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JUST PUBLISHED—THIRD EDITION,
A DICTIONARY OF

ARTS, MANUFACTURES, & MINES;

Containing a clear Ezposition of their Principles and Practice.
Bry ANDREW URE, M. D., F.R. 8., &c. &e.

Tllustrated with 1241 Engravings, and containing 1300 closely printed
pages. $5; orin two vols. $5 50.

*“Dr. Ure’s Dictionary, of which the American edition is now
completed, is a stupendous proof of persevering assiduity, combined
with genius and taste. For all the benefit of individual enterprise
in the practical arts and manufactures, and for the enhancement of
general prosperity through the extension of accurate knowledge of
political economy, we have not any work worthy to be compared
with this important volume. * * * e are convinced
that manufacturers, merchants, tradesmen, students of natural and
experimental philosophy, inventive mechanics, men of opulence,
members of legislatures, and all who desiie to comprehend some-
thing of the rapidly accelerating progress of those discoveries which
facilitate the supply of human wants, and the augmentation of so-
cial comforts with the national weal, will find this invaluable * Dic-
tionary’ a perennial source of salutary instruction and edifying en-
Joyment.”’—WNational Intelligencer.

New Practical Agricultural Worls.
PRODUCTIVE FARMING ;

A familiar digest of the recent discoveries of Liebig, Davy, Johnston,
and other celebrated writers on Vegetable Chemistry, showing how
the results of tillage might be greatly augmented. By JOSEPH
A. SMITH. One welf printed volume of 150 pages. Price, in
paper covers, 31 1-4 cents, or bound in cloth, 50 cents.

 The object of the compiler of this volume has been the simplifi-
cation of the more stiictly scientific and technical writings of the
principal agricultural writers of the present age. Practical farmers
require the simplest and most elementary statements. The position
of the agricultural interest renders it desirable that the recent views
of Professor Liebig, the distinguished chemist, who has effected a
complete revolution in the physiology of vegetation, should be pre-
sented in a style free from difficulty, condensed and separated from
such portions of his work as would only bewilder ordinary readers.
How far the attempt may be successful, the world must judge. The
published lectures of the late Sir Hamphrey Davy have been freely
cited, and such portions selected, as, while they do not clash with
later discovery, may prove a useful addition.’’—Author’s Preface.

THE FARMER’S MANUAL;

A Practical Treatise on the nature and value of manures, founded
upon experiments on various crops, with a brief account of all the
most recent discoveries in Agricultural Chemistry, by F. FaLk-
~ER, and the author of *° British Husbandry.”” Price, in a neat
style, cloth binding, 50 cents ; paper covers, 31 1-4 cents.

¢ It is the object of the present treatise to explain the nature and
constitution of manumes generally,—to point out the means of aug-
menting the quantity, and preserve the lgrtilizing power of farm-yard
manure,—the various sources of mineral and other artificial manures,
and the causes of their frequent failure.”








































































DANGER OF CONDENSED GAS. 25

in a glass tube rushes at once, when opened, into a
gaseous state, with an explosion which shatters the
tube into fragments ; but solid carbonic acid can be
handled without producing any other effect than a
feeling of intense cold. The particles of the car-
bonic acid being so closely approximated in the
solid, the whole force of cohesive attraction (which
in the fluid is weak) becomes exerted, and opposes
its tendency to assume its gaseous state; but as
it receives heat from surrounding bodies, it passes
into gas gradually and without violence. The
transition of solid carbonic acid into gas deprives
all around it of caloric so rapidly and to so great
an extent, that a degree of cold is produced im-
measurably great, the greatest indeed known.
Ten, twenty, or more pounds weight of mercury,
brought into contact with a mixture of ether and
solid carbonic acid, become in a few moments firm
and malleable. This, however, can not be accom-
plished without considerable danger. A melancholy
accident occurred at Paris, which -will probably
prevent for the future the formation of solid car-
bonic acid in these large quantities, and deprive the
next generation of the gratification of witnessing
these curious experiments. Just before the com-
mencement of the lecture in the Laboratory of the
Polytechnic School, an iron cylinder, two feet and

a half long and one foot in diameter, in which
3
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ABSORPTION OF GASES BY POROUS BODIES. 27

change of state in matter; but it is now evident
that a gas adheres to the surface of a solid body
by the same force which condenses it into a liquid.

The smallest amount of a gas—atmospheric air
for instance—can be compressed into a space a
thousand times smaller by mere mechanical pres-
sure, and then its bulk must be to the least
measurable surface of a solid body, as a grain of
sand to a mountain. By the mere effect of mass
—the force of gravity—gaseous molecules are at-
tracted by solids and adhere to their surfaces ; and
when to this physical force is added the feeblest
chemical affinity, the liquefiable gases can not retain
their gaseous state. The amount of air condensed
by these forces upon a square inch of surface is
certainly not measurable ; but when a solid body,
presenting several hundred square feet of surface
within the space of a cubic inch, is brought into a
limited volume of gas, we may understand why
that volume 1s diminished, why all gases without
exception are absorbed. A cubic inch of charcoal
must have, at the lowest computation, a surface of
one hundred square feet. This property of ab-
sorbing gases varies with different kinds of char-
coal : it is possessed in a higher degree by those
containing the most pores, that is, where the pores
are finer; and in a lower degree in the more
spongy kinds, that is, where the pores are larger.






ACTION ON SPONGY PLATINUM. 29

Their chemical actions become apparent as their
physical characteristic disappears. The latter con-
sists in the continual tendency of their particles to
separate from each other ; and it is easy to imagine
that this elasticity of gaseous bodies is the principal
impediment to the operation of their chemical
force ; for this becomes more energetic as their
particles approximate. In that state in which
they exist within the pores or upon the surface
of solid bodies, their repulsion ceases, and their
whole chemical action is exerted. Thus combina-
tions which oxygen can not enter into, decomposi-
tions which it can not effect while in the state of
gas, take place with the greatest facility in the
pores of platinum containing condensed oxygen.
When a jet of hydrogen gas, for instance, is thrown
upon spongy platinum, it combines with the oxygen
condensed in the interior of the mass ; at their point
of contact water is formed, and as the immediate
consequence heat is evolved ; the platinum becomes
red hot and the gas is inflamed. If we interrupt
the current of the gas, the pores of the platinum
become instantaneously filled again with oxygen ;
and the same phenomena can be repeated a sec-
ond time, and so on interminably.

In finely pulverized platinum, and even in spongy
platinum, we therefore possess a perpetuum mobile
—a mechanism like a watch which runs out and

3#
























NEW BLEACHING PROCESS. 37

attention to a few more of its most important and
immediate results. I have already told you, that
in the manufacture of soda from culinary salt, it is
first converted into sulphate of soda. In this first
part of the process, the action of sulphuric acid
produces primary muriatic acid to the extent of
one and a half the amount of the sulphuric acid
employed. At first, the profit upon the soda was
so great that no one took the trouble to collect the
muriatic acid ; indeed it had no commercial value.
A profitable application of it was, however, soon
discovered : it is a compound of chlorine, and this
substance may be obtained from it purer than
from any other source. The bleaching power of
chlorine has long been known ; but it was only
employed upon a large scale after it was ob-
tained from residuary muriatic acid, and it was
found that in combination with lime it could be
transported to distances without inconvenience.
Thenceforth it was used for bleaching cotton;
and, but for this new bleaching process, it would
scarcely have been possible for the cotton manu-
facture of Great Britain to have attained its pres-
ent enormous extent—it could not have com-
peted in price with France and Germany. Inthe
old process for bleaching, every piece must be
exposed to the air and light during several weeks
in the summer, and kept continually moist by
+






SILVER REFINING. 39

may be adduced, namely, to the refining of silver
and the separation of gold, which is always present
In some proportion in native silver. Silver, as it
is usually obtained from mines in Europe, con-
tains, in 16 ounces, 6 to 8 ounces of copper. When
used by the silversmith, or in coining, 16 ounces
must contain in Germany 13 ounces of silver, in
England about 141. But this alloy is always
made artificially, by mixing pure silver with the
due proportion of the copper; and for this pur-
pose the silver must be obtained pure by the re-
finer. This he formerly effected by amalgama-
tion, or by roasting it with lead ; and the cost of
this process was about 2/. for every hundred
weight of silver. In the silver so prepared, about
1955 10 s55gth part of gold remained. To effect
the separation of this by nitric hydrochloric acid
was more expensive than the value of the gold ; 1t
was therefore left in utensils, or circulated in coin,
valueless. The copper, too, of the native silver
was of no use whatever. But the ;5%55th part of
gold, being about one and one half per cent. of
the value of the silver, now covers the cost of
refining, and affords an adequate profit to the re-
finer ; so that he effects the separation of the cop-
per, and returns to his employer the whole amount
of the pure silver, as well as the copper, without
demanding any payment : he is amply remunerated
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4 by that minute portion of gold. The new process
of refining is a most beautiful chemical operation.
The granulated metal is boiled in concentrated
sulphuric acid, which dissolves both the silver and
the copper, leaving the gold nearly pure, in the
form of a black powder. The solution is then
placed in a leaden vessel containing metallic cop-
per; this is gradually dissolved, and the silver
precipitated in a pure metallic state. The sul-
phate of copper is also a valuable product, being
employed in the manufacture of green and blue
pigments.

Other immediate results of the economical pro-
duction of sulphuric acid, are the general employ-
ment of phosphorus matches, and of stearine
candles—that beautiful substitute for tallow and
wax. Twenty-five years ago, the present prices
and extensive applications of sulphuric and muri-
atic acids, of soda, phosphorus, &c., would have
been considered utterly impossible. 'Who is able
to foresee what new and unthought-of chemical
productions, ministering to the service and com-
forts of mankind, the next twenty-five years may
produce ? 7

After these remarks you will perceive that it is
no exaggeration to say, we may fairly judge of
the commercial prosperity of a country from the

* amount of sulphuric acid it consumes. Reflecting
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TRADE IN SULPHUR. 41

upon the important influence which the price of
sulphur exercises upon the cost of production of
bleached and printed cotton stuffs, soap, glass,
&c., and remembering that Great Britain supplies
America, Spain, Portugal, and the East, with
these, exchanging them for raw cotton, silk, wine,
raisins, indigo, &c., &c., we can understand why
the English Government should have resolved to
resort to war with Naples, in order to abolish the
sulphur monopoly, which the latter power at-
tempted recently to establish. Nothing could be
more opposed to the true interests of Sicily than
such a monopoly ; indeed, had it been maintained
a few years, it is highly probable that sulphur, the
source of her wealth, would have been rendered
perfectly valueless to her. Science and industry
form a power to which it is dangerous to present
impediments. It was not difficult to perceive that
the issue would be the entire cessation of the ex-
portation of sulphur from Sicily. In the short pe-
riod the sulphur monopoly lasted, fifteen patents
were taken out for methods to obtain back the
sulphuric acid used in making soda. Admitting
that these fifteen experiments were not perfectly
successful, there can be no doubt it would ere long
have been accomplished. But then, in gypsum
(sulphate of lime), and in heavy-spar (sulphate of
barytes), we possess mountains of sulphuric acid ;
4 1*












ELECTRO-MAGNETISM. 45

With a simple flame of spirits of wine, under a
proper vessel containing boiling water, a small
carriage of 200 to 300 pounds weight can be put
mto motion, or a weight of 80 to 100 pounds may
be raised to a height of 20 feet. The same effects
may be produced by dissolving zinc in dilute sul-
phuric acid in a certain apparatus. This is cer-
tainly an astonishing and highly interesting discov-
ery ; but the question to be determined is, which
of the two processes is the least expensive ?

In order to answer this question, and to judge
correctly of the hopes entertained from this dis-
covery, let me remind you of what chemists de-
nominate ‘ equivalents.” These are certain unal-
terable ratios of effects which are proportionate to
each other, and may therefore be expressed in
numbers. Thus, if we require 8 pounds of oxy-
gen to produce a certain effect, and we wish to
employ chlorine for the same eflect, we must em-
‘ploy neither more nor less than 35} pounds
weight. In the same manner, 6 pounds weight
of coal are equivalent to 32 pounds weight of zinc.
The numbers representing chemical equivalents
express very general ratios of effects, compre-
hending for all bodies all the actions they are ca-
pable of producing.

If zinc be combined in a certain manner with
another metal, and submitted to the action of dilute






ELECTRO-MAGNETISM. 47

had obtained double or triple the amount in the
galvanic pile, or that in this mode of generating
force less loss is sustained—we must still recollect
the equivalents of zinc and coal, and make these
elements of our calculation. According to the ex-
periments of Despretz, 6 pounds weight of zine,
In combining with oxygen, develop no more heat
than 1 pound of coal; consequently, under equal
conditions, we can produce six times the amount
of force with a pound of coal as with a pound of
zinc. It 1s therefore obvious that it would be
more advantageous to employ coal instead of zine,
even if the latter produced four times as much
force in a galvanic pile, as an equal weight of coal
by its combustion under a boiler. Indeed it is
highly probable, that if we burn under the boiler
of a steam-engine the quantity of coal required for
smelting the zinc from its ores, we shall produce far
more force than the whole of the zinc so obtained
could originate in any form of apparatus whatever.

Heat, electricity, and magnetism, have a similar
relation to each other as the chemical equivalents
of coal, zinc, and oxygen. By a certain measure
of electricity we produce a corresponding propor-
tion of heat or of magnetic power; we obtain
that electricity by chemical affinity, which in one
shape produces heat, in another electricity or mag-
netism. A certain amount of affinity produces an
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hundred times greater than a pound of zinc in the
galvanic pile.

Our experience of the employment of electro-
magnetism as a motory power is, however, too
recent to enable us to foresee the ultimate results
of contrivances to apply it; and, therefore, those
who have devoted themselves to solve the problem
of its application should not be discouraged, inas-
much as it would undoubtedly be a most important
achievement to supersede the steam-engine, and
thus escape the danger of railroads, even at double
their expense.

Professor Weber of Gottingen has thrown out a
suggestion, that 1f a contrivance could be devised
to enable us to convert at will the wheels of the
steam-carriage into magnets, we should be enabled
to ascend and descend acclivities with great facil-
ity. This notion may ultimately be, to a certain
extent, realized.

The employment of the galvanic pile as a mo-
tory power, however, must, like every other con-
trivance, depend upon the question of its relative
economy : probably some time hence it may so far
succeed as to be adopted in certain favorable lo-
calities ; it may stand in the same relation to steam
power as the manufacture of beet sugar bears to
that of cane, or as the production of gas from eils
and resins 1o that from mineral coal.

o






BEET-ROOT SUGAR. 5%

commercial league, as, for instance, at Frankfort-
on-the-Maine, a pound of the whitest and best
loaf sugar is 7d. ; the import duty is 33d., or 30s.
per cwt., leaving 31d. as the price of the sugar.
In the year 1827, then, one malter of wheat was
equal to 40 lbs. weight of sugar, while at present
that quantity of wheat is worth 70 Ibs. of sugar.
If indeed fuel were the same in price as formerly,
and 70 lbs. of sugar could be obtained from the
same quantity of the root as then yielded 40 lbs.,
it might still be advantageously produced ; but the
amount, if now obtained by the most approved
methods of extraction, falls far short of this; and
as fuel is double the price, and labor dearer, it
follows that, at present, it is far more advantageous
to cultivate wheat and to purchase sugar.

There are, however, other elements which must
enter into our calculations ; but these serve to con-
firm our conclusion that the manufacture of beet-
root sugar as a commercial speculation must cease.
The leaves and residue of the root, after the juice
was expressed, were used as food for cattle, and
their value naturally increased with the price of
grain. By the process formerly pursued, 75 lbs.
weight of juice were obtained from 100 Ibs. of
beet-root, and gave 5 lbs. of sugar. The method of
Schiitzenbach, which was eagerly adopted by the
manufacturers, produced from the same quantity
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other and more valuable productions, and with them
purchase sugar. Not only would the state be a
gainer, but every member of the community. This
argument does not apply, perhaps, to France and
Bohemia, where the prices of fuel and of colonial
sugar are very different to those in Germany.

The manufacture of gas for lighting, from coals,
resin, and oils, stands with us on the same barren
ground.

The materials from which gas is manufactured
in England bears a direct proportion to the price
of corn; there the prices of tallow and oil are
twice as great as in Germany, but iron and coal
are two thirds cheaper; and even in England the
manufacture of gas is only advantageous when the
other products of the distillation of coal, the coke,
etc., can be sold.

It would certainly be esteemed one of the great-
est discoveries of the age if any one could succeed
in condensing coal gas into a white, dry, solid,
odorless substance, portable, and capable of being
placed upon a candlestick, and burned in a lamp.
Wax, tallow, and oil, are combustible gases In a
solid or fluid form, which offer many advantages
for lighting, not performed by gas: they furnish,
in well-constructed lamps, as much light, without
requiring the expensive apparatus necessary for
the combustion of gas, and they are generally more












ISOMERISM. o7

—they contain the same elements, carbon and
hydrogen, in the same proportions.

How admirably simple does the chemistry of
organic nature present itself to us from this point
of view. An extraordinary variety of compound
bodies produced with equal weights of two ele-
ments! and how wide their dissimilarity! The
crystallized part of the oil of roses, the delicious
fragrancy of which is so well known, a solid at
ordinary temperatures, although readily volatile,
1s a compound body containing exactly the same
elements, and in the same proportion, as the gas
we employ for lighting our streets ; and, in short,
the same elements, in the same relative quantities,
are found in a dozen other compounds, all differing
essentially in their physical and chemical prop-
erties.

These remarkable truths, so highly important
in their applications, were not received and ad-
mitted as sufficiently established, without abundant
proofs. Many examples have long been known
where the analysis of two different bodies gave
the same composition ; but such cases were re-
garded as doubtful : at any rate, they were isolated
observations, homeless in the realms of science,
until, at length, examples were discovered of two
or more bodies, whose absolute identity of com-
position, with totally distinct properties, could be
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substance may be converted into another without
addition or subtraction, and without the participa-
tion of any foreign bodies in the change.

The doctrine that matter is not infinitely
divisible, but on the contrary, consists of atoms
incapable of further division, alone furnishes us
with a satisfactory explanation of these phenomena.
In chemical combinations, the ultimate atoms of
bodies do not penetrate each other, they are only
arranged side by side in a certain order, and the
properties of the compound depend entirely upon
this order. If they are made to change their
place—their mode of arrangement—by an impulse
from without, they combine again in a different
manner, and another compound is formed with
totally different properties. We may suppose
that one atom combines with one atom of another
element to form a compound atom, while in other
bodies, two and two, four and four, eight and
eight, are united ; so that in all such compounds
the amount per cent. of the elements is absolutely
equal ; and yet their physical and chemical prop-
erties must be totally different, the constitution
of each atom being peculiar, in one body consist-
ing of two, in another of four, in the third of eight,
and in a fourth of sixteen simple atoms.

The discovery of these facts immediately led to
many most beautiful and interesting results ; they
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and ductile ; glass as a milk-white opaque sub-
stance, so hard that it strikes fire with steel, and
in its ordinary and well-known state. These dis-
similar states and properties of the same body are
occasioned in one case by a regular, in the other
by an irregular arrangement of its atoms; one is
crystalline, the other amorphous.

Applying these facts to natural productions, we
have reason to believe that clay-slate and many
kinds of greywacke are amorphous feldspar, as
transition limestone is amorphous marble, basalt
and lava mixtures of amorphous zeolite and augite.
Anything that influences the cohesion, must also
in a certain degree alter the properties of bodies.
Carbonate of lime, if crystallized at ordinary tem-
peratures, possesses the crystalline form, hardness,
and refracting power of common spar; if crystal-
lized at a higher temperature, it has the form and
properties of arragonite.

Finally, Isomorphism or the equality of form of
many chemical compounds having a different com-
position, tends to prove that matter consists of
atoms the mere arrangement of which produces all
the properties of bodies. But when we find that
a different arrangement of the same elements gives
rise to various physical and chemical properties,
and a similar arrangement of different elements
produces properties very much the same, may we

6
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not inquire whether some of those bodies which
we regard as elements may not be merely modifi-
cations of the same substance ? whether they are
not the same matter in a different state of arrange-
ment? We know in fact the existence of iron in
two states, so dissimilar, that in the one, it 1s to
the electric chain like platinum, and in the other
it is like zinc ; so that powerful galvanic machines
have been constructed of this one metal.

Among the elements are several instances of
remarkable similarity of properties. Thus there
is a strong resemblance between platinum and iri-
dium ; bromine and iodine ; iron, manganese and
magnesium ; cobalt and nickel; phosphorus and
arsenic ; but this resemblance consists mainly in
their forming isomorphous compounds in which
these elements exist in the same relative propor-
tion. These compounds are similar, because the
atoms of which they are composed are arranged
in the same manner. The converse of this is also
true : nitrate of strontia becomes quite dissimilar
to its common state if a certain proportion of wa-
ter is taken into its composition.

If we suppose selenium to be merely modified
sulphur and phosphorus, modified arsenic, how
does it happen, we must inquire, that sulphuric
acid and selenic acid, phosphoric and arsenic acid,
respectively form compounds which it is impossible
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to distinguish by their form and solubility? Were
these merely isomeric they ought to exhibit prop-
erties quite dissimilar!

We have not, I believe, at present the remotest
ground to suppose that any one of those substances
which chemists regard as elements can be convert-
ed into another. Such a conversion, indeed, would
presuppose that the element was composed of two
or more ingredients, and was in fact not an ele-
ment ; and until the decomposition of these bodies
is accomplished, and their constituents discovered,
all pretensions to such conversions deserve no
notice.

Mr. Brown of Edinburgh thought he had con-
verted iron into rhodium, and carbon or paracya-
nogen into silicon. His paper upon this subject
was published in the Transactions of the Royal
Society of Edinburgh, and contained internal evi-
dence, without a repetition of his experiments,
that he was totally unacquainted with the princi-
ples of chemical analysis. But his experiments
have been carefully repeated by qualified persons,
and they have completely proved his ignorance :
kis rhodium is iron, and Ais silicon an impure in-
combustible coal.
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undergone upon these subjects, as well as to be-
come acquainted with the researches from which
our present knowledge is derived.

The primary conditions of the maintenance of
animal life, are a constant supply of certain mat-
ters, animal food, and of oxygen, in the shape of
atmospheric air. During every moment of life,
oxygen is absorbed from the atmosphere in the
organs of respiration, and the act of breathing can
not cease while life continues.

The observations of physiologists have demon-
strated that the body of an adult man supplied
abundantly with food neither increases nor dimin-
ishes in weight during twenty-four hours, and yet
the quantity of oxygen absorbed into his system,
in that period, is very considerable. According
to the experiments of Lavoisier, an adult man
takes into his system from the atmosphere, in one
year, no less than 746 pounds weight of oxygen;
the calculations of Menzies make the quantity
amount even to 837 pounds; but we find his
weight at the end of the year either exactly the
same, or differing one way or other by at most a
few pounds. What, it may be asked, has become
of the enormous amount of oxygen thus introduced
into the human system in the course of one year?
We can answer this question satisfactorily. No

part of the oxygen remains in the body, but is
61
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taken into the system in four days and five hours;
and this necessary amount is furnished by the food.

We have not, however, remained satisfied with
mere approximation: we have determined accu-
rately, in certain cases, the quantity of carbon taken
daily in the food, and of that which passes out of
the body in the feces and urine combined—that
1s, uncombined with oxygen ; and from these in-
vestigations it appears that an adult man, taking
moderate exercise, consumes 13% ounces of car-
bon, which pass off through the skin and lungs as
carbonic acid gas.*

It requires 37 ounces of oxygen to convert
13% of carbon into carbonic acid. Again: ac-
cording to the analysis of Boussingault (Annales
de Chim. et de Phys., Ixx. i., p. 136), a horse
consumes 79{; ounces of carbon in twenty-four
hours, a milch cow 702 ounces ; so that the horse

* This account is deduced from observations made upon
the average daily consumption of about 30 soldiers in bar-
racks. The food of these men, consisting of meat, bread,
potatoes, lentiles, peas, beans, butter, salt, pepper, &ec.,
was accurately weighed during a month, and each article
subjected to ultimate analysis. Of the quantity of food,
beer, and spirits, taken by the men when out of barracks,
we have a close approximation from the report of the ser-
geant ; and from the weight and analysis of the freces and
urine, it appears that the carbon which passes off through
these channels may be considered equivalent to the amount
taken in that portion of the food, and of sour-crout, which
was not included in the estimate.
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requires 13 pounds 3} ounces, and the cow 1l
pounds 103 ounces of oxygen.*

As no part of the oxygen taken into the system
of an animal is given off in any other form than
combined with carbon or hydrogen, and as in a
normal condition, or state of health, the carbon
and hydrogen so given off are replaced by those
elements in the food, it is evident that the amount
of nourishment required by an animal for its sup-
port must be in a direct ratio with the quantity of
oxygen taken into its system. Two animals which
in equal times take up by means of the lungs and
skin unequal quantities of oxygen, consume an
amount of food unequal in the same ratio. The
consumption of oxygen in a given time may be
expressed by the number of respirations; it is
therefore obvious, that in the same animal the
quantity of nourishment required must vary with
the force and number of respirations. A child
breathes quicker than an adult, and consequently
requires food more frequently and proportionably
in larger quantity, and bears hunger less easily.
A bird deprived of food dies on the third day,
while a serpent, confined under a bell, respires so
slowly that the quantity of carbonic acid genera-
ted in an hour can scarcely be observed, and it
will live three months, or longer, without food.

* 16 ounces=1} kilogramme.
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The number of respirations is fewer in a state of
rest than during labor or exercise; the quantity
of food necessary in both cases must be in the
same ratio. An excess of food, a want of a due
amount of respired oxygen, or of exercise, as also
oreat exercise (which obliges us to take an in-
creased supply of food), together with weak or-
gans of digestion, are incompatible with health.
But the quantity of oxygen received by an ani-
mal through the lungs not only depends upon the
number of respirations, but also upon the tempera-
ture of the respired air. The size of the thorax
of an animal is unchangeable ; we may therefore
regard the volume of air which enters at every in-
spiration as uniform. But its weight, and conse-
quently the amount of oxygen it contains, is not
constant. Airis expanded by heat, and contracted
by cold—an equal volume of hot and cold air con-
tains, therefore, an unequal amount of oxygen. In
summer, atmospheric air contains water in the form
of vapor; it is nearly deprived of it in winter.
The volume of oxygen in the same volume of air
is smaller in summer than in winter. In summer
and winter, at the pole and at the equator, we In-
spire an equal volume of air ; the cold air is warmed
during respiration, and acquires the temperature
of the body. In order, therefore, to introduce into
the lungs a given amount of oxygen, less expendi-
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ture of force is necessary in winter than in sum-
mer, and for the same expenditure of force more
oxygen is inspired in winter. Itisalso obvious that
in an equal number of respirations we consume more
oxygen at the level of the sea than on a mountain.

The oxygen taken into the system is given out
again in the same form, both in summer and win-
ter; we expire more carbon at a low than at a
high temperature, and require more or less carbon
in our food in the same proportion ; and conse-
quently more is respired in Sweden than in Sicily,
and in our own country an eighth more in winter
than in summer. Even if an equal weight of food
is consumed in hot and cold climates, Infinite Wis-
dom has ordained that very unequal proportions of
carbon shall be taken in it. The food prepared
for the inhabitants of southern climes does not
contain in a fresh state more than 12 per cent. of
carbon, while the blubber and train oil which feed
the inhabitants of polar regions contain 66 to 80
per cent. of that element.

From the same cause it is comparatively easy to
be temperate in warm climates, or to bear hunger
for a long time under the equator; but cold and
hunger united very soon produce exhaustion.
~ The oxygen of the atmosphere received into the

blood in the lungs, and circulated throughout ev-
ery part of the animal body, acting upon the ele-
ments of the food, is the source of animal heat.

-
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LETTER VII.

My DEAR sIR : The source of animal heat, its
laws, and the influence it exerts upon the func-
tions of the animal body, constitute a curious and
highly interesting subject, to which I would now
direct your attention.

All living creatures, whose existence depends
upon the absorption of oxygen, possess within
themselves a source of heat, independent of sur-
rounding objects.

'This general truth applies to all animals, and
extends to the seed of plants in the act of ger-
mination, to flower-buds when developing, and
fruits during their maturation.

In the animal body, heat is produced only in
those parts to which arterial blood, and with it the
oxygen absorbed in respiration, is conveyed.
Hair, wool, and feathers, receive no arterial blood,
and therefore in them no heat is developed. The
combination of a combustible substance with 0Xy-
gen is, under all circumstances, the only source
of animal heat. In whatever way carbon may
combine with oxygen, the act of combination is
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2.7° to 3.6° higher than that of the medium in
which they live. All animals, strictly speaking,
are warm-blooded ; but in those only which pos-
sess lungs 1s the temperature of the body quite
independent of the surrounding medium.

The most trustworthy observations prove that in
all climates, in the temperate zones, as well as at
the equator or the poles, the temperature of the
body in man, and in what are commonly called
warm-blooded animals, 1s invariably the same;
yet how different are the circumstances under
which they live !

The animal body is a heated mass, which bears
the same relation to surrounding objects as any
other heated mass. It receives heat when the
surrounding objects are hotter, it loses heat when
they are colder than itself.

We know that the rapidity of cooling increases
with the difference between the temperature of the
heated body and that of the surrounding medium ;
that is, the colder the surrounding medium the
shorter the time required for the cooling of the
heated body.

How unequal, then, must be the loss of heat in
a man at Palermo, where the external temperature
is nearly equal to that of the body, and in the polar
regions, where the external temperature is from
70 to 90 degrees lower !

7
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change is uniformly the conversion of its carbon
mto carbonic 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 constant temperature, we
must vary the supply of fuel according to the ex-
ternal temperature, that is, according to the supply
of oxygen.

In the animal body the food is the fuel ; with a
proper supply of oxygen we obtain the heat given
out during its oxidation or combustion. In winter,
when we take exercise in a cold atmosphere, 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 efficient protection against the most piercing
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 tor-
rid zone.

In cold and temperate climates, the air, which
incessantly strives to consume the body, urges man
to laborious eflorts in order to furnish the means
of resistance to its action, while, in hot climates, the
necessity of labor to provide food 1s far less urgent.

Our clothing is merely an equivalent for a cer-
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not expire more carbon and hydrogen than he takes
into the system as food, unless in a state of disease
or of starvation. Let us examine these states a
little more closely.

The Englishman in Jamaica perceives with re-
gret the disappearance of his appetite, previously a
source of frequently 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 carbon thus intro-
duced into the system is not consumed; the tem-
perature of the air is too high, and the oppressive
heat does not allow him to increase the number of
respirations by active exercise, and thus to pro-
portion the waste to the amount of food taken ;
disease of some kind, therefore, 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 oxidising
influence of the atmosphere of their native climate,
obtain a great improvement in health. The dis-
eased organs of digestion have power to place the
diminished amount of food in equilibrium with the

7#






THE FUEL OF ANIMAL HEAT. 79

tion proves 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 feces. Its carbon and hy-
drogen have been given off through the skin and
lungs in the form of oxidized products; it is ob-
vious that they have served to support respiration.

In the case of a starving man, 325 oz. of oxygen
enter the system daily, and are given out again in
combination with a part of his body. Currie men-
tions the case of an individual who was unable to
swallow, and whose body lost 100 lbs. in weight
during a month ; and, according to Martell (T'rans.
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 lbs. The whole history of
hybernating animals, and the well-established facts
of the periodical accumulation, in various animals,
of fat, which, at other periods, entirely disappears,
prove that the oxygen, in the respiratory process,
consumes, without exception, all such substances
as are capable of entering into combination with
it. It combines with whatever is presented to it ;
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and the deficiency of hydrogen is the only reason
why carbonic acid is the chief product ; for, at the
temperature of the body, the affinity of hydrogen
for oxygen far surpasses that of carbon for the
same element.

We know, in fact, that the graminivora expire a
volume of carbonic acid equal to that.of the oxygen
inspired, while the carnivora, the only class of
animals whose food contains fat, inspire more oxy-
gen than is equal in volume to the carbonic acid
expired. Exact experiments have shown, that in
many cases only half the volume of oxygen is
expired in the form of carbonic acid. These ob-
servations can not be gainsaid, and are far more
convincing than those arbitrary and artificially
produced phenomena, sometimes called experi-
ments ; experiments which, made as too often they
are, without regard to the necessary and natural
conditions, possess no value, and may be entirely
dispensed with ; especially when, as in the present
case, nature affords the opportunity for observa-
tion, 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 dis-
solved. In the wasted bodies of those who have
suffered starvation, the muscles are shrunk and
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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 de-
structive influence of the atmosphere. Toward the
end, the particles of the brain begin to undergo
the process of oxidation, and delirium, mania, and
death close the scene ; that is to say, all resistance
to the oxidising power of the atmospheric oxygen
ceases, and the chemical process of eremacausis,
or decay, commences, in which every part of the
body, the bones excepted, enters into combination
with oxygen.

The time which is required to cause death by
starvation depends on the amount of fat in the
body, on the degree of exercise, as in labor or
exertion of any kind, on the temperature of 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
occurred, 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 way for the period of
sixty days.

In all chronic diseases death is produced by the
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It is well known that in this case blood coagu-
lates, and separates into a yellowish liquid, the
serum of the blood, and a gelatinous mass, which
adheres to a rod or stick in sofi, elastic fibres, when
coagulating blood 1is briskly stirred. This is the
fibrine of the blood, which is identical in all its
properties with muscular fibre, when the latter 1s
purified from all foreign matters.

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 indeed identical. When heated, it coagulates
into a white elastic mass, and the coagulating sub-
stance is called albumen.

Fibrine and albumen, the chief ingredients of
blood, contain, in all, seven chemical elements,
among which nitrogen, 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, phosphoric, and sulphuric acids. The
globules of the blood contain fibrine and albumen,
along with a red coloring matter, in which iron
is a constant element. Beside these, the blood
contains certain fatty bodies in small quantity,
which differ from ordinary fats in several of their
properties.

Chemical analysis has led to the remarkable

8
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eign element, or the separation of any element
previously present in these substances.

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

All parts of the animal body which have a de-
cided shape, which form 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 pro-
portion to form water.

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

The most convincing experiments and observa-
tions have proved that the animal body is abso-
lutely incapable of producing an elementary body,
such as carbon or nitrogen, out of substances which
do not contain it; and it obviously follows, that
all kinds of food fit for the production either of
blood, or of cellular tissue, membranes, skin, hair,
muscular fibre, &c., must contain a certain amount
of nitrogen, because that element is essential to
the composition of the above-named organs; be-
cause the organs can not create it from the other
elements presented to them ; and, finally, because
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With the exception of hoofs, hair, feathers, and
the earth of bones, every part of the food of car-
nivorous animals is 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 nutrition is identical with those parts of its or-
ganization which are to be renewed.

The process of nutrition in graminivorous ani-
mals appears at first sight altogether different.
Their digestive organs are less simple, and their
food comsists 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
certalnty.

Chemical researches have shown, that all such
parts of vegetables as can afford nutriment to ani-
mals contain certain constituents which are rich
in nitrogen ; and the most ordinary experience
proves that animals require for their support and
nutrition less of these parts of plants in proportion
as they abound in the nitrogenized constituents.
Animals can not be fed on matters destitute of
these nitrogenized constituents.

These important products of vegetation are espe-
cially abundant in the seeds of the different kinds

]*
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The method by which it is obtained sufficiently
proves that it is insoluble in water ; although we
can not doubt that it was originally dissolved in the
vegetable juice, from which it afterward separated,
exactly as fibrine does from blood.

The second nitrogenized compound remains dis-
solved 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 tne
boiling point. .

When the clarified juice of nutritious vege-
tables, such as cauliflower, asparagus, mangel-
wurzel, or turnips, is made to boil, a coagulum is
formed, which it is absolutely impossible to dis-
tinguish 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 1s
found in the greatest abundance in certain seeds,
in nuts, almonds, and others, in which the starch
of the gramine is replaced by oil.

The third nitrogenized constituent of the vege-
table food of animals is vegetable 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 differs from it
in this, that its solution is not coagulated by heat.
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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! Those vegetable
principles, which in animals are used to form
blood, contain the chief constituents of blood,
fibrine and albumen, ready formed, as far as re-
gards their composition. All plants, besides, con-
tain 2 certain quantity of iron, which reappears
in the coloring matter of the blood. Vegetable
fibrine and animal fibrine, vegetable albumen and
animal albumen, hardly differ, even in form ; if
these principles be wanting in the food, the nutri-
tion of the animal 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 all animals, for the carnivora, 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 albumen 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, it follows that the
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the supply of a fluid, which the body of the moth-
er secretes in the shape of milk.

Milk contains only one nitrogenised constituent,
known under the name of caseine ; besides this, its
chief ingredients are butter (fat), and sugar of
milk. The blood of the young animal, its muscu-
lar fibre, cellular tissue, nervous matter, and bones,
must have derived their origin from the nitrogen-
1sed constituent of milk—the caseine ; for butter
and sugar of milk contain no nitrogen.

Now, the analysis of caseine has led to the re-
sult, which, after the details I have given, can
hardly excite your surprise, that this substance
also is identical in composition with the chief
constituents of blood, fibrine and albumen. Nay
more—a comparison of its properties with those
of vegetable caseine has shown—that these two
substances are identical in all their properties;
insomuch, that certain plants, such as peas, beans,
and lentils, are capable of producing the same sub-
stance which is formed from the blood of the
mother, and employed in yielding the blood of the
young animal.

The young animal, therefore, receives, in the
form of caseine—which is distinguished from fi-
brine and albumen by its great solubility, and by
not coagulating when heated—the chief constituent
of the mother’s blood. To convert caseine into

9
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ready contain exactly the amount of carbon which
is required for the production of fibrine and albu-
men. _

The following considerations will show that
hardly a doubt can be entertained, that this excess
of carbon alone, or of carbon and hydrogen, is ex-
pended in the production of animal heat, and serves
to protect the organism from the action of the at-
mospheric oxygen, which is required for the pro-
duction of fibrine and albumen.

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

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 hy-
drogen 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. d

But, in the young of the carnivora, the weight
does not remain unchanged ; on the contrary, it in-
creases from day to day by an appreciable quantity.
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the metamorphosis of existing organisms ; or, in
other words, to the production of compounds,
which, in the adult state, are produced in quantity
amply sufficient for the purpose of respiration.

The young animal receives the constituents of
its blood in the caseine of the milk. A metamor-
phosis of existing organs goes on, for bile and urine
are secreted ; the matter of the metamorphosed
parts is given off in the form of urine, of carbonic
acid, and of water ; but the butter and sugar of
milk also disappear ; they can not be detected in
the feces.

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 required to convert the carbon and hydro-
gen 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, consequently yield, in a given time, much
less carbon and hydrogen in the form adapted for
the respiratoty process than corresponds to the
oxygen taken up in the lungs. The substance of
its organized parts would undergo a more rapid
consumption, and would necessarily yield to the

action of the oxygen, were not the deficiency
9*
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In graminivorous animals, we observe, that du-
ring their whole life, their existence depends on
a supply of substances having a composition iden-
tical with that of sugar of milk, or closely resem-
bling it. Everything that they consume as food
contains a certain quantity of starch, gum, or su-
gar, mixed with other matters.

The function performed in the vital process of
the graminivora by these substances is indicated
in a very clear and convincing manner, when we
take into consideration the very small relative
amount of the carbon which these animals con-
sume 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 perfectly
good condition, if he obtain as food 15 lbs. of hay
and 41 1bs. 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 (80 per cent.), the horse receives
daily no more than 4} oz. of nitrogen, correspond-
ing 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
14} oz. of carbon.
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diet, it is the carbon of the flesh and of the blood
which must take the place of starch and sugar.

But 15 Ibs. of flesh contain no more carbon
than 4 Ibs. of starch, and while the savage with
one animal and an equal weight of starch could
maintain life and health for a certain number of
days, he would be compelled, if confined 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 considerations, how
close the connexion is between agriculture and
the multiplication of the human species. The
cultivation of our crops has ultimately no other
object than the production of a maximum of those
substances which are adapted for assimilation and
respiration, in the smallest possible space. Grain
and other nutritious vegetables yield us, not only
in starch, sugar, and gum, the carbon which pro-
tects our organs from the action of oxygen, and
produces in the organism the heat which is essen-
tial 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 expense of the matters pro-
duced by the metamorphosis of organized tissues ;
and, just as the lion, tiger, hyana, in the cages of
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appropriate nourishment every part of their organs ;
on the contrary, they require two media, of which
one, namely the soil, contains those essential ele-
ments which are absent from the medium sur-
rounding them, that is, the atmosphere.

Is it possible that we could ever be in doubt
respecting the office which the soil and its compo-
nent parts subserve in the existence and growth of
vegetables ?—that there should have been a time
when the mineral elements of plants were not
regarded as absolutely essential to their vital-
ity ? Has not the same circulation been observ-
ed on the surface of the earth, which we have
just contemplated in the ocean,—the same inces-
sant change, disturbance and restitution of equili-
brium ?

Experience in agriculture shows that the pro-
duction 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 vege-
table food, which in the vital processes of animals,
or after their death, assume again the form under
which they originally existed, 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 de-
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phosphates, which are daily, as solid and liquid
excrements, carried into the rivers. These phos-
phates, although present in the soil in the smallest
quantity, are its most important mineral constitu-
ents. It was observed that many English fields
exhausted in that manner, immediately doubled
their produce, as if by a miracle, when dressed
with bone earth imported from the continent. But
if the export of bones from Germany is continued
to the extent it has hitherto reached, our soil must
be gradually exhausted, and the extent of our loss
may be estimated, by considering that one pound
of bones contiins as much phosphoric acid as a
hundred-weight of grain.

The imperfect knowledge of nature, and the
properties and relations of matter, possessed by the
alchemists, gave rise, in their time, to an opinion
that metals as well as plants could be produced
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 mate-
rial, they deemed it worthy of zealous inquiry to
discover the seed of gold, and the earth necessary
for its development. If the metal seeds were once
obtained, might they not entertain hopes of their
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create in the soil an artificial atmosphere of car-
bonic acid and ammonia; and this surplus of
nourishment, which the leaves can not appropriate
from the air, must be taken up by the correspond-
ing organs, that is, the roots, from the soil. But
the ammonia, together with the carbonic acid, are
alone insufficient to become part of a plant destined
to the nourishment of animals. In the absence
of the alkalies, the phosphates and other earthy
salts, no vegetable fibrine, no vegetable caseine,
can be formed. The phosphoric acid of the phos-
phate of lime, indispensable to the ceralia 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 ole-
aginous plants, the mosses, the ferns, and the
pines, from our annual grasses, the ceralia and
leguminous vegetables! The former, at every
time of the day during winter and summer, obtain
carbon through their leaves by absorbing carbonic
acid which is not furnished by the barren soil en
which they grow ; water is also absorbed and re-
tained by their coriaceous or fleshy leaves with
great force. They lose very little by evaporation,
compared with other plants. On the other hand,
how very small is the quantity of mineral sub-
stances which they withdraw from the soil during

11
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separation 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 withered leaves con-
tain only minute traces of soluble salts, while thﬂ
buds and shoots are very rich in them.

On the other hand, it has been observed, that
where a soil is too highly impregnated with solu-
ble saline materials, these are separated upon the
surface of the leaves. 'This happens to culinary
vegetables especially, whose leaves become cov-
ered with a white crust. In consequence of these
exudations the plant sickens, its organic activity
decreases, its growth is disturbed ; and if this state
continues long, the plant dies. This is most fre-
quently seen in foliaceous plants, the large sur-
faces of which evaporate considerable quantities
of water. Carrots, pumpkins, peas, &c., are fre-
quently thus diseased, when, after dry weather,
the plant being near its full growth, the soil 1s
moistened by short showers, followed again by dry
weather. The rapid evaporation carries off the
water absorbed by the root, and this leaves the
salts in the plant in a far greater quantity than it
can assimilate. These salts eflloresce upon the
surface of the leaves, and if they are herbaceous
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soil, and guide the agriculturist in the application
of an invaluable means of opening it, and setting
free its alkalies—substances so important, nay, so
indispensable to his crops.

In the month of October the fields of Yorkshire
and Oxfordshire look as if they were covered with
snow. Whole square miles are seen whitened
over with quicklime, which, during the moist
winter months, exercises its beneficial influence
upon the stiff, clayey soil, of those counties.

According to the humus theory, quicklime
ought to exert the most noxious influence upon
the soil, because all organic matters contained in
it are destroyed by it, and rendered incapable of
yielding their humus to a new vegetation. The
facts are indeed directly contrary to this now
abandoned theory : the fertility of the soil is in-
creased by the lime. -

The ceralia require the alkalies and alkaline
silicates, which the action of the lime renders
fit for assimilation by the plants. If, in addi-
tion to these, there is any decaying organic mat-
ter present in the soil supplying carbonic acid, it
may- facilitate their development; but it is not
essential to their growth. If we furnish the soil
with ammonia, and the phosphates, which are in-
dispensable to the ceralia, with the alkaline sili-
cates, we have all the conditions necessary to en-
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mass of seed produced, will correspond to the
quantity of mineral constituents present in the
plant. That plant, therefore, containing the most
alkaline phosphates and earthy salts, will produce
smore or a greater weight of seeds than another
which, in an equal time, has absorbed less of them.
We consequently observe, in a hot summer, when
a further supply of mineral ingredients from the
soil ceases 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 ab-
sorption of the elementary parts of the soil in
the preceding epochs of its growth.

The 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
assimilation of the atmospheric nourishment be
secured to our cultivated plants. The action of
humus, then, as we have explained it above, is
chiefly of value in gaining #me. In agriculture,
this must ever be taken into account; and in this
respect humus is of importance in favoring the
growth of vegetables, cabbages, &c.

But the ceralia, 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
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quantity of carbonic acid adequate to their ac-
celerated development in the spring. A further
supply of carbonic acid, therefore, would be quite
useless, without a corresponding increase of min-
eral ingredients.

From a morgen of good meadow land, 2,500
pounds weight of hay, according to the best
agriculturists, are obtained on an average. This
amount is furnished without any supply of organic
substances, without manure containing carbon or
nitrogen. By irrigation, 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 nitrogen derived from the
atmosphere by the plants of meadows.

According to elementary analysis, hay, dried
at a tempature of 100° Reaumur, contains 45.8
per cent. of carbon, and 1.5 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, corre-
sponds to 2150 pounds, dried at 100°. This
shows us, that 984 pounds of carbon, and 32.2
_pounds weight of nitrogen, have been obtained in
the produce of one morgen of meadow-land.
Supposing that this nitrogen has been absorbed
by the plants in the form of ammonia, the atmo-
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110° in a vacuum, as it was when analyzed, these
fields received, in 16 years, 1300 pounds of nitro-
gen. But we know that by drying all the nitro-
gen escapes which is contained in solid animal
excrements, as volatile carbonate of ammonia. In
this calculation the nitrogen of the urine, which
by decomposition is converted into carbonate of
ammonia, has not been included. If we suppose
it amounted to half as much as that in the dried
excrements, this would make the quantity of ni-
trogen supplied to the fields 1950 pounds.

In 16 years, however, as we have seen, only
1517 pounds of nitrogen, was countained 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 (one hectare = a Hessian mor-
gen), which received no nitrogen in manure, 2060
pounds of nitrogen.

It is well known that in Egypt, from the de-
ficiency of wood, the excrement of animals is
dried, and forms the principal 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
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no other animal manure than the ashes of the burnt
excrements, and yet they have been proverbially
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 inunda-
tion of the Nile, a new soil, in its mud deposited
over their surface, rich in those mineral elements
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 fer-
tilizing mud owed this property to nitrogenized
matters ; what enormous beds of animal and ve-
getable exuvie and remains ought to exist in the
mountains of Africa, in heights extending beyond
the limits of perpetual snow, where no bird, no ani-
mal 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 Hol-
land in cheese may be adduced in proof and illus-
tration 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 milch cows of Holland
















































