they originally contained.

Nothing, then, can bé more certain
than the fact, that an exportation of
nitrogenized products does not exhaust
the fertility of a country; inasmuch
as it i3 not the soil, but the atmo-
sphere, which furnishes its vegetation
with nitrogen. It follows, consequent-
ly, that we cannot increase the fertility
of our fields by a supply of nitrogen-
ized manure, or by salts of ammonia,
but rather that their produce increases
or diminishes in a direct ratio with the
supply of mineral elements capable of
assimilation. The formation of the
constituent elements of blood—that is,
of the nitrogenized principles in our
cultivated plants—depends upon the
presence of inorganic matters in the
soil, without which no nitrogen can
be assimilated, even when there is a
most abundant supply. The ammonia
contained in animal excrements exer-
cises a favourable effect, inasmuch as
it is accompanied by the other sub-
stances necessary to accomplish its
transition into the elements of blood.
If we suppi{ ammonia associated with
all the conditions necessary to its as-
similation, it ministers to the nourish-
ment of the plants; but if this artifi-
cial supply is not given, they can
derive nﬁ the needed nitrogen from
the atmosphere—a source, every loss
from which is restored by the decom-
position of the bodies of dead animals
and the decay of plants. Ammonia
certainly favours and accelerates the
growth of plants in all soils, wherein
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all the conditions of its assimilation
are united; but it is altogether with-
out effect, as respects the production
of the elements of blood where any
of these conditions are wanting. We
can suppose that asparagin, the active
constituent of ragus, the mucila-
ginous root of the marsh-mallow, the
nitrogenized and sulphurous ingredi-
ents of mustard-seed, and of all cruci-
ferous plants, may originate without
the aid of the mineral elements of the
soil. But if the principles of those
vegetables which serve as food could
be generated without the co-operation
of the mineral elements of blood, with-
out potash, soda, phosphate of soda,
F]‘msph&te of lime, they would be use-
ess to us and to herbiverous animals
as food ; they would not fulfil the pur-
pose for wiich the wisdom of the
Creator has destined them. In the
absence of alkalies and the phosphates,
no blood, no milk, no muscular fibre,
can be formed. Without phosphate
of lime, our horses, sheep, and cattle,
would be without bones.

In the urine and in the solid excre-
ments of animals we carry ammonia,
and consequently nitrogen, to our cul-
tivated plants, and this nitrogen is
accompanied by all the mineral ele-
ments of food exactly in the same pro-
portions in which both are contained in
the plants which served as food to the
animals, or, what is the same, in those
proportions in which both can serve as
nourishment to a new generation of
plants, to which both are essential. *

The effect of an artificial supply of
ammonia, as a source of nitrogen, is,
therefore, precisely analogous to that
of humus as a source of carbonic acid—
it is limited to a gain of time; that is,
it accelerates the development of plants.
This is of great importance, and should
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always be taken into account in
dening, especially in the treatment of
the kitchen-garden; and as much as
possible in agriculture on a large scale,
where the time occupied in the growth
of the plants cultivated is of im-
portance.

When we have exactly ascertained
the quantity of ashes left after the com-
bustion of cultivated plants which have
grown upon all varieties of soil, and

ave obtained correct analyses of these
ashes, we shall learn with certainty
which of the constituent elements of
the plants are constant and which are
changeable, and we shall arrive at an
exact knowledge of the sum of all the
ingredients we withdraw from the soil
in the different crops.

With this knowledge the farmer will
be able to keep an exact record of the
produce of his fields in harvest, like
the account-book of a well-regulated
manufactory; and then by a simple
calculation he can determine precisel
the substances he must supply to eac
field, and the quantity of these, in order
to restore their ferulity. He will be
able to express, in pounds weight,
how much of this or that element he
must give to the soil in order to aug-
ment its fertility for any given kind of
plants.

These researches and experiments
are the great desideratum OF the pre-
sent time. To the united efforts of the
chemists of all countries we may confi-
dently look for a solution of these great
questions, and by the aid of enlightened
agriculturists we shall arrive at a ra-
tional system of gardening, horticulture,
and agriculture, applicable to eve
country and all kinds of soil, and whic
will be based upon the immutable
foundation of observed facts and philo-
sophical induction.
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LETTER XVI.

- My pEAR sir: My recent researches
into the constituent ingredients of our
cultivated fields have led me to the con-
clusion that, of all the elements fur-
nished to plants by the soil and minis-
tering to their nourishment, the phos-
phate of lime, or, rather the phosphates
generally, must be regarded as the most
important.

In order to furnish you with a clear
idea of the importance of the phosphates,
it may be sufficient to remind you
of the fact that the blood of man and
animals, besides common salt, always
contains alkaline and earthy phosphates.
If we burn blood, and examine the ashes
which remain, we find certain parts of
them soluble in water, and others in-
soluble. The soluble parts are, com-
mon salt and alkaline phosphates ; the
insoluble consist of phosphate of lime,
phosphate of magnesia, and oxide of
iron,

These mineral ingredients of the
blood—avithout the presence of which
in the food the formation of blood is
impossible—both man and animals de-
rive, either immediately or mediately,
through other animals, from vegetable
substances used as food ; they had been
constituents of vegetables, they had
been parts of the soil upon which the
vegetable substances were developed.

f we compare the amount of phos-
phates in different vegetable substances
with each other, we discover a great
variety, while there is scarcely any
ashes of plants altogether devoid of
them, and those parts of plants which
experience has taught us are the most
nutritious, contain the largest propor-
tion. To these belong seeds and
grain, especially the varieties of bread-
corn, peas, beans, and lentils.

It is a most curious fact that, if we
incinerate grain, or its flour, peas, beans,
and lentils, we obtain ashes which are
distinguished from the ashes of all other
parts of vegetables by the absence of
alkaline carbonates, The ashes of
these seeds, when recently prepared,
do not effervesce with acids ; their solu-
ble ingredients consist solely of alkaline
phosphates, the insoluble parts of phos-

phate of lime, phosphate of magnesia,
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and oxide of iron ; consequently of the
very same salts which are contained in
blood, and which are absolutely indis-

ensable to its formation. We are thus

rought to the further indisputable con-
clusion that no seeds suitable to become
food for inan and animals can be formed
in any plant without the presence and
l:u-t[:-{pprntion of the phosphates. A
field in which phosphate of lime or the
alkaline phosphates form no part of the
soil, is totally incapable of producing
grain, peas, or beans.

An enormous quantity of these sub-
stances indispensable to the nourish-
ment of plants, is annually withdrawn
from the soil and carried into great
towns, in the shape of flour, cattle, et
cetera. It is certain that this incessant
removal of the phosphates must tend
to exhaust the land and diminish its
capability of producing grain. The
fields of Great Britain are in a state of
progressive exhaustion from this cause,
as is proved by the rapid extension of
the cultivation of turnips and mangel-
wurzel—plants which contain the least
amount of the phosphates, and there-
fore require the smallest quantity for
their development. These roots con-
tain 80 to 92 per cent. of water.
Their great bulk makes the amount of
produce fallacious, as respects their
adaptation to the food of animals,
inasmuch as their contents of the in-
gredients of the blood—that is, of
substances which can be transformed
into flesh—stands in a direct ratio to
their amount of phosphates, without
which neither blood nor flesh can be
formed.

Our fields will become more and
more deficient in these essential ingre-
dients of food in all localities where
custom and habits do not admit the col-
lection of the fluid and solid excrements
of man, and their application to the
f.urposea of agriculture. In a former

etter I showed you how great a waste
of phosphates is unavoidable in Eng-
lnng. and referred to the well-known
fact that the importation of bones re-
stored in a most admirable manner the
fertility of the fields exhausted from
this cause. In the year 1827 the im-
portation of bones for manure amounted
to forty thousand tons, and Huskisson
estimated their value to be from one
hundred thousand to two hundred thou-

EZ
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sand pounds sterling. The importation
18 sti]? creater at present, but it i1s far

from being sufficient to supply the
waste.

Another proof of the efficacy of the

hosphates in restoring fertility to ex-
Ea,usted land is afforded by the use of
the guano—a manure which, although
of recent introduction into England,
has found such general and extensive
application.

We believe that the importation of
one hundredweight of guano is equiva-
lent to the importation of eight hundred-
weight of wheat—the hundredweight
of guano assumes, in a time which can
be accurately estimated, the form of a
quantity of food mrrespundirrﬁlm eight
hundredweight of wheat. e same
estimate is applicable in the valuation
of bones.

If it were possible to restore to the
soil of England and Scotland the phos-
Ehates which during the last fifty years

ave been carried to the sea by the
Thames and the Clyde, it would be
equivalent to manuring with millions of
hundredweights of bones, and the pro-
duce of the land would increase one-
third, or perhaps double itself, in five to

terll"}rears.

e cannot doubt that the same re-
sult would follow, if the price of the
guano admitted the application of a
quantity to the surface of the fields, con-
taining as much of the phosphateg as
have been withdrawn from them in the
same period.

If a rich and cheap source of phos-
phate of lime and the alkaline phos-
Ehutes were open to England, there can

e no question that the importation of
foreign corn might be altogether dis-
pensed with after a short time. For
these materials England is at present
dependent upon foreign countries, and
the high price of guano apd of bones
prevents their general application, and
in sufficient quantity. Every yvear the
trade in these substances must decrease,
or their price will rise as the demand
for them increases.

According to these premises, it can-
not be disputed that the annual ex-
pense of Great Britain for the importa-
tion of bones and guano is equivalent
to a duty on corn—with this difference
only, that the amount is paid to foreign-
ers in money,
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To restore the disturbed equilibrium
of constitution of the soil—to fertilize
her fields—England requires an enor-
mous supply of animal excrements ;
and it must, therefore, excite considera-
ble interest to learn that she possesses,
beneath her soil, beds of fossil guane,
strata of animal excrements, in a state
which will probably allow of their bein
employed as a manure at a very sm
expense.

The coprolites discovered by Dr.

Buckland (a discovery of the highest
interest to geology) are these excre-
ments ; and it seems extremely probable
that in these strata England possesses
the means of supplying the place of
recent bones, and therefore the princi-
pal conditions of improving agriculture
—of restoring and exalting the fertility
of her fields.
In the autumn of 1842, Dr. Buck-
land pointed out to me a bed of copro-
lites in the neighbourhood of Clifton,
from half to one foot thick, enclosed n
a limestone formation, extending as a
brown stripe in the rocks, for miles
afung the banks of the Severn. The
limestone marl of Lyme Regis con-
sists, for the most part, of one-fourth
part of fossil excrementis and bones.
The same are abundant in the lias of
Bath, Eastern, and Broadway Hill,
near Eversham. Dr. Buckland men-
tions beds, several miles in extent,
the substance of which consists, in
many places, of a fourth part of co-
prolites.

Pieces of the limestone rock of Clif-
ton, near Bristol, which is rich in co-
prolites and organic remains, frag-
ments of bones, teeth, &c., were sub-
jected to analysis, and were found to
contain above 18 per cent. of phos-
phate of lime. If this limestone is
burned, and brought in that state to
the fields, it must be a perfect substi-
tute for bones, the efficacy of which
as a manure does not depend, as has
been generally but erroneously sup-
posed, upon the nitrogenized matter
which they contain, but on their phos-
phate of hme.

The osseous breccia found in many
parts of England deserves especial at-
tention, as it is highly probable that in
a short time it wliﬁ become an import-
ant article of commerce.

What a curious and interesting sub-









